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A (A Mpalisen iS4
Two Cyclic Cinnamide Compound
WY Cagll
£ 1741 PIAE
I3 Jalaggtwo  cyclic  cinnamide Sy Jlall gl may) 3 a3y
caa3lly L (active ingredient) Jaki asiaS Syl e Jaidy (pharmaceutical agent)
82la z 53} Jariay nonpeptidic  two cyclic cinnamide aSyas sl g )iy Gy
o asiaS CSpal) e Jaidy gl (AR Y La il ,lay) (amyloid-B) G —4ulsds
AB Gy gras sl e dallad) Aald 3y5ea 115 (585 s (active ingredient)
.Down Ll Alzheimer e Jie
St Liady ducaall LAY 8 28y sty Juciy ajess Alzheimer pays
e dallae 2@ o Jall caill . ae A 0 dasaal vie aliad alida
Jidia aan ,An el sy Jule ahidiuly Lyl alye S ciladlay Alzheimer
ua rall ol aiay (0 i) ZDall aay CalES; ol cacetylcholinesterase dastiag
s el gl el VLl Ay Saill daph alagy dals @l
.Alzheimer (s
ey Y Lin) (ilyt ol e ligigpd Gl e (b (U AB il o
sabel sland ) ALY dpaall LAY a8y Jlad 85508 Aapa Jaly Lfeg ¢(APP
ok Jhal) Ao cadall
Klein WL, and seven others, Alzheimer's disease-affected brain: Presence of
oligomeric AP ligands (ADDLSs) suggests a molecular basis for reversible memory
loss, Proceeding National Academy of Science USA 2003, Sep 2; 100(18), p.10417-
10422; and Nitsch RM, and sixteen others, Antibodies against f-amyloid slow
cognitive decline in Alzheimer’s disease, Neuron, 2003, May 22; 38, p.547-554.
) AB42 5 amino acid £+ (e 434Siall AB40 2 AR i Al clisSall
C“-‘:‘“ ) AB42 5 AB40 Jpsi .C-capdall vie iy amino acids (e (0 Lgn
ol (Jh daw e c‘;hﬂ
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Jarrett JT, and two others, The carboxy terminus of the f amyloid protein is critical
for the seeding of amyloid formation: Implications for the pathogenesis of
Alzheimer's disease, Biochemistry, 1993, 32(18), p.4693-4697,
skl Jad Ja e dasandl) die clial ciliplal Apud) GlisSe IS
Jarrett JT, and two others, The carboxy terminus of the  amyloid protein is critical
for the seeding of amyloid formation: Implications for the pathogenesis of
Alzheimer's disease, Biochemistry, 1993, 32(18), p.4693-4697; Glenner GG, and
one other, Alzheimer's disease: initial report of the purification and characterization
of a novel cerebrovascular amyloid protein, Biochemical and biophysical research
communications, 1984, May 16, 120(3), p.885-890; and Masters CL, and five
others, Amyloid plaque core protein in Alzheimer disease and Down syndrome,
Proceeding National Academy of Science USA, 1985, Jun, 82(12), p.4245-4249,
Uaya b Adagaldll cpresenelin Sluay APP Cilyibs o Cagyaall e cellad ALl
skl (JBal) Jua e (AB42 5 AB40 zGY 3 « Shsll Alzheimer
Gouras GK, and eleven others, Intraneuronal AB42 accumulation in human brain,
American Journal of Pathology, 2000, Jan, 156(1), p.15-20; Scheuner D, and twenty
others, Secreted amyloid B-protein similar to that in the senile plaques of
Alzheimer's disease is increased in vivo by the presenilin 1 and 2 and APP mutations
linked to familial Alzheimer's disease, Nature Medicine, 1996, Aug, 2(8), p.864-
870; and Forman MS, and four others, Differential effects of the swedish mutant
amyloid precursor protein on B-amyloid accumulation and secretion in neurons and
nonneuronal cells, The Journal of Biological Chemistry, 1997, Dec 19, 272(51),
p-32247-32253.
oo e ylarll S adigie AB42 5 AB40 L) Jy (2l aSyall (b i) ik
oyl aid | Alzheimer (e
13g) .y-secretase idaulgy Ly sag B-secretase idaulsy APP Juad 2ic AB c.'.\_ﬁ
z ) JlE5 ayas B-secretase 5 y-secretase Glafie gl cl¥slae cuyal 288 (vl
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peptides «JUiall i o ¢ & Lol 43y peall 020 secretase Sladie e H8SH o) LAB
skl (JBal Juw e (1-685,458 Jie peptide <Milaay
Shearman MS, and nine others, L-685,458, an Asparty! Protease Transition State
Mimic, Is a Potent Inhibitor of Amyloid B-Protein Precursor y-Secretase Activity,
Biochemistry, 2000, Aug 1, 39(30), p.8698-8704,
ol (JBal Juw Je (LY-411575 5
Shearman MS, and six others, Catalytic Site-Directed y-Secretase Complex
Inhibitors Do Not Discriminate Pharmacologically between Notch S3 and 3-APP
Cleavages, Biochemistry, 2003, Jun 24, 42(24), p.7580-7586; Lanz TA, and three
others, Studies of AR pharmacodynamics in the brain, cerebrospinal fluid, and
plasma in young (plaque-free) Tg2576 mice using the y-secretase inhibitor N2-[(2S)-
2-(3,5-difluorophenyl)-2-hydroxyethanoyl]-N1-[(7S)-5-methyl-6-0x0-6,7-dihydro-
5H-dibenzo[b,d}azepin-7-yl}-L-alaninamide (LY-411575), The journal of
pharmacology and experimental therapeutics, 2004, Apr, 309(1), p.49-55; and Wong
GT, and twelve others, Chronic treatment with the y-secretase inhibitor LY-411,575
inhibits B-amyloid peptide production and alters lymphopoiesis and intestinal cell
differentiation, The journal of biological chemistry, 2004, Mar 26, 279(13),
p.12876-12882.
£158 alall ciuasll
JalaS adgia APP (10 A42 5 ABA0 ) winy 53 iyl 8 oDl 55Shasn LS
ok s 4 e . Alzheimer (i ya ANidiall AR Lt A Galpadld oadle sl aile
i o) Jliae b 5ils ad (305 ABA2 5 AB40 3] aias (53} non-peptidic <2 ye
AB40 ) Lafy Aiall sl Jalf s el Aals @lligh el ks L any 4ide il
AB42 5
Yyl 1sa il 4880 iy osdlall (ge iaall gyal 28 caulgll cluball oS
wle Jule 15035815 APP (1o AB42 5 AB40 53} Loy non-peptidic cinnamide S ye
Lol 1Y) el lldy L Alzheimer e Jicia (AB cas a2
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o L lall g 1Y) Gl Auald dduay
(1) Bl 3 Jicie S50 (V)

0 Al'1
MeO N~ Y) "
R P
L Y- Z1
7N R2 '
N q
Me

cia WiV ara Jpie salt pelos!
V e Jaiiud 38 Y phenyl e gens Jiay Ay ¢35 Uagyyl 4a3jp Aagly Sy - Cun
IV e Jatis 28 3 pyridinyl Aesanast AL il degana (10 BiRe Bl ¥
ey Lagio S5 cppiliadl cubilaia RE5R! (198 (A1 Jadl e gane (g e Sl ¥
ic ganasl methylene deseas Jiay Z; $3060 A1 i) Ao sanse (0 B0 icgenn
coxygen 50 ¢Al (sl e gane (o 3)l8a il (e ¥ PR &e Jaius 8 & cvinylene
Fyeq p CoSs Al diadl Aegane (re liie by ae Jaus B (il imino desenas!
¥ ) e 0 g 200 (13Basy it (b

«cyano 4= saxs (V) chydroxyl 4e sene (Y) chalogen 83 (V) :Al ol Ae gana
Cl- dcsene (1) «C3-8 cycloalkoxy dcsans (°) «C3-8 cycloalkyl e sans (€)
e genall e 5l Sy ¥ (Y ) as Cl-6alkyl e sans Jafiud 28 Cua c6alkyl
i__egana ccyano A—e sena chydroxyl e saas chalogen 3)3 (—e 43 1<l
Legene (V) «C3-8 cycloalkoxy 4esensy «C1-6 alkoxy desene «C3-8 cycloalkyl
Ce plise Sl ¥ (A Y 2« Cl1-6  alkoxy degens Jaiiud a8 o «C1-6  alkoxy
4_c gana (CYano 4c gens chydroxyl e sana chalogen 83 (e 4 sSiall Ao gandll
e Jaiud 28 ) amino As seas (A) «C3-8 cycloalkoxy 4eganay «C3-8 cycloalkyl
Y oV & Cl-6alkyl Cilesena Jasind 38 Cys «Cl-6alkyl e sanas) Baaly Ac gana
O yanasl Baaly Lo sans aa Jaiiud a8l carbamoyl de seas () chalogen il
(V+) chalogen <R3 ¥ (A V o Cl-6alkyl Gle gane Jaiul 38 Sia «Cl-6alkyl
Cl-6 4csenae Jaiid B Cua «C1-6 alkoxycarbonyl 4e sane (V1) ccarboxyl 4e gans

i sena chalogen 50 (e 435S0l e ganall (e 5l Sl ¥ (A Y a4 alkoxy
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«C3-8 cycloalkoxy 4c saaxas «C3-8 cycloalkyl 4c gane «cyano de sane chydroxyl
¢Cl-6alkylsulfonyl e gene (1Y) 5 C1-6 acyl 4 gaas (1Y)
iy o odlef axadl (1) U Uik 4se LV ara sl ld) S aS)all (Y)

1(IT) Adpeall & S)all
(0] Ar1

MeO ~ N)\mp "

Me
Ao ganse e )li0e Bl ¥ (Y ae Jasis 38 ) phenyl de gene Jiay Ay G
Ao gene (ra e J ¥ (Y ) s Jagud a8 3l pyriding] de gesasl AT Jpaill
dcgane (e §)lide dogane Jiay Lagie Sy cpilide sl cpbilio R? 5 R! (0555 ¢AT Jaal
Ve Jains 38 Al evinylene e gana .| methylene ic sane Jiay Z; ¢4060 A1 sl
18 5l imino Acganasl coxygen 30 Al diall e gane (e 5ylide Jilay (e ¥
Custiayy Cpitidash cpbilaie 1y oq p sSay (A1 dsad) Aegana (o e Jids e Jasiass
tY ) e (0 s e
scyano 4cgeas (Y) chydroxyl desena (Y) chalogen 3,3 (V) :Al Jial) de gane
Cl- icgens (1) «C3-8  cycloalkoxy 4eena (©) «C3-8 cycloalkyl dc senae (£)
Ao ganall e Blite il ¥ ) Y aw Cl-6alkyl Ao sane Jafiud 28 Caps c6alkyl
i sen0 «Cyano A—c gana chydroxyl A—c gena chalogen 33 (o &3 4Siall
dcgans (V) «C3-8 cycloalkoxy 4csanas «C1-6 alkoxy icgeas <«C3-8 cycloalkyl
O s il ¥ (W) 2e C1-6  alkoxy de sease Jaiiud a8 Cas «C1-6  alkoxy
4_cgana (Cyano dc gena chydroxyl e sene chalogen 353 (s A ¢Siall Ao ganall
&= Jaid 28 Al amino 4e geas (A) «C3-8 cycloalkoxy 4e seaas «C3-8 cycloalkyl
¥ I & Cl-6alkyl Cile sane Jagind 3 Cua «Cl-6alkyl (yfic sanasl 52als de gane
Cie sanagl Baaly dc gana & Jaiud a8 Al carbamoyl 4e sens () chalogen by
(+) chalogen <h3 ¥ UV s Cl-6alkyl cle sane Jaiod 38 Ciya «Cl-Galkyl

C1-6 4csana Jaiind 8 Cya «C1-6 alkoxycarbonyl 4c sese (V1) ccarboxyl 4c sanse
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ic gana chalogen 3)) (yw A5S0all A ganall e Bylide Sy ¥ Y 2 alkoxy
«C3-8 cycloalkoxy 4csanss C3-8 cycloalkyl 4esansa cCyano 4e sensa shydroxyl
¢C1-6alkylsulfonyl e gazse (V1) 5 C1-6 acyl i=sens (1Y)

o G oodlel saadl (Y)f (1) () Gl 400 L asa Jpiad) el of S5all (V)
Sl e Y1 2= methylene 4c sens Jaiud a8 Eus emethylene e gaae Jiay Z
thalogen 3,39 chydroxyl dc seas «Cl-6alkyl dc sana (o 435S0all Ao ganall (4e 5)li00

Zi of Coa odef saadl (7)) ) Lk 4se WV aya Jsial mldl S Syl (£)
15Saal Ao ganall (e 8)l80 S (e Y50 e Janud 88 A methylene 4o sane oy
thydroxyl 4c seass Cl-6alkyl ic sanse (1o

of G eodef aaadl (V) (1) () L 450 LV asa Jpial) eldl) of S5l (0)
Jilas e Yo &= methylene desene Jafind 38 S cmethylene e yone Jias Z,
¢halogen 3,35 chydroxyl dc sese «Cl-6alkyl dc sana (e 435Siall Ao ganall (1o 5)lida
¢ Jiey pgie JSTy¢q opy

Zi of s el saadl (0) (Y Gk 4e Ui¥area Jouial) gelal) f caSall (1)
155800l A ganall (e B)le Jilu e Y 1Y e Jasius B Al methylene e gene Jiay
¢} Jiay pgie JS Ty ¢q py thydroxyl dc ganay Cl-6alkyl de sane (e

o G oodel aandl (Y) o (V) (Y G e UV sl bl f (S50l (V)
Jilay (e ¥ 5 & methylene desane Jagiud 28 Cua cmethylene desene Jiay 7,
thalogen 3,39 <hydroxyl 4c sene «Cl-6alkyl dc gana (3o 435S0l Ao gaaall (4o 3)lid0
¢ o Jiagry ¢) Jiay Lagia Sqyp

Zy of ena odef saadl (V) A Lk ase ¥ aya Jeiall mldl of oS5l (A)
Lo gendl (pe 8)lise oy (e Yol Y e Jaiad 08 3l cmethylene de sane ey
Jrarrg ¢) Jha Legie JS g p thydroxyl 4e geney Cl-6alkyl dc sana (e 45Siall
{ jina

of Gun el aandl (Y) 5 (1) I ks e (¥ apa Jaiall mldl o (S5l (9)
¢} iy agle STy ¢q ¢py toxygen 30 Jiay 7,

‘e
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o G odel aandl (V) (1) I b 4ie LV ana Jpiall aldd) S yall (V1)
Jilas e ¥ 1Y 4= methylene icgena Jafiud 18 Cua cmethylene de sene Jia Z)
shydroxyl 4e gexas chalogen 3y «Cl-6alkyl de gans (o 435500l A ganall (e 3)li0s
¢ o Jieg Lagie ST gy ¢) Simp

Zi o Cus el aanall (Vo) ) ik ade UiV ana Jpiall w2l f o5all (1Y)
3yliae Jily ope Y0 &= methylene i gaxe Jafiud 3 Cus cmethylene dc sana Jiay
JSrsqs ) Jiap thydroxyl de gasas Cl-6alkyl 4e sana (3o 4isShall Ao ganall (4
( ia Jias Lagia

o Cun eodel aanall (Y) 5 (1) ) ks 4ie LV ana sl mladl 5l (iS5all (V)
Jilas e ¥ 00 &= methylene ic gane Jafiud A8 Cis cmethylene dc gane Jiay Z;
thydroxyl 4c seaas chalogen 353 «Cl-6alkyl 4esana (3o 435S0l Ao ganall (4o 3)l530
¢ hoa Jiay s ¢) Jiay Lagie STy p

Zy o G odel saadll (V1) ) Lk 4ie (s Jaall mladl S (S5l (VY)
3yliae Jily e Y0 &= methylene 4c gene Jaiud 38 Cus cmethylene e gane Jioy
Jias Lagie JS 15 p thydroxyl de sesss Cl-6alkyl Ao sans (e 435S0 Ao ganall (1
¢ oo Jiaiqy o)

o G el sl (V) 5 (1) ) b s LV asa Jsiial) mlal o CS5all (1 £)
Jilas e ¥ 51N &~ methylene degana Jaiud 28 Cu cmethylene desene Jiay 7,
thydroxyl 4c seaay chalogen 3, «Cl-6alkyl 4c sane (pe 43sSiall A ganall (e 31040
¢ e a1y ¢Y Jiwq ) Jap

Z; of s el aanall (V€)Y s e WiV ana Jiall mladl 5 oS54l (V0)
5)lide il e ¥ PR &= methylene ic yane Jatud 38 Cus cmethylene 4c gane Jiay
¢V Jiayq ¢ Jia p thydroxyl ic seass Cl-6alkyl icsane (3 435500l Ae ganall (40
¢ fa Jiay 1

o Gun eodel aamall (Y) o (1) () Gk 4ie Vo Jsiiadl bl o S5l (V1)

Jlay e Y 500 & methylene dcgene Jafiud 38 Sum cmethylene degane Jiay 7,
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thydroxyl dc sanes chalogen 353 «Cl-6alkyl dc sans (3o 435S0l Ao ganall (4o 3)lisa
¢V Jieyqy ¢} Jiay Lagie JStsp

Zy of Gua el aaall (V1) ) ks 4t LV apa Jaiall ald) S S5l (YY)
3ylise Jily e Y00 ¢ methylene 4c gana Jaiud 8 Cua cmethylene ie gens Jioy
Jiay Legie JS 15 p thydroxyl Aesanas Cl-6alkyl degane (re 435S0l Ao ganall (e
¢Y Jiay g ¢)

of G el amdl (V)51 (V) Y Gk aie (¥ ana Josal bl S S5l (VA)
i sanag) Ac gane &= vinylene degene Jaind 38 Sua cvinylene degaae Jiay 7,
¢V Jies lagie IS T3 Qs ¢ jiaa Jiasp thalogen <ily3sl C1-6alkyl

iesana Jia Z) o Qs ((VA) (Y s die L apm sl el f S5l (09)
e ganasl Ao gane e—= vinylene A—cgene Jat W32 8 & s cvinylene

¢ Jiay Legie K15 g ¢ yia Jia p ¢Cl-6alkyl

o Cun el sl (Y) 5 (1) (Y ke e L asa Jyiall aldll o CS5all (Y1)

i sanasl de sans ¢ vinylene desane Jaiud 38 Cua cvinylene de gene Jia 7
¢ ja Jiarrs ¢) i Lgie JS q s p thalogen <3l Cl-6alkyl

Zy of s odel sanall (Y1) ) Lk 4ie T ana Jpiall mldl ff CSHall (YY)
Cl- i sanas) de gane &= vinylene de gane Jaiud B Cus cvinylene de gene Jiay
¢ Ao Jiayryt) Jiey legie JS q p ¢6alkyl

o Gus codel aandh (V) f (1) ) ks 40 L ana Jsdiall ldl of 5l (YY)
thalogen <h3 ¥ ] V ae 4asis phenyl de gane Jia Ar

A of Cum el 2l (YY) ) G e T a0m Jsiall el Sf iSall (YY)
¢chlorine <3l fluorine b ¥ 1)V ae Ufina phenyl e sane Jias

of Gam oBlel aanadl (A) o (V) Y ks 4o L ana Jaiall bl of S5l (Y£)
thalogen <)) ¥ PR & 4ot phenyl de gana Jiay Ary

(YE)s o(YF) (YY) () 00 Y Uitk aie LV apea Jyiddl el f (a5l (Y0)
¢fluorine )5 ae Aafiue phenyl de gane Jiay Ary o Gua odlel sl
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G eodlef aandl (V) 4 (1) A Uik 40 W apa sl el o il (Y1)

(3o 23555 Aeganall (pa e Uity Jias Lagie JS piliagl cublia R2 5 RY (158,
thydroxyl 4c seaay chalogen 3y «Cl-6alkyl 4e ganse

G el 2aaall (Y) 5 (1) U Gl 4 LV ara sl lad) Sf gl (YY)

LI Ao panall o Syl iy

1) (E)-(3S)-(3,4,5-trifluorophenyl)-6-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylidene]-(9R)-hexahydroindolizin-5-one,

2) (E)-(3R)-(3,4,5-trifluorophenyl)-6-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylidene]-(9R)-hexahydroindolizin-5-one,

3) (E)-(3S)-(3,4,5-trifluorophenyl)-6-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylidene]-(9S)-hexahydroindolizin-5-one,

4) (E)-(3R)~(3,4,5-trifluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylidene]-(9S)-hexahydroindolizin-5-one,

5) (E)-(3R)-(3,4-difluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylidene]-(9R)-hexahydroindolizin-5-one,

6) (E)-(3S)-(3,4-difluorophenyl)-6-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylidene]-(9S)-hexahydroindolizin-5-one,

7) (E)-(6R,9aS)-6-(4-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylidene]octahydroquinolizin-4-one,

8) (E)-(6S,9aR)-6-(4-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-

ylbenzylidene]octahydroquinolizin-4-one,

9) (E)-(65S,88S,9aR)-6-phenyl-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylidene]octahydroquinolizin-4-one,

10) (E)-(6R,8R,9aS)-6-phenyl-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-

1-yl)benzylidene]Joctahydroquinolizin-4-one,

11) (E)-(6S,8S,9aR)-6-(4-fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-

imidazol-1-yl)benzylidene]octahydroquinolizin-4-one,

Vo
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12) (E)-(6R,8R,9aS)-6-(4-fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidene]octahydroquinolizin-4-one,

13) (E)-(6S,9aS)-6-(3,4,5-trifluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-
1-yl)benzylidene]octahydroquinolizin-4-one,

14) (E)-(6R,9aR)-6-(3,4,5-trifluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-
1-yl)benzylidene]octahydroquinolizin-4-one,

15) (E)-(6S,8S,9aR)-6-(3,4,5-trifluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-
methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one,

16) (E)-(6R,8R,9aS)-6-(3,4,5-trifluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-
methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one,

17) (E)-(6S,8R,9aR)-6-(3,4,5-trifluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-
methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one,

18) (E)-(6R,8S,9aS)-6-(3,4,5-trifluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-
methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one,

19) (E)-(6S,9aS)-6-(4-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one,

20) (E)-(6R,9aR)-6-(4-fluorophenyl)-3-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one,

21) (E)-(5S)-(4-fluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-(8aS)-hexahydroindolizin-3-one,

22) (E)-(5R)-(4-fluorophenyl)-2-[3-methoxy-4-(4-methyl- 1 H-imidazol-1-
yl)benzylidene]-(8aR)-hexahydroindolizin-3-one,

23) (E)-(5S)-(3,4-difluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-(8aS)-hexahydroindolizin-3-one,

24) (E)-(5R)-(3,4-difluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylidene]-(8aR)-hexahydroindolizin-3-one,
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25) (Z)-(5S)-(3,4-difluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-
ybhbenzylidene]-(8aS)-hexahydroindolizin-3-one,

26) (Z)-(5R)-(3,4-difluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-(8aR)-hexahydroindolizin-3-one,

27) (E)-(5R,8aS)-5-(4-fluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]hexahydroindolizin-3-one,

28) (E)-(5S,8aR)-5-(4-fluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]hexahydroindolizin-3-one,

29) (E)-(6R,9aS)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-6-(4-
methoxyphenyl)octahydroquinolizin-4-one,

30) (E)-(6S,9aR)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-6-(4-
methoxyphenyl)octahydroquinolizin-4-one,

31) (E)-(4S,10aS)-4-(4-fluorophenyl)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yDbenzylidene]octahydropyrido{1,2-a]azepin-6-one,

32) (E)-(4R,10aR)-4-(4-fluorophenyl)-7-[3-methoxy-4 -(4-methyl- 1H-imidazol-1-
yl)benzylidene]octahydropyrido[ 1,2-a}azepin-6-one,

33) (E)-(5R,7aS)-5-(3,4-difluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]hexahydropyrrolidin-3-one,

34) (E)-(3R,9aR)-3-(3,4-difluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylideneJoctahydropyrrolo[1,2-a]Jazepin-5-one,

35) methyl (E)-4-{(4S*,9aR*)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene] -6-oxooctahydroquinolizin-4;yl }benzoate,

36) (E)-(65*,9aR *)-6-(4-hydroxymethylphenyl)-3-[3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidene]octahydroquinolizin-4-one,

37) (E)-(6S*,9aR *)-6-(4-cyanophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylidene]octahydroquinolizin-4-one,
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38) (E)-4-{(4S*,9aR*)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-
6-oxooctahydroquinolizin-4-yl} benzoic acid,

39) (E)-(6S*,9aR*)-6-(4-aminophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one,

40) (E)-4-{(4S*,9aR*)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-
6-oxooctahydroquinolizin-4-y1}-N,N-dimethylbenzamide,

41) (E)-(6S,9aR)-6-(3-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one,

42) (E)-(6R,9aS)-6-(3-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one,

43) (E)-(6S,9aR)-6-(2-fluorophenyl)-3-[3 —methoxy-4-(4-mefhyl- 1H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one,

44) (E)-(6R,9aS)-6-(2-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl>)benzy1idene] octahydroquinolizin-4-one,

45) (E)-(6S,8R,9aR)-6-(4-fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidene]-8-methyl-octahydroquinolizin-4-one,

46) (E)-(6R,8S,9a8S)-6-(4-fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidene]-8-methyl-octahydroquinolizin-4-one,

47) (E)-(6S,8R,9aR)-6-(4-fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidene]-8-methyloctahydroquinolizin-4-one,

48) (E)-(6R,8S,9aS)-6-(4-fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidene]-8-methyloctahydroquinolizin-4-one,

49) (E)-(6S,9aR)-6-(4-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene}-8-methyl-1,2,3,6,9,9a-hexahydroquinolizin-4-one,

50) (E)-(6R,9aS)-6-(4-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylidene]-8-methyl-1,2,3,6,9,9a-hexahydroquinolizin-4-one,
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51) (E)-(6S,8S,9aR)-6-(4-fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidene}-8-methyloctahydroquinolizin-4-one,

52) (E)-(6R,8R,9aS)-6-(4-fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidene]-8-methyloctahydroquinolizin-4-one,

53) (E)-(4R,9aS)-7-[3-methoxy-4-(4-methylimidazol-1-yl)benzylidene]-4-
phenylhexahydropyrido[2,1-c][1,4Joxazin-6-one,

54) (E)-(5S,7aR)-5-(3,4-difluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]hexahydropyrrolidin-3-one,

55) (E)-(3S,9aS)-3-(3,4-difluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yD)benzylidenejoctahydropyrrolo[1,2-a]azepin-5-one,

56) (E)-(3S,8aS)-3-(4-chlorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-

~ yDbenzylidene]hexahydroindolizin-5-one,

57) (E)-(3S,8aS)-3-(2,4,5-trifluorophenyl)-6-[ 3-methoxy-4-(4-methyl- 1 H-imidazol-
1-yl)benzylidene]hexahydroindolizin-5-one,

58) (E)-(3S,8aS)-3-(2,3,4-trifluorophenyl)-6-[ 3-methoxy-4-(4-methyl- 1 H-imidazol-
1-yl)benzylidene]hexahydroindolizin-5-one,

59) (E)-(3S,8aS)-3-(2,5-difluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]hexahydroindolizin-5-one,

60) (E)-(3S,8aS)-3-(3-fluorophenyl)-6-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-
yDbenzylidene]hexahydroindolizin-5-one,

61) (E)-(3S,8aS)-3-(2,6-difluoropyridin-3-yl)-6-[3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidene}hexahydroindolizin-5-one,

62) (E)-(3S,8aS)-3-(2,4-difluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]hexahydroindolizin-5-one,

63) (E)-(3S,8aS)-3-(3-chlorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylidenethexahydroindolizin-5-one,
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64) (E)-(3S,8aS)-3-(3,5-difluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidenelhexahydroindolizin-5-one,

65) (E)-(6S,9aS)-6-(3,4-difluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one,

66) (E)-(6R,9aR)-6-(3,4-difluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one,

67) (E)-(6S,9aS)-6-(4-chlorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one, |
68) (E)-(6R,9aR)-6-(4-chlorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one,

69) (E)-(S)-6-(3,4,5-trifluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yhbenzylidene]-1,2,3,8,9,9a-hexahydroquinolizin-4-one,

70) (E)-(R)-6-(3,4,5-trifluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
}-fl)benzylidene]- 1,2,3,8,9,9a-hexahydroquinolizin-4-one,

71) (E)-(6S,8S,9aR)-8-fluoro-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one,

72) (E)-(6S,8R,9aR)-8-methoxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yDhbenzylidene]-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one,

73) (E)-(R)-4-(4-fluorophenyl)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-3,4,8,9-tetrahydro-7H-pyrido[2, 1-c][ 1,4]oxazin-6-one,

74) (E)-(S)-4-(4-fluorophenyt)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yDbenzylidene]-3,4,8,9-tetrahydro-7H-pyrido[2,1-c][ 1,4]oxazin-6-one,

75) (E)-(4R,9aR)-4-(4-fluorophenyl)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidenelhexahydropyrido{2,1-c][1,4]oxazin-6-one,

76) (E)-(4S,9aS)-4-(4-fluorophenyl)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylidene]hexahydropyrido[2,1-¢][1,4]oxazin-6-one,

=]

Vo

Yo



Y4y

1

77) (E)-(6S,8R,9aR)-8-fluoro-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yh)benzylidene]-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one,

78) (E)-(6S,9aR)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-6-
(3,4,5-trifluorophenyl)-1,2,3,6,9,9a-hexahydroquinolizin-4-one,

79) (E)-(6S,9aR)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-6-
(3,4,5-trifluorophenyl)-1,2,3,6,7,9a-hexahydroquinolizin-4-one,

80) (E)-(4R,9aR)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-4-
(3,4,5-trifluorophenyl)hexahydropyrido[2,1-c][1,4]oxazin-6-one,

81) (E)-(45,9aS)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-4-
(3,4,5-trifluorophenyl)hexahydropyrido[2,1-c][1,4]oxazin-6-one,

82) (E)-(4S,9aR)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-4-
(3,4,5-trifluorophenyl)hexahydropyrido[2,1-c][ 1,4]oxazin-6-one,

83) (E)-(4R,9aS)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-4-
(3,4,5-trifluorophenyl)hexahydropyrido[2,1-c]{ 1,4]oxazin-6-one,

84) (E)-(6R,78,9aR)-7-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one,

85) (E)-(6S,7R,9aS)-7-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yhbenzylidene]-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one,

86) (E)-(6R,7R,9aR)-7-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yhbenzylidene]-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one,

87) (E)-(6S,7S,9aS)-7-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
ylbenzylidene]-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one,

88) (E)-(6S,9aR)-6-(4-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yDbenzylidene]-1,2,3,6,9,9a-hexahydroquinolizin-4-one,

89) (35,8a8)-6-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-

methylidene}-3-(2,4,6-trifluorophenyl)hexahydroindolizin-5-one,
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90) (6S,9aR)-6-(3,4-difluorophenyl)-3-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yD)phenyl]-(E)-methylidene}octahydroquinolizin-4-one,

91) (6S,9aR)-6-(3,4,5-trifluorophenyl)-3- {1-[3-methoxy-4-(4-methyl-1H-imidazol-
1-yDphenyl}-(E)-methylidene} octahydroquinolizin-4-one,

92) (6S,9aR)-6-(4-chlorophenyl)-3-{1-[3-methoxy-4-(4-methyl-1 H-imidazol-1-
yl)phenyl]-(E)-methylidene} octahydroquinolizin-4-one,

93) (E)-(3S,8aS)-3-(2,3-difluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidenelhexahydroindolizin-5-one,

94) (4R,9aS)-4-(4-fluorophenyl)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)phenyl]-(E)-methylidene } hexahydropyrido[2,1-c][1,4]oxazin-6-one,

95) (4R,9aS)-4-(3,4-difluorophenyl)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)phenyl]-(E)-methylidene}hexahydropyrido[2,1-c][1,4]oxazin-6-one,

96) (4R,9aS)-4-(4-chlorophenyl)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)phenyl]-(E)-methylidene}hexahydropyrido[2,1-c][1,4]oxazin-6-0ne,

97) methyl (4S,9aR)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-6-oxo0-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazine-2-
carboxylate,

98) methyl (4R,9aS)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl}-(E)-
methylidene}-6-ox0-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazine-2-
carboxylate,

99) methyl (4R,9aR)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-6-0x0-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazine-2-
carboxylate,

100) methyl (4S,9a8S)-7-{ 1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-6-0x0-4-(3,4,5-trifluorophenyl)octahydropyrido[1,2-a]pyrazine-2-

carboxylate,
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101) (4R,9a8S)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a}pyrazin-6-one,

102) (4S,9aR)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-4-(3,4,5-trifluorophenyl)octahydropyrido[1,2-a]pyrazin-6-one,

103) (4S,9aS)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]}-(E)-
methylidene}-4-(3,4,5-trifluorophenyl)octahydropyrido[1,2-a]pyrazin-6-one,

104) (4R,9aR)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-4-(3,4,5-trifluorophenyl)octahydropyrido{1,2-a]pyrazin-6-one,

105) (48,9aR)-2-ethyl-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-one,

106) (4R,9aS)-2-ethyl-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl}-(E)-
methylidene}-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-one,

107) (4R,9aR)-2-ethyl-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-one,

108) (48,9aS)-2-ethyl-7- {1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-one,

109) (4S,9aR)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-2-methyl-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-
one,

110) (4R,9aS)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-2-methyl-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-
one,

111) (45,9aR)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-2-propyl-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-

one,
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112) (4R,9aS)-7-{ 1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl}-(E)-
methylidene}-2-propyl-4-(3,4,5-trifluorophenyl)octahydropyrido{1,2-a]pyrazin-6-
one,

113) (4R*,9aS*)-2-acetyl-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-
(E)-methylidene}-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-one,
114) (4R*,9aS*)-2-methanesulfonyl-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)phenyl]-(E)-methylidene}-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]

pyrazin-6-one,

3
115) (4R*,9aS*)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-6-0x0-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazine-2-
carboxylic acid dimethylamide;
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fluorine <l ¥ A}V aw Aaiiise phenyl 4o saaasr A 05 O Dads 38y
.chlorine <yl
R (5% of Jaly catia LV arn o) bl Sf (1) 5f (1) dageall (o S5al
C3- dcgans fCyano 4e sene thydroxyl de sexa shalogen 3y ¢hydrogen 3, Lea R?
de gane Jaiud B Cus «Cl-6alkyl de sana ¢C3-8 cycloalkoxy de gans ¢8 cycloalkyl
ic gana chalogen 353 (re 435S0l Ao ganall (e 5yl50e Jilay ¥ (Y Y 2 Cl-6alkyl
i cgane«C3-8 cycloalkyl 4——c gane ¢cyano 4—= gane chydroxyl
Jafiud a8 ¢ «C1-6  alkoxy dc seas ¢C3-8 cycloalkoxy 4c ganas «C1-6 alkoxy
<halogen 3)) (3o 43555l Ao ganall (pe B)lide il ¥ 3}V as C1-6 alkoxy desens
C3-8  dcganay «C3-8 cycloalkyl 4c sane <cyano d-c saxs chydroxyl 4ec gense
«C1-6alkyl (yicsanasl 5aaly de gane an Jaind 36 Al «amino 4o saxs tcycloatkoxy
ic sene thalogen ChY ¥ (Y ae AaDla §)gem) Cl-6alkyl Silesene Jafind 8 Cya

'3

i ol 50 aly A e genn —edai o ia 8 All «carbamoyl

dcane thalogen b3 ¥ (Y ae Cl-6alkyl Cile gene Jafind a8 Caa «Cl-6alkyl
i cgaaedat wia 8 i Cl-6 alkoxycarbonyl &—c seas sl carboxyl
ic gens chalogen 853 (e 435S0l Ao sanall (pe 8yl Bl ¥ ) Y 2w C1-6 alkoxy
d—cganay «C3-8 cycloalkyl &= sans «Cyano A——e gaas chydroxyl
.C3-8 cycloalkoxy

S of ST Qi caia TV apa Josid) bl f (1) ol (D) Rapeal) (10 Sl b
5, «C1-6alkyl A< sena chydrogen 80 J-iey Lagia J<5 Cdbida gl cuBlaie R4 R!
-hydroxyl dc sena sl chalogen

e LW Jode bl f (D) (1) dapall o Sl

Ao gana (o Hlie oy e Yol Y ae Jagind 28 30 methylene dc sans fia Z;

3 ¢Al Jdaadl
methylene ic sese Jaiiud 38 Cua cmethylene deganass Z; (58 of L3S Jay
dc gane «Cl-Galkyl ie s (o AigSial Lo ganall (e §)lita Jilay pa ¥ 5 ) ae

-halogen 3,3 <hydroxyl

Yo

Yo



Y14y

caie WiV Jysia el 5l (1) 5f (1) Aapal) g0 Syl B

Vs methylene ic sene JAiod 38 Cus cmethylene degane Z; Jie o Jaay
<hydroxyl e sans «Cl-6alkyl Ac sana (pa 4sShall Ao ganall (o 3l Sy (40 Y
) ey agie JS 15 ¢q p s thalogen 8535

4ie WiV sma e pddl ol (I (1) Bpaall o iSall B

} & methylene desane Jaiiud 38 Cus cmethylene de gans Z; Joiay o Juady
chydroxyl ic sane «C1-6alkyl A gana (po 435S5all Ao ganall (o 3yl3a0 Jilay (e ¥
e Jiary ) Jia Legie JS q 5 p ¢halogen 3)3

aie L asa Jadie gelad) ol (D)5 (1) Zapeall (10 el

) Jia pgie JS T3 <q py toxygen 3 Z; Jiey of Sy

caia Lilsd Upie gelall Sl (1) Anpal) (g SHal B

V a= methylene de gane Jaiind 28 Cus cmethylene desane Z; Jiay o Joady
chydroxyl 4c saas «Cl-6alkyl ic sane (po 435Siall Ao ganall (he 5)lida Jilay (e Y
- e Jiey begie JST5q5¢) Jiwr p thalogen 8535

4ia Uilsa Upie gelall b (1) 5f (1) gl 0 Syal) b

\ &= methylene degane Jafiud 28 Cua cmethylene desene Z; Jiay o Juady
chydroxyl 4e seas «C1-6alkyl dc gana (po 436Siall Ao ganall (o 3ylida iy e Y
e Jiay g ¢) Jiey lagie ST p thalogen 8035

4ia Lils Iy bl b (1) 5f (1) Anpall (po S5l b

} s methylene de gase Jafind 38 Cum amethylene de gane Z; Jiay S Juady
chydroxyl de sass «Cl1-6alkyl e sane (pe 43 sSiall Ao gandll (e 3yl Jilay e ¥
e Sy 1 Y Jiay q €Y Jiay p thalogen 353,

aie Lilsa ple elall 1 (D) 51 (1) ipeal) 0 Syl 3

} a= methylene i gane Jafind 28 Cus cmethylene de gane Z) Jhay o oy
chydroxyl 4e seas «C1-6alkyl dc sana (3o 4sSiall Ao panall (pa 3)l300 Jilay (g ¥ 5
Y Sl qs¢) Jie Lagie Sty p thalogen 5)35

aia Lilsy Uy dall Sl (ID) 51 (1) i) p0 Sl

‘o

Yo



Y14y

Al

dc gana pa vinylene degane Jafind 8 Cua cvinylene Aegans 7 Jias o ey
D Jies Legie JST5 g ¢ sha Jiay p thalogen <yl Cl-6alkyl (e sanasl 32als
e Uilgy e el o (ID) 5l (1) Arpeall (o el (b
dc gane ae vinylene degena Jafiud 38 Sy cvinylene desans Z, ey o Jazady
e Jiarrs ¢V Jiey Lagia S q s p thalogen <)l Cl-6alkyl (yie sanasl 32aly
05Ss e WV ara sl pell 3000 Ao pandl (e it aSye oS capamally
e el Sl a0le JalaS e 5% «JBal dan o cdals ddaay canlic
(gl llgl <Down e dasiadll aie cAlzheimer Laje
1) (E)-(3S)-(3,4,5-trifluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-(9R)-hexahydroindolizin-5-one,
2) (E)-(3R)-(3,4,5-trifluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-(9R)-hexahydroindolizin-5-one,
3) (E)-(3S)-(3,4,5-trifluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-(9S)-hexahydroindolizin-5-one,
4) (E)-(3R)-(3,4,5-trifluorophenyl)-6-{3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-(9S)-hexahydroindolizin-5-one,
5) (E)-(3R)-(3,4-difluoropheny!)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yhbenzylidene]-(9R)-hexahydroindolizin-5-one,
6) (E)-(3S)-(3,4-difluorophenyl)-6-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-(9S)-hexahydroindolizin-5-one,
7) (E)-(6R,9aS)-6-(4-fluoropheny!)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yDbenzylideneJoctahydroquinolizin-4-one,
8) (E)-(6S,9aR)-6-(4-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one,
9) (E)-(6S,88S,9aR)-6-phenyl-8-hydroxy-3-[3-methoxy-4-(4-methyl- 1 H-imidazol-1-

yl)benzylidene]octahydroquinolizin-4-one,
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10) (E)-(6R,8R,9aS)-6-phenyl-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-
1-yl)benzylidene]octahydroquinolizin-4-one,
11) (E)-(6S,8S,9aR)-6-(4-fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-

imidazol-1-yl)benzylidene]octahydroquinolizin-4-one,

o

12) (E)-(6R,8R,9aS)-6-(4-fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidene]octahydroquinolizin-4-one,

13) (E)-(6S,9aS)-6-(3,4,5-trifluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-
1-yl)benzylidenejoctahydroquinolizin-4-one,

14) (E)-(6R,9aR)-6-(3,4,5-trifluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-
1-yl)benzylidene]octahydroquinolizin-4-one, \K
15) (E)-(6S,8S,9aR)-6-(3,4,5-trifluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-
methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one,

16) (E)-(6R,8R,9aS)-6-(3,4,5-trifluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-
methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one,

17) (E)-(6S,8R,9aR)-6-(3,4,5-trifluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4- Yo
methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one,

18) (E)-(6R,8S,9a5)-6-(3,4,5-trifluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-
methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one,

19) (E)-(6S,9aS)-6-(4-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1 H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one, Y.
20) (E)-(6R,9aR)-6-(4-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one,

21) (E)-(5S)-(4-fluorophenyl)-2-[3-methoxy-4-(4-methyl- 1 H-imidazol-1-
yl)benzylidene]-(8aS)-hexahydroindolizin-3-one,

22) (E)-(5R)-(4-fluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1- Yo

yl)benzylidene]-(8aR)-hexahydroindolizin-3-one,
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23) (E)-(5S)-(3,4-difluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-(8aS)-hexahydroindolizin-3-one,

24) (E)-(5R)-(3,4-difluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yDbenzylidene]-(8aR)-hexahydroindolizin-3-one,

25) (2)-(58)-(3,4-difluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-(8aS)-hexahydroindolizin-3-one,

26) (Z)-(5R)-(3,4-difluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-(8aR)-hexahydroindolizin-3-one,

27) (E)-(5R,8aS)-5-(4-fluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]hexahydroindolizin-3-one,

28) (E)-(5S,8aR)-5-(4-fluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylidene]hexahydroindolizin-3-one,

.29) (E)-(6R,9aS)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-6-(4-

methoxyphenyl)octahydroquinolizin-4-one,

30) (E)-(6S,9aR)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-6-(4-
methoxyphenyl)octahydroquinolizin-4-one,

31) (E)-(4S,10aS)-4-(4-fluorophenyl)-7-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydropyrido[1,2-a]azepin-6-one,

32) (E)-(4R,10aR)-4-(4-fluorophenyl)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydropyrido[ 1,2-a]azepin-6-one,

33) (E)-(5R,7aS)-5-(3,4-difluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]hexahydropyrrolidin-3-one,

34) (E)-(3R,9aR)-3-(3,4-difluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydropyrrolo[1,2-a]azepin-5-one,

35) methyl (E)-4-{(4S*,9aR*)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylidene]-6-oxooctahydroquinolizin-4-yl} benzoate,
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36) (E)-(6S*,9aR*)-6-(4-hydroxymethylphenyl)-3-{3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylideneJoctahydroquinolizin-4-one,

37) (E)-(6S*,9aR *)-6-(4-cyanophenyl)-3-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one,

38) (E)-4-{(4S*,9aR*)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-
6-oxooctahydroquinolizin-4-yl}benzoic acid,

39) (E)-(6S*,9aR *)-6-(4-aminophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one,

40) (E)-4-{(4S*,9aR*)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-
6-oxooctahydroquinolizin-4-y1}-N,N-dimethylbenzamide,

41) (E)-(6S,9aR)-6-(3-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylideneloctahydroquinolizin-4-one,

42) (E)-(6R,9aS)-6-(3 -fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one,

43) (E)-(6S,9aR)-6-(2-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one,

44) (E)-(6R,9aS)-6-(2-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one,

45) (E)-(6S,8R,92aR)-6-(4-fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidene]-8-methyl-octahydroquinolizin-4-one,

46) (E)-(6R,8S,9aS)-6-(4-fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidene]-8-methyl-octahydroquinolizin-4-one,

47) (E)-(6S,8R,9aR)-6-(4-fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidene]-8-methyloctahydroquinolizin-4-one,

48) (E)-(6R,8S,9aS)-6-(4-fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-

imidazol-1-yl)benzylidene]-8-methyloctahydroquinolizin-4-one,
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49) (E)-(6S,92aR)-6-(4-fluorophenyl)-3-[3 -methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-8-methyl-1 ,2,3,6,9,9a-hexahydroquinolizin-4-one,

50) (E)-(6R,9aS)-6-(4-fluorophenyl)-3-[3 -methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-8-methyl-1,2,3, 6,9,9a-hexahydroquinolizin-4-one,

51) (E)-(6S,8 S,9aR)-6-(4-fluorophenyl)-8-hydroxy-3-[3 -methoxy-4-(4-methyl-1H-
imidazol-1 -yl)benzylidene]—8-methyloctahydr0quinolizin-4-one,

52) (E)-(6R, 8R,9aS)-6-(4-fluorophenyl)-8-hydroxy-3-[3 -methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidene]-8-methyloctahydroquinolizin-4-one,

53) (E)-(4R,9aS)-7-[3 -methoxy-4-(4-methylimidazol-1-yl)benzylidene] -4-
phenylhexahydropyrido[2,1-c][1,4]oxazin-6-one,

54) (E)-(5 S,7aR)—5-(3,4-diﬂuorophenyl)-2-[3-methoxy-4-(4-methyl- 1H-imidazol-1-
yD)benzylidenelhexahydropyrrolidin-3-one,

55) (E)-(3S,9aS)-3-(3,4-difluorophenyl)-6-{3 -methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydropyrrolo[1,2-a] azepin-5-one,

56) (E)-(3S, 8aS)-3-(4-chlorophenyl)-6-[3-methoxy-4-(4-methyl-1 H-imidazol-1-
yl)benzylidenelhexahydroindolizin-5-one,

57) (E)-(3S,8aS)-3-(2,4, 5-trifluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-
1-yl)benzylidene]hexahydroindolizin-5-one, _

58) (E)-(3S,8a8)-3-(2,3 A-trifluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-
1-yl)benzylidene]hexahydroindolizin-5-one,

59) (E)-(3S,8aS)-3-(2,5-difluorophenyl)-6-[3 -methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]hexahydroindolizin-5-one,

60) (E)-(3S,8aS)-3-(3-fluorophenyl)-6-[3 -methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]hexahydroindolizin-5-one,

61) (E)-(3S,8aS)-3-(2,6-difluoropyridin-3-yI)-6-[3 -methoxy-4-(4-methyl-1H-

imidazol-1-yl)benzylidene]hexahydroindolizin-5-one,

Yo
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62) (E)-(3S,8aS)-3 -(2,4-diﬂuorophenyl)-6-[3-methoxy-4—(4-methyl- 1H-imidazol-1-

yD)benzylidene]hexahydroindolizin-5-one,
63) (E)-(3S,8aS)-3-(3 -chlorophenyl)-6-[3-methoxy-4-(4-methyl-1 H-imidazol-1-

yl)benzylidenelhexahydroindolizin-5-one,

64) (E)-(38,8aS)-3-(3 ,5-difluoropheny!)-6-[3-methoxy-4-(4-methyl-1 H-imidazol-1-

yl)benzylideneJhexahydroindolizin-5-one,

65) (E)-(6S,9aS)-6-(3,4-difluorophenyl)-3-[3 -methoxy-4-(4-methyl-1H-imidazol-1-

yDbenzylidene]octahydroquinolizin-4-one,

66) (E)-(6R,9aR)-6-(3,4-diﬂuor0phenyl)-3-[3-methoxy-4-(4-methyl—1H-imidazol-1-

yl)benzylidene]octahydroquinolizin-4-one,

67) (E)-(6S,9aS)-6-(4-chlorophenyl)-3-[3 -methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]Joctahydroquinolizin-4-one,

68) (E)-(6R,92aR)-6-(4-chlorophenyl)-3-[3-methoxy-4 -(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one,

69) (E)-(S)-6-(3,4,5 -trifluorophenyl)-3-[3-methoxy-4-(4-methyl-1 H-imidazoi-1-
yDbenzylidene]-1,2,3, 8,9,9a-hexahydroquinolizin-4-one,

70) (E)-(R)-6-(3,4,5-trifluorophenyl)-3-[3-methoxy—4-(4-methyl- 1H-imidazol-1-
yl)benzylidene]-1,2,3, 8,9,9a-hexahydroquinolizin-4-one,

71) (E)-(6S,8S,9aR)-8-fluoro-3-[3 -methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-6-(3,4,5 -triﬂuorophenyl)octahydroquinolizin-4-c;ne,

72) (E)-(6S,8R,9aR)-8-methoxy-3-[3-methoxy-4-(4-methyl-1 H-imidazol-1-
yl)benzylidene]-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one,

73) (E)-(R)~4-(4-fluorophenyl)-7-[3-methoxy-4-(4-methyl-1 H-imidazol-1-
yl)benzylidene]-3,4, 8,9-tetrahydro-7H-pyrido[2,1-c][1,4]oxazin-6-one,

74) (E)-(S)-4-(4-fluorophenyl)-7-[3-methoxy-4-(4-methyl-1 H-imidazol-1-

yl)benzylidene]-3,4,8,9-tetrahydro-7H-pyrido[2,1-c][1 ,4]oxazin-6-one,
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75) (E)-(4R,9aR)-4-(4-fluorophenyl)-7 -[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]hexahydropyrido[2,1-c][1 ,4Joxazin-6-one,

76) (E)-(4S,9aS)-4-(4-fluorophenyl)-7-[3 -methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]hexahydropyrido[2,1-c][1,4] oxazin-6-one,

77) (E)-(6S,8R,9aR)-8-fluoro-3-[3 -methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene}-6-(3,4,5 -trifluorophenyl)octahydroquinolizin-4-one,

78) (E)-(6S,9aR)-3-[3-methoxy-4-(4-methyl-1 H-imidazol-1-yl)benzylidene]-6-
(3,4,5-trifluorophenyl)-1,2,3,6,9, 9a-hexahydroquinolizin-4-one,

79) (E)-(6S,9aR)-3-[3-methoxy-4-(4-methyl-1 H-imidazol-1-yl)benzylidene]-6-
(3,4,5-trifluorophenyl)-1 ,2,3,6,7,9a-hexahydroquinolizin-4-one,

80) (E)-(4R,9aR)-7-[3-methoxy-4-(4-methyl-1 H-imidazol-1-yl)benzylidene]-4-
(3,4,5-trifluorophenyl)hexahydropyrido[2,1-c][1,4] oxazin-6-one,

81) (E)-(4S,9aS)-7-[3-methoxy-4-(4-methyl-1 H-imidazol-1-yl)benzylidene}-4-
(3.4,5-trifluorophenyl)hexahydropyrido[2,1-c][1,4] oxazin-6-one,

82) (E)-(4S,9aR)-7-[3-methoxy-4-(4-methyl-1 H-imidazol-1-yl)benzylidene]-4-
(3,4, 5-trifluorophenyl)hexahydropyrido[2,1-c]{1,4]oxazin-6-one,

83) (E)-(4R,9aS)-7-[3-methoxy-4-(4-methyl-1 H-imidazol-1-yl)benzylidene]-4-
(3,4,5-trifluorophenyl)hexahydropyrido[2,1-c](1 ,4]oxazin-6-one,

84) (E)-(6R,78,9aR)-7-hydroxy-3-[3-methoxy-4-(4-methyl-1 H-imidazol-1-
yl)benzylidene]-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one,

85) (E)-(6S,7R,9aS)-7-hydroxy-3-[3 -methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-6-(3,4,5-triflucrophenyl)octahydroquinolizin-4-one,

86) (E)-(6R,7R,9aR)-7-hydroxy-3-[3-methoxy-4-(4-methyl-1 H-imidazol-1-
yl)benzylidene]-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one,

87) (E)-(6S,78,9aS)-7-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylidene]-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one,
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88) (E)-(6S,9aR)-6-(4-fluorophenyl)-3-[3 -methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-1,2,3, 6,9,9a-hexahydroquinolizin-4-one,

89) (3S,8a8S)-6-{1-[3-methoxy-4-(4 -methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-3 -(2,4,6-trifluorophenyl)hexahydroindolizin-3-one,

90) (6S,9aR)-6-(3,4-difluorophenyl)-3-{1 -[3-methoxy-4-(4-methyl-1H-imidazol-1- o
yl)phenyl]-(E)-methylidene} octahydroquinolizin-4-one,

91) (6S,9aR)-6-(3,4,5-trifluorophenyl)-3-{1-[3 -methoxy-4-(4-methyl-1H-imidazol-

1 -yl)phenyl]-(E)-methylidene}octahydroquinolizin—4-one,

92) (6S,9aR)-6-(4-chlorophenyl)-3-{1 -[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)phenyl]-(E)-methylidene} octahydroquinolizin-4-one, Yo
93) (E)-(3S, 8aS)—3-(2,3-diﬂuorophenyl)-6-[3-methoxy-4-(4-methyl- 1H-imidazol-1-

yl)benzylidene]hexahydroindolizin-5-one,

94) (4R,9aS)-4-(4-fluorophenyl)-7-{1 -[3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)phenyl]-(E)-methylidene} hexahydropyrido[2,1-c][1,4]Joxazin-6-one,

95) (4R,9aS)-4-(3,4-difluorophenyl)-7-{1-[3 -methoxy-4-(4-methyl-1H-imidazol-1- o
yl)phenyl]-(E)-methylidene} hexahydropyrido[2,1-c][1,4]oxazin-6-one,

96) (4R,9aS)-4-(4-chlorophenyl)-7-{1-[3 -methoxy-4-(4-methyl-1H-imidazol-1-
yl)phenyl]-(E)-methylidene}hexahydropyrido[2,1 -c][1,4]oxazin-6-one,

97) methyl (4S,9aR)-7-{1-[3 -methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-6-0x0-4-(3,4,5 -trifluorophenyl)octahydropyrido[ 1,2-aJpyrazine-2- Yo
carboxylate,

98) methyl (4R,9aS)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1 -yl)phenyl]-(E)-
methylidene}-6-ox0-4-(3 ,4 5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazine-2-
carboxylate,

99) methyl (4R,9aR)-7-{1-[3-methoxy-4-(4-methyl-1 H-imidazol-1-yl)phenyl]-(E)- Yo
methylidene}-6-oxo0-4-(3,4,5-trifluorophenyl)octahydropyridof 1 ,2-a]pyrazine-2-

carboxylate,
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100) methyl (4S,9aS)-7-{1 -[3-methoxy-4-(4-methyl-1H-imidazol-1 -yl)phenyl]-(E)-
methylidene}-6-ox0-4-(3,4,5 -trifluorophenyl)octahydropyrido[ 1,2-a]pyrazine-2-
carboxylate,

101) (4R,9aS)-7-{1-[3-methoxy-4-(4-methyl-1 H-imidazol-1-yl)phenyl]-(E)-
methylidene}-4-(3,4,5-tri fluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-one,

102) (4S,9aR)-7-{1-[3-methoxy-4-(4-methyl-1 H-imidazol-1-yl)phenyl]-(E)-
methylidene}-4-(3,4,5 -trifluorophenyl)octahydropyrido[1,2-a]pyrazin-6-one,

103) (4S,9a8)-7-{1-[3-methoxy-4-(4-methyl-1 H-imidazol-1-yl)pheny!]-(E)-
methylidene}-4-(3,4,5 -trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-one,

104) (4R,9aR)-7-{1-[3-methoxy-4-(4-methyl-1 H-imidazol-1-yl)phenylj-(E)-
methylidene}-4-(3,4, 5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-one,

105) (4S,9aR)-2-ethyl-7-{1-[3-methoxy-4-(4-methyl-1 H-imidazol-1-yl)phenyl]-(E)-

methylidene}-4-(3,4,5-triﬂuorophenyl)octahydropyrido[1,2-a]pyrazin-6-one,

106) (4R,9a8)-2-ethyl-7-{1-[3-methoxy-4-(4-methyl-1 H-imidazol-1-yl)phenyl]-(E)-
methylidene}-4-(3,4,5 -trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-one,

107) (4R,9aR)-2-ethyl-7-{1-[3 -methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-4-(3,4,5 -trifluorophenyl)octahydropyrido[1,2-a]pyrazin-6-one,

108) (4S,9aS)-2-ethyl-7-{1-[3-methoxy-4-(4-methyl-1 H-imidazol-1-yl)phenyl]-(E)-
methylidene}-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1 ,2-a]pyrazin-6-one,

109) (4S,9aR)-7-{1-[3-methoxy-4-(4-methyl-1 H-imidazol-1-yl)phenyl]-(E)-
methylidene}-2-methyl-4-(3,4,5 -trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-
one,

110) (4R,9aS)-7-{1-[3 -methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-2-methyl-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1 ,2-a]pyrazin-6-

one,
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111) (4S,9aR)-7-{1 -[3-methoxy-4-(4-methyl-1 H-imidazol-1-yl)phenyl]-(E)-
methylidene}-2-propyl-4-(3,4,5 -trifluorophenyl)octahydropyridof1,2-a] pyrazin-6-
one,

112) (4R,9aS)-7-{1-[3 -methoxy-4-(4-methyl-1H-imidazol-1 -yl)phenyl]-(E)-
methylidene}-2-propyl-4-(3,4,5 -triftuorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-
one,

113) (4R*,9aS*)-2-acetyl-7-{1 -[3-methoxy-4-(4-methyl-1 H-imidazol-1-yl)phenyl]}-
(E)-methylidene}-4-(3,4,5 -trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-one,
114) (4R*,9a5%)-2 -methanesulfonyl-7-{1-[3-methoxy-4-(4-methyl-1 H-imidazol-1-
yDphenyl]-(E)-methylidene}-4-(3,4,5 -trifluorophenyl)octahydropyrido[1,2-a]

pyrazin-6-one,

115) (4R*,9aS*)-7-{1 -[3-methoxy-4-(4-methyl-1H-imidazol-1 -yl)phenyl]-(E)-
methylidene}-6-0x0-4-(3 ,4,5-trifluorophenyl)octahydropyrido| 1 ,2-a]pyrazine-2-

carboxylic acid dimethylamide;
o) odel Cagaagass LS (1) daladl Atpeall (o Syl o Alizmie Cilapnd 0S5

foald dias A pasall GGl o fall usd Jall ¢ hasY) (e Ll Jaiil) o gl
Aala) Ripaall (i e iy (ain LpaSat Hiie 45y 3 i (gl Al ialyall
)

all g s (1) Aelad) Arpall (e S0 ppmntl b sl Caags

(D) Aalall dapall b Sl Jucy
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Jai (Dhagai o Jall g hia¥l aSye juany (S ol eaall (e s o Adlal
Lo pene phaaialy chialia Byyam Toles A1) ol 5y Alen Joli By ad AL
e dalia Bygaay HlaS AN Gal A el adill 4dg y2a (protecting group) dgles
T. Greene et al., "Protective Groups in Organic Synthesis", John _).Lu\) 3gha JS Jal
.(Wiley & Sons, Inc., New York, 1981
Y Al juzaadl) Ayl

(1) Aelad) il aS5al Lindgad Aaadiinnall V) Aalall jpaatl A3pha sLl Caa g

LSl g sl
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MeO._~.CHO q A MeO NN,
O el ey e
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dol el Y
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Y
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.S} dehydrating ¢l &35 Yazag V) 3shd & aldol
Y= Byghadll U (¥) 48 e aldol 83le e () dalall dapall (1S je jpadand Say
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Adg e ddph aladinl Hsan Jelal) 1aa @Lj)ﬂﬂ‘ sdg) dgaliia Jagydll (5508 e Hany
Jikken Kagaku Koza (Courses in Experimental shl) Jelall 5,58 &by A idgpase
Chemistry), vol.19, Yuki Gosei (Organic Synthesis) [I], edited by The Chemical
B el .(Se «Society of Japan, Maruzen Co., Ltd., June 1992, p.194-226
Voo e Qumdy ddaudss () A4S« aldol Babe Lalleal 48yl (1 A8y yhll Aliaiall
Jikken Kagaku Koza (Courses in Experimental okl e cpaes e HlSa
Chemistry), vol.i9, Yuki Gosei (Organic Synthesis) [I], edited by The Chemical
Jugatd dayyha (ii g !(Nfu «Society of Japan, Maruzen Co., Ltd., June 1992, p.194-196
cacetyl e sane (e 53l Aegans (¥) %84 aldol 3alw (s alcohol icjsans
ol Syl Aallzs dianyy chalogen 350 | csulfonate 4c sana ccarboxylate 4e saxs
Jikken Kagaku Koza (Courses in ail) e Bacli (o g8l Vo Y e Juady
Experimental Chemistry), vol.19, Yuki Gosei (Organic Synthesis) [I], edited by The
(Nfu «Chemical Society of Japan, Maruzen Co., Ltd., June 1992, p.198-205
L8y A2t waall 3yhyall A2 )1y et ol cpaaall Jag )by «(i isphll 8
2330 unall yaaall A iadall A e A8 By aay 20ad Yy A5l 5ol
«potassium hydrogen sulfide «phosphoric acid «sulfuric acid <hydrochloric acid
«thionyl chloride <boron trifluoride-ether Aixa ¢p-toluenesulfonic acid «oxalic acid
PRTAER L tallsf el aa o ccada (e Adgyhll (5)a0 o} 35> .alumina oxide s
bl AR il L ppra s3a (o 4gh I35 ol 8oLl Balall ey alall oy
e Aukad i)« tbenzene s toluene J-ie Apad e Gl e a2d0 el Cd all
Jie halogenated <slue thexamethylphosphoramide 5 «dimethyl sulfoxide <acetone
e el Aal 5 (and a8 (&lla) 8Ly . Lay ¢émethylene chloride s chloroform
& Jelil) il Jelill Jaxa 4lais 3)5ums pyridine Jie organic base dyguac 2ol
JaS5 of LSy o siyad) dnd delid B Aaps 1585 of iz D (Vs Gany
o Al Sylya Ay (pe Juayy ccasiye e (g5l gie o Jime G5 (s Je il
S saaly el b Jelia Ji€ of Jumiy cdlmte Joli Jag s ciad She Agghe?V e s
Ay yen ilnsibey S Jalad 4 Ualyy Jolidl o iy of Sty e Aol Y
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e sl 3 AL el e 48 Abalys s 5 (53l g i of 0%
s 5 ¢ DTN (sl (i lay S e
Lo sana cacetyl Ao sana (il Aiplall 83yl Ao gana ilzmidl ABRN et
3,09 «bromine 3,3 «chlorine 3,3 «p-toluenesulfonate 4———=c sazs «methanesulfonate
LS 5y gacay 2337 Yy ol 5alall i g 5y0lial dcsanall ) Jysadll 4835k 50 Liodine
oxiiy oF ym - Japsl Aipla Jie o) (B alel Uasaill Ay e Ayl alaaiul jea
J— % acetylating J—ale s t8—Sa Vo —)) e A _nda By —ay

methanesulfonyl chloride (e sulfonating Jwle tacetic anhydride 4l acetyl chloride

Juaiy i cthionyl chloride (Jie halogenating Jal= ol ¢p-toluenesulfony! chloride B
g___‘L’.i. =& 1w ¢chloroform _,f methylene  chloride (e halogenated VIR |
ol tetrahydrofuran J— e ether « tbenzene s toluene J—— i
S Adlady Joeandh jay Ol «lld e Jalide Jadsf sethylene glycol dimethyl ether

Jasaly (e 43S A triethylamine o pyridine Jusdy Jie 3208 adiiud Ladie argll pite
Jelill 3a Aayd (1085 of cang ashaall o2 8 Joli cudeSyl Dlie egil&e Ve (Y
sty s gl gl e pme 0S8 Gy delill JaSS o LeSe (A Bbal) A
s of Sy Al Jolis g o i e cgshe®) o+ () VA= ope iy
A6 Uaulsy Je il a8 iy of oSary Mo el YE ) saaly delu Je il
Lt Ay ol 5 (gl il s of (S g pre (gibasilan S s
DALY (sl i giles S et A Jhe ol (B alall s il Ads e
igguine 3308 (e 188 Vo (U ) e Jiody Ayl a5 polaall Jelds skl 5
«pyridine «diazabicycloundecene J———7 organic base
J-a ¢cquaternary ammonium salt ¢triethylamine J‘ 4-dimethyaminopyridine
sodium methoxide J—ie (58 18 mLs ¢tetrabutylammonium hydroxide
¢sodium hydroxide J—is (55—8 31 hydroxide ¢potassium tert-butoxide !
5l Casl Jale ) ¢potassium carbonate 4 lithium carbonate Jie (558 3 carbonate
3acli€ aadiy ol Uiy e clithium diisopropylamide i organic metal (55as

(hé & s tchioroform ol methylene chloride Jis halogenated cuie (4 Uaiady
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«dimethylformamide «acetonitrile J—3e o—bd ) tbenzene o toluene J—ie
ethylene glycol dimethyl ;i tetrahydrofuran s ether <ue tdimethyl sulfoxide ;i
pyridine e dugaiae 322 aladiu) Luad jeay s celld (e Lalise el sether
s Jelid JaSs of LeiSas ) Byl Amyd Jolih o B 1555 of oy v
cind e i) v 0 (VA= (e dumitg csipe s ool Eiie e D)ne 19SS
SSary e delu YE ) saaly dela & Jolidl) JSs ol Sy cAlimie Jo i dagyd
aid) s of Sa Adgme (gihasilag S dulad 1 Al Jelill o2& afly o
Jlas A Jhe i) b alall gt all A jua 3 Aadyy sl s
Syl 5 AT gl (sibasites S
(\‘) iS e aldol 3ole juiasd

o 1ilSa 0 Y (1) aldehyde Sye ¢ (¥) A8 aldol Bale jpadasd (S
5y -Dia V=) 35daall Lady (V) aldehyde S Glaiy Le o3 (Y) lactam Sy
Lo s A58 3ypaay 22ay Yy A5 3alall Uiy V=) 35kadd) 8 aldol Jel& yay (dady
aiill 4ag e Ak aladiul jeag cJelil) ba &2 gl a3 delia Jagyall o5&
Jikken Kagaku Koza (Courses in Experimental bl Jelal Jal e ol B aldll

Chemistry), vol.20, Yuki Gosei (Organic Synthesis) [II], edited by The Chemical
A8 e L (Dle Society of Japan, Maruzen Co., Ltd., July 1992, p.94-100

Y (Y) factam S Sy i (A L nid
d_aasg) b DY cBA_cEC}_AZst_SA o) ‘5_‘) Y e d_msga.]n_utg g;)_yé _}Jéeno]ate

<sodium  hydride ¢sodium amide ¢butyl lithium «lithium  diisopropylamide

S« 2 enolate Jelo Maxyg (Nfu «potassium tert-butoxide 4l «sodium methoxide
Jikken Kagaku Koza (Courses in Experimental Chemistry), ki) (V) aldehyde
vol.20, Yuki Gosei (Organic Synthesis) [II], edited by The Chemical Society of
lactam S g Jusadl Adyyha (ii g ¢(Se <Japan, Maruzen Co., Ltd., July 1992, p.97-98
Juady) e Baeld (e (SlSe 0 Y e Juzady daulgs (598 3 enolate <3 (Y)
sodium ssodium hydride ¢sodium amide «<butyl lithium clithium diisopropylamide

silicon <38 Jale ae enolate Jeli (e ¢potassium tert-butoxide ol cmethoxide
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Ol 3yl (Je ctert-butyldimethylchlorosilane 4} trimethylchlorosilane J-ad) halide
O 9ag (8 Juady (V) aldehyde S ye ae ether Joldi dianys esilyl enol ether sy
boron s titanium tetrachloride Jwad) i Lewis axal dlSao N evo
Jikken Kagaku Koza (Courses in Experimental Chemistry), ail) (BB ctrifluoride
vol.20, Yuki Gosei (Organic Synthesis) [II}, edited by The Chemical Society of
shall dayyy cuddl yuad (e Japan, Maruzen Co., Ltd., July 1992, p.96-97
e Aliiake 8ypm adiany Of yma AEEY Bygumy 2385 Yy 304N Balall Lads dadilioual)
ether wude Jie ¢(pae (53a ) 4 I3 ol Bl salll ey Je il BRLTR AL
J—ie halogenated ud— tdiethyl ether _ji ¢1,4-dioxane «tetrahydrofuran Je
toluene Jie ‘.g-\l:é & e tchloroform Ji ¢1,2-dichloroethane ¢methylene chloride
Shall Aoy Jelall 5ya dayn (50 o g Dl cdlld (e Jalide (asiayl sbenzene sl
- O*MJ‘HJFfJPéﬁb@hO‘J,}“Od}Sw%&w‘dﬁﬁ&img‘“
Jelill JoS o Juady (dliaie Jolii Jag b cand Dl cdall Bl das ) 25°VA
Qb i Al gy Jelil 238 caily of oSary e el YE () Aol sl
iy e s Uaalyy oyl ot (ol il o of S Adgpne asibas S
skl 5 coadlATN (el ilagilag)S Jilad A Jie ol (B alel) padiil

(V) aldehyde Sye ypass

MeO. CHO
i
MeO Ly —— U
o — -
Ly =

= °Y°}L°] /

(%) [-vess) )J (" \i-v 5hd] @
‘eo . MeO__~. Lz MeQ b
: - ] —
XY H?Ij \gﬁ,{U

["_‘f -&‘,Li] CHO [V-Y ;}L_;] CHO

&ile gans cjodine 3y) <bromine )3 «chlorine 3,3 ¢fluorine 30 Jiey Ly ¢dapall 3

ic gans cboronic acid ie saxa ctrialkyltin 4o sans ctriflate 4e gana JAe sulfonate
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icsene cmethyl  ester 4cgane Jie alkyl ester iegana Jhey Ly 5 45 cboronate
&) ccyano de gexa «aldehyde
(V) aldehyde Sy ypasi

0¥ 3ydaal Uity Al 33LaS (1) Gahe e (V) aldehyde ceSye paiand (e
S5 Le a8y 4883 59y 235 Yy Ll salall L 0-Y Culgladll ;ua (A8 §)5ea
aldl jadill Adg yee A8k pladdind jsag e\l a8 dag pdll ode] dgslia dag yall
Jeli alaasul jsa calkyl ester e senash Ly Ledie (i ¢Dlia .Jeliill dal ge il
Jikken Kagaku Koza (Courses in i) 5,5 489 2a @l (A Ggase Jhaal

Experimental Chemistry), vol.26, Yuki Gosei (Organic Synthesis) [VIII], edited by
('xu «The Chemical Society of Japan, Maruzen Co., Ltd., April 1992, p.159-266

Jyia) gl Aaudss cageyall (1) aldehyde Sie o dsmanl) (Say Alidada By5em
metal hydride {8l —Se Vo AV s pi 5
o Adlady Jgasl) (S ¢ ST dliada 5y gumy .l cdiisobutylaluminum hydride Je
Yira (e 188 Vo (Y e aaaiud sl Ayl siall (V) aldehyde oSy

sodium bis(2- J lithium aluminum hydride -3 aluminum hydride

Vo Y Geasay B (i\) @S yay Bl Lo b methoxyethoxy)aluminum hydride
o-lail) D e ¢(reducing  agent) JH-3al Jelay (31a%y La 4 amine (e (A5
L, Leie (ii «Dia (e ¢T. Abe et al, "Tetrahedron", 2001, vol.57, p.2701-2710
hail) Ay yea 8)5S By A Agase Jiral Jeld aladiul jean ccyano dcsaxash
Jikken Kagaku Koza (Courses in Experimental Chemistry), vol.26, Yuki Gosei

(Organic Synthesis) [VIII], edited by The Chemical Society of Japan, Maruzen Co.,
aldehyde Sy lo Jypasll (Say Aliaia 3)50m -(Ds <Ltd., April 1992, p.159-266

sodium e metal hydride (e z88e Vo () Y (e padiud Ji5a A5k (V) wseall
_kil) M «diisobutylaluminum hydride | bis(2-methoxyethoxy)aluminum hydride
Jikken Kagaku Koza (Courses in Experimental Chemistry), vol.26, Yuki Gosei

(Organic Synthesis) [VIII], edited by The Chemical Society of Japan, Maruzen Co.,
S Ao Adlaiy Jyaall Sy (i Ol ¢ JaS (D «Ltd., April 1992, p.231
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3y e Ayl oladi by alcohol aSye g (i\) <« sl (V) wsé)all aldehyde
Jikken Kagaku Koza (Courses in Experimental ki) 8l S el oasall

Chemistry), vol.26, Yuki Gosei (Organic Synthesis) [VIII], edited by The Chemical
5208] Maays ¢(die «Society of Japan, Maruzen Co., Ltd., April 1992, p.159-266

Jikken Kagaku Koza (Courses in i) (V) aldehyde Sy ) alcohol 1S ye
Experimental Chemistry), vol.23, Yuki Gosei (Organic Synthesis) [V], edited by
.(2tse «The Chemical Society of Japan, Maruzen Co., Ltd., October 1991, p.1-550

L4883 B)gamy 25 Yy Aol salall tady Jhaay) Jelds & dediiuall 3ac Gl st
@Sy Ao llady Jsmanll 4 Say (Aliiade )5 3aelE 59il5 amine phdiul jsaa
b3 (55U alkylamine (e (AlSa ) Y e aaiiy Laie qgepall (V) aldehyde
O (i3 delas (3l L 8 pyrrolidine | diethylamine Jis cyclic gy o linear
8ypams pdatian o Joaa <3880 §y5mamy aay Yy A50LN Salall iy painall Gl ity
e cppne s2e N 4 i o B30 5ol manyy Jelil) Jafy ¥ (o2} cudall Adinde
Jia bl e cude tdiethyl ether o ¢1,4-dioxane «tetrahydrofuran Jie ether uie
ian Jeliill gylya dayn 50 o s el e Jaliae cada .l tbenzene sl toluene
Jamiyy ccasiye b (g5l geiie oo Jime oS v Jolil e o ey (W a0
Jelil (s cilimbe Jelis dag p can e (bt lha A ) dpfed VA= o
Alaulys Jell) pa8 il of oSayy Slie ddelu Y Y saaly delu (A Aiade by5ea
A Aaslsy siye ot @il gite dia o S Adgsme agibes S Jilad 456
(oA (i i ilag S Julas A Jhe ol B plall pad Sl Ady jae
yshllsff s

&b daazidl Jelall 3ha Aady ccudall (oxidizing agent) 3y Jele Sy
el ALmial) BB e AEED §)gamy 2223 Yy A5 salall Uiy 308V Jelis
manganese ¢dichromic acid s chromium oxide Jie chromic acid 3381 Jalse 328y
J—2s periodic acid 30—uS J—alse ¢dimethyl sulfoxide ¢Jl—=d dioxide
J—ie organic amine N-oxide (e Jar1i4 ¢Dess-Martin periodinane

)_LJ\) tetrapropylammonium  perruthenate &~ 4-methylmorpholine N-oxide
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Jikken Kagaku Koza (Courses in Experimental Chemistry), vol.21, Yuki Gosei

(Organic Synthesis) [III], edited by The Chemical Society of Japan, Maruzen Co.,
e 18 00 (WY e Aliade §ygaay padiy .(Mis ¢Ltd., February 1991, p.2-23

Y ol i) Aliade §)5um p2i0uy o asms e (el Bl Lo G 3ausY) dele
ether cuie (e ¢opre gda (A 4d lAS ol 5L salall peaays Je il Lty
J—s halogenated <3 tdiethyl ether 5l «1,4-dioxane «tetrahydrofuran J—
toluene Jie b8 e e ¢chloroform o ¢1,2-dichloroethane «methylene chloride
S aha da Jelall 5a days (5SS o cam ) e dalida eyl tbenzene sl
C e Uiy castye b (gl e (e 33e 19S5 sy Jo il J o LSy
A Jelil (S o Juay dlimie Jolis Jay i and Sl Ay’ e S VA
Jolas A Adalyy Jo ) a8 adly of oSay N el YE () saaly Aol
il Ry e Ay iyl 5 (gl il I of S Rigee ibasiles S
a5 cODAENY (M g siles € bt A Jia il 3 oL
(V) Spe spans

Sie 1-Y 5pdall iy a5l 30LaS (1) aShe (i e (1Y) el pazmad S0y
LE—Y ghall lhy 20 53U (32) Spe (i o (V) SOl spiaal (R cdnsS

5SS La Ay 4883 5y geay 2205 Yy L0210 salall Ly VY boha L (i Akl b
Ll ad sl A8 e Adyyha pladdal sa el a8 dag pill 0d¢) dgalia Jag sl
(18) Spe Al mie B)y—amy yay—ny Do . J—oll Jal e ol 3
Lae 5 Alalaie 1oy 3 s coupling reaction (bl Jeldi () 4-methylimidazole
<4383 3)5m .(D.D. Davey et al., "J. Med. Chem.", 1991, vol.39, p.2671-2677 ki)
Gt L i (1) Sl il <0 U Y e pai o of
Lodie cla (pany G Jelidll illady (g )y 38 (Aliada §)geay . e 4-methylimidazole
53 ol Al il A B et M 32 ol e (AL Sa 0 Y aadn
«potassium carbonate <potassium hydroxide «sodium hydroxide ¢sodium hydride
Jgsamc 2 clgy cbarium  carbonate «cesium carbonate «sodium  carbonate

Yy ¢asall salall Wiy Jelal 13 4 ardiadl Guddl sl -pyridine Jie organic bases

‘o

Yo



Y14y

of

azh 0 ol AL solal) ranys Jolil adiy ¥ ol (458 L oy 3880 By5em 233

tetrahydrofuran pi—oll Al addll 4 B e e (g ()
.acetonitrile y «<N-methylpyrrolidine «N,N-dimethylformamide «dimethyl sulfoxide
sy s Je il gylya Ao (1355 o ng e Aypae 32006 plasiad Ll Jyay
ye iy eyt ot (g5l gEite (re 33me G0 casns el JS of LeiSay (A
o Je il JaaSs o Judady Alimie Joldi Ty b and Dl et gaeos
Jdas 3 A ulyy Jelil aa® qadly of oSas e el YE () b2y 2ol
idy e i Alaalsy asiall b gl il i of oS Adgyre Ghasileg S
sl 5 ol b sileg S Jlas B e i (A alal) padidl)
0S5 Le 28y 4883 By gusay 2325 Yy ALl salell Wy €Y deha i o(ii Akl S
2 ale paddl ddy jae Ak aladiul jeag Jeldl) o bl oded Agalia Jag il
Chemical & Pharmaceutical Bulletin, 1986, vol.34, ) Jelil Jal o o
) iy syl (1) @Spall o Jpanll (Say Aliaie 3y90as (e 3111
((a8) el Blaiy Lo (B ammonia s ammonium salt (ye {8Se Voo (MY 5 (a€)
AEEY §)gm 22y Yy 0ol solall By deadtindll Jelall 55ha Aayay cudall ity Ol
1 ol Bl salall massyy el Jadiy ¥ (53} el Aliade §)gumy oy o s

tetrahydrofuran J——e ether cud——a J—Tia ¢(p—20 (53— (& Y4
«methylene chloride (s halogenated <3 tdiethyl ether ;‘ ¢1,4-dioxane
v« ¢methanol j ethanol J—ie alcohol «a—s ¢chloroform j «1,2-dichloroethane
stoluene Jie 2k 2 ude ¢N-methylpyrrolidone o dimethylformamide (Jis gl
I\_Las,« g S e alide Cuia | cacetic acid J%e organic acid (gsac Laea
ammonium (e ;S Yo )0 alasiuly (i\) el e sy Jpandl (S ¢ 3|
s hall dap Jelall 3 )ha days (53 of ey Dia cacetic acid cude G acetate
23S o iy sy i (g5l giie (a 3me s casds Jo il Ju8 o Loy
QS o iy elimie Jolis Jag b cani Dlie Ay o+ ) A8 B Ay e
A Ay Jell) a8 iy of oSay e dela YE ) sasly delu 8 Jeldll
i Ay gyl e el il e of oSey Adg e (ihasilay S ol
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S sl e S (e T e ol (6 Ll el Ry
Spstdll] 5
(1) Sl s

il Ay pee A Ly Al dgmand) GSasl Lpjlad Jiste (1£) SOd) o)
Ly e s (i) Jomid)d o$oall (b8 (Lplas S5 Y leaie ol el
methyl S e 528l 4nle Jyrmnll (Say cbromine 3,051 «chlorine 33 «fluorine 33
Daly sl 3 _alall Gasall Cagyae 52wl Jolis Alalsy alcohol 2S5 ol lalia
. yklis phenol S methylating Uaudgr sl ccigyme Jipal Jelin Hhlic ester Sy
(3£) Sl s

Sie (- gdaall Lady 4500 s0laS (2f) Syall e (08) el il OSa
055 La ady 4883 5)gumy 2025 Yy 5040 3alall Wiy Y=Y 3odadll s (4883 5)5ua
Ll ad ill Aa yrae Ayl plasdinl jean Jelil) 1 8 dag yall odg] dgaliia Loyl
3)3as -(Helvetica Chimica Acta, 1998, vol.81, p.1038 ai) Jealt Jaf e ol &
(—=t) Sl el Ay (08) Sl e Jgmmanll oSy A1 _iabe
«2-chloroacetone J—-a&y) 2-halogenated acetone (s il S Ve W
Iy b (=2f) 2Sall Gl L (Miw «2-iodoacetone 5| «2-bromoacetone
Alidl) AR s Wi () aSyalls By Le (B 520 (e (HlSe Vo AR
«(Mis <Jithium hydride 5 sodium hydride Jxad) g5 31 hydrides Faadtuell a0 6l
«sodium carbonate ¢potassium carbonate J—ady) (g5—8 > C‘)._J
sodium  methoxide d_msg) metal  alkoxides s ‘(m_a «cesium  carbonate s
galall iy deadianall Jel@ll 3)ha dayay cudall iy .(ia ctert-butyl potassium s
Jelilh Ly ¥ (53 ol Aliade Bysuay paiiny O say -AAEY 3yguay aay Yy A0
ether s (2 (ga—s —) 48 a3 ol sl aal ol ey
J—is halogenated —u3— tdiethyl ether sl ¢1,4-dioxane stetrahydrofuran J-is
J—le L.s_\l-é «ud s ¢chloroform ;i ¢1,2-dichloroethane «methylene chloride
toluene J—ie Q_—J:é —& s ‘N-methylpyrrolidone JJ dimethylformamide
Db dapn Jelal 5yl dAays 8 o caag DN el e hyls ¢benzene |
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155 o Jamyy castiye st (gl giie (e 33ee (a1sS5 9 Jo ) JuS5 o LSy
JLSs of iy ¢dliaie Joldi dag sl cand e Yoo () AN pha A e
i aadgy Je ) 228l of OSags e el YE s2alydela 4 Jeldil
A Ualss cayepall 5 s piid) Ja o oSy Adgyne (Abasilag S Jolas
AN (sl iasiag S Jolat A L ol o alall pad 2l Ay e
sl
(28) ESHall jpans

e (Y=Y 5ylaal Uiy 450L 5alaS (0t) SHall (e () @Syall jpiass oSa
seyall (at) formylamide aSye e Uganll Alinie 8)guay (1Say ¢A383 5) gucay
et Voo Y i () e S)all e i sale) ae (pdad Ay
afiSs Juley formic acid alaaiuly FETN| ((@t) @SHadl 3laiy L A formic acid
((t) oSyl Jal ¢y (s cdicyclohexylcarbodiimide sl acid anhydride) ¢} £33
filSe Yo Y alaanuls (af) el o Al Jpanll oSe (dlinia 3yguay . Mia
elall 33l i Jule (e (A8 Y Y5 (2f) SHally Bl e (8 formic acid
5y 33 Yy L) salall Gy ardiall Cudall iy e ((2t) SSHally (Blaiy Lo
ol B 3Ll ey el iy Y (s (ol Al 5y i o emy A3

tetrahydrofuran J— e ether cadl—a ¢o—2a0 21— ) 4 P K
«methylene chloride J—is halogenated < tdiethyl ether _5‘ «1,4-dioxane
sl dimethylformamide J—24 (kb8 i tchloroform 4 «1,2-dichloroethane
e ey e Jada o ¢benzene o toluene Jie s e cuis (N-methylpyrrolidone
oS5 s Je il Jus o LeiSay A shall A Jelial) 3ha A (19S5 of
Al o N AN Bha days e 0SS ol deimiyy caastipe s aeil c-u»! e
delu YE Y saaly dele o8 Jelill JaS of Jumiy cdliaie Jolis dagpd cias 3a
s o (xS Ay e (il siag S lad 0 Adandyy Jolidl) oo (g of (Sans Slia
Julas A Jie o8l A i Al pasill Ay yee 4 Adauls aegall e (gs300 il

Syshlbglf 5 DRI (gl B gileg S

() Sy il
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Ll s all Ay e gl Alalyy pemns of (el e Jigie (@f) <Al
methylating Aaulss (wf) el mad oS Lyl isie 05 Y Lot ol (8
sl Basyy il B el Uaddll Adg e 483k ddauds Hlalic nitrophenol S
.nitroanisole S yall
(Y) lactam Syall juzaas

1 R2
R;lo (Y- Y3 gkl
Al NRE
(i°) }W,L

B oy O A

W, T 0 o (T)r #L“Ezf L7I:}—\o

(s 3 Y

(Ao)[rr shi] R’R )\, [ : [0-1 5 5ha] pRz -
[£-1 55ks) An / () (2°)

HN)\{‘)‘l R NJ"?, [1-Y 55ka]

(p*ﬂ f,, LT o

YooY a‘,]na
\\ s }L,] / (T) \[ ]
Ary [A-Y 5 5ka) - AS 2 Ary
HNJ\QQ_—' R‘l ’k{g R K s 'e— R <t
Y R2 P [3-F 5,h4] Rille 1o
()o) [V Yo,,la] L]‘ (co) (L§°) . ( )

(q p R® R Z; ¢Ar hngiie itadgl 3yde Ldal) o J ey Aiyall

methyl  ester Aegane S alkyl ester Aesene Joay Ls oM el saaam LSy
S caryl  ketone iecgana calkyl  ketone s gana .l cethyl  ester ic sena ol
i_cganasl cbenzoyl Acsene cacetyl e gane Je aralkyl ketone A= gana
Jias Ls tethoxy s} methoxy 4e seas Jie alkoxy 4e sexe Jias Ly taryl methyl ketone
i—c jaa0 «methyl carbamate 4—=s gane J—3a carbamate Alas 4o sena
Jie amide sles dcsanasl ctert-butyl carbamate ie sena | <benzyl carbamate
icgane Jiay Ly tiodine 3,350 bromine 3)3 e halogen 3,3 J%ay Lg tacetyl i sans
i_cganagl cmethyl ester Ao sane J—ie alkyl ester 4—e gaas cnitrile
ie gane Jie alkyl e gana chydrogen 3,3 Jias Ly tacetyl de sane Jis alkyl ketone

Hlise Bl ¥ (N ae Jasiud o s I phenyl de sans cethyl ic ganasl methyl
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ethyl 4c senasl methyl ester dc sane Jis ester 4o sana Al oel adl Ao gana (40
i c gana «dimethyl phosphate J——3« phosphate 4—=c sa>« cester
Lc sane cmethylsulfonyl e sane Ji alkylsulfonyl 4e sexs cdiethyl phosphate
Jie alkyl ketone desens iy Lys s ¢ cphenylsulfonyl 4e sane Jie arylsulfonyl
ie gane «formyl de sens benzoyl de gens Jie aryl ketone degans cacetyl ic gana
Jie aryl ester 4c gane | cethyl ester ic gana o methyl ester ic sena Jie alkyl ester
.phenyl ester 4c ganse
§y0ms -(Y) lactam caSye spumas Jal (e A5kl YU el Jelil dapn i
(io) imide Sy Juasad Jead (Y) lactam S ye ypasil Ak (i) dageall (pd (AR
Ll Gassll dd gy Ayl alaiialy sl Lylad 5isie salall a3 (5SS 80k 3aleS
@Sy ) (e ¢Tetrahedron: Asymmetry, 1998, vol9, p.4361 ohil) el 8
3)3a carbon  Prolongation ey 353eyy 1=V 55-lasll LS, (=°) alkoxylactam
aandl A4,k (i) ¢Y-Y 55dad o8 (cyclization reaction) s Jeliy Jelin
salal s (155 4530 33LS (20) 4-pyridone aSye Jysad Jauiii (Y) lactam S
Tetrahedron ki) (all 3 aldl jadill 44y jee ik aladiuly anigl Ljlad 5y i
Mamyg ¥ Y 55daall iy (30) acylated —Sye I} (e cLetters, 1986, vol.27, p.4549
S Jai (Y) lactam Sye juaatl A5k (jii) €Y soladll (& el Jol cla)
Ayl Jadialy seaadsl Llat 585 5alall o2a 25 33LaS (20) oxazolidine <2Sye

) il Al e Al 4 g e
S3e ) (BGe cEuropean Journal of Organic Chemistry, 2004, vol.23, p.4823
(iv) €1 55hd 8 sl Jelé eha) danyy 0T 3sdadl a4 (5©) amide alcohol
ic sene Jafiae cyclic amine aSye Jusad Jouii (V) lactam Sy PCRRAR TN
oaiill Ay e Ak Hasiuly yumadyl Ljlad 55iyie salall o3a 25 52l (j0) vinyl
Tetrahedron Letters, 1998, vol.39, p.5421, and Tetrahedron i) Al & oaldl
Yamyg V=Y 5sladll Gy (70) acylated Sye ) (Bie cLetters, 2004, vol.43, p.4895

pomaild Bl (V) AT e b 8 pe 5 cleh —al
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3oLl s2a 4531 5alaS (ko) cycloalkyl ketone Sye Jusad Jaii (Y) lactam Sy
ki) odll el el Al A g pee A Gk pladiuly sl Lylad by
(©) azide S (A (e <The Journal of Organic Chemistry, 2001, vol.66, p.886
panat) Ayl (vi)sf €1 e —F 55las 8 ueaill Jeld ehya) Mgy (4T 3y laall L,
53LS (30) vinyl 4egene Jafias cyclic amine Sye Jasa3 Jadd (V) lactam S e
AY=Y sghaall & asull Jeli ehal Basyy VNV 3okaall iy (o) S)ye N Ay
(<) alkoxylactam <Sys (Y} (fo) imide Sy Jysas

a2 of Sy A3 salall Ly V¥ 35das B imide Aepanal > Jipal sy
i 5 gyl oig) Agsbiia Tyl (1065 Lo s 0l (b bl pmiall by yee gy
Jeliiy wslladl (20) alkoxylactam Sye o Jsasll (Say cAliabe §)5em el
Sye 3y Le - sodium  borohydride (y» (s8lSe © (Y as (fo) imide xS
Jikken Kagaku Koza (Courses in i) methanol Jie alcohol cude (iO) imide
Experimental Chemistry), vol.26, Yuki Gosei (Organic Synthesis) [VIII], edited by
(Nfu «The Chemical Society of Japan, Maruzen Co., Ltd., April 1992, p.207-237
& (1) imide Syer Blay L borane (S © I s (fo) imide Sy Je sl
Jikken Kagaku Koza (Courses in i) tetrahydrofuran J-e ether bl
Experimental Chemistry), vol.26, Yuki Gosei (Organic Synthesis) [VIII], edited by
5(3\34 «The Chemical Society of Japan, Maruzen Co., Ltd., April 1992, p.237-248
el Ve U vl agag 8 methanol (e alcohol qude (o Jeliil eha) danyy
‘(io) imide S e (312 Le b sulfuric acid Jie inorganic acid (gseae & e
(=) siall alkoxylactam S ye o Jyanll dlimia 3ygea oSar Ay ddpyhy e
& sodium borohydride (= {s8lSa © oY (TO) imide 2Sye iy 3aaly3odad
sl 0 W) +.) 35ag B methanol fis alcohol cude (8 (30) imide S yas 3y Lo
ki) s (fo) imide Syar Bl L S sulfuric acid Jie (gae & pass e
Dha dayn e o G .(3ls «Tetrahedron: Asymmetry, 1998, vol.9, p.4361
e gl gine g jpme G5 s Je il e o ey (AN Syhall Ay (o Jolidl
Jel Lagyd cuad e ) v (Y A VA= (e 0585 o dadalyy cigye
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235 iy off (Say e Aol YE G sanly dela b Jelddl) JaS off Jumby Aliada
e s il i of oS Ay gihnsilag S et A Ay Joe il
ihasleg)S Jolas A Jie ol (3 plall et dll Ady jee Ao 4J=-wbe Qg yal
sl 5 DI (s
(Y) lactam Sy Y () alkoxylactam Sye Jagald

el Ly Jeliy (Y) st lactam @Sy o Jsmanll oS Y-V 35hd
Jikken Kagaku Koza (Courses in ail) Wittig —ailS Jule as (<°) alkoxylactam
Experimental Chemistry), vol.25, Yuki Gosei (Organic Synthesis) [VII], edited by
«The Chemical Society of Japan, Maruzen Co., Ltd., September 1991, p.254-262
Jikken Kagaku Koza (Courses in Experimental i) Grignard «asls Jale ¢(Sia
Chemistry), vol.25, Yuki Gosei (Organic Synthesis) [VII], edited by The Chemical
sl Jale «(Mixs ¢Society of Japan, Maruzen Co., Ltd., September 1991, p.59-72
Jikken Kagaku Koza (Courses in Experimental Chemistry), _lail) alkyl lithium

vol.25, Yuki Gosei (Organic Synthesis) [VII], edited by The Chemical Society of
i3 4o olefin (3ide (Fudl ( «Japan, Maruzen Co., Ltd., September 1991, p.9-51

Ugaanl Sy ¢dlinia 3)5um .hydrochloric acid Jie yaes pe Fudal)l Jolii Yiany,
V5 () alkoxylactam S e iy Jle z06 8 (Y) s 5&yall lactam Sy e
& trimethylsilylmethylmagnesium chloride Jie Grignard «a3lS Jale (4o 1886 Vo
\ 3529 B tetrahydrofuran Jie ether e 3 () alkoxylactam S e Gl L
Miaeys ¢(20) alkoxylactam aSyes Gy Lo 8 cerium chloride (re {880 Y jga|
Tetrahedron: i) M chydrochleric acid Jie gypiae p& Jaex as Jsladl Jelis
A oa Jelill gha a8 e as (e cAsymmetry, 1998, vol.9, p.4361
iy ‘uﬁfﬁgyb@uww&&uwm&wd&u 2 S bl
o Joaly «Aliaie Jeldi dag yd aad e cdgsia®) o ) A VA- e 0185 o
Uaulyy el aad iy of Sags e el YE Y saaly dolu (A Jelil Jasy
A Unalsy aspall e (gl giiddl Jha of oSy A yme (ihasilag S il 40
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1)

ALY s i sias S ot A Qe (ol 5 el jasodll 4y ae
sl
(20) acylated Syl Y (20) 4-pyridone <iSyall Jagad

.amidation Je & <113 axys amine eyal dles A1) Jeli (pe ¥V gdadll ()5S
Uy (g5 Cipampel Tl A ol ool pn o(20) iyall el ) Joli
T.W. Green, "Protective Groups in Organic Synthesis", John ail) 5,0€ 48 yre
e amine Se e Joanll sy Jelill la b .(3s «Wiley & Sons, Inc., 1981
benzyl  <iSye ctert-butyl  carbamate S ye Jad) HhLial carbamate S5
sblidl amide aSye 5l (e ¢9-fluorenylmethyl carbamate S e .ol «carbamate
2y (S ctrifluoroacetamide S yo cacetamide S e formamide Sy Jaindy)
ebie Jag il ()5S0 La aly 4883 5y gamy 22y Yy Ll salell Ly dbeal) 400 Jeld
Jelis day 3 cind . Jeliill i gjee Ayl aladial jeng Jelill 1aa 8 oyl s3]
o iy o (Sagg e el YE (Y saaly dela & Jell JaiSy o Juady ¢dliaia
s gl el B of oS Ay pre asilag S et A A uly Je i)
ibailag S s L e il 5 oLl padoll g e 2 Aaly apsal
Lo ks A&y By gumy 33ay Yy L334 52l Uiy amidation Jelis sy yslilslf 5 sl
3 pamge Ay e Ayl plaiiad jyay -Jolil 138 8 Jag pall 22g) dgsbiie daypal) (S5
Shin Jikken Kagaku Koza (New Courses in i) Jelll Jal e )88 386, &
Experimental Chemistry), vol.14, Yuki Kagobutsu No Gosei To Hannou (Synthesis

and Reaction of Organic Compounds) [II], edited by The Chemical Society of Japan,
Aladdll AR et .(Mis <Maruzen Co., Ltd., February 1978, p.1 136-1162

Lo & acid halide Sy (= 18180 © () V ae amine S Jeldd 45,k (1 gyl
Shin Jikken Kagaku Koza (New Courses in Experimental ail) amine Sy (3l
Chemistry), vol.14, Yuki Kagobutsu No Gosei To Hannou (Synthesis and Reaction

of Organic Compounds) [II], edited by The Chemical Society of Japan, Maruzen
) o amine S ye Jeliil Ayl (ji 5 ¢(3e «Co., Ltd., February 1978, p.1142-1145

0 NV Hasiuly amine aSyer (3hahy Le (B carboxylic acid Sy e (88 © )
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-bil) amine Syay Bl La condehsing agent 2 fih Jale (4w 3l Sa
"Yukikagaku Jikken No Tebiki (Introduction to Organic Chemistry Experiments)
(Nfu «[4]", Kagaku-Dojin Publishing Company, Inc., September 1990, p.27-52

EEY Bysaa 2220 Yy A0l salall Lahg dexit udll saclall e o(i Akl o8
triethylamine «pyridine (—e (4LSa Yoo WY 5 eldll s o) iy
S ye 3lady Le B isoquinoline 4} «quinoline <lutidine «N,N-diisopropylethylamine
) Jetal cudadl by Y Wl 488 §) gy addiaadl cudall 20y Y .30 camine
tetrahydrofuran cuiell Aladall AR et L (s3e ) 4@ QIS ol A5l salall
puas oLLa) 22300y o oSaall (e eaS LS 32l aladiul jeay . 1,4-dioxane
Jslae Juaiy ¢(alkali solution) (g5l Uslae (oo 3ol o2 3228 e (45 itk
J—%is halogenated cui I« ¢potassium hydroxide 5l sodium hydroxide
iy Jelill sylya dayy <0 J 12y . 1,2-dichloroethane o methylene chloride
Jumiys csbpn g (gl it g Sjme S (13 Sl Jai o LSy ) 3l
Qe o iy eAlimbe Jo\ dagyd cand e cdgsie®) v+ ) @ BIS 83l Bba A
A Adadsy Je il 208 iy of Sary S ddela YE () saaly delu G Jeldl
Liph il syl e @il pand) dhs of oSe Adgpme Ghasilag S Julas
Byslllglf 5 sl hyagileg S bt Ay Jie CAl) (B aldll padall Adg yas

§y3may 30 ay Yy 5L salall Lsdy padt el ca SSOH Jale oy (i gl 4
1-ethyl-3-(3"- «1,3-dicyclohexylcarbodiimide (;—e {s4l—Sa ¥ PR I B SN - X
benzotriazol-1-yloxytris(dimethylamino) «dimethylaminopropyl)carbodiimide
bis(2-0x0-3- 4l «diethyl  cyanophosphonate ¢phosphonium  hexafluorophosphate
Gy L b Iy PR SPEPT PR EL S o s oxazolidinyl)phosphinic ~ chloride
o 1l Se ¥ Y Gl o joa (Aliade 3)gaamy 2330 wall carboxylic  acid
o Sjas G—TIaiy L 3 N-hydroxybenzotriazole | N-hydroxysuccinimide
el 138 gyay of daiy Dlia A laiy (gyay Jeliill Jaad pasiiuall carboxylic acid
3alall Ly padiiall cudall uaiy ol Adlady ddladll Ha0 Agag (pe Cude Jgng
sy Je udall Ly Y Ll 4883 5y5emy dany Yy ¢addiowall oSl Jale g A0
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OSay Al cuiall Aliaddll B e . e s () 4 ASal ald) s ol
<luiay «1,2-dichloroethane_s methylene chloride e halogenated <ilnde lealasinl
B A S0 o} caas .N,N-dimethylformamide s tetrahydrofuran Jhe Aplad
i o5 e (re pme (oS5 vt el Ja of LSy (g yhal) Ao Jolil
Alaie Jol Ty pd cind i Ay 4+ () @IS 33l Bl Ay Jusdy ccageipe
Je i) a8 iy of oSags Dlie Aol YE () saaly dela & Jelill Ja o Sy
Gsiyadl e el il Jho of oSe Adgma hasilag S Jolad 485 Al
S il ey Jlad A e il 3 aLal il Ay e 0 Al
S5kl 5
(Y) lactam Syl Y (20) acylated S yall Jysa

O i AiE) bysaay -5 (S DA e 8 Jelis b €T 3kall o)
Sl Jelity Jle 3l 6 (V) lactam Gsepall el o Aliaia §)50ms Jpuanl
Gl Lo b tributyltin Jie alkyltin <adlS Jale ¢ (88 ¥ () gn oy (0)
(AlSa ) (v oY Jiady 3 G toluene Jie (ke cade (B Sle ((20) el
O ray e o(30) Syl (3l Le A 2,2-azobis(isobutyronitrile) Jie (33 (53
e Jme 015 (et Je il JaSi o LeiSay Al Bihall Aaps delitl ha Aays 045
Lagyd cand e i) 00 ) L3she0 0 e 058 OF Qg cstine e gsil e
o oSery e dela Y Y saslydela b Jelil JuiS of Jundy dlinie Jeli
@l gnall Jha of oSa Qg yee Giasileg S Jilad A Ay Je il o3 il
ihasiles S Jalas 48 e il (B alal) (adill A8y e 48 Aaulss useyall
pladiuly 3aaate el Z, Jsan of 3sas «(cyclization) ysasll aay Tu,.hlbi/ FRTAnce
delis Jhe il o8 jalall o S48, jea 45,k scaffold 4sleS ketone icgena
Jikken Kagaku Koza (Courses in Experimental Chemistry), vol.26, )-Lu\) Jhyaay!
Yuki Gosei (Organic Synthesis) [VIII], edited by The Chemical Society of Japan,
Jikken dail) ALyl Jelis ¢(Mie <Maruzen Co., Ltd., April 1992, p.159-266
Kagaku Koza (Courses in Experimental Chemistry), vol.25, Yuki Gosei (Organic
Synthesis) [VII], edited by The Chemical Society of Japan, Maruzen Co., Ltd.,
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¢

Jikken Kagaku Koza dail) 8Lyl ela &35 Jeo o (PXis <September 1991, p.9-72
(Courses in Experimental Chemistry), vol.19, Yuki Gosei (Organic Synthesis) [I],
«edited by The Chemical Society of Japan, Maruzen Co., Ltd., June 1992, p.57-85
(5°) amide alcohol Syl Y (#0) oxazolidine <aSyall Jisas
4dla 4o (oxidative cleavage reaction) :uSse 3ladsl Jelis o 0=V ssdadll )
(A58 3)50a .(20) aSyal (e (50) amide alcohol Syall (3255 Al oxazolidine
Je gl 4 syl (50) amide alcohol CSyall (Ao Jsaaall Abinia §)guay (e
Gy Le b potassium permanganate (= (A4S V0 (Y as (20) aSyall Jeldy
—Ll) M cacetone s ol (e dar 18 JAe (Sle cuds B (20) - S)ally
By (1Say j ‘(xu «European Journal of Organic Chemistry, 2004, vol.23, p.4823
e e Ve Y e (20) el Jeliy (1°) iyl e panl) A ai

.J—ia halogenated cad—« 8 (—20) o Syally (3 1a% L (8 bromine

il ey . (Nie ¢Synlett, 1994, vol.2, p.143 ail) e «methylene chloride
488 bygemy 23m) Yy ¢a2diunall 500SYY Jaley 200l 3oLl iy oladll o3n (b a2diinall
O i cme (s2e ) 4 ol 5okl (s ol ey de il Cuddl by Y Wi
@l ite e ime 0asS5 (pay Jelll Jus Al )hadl Aapn Je il Bl Aays 5
Loy and Dlie dyshe) v o ) EBIS 5L s Ao 0585 o ey casine
o OSars e el YE Y oaalydele 8 delil) JaS of duady dliaie Joli
@ ) dha o oS Ay e Giagilag S Jalad 4 Adaulsy Je il pdi il
ibalag S (a2 Jio ) 5 bl il Ty s 2 Rlalys syl
Byslllglf 5 sl
(Y) lactam Sy ) (5°) amide alcohol S ye Jysas

amine o alcohol ) (5°) amide alcohol Syall Ly Jasad (pe 1= Bshadll 585
) (5°) amide alcohol Syall Ly Jusad iy 4881 5)gums . 905 Joli Sl 2y
AL a8y ee Ak gy ay o oSy Aol salall LSy alcohol
Jikken Kagaku dail) Jelil) 1a & Ly pall o3¢] dgaliia Jag pall 0% Lo jaty ol 3
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Yo



Y4y

10

Koza (Courses in Experimental Chemistry), vol.20, Yuki Gosei (Organic Synthesis)
«[11], edited by The Chemical Society of Japan, Maruzen Co., Ltd., July 1992, p.1-30

OSasy (iald) salall L85 amine () (5©) amide alcohol S pall Ly Jasad iy (Dle
Jogyall o3gd Agiliie Jogpdll 0085 Lo iy il (b oLl it 4d yee Adphay (2 o
Jikken Kagaku Koza (Courses in Experimental Chemistry), b)) Jelal s 4
vol.20, Yuki Gosei (Organic Synthesis) [II], edited by The Chemical Society of
@S ye 905 Jeldi iy .(DGa Japan, Maruzen Co., Ltd., July 1992, p.279-318
AL e il 46 g jua Ay gyas of (St Aol 52l iy amine Sya5 alcohol
Journal of _dail) Jelill 1aa 8 dag )yl oded delia Logyall (s e pady dl 8
Fluorine Chemistry, 1997, vol.2, p.119, or Scientia Pharmaceutica, 1996, vol.64,
oy Jle gili 8 (Y) lactam @:$ye o Jpanll GSa cAlinia Bamy . (Sa (p.3
Goae paan (4o (AlSe Y | IR R PEN g RERTK Y Cisdas) G & alcohol S e
sulfuric Jie (gpae y& _aea sl camphorsulfonic acid | p-toluenesulfonic acid Jie
e i Jelii sy e calcohol wiSye (3lay Le & hydrochloric acid sl acid
Lo iy odll 4 paldl pad il 48y e Ay gyaa of OSany (A8l 3alal) a5 amine
Petrochemia, 1990, vol.30, ki) Jel@ll 1 8 Jag yall odd Agaliia Jag pill ()5S
B ) gy (m:u «p.56; WO 2003/076386; or Tetrahedron Letters, 1982, vol.23, p.229
& amine @Sy ol Jle il o (Y) lactam wSye o Jyranll Sy dlinia
(s dimethylformamide 4l «methylene chloride toluene ctetrahydrofuran Jie cuie
tetrakistriphenylphosphine palladium Je (gsiac 5 e e dSa Y el dsag
D4 (pyag e camine S &by Le 3 tristriphenylphosphine ruthenium 5
33 Y caadtial) CaslSh Jelally 230 2Ll Ly ssdadll sda o padiiall
Lo (S3e ) 4 IX of 2l salal ey Je il culall Jady Y Lallla 4580 3) gy
S gy Jelill JuSs of LSy ) phall das Jelil sha a0 % o G
) ZBILS 5Ly yall Aap (155 o Joadyy s ipe s (ool ide e Sine
Sl saaly el b Jelitl JaS; of Jualy (dliabe Jolii Jag b cand e Ayl e
Aippan ilagias S dalas 5 Uaulyy Jolill o il of (Saps e el Y
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Gl g alal e all 4 g pre 28 Anlyy castrall 8 (gl sl s of oS
Byshllslf 5 s ihagileg S Jilas A8 Jie
(z°) acylated <S)all ) (1°) vinyl e senas Jriiall cyclic amine S yall Jygad

e ganay Jafiwdl) cyclic amine S)al (= () acylated S el paand Sy
Lyl Luiy V=Y Bodadll (gyad 88 Bygumy V=T Bpladll 8 Al BalS () vinyl
oY kil LS
(Y) lactam <Syall Y (#©) acylated Sl Jyead

iy Joaas Joli ol aayy Asla (B2 mg2)al dolalt Jeld e A-Y polad (5SS
Ayl (oms o oSars A5 salall iy Ails (BAY msnjell Jolil Jelii iy JAngd)e
il 13 (b g il ogd Agalia Jogal (1585 La s () (3 ALl Gt 3 e
Comprehensive Organometallic Chemistry, 1982, vol.8, p.499, or asl)
3) g (Nle «Angewandte Chemie International Edition, 2000, vol.39, p.3012
e el i syl il Ja i Jelii el ) Js—an ¢al e
Jikken Kagaku Koza (Courses in Experimental )LJ) catalytic hydrogenation (i
Chemistry), vol.26, Yuki Gosei (Organic Synthesis) [VIII], edited by The Chemical
¢(Mie «Society of Japan, Maruzen Co., Ltd, April 1992, p.251-266
Jikken Kagaku Koza (Courses in Experimental Chemistry), _il) hydroboration (ii
vol.25, Yuki Gosei (Organic Synthesis) [VII], edited by The Chemical Society of
il saust (i j ¢(Mw <Japan, Maruzen Co., Ltd., September 1991, p.83-134

Jikken Kagaku Koza (Courses in Experimental Jail) carbon-carbon dasiye

Chemistry), vol.23, Yuki Gosei (Organic Synthesis) [V], edited by The Chemical
.(3% «Society of Japan, Maruzen Co., Ltd., October 1991, p.237-267

acylated Syl il A8y, Adla (ALY zeayall il Jelis 5<) o Jady

Lo & (metal catalyst) 3B lia (4o (AlSa . ¥ V) g S cuda S (20)
Glaie a3l Capdall lcaiall ABRY) ey Sia ¢(z0) acylated el Gy
J—fis ether <slud 4 ¢chloroform s methylene chloride J—%s halogenated
e duhi 5 e @ld s ¢1,2-dimethoxyethane ¢1,4-dioxane «<tetrahydrofuran
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1y

ey axiiiall HU Slis oty lld (e ilalide ciluday ¢xylene s <toluene <benzene
ruthenium Cihiléa addioall Sl Slis e Aliadall A el L culally Lol salall
«bis(tricyclohexylphosphine)benzylidene ~ ruthenium  (IV)  dichloride Je
benzylidene[1,3-bis(2,4,6-trimethylphenyl)-2-imidazolidinylidene]dichloro
[1,3-bis(2,4,6-trimethylphenyl)-2- 5 «(tricyclohexylphosphine)ruthenium (Iv)
timidazolidinylidene]dichloro(o-isopropoxyphenylmethylidene)ruthenium aIv)
2,6-diisopropylphenylimidoneophylidene  biphen J- molybdenum &fjlias
2,6-diisopropylphenylimidoneophylidene molybdenum (VI) s molybdenum (VI)
PRCOVA| Syball Ay Jeldll jha dayn (56 o} sy .bis(hexafluoro-tert-butoxide)
B cpe 55 of iy castine e ol pie e 3ime 055 sy Sl S5 ¢
b Jelil Q€ of Juady ¢Alinie Jolini Jagyd cand e dgsie®) v o () A8l 3l
Jlat A e ulgy Je il aa 8 il of oSays e el YE Y saaly el
Ly yee A Lnalys capipall St il giiall oy of oSy Ay ibasiles S
Byshllglf 5 DAY ¢l ihasileg S Jilas 46 Jie gl (F ald) el
(s°) azide «Syall S (&) cycloalkyl ketone S yell Jysas

dileg ) Adlall o a—asall 2ic halogenating Jeld (i g 3-Y s5dadll g0
.azide JBa) Je\di ¢lld aay (ii 5 (-CH,-Am)

Ay e Adyyka Adaudgs (gyas Of S 450U salall Gy (i halogenating Jel& sy
b)) Jelall a8 day 3l 2dg) dgpliia Jagyll (5S Lo oty (@l B jaldll adill
Jikken Kagaku Koza (Courses in Experimental Chemistry), vol.19, Yuki Gosei

(Organic Synthesis) [I], edited by The Chemical Society of Japan, Maruzen Co,,
S ye alit] 4555k 48,0l Aladall AR euza L (Se «Ltd., June 1992, p.422-458

S yes (3l e b halogenating Jsle (e 1 8lSa ¥ (N Y 5 (k) cycloalkyl ketone
halogenating Jsle (3o Aliadall 11V (el .qude 8 (&) cycloalkyl ketone
8y Jo il 33m of Jsay <l ALYy .bromine  N-bromosuccinimide a3l
2,2- | benzoyl peroxide Jie (3 ts2ly (e (88 +.0 Y v} Jady Ailaly i gals
Ll S «(k0) cycloalkyl ketone Sy (3 L o4 azobisisobutyronitrile

\X-)
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1A

& hydrobromic acid Jie (acid catalyst) Lmes Olis e t8lSe v.00 vy Juady
AL 3alall 8y andiieall Ccudall iy e ¢(220) cycloalkyl ketone S e Gy L
) 4 28l salall s ol ey Jelall Cudall Jasy Y Lalla 3880 5)50ams 2353 Yy

L.\..\.\ il A \L\Sﬂ e il L 20 (52 N

D ahall Aoy Jelil Hha dayn (s i <iay .benzene 5 carbon tetrachloride
158 o Qg ccasine o (g5l giia (pe S3me 2S5 oy Jeliil) eSS of LeiSay
LS of Jumiy Al Jelis dag pd canl Do gV 00 (Y Al Bha Aapa (e
6 Aauly Jelill aas Cully of oSayy Slie el YE ) saalydelu 6 Jelil
A Ul agipall e gl il o of orSe Adgme Ahasilas S Jolas
AT €5l e S Jla A Je ¢l b Ll ) Ay e
s
sl A g pae A8k gy o Sy Lol salall S8, (if azidation Jel& iy
) Jeil T (6 dag el o3 ] Agilita Ty sl (005 La 52 (il 3l
Jikken Kagaku Koza (Courses in Experimental Chemistry), vol.20, Yuki Gosei
(Organic Synthesis) [I1], edited by The Chemical Society of Japan, Maruzen Co.,
o Y 5 halogenating S ye caliy (Aliiaia §)gasy (e «Ltd., July 1992, p.415-420
Creaats Nie ccuda b halogenating aSyer 3le3y Le o4 azidating Jule (e ;818
.trimethylsilyl azide s sodium azide axiiwall azidation Jwle (e Aliadall anmdn
e tilSe & Y ) phasialy Algale §ypamy Jelill 3mg of Seng Aliabe 5y
azidation Jwlas (3laiy L 8 tetrabutylammonium fluoride Jis quaternary amine salt
Y Lalls 4883 3y00my 2aay Yy Aol alall Lay aodiiall Codall juady Da (a2l
AR e . e (e ) 4 LD saldl IAs ol ey JetiEl Cod ) Ly
<l s ¢dioxane j tetrahydrofuran J—is ether bl o 335 el ) Wl AL addll
benzene Jie dulad & Olwie ¢methylene chloride s chloroform (Jis halogenated
«dimethylformamide «acetonitrile ¢acetone J—is &l <\ 44 ¢toluene s
o Leay D Hball Aapy Jeliitll Hlha dapy (S0 o caas N-methylpyrrolidine s
Lo e (055 O uaiy cciseie gt (il it (e )ae (19S5 (e Jeliall Jus
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b Jelil ey of Juay Alimie Jolii Jagpd cans D iy 0 (N A8l )
Jolat s Aaudgy Jo il aa8 cudly of 5 Say i ddelu YE ) aaly dela
Ay pre A Alanlyy agipal) e @il giiall iy of o Sas Adg e (AbasilagS
Bysllglf s RN el i gileg S lad A Jie ol (A all padill
(Y) lactam —Syal Y (s0) azide Syl Jygat

azide Sye i Jai (Y) lactam Sye paaail A3k oa ) =Y sedadll o
(s°) azide CSyally (3las Lo (3 Gaen (e (S0 Vo Y sy b cude B (0)
O Sars A salall WEdg 5 dadll o3a s (A&EY Bygamy i Bale) Jolii Gaa)]
5 Jag 5 3g) R Tyl (19S5 Lo s Al (3 L el By e By 39
.(3%e <The Journal of Organic Chemistry, 2001, vol.66, p.886 i) Jelall 1aa
«rifluoromethanesulfonic acid a3t el o eall Al iaddll BN e
aaall aladiul jea i a&) -hydrochloric acid s ¢sulfuric acid «trifluoroacetic acid
il s ang (e Juaiie Gude 39 (B Aliade hpuay Joliill 18 (g)ay (S
Y Lalls AE83 5y d2ay Yy c@5L 5alall Ly aodiveal) cudall oty il Alady
AR s L pae sde (o) 4 A0l sl 135 1 ey Je il cudd) oy
<ilyie smethylene  chloride s chloroform J%s halogenated Olule cudall Al iadall
‘?_'d\ Syhall dapy Jdeldll 5Hha da)d (5SS L'ﬂ oy .toluene s benzene Jhe Akl e
155 o Jamiyy casipe s ool geiie e 3ae 9SS s Jolidl JaS5 o LSy
Jelall (e of Juady cdliaie Joli Jag pd cand Dl (Aygsi®0 s ) 450V A= e
Jolas 48 adandyy Jo il a2 cadly of (Say e ddeba YE ) saaly delu 4
Adgyee 3 Alaalg capinall s el il Jio o oSar Ay e G iley S
sl 5 OaDATN (sl igilas S st s Jin ol i aldl gl
(o) Syall Y (U°) vinyl desanes Jafiwdl cyclic amine Syall Jigas

(J°) vinyl de sanas Jagiual cyclic amine aSyall (e (<o) Gyl yrmai (Say
daag dagaje dday)y JIa) Jeli cpe VY=Y sedaddl (6K ) VY Bshall 8 A%l saleS
.carbon prolongation Jel& <l
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Al Jhas) Jelin Jal cre 3588 A8y pea 3y 8 A gnse ddh pladinl jea

i) catalytic hydrogenation Jedi (i dykll Al aid) LB e Aagadall
Jikken Kagaku Koza (Courses in Experimental Chemistry), vol.26, Yuki Gosei
(Organic Synthesis) [VIII], edited by The Chemical Society of Japan, Maruzen Co.,
Bl) 388 ey 8 aladn by Jhaal (i ¢(Mw Ltd,, April 1992, p.251-266
Jikken Kagaku Koza (Courses in Experimental Chemistry), vol.26, Yuki Gosei

(Organic Synthesis) [VIII], edited by The Chemical Society of Japan, Maruzen Co.,
-(Pa «Ltd., April 1992, p.165-1856

hydrogen s N &Ll (30) S)dl alisl 44k (i 44kl AR et
(0°) Sl ey La b 5B Slin cpm gilSa .0 () vo0) g (o e b
Cyaaly A8 §yg way 20 ay Yy A S0l ol Lday ands il 318N Gl 5y
cruthenium-carbon ¢rhodium-carbon «palladium-carbon jL—dsll A1 addll A
das iy .Wilkinson lisy <Raney nickel «platinum oxide ¢palladium hydroxide
AN el LAEE) §) gacay 22y Wy padiiinall I Hliag 5000 salall WS84 hydrogen
<ammonium formate «formic  acid <hydrogen )L& ¢hydrogen iasl Al .aidll
3ygaar 22y Yy ¢ AN jliag Aol solall Wiy aadtuwdl cudall ity .cyclohexadiene s
«toluene «ethyl acetate <ethanol ¢methanol cydoll Al aidl) RN e LAEds
b 3san .l e Ualig ccla cmethylene chloride «chloroform ¢1,4-dioxane «THF
Jelill Jaal dyguac cligl goine y& pmas (gyume oo 1Dl bysaay il
Jolill JuSs of Wiy A pihall Aaya de i) s dap 05S5 of cang Alais (g%
AN Sha Ay (e 068 of Juayy cGigtye e (691l ite (e ima (5SS (s
S saaly dele b delidl) JiS) of Juady dlinie Jelil bag pd cund Dla cdygia) 0
gy hasilag S Jalas 4 Unudy Jelitl aa@ il of Sars e Aol Y
Gl b aldl s all Ad g yee 155 Unulg istyall s (gl gl dha of oS
Sy 5 DALY (g i ilag S s s
Vo WY dsag b cuie B (30) aSyall Gl Ak (i Adphll ABRY) eul
iy pascall U0 selegl S ity +(39) ool 3l Lo b 3B el 3B e 188
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agsls eyl S pelegl 3l Aliaiall ALY cpeniais ARE Bypamy 232y Yy A0aLl 5ol
magnesium (i alkali  earth metals 418 43 5l iy li ¢sodium s lithium J-ie
Ny ¢aniioall 3105 25000 salall Wy ardiuwall cupdall juady REAL I CN.JJ ¢calcium
«ethanol «methanol «ammonia wylall Al iaidl LHEN poa® A 881 5)3ay 22y

ag LSl e Uasli g ce Lo cdiethyl ether <1,4-dioxane ctetrahydrofuran «tert-butanol
e e S (e Jelil JaS5 o e (A Bhall Aaps el Bha Aapd 05
Caad e edggie®) v o ) Ao VA- cre 05 ol dunyg castpe st ool pile
OSary Nie dhelu YE Y saalydele A delill (S of duaiy dlmie Jolis by yd
wiidl i of oS g yma il silag S ol A Aaulys Joliil) w255 ally o
s A5 e ) (8 LAl (il Ry e s By copipall e (g5l
S} 5 ¢RI cgai sy S
Jelis Joal (e 8y 58 Ly e (Bl y b Ay ampa Ay plast il Gy n
(i Aihall Aiasdll AT cpeana® LA )all Aaghll JI5aY (323U carbon prolongation
—Ail) Peterson J—< & (iiiy Homer-Emmons J—= & (i «Wittig J—=o &

Jikken Kagaku Koza (Courses in Experimental Chemistry), vol.19, Yuki Gosei

(Organic Synthesis) [I], edited by The Chemical Society of Japan, Maruzen Co.,
-(Da ¢Ltd., June 1992, p.57-85

Gaid aldehyde Sy cyde (b caliill 485k Wittig Jolia) Aluaidl ABY) (panss

GS yar (Bl La (B Cag yae Wittig S dale (e (88 ¥ () YV 5 (50) @Ol 0
@l sy .aldehyde Syer Blxi Lo 3320l (e 88 0 Y 352y (B aldehyde
I adrsyy om0 oy Wy cdeadd el 30 clalfy 4 Aol sal_all L_Gdg addn il
e (53 o ad Sl sallll las o ey el ot by By Y Ll
cacetonitrile <nitromethane J_tie 4 ki cilpd o cad ol AL cadall 4 B e
<lwd « ¢dimethyl  sulfoxide s «N,N-dimethylformamide ¢<1-methyl-2-pyrrolidone
dnbd e e ¢1,2-dimethoxyethane  ¢1,4-dioxane «tetrahydrofuran (s ether
&lud s ¢methanol s ethanol =i alcohol <:lud « ¢xylene s ¢toluene <benzene J-ie

U e dalise Gyl ag tele ¢methylene  chloride 5 chloroform Jis halogenated
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\Al

e lAll Al cadall A BT et L Cudalls 50l solall Uiy derdt dll 52 e @) i
88 >l carbonates ¢lithium hydroxide s sodium hydroxide (fie (458 3% hydroxides
sodium  methoxide J-ie alcohols (= (558 31 C}—‘i ¢sodium  carbonate J-e
«pyridine «triethylamine J—ie 435—ac 2—clsd ¢potassium tert-butoxide 5
¢lithium diisobutylamide s butyl lithium e 4ysuac <38 ¢diazabicyclononene s
phall day Jeldl sha dayd (158 of Gy osodium hydride Jie (558 3% hydrides 5
o dumiys castye st (g9l iie (re 3me pSS s Jeliilh JaSS o LSy
Jelall JaiSy of Jazads edlinde Jeli agyd cand M cdgsie@) 00 Y VA= (e 5SS
Jalas A6 daudgy Jelil b cadly of oSay e delu YE Y oaal;delu b
gy Al Aaulg cpisall e (gl sl dha of oS (A yme hasilag S
sl ¢ DA (oS i lan S (hlad B Jia il 3 L) il
S0 e o clill 43,k Horner-Emmons Jelii (e Aliadall A06Y1 (o

.Horner-Emmons &3S Jule (o 1 8% ¥ (WY 5 (50) wS)all (e (@il aldehyde

A yar By Lo 8820l (e 1880 0 LY Y e 353 B aldehyde oSpe Bl L (b
8y gaar 2aay Wy cdadddall 32 lally 2300 salall Ly andtiinall cuddll a5, .aldehyde
s e () ad Al saladl Qias ol ey Je il Gl Jayiy Y Ll A8
¢1-methyl-2-pyrrolidone (e A_wad cilud o cud QAL el A B e
stetrahydrofuran Jie ether &lyds ¢dimethyl sulfoxide s «N,N-dimethylformamide
«toluene «<benzene J—tie Ay , & lud o ¢1,2-dimethoxyethane 5 «<1,4-dioxane
LD e ddablise Glyd 44 telw ¢methanol 5 ethanol (e alcohol <ilyd« ¢xylene o
3ae il A adadl A BN e el ally 500 salall Lady daadiodl 5ac Bl a
sl 51 carbonates ¢lithium hydroxide 5 sodium hydroxide Jie (558 3B hydroxides
J—"ie alcohols (—ae (g9—B 318 ~3 A ¢sodium carbonate J—"ie

striethylamine JZie 435uac 2eld ¢potassium  tert-butoxide s sodium methoxide
butyl lithium J—is 435—ac <ily 1 ¢diazabicyclononene 5 «pyridine
CLB ¢tsodium  hydride J- (g5 38 hydrides ¢lithium  diisobutylamide s
hadl Ay Jelidll 5ha Ay (1585 of Gany .sodium amide Jie 4588 3% ammonium

[+]
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\Al

o Qambyy casipe st (gsilh e (e 3 3me a9 st Jo il i (o Leiay 0
el JaiSy of Jazady cdliaie Joli Jagpd it e ciggie®V 00 ) VA= e S5
Sl 3 Aaulgy Je il pa cadly of (Say e ddela YE M saalydelu
Ly e 2 Ay cappdll o (ol il o of oSas g yns ibadibas S
sl 5 e DAt (gl ihagiley S il 4 Jie ol B aldl sl
aldehyde S e Guie b uliill 451 Peterson Jelii (e dliaiall By e
e 3l Lo 5 Peterson CllS Jele e 13S0 T U Y 5 (39) el a5l
) paty .aldehyde oS per Bl Lo 3520l e (8IS 0 I Y 292 8 aldehyde
cudall Ty ¥ LalUa 2880 5)guay 205y Yy cdadilinall 3aclally L5001 5alall Wy paiiinll
cuiall Alzaddll ABRN et L pae e ) 48 Aol saldl i ol ey Je il
dimethyl s ¢N,N-dimethylformamide ¢1-methyl-2-pyrrolidone Je 4 ki Silyis
¢1,4-dioxane «tetrahydrofuran J—————— s ether &lud « ¢sulfoxide

luda ¢xylene s ctoluene <benzene Jlie Aghad & Slwda ¢1,2-dimethoxyethane
daddiondl 32l s Ll e ddabisa ludag ¢ele ¢methanol 5 ethanol (Jie alcohol
Jie 5588 31 hydroxides saeWll Alaiall ABeY) (el . cpdally L5000 salall Laig
J—ie (g1 31 carbonates ¢lithium hydroxide s sodium hydroxide
sodium  methoxide J-s alcohols (— g8 -1 C)_.J ¢sodium  carbonate
«pyridine «triethylamine J—lis 439 ac 3 <l ¢potassium tert-butoxide 5
¢lithium diisobutylamide g butyl lithium (e 43500 <il3é ¢diazabicyclononene s
Je g8 31 ammonium CD\_J_, ¢sodium  hydride JZie (g1 318 hydrides
JaS o LeiSay 0 syl Aoy Jelidl) 3)lha Aayd 0155 o aaw sodium  amide
VA= e s ol Dby ccapiire e (ol e (e ime 5 Cipty o il
o sanly ela b Jelidl) JaiSy of Juady (llimia Jolis dag pd cuad Dlie iy o
gy hasileg)S Jalad i Aauly Jeliil s qaily of oSary e el Yt
Ol b el Gad al Ay e 408 Aaudys Cpipall st (gl @il Ja o oS
Sl 5 ¢ oDARY (s i filay S a4 e

(Y) lactam <Syall ) (o) Syl Jagas
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Ve

Jelis daufs A salaS (o) SHall = (V) lactam Sy simdasld (-Se
Y=Y 54Laall LE, (intramolecular amidation reaction) <lisjadl Jaly amidation
XY gphaall LS Adpylall uds Adandgy VY- Sshadll (g)a0 A88a 50
Y aladl sl A3,k

(1) Aol Aaall S ) Lindgas dadiiouall ¥ dalall yyianill 4855k oliol Ciua g

.@\;l\ &\)Ss)\l
O Ar Q jtré
MeO CHO 1 MeO Ao
. ey CJRE Y
0~ Ty Jy. . . 7 A
N//N R? p Zr1 [¥-€35kd] Nﬁ R q '
Q) Q) IS el 0
Y [V-£5 03]
O Ar
R1)L 1
o)
R2W21q
pr
M

LS 1y eq p R? R! Z; (Ary tAagdie ddadygl 53580 ddal) o Jiay cAipuall
«diethylphosphonyl 4= saas J—ie phosphite 4—c sans J2ay Lg eodcf aasasn
ic gana JAa silyl 4 gans ctriphenylphosphonium bromide % phosphonium salt
cethyl  ester 4c ganasl methyl  ester icgane Jie ester 4cganse ctrimethylsilyl
.carboxyl 4c sena sl

Larall e romatl Ayl JUe & oDlelsarad) ¥ Aalall yoaaill 48,k o
V=¢ 55 laall Lady (V) lactam S)a (o8 Lg 50baall de ganall Jlas) Jods () Alall
Y—¢ 55l & (1) aldehyde Sye e S yall RS Maay
() Zalal) Bipeall S p0 ypumad

s L 528 4880 Bygaay daag Yy 450U solell g Y- £ seladdl (aiSH Jeli Hudy
2 Mpnge Adgyme Ayl Tl oo Jolill 1aa 8 1oy pll o2 Agiliia da gyl
Jelis (Wittig Jeli 4ayylall Al dall LB ot . Jelal) Jal a5y 31U,
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Jikken Kagaku Koza (Courses in ail) Peterson Je\iiy <Homer-Emmons
Experimental Chemistry), vol.19, Yuki Gosei (Organic Synthesis) [I], edited by The
Jeld, c()\fu «Chemical Society of Japan, Maruzen Co., Ltd., June 1992, p.57-85
.Knoevegagel
Cun (1) Sl e b calill 43k Wittig Sl cre Aladall ATl (el
3y L (V) aldehyde xSy ;38 ¥ () +.0 Juzady cphosphonium  salt s Ls
e ¢(1) Sl Bl Lo 33206 o £ 0 ) e ey e (1) Sl
s JS 53 2l (1) cSye Yol Lslled Gk Jo il a0 of 352
o 5328 AlaY Akl (x5l ) (V) aldehyde <aSye delia] 25aay5 phosphonium
32 \ally 5L salall WBdy andiwadl adall sty (V) aldehyde Syas (1) S0 3525
salall s ol ey Jelisll Gl Japy ¥ Ll 4885 8y 5m 235 Wy cAediiunll
Jtie Al Gl o el all AL i) A B e L pme (g2 (Y Agh A5l
«N,N-dimethylformamide ¢1-methyl-2-pyrrolidone ¢acetonitrile <nitromethane
¢1,4-dioxane stetrahydrofuran J—i ether <lyd—s ¢dimethyl sulfoxide s
<l ¢xylene s stoluene ¢benzene Jiie Akl ;& Gluds ¢1,2-dimethoxyethane s
chloroform J— %« halogenated <slyd .« ¢methanol s ethanol J—— alcohol
ey daadtall 3ac 8l e . &l1D e Aalide Ciluday tels ¢methylene  chloride s
J e (g5 31 hydroxides sae\all Al catall LBV (e i . cudally A5l 3oL
¢sodium carbonate Jie (5518 31 carbonates ¢lithium hydroxide s sodium hydroxide
aclg8 ¢potassium tert-butoxide 5 sodium methoxide Jis alcohols (s g ;ol8 318 Cl‘i
Jie 4g9ae ¢ily 1 ¢diazabicyclononene s «pyridine «triethylamine (i 439 iiac
.sodium hydride Jie 538 34 hydrides s ¢lithium diisobutylamide 5 butyl lithium
S5 oty el JuSs of Loy (A syhal) days deliill s Aap 058 o canyg
Giad e gV 00 (N VA= e 0158 of Dumy cagiye e (g5l pxliia o jme
OSars e el YE N saalydele b delitll JaiSy off dundy cdliade Jolii g ya
il db of (S gy hagileg S Jolad Al dalyy Joliill oo il ¢f
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Sl A6 Jie o) 8 jalall ad 3N A8 e 408 Aalgy pipell e (gL
sl 5 DRI (sl i ileg S
eSpall e (8 uliill 485l Hoer-Emmons Jeli (e Aliaiall Y e
aldehyde Sy (po 188a ¥ (W 4.0 (4o Juiady cphosphite 4o ganass Ly S o)
Gy e L3320 (e pdlSa 0 (Y Cre udaiyg Dlie (1) Spall Blaty La B (V)
sacliy (1) e Yol Aadled Ayl Sl 13n 015S o G e o) aS5ally
ALY 44yl ¢carbanion Y (V) aldehyde (S ye ALis] Maayy carbanion JS)
Aol salall Gy aadiadl cudall ity (V) aldehyde —Syas (1) Sye 29ay (B 320
X5 ol ranagy Jelilh Cuiall Jady ¥ Ll 4883 5)50m) 22ay Wy Aeaiiunall 320l
B Al iyt cudall Abiail) 2B e L prae (g2 (A 4 AL 2ol
&lwd s tdimethyl  sulfoxide s «N,N-dimethylformamide <1-methyl-2-pyrrolidone

dgkd e @lyla ¢1,2-dimethoxyethane s «1,4-dioxane «tetrahydrofuran J’ie ether

“¢e__« tmethanol s ethanol J—is alcohol <:lyd « ¢xylene s «toluene <benzene J—ic

sl allg A 50U salall Loy daadt ) 30 o8l jai Ll D) pe A dalida il 4
sodium  hydroxide Jia (553 318 hydroxides sl Al iadall A BaY) o
(oo (gsB B Cl“i ¢sodium carbonate Jie (gs88 3 carbonates ¢lithium hydroxide s
Jie Aygae 2elg ¢potassium  tert-butoxide s sodium  methoxide i alcohols
butyl lithium JAe 435.:ac <ilyld ¢diazabicyclononene g «pyridine «triethylamine
CN_JJ ¢sodium  hydride J-ie (g5 18 318 hydrides ¢lithium  diisobutylamide s
syhall da Jdelil 3y day sS85 o a .sodium amide i 558 3% ammonium
of Qs casipe st ool piie e Jpme (9SS cass Jeliill JaSS o LeiSey Al
Selill Sy of Jazady ¢dlimie Jeli Loyl cont e dggi®V 00 ) VA= (e 5SS
Julas 36 daulgy Jelill i caily of ey S ddela Y ) saaly dela i
g e Aot Ay cipipd e il i i of 5Ss Aippan (gilmsila S
s ¢ DAY (s nilag S st A o call 3 alall a2l
Cua (1) S pall cude B culill 43,5k Peterson Jeli (e dliadall B e
Glxiy Le 8 (V) aldehyde Sy (e (8LSa ¥ (N v 0 Juiady silyl desanast Ly
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i (1) Sl e Lo (5308 (e 18180 0 ) ey Slie o) Sl
Yiamyg carbanion JS3i sasliy (1) Sy Yol datladd dagph Jelill 13 o6Ss of eaa
(1) RS)e A5y oA Bacld ALY Ady)k il ¢carbanion ) (V) aldehyde caS e il
Vs (daxiiual 5ae ) 5ol salall Ly aadsiuall cudall yuaty (V) aldehyde caSses
e o) aud Al salalt il ol ey Jo il cudall Jadiy Y Ll 4585 3)5uay 2aay
J—ted i elyd  aad Al s dld B e e
<lud « ¢dimethyl  sulfoxide s «N,N-dimethylformamide «1-methyl-2-pyrrolidone
dubd e <lpis ¢1,2-dimethoxyethane 5 «1,4-dioxane stetrahydrofuran (e ether
teL ¢methanol 5 ethanol J—is alcohol <slyd « ¢xylene s stoluene <benzene J—fie
G udally A5l salall Ley dananwall saclall et oy e ddaliag cilydag
sodium hydroxide J— (g9—8 31 hydroxides sa—c@ll 41 _addll 3 WY|
Cre (g8 3l Cl‘“ tsodium carbonate Je (5588 31 carbonates ¢lithium hydroxide s

"Jhe d35ac 2clgd ¢potassium  tert-butoxide s sodium  methoxide J-ie alcohols

butyl lithium J-e 435uac i)y 1 ¢diazabicyclononene 5 «pyridine «triethylamine
¢tsodium hydride J—%e (g8 31 hydrides ¢lithium diisobutylamide s
Aa)y Jelddl 3hha dayn (585 o sy .sodium amide Jie 58 31 ammonium ClJJ
aadys astye g (g9l pite (ga ima (1185 (s Jelill JaSs (of g€y il 55)5al
Ji€y o Jomiy dliimie Jolis g yd cans e gtV 00 Y VA= (e 045
A Aalyy Jeliill pais iy o ey e ddela Y Y saals Al b Jelal
A Al syl 5t (ol nd) i of (S s prn i ilas S Jlas
(DAL (sl nilag S ot L e ol 3 AL a2 K e
sl
(1) Sl e o8 il 45yl Knoevegagel Je il Aliadall 3B (peias
GSre e (e ¥ () 10 e Juady ccarboxy] de ganasl ester Ao panast Ly Cua
B8l (e ilSa 0 WY e Jiialyy Dlie 1) el Blaty L &* (V) aldehyde
(V) 2Sre Yol Anllaad Adpla Joliil 13m0 of Gpa e (1) Ol Bl L
Liyyha sl scarbanion (V) aldehyde 1S ye 4L} 15aesg carbanion J& il sac G,
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YA

Wiy padinall cpdall 5%y (V) aldehyde <aSya (1) 30 Basay o 5acld diliay
ey Je il colddl dafiy Y Ladls 4880 5y 0m) 20n Yy cdaaiiuuall sae 8l 35001 5aLl)
Akl lpde cuiall Aliadall AR (e L pune sae ) 48 Dol ol ias b
<ilde ¢dimethyl sulfoxide 5 <N,N-dimethylformamide ¢1-methyl-2-pyrrolidone (fis

«1,4-dioxane «tetrahydrofuran J ‘s ether
lyda txylene 5 ctoluene <benzene Jlie ki e ilyds ¢1,2-dimethoxyethane s
de2diall 3208l i L ll) (e dalise Cilylag tele ¢methanol s ethanol Ji alcohol
Je (548 3 hydroxides saelill Aliadall L BuaYl e . udially 450l salall Laig
gs—8 1 carbonates ¢lithium hydroxide 5 sodium hydroxide
sodium methoxide (J-is alcohols (4 gs8 38 C)‘J ¢sodium  carbonate (e
«pyridine «triethylamine J—Jis 439 —szac 3 ol ¢potassium tert-butoxide s

tlithium  diisobutylamide 5 butyl lithium J3 4350 <il3Y ¢diazabicyclononene s

.Je 4588 318 ammonium C)\_ATJ tsodium  hydride J-is (gs-88 31 hydrides

S o LeiSay Al 5yfpall dapn Jeliil )ha day0 (1585 of sy sodium  amide
VA= e 1398 O g ccastine st (@il gite cpe J3me s (9 Je il
SH oy delu b Jelill JaS) of Juady cAliabe Jolis Jag b cnd W Mie ¢dy5ie) 0 o
Adgra gibagileg S Jalas 4 Aauly Jeliill aa® iy of (Sayy Nie delu Ve
Al (b oAbl et 2l Ad gy A Alaialyy syl st (gl pindl iy of (S
sl 5 e padaiaN eplis L silay S et s (Bie
(}) SSre spans

gaar 1€ Shadll g 0l 50LS (Y) lactam Sye e (1) SHall pant o Say
any Qi (S <phosphonium salt Lg ¢ua c('l) Wittig i€ Jale (i e cdlizis
ohil) pdl B oAl jas sl A8 e Ayl (Y) lactam S 5« halogenating idaulss
Jikken Kagaku Koza (Courses in Experimental Chemistry), vol.19, Yuki Gosei

(Organic Synthesis) [I], edited by The Chemical Society of Japan, Maruzen Co.,
(gs~ac phosphine @S je aw 1Syl Je Il Manyy (M <Ltd., June 1992, p.430-438

(ii -(3%e «Organic Reaction, 1965, vol.14, p.270 53) triphenylphosphine (e
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va

aidgy yasny o Sas cphosphite s& Ly s ¢(1) Horner-Emmons <3Sl Jalall
o) odl o el all yad SN A dgyee 485k (V) lactam <aSje halogenating
Jikken Kagaku Koza (Courses in Experimental Chemistry), vol.19, Yuki Gosei

(Organic Synthesis) [I], edited by The Chemical Society of Japan, Maruzen Co.,
ddauly alkyl phosphinite e S)all Jol& Yiaayy o(Mie <Ltd., June 1992, p.430-438

= o (e «Chemical Review, 1981, vol8l, p.4l5 o5l Arbuzov Jeld
Journal of the American Chemical _ail) Becker Jeléi 4daulss metal phosphonite
il Jalall jpmat ey edin S L (Mis Society, 1945, vol.67, p.1180
o-hil) 3318 35 3 chlorophosphate s (Y) lactam <3-Sys ¢« Horner-Emmons
<\l Jalall (iii (M «The Journal of Organic Chemistry, 1989, vol.54, p.4750
(Y) lactam Sy (s ysany O Sy csilyl dcgenash Ly Eosa ¢(1) Peterson
Journal of Organometallic Chemistry, _ail) 5208 3929 i trialkylsilyl chloride
Ls G ccarboxylic  acid weSjeyl ester e (iv (Dis <1983, vol.248, p.51
(Y) lactam aSye o yaimny o S ccarboxyl d—e seaasl ester ic . ga3a 52
ohil) Bacld aga, s carbon dioxide B <halogenated carbonate «carbonic diester s
Jikken Kagaku Koza (Courses in Experimental Chemistry), vol.22, Yuki Gosei

(Organic Synthesis) [IV], edited by The Chemical Society of Japan, Maruzen Co.,
-(Ms <Ltd., June 1992, p.14-30 and p.54-71

¥ daladl juaanll 43,k

(D) Aelall Lapall Syl Lindgal aniianall ¥ dalall ppcaaill 4550 ool Cina s
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MeO by NJ\’ p
Mem'_“, [1 JL;] N j/\*;\‘a /7;N RRz q\ rz1
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LS 13 p R* R ¢Zp cAry Aasdpe Lyl 83yde Ay oo Jiay clipaall
halogens) Jiay Ly ¢Y (| jhia (e lagaia laae Jiay Legie Sy 5 x toMlef daaasn
Lios ttriflate Ac yane Jia ¢sulfonate 4-c ganasl ciodine s cbromine «chlorine Jie
ol cethyl ester 4—c gana sl methyl ester Ac sana JJis ester d—c gana (Jiag
-carboxylic acid

WSe sl Jal g A8k (i e JUe o8 oDlel ¥ Al paeatll 46y, o)
=0 55kladll iy (1) aldehyde S e (e (V) a$yall BN Joi (T) dalall Zipall
(A) amide 2S5e (M (V) Sall dygas 80 5dadll LA (e 0-0 5y kaal) Lidyf
S0 gyt ey (Y0 Bekadll 3 (V1) amine Sy pe B Jolis dauds,
g2l Al st Jo s ol angy Gl BAEY 23l Jolill Jelis ) (A) amide
() eSyal Glndl Jasi (1) delad) Apall S50 ypmatd ik (i f €¥—0 35kl o
(V) amide 1Sy () (3) Spall Jasas ¢80 551aall Lidy (1) aldehyde <a$ye ye
Jelis el aayy Heck Jeli ) () +) amide ciSye appat iangs 1-0 5,18l
V=0 35lal) i Aagasall Al Jons
() dalad) Lapall Sye puians

Lidy (A) amide 2Sye (e () dslall dapaall S50 jimas <0, o(i Adphal) 4
ol elly dayy Zalall GUEY gpnjall Joal) Jolis (pa ¥—0 5ol (S5 T—0 3ybaal
Ryl Aila PLEY £33l L Jolis sy iy Brpams Ampipal Al Jonss
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AN

Lo a6 ol 8 alall adiall ddg yea Aiyyhay (yag off (Sars 450l salall Gy 40
Comprehensive Organometallic lasl) Jelaill faa s* hg pal o 3] Aglia Jagall )5
Chemistry, 1982, vol.8, p.499, or Angewandte Chemie International Edition, 2000,
Al Al yall Ao gajall Al ot el (gya of Jsm (De cvol.39, p.3012
Jikken Kagaku Koza (Courses in ail) catalytic hydrogenation (i «ie ¢ddaulsy
Experimental Chemistry), vol.26, Yuki Gosei (Organic Synthesis) [VIII], edited by
(ii ¢(>ie «The Chemical Society of Japan, Maruzen Co., Ltd., April 1992, p.251-266
Jikken Kagaku Koza (Courses in Experimental Chemistry), ail) hydroboration
vol.25, Yuki Gosei (Organic Synthesis) [VII], edited by The Chemical Society of
Aa 923 ddayy 3aus] (i ¢(Sia <Japan, Maruzen Co., Ltd., September 1991, p.83-134
Jikken Kagaku Koza (Courses in Experimental Chemistry), )Jn.:‘) carbon-carbon
vol.23, Yuki Gosei (Organic Synthesis) [V], edited by The Chemical Society of
.(Mae cJapan, Maruzen Co., Ltd., October 1991, p.237-267
o0l Jeld ehay d3ylasa dalall Bley zsradl ol Jelss o) ¢dliada 3y geny
Gude 4 (A) amide S 3e culily (intramolecular cyclization reaction) Slysall Jalbs
e () amide S yar Blady Lo (8 3B Slis Ga f S LY ) i) (e dgag b
J——1s halogenated <slud 4l wall cud WAL d0d B

<1,4-dioxane «tetrahydrofuran J3s ether <s\luix ¢chloroform 5 methylene chloride
Cluday exylene 5 ctoluene <benzene Jie dylad & Cilyis ¢1,2-dimethoxyethane
ALY (pan ccudally A8 Salall Uiy pasiadd) SN Sl ity Ll e ddabide
J—leruthenium Bl daaadn LGl 3 W 5L aa o Ldl gl

«bis(tricyclohexylphosphine)benzylidene ruthenium av) dichloride
benzylidene[l,3-bis(2,4,6-trimethylphenyl)-2-imidazolidinylidene] dichloro
[1,3-bis(2,4,6-trimethylphenyl) -2- 5 «(tricyclohexylphosphine) ruthenium av)
timidazolidinylidene] dichloro(o-isopropoxyphenylmethylidene) ruthenium (IV)
2,6-diisopropylphenylimidoneophylidene ~ biphen ~ J-i« molybdenum <ihjlia
2,6-diisopropylphenylimidoneophylidene molybdenum (VI) s molybdenum (VI)
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AY

liSay A bl dajs Jelail) 53ha Aapd 068 o Gy Lbis(hexafluoro-tert-butoxide)
a0 sS5 of damiyg capige b (gl e e Sre (0S5 (e Jeliil) Jus
& Je il Ja of dendy Aliabe ol Jagys cans e dygi® o0 Y daall gl
ol A Aalgy Je bl a1 ol of ey e ddelu Y6 ) saaly dela
Ly pae 28 Ly ippall 5 (gl giial Js of (S A ymn i ilag S
Bysbllslf 5 ARt (el ihagilay S lat 4 Bie ) 3 aladl el
) Sie ccatalytic hydrogenation sa dagajell ddayh )l Joaes Jelss osSy of Jaay
b o AR LY z2all Sl Sl Aaadyy il paddl aSpall Lo i
GBS Y (A va) e iy agag (B Degsa V0 (Y)Y 2ie by hydrogen
A2 (b Aiada Bygeay Joliill 13n (g Dle gl Sl Bl Lo 5B Slia o
cudall Aladal) ABGY) e il A 0ad g operativity ddladll 1ai Agay (pe cude
methylene (Jis halogenated <ulyde tmethanol  ethanol Jis alcohol Calyie PRESNWA

stetrahydrofuran J ‘e ether Cilud « ¢chloroform 3 chloride

«toluene ¢benzene e A_uhi ;, & Cilyd s ¢1,2-dimethoxyethane <1,4-dioxane
oyl e Adalide Gluday tacetonitrile 5 ethyl acetate Jie Aukad <ilule ¢xylene
«platinum 3Uiall Amiall 211 e . uialy Lol salall g arsindd) RN jlia
CsSs o ey -palladium-carbon 5 «Raney nickel ¢platinum black «platinum oxide
e e 33ne S5 sty Jelil (L of LSy 3 syl Ay Jolil) pa Ay
bgd it e At v Y Al sha dags 068 o duadyy cstge e gl
o oSay e el Y saalydela b Jelidl Ja€ of Jumty cdlinia Jelis
g il Js oF (Say Adgsme ilasilag S Julad 4 Aaalyy Jelill 8 Caly
ehasibensS Lt A Jin odll 3 AL a8l 4y jma i Ay gl e
sl 5 oA salis
Ly (1 +) amide Sy o (1) Aslall Lipaall aSpa umay F Sy o(ii Agyhall 3
st Jelis ¢l aayg Heck Jold (po V=0 53hdll 4<% (4883 3)gumy V=0 3gdaall
OSags Al salall Ly (6¥) Ads pall Heck Jeli juay 4383 5 gy A gaball Ayl
b )il 03] Agrliia Jag 2l (585 Lo oy () 8 alll Gaddll A g ae Agphay (gm0 of
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Jikken Kagaku Koza (Courses in Experimental Chemistry), _dail) Jelidl laa &
vol.19, Yuki Gosei (Organic Synthesis) [I], edited by The Chemical Society of
Jaaad Jeli elyal jeay .(3s ¢Japan, Maruzen Co., Ltd., June 1992, p.123-132
Jikken ail) catalytic hydrogenation (i ¢Xia cidauslsy 350l Ads yall s p03al) ddayll
Kagaku Koza (Courses in Experimental Chemistry), vol.26, Yuki Gosei (Organic
Synthesis) [VIII], edited by The Chemical Society of Japan, Maruzen Co., Ltd.,
Jikken Kagaku Koza Jail) hydroboration (ii ¢(Mie <Aprit 1992, p.251-266
(Courses in Experimental Chemistry), vol.25, Yuki Gosei (Organic Synthesis) [VII],
edited by The Chemical Society of Japan, Maruzen Co., Ltd., September 1991, p.83-
Jikken Kagaku Koza i) carbon-carbon s sajall ddasfyll 52u8T (i f §(De 134
(Courses in Experimental Chemistry), vol.23, Yuki Gosei (Organic Synthesis) [V]
edited by The Chemical Society of Japan, Maruzen Co., Ltd., October 1991, p.237-
(P <267
S99 b e (8 (1) el i) Ay Heck o it Alnball AN cpanis
By Le (B (transition metal catalyst) J&S) 38 5lis e 288 LY ) 00y
Yy cpnioall MGV Gl lésy 4500 salall a3, pxiiuall Cudall iy (V) SSHl
e (A 4gd Aol salddl i ol ey Je Wl hafy W Cadall Lalla 4883 3 gemy 22y
1,2- ¢1,4-dioxane «tetrahydrofuran ¢acetonitrile cwiall Aliadall 1By Cranall (e
¢«I-methyl-2-pyrrolidone ~ «xylene  «toluene  <benzene «dimethoxyethane
JeS5 Al ylalt Ay Jelill 3yha dan 55 o caay -N,N-dimethylformamide
Joliil 13a (gyag Se AoV 00 M A8l la Aay 00s& of dumiyy i) Jelis
Juady .argon sl nitrogen & ST Lamiyy cinert gas Juls BIETENR IR IS SV
a2 palladium d8xe ST Jizadyy i cpalladium Jze JEY 38U Sls 68 of
«dichlorobis(triphenylphosphine) palladium (II) ¢palladium (II) acetate (e
tris(dibenzylideneacetone)dipalladium sl «tetrakis(triphenylphosphine) palladium (0)
o (88 0 (Y (e by Tadla §ygeay iy o Jaimial) e (Y ZELYY L(0)
tri-tert- «tri-o-tolylphosphine «triphenylphosphine d-mi,,\) phosphorus ligand .S e
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At

AN less Blay La & (Bs 2-(di-tert-butylphosphino)biphenyl R «<butylphosphine
Aol o Jeuandl jeay A Medy gyay Jel@ll Jaay S e cardinal eyl
3@l Ladnd Lo oy Aaddtiiall 30 Gl 4380 5ygeay 2027 Wy 3acld dga g & Aiada
O 188 0 (W 0y asac @l 0sS of Jady L Je il 1agd 4l o8 Jelis
striethylamine
«N,N-dicyclohexylmethylamine «N,N-diisopropylethylamine
deli by yd cias e (Vo) Sl Gl L (s tetrabutylammonium chloride o
25y of Sy i el YE Y saaly Aol b Jelill JS of Joay cilinda
A e Ghasileg S ilad 466 aulsy Je il
(A) amide Sye juians

Lo DA% 4583 Bygeay 2aay Wy ALl Salall Wy Y-0 34lad & amidation Jelés iy
Abgiage Adgyma Adyph aladind jeay . Jelill 1aa & b ral pded Aglina Jagyall ()5S
Shin Jikken Kagaku Koza (New Courses in ail) Je &l Jal e 888 315, 2
Experimental Chemistry), vol.14, Yuki Kagobutsu No Gosei To Hannou (Synthesis

and Reaction of Organic Compounds) [II], edited by The Chemical Society of Japan,
Amidl ABY) auads .(Mie (Maruzen Co., Ltd., February 1978, p.1136-1162

Sye g acid halide Jeldiyacid halide () (V) @Syall Jysatd 8k (i 45yl
Shin Jikken Kagaku Koza (New Courses in kail) 43008 Jag 14 a5 (Y1) amine

Experimental Chemistry), vol.14, Yuki Kagobutsu No Gosei To Hannou (Synthesis

and Reaction of Organic Compounds) [II], edited by The Chemical Society of Japan,
(V) Syl Jelil 44,k (i ¢(Mia <Maruzen Co., Ltd., February 1978, p.1142-1145

"Yukikagaku Jikken No Tebiki ki) afSs Jule plaiuly (V1) amine GaS ) )

(Introduction to Organic Chemistry Experiments) [4]", Kagaku-Dojin Publishing
-(®&s «Company, Inc., September 1990, p.27-52

(i Apkll b acid halide () (V) @)l Jygad Jelés (e dliaiall AR porats

(8 halogenating Jale: (e £3S0 Y+ I ) ans (b e b (V) Syl ol iy
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cthionyl ~ chloride halogenating J—le (y Alindall L BaY) oty 4883 3)5uay
a0 el Cudall 4883 8y5my 235, Y oxalyl chloride s «phosphorus pentachloride
ol (pae (530 () 4gd Wbl Baldl s o1 ey Jelidl) Loy ¥ il Ll
Jelill 55ay 28 .toluene 5 «chloroform cmethylene chloride wuiall Aliaiall 3B
«pyridine Jie Aygaac 3acli (e 1 8lS0 Y Y 0 0) LDl §)gean il Ladie A llad
Jelall s3ha dan 058 of ang (V) @Sl Bl L 4 «& «dimethylformamide
(st g 9l iie (e Jime (19S5 st Je il JuS of LeSay 5 el Ay
deld by s ons D iRV 00 ) 2B 500 5hall Aays (49K of Joaiyg
25 iy of Sary e el Y ) sanly delu b Jelit JaSy of oy dlinda
2 el il I of oS Ay pre ibasilag S st A Ul Jo il
eibasilan S Julad A (e ol 5 aLal el 2l Ay e A8 Aalyy syl
Byslllslf 5 sl
© A V5 acid halide culid) 45k U 81 Jolis oo Wil ABY o
) e s (B cude B acid halide - (3lay Lo & (V1) amine Sy e 880
Balall Wiy dandiuall 300 al % .acid halide — (3l s 28l e BlSa Vs
triethylamine «pyridine sac\all Aladdll AR et A58 55 daay Yy Adalll
<l axay Y Lisoquinoline 5 «quinoline <lutidine «N,N-diisopropylethylamine
48 Lol salall s ol ey Je il bafy ¥ el Ll 3880 5y gecas PRECIW
«toluene «chloroform ¢methylene chloride cudall iliaiall ATY) paial L pze (s2e
plaaiil aall e ¢ oS L udS B @ pladinl a3 .1,4-dioxane 5 ctetrahydrofuran
st dmiy g B8 Jylae o 0130 i (a5 (i i oL
J-2 halogenated <yl aj M3« ¢potassium hydroxide Ji sodium hydroxide
ia) Jelih s)ha day 5% of cany . 1,2-dichloroethane sl methylene  chloride
sy ccisdye pe (59l pxliie (o Gime (eSS a9 Je i) Jass o iy ) 5
oy dlimie Joli Jagpd cand Do dysicd) o Y 2BIK 505 Bihall dap 0S5 o
Aanlsy Jo il a8 iy of Sayy Sl el Y¢ ) 5aaly de & delal Jas, of
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A ey sgpall e (ol mind) Jips of oS A yme sl g S il 4
Byslalel/ 5 (ol Bhagilag S il A Jie ol 3 Ll Jadall dd e

O (AN e e (b (V) el i) A3k (i Adyphall sl ABYT euan
e A8 0 (Y e agmy (B (V) el Bl Lo (4 (V1) amine GSpe (e 188
Yy 50l solell Wy aadciuall cafisall Jale iy (V) Syl @l L & i Jale
Al g ale e dl addll A BV et A 8835 aay oy oy
¢1-ethyl-3-(3'-dimethylaminopropyl)carbodiimide ~ ¢1,3-dicyclohexylcarbodiimide
«benzotriazol-1-yloxytris ~(dimethylamino) phosphonium hexafluorophosphate
§) 32 .bis(2-o0x0-3-oxazolidinyl)phosphinic chloride s «diethyl cyanophosphonate
S N-hydroxysuccinimide (—e ;8L Sa ¥ 3V o Gl o Oy dl mde
e Allady gy Jeldll Jaal (V) el 3laty La 2 N-hydroxybenzotriazole
colill Alady Alledll Hda Agas (o ude gy (B Alinda §y5am Jo bl 1an gy
42383 3)gay 2y Yy caadiidl il Jaley Aol 30l La, PRECHVON | JTEIVAVN WY
Gl L ana (20 () 4 Lol sall i3 ol gy Jelil) iy ¥ cuddl Ll
methylene  chloride J- halogenated <iluda oaai wall (ud ol 31 addd) A BEY)
-N,N-dimethylformamide s tetrahydrofuran Jie ddad Cluday ¢1,2-dichloroethane s
0S8 sy el eSS of iy 3l Byl Ao Jolill Bha Anys 0958 o cann
o RS Bl yhall Aay 5 of Jombyg ccapeye 38 (goilS iia (e ) jne
SV saalydelu 8 Jelill JaiS off Juady edliade Jolii Ly yd cand W Mie (dygie®) v o
Adgyra il silag S Jilad 4 Aanly Jelall 4@ Qily of Sagy Mie el Y
Ol (B alall (et 3N Adg e 4 dailyy isesall 52 ol giidl b of o<
asllsl/ 5 gl il gileg € Jilat 4 Jie
(V1) amine <Sye juiaas

(& AL Gadall A pra Ak oppmat (Sargl Ljlad Jigie (1) amine S50 ()
.(2s «Tetrahedron Letters, 1998, vol.39, p.5421 ki) cél
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GG (jis) ¢1=0 55hall iy (V) aldehyde Sy e (i (V) wiSall yuand oSy
£-0 55ladll Lad, (1) aldehyde <aSye (1o cester Ao gane Jia Lip Caan ¢(4) aSall
0= 5l ) (3) pal (i Samyy
[(Y) «S)al Y (V) aldehyde <Spa s
aldehyde 1Sy (ye cinnamate 2Sye BEESY Ao Alaja pe V=0 55haall (4S5
-carboxylic acid 4esana ) ester de gand olaly Jhat (0 2l Uaye Sl aayy (V)
3K J e L;T_, (V) aldehyde caSjya () cinnamate oSy y1 ant o Sy
Bl odll 8 Al i AN A 4gped 55k i gy Horner-Emmons
¢dlinda 3)gunmy ('Xu «W.S. Wadsworth, Jr., Organic Reactions, 1997, vol.25, p.73
iy ¢(V) aldehyde aSye pladinly Jlo a8l (& (V) @Sl o Jsaall (Say i
(88 0 Y (e daiadyy Dl cHorner-Emmons «adlS Jale (e 1880 Y Y (e
489 y20 48k 4da gy Horner-Emmons adlSl Jualadl jriaas € Dk acli e
daulss Horner-Emmons aS\SH (Jalall jraas o€a i . il 6 jaldl s sl
o—hil) L)las i idll trialkylphosphonoacetic acid (,— alkylation
aladiuly Arbuzov Je s ¢(Ma «Synthetic Communication, 1991, vol.22, p.2391
Chemical Review, 1981, ki) a-halogenoacetic acid (3ide (e alkylphosphinite
Journal of the ki) metal phosphonite alaiiuls Becker Jelis «(Sia <vol.81, p.415
ALnidl) A8aY) yeuai .(Mie cAmerican Chemical Society, 1945, vol.67, p.1180
‘N,N-dimethylformamide ¢1-methyl-2-pyrrolidone Jie dudad Gilude adiiaall Cuiall
¢1,4-dioxane «tetrahydrofuran J—is ether <yl « ¢dimethyl sulfoxide s
Glyde ¢xylene s stoluene cbenzene Jlis Ayl e <lyla ¢1,2-dimethoxyethane s
deddiiall Bacall it Lol e ddalise cilydag ¢ela ¢methanol 5 ethanol Jie alcohol
Jie 5518 31 hydroxides 32\l Aladall BV (o . cudally 4500 salall Lad,
J—e ¢gs—18 318 carbonates ¢lithium hydroxide s sodium hydroxide
sodium  methoxide (i alcohols (y— S8 A C'LJ ¢sodium  carbonate
«pyridine striethylamine J—%s 439—cac 3_cl ¢potassium tert-butoxide s

butyl lithium J—is (organic metals) 435ac <il) 16 ¢diazabicyclononene s
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¢sodium hydride J—%e (g9—8 31 hydrides ¢lithium diisobuty]amide B
Ao Jelil s)bha A 01585 of any sodium amide Jie g5 3% ammonium 3\l
umiyg cagiye e (ol ite e Jime 015 (1 Joliill JaS5 o LeiSay 3 3l
s o oy Alimbe Jolis dag ya coat M Ay V 00 Y VA= (e (55
A Aauly Jelall ax@ Qily of o<ayy e diela Y Y saaly delu 3 Jell)
L Al syl e sl il i of S iy e ibagiiag S (s
(DAL (s i as S ol A e (ol 3 a2l Ay e
Ual e 0l b AL Gt e am ) Rl 22255 o Sms 53510 5
i) 4504 30LS cinnamate @S ye (e (V) @Sl o Jyuaadl oLl Jaill Jelss

T.W. Green, "Protective Groups in Organic Synthesis", John Wiley & Sons, Inc.,
.(1981, p.154-186

(¥) <Su G (1) Syl e

Dbl alkene S ye ae 253k 3aLE (1) Syl Gl (V) @Spall yuany of (S
o G (3 AL el 2y e gyl l035) Syng AifD Bypemy 0=0 35hall s
ohil) Heck Jeolds 45;,hll dliadal) 1BaY) et .0-0 spkaall & ohad¥l Jelis Jal
A. bil) Suzuki Je\is ¢(Mis «R.F. Heck, "Org. Reactions.", 1982, vol.27, p.345
JK. k) Stille ohal Jeldy ¢(Mie ¢Suzuki, "Chem. Rev.", 1995, vol.95, p.2457
(‘Xu «Stille, "Angew. Chem. Int. Ed. Engl.", 1986, vol.25, p.508

e e (1) triflate 2Sya sl halide Sy Aliaie 5y5uay ¢yds (Heck delis 3
35y B e o(3) @Sl Blaiy Lo B alkene wiSye (e 880 0 (N Y e Juzady
Sie ¢(3) @l Gl e b I 50 Slin gra i€ oY LY o) e iy
S0 il A llady Lladll s Agay (e cuda Sy 6 Je il 3 gyay of Juady
4883 Byguay 20ay Wy cpadiunall EYE SN jliay 500N salall L8y aasiiall cydal)
Gl - pna (530 () 4 Dl Ball s ol ey Je il by ¥ cudall Ll

«1,4-dioxane «tetrahydrofuran ¢acetonitrile <ud AR wadall 4 A

¢«I-methyl-2-pyrrolidone ~ «xylene  «toluenecbenzene  «¢1,2-dimethoxyethane

S5 Al ayhall Aa g delél $)ha a5 of caay N, N-dimethylformamide
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e (2 e iRt o Y AbaN e a0 e sS f Dy b1 Jelss
o} Juady .argon sasf nitrogen 3 ST Judyy cJuld Slesa (s Aiaie 3)peay Jolaill
iy pxe palladium ae S Juiadyy e epalladium ddee JEY) U Sls 00<
«dichlorobis(triphenylphosphine) ~palladium (1I) ¢palladium (II) acetate (i
tris(dibenzylideneacetone) JT «tetrakis(triphenylphosphine) ~ palladium  (0)
Sy Al al A_Bla By ay jeag el 1 Y A2y .dipalladium )
tri-tert- «tri-o-tolylphosphine «triphenylphosphine d-——_-asg) phosphorus ligand
@2 delill J2ad (SE s 2-(di-tert-butylphosphino)biphenyl sl <butylphosphine
sac il 458 5)5.my 2085 Yy 3028 Jga PR EATS PR PN« I S PUORONL [ PORe- W (PY 1
3B e L Jelil 1ag) il 8 Jelis sl aadts Lo el deadtiudl)

«N,N-diisopropylethylamine «triethylamine 32 c 5l 41 sadall
Jeli g y5 <aal tetrabutylammonium  chloride 5 «<N,N-dicyclohexylmethylamine
o iy o Sy i el YE Y saaly Aol b el JaiSs of Juaiy ciliada
Ay i iles S (hlas 445 Aauly Jo il
«(3) triflate <aSye sl halide Sy Aliiaia §y30ms (i of Jaiady «Suzuki Je & &4
L (o boronate S 5 .| boronic acid S 0 (e (S 0 I Y e iy ae Dlia
U 51 Jlis 180 10 (Y 40 ) n s b ey e () ol e
OB Aea (e e 3gn (B Je il 1 (rny of iy D ¢(3) Sl Gl Lo
Y 51 Slaa g A5 salal Laay andioall Coudall sty ot A llad g A el
804l ol Gl b ey Jeliall Jady Y el Wil 4883 5yg0my 235y Vs aaiiuull
1,4- «tetrahydrofuran cacetonitrile ¢uiell Aiadall ABY) e | pize s2e ) agd
«xylene «toluene «benzene ¢1,2-dimethoxyethane «dioxane
g el e Labide (uday ¢ le (N, N-dimethylformamide s ¢«1-methyl-2-pyrrolidone
cre 0S5 O ey (oY) Jolis JuSs G shall dap Jelill Byha Ay 0555
(Jola Jlesn (g8 Alnba ypumy Jo il 38 gy She Rushe¥ o+ LY Al 5 Ay
déaa LG 3N s 05 S o Jonds Largon s nitrogen o 58T Jazady
J—Jie iy y—ns palladium 2 Sxa 5 ST J iy M4 s 9 )—=s palladium
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«dichlorobis(triphenylphosphine)palladium (II) ¢palladium {an acetate
tris(dibenzylideneacetone) B stetrakis(triphenylphosphine)  palladium  (0)
phosphorus lignad S ye 48l 4ae 350y jgan ) ALY Ldipalladium (0)
«tricyclohexylphosphine «tri-o-tolylphosphine «triphenylphosphine d—__—msg)
o Lol D 5y5mn jeas Allaiy Jelall e)yaY (i ctri-tert-butylphosphine |
tetrabutylammonium  chloride J—ad; «quaternary  ammonium  salt il
Jeag odelal i . 3ds Jelall oyaY Sl ctetrabutylammonium  bromide sl
Wiy 5yall 02 3 daddiiuall B2l i 3asl 3y b Aliaie Ao o Jyaanl)
sac il Aliadll ABGY) e AEED Bygucay dday Yy cpdiiouall Cuydally Al 3alall
«cesium fluoride ¢potassium fluoride ¢barium hydroxide ¢sodium hydroxide
-potassium phosphate s «cesium carbonate «potassium carbonate ¢sodium carbonate
e el Yt saaly delu b Jeliil) JuS) of Jualy dhaie Joli gy cuns
' Ay yra A gilag S Jidat 4 Ualyy Joliall 205 iy of Sy
I Y e ae Juady (9) triflate S el halide wS e ¢pd «Stille oy Je i &

v Gl gmg o Mie ((3) GiSally Gl Le i trialkyltin oSy e 1880 Y ©
BYCERTCINI RTINS W] () Sl Bl L & S B s e dlSa Y
lithium i/ 5 copper (I) halide (e 2880 & (3} +.) (e Jumdy Aaids 5 ygemy iliimy
ALY e Aglaiy (gyng Jo M) Jany (S0 Dlia ¢(3) Kpally 3y L 3 chloride

«xylene «¢toluene (} AR A § AT wall C1d gl i ol

¢«1-methyl-2-pyrrolidone «N,N-dimethylacetamide «N,N-dimethylformamide
JaSi of Ly ) Aapall o Jelill gyla 2o 01685 of iy .dimethy! sulfoxide
S Slin o e cggie®) + v ) A Bl G e 05 o by oY) Jelis
i3 )—=« palladium 3> —8se J—ai; cpalladium 1 —Saess a2ii ) (S
«dichlorobis(triphenylphosphine)palladium  (II) palladium  (I[) acetate J-ie
tris(dibenzylideneacetone) dipalladium JT stetrakis(triphenylphosphine)paliadium (0)
tetrakis(triphenylphosphine)palladium 0) ,—81 g i 19 S ¢(0)
b delill s oy of Joady M tris(dibenzylideneacetone)dipalladium  (0) f
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of Unady ¢Aliaia Je i Jagys candi .argon i nitrogen s> & S dadyy (Jala lesa
Aalsy Aleall o085 iy o Sagy e el Y Y saaly dela b Jelidl) Ja
Hgyme il iles S Jidas L
(5) w54 o (1) Sl

e At 3 (1) Sl ety (3) Sy et S
ki) £—0 55aall & Horner-Emmons Je & s halogenated phosphonoacetic acid

.(3s «Organic Letter, 2000, vol.2, p.1975
(V+) eSodl I (3) GSyall Jagas Y
sshall o) .1-0 gyhadll Wiy L0l 30l (3) Syl o (1 +) iSHall pans oSy
el 3a0al Y=0 gghaall b LS Lo Laa paiiual) amine oSye yuiaaty 1-0
¢ dalall uandll 43yl
e () aladl dapal) S5a) Lindgad Aadiinall € Aalad) jrantll 4355k olaf Cia s

PPN F PR
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Acsane Jie Vi thiles desane Led amino 4esenesl camino de sens cdjles e gana
.carboxylic acid ic senasl cethyl ester dc sanasl methyl ester 4c sass (fic ester

@Sy il ddnh e JUe o el saradll £ ddladl 5y sl iyl o
<SS Jaley (V) aldehyde aSye (e (VY) S yall BlEEN Jadii (1) dalall dapall
amidation Jeldd (1Y) Syall (oappad -1 55daall Ladg () V) Horner-Emmons
Gy g liad) haaly ¥—1 55 kaall Uiy (Y°) lactam ddls JS35 (Y= 55 kasll L,
=T ashall 4 OB e Jelss (Y 0) lactam
(D 4aladl dzpall (S50 jpmns

€= 55dadll Ladg (1 0) Jactam S e (e (I) deladl dipall S0 jaacans S0
Liz 4 amine <ile sanagl alcohol Cile senal dlan b deld e €7 35dadll )&
Cigeagall leall D) Jo i ahatind Gons « 5% Jolis @y 3y (10) wS5all (e Liss
T.W. Green, "Protective Groups in Organic Synthesis", ki) 439 )ea 5,4 35l 8
8ysa any Wy ALl alall W8y jyenill Jel& yuiy .(John Wiley & Sons, Inc., 1981
Aiph oaaia) jeag . Jelil 13a gyl o3l Agliie Juy il pS Lo ok 442
Ay (i Aaphall Abaiall LB s  Jelill Jal (o il 5 jaladl jasall 4y jee
Journal of Fluorine Chemistry, 1997, vol.2, p.119, kil) diol (s cyclic ether JuSil
cyclic amine J:Saal 455k (i g E(D\L <or Scientia Pharmaceutica, 1996, vol.64, p.3
Petrochemia, 1990, vol.30, p.56; WO 2003/076386; or )J:u\) aminoalcohol (e
CrSan i ¢ )557 iliade 3y guay .(Mixe Tetrahedron Letters, 1982, vol.23, p.229
ke dhall Sl Gy Jle gl () Al Fall (iS50 e Jpaaal
Je organic acid (gsae paes (o LS Vo () v) e dsay b cade sl cue
inorganic acid (gsac & Laaasl camphorsulfonic acid p-toluenesulfonic acid
iyl cdlaa Il Sl Bl e 2 hydrochloric acid 5 sulfuric acid Jie
JHegsmime 5B G gdlSa ) W ) e apayg b ailen Jhall G Syl
e 4 tristriphenylphosphine  ruthenium 5l tetrakistriphenylphosphine palladium
Aol Balall Ladg Bodadll oda (8 axatindl Cudall oty caflen Jhall Sl 3lay
gy Jo il by ¥ bl of Ll 380 5y50m 20y cpadianal CodlS) Jalally
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methylene udall Aliaaall FRAV Ciali L Cpamae (s3a ) 4gd o) salall las Q{_)
«dimethyl sulfoxide ¢1,2-dimethoxyethane ¢1,4-dioxane «chloroform <chloride

<41« ¢ ¢methanol cethanol «dimethylformamide ctetrahydrofuran «toluene
Joliall o of i€y Al 5yl dayn Jeliill gyha dago 085 of camy i3 e Laida
S 53,0 Hhall A 5% o Dty castye s 55l it o 3jme (1S5 sy
saaly debu b Jolidl) JaiS of ety lliabe Joldi bagyd cind e digghe) oo )
asibansS Jolas A Aauly Jetil a0l of o <ay e el YE )
& AL Gadill A e 4 Aaslyy Casepall g gl il By of (Say g pre
Bysblslf 5 s imgiley S il A Jia il
(Y°) lactam <Sye juiaad

auly 500 338 () £) cinnamide S3e (e (10) lactam aSye yraad Say
8y5aas V=T 35dasll ey () £) cinnamide aSyell Lo 50baa afia g sl Jelds
Aallas Jle a8l 8 (V0) Guseyall lactam Sy o Joanll S e (iidy
e o1 £) @Sl Blaty Lo (A 520l e 1880 0 Y o Bhaalyy (1) Sl
D il Alady Alladll a3 Agany e ude dgag A Je il 1 (gyay of Juady
O Lallla 4883 5y5my 30 ¥y charsioall sae il 4500 salall L, paaiaall Cylall
AR ansali L opae e ) 4 ol ol 5l sl ey Je il by Y cuddll
«N,N-dimethylformamide «1-methyl-2-pyrrolidone i 4ulad lule Cadall dliaddll
¢1,4-dioxane «tetrahydrofuran J— i ether <lud ¢dimethyl sulfoxide
Glpds ¢xylene  stoluene <benzene Jie dphd e Cilyde ¢1,2-dimethoxyethane
daxiiuall 320 Wl s L lld e dabise ilyday ¢l ¢methanol 4 ethanol e alcohol
Jie (4588 318 hydroxides sae Bl Al iadall AR ezt . udally 5L salal Laa,
J—3e g1 3 18 carbonates ¢lithium hydroxide s sodium hydroxide
sodium  methoxide J—is alcohols (y—e g8 -1 C)L.J ¢sodium  carbonate
«pyridine «triethylamine J—is 435 iac 3 o4 ¢potassium tert-butoxide
butyl lithium (s organic metals 435—ac iyl ¢diazabicyclononene S
¢sodium hydride J—%s g)_.ﬁ J— hydrides ¢lithium diisobutylamide
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Aapd delidl) 3yl ps sy (4585 of any .sodium amide Jie s 38 ammonium CDLJJ
Juindyy caseye s (gl gite o Jimae 01195 (a9 el Ja (of \eiSay (A1 )50
JeiSy of Joady dliade Jelii dag y 3 caatd Mie gV 00 Y VA= e 0155 o
A Al Je il axi il of Sy e el YE Y saaly dela 4 Jelll
g yne A Aauslyy is8pe e (il piie b o oS Ay yee (ilngiley S Jlas
Bysbillslf 5 a5 ol ihagilag S ilas 46 Jie () 8 el jaaal)
(Y £) cinnamide Sye yuiasl

28 0 (Y e Juaiyy (VY) aSHall (e () £€) cinnamide caSye ypzaad (Say
(4 amidation Jeléll Wy Nie o(VY) @Syally 3laiy Le & (V) amine <2$ye s
G Lo a8y 4383 5 22y Wy AL alall dy amidation Jel&d pahy Y= 35had
@ Agage Adgyre A alodinl jeay  Jeolil a8 dagyill sdgd Aglin Jag il
Shin Jikken Kagaku Koza (New Courses in ki) Jelall Jaf ce 5,88 335
Experimental Chemistry), vol.14, Yuki Kagobutsu No Gosei To Hannou (Synthesis

and Reaction of Organic Compounds) [II], edited by The Chemical Society of Japan,
Aadall A0aY) (peuzal . (Mie Maruzen Co., Ltd., February 1978, p.1136-1162

J—ecléiy acid halide — (1Y) cnSpe J—psail &85k (i 48yl
Shin Jikken Kagaku Koza kil) 4,308 Jag 5 a3 (1Y) amine Sy ¢ acid halide

(New Courses in Experimental Chemistry), vol.14, Yuki Kagobutsu No Gosei To

Hannou (Synthesis and Reaction of Organic Compounds) [II], edited by The
é("i’u «Chemical Society of Japan, Maruzen Co., Ltd., February 1978, p.1142-1145

i) e Bl aladi uly (YY) amine Sy e (VY) Syl Jelal 455k (i
"Yukikagaku Jikken No Tebiki (Introduction to Organic Chemistry Experiments)
-(Me <[4]", Kagaku-Dojin Publishing Company, Inc., September 1990, p.27-52
(i Aaphll Jdacid halide ) (VY) @Sl Jusasd Jolill ALl ARG (panas
e 1S s Y G ds g o e 3 (1Y) Syl I 4Gk
pa3iuall halogenating Jwle o8y .(VY) e$all 3dx La 8 halogenating Jle
dale e Al il LB o ama® A58 5y my 32y Wy A Sald) 5ol Ui,
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Jasy Y .oxalyl chloride 3 ¢phosphorus pentachloride <thionyl chloride halogenating
salall s ol ey Je il Jaty Y Cudall of Ll anstinal) cydall 4883 3y gmy
«methylene  chloride cydall Aliadall L BV faali L (yma (520 ) 4d 250U
Y e D By ey il Ladie Adlady Je &l )ay 38 .toluene § <chloroform
Gy Le 8 «& ) «dimethylformamide «pyridine J-ie d35uac 32018 ;a7 4L<0 Y
Jolidl) Jas of lei€ar A Byhall days Je il sylhm dapd 0585 of oy (1Y) S)ally
cHIS a3)L phall A (588 of daiady ccapiye st (59l e (pe 33re (1S (s
sasly delu b delill i€y of Juady (Alimie Jo i ag i cand . Die Vo )
ehailag,S Jolas 4 Al Jolil) w38 iy of (o Sagy e el Ye 1
& AU sl g e 2 Analy Cagtpal i (il indl iy of e i e
sl 5 (gl da gilag S it A e ol
acid halide cuie & colill 45k G Y1 Jelii e dbasall LB e
VO 29y o8 acid halide o 3l Lo (& (1Y) amine aSye (e 180S0 0 Y ey
salall L8y dariinall 5228l o .acid halide 2 3l Lo 432018 e pdl<a Vo e )
triethylamine «pyridine 3108l Al adall ALY et 4883 35y 22ay Yy A0
4385 8)5.a) 2323 Y .isoquinoline 3 «quinoline ¢lutidine «N,N-diisopropylethylamine
o] 408 Lol k) s o ey el Ly Y cadall of Lallls padiiaddl cudall
«toluene «chloroform ¢methylene chloride cyiall Aliaddll ABY) e . pane s2e
pldas aladiud Saall e L cydeS 322 Wl alasiul s .1,4-dioxane 5 stetrahydrofuran
Jslsayl sodium hydroxide Juzaiy ¢gsl Jslae b Al 330l e 09 (i aguds
1,2- methylene chloride Jis halogenated iy Mis cpotassium  hydroxide
s o Loy N ohall a s delid 5ha 450 05 ol <2y .dichloroethane
5L pball Lay0 5% of Jeimiy castine 16 (ool e (e jme (usS5 (y9% Jo il
dele ( Jelill oSy of Jundy (dliaie Jols agyd cind Dl ciggia®) v v ) NI
ihasilag,S Jalas 48 Aanlys Jeliil pa6 iy of (Says e cdela YE ) saaly
@ AL sl B e i Al Costpall b ol il iy of (S by pae
psllslf 5 sl ihagiley S il 4y Bie il
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1

O Y Cres cuia (B (VY) S pall il A5yl (i Ay ylall Abadall ABLYY e
(S0 0 (U)o dgng 3 (1Y) iSally ey Lo 8 (YY) amine <Sie (e 2l
Yy ddaldl salall a8y cafsill Jule juaty (VY) SHdl Glxy Lo &S Jule (e
G S J e e Al bl A BAYY e A 88358 ayaa oy
«1-ethyl-3-(3'-dimethylaminopropyl)carbodiimide  «1,3-dicyclohexylcarbodiimide
«benzotriazol-1-yloxytris(dimethylamino) ~ phosphonium  hexafluorophosphate
§)3-as .bis(2-o0x0-3-oxazolidinyl)phosphinic chloride j «<diethyl cyanophosphonate
N-hydroxysuccinimide ¢ t AL Sa ¥ UV 4o Gl cay o js—ay <Al i
Sl A lady Jelall elyaY (VY) wS)allb 3y Le 8 N-hydroxybenzotriazole 5}
ol Ay Aladll s Fgmy cra oo g b Alimia By Jolill 1ia gy
4883 3)gumy 2y Yy il il Jale g A5l salall Lad, PRESIVON | [FEIVLON TSP
Cranialh L Cpma sde ) asd Dol ol i ol ey Je il Jady ¥ cydall of Ll
methylene  chloride J-s halogenated Cilyis a2ai wndl () all AL il L By
-N,N-dimethylformamide s tetrahydrofuran Jue 4 3da8 <ilyday ¢1,2-dichloroethane s
S sy Je il JaSi o LeiSay (0 Bhall dan Jelill ya Ao (19S5 o anyg
o S syl phall dnp s of dmlyy ccageie 1b gl ite (e 3
<V Baaly delu 8 Jelitl) Ja€) of duady cdliade Jolis Jag 8 cand e dygie®) o »
Adgma Ahagiley S Jilas 4 daslyy Jelidl) paii caily of oSas Sl dela Y
Ol (B alall a2l Ab g yea A Ay asipall yu gl il Jiyy of oS4
Bysbilslf 5 sl b giley S il 4 Jia
\ (YY) amine Sye juiass

& oalall (s 2l ddg jaa Aiyay ojuimat Sarl Wlad Jigie (YY) amine S)e
degeae Jusats (VY) amine Sy s S (Llas highe (3G Y Laaie Loyl
«+—S)a)l aminohydroxylating 3—5asy5 vinyl A= sans U 5,5 i)l aldehyde
-(3s Journal of the American Chemical Society, 2001, vol.123, p.1862 ki)

(VY) =Syl jpzass
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@S el il Je i Aaulg cinnamate S 3o agiall Sghad (pa V=T Ggladll ()65

lea A5 55das & a2y (Y V) Horner-Emmons «a3\S Jwle as (V) aldehyde
&Sa; <Horner-Emmons Jeli -8 (A48 8)50ay .carboxylic acid ) ester 4e gane
d8gma A8yl Aaifgy 459k 30LS (V) aldehyde 2Sye (= cinnamate aSje ypaiass
Jikken Kagaku Koza (Courses in Experimental dail) oydll 4 jalall jas il
Chemistry), vol.19, Yuki Gosei (Organic Synthesis) [I], edited by The Chemical
Sy ¢Aliaia By pay (Nl« «Society of Japan, Maruzen Co., Ltd., June 1992, p.57-85
YV (e Juiady as (V) aldehyde S e Jeléiy caseyall cinnamate aSye Je Jganll
aldehyde «aSjyas (3lay La P (\ \) Horner-Emmons <38 Jule e fiilSe o )
aldehyde aSym By Lo A3a2l8 (e (A0 0 (WY (e Juiady 2525 (8 Dl (V)
ey a2l CaSISH Jalally A0l salell Wiy aadtid) Cudall uaty e oY)
«1-methyl-2-pyrrolidone J—ie Ak byl s 20a% Gall Cad UV AL aiddl ind
stetrahydrofuran Jha ether <lwde ¢dimethyl sulfoxide 5 «<N,N-dimethylformamide
«toluene ¢benzene J-tie ki 2 lyd « ¢1,2-dimethoxyethane s ¢1,4-dioxane
D Ll e ddabide Glpday o le ¢methanol 5 ethanol Jis alcohol <lwle ¢xylene s
hydroxides e (8l Aladall ABGY) et . cuially Ll solall Gy dariionel s 8l
Jia ¢(g588 318 carbonates ¢lithium hydroxide s sodium hydroxide Jie (5538 31
sodium  methoxide J-s alcohols (y— 558 31 CN_.J tsodium  carbonate
«pyridine «triethylamine J—Jis 435—zac 2 _c48 ¢potassium tert-butoxide 4
butyl lithium J%s (organic metals) 43s—ac <l 18 ¢diazabicyclononene s
¢sodium hydride J—s (g5—18 31 hydrides ¢lithium diisobutylamide s
Loy deldll 3iha dapd (4585 o oay sodium amide e 58 5l ammonium CN.JJ
emity s s ol giia im ime 0S5 capds Jolill a5 o Wiy (30 3
JiS; o Jmdy cillimia Jolis g ind e i) 04 Y VA= e (155 o
A Aaulyy Joliil) pa@ Gl of Sayy Qe el YE Y saaly dela 3 Joll)
L A ulyy gepall o (gl aiadl o of rSey Adgpee ihagilas S Jlas
cpaddiuYl o288 dhagilag S Jodad Al Je o) 8 paldll pad N A4 e
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1A

dolis dal e Gill b el Gadsll 48 jra dles Al Al alatial ey 3y5L01Y
T.W. _ail) 450 sLeS cinnamate wSye (o (VY) el o Jguaall o Lally Jas
Green, "Protective Groups in Organic Synthesis", John Wiley & Sons, Inc., 1981,
deliiy Jle w3l (3 (VY) @Ol o Janll (Say Dlia (dlinie §)gemy . (p.154-186
dgag b Hia cethanol sl methanol J’ alcohol cuie = Ul cinnamate xSy
sodium  hydroxide J- (58 1 hydroxide G f8lSa 00 WY 40 Juady
-Mia ccinnamate e (3l L b potassium hydroxide |
(1) Sl s
Ol (b aldl ad all Adg pre Ay oppaimad (Sargl Llad 2 (1Y) Syl ¢
alkylation Adaulss (1)) iSpall st ¢Say eJliall Jasmn o Llad labie (% A 1)
: ohil ¢bylad - Ga trialkylphosphonoacetic acid «S ol
Synthetic Communication, 1991, vol.22, p.2391,
a-halogenoacetic ($idl alkylphosphinite alxaiuly Arbuzov Jeld (Jhall Jpw e
: kit <acid
Chemical Review, 1981, vol.81, p.415,
: kil «metal phosphonite alasiul; Becker Jeliisf ¢ JUiall Juw e
Journal of the American Chemical Society, 1945, vol.67, p.1180,
| JB i e
Sl g 10 Gk e WV ana o) bl f (D) f (1) delal dagall S50
Lald diay Ml g haaVl jiey of oSa (ol Liga LABA2 Lasy (mils il
Uayes Alzheimer Liaye e AP s e Jad ss_‘aljjj e Jale
.Down
eJUdl s (e 635l0a0 45050 5250 Sl g il 8 Becandl GlSall elis
o LRty Al Sl bl (0lsd T cuundl Jak Ll ¢ Jaad) b bl
gl
Bl o Al Ak Mall £ 38N e LS el Jalall jyimat <0y
A58y tlues o(powders) (Bialuss c(tablets) (abydl o doja JSG e Aliais

<]
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44

Ny o(coated  tablets) dilia Lolydl ((granules) laus «(fine  granules)
J—alal ((inhalants) (3l-iiiul ols—e ¢(troches) &laa i «(syrups) 4z J_..ﬂ ¢(capsules)
(ophthalmic (el Jil\aw ¢(ointments) aa)ys «(injections) (&l Jlse ¢(suppositories)
<yl (nasal drops) —w\ <yl ((ophthalmic ointments) (yal 2l ¢solutions)
Jualadl jiiaad Sy .(lotions) <i¥swué g ¢(cataplasms) lalaS ¢(ear  drops) RO U
5ala «(excipient) 4& sane 53la Jie Lindsad a2iind Cilagie aladinly SN sl
zes—al 83Uy ¢(colorant) (39¥ 83U ¢(lubricant) A—alje 33l ¢(binder) ila,
hatul 3ala ¢(stabilizer) Codfie Jhe 8y paall aie 223505 Clagiay ¢(correctives)
Mg (surfactant) prhas Jaiiie ¢(absorbefacient) (alaicd duua 5als c(eﬁmulsiﬁer)
8alas 33Lay «(preservative) 4dsils 53le «(pH  adjusters) sums el (¥ ol
g€ Aale Aimy daditoal) Clagiall Cadgly yamas off Sy «(antioxidant) 3auSS
Jsb )y Jhe 4y Ll gy el ilagiall o3 o ABaf o L sl jpaasll
Jie hydrocarbons ¢ (315 glyceride 5 «(beef tallow) @R and «(soybean oil) Lisa
octyldodecyl myristate (Cic ester <5y ¢calaa paraffin g ¢squalane ¢« il paraffin
cetostearyl alcohol e (higher alcohols) Lie alcohols ¢isopropyl myristate s
J-ie surfactants C‘L"‘" <ladie ¢silicone <ay) ¢silicone  resin ¢behenyl alcohol g
«sorbitan fatty acid ester «polyoxyethylene fatty acid ester
spolyoxyethylene sorbitan fatty acid ester «glycerine fatty acid ester
polyoxyethylene polyoxypropylene block s polyoxyethylene hydrogenated castor oil
JSis (water-soluble  polymers) ¢Lall & ;531 L1 polymers ¢copolymer
«carboxyvinyl polymer «¢polyacrylate acid <hydroxyethylcellulose
L ssalcohols ¢methylcellulose s polyvinylpyrrolidone «polyethyleneglycol
«glycerine J—%is polyhydric ¢isopropanol s ethanol J—s (lower alcohols)
glucose J-is (sugars) <lySw ¢sorbitol s dipropylene  glycol «propylene  glycol
ssilicic  anhydride J-s (inorganic  powders) 44swiac & (ial i ¢sucrose s
o) -(purified water) 8 ¢y taluminum silicate s magnesium aluminum silicate

«(corn starch) 3,3 Lis clactose (yaaals dediivsall (excipient) & guall 3alall o 30
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o -silicone  dioxide 5 «_s-liis cellulose ¢sorbitol «mannitol «glucose ¢saccharose
«polyvinyl ether ¢polyvinyl alcohol el deadiwall Llaghyll salall o ihd
«gelatin «tragacanth «(gum  Arabic) e tesa cethylcellulose ¢methylcellulose
<hydroxypropylcellulose <hydroxypropyl methylcellulose ¢shellac
«polypropylene glycol/polyoxyethylene block copolymer ¢polyvinylpyrrolidone
cagar ¢l (pauali deddiwdl (disintegrator) Jiaill sale e 484l ) .meglumine s
<sodium  bicarbonate ¢calcium  carbonate ¢ st cellulose «gelatin (3ss—ue
e v o) -carboxymethylcellulose calcium s ¢pectin ¢«dextrin ccalcium citrate
¢talc ¢magnesium stearate (ya—ai 40233 wall (lubricant) 4—adjall 52l
it o) -hydrogenated plant oils 4a )3 4000 Casy)s csilica cpolyethyleneglycol
O AU sas e 35S Ley Gaad yall @l e dedituall colorant castill sale e
«menthol «cocoa (§saus (yamal deadiwall (corrective) prmaill ale Lo FRN
.cinnamon powder 483} (§sauay <borneol «mentha v cempasm
4o gelesl o i pgfe ape ALl el jantindl ey o JU i e
sale ¢Jlat 3aba ¢dail) B3l €8y puall die ¢ 5 ¢Aé gana Bale clagl Sl (e hydrate sl
JB A Ll JSan Mviey o JUal) Jpps e (zenaal Balay ¢ el Bl (Aol
QU i (e eyl ciilin Galydl o palydl (il (3883 Gl ¢(§9mue
s (o AaDla 5y gumy Al 0355 8 Sl Gl el o gy A0l 23y
Aaylia 3ale Ailialy (jiadl yantuegl iyl sy 2y juall die ¢ S dilia ¢ Jta)
(tonicity sl Jasal ale g «(solubilizer) 4413 53l «(pH adjuster) s s el
g il die A (didia 3ale (lisdll Jiguid 30l « JBY Jusw e cadjusting agent)
BaLe Ligma 358 (90 Al Aipa (L o )lal jumatiadll jimay 08 A0l A5 L
Aga Apallall 58N Aysa¥) JaY sale ariiie Ao it alga gl araid 28 ool
Ci33) Aty Aplpm gy Jie dge Gam Baclisale e B o) ) cJenal
@lladia csilicone gy cduind Lalaal Lle alcohols ¢daad Olge cester Cugy) cAuinae
Ak yolaa celall i )ls30 AL polymers «polyols «alcohols «phospholipids «zau
sale ¢ iun g yuell U Adaylia 5ale 8y puall e il 36 . Sie ¢l ¢(clay minerals)
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(AgSia 53la ¢poli Mg iy ladll A1 Slgay Adaila Mg ADIS Mg 32U 53liian
A5 5ale caall (3335 Jpguat) 3ol Jie (liill Cune 50 4) gl 8 (el ZaliaYy L xl
Jule sl claye camino acid ¢¢pelid LAY 55810 3ale calgiDU 5aliaa ale ¢3Syl
e SLEslgl 2Ol Jaladl Ao jn (b 5y juiall die g ae 455y A8 keratolytic
g5i5 lall g5 oo Yl Ayl ¢cpyall ¢ pinll el ¢ alie Y 58] Bida el g 15y
Jsiall ) f (1) Bl (0 Gall (any cbadpai  JE) Ja o calall Gl
ebaasSee Voo damdy caba Vo (W ahag)Se Ve tie b Gagyal adlls 4te LV ara
HL Gapal el casall faaly shs (Y abagSee Voo 5 Jmigg a0 )
e 00 e MabagSae Vo v iady caaly aha (abag Sae Vo Jles 2ie cially
dieliae Gloja sl syde degn (B ol fana Vo (Y abagsSa Vo v ST Juniyg
s e
LY by AT Y 5LaYL b} draaity Y Ml £ 1589 Ciaag g

S Jalall o) Lyt aheV hadl yilyie HLasyl Ay A8 8 Ja A e

& DA D ABYY e oy ¥ el 1500 Vi AB sy syl (g2l
<Dans dauls JalSll Jall g5y ol 8 aldl asdll Guay of (Sey Als
ddialsal) laall jualic Loayl K3 a0EN LaaVy dbiafy A8 i ud laa dela de gt
Al Aalsdl las jualic Jlae e (588 EDLaaAl 038 (i Al

Al ARy 8 Adul chlaial) s
N,N'-dimethylformamide :DMF
tetrahydrofuran :THF
lithium aluminum hydride :LAH
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride :EDC
1-hydroxybenzotriazol :HOBT
diisopropylethylamine :IPEA
triethylamine :TEA
diphenylphosphorylazide :DPPA
N,N'-carbonyldiimidazole :CDI
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tetrabutylammonium fluoride :TBAF
benzotriazol-1-yloxytris(pyrrolidino)phosphoniumhexafluorophosphate :PYBOP
1,8-diazabicyclo[5.4.0Jundec-7-ene :DBU

diethylamino sulfur trifluoride :DAST

dimethylsulfoxide :DMSO

diisobutyl aluminum hydride :DIBAL-H

Dess-Martin Periodinane :Dess-Martin ailS Jale

1,2-dimethoxyethane :DME

tert-butyldimethylsilyl chloride :TBSCI

4-dimethylaminopyridine :DMAP

2,2'-azobis(isobutyronitrile) :AIBN

1-methyl-2-pyrrolidinone :NMP

lithium diisopropylamide :LDA

tert-Butyldimethylsilyl trifluoromethanesulfonate :TBSOTf
Bis(2-o0x0-3-o0xazolidinyl)phosphinic chloride :BOPCI
Tricyclohexylphosphine[1,3-bis(2,4,6- :Grubbs jl—is oo AL 8 J ol
trimethylphenyl)-4,5-dihydroimidazol-2-ylidene][benzylidene]ruthenium av)

dichloride
N,N,N',N'-tetramethylethylenediamine :TMED

Iodotrimethylsilane :TMSI
m-Chloroperbenzoic acid :mCPBA

Fuji Silysia Chemical dawuls) giias BW-300 alasinls e siles S Julas (g5a
(oAl diphay sy o) L dlels 50lS Ltd.

Sl gased Jie dal ge el e Jila Lahagilag € Jolas :LC-MS
gotie plas 729 M 7Y ¢ bl (udeS padtiay ABSH Cigh Gl aladily Coagtiudl)
Ko\ e (g9%ny acetonitrile s trifluoroacetic acid /£+.) e g5ing ela (e b

.trifluoroacetic acid
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£ cF (Y () AR
(E)-(3S)-(3,4,5-trifluorophenyl)-6-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-yl)
benzylidene]-(9R)-hexahydroindolizin-5-one, (E)-(3R)-(3,4,5-trifluorophenyl)-6-[3-
methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-(9R)-hexahydroindolizin-5-
one, (E)-(3S)-(3,4,5-trifluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-(9S)-hexahydroindolizin-5-one, and (E)-(3R)-(3,4,5-trifluoro
phenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-(9S)-

hexahydroindolizin-5-one

methyl 3-methoxy-4-nitrobenzoate (3.4
3-hydroxy-4-nitrobenzoic (3« bayla ) (s> £1Y) Methyl iodide Jagiilly Caliay
Bba 4 2ie (LAl V) DMF & (aa £0+) potassium carbonate as (aa Y44) acid
methyl jodide <l o3 ¢l Jlska 4820 5)ha day0 die Jeldil) Jolaa Gl L4830
Com 522 430 ylm A e Lilin) Jolil) Jplae iy L Jolill Jglae ) (pa YY)
el il il salall pendy clie ele () Jelil Jylan Glmy Lcile L
sl e (pe an VWA 2Lyl Jlgh Aygie0 s die Aasll ALl 5okl Caias

(CAS #5081-37-8) inuual) 8l ALE haaall wdll oy
methyl 4-amino-3-methoxybenzoate (3145

Cme dslae (A (pn Vo el T o (55%a) palladium-carbon /Y + il
THF 5 (,<ldle T+ +) methanol 8 (= V) methyl 3-methoxy-4-nitrobenzoate
vie Jlage v (e hydrogen baia 2ie Jeliill Jolae caliyy ¢ Hallle Yo v)
S A (o) ayad Uil b iy - cimty ol T 50l g0 £ ) dyiee
EUBY (miia Jaii it a3l Anyall salal) S5 Lcelite mipe DA ey o 250

Vo



yiay

AU wuall oy S0 A LEal 8)eall ap 8l 0 5L ly il Sy e VVE
.(CAS #41608-64-4)
methyl 4-formylamino-3-methoxybenzoate (345

e (bl €4+ Y) formic acid ) (siblle Y1A) Acetic anhydride Jagiilly Ciliay
aliay A8y ¢ sadd Ad i 5)ha dapy aie Jelil Jolaa iy ddjall 3y da )
Te+) THF 8 (a> YV'¢) methyl 4-amino-3-methoxybenzoate ;e Jslas Laguilly
Baaly Aol sadl Jelill Jolae iy Adyall 55ha daps vie Jelidl Jolas Y (alile
Vila) iy i) Aboal 5okl et iy el Jolan o) gebie ole il ¥.A iy
G pa W) 2y il Jigh 43500000 e At dliall salall Cadas (A1 Y) ele s
((CAS #700834-18-0) Asascll pill LG Spaaall adll (oS5 . sinll (S ye
methyl 4-[formyl-(2-oxopropyl)amino]-3-methoxybenzoate (335

methyl ~ 4- G day 13 U (,5llle A£.0) Chloroacetone il il
«(p—= Y€1) cesium carbonate «(0— YV Y) formylamino-3-methoxybenzoate
liyy ddall ha A aie (Ll £9V) DMF o8 (as A.VA) potassium iodide
chloroacetone 5 (a> YVY¥) Cesium carbonate il .cile s &G 304 Jeldl) Jolaae
Ofielu sad Al Hha da sy die @l Mivie (g3 (Jelil) Jolae ) (Lilik £Y)
ethyl liay Aygaall A0kl Jainiy (Joliill Jolas ) ethyl acetate y elo ciliay
ola pn iy Aypaanll il a7 L Agguanll Aiglall Josih (A5l Zaal ) acetate
magnesium sulfate (358 Aa3lll 4ypmall CilSudall Cadan oyl 13a e > Jslagg
Jslaall 3855 ctoluene pe Adladall salall Cadds . yadie ok cand 3655 o5 ALY
dalanal salall ) heptane s tert-Butyl methyl ether aliay . ymdde oz o Caad
tert-butyl 70+ e dslae ae usithy geandilly Zas il boall 50lall ganty cdasll
ax VYA EL’Q}I Jll Jlsda Zanlall Llall 3aLdl o 19edly iéas .heptane s methyl ether
LOlsindl Sy e

'H-NMR(CDCl3)3(ppm): 2.19(s,3H),3.91(s,3H),3.94(s,3H),4.49(s,2H), 7.31(d,J=

8.0Hz,1H),7.63(d,J=2.0Hz, 1H),7.69(dd,J=8.0, 2.0Hz,1H),8.33(s, 1 H).
methyl 3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzoate (5145
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methyl  4-[formyl-(2-oxopropyl)amino]-3-methoxybenzoate (3o Jstne 3w
die aliyy (yallle Yo0) acetic acid A (2> YVY) ammonium acetate 5 (o YYA)
ammonia g Jelill Jelae Jobatty ¢ Jol@ll JLaSl aay saaly debu sad 455000 €
Agguanll Akl Jiadtiy (Jelill Jslase ) Ethyl acetate <abiay =Bl 2yall ae Sl
o Aids o i a5 ALY magnesium sulfate (38 25Ul Ayganll A8al) Cadas
tert-Butyl methyl ether caliay . adde Jaraaa Caas da 3 yall 300 3S534 silica
o Uslae aa Juaity eadi Al A el liall Salal) aandy cdilaniall sl Y heptane s
Jalll Jlgda daslil) A diall 5alall ¢lsells Ca8a .heptane (4 tert-butyl methyl ether /0
@t jelaall LYl Jlall 58 «ella) ALYl . glainll (aS5e e TALE 2 LY
uia) silica Do (sagee lasilag S Jdad Aanlsy ddlanall salall 85 ¢ i hari
‘Ol Sy e pa VY.V 2y (heptane-ethyl acetate alad 14 daill

'H-NMR(CDCl3)3(ppm): 2.30(s,3H),3.94(s,3H),3.96(s,3H),6.98(brs, 1 H),

7.32(d,J=8.4Hz, 1H),7.71-7.73(m,2H),7.79(brs, 1 H).

3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzaldehyde (3:las
Jslse Y (Lalll £0) THF & (ildle YA) pyrrolidine (o Jslae Jadiilly Caliay
0% «toluene (& Jslae £710) sodium bis(2-methoxyethoxy)aluminum hydride (s
Jelall Jslae uliy 438y Yo Pla Jil Jf dy00— vie (illle 14) THF & (Lillle
tert-butoxide (3o (3o affilly ey o Baaly delu sad Ldjall 5)ha da ) 25
ol i Byl Aa aie Jelill Jplaa ) (L3 YO) THE (6 (aa Y. +)
methyl e dstae ) odlef Jelil Jolaa Jagally il L4383 V0 3ad Jelial Jolas
(0Ll 0+) THF & (a= Y+) 3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzoate
(il 530l 3540 Bha Aad e Jelil Jplaa iy A28 e (D L 3l g
el Jolas (bl Y0r) (g)ke © sodium hydroxide Jslae Jadiilly Ciliay o
guzanll Adall Juas Ay geaall A8 Joadtig cJelill Jolaa Y Ethyl acetate —slay
Al adad il e e oale Jglaeg i ammonium  chloride Jslae ps
salall 385 o3 esilica Do (Ao Adda e ALY magnesium  sulfate (3sd Ay gaianll
dlall salall aeniy cethyl acetate as ddliciall alall (285 . jaide Jakiia Ciad Andyall
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e e VY Q) Jlgda sy dasill Adall saldl olgedly Caian el A piall
85y cpadie i ciad jelad) e Blal 5 celld) LYl Loyl (oS e
aldas :dd ol ) silica 2Dla (g35ec aplag S Jdas dda il 4dlanal) ol

-Olsiadl S5 (e aa Y10 2y (heptane-ethyl acetate-2-propanol
'H-NMR(CDCl5)3(ppm): 2.31(s,3H),3.97(s,3H),7.02(brs, 1H),7.44(d,J=8.0Hz,1H),
7.55(dd,J=1.6Hz,8.0Hz,1H),7.58(d,J=1.6Hz,1H),7.84(brs, 1H),10.00(s,1H).

RRIC

(E)-(3S)-(3,4,5-trifluorophenyl)-6-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-(9R)-hexahydroindolizin-5-one, (E)-(3R)-(3,4,5-trifluoropheny!)-6-
[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-(9R)-hexahydroindolizin-
5-one, (E)-(3S5)-(3,4,5-trifluorophenyl)-6-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-(9S)-hexahydroindolizin-5-one, and (E)-(3R)-(3,4,5-
trifluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-(9S)-
hexahydroindolizin-5-one
dslae (A (Laldle +. 1 € ccyclohexane & aba s V.0 Jslae) LDA iliay
Lads (313 (ae Y1) 3-(3,4,5-trifluorophenyl)-9-hexahydroindolizin-5-one (e
2 (The Journal of Organic Chemistry, 2001, vol.66, p.886) (2 Agiagall 45kl
Baaly delu saal ,500VA- 2ie Jeldtl) Jolaa iy ¢35V A= 2ic (»Alle Y) THF
(a>= Y1) 3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzaldehyde (re Jslae Ciliay
- e Jeldl) Jolae Qi 4G 4e0VA- 2 Jelil) Jolaa ) (Ll V) THF =
bslie Jsbaay (9le ¥ Ale hydrochloric acid «iluay a3 aaly delu 5ad) 43510V A
@Abpdl Hha dspy J) delal) Jolae iy Jelall Jolaa Y (V:Y) toluene-THF _ye
(8 a5 ale Jplan ga LaTll Aysoinal) Rbaall i gl Aisall Jumisy
4S)all aldol 3ale (pa ama VY Y (adde Jaria ciat 38559 magnesium  sulfate
pladl 45,41 aldol sobe (pe Jglae ) (Laldle o ¥) Thionyl chloride wiliay .alal)
Aol saal Adpll 5)ha 4y 2ie Jeldlll Jolaa culiy, «(_Allls ¥) DME & (pae 1Y)
toluene-THF (o l-a g1e Jslaag glee ¥ sodium  hydroxide Jslae caliay Baal,
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e ATl gl Al (i Aggianl ARl ity e Jelitlh Jplaa ) (1:)
iliay . yadde Jad i i 3S59 magnesium  sulfate (358 cadad o ¢ ale Jolae
dslse A (ALl +. 0 € cmethanol A b Juks ©.Y Jslae) Sodium methoxide
bl Aay vie Jelill Jylaa Ciliyy o il ¥) THF (o Al 2ilasial 55l ope
Joaitiy cJolill Jolae N ale Jslaag Ethyl acetate —ibiay .5alg Ao lu 3aal 432l
<l 38 5ig magnesium  sulfate (98 AUl dygzell A8k (a9at A5 el A8
3ale) silica aha (g3gee Ayagilag S Julad Aaulyy 2alandl salall 555 . jaddie it
@S ye (3o isomer Japld ~ Y (ethyl acetate :4daill Culs ¢Chromatorex NH :dlala
Daicel 4lauly aicas CHIRALPAK™ AD-H ddauls; isomer Jala Juadiy . )lgiall
Olsidl Sy #U3Y (ethanol :&lyaie sk ¢au YO X an Y) Chemical Industries, Ltd.
Lpas Jadall oliall e ¢(ee Z99< tana VLA) B33 T ol (e s Lypeay Tadall
eliginl pe) g Lipeay il olgiall S50 e 199< sana ¥) B Y B (o) ae
VoA) A8 VY i ey ae Lpeay i aS ey oee £99< tana YY) @l A
| (e Z94< taa
LS () JBe) @3 T Bl (a) ae gy il (lgied) S pa (10 ipaall pifll 585
&
'H-NMR(CDCLs)5(ppm):1.42-1.85(m,3H),2.21-2.36(m,5H),2.45-2.53(m, 1 H),
2.70(tt,J=14.4,3.2Hz,1H),3.11(dt,J=16.0,2.8Hz,1H), 3.85(s,3H),3.88-3.99(m,
1H),5.10(t,J=8.0Hz, 1 H), 6.88(dd,J=8.0,6.0Hz,2H),6.93(s, 1H),7.01(brs, 1H),
7.04(brd,J=8.0Hz, 1H),7.25(d,=8.0Hz, 1H),7.72(d,J=2.4Hz, 1H),7.81(s, 1H).
LS (Y JGe) @ Y o Bl (e) ae ey Jadil) olgiall (S50 (e Bhaaall 4l ()<
o
'H-NMR(CDCl;)3(ppm): 1.65-1.87(m,3H),2.06-2.14(m, 1H),2.30-2.39(m, 5H),2.69-
2.80(m, 1H),3.15(brt,J=16.8Hz, 1H),3.76-3.85(m, 1H), 3.86(s,3H), 5.10(d,J=8.8Hz,
1H),6.79(dd,1=8.4,6.4Hz,2H), 6.95(s, 1H),7.05(brs, 1 H),7.08(brd,}=8.0Hz, 1 H), 7.26
(d,J=8.0Hz, 1H),7.74(brs, 1H),7.85(s, | H).
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LS (V Jbe) (383 3 ¢ il (0) pe Lpasay Jail) (lsiall S50 (g0 Bhaaall sl (455
o
'"H-NMR(CDCls)8(ppm): 1.65-1.87(m,3H),2.06-2.14(m, 1H),2.30-2.39(m, 5H), 2.69-
2.80(m,1H),3.15(brt,J=16.8Hz,1H),3.76-3.85(m, 1H), 3.86(s,3H), 5.10(d,J=8.8Hz,
1H),6.79(dd,J=8.4,6.4Hz,2H), 6.95(s,1H),7.05(brs, 1H),7.08(brd,J=8.0Hz, 1 H),
7.26(d,]=8.0Hz,1H),7.74(brs, 1H),7.85(s, | H).
(8 Jle) 4883 1) liind (o) pe Lpaay Bl Glgiall 1S 50 (e Baaall il (455
Lok LS
"H-NMR(CDCl;)8(ppm): 1.42-1.85(m,3H),2.21-2.36(m,SH), 2.45-2.53(m,
1H),2.70(tt,J=14.4,3 2Hz, 1H), 3.11(dt,J=16.0,2.8Hz, 1 H),3.85(s,3H), 3.88-
3.99(m,1H), 5.10(1,J=8.0Hz, 1H),6.88(dd,J=8.0,6.0Hz,2H),6.93(s, 1 H), 7.01
(brs,1H),7.04(brd,J=8.0Hz, 1H), 7.25(d,J=8.0Hz, |H), 7.72(d,J=2.4Hz,

1H),7.81(s, 1H).
(E)-(3S)-(3,4,5-trifluorophenyl)-6-[3-methoxy-4-(4-methyl- Liad S aiic pute

LAul dayylall Aailsy 1H-imidazol-1-yl)benzylidene]-(9S)-hexahydroindolizin-5-one
ethyl (2R,5S)-5-(3,4,5-trifluorophenyl)pyrrolidine-2-carboxylate (3145
(R)-5-oxopyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2- (o Jslae
Ldiilly by ¢ ,allle Yo+ ) THF 8 (o> £.) ¢CAS No. 128811-48-3) ethyl ester
diethyl o4 aba A +.Y0 )Ju) 3,4,5-trifluorophenylmagnesium bromide
Lo Jeldl) Jeldao ca g cd 883 Yo (Pl 4 il — aic (Ll 00 cether
ethyl acetate y asde (Sle ammonium chloride <iliay .Colelu (uad 5001 4440008 o —
st Ay guiaall Akl Juaiiiy ddpall syha dajy () Jelill Jolae iy . Jsladl )
XSS e ¢ SleY magnesium sulfate (358 —adad ¢ ale Jslae & Aaslill Ay gaall dsylall
silica 2Ol (gasee Al ilag)S Jalas auls Al solall 85 . andde Jase caad
ethyl (R)-2-tert- (= o €.A =Sy (V:V = heptane:ethyl acetate <— heptane)
O Jydaae caliay -butoxycarbonylamino-5-oxo-5-(3,4,5-trifluorophenyl)pentanoate
ethyl  (R)-2-tert- (e Jstae o (Lalle ¥o) (g)lie ¢ hydrochloric  acid
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ethyl (-3 G_’:\_ﬂ\ butoxycarbonylamino-5-0x0-5-(3,4,5-trifluorophenyl)pentanoate
ham caan Jelil) Jelas 38 Ae b V71 0l Jelaadl caliyg o ,alile Yo ) acetate
ddlindl sall ) apdie sodium  bicarbonate 5 Ethyl acetate el liay . yadda
& AW magnesium sulfate (38 230l 43zl Al it LA geanll Akl Juadi
G dstae (A (ama Vo 0) £V palladium-carbon il . adie Jadua Cand HS 5
xie hydrogen sa 3 bl Jsladdl Gl o yildle 0+) ethyl acetate (b Adlasall saldl
salall 3851 ccelite pedipe Da Joliill Jolaa iy cilebs Cowdadd (oo ) biia
(30 Braaall apil (55 L lyiall iSia pa pn V.4 LY (mita laiia caad Aadyal
b LS il
ESI-MS;m/z274[M*+H].
'H-NMR(CDCls)8(ppm): 1.31(t,J=6.8Hz,3H),1.57-1.70(m, 1H),2.04-2.22(m,3H),

3.93(dd,J=8.0,5.2Hz,1H),4.17-4.27(m,3H) 7.13(dd,J=8.8,6.4Hz,2H).
[(2R,58)-5-(3,4,5-trifluorophenyl)pyrrolidin-2-ylJmethanol (3135

ethyl (2R,5S)-5-(3,4,5-trifluorophenyl) (e Jslae ) (p20 £AY) LAH Ly
Pa a0v0- aie (,allle 04) THF 8 (aa Y.9Y) pyrrolidine-2-carboxylate
cilaie a3 e iliay delu 14 3ad i) 0 e Jel@ll Jolae QY Baaly Aol
1.0) elay ¢( ,aldle +.0) (g5lue © sodium  hydroxide Jslae ¢ 3kile +.0) ola
g AR T 5 BBl By A e sl iy eJelidl Jylaa 1 (bl
Yof gl Jadde haiia s dadall sald) S5 ccelite pdipe Pl Joliill Jolae
v LS CSall (e Bhpaall pll (585 L Glgiad) S50 (g0 p
ESI-MS;m/z232[M"+H].
'H-NMR(CDCl)3(ppm): 1.51-1.63(m, 1H),1.66-1.77(m, 1H), 1.89-2.00(m, 1H),2.10-
2.20(m, 1H),3.43(dd,J=10.0,5.6Hz, 1H), 3.47-3.55(m, 1H),3.64(dd,J=10.0,3.6Hz, 1H),
4.23(t,J=8.0Hz,1H),7.02(t,J=8.0Hz,2H).

ethyl (E)-3-[(2R,5S)-1-(3-butenoyl)-5-(3,4,5-trifluorophenyl)pyrrolidin-2-yl]acrylate
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O ds—tae ) (a—= Y.A0) BOPCl (,—ldl V.90) Triethylamine sl
vinylacetic ((‘" Y. V) [(2R,55)-5-(3,4,5-trifluorophenyl)pyrrolidin-2-ylJmethanol
aapll pha da die Jelitll Jolae g o jallle 04) THF & (ke +.1Y) acid
} Sl hydrochloric acid s (V:V) toluene-THF bslia Jolao ciliay .dcbu VY 324
& il Lgpadanll Akl Joad LA paianll AGdall Juaitig (Je il Jolan J) (o)l
S5 o3 ¢ SAleY magnesium sulfate (358 <adas ¢ gHle V sodium hydroxide Jslae

(5Ll ©) methylene chloride (& (a> V.)V) DMSO (1o Jslaw Jadilly il
vie (_yillle Vo) methylene chloride (o8 (a> Y.YV) oxalyl chloride (o Jsise
Jaanlly (aliay .a88s Yo saad Shhall dayn e 2ie Je Wil Jolas aldy (A, 00VA-
de Jeldl Josa Y (il V) dichloromethane (g oDl dalandl salddl e e
Jaanlly by L4883 Ve 3o yhyall Aayn (et die Jeldll Jolae (aliyg ¢dyi°VA-
el A58 VA- 2o Jeldll Jolae Gl o Jeladll ) (bl 1.0) Triethylamine
ammonium  Jslsas (V:V) toluene-THF (e daglin Jolaa il aaly el
Adkall sy ddyal) siha Aapn ) daslal) aley . Jeliil Jplae ) aodia chloride
ela ¢ glue V Jle hydrochloric  acid as 43Ul 435 caall Akl (Juad 3y guiaall
magnesium (358 aéad e Sl o e ale Jslaag cardia sodium bicarbonate
cabhe i (il K5 S o AY sulfate

sodium hydride (re 3lae Y (L3bdle ¥.V) Triethylphosphonoacetic acid «alay
Galiyy (55 jhea vio (illle V) THF 8 (a0 VET ¢ Sra gy 110 o gin)
el ddlandl salall (e Jolae aliay Jsaaly Aol sl 5ihall (i e Jelia) Jslae
oL 30l A8 Blha A i iy sl cJelal) Jplaa LY (LAl ¥+) THF
«Jeldll Jodae ) avdie ammonium chloride Jslawsy Ethyl acetate «iliay .5aaly
& Sy magnesium sulfate (358 Aailill 4 puaall A8udall Cadas Ay guiaall d5dall Juaivy
oAe (gagee Ahagileg S Jolad daulgy Adlanall ala) 85 . jadde davia Canl 3Ky
Olgiadl @S ye e an VLYY z\&Y (V:) = heptane:ethyl acetate <— heptane) silica
b LS 5 e Bl ol (55
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ESI-MS;m/z368[M"+H].
(3S,8aR)-3-(3,4,5-trifluorophenyl)-2,3,6,8a-tetrahydro-1H-indolizin-5-one Bl

ethyl (E)-3-[(2R,58)-1-(3- e Uslae opficlan 5adl JLal CafiSisale) ga (i
S doally (o ).¥Y) butenoyl)-5-(3,4,5-trifluorophenyl)pyrrolidin-2-yl]acrylate
Jelil) Jslae &5y .(ildle 1 +) methylene chloride (8 (aae YOY) Grubbs Jlis (s
(Jelal) Jslaa ) (Ll +.0) triethylamine <aliay a3 A8l 5yhha dapn () 25
salall 859 ¢ yiadie Jak i cand Jeldill Jolaa 385 aaly delu saal Jayldll aliy,
= V) = heptane:ethyl acetate) silica & (s3sae (Al gileg S it Aoy ddlanal
LS Syt (e 8haall anill (585 L lsiall S e ana VAL ZLuY (ethyl acetate <
o
ESI-MS;m/z268[M+H].
'H-NMR(CDCl;)5(ppm): 1.74-1.86(m,2H),2.10-2.18(m, 1H),2.29-2.42(m, 1H), 2.95-
3.00(m,2H)4.22-4.32(m, 1 H),5.01(d,J=9.2Hz, 1H), 5.98-6.05(m, 1H),6.07-
6.32(m, 1H),6.67-6.76(m,2H).
(3S,8aR)-3-(3,4,5-trifluorophenyl)hexahydroindolizin-5-one (343
(38,8aR)-3-(3,4,5- — Js—aa () (e Y+ ) Platinum  oxide sl
methanol o4 (.—>e 1A +) trifluorophenyl)-2,3,6,8a-tetrahydro-1H-indolizin-5-one
3ha a0 dic gsa ) i e hydrogen s> (3 Jelidll Jslae uliyy o il Y1)
Al 30l 38509 ccelite pedine DA Jeliill Jolae ey - chualy el saal 28l
LS Syl (g Bipaall plll (65 . lgiall S ye (0 pae TAE # Y it dakaa il
o
ESI-MS;m/z270[M"+H].
'H-NMR(CDCl;)8(ppm): 1.52-1.88(m,4H),2.00-2.10(m,2H),2.18-2.48(m,4H), 3.54-
3.64(m, 1H),4.99(d,J=9.2,Hz, 1H),6.74(dd,}=8.4, 6.4Hz,2H).
G
(E)-(3S)-(3,4,5-trifluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylidene]~(9S)-hexahydroindolizin-5-one
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(3S,8aR)-3- (3= dstas o (,aldle «.0¢) Todotrimethylsilane Jagiilly sl

N,N,N',N'- 5 (?___é.a '\/\i) (3,4,5-trifluorophenyl)hexahydroindolizin-5-one
aie (yillle Y©) methylene chloride (8 (_ibile V.Y'¢) tetramethyl-ethylenediamine
(aae 27Y) iodine <aloay (A88s ¥ B34l 4350° jium 2o Jolaall allyy Ay Jiua
fe L sad A e jie e Jelil) Jplaa calisy ciugic® jiaa die Jelil) Jylas
sy Jelill Jslas Y ethyl acetate 5 axiie sodium thiosulfate Jslae caliay .3aals
o Kalil) A gpoinnl) Al (Joks sl Al Jonis (10 By e ) Tl
Gl . dde adiia il K5 S ¢ SWY magnesium sulfate (358 <adad ¢ ale Jslas
dclusaal 4350 Yo 2ie (allle ©) triethyl phosphite (o8 48ladall salall (e Jglase
G aiie e iad S5y il Sy o oyl el Jylae ity saaly
3- wilay ¢ yaldle ¥) ethanol 5 (,4ldle Y0) THF (8 A dlisall salall (e Jgdna
lithium 5 (0—== ©£4) methoxy-4-(4-methyl-1H-imidazol-1-yl)benzaldehyde

Baad A pll 3yha A e Jeldill Jelae liyg o(a3e Y'Y 4) hydroxide monohydrate

bl Juaitiy (Jeldill Jodae A ale Jolasg Ethyl acetate sl .d=lu Vo
Giad 385 o5 ALY magnesium sulfate (358 40Ul dygiaall Akl Cadas Ay sl
32La) silica ko (gagac hagileg S Jidad Ay Adlanall salall G5 . yaite dadia
ethyl <— Y:\ = heptane:ethyl acetate :dsdaill cuda ¢Chromatorex NH :ilels
Olsiadl (S ye (e ane VAY Z Y (V:9 = methanol :ethyl acetate <— acetate
g0 oYG
(E)-(3R)-(3,4-difluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)
benzylidene]-(9R)-hexahydroindolizin-5-one and (E)-(3S)-(3,4-difluorophenyl)-6-
[3-methoxy-4-(4-methyl-1H-imidazol- 1-yl)benzylidene]-(9S)-hexahydroindolizin-5-

one

‘o

Y.



Y14y

\RAE

MeO
7N
Jsdae (A (Lalille ¥.7 ccyclohexane (o8 b S V.0 Jslae) LDA il

Lih (3130 (a—as 4+ +) 3-(3,4-difluorophenyl)-9-hexahydroindolizin-5-one (—e

s (The Journal of Organic Chemistry, 2001, vol.66, p.886) 3 48s.asall 43kl
delusad VA= 2 Jeldll Jelas aliyy ¢dy VA= aie (5Ll Yo) THF
3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzaldehyde (e Jstas iloay .5aals
Jelel) Jolaa iy A 50VA- e Jeliil Jolae N (ALl ©) THF & (pae YV £)
Jslaes e ¥ Sl hydrochloric acid by a8 aaly delu 3aal 4354°VA- e

Hha dap A Jeldl) Joas pay cJelél Joas ) (V1Y) toluene-THF (1o Jaglia

Gyd it o3 ale Jylae go Ayl Al (ks Aypuinel) A3l Joaitiy A3,
454l aldol 33l (ye an V.Y Z Y adda Jadia Caad 3S559 magnesium  sulfate
Al 45,4l aldol 3ake (3o Jsdae (A} (L3l +.0Y) Thionyl chloride <l .ol
Sba Aa 0 die Jel@l Jolae aliyy (40 jua die (bl ¥o) DME & (a2 V.1Y)
o bslie Jslaay (olue ¥ sodium hydroxide Jslae calizay .3aaly ol sadl 483
Juad Ay gaal)l Al Jadti (4560 jiia die Jel@l Jolae ) (V1Y) toluene-THF
i 3S55 magnesium sulfate (358 caiad o5 ¢ cale Jolae ae 230N 4y guaall A3kl
«methanol & abya s 0.Y Jslas) Sodium methoxide caliay . yaddie Jaia
slae aliys o yillle ¥ ) THF o8 4asbl ddlanall salall e Jolae Y (ke V.
) (e>le Jslaay Ethyl acetate <iliay .3aaly delu saal A all 3ha 40 2o Jelial)
magnesium (358 40Ul 4 gianll Adual) Caind 4 el Akl Juadtiy ¢ Jelitl Joaa
hasilag S Jolat Ada g A alasall saldl 85 . jadde i sl 3556 sulfate
z WY (ethyl acetate :ddaill e ¢Chromatorex NH ikl 32L) silica oD (g35ee

-Olsiall S )e (e racemate (ye ane €Y'
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Y-



Y14y

AR R

Daicel Aaulys piica CHIRALPAK™ AD-H ilaulyy (p>= €Y) racemate Juais
siadl (S je z Y (ethanol :&lyaie sk ¢au YO X au Y) Chemical Industries, Ltd.
Wpas sl lginll aSseg (e £99 < tana 4.7) il oGl (10) as sy Jadill
.(ee /44 < tane V.T’) Jash el 40 &e
LS (0 Jlie) al el ey as Wypoay Tl lsiall S50 (g0 Biaall aifll 5%
o
'H-NMR(CDCl3)8(ppm): 1.70-1.86(m,3H),2.05-2.12(m, | H),2.29-2.38(m,5H), 2.69-
2.80(m,1H),3.16(dt,J=16.8,2.0Hz,1H),3.76-3.84(m,1H), 3.85(s,3H), 5.16(d,J=
9.2Hz,1H), 6.89-6.99(m,3H), 7.04(d,J=1.2Hz,1H),7.07(dd,J=8.0,1.2Hz,1H),
7.10(dd,J=10.0,8.0Hz,1H),7.25(d,}=8.0Hz,1H),7.75(brs,2H).
LS (1 ) dasha eliinl (10 ae Q)@L.M\ Olsinll G50 (e Bhaaall all (55
b
'"H-NMR(CDCl3)3(ppm): 1.70-1.86(m,3H),2.05-2.12(m, 1 H),2.29-2.38(m,5H), 2.69-
2.80(m,1H),3.16(dt,J=16.8,2.0Hz,1H),3.76-3.84(m, 1H), 3.85(s,3H), 5.16(d,J=
9.2Hz,1H),6.89-6.99(m,3H),7.04(d,J=1.2Hz,1H),7.07(dd,J=8.0,1.2Hz,1H),
7.10(dd,J=10.0,8.0Hz,1H),7.25(d,J=8.0Hz,1H),7.75(brs,2H).
AV VGL
(E)-(6R,9aS)-6-(4-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)
benzylidene]octahydroquinolizin-4-one and (E)-(6S,9aR)-6-(4-fluorophenyl)-3-[3-

methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one
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1-(4-fluorophenyl)hepta-5,6-dienyl-1-amine (3245
(4-fluorobenzyl)-(4- —e Ols—inll (i Sya n aen Y00 e S aas
A ayhall Ligda (aa Y.4V) 6-iodohexa-1,2-diene 5 (o~ Y) fluorobenzylidene)amine
.(Journal of the American Chemical Society, 2003, vol.125, p.11956) (& 4dgasall
b LS ) e Bineal il 3550
"H-NMR(CDCl3)8(ppm): 1.25-1.37(m, 1H),1.39-1.50(m, 1H),1.63-1.75(m,2H), 1.95-
2.04(m,2H),3.88(t,J=6.8Hz,1H),4.63(dt,J=6.8, 2.8Hz,2H), 5.04(quintet,J=6.8Hz,

1H),6.99(t,J=8.8Hz,2H), 7.26(dd,J=8.8,5.6Hz,2H).
(2R*,65%*)-2-(4-fluorophenyl)-6-vinylpiperidine (343

allylpalladium chloride dimer (s Jslse Y (L3lile +.V£) Acetic acid —aliay
Y«+) THF —& (= Y.£Y) 1,1"-bis(diphenylphosphino)ferrocene 5 (-—ase £VY)
I+ cpe Uslae Cilimy (382 Y+ 50 G e S Aayd i Jelitl (Jplae il of lile

‘) (U<l ©4) THF & (= Y.7©) (4-fluorophenyl)hepta-5,6-dienyl-1-amine

o 3yl Jelitl Jlae iy - ciuaty Aol 3ad iV s vie (il 53 (ol Jglae
) @whe V' Sle hydrochloric acid g diethyl ether <l a5 483l lya Ay
a3 «diethyl ether ae Aaslill L8 A8l Juas A 8lall A8kl Juadtiy (Jelinl) Jglas
o) Jar iy Aa Al Agdall ) )lee © sodium  hydroxide Jslae aliay
Al Joaitiy Aglal A8l Y chloroform ciluzy .8l 50 VY (Y s el
b Caad 3855 magnesium  sulfate (358 AUl 4 puaall A8dall (285 A g el
co LS Syl e haaall all (65 L lgial) (5 e pa Yo Z LY aida
ESI-MS;m/z206[M"+H].
"H-NMR(CDCL3)8(ppm): 1.24-1.60(m,3H),1.67-1.77(m,2H),1.88-1.95(m, 1H), 3.24-
3.30(m,1H),3.67(dd,J=11.2,2.8Hz,1H),5.01(brd, J=10.4Hz,1H), 5.17(brd,J=16.8Hz,
1H),5.88(ddd,J=16.8, 10.4,6.4Hz,1H),6.98(t,J=8.8Hz,2H),7.35(dd,J=8.8,5.6Hz,2H).
1-[(2R*,6S*)-2-(4-fluorophenyl)-6-vinylpiperidin-1-yl]-3-buten-1-one (5145
(2R*,65%)-2-(4- (e Jslae N (L3l YY) Diethyl cyanophosphonate «iliay

¢(—allle Y.V 0) vinylacetic  acid «(p—>= 9Y'¢) fluorophenyl)-6-vinylpiperidine

‘o

Yo



YiAay

day vie Jeldll Jslae uliyy o( il Vo) DMF & (Lilik Y.AY) triethylamine
ke ) Al hydrochloric acid 5 Ethyl acetate —abiay . cilebu Cow saad 4dyall s
ola gn Al gyrmal) Al ks Ay yaimall L) Sy «Jil) Jylan )
Jazos caa’d 3S5 o5 magnesium  sulfate (398 —adal car e sodium  bicarbonate
uda) silica Do (s3gwe baglag S Joalad Aaulg Lalaniall salall 85 .y dds
Oyl oS58 (ge pae VEE Z1Y (V:) = heptane:ethyl acetate <— heptane :4.aill
o LS Sl e Sl il 585
'"H-NMR(CDCl;)3(ppm): 1.58-1.65(m,2H),1.75-1.92(m,3H),2.40-2.47(m, 1H), 3.24
(d,J=6.4Hz,2H)4.81(d,J=10.4Hz,2H),5.00(d,J=17.2Hz, 1H),5.14(d,}=15.6Hz, 1H),
5.18(d,J=13.2Hz,1H),5.39-5.50(m, 1H),5.58-5.78(m, 1H),5.97-6.09(m, 1 H), 6.96(t,J=

8.8Hz,2H), 7.26(dd,]=8.8,5.6Hz,2H).
(6R*,9aS*)-6-(4-fluorophenyl)-3,6,7,8,9,9a-hexahydroquinolizin-4-one (343

1-[(2R*,65*)-2-(4 ps Jstae (pficlwsaal Sl Ca fSi5ale) as iy
tricyclohexyl 5 (e vt i) fluorophenyl)-6-vinylpiperidin-1-yl]-3-buten-1-one

phosphine[1,3-bis(2,4,6-trimethylphenyl)-4,5-dihydroimidazol-2-ylidene]
Yo+) methylene chloride 4 (a3= Y1) [benzylidene]ruthenium (IV) dichloride

I 3L 5 . 38 o3 AbAN Sy s ) el Jelill Jolae ey (il
= ethyl acetate:heptane :4i.alll culd) silica Do gagee Alasileg < Jilas ddanly
Qe e Byraall alill (5S5 L lgiall (S50 (40 a3 004 LY (ethyl acetate <— V:¢
(b s

'"H-NMR(CDCl3)3(ppm):1.39-1.53(m, 1H),1.60-1.75(m,2H), 1.84-1.94(m, 1H),1.97-
2.06(m, 1H),2.19-2.30(m, 1H), 2.92-3.10(m,2H),4.26-4.36(m, 1 H), 5.29(t,J=3.6Hz,
1H), 5.67(brd,J=10.0Hz, 1H), 5.83-5.88(m, 1H), 6.96(t,J=7.2Hz,2H), 7.16(dd,J=7.2,
5.6Hz,2H).

(6R*,9a5*)-6-(4-fluorophenyl)octahydroquinolizin-4-one (5%
(6R*,9a8*)-6-(4-fluorophenyl)- (o Jslae ()} (a3 V +) Platinum oxide il
iy (3l ©) methanol 4 (axe ©0+) 3,6,7,8,9,9a-hexahydroquinolizin-4-one

Yo

Yo
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sbae ey lelu EDE 30 Adjall yl)a 4ay) e hydrogen S & Jelill Jsbas
(e a3 00+ Y bt Jaia ind Aatiyall sald) S5 ccelite pudipe Sla Jelidl)

b LS ) 0 el il (355 - hynll S
'H-NMR(CDCl;)5(ppm): 1.30-1.42(m, 1H),1.45-1.53(m,3H), 1.67-1.86(m,2H),1.93-
2.00(m,2H),2.01-2.08(m, 1 H), 2.14-2.25(m, 1H),2.42-2.58(m,2H),3.58-3.66(m, 1 H),
5.37(t,J=3.2Hz, 1H),6.96(t,]=8.8HZ,2H), 7.14(dd,J=8.8,5.6Hz,2H).

s

(E)-(6S*,9aR *)-6-(4-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one
O dsdae (A (OALL .V THF (B s (3 V.0 Jslas) LDA aliay
V) THF & (a—= VYY) (6R*,9a$*)-6-(4-fluorophenyl)octahydroquinolizin-4-one
by o3 Baaly delu 3ad VA die Jelil) Jolae Qlfy L 4u550VA- die (il
0 (m== 111} 3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzaldehyde (yo Js-las
sadd VA= aie Lk} Jolil) Jplas caliy .ol Jolaa Y (L3l ¥) THF
) abie ammonium chloride Jslaas ethyl acetate <sbiayy ¢d383 Yo 53aaly delu
AR Cadad Ay gl Ailall Qg i pa) By Ay ) sl sley L el Jolae
pao Y84 ZlilY ymdde baiaa Caad S5 25 magnesium sulfate (398 Aaslill 4y il
cre Jstae ) (Laldle +.+A) Thionyl chloride wiluzay .alall S 5all aldol Bale (re
Ustae aliys ¢ yildle ©) methylene chloride (o8 (axe Y£4) oA 45,4l aldol 33l
e s ) delil Jylae 3y aaly del sad Aial lya Aoy die Jelil)
iy Jelall Jolas N glue ¥ sodium  hydroxide Jsisas chloroform «sliayy
oo At Apgnel) Ll o Ay peimall Rl Sty (358 Y+ 53] Jo it Jyhoa
aliay . (adde ok S 385 o5 emagnesium  sulfate (358 <adas ¢ ale Jolae
Jdslae ) (Laldle +.V1 cmethanol (& sha S ©.Y Jslas) Sodium methoxide
saal 4yl )ha Aayy 2 Jelall Jolae ol o yillle 0) THF 4 ddlasdl salal (4
Akl Juattiy cJeliill Jolan N ale Jglaag Ethyl acetate —aloay (2883 Y.
Jaiis <aad 3<5 &% magnesium  sulfate (358 420Ul dgpnall Al Cadat Ay gacaall
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rilels 3ale) silica Dl (sasae (Bagilag S Jiad Aauly Adlaiall salall A5 L adia
(Y:© = methanol:ethyl acetate <— ethyl acetate 18l cuda ¢Chromatorex NH

vl WS el (e Binaall aill (45S5 L Glsindl S ye (e a2 VYV 2 LY
ESI-MS;m/z446[M"+H].
'H-NMR(CDCl;)3(ppm): 1.34-1.45(m, 1H),1.49-1.78(m,4H),2.00-2.07(m, 1H), 2.17-
2.28(m,2H),2.34(s,3H),2.66-2.77(m, 1H), 3.06-3.14(m, 1H),3.76-3.84(m, 1 H),
3.86(s,3H),5.52(brs, 1 H), 6.94(brs, 1H),7.00(t,]=8.8Hz,2H),7.03(d,J=1.6Hz, 1H),
7.05(dd,J=9.6,1.6Hz,1H),7.21(dd,]=8.8,5.6Hz,2H), 7.25(d,J=9.6Hz,1H), 7.80(brd,
J=2.4Hz,1H),7.83(brs, 1 H).

RRIC

(E)-(6R,9aS)-6-(4-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)
benzylidene]octahydroquinolizin-4-one and (E)-(6S,9aR)-6-(4-fluorophenyl)-3-[3-

methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylideneJoctahydroquinolizin-4-one
racemate (E)-(65*,9aR*)-6-(4-fluorophenyl)-3-[3-methoxy-4- racemate (uaily

oS_cl g3l (4-methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one
Daicel Chemical ~4buly aioca CHIRALPAK™ AD-H ddauls (p2e VYY)
Ll olssall S ye Y (ethanol :&lyatia jsda tass YO X o ¥) Industries, Ltd.
g U il fyiall iSpa (o0 799 < tana £4) Aafa VY olifiad (pa) gn Lpems
ee 89 < tana 1) A8 Yo clignl ()
(V JUe) 88V cliiud (e ae Wy il Glpindl aSpe e Biaaall 2l (0S5
ESI-MS;m/z446{M"+H].
'H-NMR(CDCl5)3(ppm): 1.34-1.45(m, 1H),1.49-1.78(m,4H),2.00-2.07(m, 1 H), 2.17-
2.28(m,2H),2.34(s,3H),2.66-2.77(m, 1H), 3.06-3.14(m, 1H),3.76-3.84(m, 1H), 3.86(s,
3H),5.52(brs,1H), 6.94(brs,1H),7.00(t,J=8.8Hz,2H),7.03(d,J=1.6Hz,1H), 7.05(dd,J=
9.6,1.6Hz,1H),7.21(dd,J=8.8,5.6Hz,2H), 7.25(d,J=9.6Hz,1H), 7.80(brd,J=2.4Hz,
1H), 7.83(brs, |H).

Yo
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(A JBa) 488 Yo clatial () g Ly Lol Glyiad) s e Biaaall il (5
ESI-MS;m/z446[M'+H].
'H-NMR(CDCl5)8(ppm): 1.34-1.45(m, 1H),1.49-1 .78(m,4H),2.00-2.07(m,1H), 2.17-
2.28(m,2H),2.34(s,3H),2.66-2.77(m,1H), 3.06-3.14(m, 1H),3.76-3.84(m, 1H), 3.86(s,
3H),5.52(brs,1H), 6.94(brs,1H),7.00(t,J=8.8Hz,2H),7.03(d,J=1.6Hz,1H), 7.05(dd,J=
9.6,1.6Hz,1H),7.21(dd,J=8.8,5.6Hz,2H), 7.25(d,J=9.6Hz,1H), 7.80(brd,)=2.4Hz,
1H),7.83(brs, 1 H).

AP SN

(aalis

(E)-(6S,88,9aR)-6-phenyl-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-yI)

benzylidene]octahydroquinolizin-4-one and (E)-(6R,8R,9aS)-6-phenyl-8-hydroxy-3-

[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one

(65*,9aR *)-8-hydroxy-6-phenyloctahydroquinolizin-4-one (515
(45*,9aR*)-4-phenylhexahydroquinolizine-2,6- (s Jsdae 35 jiaa ) 33w
IT.£ «CAS No. 149526-09-0) alall & Cisase Cigyan 1S5e (155 53 dione
Jstse () (a2< YY.A) Sodium borohydride sl (3l ©) methanol & (pe
Joaitiy (Jeldll Jslas Y ethyl acetate 5 ole cilimy 3880 Vo 5ol caliy 3 Jelil
magnesium (358 <adad ¢ cale Jolaa ae sl 4ypuandl dkall Juid (A puiaall G
.alall alcohol Sy w p2e 10.Y Z LY [adda biun iad S5 a5 ¢ Sl sulfate

b LS S5 e Bl ol (55

Yo
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'Y

'H-NMR(CDCl3)8(ppm):1.75-1.80(m,3H),1.80-2.00(m,2H), 2.04-2.18(m,2H),2.45-
2.76(m,3H),3.40-3.42(m,1/4H), 3.89-3.98(m,1H),4.20-4.24(m,3/4H),6.05-6.06(m,
3/4H), 6.26-6.28(m, 1/4H),7.20-7.32(m,3H),7.32-7.37(m,2H).
Sas
(6S*,8S*,9aR *)-8-(tert-butyldimethylsilanyloxy)-6-phenyloctahydro quinolizin-4-
one
(6S*,9aR*)-8-hydroxy-6-phenyloctahydro (= Jslae A96® joa ) 3y n
Bl 5o e il ()il 0) DMF & (a—3« 41.¢) quinolizin-4-one
Jstae o (p—2e £.A) DMAP 5 ¢(p—0 AA.4) TBSCI ¢(a—se A+.Y) Imidazole
sodium bicarbonate ¢le —iliay .l Jlsda 4830 5515 day0 2ie iy (g3 (Je il
i gazandl A8l Just Ay gmall A8kl Jeadiiy cJelill Jolaa I ethyl acetate 5 auie
Lia caad 385 &% ALY magnesium sulfate (358 aiad ¢ pale Jslas as da3Ull
uia) silica o sasac Bagileg S Julas Aauly Adlanall salall 80 . adis
ol 9K L fgandl S ya (e ame VY 2 LY (heptane-ethyl acetate aldai 14l
ro WS Sl (e Bl
'H-NMR(CDCl3)3(ppm): 0.00(s,3H),0.06(s,3H),0.77(s,9H),1.67-1.79(m, 1H), 1.81-
1.88(m,1H),1.92-2.08(m,2H),2.12-2.22(m,2H), 2.52-2.72(m,4H), 4.08-4.15(m,
1H),4.26-4.30(m, 1H), 6.10(dd,]=6.8,2.4Hz, 1H),7.24-7.28(m, 1H),7.32-7.41 (m,4H).
RRIC
(E)-(6S*,8S*,9aR *)-8-(tert-butyldimethylsilanyloxy)-6-phenyl-3-[3-methoxy-4-(4-
methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one
O dslae (A (Ul Sae YAO (THF (3 el (A 1.0 Jslae) LDA il
(6S*,8S*,9aR *)-8-(tert-butyldimethylsilanyloxy)-6-phenyloctahydroquinolizin-4-
rie Jelil Jotas ally A 50 i a2 i (5llle Y) THF 3 (p2e ©¢) one
3-methoxy-4-(4-methyl-1H- (e Jsdas calozay o daalydelutaid d546° ia
Gty Jelill Jodae ) (L3lle V) THF (8 (a3 Y+ ) imidazol-1-yl)benzaldehyde
) ethyl acetate 5 ¢la Ciliay .y 4ol 3aad 4550° jiia 2o Ll Jeliill Jslae

Vo
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Y

magnesium (358 a3l 4y guaall A3kl Caiad 4y aall Aidal) Juadily cJelill Jglas
asilag S Julas dda g ddlanall salall 66 . jadie Jadaz Caad 3555 o5 sulfate
(e aae VoA =LY (heptane-ethyl acetate ol bl ) silica pDha (s3see
3 (20 1+ .A) z8Ul alcohol aSye (e Jsdas Asie® e ) 33y .alcohol Sy
(o—ils Sue €£.Y) Triethylamine <l .(,—dl ¥) methylene chloride
Aoy die iy G (Jeliil) Jolaa ) (Laly S3e Y Y.Y) methanesulfonyl chloride
methanesulfonyl 5 (g Sue V1Y) Triethylamine —sbiay 4885 Y+ 33l Adyall 5yl
el JLaSY Jull iyl caliy 530 ol Jylae ) (bls Sse 31.0) chloride
Akl Cadal Ay guiaall A8l Jiadtiy cJel@ll Jolae ) ethyl acetate s ela il
salall 85 . jaddie Javaia caal S5 2% magnesium  sulfate (353 A5l Ay5.all
heptane- oUai 1daill Cula) silica aa (s3gae Gihagilag S Julad Aoy ddlandll
) (== ¥1.0) Sodium methoxide Ly .mesyl 2Sye &Y (ethyl acetate
inp die Jelill Jolae aliyy o silile Y) THF o8 23Ul mesyl aSye (e Jslaal
“d:,l.éﬂ’ Jslae I ethyl acetate 5 ¢la Cilizay L4880 €+ 5 Cilelu Caw sl Adall 3)la
55 i «oale Jylae g datll Ruypiand) Al it Ayyianl) il Jomiy
Aalsy Adlanall salall &6 L yadde Jakaa uad 1S5 o5 ¢ SleY magnesium sulfate
;A8 Cade ¢Chromatorex NH :dlals 33Ld) silica oD (gasae dhasilag S Jidas
Spe (o pae T 2 LY (ethyl acetate-methanol aUai <— heptane-ethyl acetate aUs:

ol LS Ll (e paadl il (085 il
'H-NMR(CDCl5)8(ppm): 0.00(s,3H),0.06(s,3H),0.77(s,9H),1.72-1.84(m,2H), 1.91-
1.98(m,1H),2.14-2.28(m,2H),2.42(s,3H), 2.53-2.57(m,1H),2.89-3.06(m,2H), 3.97(s,
3H), 4.18-4.25(m, 1H),4.28-4.32(m, 1 H),6.15(dd,J=7.2,3.2Hz, 1H), 7.04(dd,}=1.2Hz,
1H),7.11-7.14(m,2H),7.24-7.28(m, 1H), 7.35-7.39(m,5H), 7.86(d,J=1.2Hz,1H),
7.90(brs, 1H).

s

(E)-(65*,85*,9aR *)-6-phenyl-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylidene]octahydroquinolizin-4-one

Yo
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yYY

() e Uslae (M (AlasSse V92 (THF 8 aba An ) dslae) TBAF Sy
(65*,8S*,9aR *)-8-(tert-butyldimethylsilanyloxy)-6-phenyl-3-[ 3-methoxy-4-(4-
— (—== Y1) methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one
Jslae Galay . Jll Jigds 2d5al 3ylha day aie Jeliill Jolae aliyy ¢ yillle) THF
A sylall Joadti (Jelill Jsdaa ) ethyl  acetate y axde ammonium  chloride
magnesium sulfate (358 Caéa’ ¢ ala Jolae aa 223Ul dyguianl) ASukal) Juskd. Ay guzanll
asilag S Jdas Aalg Laland) salal) 5% . ymdie Tt cuad 3855 a8 ¢ ALY
heptane-ethyl alss s34l yde ¢Chromatorex NH :ilala 3ls) silica o3& (535ec
S L gl (2 ye e ane VYLY Z LY (ethyl acetate-methanol aUai <— acetate
coh LS Syl (e Bipaall adll
'H-NMR(CDCl3)8(ppm): 1.68-1.92(m,3H),2.08-2.16(m,1H),2.21-2.27(m,1H),
2.32(s,3H),2.58-2.65(m,1H),2.80-2.87(m, 1H), 2.91-2.98(m, 1 H),3.87(s,3H),4.04-
4.12(m,1H), 4.24-4.28(m,1H),6.12(dd,J=6.8,2.4Hz,1H),6.95(s,1H), 7.02-
7.05(m,2H),7.23-7.39(m,6H),7.77(s,1H),7.82(s,1H)
(E)-(6S,8S,9aR )-6-phenyl-8-hydroxy-3-[3-methoxy-4-(4-methyl-1 H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one and (E)-(6R,8R,9aS)-6-phenyl-8-
hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yhbenzylidene]octahydroquinolizin-4-one
racemate (E)-(65*,85*,9aR*)-6-phenyl-8-hydroxy-3-[3- racemate (J—adly
methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one
Daicel Chemical idaulss aias CHIRALPAK™ AD-H dhauls (pae 1Y) o3lef milil
Logal) lsaall aS e LY (ethanol :elyaie jsda tau YO X au Y) Industries, Ltd.
e Wy il (lgindl CS5a (e /99 < fana YY) d3a 0.1 plagul o) pe iy
ee £99 < >aaa £.1) A3E VYLV Lladnl ()
(3 JGe) 45 0.Y el (a) e Lpaay Jadill lginll S ye (e Bipaall 4l (685

(b LS
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"H-NMR(CDCl3)8(ppm): 1.68-1 .92(m,3H),2.08-2.16(m,1H),2.21-2.27(m, 1H),
2.32(s,3H),2.58-2.65(m,1H),2.80-2.87(m, 1 H), 2.91-2.98(m, 1 H),3.87(s,3H),4.04- Ve
4.12(m,1H), 4.24-4.28(m, 1H),6.12(dd,J=6.8,2.4Hz,1H),6.95(s, 1 H), 7.02-
7.05(m,2H),7.23-7.39(m,6H),7.77(s,1H),7.82(s,1H)
JUie) 883V Y.Y clifind o) pe Lpeay badill lsiall GiSha a Bpaall a0
WS (Y
'H-NMR(CDCls)8(ppm): 1.68-1 .92(m,3H),2.08-2.16(m,1H),2.21-2.27(m, 1 H), Vo
2.32(s,3H),2.58-2.65(m,1H),2.80-2.87(m, 1H), 2.91-2.98(m, 1H),3.87(s,3H),4.04-
4.12(m,1H), 4.24-4.28(m,1H),6.12(dd,J=6.8,2.4Hz,1H),6.95(s,1H), 7.02-
7.05(m,2H),7.23-7.39(m,6H),7.77(s,1H),7.82(s, 1H)
YY) oYl
Gaalsn
(E)-(6S,SS,9aR)-6-(4-ﬂuorophenyl)—8-hydroxy-3-[3-methoxy-4-(4-methyl-1H—
imidazol-1-yl)benzylidene]octahydroquinolizin-4-one and (E)-(6R,8R,9aS)-6-(4-
fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylidene]octahydroquinolizin-4-one

1-(4-bromobutyryl)-2-(4-fluorophenyl)-2,3-dihydro-1H-pyridin-4-one adas v
4- (3l Y) 4-methoxypyridine (3o (fsiall 1S e (e > L e Jaaas
((llle Y4V (THF 5 e > ) Jsbas) fluorophenylmagnesium bromide
(Tetrahedron (o4 48 yuasall 24l Lada (Haldle v, ¢) 4-bromobutyryl chloride s
vt WS Syl e 350aall Al (65 L Letters, 1986, vol.27, p.4549-4552) Y.

Y4y
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'H-NMR(CDCl3)3(ppm): 2.20-2.32(m,2H),2.79-2.86(m,3H),3.10-3.16(m, 1H), 3.47-
3.55(m,2H),5.47(brd,J=8.0Hz,1H),6.00(brs, 1H), 6.99-7.03(m,2H),7.18-7.21(m,2H),
7.75(brs,1H).

(4S*,9aR*)-4-(4-fluorophenyl)hexahydroquinolizine-2,6-dione (adas
1-(4-bromobutyryl)-2-(4- —s Ols—all v Sye (e an V.00 —le J—ani
V.AVY) tributyltin  hydride «(a—> Y) fluoropheny!)-2,3-dihydro-1H-pyridin-4-one
(The Journal of Organic (3 4isasall 48kl ik (aae YAT) AIBN 5 ¢ s3llke

g WS Syl g yraall aiill ¢S5 .Chemistry, 1993, vol.58, p.4198-4199)
'H-NMR(CDCl3)3(ppm): 1.58-1.82(m,2H),1.85-2.01(m,2H),2.34-2.39(m, 1H), 2.45-
2.56(m,3H),2.80(dd,J=15.6,7.2Hz,1H),2.97-3.01(m,1H), 3.49-3.56(m, 1H), 6.54
(brd,J=7.2Hz,1H), 6.99-7.03(m,2H), 7.21-7.24(m,2H).

(6S*,9aR *)-6-(4-fluorophenyl)-8-hydroxyoctahydroquinolizin-4-one (aadas
(4S*,9aR*)-4-(4-fluorophenylhexahydro Jsdae A9 iwa N oy
Sodium sl .(-illla Y +) methanol 3 (p—== Y4 +) quinolizine-2,6-dione
by L4881 10 5 il saad (it oAl cJelidl Jolas Y (p2e Y £4) borohydride
$ygaimnll Adall Juws Agazanll Adall Juaitig cJoliil) Jslae ) ethyl acetate s sl
hia st 385 a3 ¢ SLeY magnesium sulfate (358 chind ¢ oale Jslae pae aaatll

cob WS Gl e Bhaall il (4585 L pladh alcohol Sy (e pae Ve Z Y (yadda
"TH-NMR(CDCl5)3(ppm): 1.52-2.15(m,7H),2.44-2.69(m,3H),3.30-3.36(m, 1/3H),
3.86-3.94(m, 1H),4.22(brs,2/3H),5.99-6.00(brd,J=6.4Hz,2/3H),6.22-6.23(brd,J=
6.4Hz,1/3H), 7.00-7.04(m,4/3H),7.15-7.18(m,2/3H),7.22-7.27(m,2H).
(6S*,85*,9aR*)-8-(tert-butyldimethylsilanyloxy)-6-(4-fluorophenyl) (Bl
(6S*,8R*,9aR*)-8-(tert-butyldimethylsilanyloxy)-6-(4- 3 octahydroquinolizin-4-one

fluorophenyl)octahydroquinolizin-4-one

(6S*,9aR*)-6-(4-fluorophenyl)-8- (—s Js—tae i gi® o wa Y3y
i e Gl . (ildle 0) DMF (& (a2« ¥+ ¥) hydroxyoctahydroquinolizin-4-one
Jslae V(a0 9.£Y) DMAP 5 ¢(p2a Y41) TBSCI ¢(p2e YY) Imidazole claie

Ve

Yo



¥4y

VYo

sodium bicarbonate ¢le —sbiay . (yficLu 5add A8 all 5)la Aayn v Gl A (Jelall
Lpamall ALY Jauii Aygamal) Akl Juaaitiy (Jelill Jglae Y ethyl acetate 5 aadie
b @iad 385 o5 ¢ SleY magnesium sulfate (358 cadad ¢ oale Jolae ae 43Ul
iy silica s (s3gwe Abagilag S Jodas A gy Adlandl salall 85 .y éds
(6S*,85*,9aR*)-8-(tert- (o p3a YAY ~LaiY (heptanc-ethyl acetate plai :dé.l)
a=aa YY.A 4 butyldimethylsilanyloxy)-6-(4-fluorophenyl)octahydroquinolizin-4-one
(65*,8R*,9aR *)-8-(tert-butyldimethylsilanyloxy)-6-(4-fluorophenyl)octahydro (e
-quinolizin-4-one
(6S*,85*,9aR *)-8-(tert-butyldimethylsilanyloxy)-6-(4- (—e 8)—peall ar 8ll (4 <5
‘_A,v L& fluorophenyl)octahydroquinolizin-4-one
'H-NMR(CDCl3)8(ppm): 0.00(s,3H),0.05(s,3H),0.76(s,9H),1.65-1.75(m,2H), 1.75-
1.85(m,1H),1.85-2.08(m,2H),2.08-2.20(m,2H), 2.41-2.52(m,1H),2.52-2.70(m,2H),
4.01-4.06(m,1H), 4.26-4.27(m,1H),6.04(brd,J=6.4Hz,1H),7.03-7.08(m,2H), 7.27-
7.31(m,2H).
(65*,8R*,9aR*)-8-(tert-butyldimethylsilanyloxy)-6-(4- (— 53—aall ax 8ll 5 <5
. s WS fluorophenyl)octahydroquinolizin-4-one
'H-NMR(CDCl3)8(ppm): 0.04(s,3H),0.07(s,3H),0.88(s,9H),1.57-1.63(m, 1H), 1.70-
1.82(m,4H),1.86-1.99(m,2H),2.43-2.60(m,3H), 3.29-3.35(m,1H),3.80-3.88(m, 1 H),
6.17-6.19(m,1H), 7.01-7.06(m,2H),7.13-7.16(m,2H).
Gl
(E)-(65*,85*,9aR *)-8-(tert-butyldimethylsilanyloxy)-6-(4-fluorophenyl)-3-[3-
methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one
e dsdae (A (D3N V.V (THF (3 aba Suis V.0 Jslae) LDA Giluy
(65*,85*,9aR *)-8-(tert-butyldimethylsilanyloxy)-6-(4-fluorophenyl)octahydro
Jeldll Jelas sy L3,456° jiia 2ie (illle ©) THF & (an= Y4 A) quinolizin-4-one
3-methoxy-4-(4-methyl-1H- (e Jslae by o5 Gaaly delu sad 4,80 fan 2ic
ly delal Jolae (Y (Jildle ¥) THF (g (aae YV4) imidazol-1-yl)benzaldehyde
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YY1

) ethyl acetate 5 ¢la ol .A%83 £+ 3aal 54000 Hhua 2ic Ll Jelall Jelaa
magnesium (358 423Ul 4ygucanll Aall Cadnd LA guiasll ikl Jeadity ¢ Jeldll Jolaa
Sy alall LSyl aldol Bale (e pae £2V Z LY (adde davas G 35 o5 sulfate
methylene chloride (o4 (a3« £ £Y) olal 45,4l aldol 83be (e Jslae 43460 Hha
VY ©) methanesulfonyl chloride 5 (,is,S3 £11) Triethylamine —slaay (il V)
iaaiy el 0 3ad Aa il i ey die Gl g3 (Jolial Jalaa S (il Sse
daahall Juaitiy ¢ Jelill Jslaae Y ethyl acetate 5 axde sodium bicarbonate ¢le aliay
magnesium  (3sd <adad o5 ale Jylaa e daalll iygaanll Akl Juua (4 giianll
Sodium methoxide «aliay .ala mesyl @S Uy (adds Jaraia Cnd S5y sulfate
aliyy (THF 3 alall mesyl @S0 o Jsdae (M (Lbile V) methanol 5 (aase VYY)
Jslae ) ethyl acetate 5 ¢ Le ilizay . (yficbo 3ad Adal) 3l a2 Jeldll Jslaw
i e pale e e Al Aypinal) Al sk Ay poimall Al Jumiy (Je il
Uaudgs ddlanial) 3olall 35 . aitie Jatuia cad S5 & ¢ ALY magnesium sulfate (38
:4.aill (e ¢Chromatorex NH :dlels 3ala) silica s (gasae (A gileg S dilas
(e ana Yo =LY (ethyl acetate-methanol allai <~ heptane-ethyl acetate allas
b LS S5 0 gl ol (S5 -yl S0
'H-NMR(CDCl;)8(ppm): 0.00(s,3H),0.05(s,3H),0.77(s,9H),1.75-1.96(m,3H),
2.12(s,3H),2.12-2.24(m,2H),2.44-2.52(m, 1 H), 2.84-3.02(m,2H),3.97(s,3H),4.11-
4.20(m, 1H), 4.26-4.32(m, 1H),6.08-6.12(m, 1H),7.03-7.18(m,7H), 7.22-
7.40(m,2H),7.87(s,1H).
(E)-(6S*,8S*,9aR *)-6-(4-fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidene]octahydroquinolizin-4-one
) 0 dstae I (Ll V.10 (THE 3 abs i ) dslas) TBAF Gl
(6S*,85*,9aR *)-8-(tert-butyldimethylsilanyloxy)-6-(4-fluorophenyl)-3-[3-methoxy-
(~—== Y'Y +) 4-(4-methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one
il . Jll Jly e 23 i g i Jelil) Jylaa calyy o s34l 0) THF 8
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Al Juaitiy (Jelil Jslsa  ethyl acetate s axie ammonium chloride Jslae
magnesium sulfate (358 <aiad ¢ ale Jolas ae da3ll) 4ygianll Aauall Jaad LA guaall
Shagilag S alas Ada il gy Aalanall salall 85 . jadde Jakas ad 3550 &0 ¢ ALY
heptane-ethyl aUai :28.a5l cude ¢Chromatorex NH :alala 30L) silica a3 (g5
il 55 . Olsiall LS pe (e ane YTV ZUY (ethyl acetate-methanol plas <— acetate
s WS Sl e Bypadll
"H-NMR(CDCl3)3(ppm):1.75-1.96(m,3H),2.07-2.15(m,1H), 2.17-2.27(m, 1H),
2.34(s,3H),2.52-2.56(m, 1H), 2.78-2.84(m,1H),2.88-2.96(m,1H),3.88(s,3H), 4.01-
4.08(m,1H),4.26-4.30(m, 1H),6.04-6.10(m, 1 H), 6.96(s,1H),7.00-7.06(m,4H),7.16-
7.34(m,3H),7.82(s, 1 H), 7.82-7.84(m,1H).
(E)-(6S,8S,9aR)-6-(4-fluorophenyl)-8-hydroxy-3-[ 3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidene]octahydroquinolizin-4-one and (E)-(6R,8R,9aS)-6-(4-
fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylideneJoctahydroquinolizin-4-one
racemate (E)-(6S*,8S*,9aR*)-6-(4-fluorophenyl)-8-hydroxy-3- racemate Jaaily
[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]Joctahydroquinolizin-4-one
Daicel ~ aaulg aivas CHIRALPAK™  AD-H idauly (a2e YTY) o3ef milil)
Olsinll S ya WY (ethanol :&ljaie jsh ¢am YO X au Y) Chemical Industries, Ltd.
Wy Dol il S5ay (e 99 < tpna A1) FlEd 0 cliul (o) pe Lipay Jadil)
ee 799 < tana AQ) 4382 4.V AU a) ps
(V) Jhe) Gl 0 il () ge ey Tl lgiall S pe o Bipaall pill (455
'H-NMR(CDCl5)8(ppm):'H-NMR(CDCl5)8(ppm): 1.75-1.96(m,3H),2.07-2.15(m,
1H),2.17-2.27(m,1H),2.34(s,3H),2.52-2.56(m,1H),2.78-2.84(m,1H), 2.88-2.96(m,
1H), 3.88(s,3H),4.01-4.08(m, 1H), 4.26-4.30(m,1H),6.04-6.10(m,1H),6.96(s,1H),
7.00-7.06(m,4H),7.16-7.34(m,3H),7.82(s,1H), 7.82-7.84(m,1H).
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(VY JGs) dads 4.V clasul (1) e Lpeay Tl lgiall Sy (e Bhaaall 2l 585
'H-NMR(CDCl3)3(ppm): 'H-NMR(CDCl3)8(ppm):1.75-1.96(m,3H),2.07-2.15(m,
1H), 2.17-2.27(m,1H),2.34(s,3H),2.52-2.56(m,1H),2.78-2.84(m,1H),2.88-2.96(m,
1H), 3.88(s,3H),4.01-4.08(m,1H),4.26-4.30(m, 1H),6.04-6.10(m, 1 H), 6.96(s,1H),
7.00-7.06(m,4H),7.16-7.34(m,3H),7.82(s, 1H),7.82-7.84(m, 1 H).

YE Y oYG
(E)-(6S,9a85)-6-(3,4,5-trifluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
ylhbenzylidene]octahydroquinolizin-4-one and (E)-(6R,9aR)-6-(3,4,5-trifluoro
phenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]octahydro

quinolizin-4-one

1-(4-bromobutyryl)-2-(3,4,5-trifluorophenyl)-2,3-dihydro-1H-pyridin-4-one (343
¢(LAllle V.0Y) 4-methoxypyridine (re Clsnll aS e pe pa Voo ¥ o duaas

O+ «THF (o8 o> i +.Y Jslas) 3,4,5-trifluorophenylmagnesium bromide

=2 A y—asall Aiplall Liga (,ilille V.V £) 4-bromobutyryl  chloride s ¢( -l

LS S el (pa Byaaall asll 4955 . (Tetrahedron Letters, 1986, vol.27, p.4549-4552)

!

'"H-NMR(CDCl3)3(ppm): 2.24-2.31(m,2H),2.77-2.88(m,3H),3.06-3.18(m, 1H), 3.51-

3.55(m,2H),5.48(brd,J=8.0Hz,1H),5.98(brs,1H), 6.82-6.90(m,2H),7.72(brs, 1H).
(65*,9aR*)-4-(3,4,5-trifluorophenyl)hexahydroquinolizine-2,6-dione (32133

‘o
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1-(4-bromobutyryl)-2-(3,4,5- (—s fs—iadl G e s a2 YY) (o Jans
tributyltin hydride ‘(H V.Vo) trifluorophenyl)-2,3-dihydro-1H-pyridin-4-one
(The Journal of (b Aigmsall A5kl Ltk (a2 Y+ V) AIBN o(algSae AVY)
LS SHall (e Braeall ﬁﬂ\ (1555 .Organic Chemistry, 1993, vol.58, p.4198-4199)
o
'H-NMR(CDCl3)8(ppm): 1.61-1.69(m,1H),1.72-1.82(m, 1H),1.87-1.97(m,1H), 1.99-
2.07(m,1H),2.23-2.31(m,1H),2.39(ddd,J=14.8,3.2,1.6Hz,1H),2.47-2.57(m,2H),
2.81(ddd,J=15.2,7.2,0.8Hz,1H),2.92(ddd,J=15.2,2.4,1.6Hz,1H),3.52-3.59(m, 1H),

6.45(brd,J=7.2Hz,1H),6.88-6.92(m,2H).
(6S*,9aR*)-8-hydroxy-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one 3

(6S*,9aR*)-4-(3,4,5-trifluorophenyl)hexahydro  (ye Jslae 580 jiea Al 3y
Sodium  «alazy .( <l Y +) methanol 4 (a== YY) quinolizine-2,6-dione
ele Galiay J3aaly Aol 3aa) cally A0 (Jeliill Jolaa ) (ane 1£.1) borohydride
Al 4 guzanl) A8al Jid Ay gazanll ASpdal) Juadii Jelill Jslae ) ethyl acetate
Uadie b il 35 &5 ¢ AlY magnesium sulfate (358 adal oo Jolase aae
el WS Sall e Braaalt afill 04555 Laladl alcohol S ye (e pae YE zwy
'H-NMR(CDCl5)5(ppm): 1.57-1.64(m, 1H),1.70-2.00(m,3H),2.00-2.12(m, 1H),2.20-
2.60(m,SH),3.28-3.35(m, 1/2H),3.81-3.89(m, | H), 4.23-4.26(m, 1/2H), 5.91(brd,J=
6.4Hz,1/2H),6.15(brd,J=4.8Hz,1/2H),6.80-6.94(m,2H).

(6S*,9aR *)-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one (s
(6S*,9aR*)-8-hydroxy-6-(3,4,5-trifluorophenyl) (e Jsiae A5 jia Y 3w
ilay (5Ll 0) methylene chloride (o (p== Y1) octahydroquinolizin-4-one
Jstae Y (ilsSe Y YO) methanesulfonyl chloride 5 (s S €0 +) Triethylamine
ethyl 5 ele iliay .Caiaiy cilela € 3ad Aaall lha dap vie iy (g3 (Jelinl)
o Al Aygianll AGkall Juid JAggaianll ikl Juadis cJeldill Jolaa A acetate
Y Uatde bia il S5 A SV magnesium sulfate (358 <adal ¢ o>k Jslaae
Jslas I (a2= Y+ £) Sodium borohydride <l .alall mesyl aSye (pe pae Yo ¥

Vo
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S Jelal Jslae i ¢ sllle 0) NMP (B (a2 Y T) mdlll alidl mesyl iSye (1
cad Adyall pha sy (A delall Jolae alay cCialy Gfielu baad allyy 45
Asdal Joas Ay gamall Andall Juadniy Jelidll Jodas ) ethyl acetate 5 ¢le aliay
cad 385 a3 ¢ SleY magnesium sulfate (358 caias ¢ oale Jslas pe Al Ay guanll
i) silica S (s3see Gihagilag S Jilad Aaulsy Aalaal) Salall 855 . jadia bas
ol 585 L fpinll S ya (ya ame VA ZLEY (heptane-ethyl acetate aldai :d il
ce LS Sl (e Biadll
'H-NMR(CDCl3)8(ppm): 1.38-2.00(m,6H),2.10-2.22(m, 1H),2.25-2.34(m, 1H), 2.42-
2.62(m,2H),2.74-2.80(m, 1H),3.19-3.30(m,2H), 6.00-6.05(brs, 1H),6.79-6.83(m,2H).
Gdas
(E)-(6S*,9aS*)-6-(3,4,5-trifluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one
tra dlae ) (S See TYY CTHF 6 b (5 -0 Usla) LDA cilia
THF -4 (e Y4) (65*,9aR*)-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one
23 Ganly Aol 50 Ay jia vie Jolill Jylae caliy Agshe® jiaa tie (il Y)
1. £) 3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzaldehyde (e Jsdae il
A4 i Lilin] Jeliih) Jolae il Jelidl ol Y (il V) THF (3 (o
Aggaanl) Akl Joait cJel@ll Jelaa ) ethyl acetate 5 ¢le iliay (2885 Yo 304l
z WY Uaida hia Gad S5 &5 magnesium sulfate (358 423Ul 4yguaall d5,dall Caias
AA) LS)all aldol 33ke (pe Jslae 4350 jia (M 2y LA all aldol 3ake (re aaa AA
(00 0%e iV) Triethylamine —alcay .(,5ldle ¥) methylene  chloride - (p>e
a0 ve ©lby 3 (Jelall Jolae N (Lalg Soe €+.9) methanesulfonyl chloride s
= ZXA Js1ad) Sodium  methoxide il iy Gie b sae] A8l 5y
Ay die Qly 3 (Jelill Jolaa ) (,allle V) ethanol 5 (L3kile Y+ Y ¢methnaol
dndall Juadtiy cJe\@ill Jslaa U ethyl acetate 5 ¢le aliay L4880 €4 Baal Adjall 3))a
magnesium sulfate (358 <aiad ¢ cale Jlae ao 423Ul dguiaall Akl Juid 3y gl
Hasilag S Jalas Adalyy Adlanal) salall (855 . padde Jad i caad S5 % ¢ ALY
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?L IR ;:\fi A | L.\..\.\ A) silica (‘j; - ‘;Jﬁ A

(= bls (e ane VY LY (ethyl acetate-methanol alai <— heptane-ethyl acetate
o Ll I Al e ane VY AN 0lad L lgiall (S &= o3l 4.5,d0 aldol 3ale
sy A e ) Jeldil Jelaa 3y ¢(-ldl ¥) methylene  chloride
o (019880 1Y.¥) methanesulfonyl  chloride (09,8 Y £Y) Triethylamine
iliay AG8 Yoy clelu £ saal A3l 5ylpa dayn 2ie s (Jelall Jolaa
¥ (ke V) ethanol 5 (_illle ¥+ Y cmethanol S AYAJ |sas) Sodium methoxide
ela (il (4883 10 5 el saa Ldjall §ylya da ) 2ie li e Jelill Jolaa
230l Ay puanll 8l Jusih . Agguianll Dihal) Juaiiy Jolilll Jolae ) ethyl acetate 5
spaddae i iad 3S55 W5 ¢ ALY magnesium sulfate (358 Cada’ (ol Jslas as
plhas s aill cude) silica ple (gogae Alagileg S s daulg daliadl salal) (83
500 (0 pae 0 LAY (ethyl acetate-methanol Ui <~ heptane-ethyl acetate
v LS Syl e 33nadll all 0 9S5 L yf guall
'"H-NMR(CDCl;)8(ppm): 1.5 1-1.80(m,5H),1.88-2.06(m,2H),2.26-2.34(m, 1 H),
2.33(s,3H),2.69-2.76(m, 1H),2.86-2.96(m, 1H), 3.40-3.46(m, 1H),3.88(s,3H),6.12-
6.16(brs, 1H), 6.86-6.91(m,2H),6.96(brs, 1H),7.03-7.05(m,2H), 7.26-7.30(m,1H),
7.78-7.84(brs, 1H),7.83(s, 1 H).
Gl
(E)-(6S,9aS)-6-(3,4,5-trifluorophenyl)-3-[3 -methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one and (E)-(6R,9aR)-6-(3,4,5-trifluoro
phenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1 -yl)benzylidene]octahydro
quinolizin-4-one
racemate (E)—(6S*,9aS*)—6-(3,4,5-triﬂuorophenyl)—3-[3- racemate (J—adyy
methoxy-4-(4-methyl-1H-imidazol-1 -yl)benzylidene]octahydroquinolizin-4-one
Aa—uls gias CHIRALPAK™  AD-H daulgs (a—ns 0£) De zsl)
= hexane:ethanol :&l)aie 4k taw YO X au Y) Daicel Chemical Industries, Ltd.
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tane YALT) 4880 TN el (e e Ly ol (lgindl S pe LAY (0r:00 0
ee 790< tana YY) 488 VA cligiul (ha) an Ly il Olgiall S5a (e 744<

(VY JGa) 4883 1T il (e aa Ly il siall oS pe (g0 Braaall aill 63
'H-NMR(CDCl5)5(ppm):1.51-1.80(m,5H),1.88-2.06(m,2H), 2.26-2.34(m,1H), 2.33

(s,3H), 2.69-2.76(m,1H), 2.86-2.96(m,1H),3.40-3.46(m,1H),3.88(s,3H), 6.12-6.16
(brs,1H), 6.86-6.91(m,2H),6.96(brs,1H), 7.03-7.05(m,2H),7.26-7.30(m,1H),7.78- Vo
7.84(brs,1H), 7.83(s,1H).

(VE JUe) 488 V.A 2lidiul ) aa Lpeay Lol lgiall e (g0 Bipaall il ()5S
'H-NMR(CDCl3)3(ppm): 1.51-1.80(m,5H),1.88-2.06(m,2H),2.26-2.34(m, 1 H),
2.33(s,3H),2.69-2.76(m,1H),2.86-2.96(m, 1 H), 3.40-3.46(m,1H),3.88(s,3H),6.12- Yo
6.16(brs, 1H), 6.86-6.91(m,2H),6.96(brs,1H),7.03-7.05(m,2H), 7.26-7.30(m,1H),
7.78-7.84(brs,1H),7.83(s,1H).

Vig 1o oYLl
(E)-(6S,8S,9aR)-6-(3,4,5-trifluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl- Yo
1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one and (E)-(6R,8R,9aS)-6-
(3,4,5-trifluorophenyl)-8-hydroxy-3-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-

yhbenzylidene]octahydroquinolizin-4-one

1-(4-bromobutyryl)-2-(3,4,5-trifluorophenyl)-2,3-dihydro-1H-pyridin-4-one (32145

Y14y
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(Al Y.0Y) 4-methoxypyridine (o Glsiall aSye (e =2 VY o s
©+ «THF (8 aba i +.¥ Jsdas) 3,4,5-trifluorophenylmagnesium  bromide
3 Apagall A kll Uik (,5llle V.V¢) 4-bromobutyryl  chloride 5 o( abile
LS S pall (e 33204l paill (<5 . (Tetrahedron Letters, 1986, vol.27, p.4549-4552)
o
'H-NMR(CDCl)3(ppm): 2.24-2.31(m,2H),2.77-2.88(m,3H),3.06-3.18(m, 1H), 3.51-
3.55(m,2H),5.48(brd, J=8.0Hz, 1H),5.98(brs, 1 H), 6.82-6.90(m,2H),7.72(brs, 1 H).
(6S*,9aR*)-4-(3,4,S-triﬂuorophenyl)hexahydroquino1izine-2,6-dione AL
1-(4-bromobutyryl)-2-(3,4,5- (s Ols—iall r S ya (e aae YYY o Jiass
tributyltin hydride «(a—= Y.V0) trifluorophenyl)-2,3-dihydro-1H-pyridin-4-one
(The Journal of (-8 4&gasall 43))hll Lih (a2 Y4 V) AIBN (o Sue VYY)
LS aSyall 40 Bhaaall a2ll 035 .Organic Chemistry, 1993, vol.58, p.4198-4199)
o
'H-NMR(CDCL;)3(ppm): 1.61-1.69(m, 1H),1.72-1.82(m, 1H), 1.87-1.97(m, 1H), 1.99-
2.07(m,1H),2.23-2.31(m, 1H), 2.39(ddd,J=14.8,3.2,1.6Hz, 1H),2.47-2.57(m,2H),
2.81(ddd,J=15.2,7.2,0.8Hz,1H), 2.92(ddd,J=15.2,2.4,1.6Hz,1H), 3.52-3.59(m, 1 H),
6.45(brd,J=7.2Hz, 1H),6.88-6.92(m,2H).
(6S*,9aR*)—8-hydroxy-6-(3,4,5-triﬂuorophenyl)octahydroquinolizin-4-one Bl
(6S*,9aR*)-4-(3,4,5-trifluorophenylhexahydro 1 Jslas 445ia® jiaaa )
by . (,—llle Y+ ) methanol 3 (-——== YY) quinolizine-2,6-dione
Saly delu ol ully A (Jeldl Jolaa ) (a2 T£.Y) Sodium borohydride
Al ks Ay paanll A8k Jaadis ¢ Je il dslae N ethyl acetate 5 ¢la aliay
Gl 385 o ¢ AleY magnesium sulfate (358 adad ¢l Uslae ae 40l 4 guiaall
Qe (e el andll 4S5 -aLal alcohol S je (ya paa Vi 2Ly adda dazaa
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'H-NMR(CDCl3)3(ppm): 1.57-1.64(m,1H),1.70-2.00(m,3H),2.00-2.12(m,1H), 2.20-
2.60(m,5H),3.28-3.35(m,1/2H),3.81-3.89(m, 1H), 4.23-4.26(m, 1/2H), 5.91(brd,J=
6.4Hz,1/2H), 6.15(brd,J=4.8Hz,1/2H),6.80-6.94(m,2H).
RRIC
(6S*,8S*,9aR *)-8-(tert-butyldimethylsilanyloxy)-6-(3,4,5-fluorophenyl)octahydro
quinolizin-4-one and (6S*,8R*,9aR *)-8-(tert-butyldimethylsilanyloxy)-6-(3,4,5-
fluorophenyl)octahydroquinolizin-4-one
(6S*,9aR *)-8-hydroxy-6-(3,4,5-trifluorophenyl) (ye Jslas dy5i® jia N 3)n
ilaie o e aliay .(jillk ©) DMF é (axs VYY) octahydroquinolizin-4-one
(Jelil Jolas Y (ane 1.9A) DMAP 5 ¢(aae YOA) TBSCI ¢(p2e YY) Imidazole
) ethyl acetate 5 ¢le Ciliay .Chaiy clelu £ 3aal A8l 5)ha 4oy 2ie iy A
onle dslan ge Latlill Ay puimall Zadall Jusd .2y puianl) ikl o eJelisl) Jolan
Adlanal) salall (&5 L it Jarie Gl 385 60 ¢ SleY magnesium sulfate (358 <aiad
At dg il cud ) silica b (ga5—ac Ahasl a9 S Jlaidh g
(6S*,85*,9aR*)-8-(tert- (—= a0 VoV z LY (heptane-ethyl acetate
1 +.0 4 butyldimethylsilanyloxy)-6-(3,4,5-fluorophenyl) octahydroquinolizin-4-one
(6S*,8R*,9aR*)-8-(tert-butyldimethyl silanyloxy)-6-(3,4,5- (——= a—e
.fluorophenyl)octahydroquinolizin-4-one
(6S*,85*,9aR *)-8-(tert-butyldimethylsilanyloxy)-6-(3,4,5- (s 8)peall axill (455
- s WS fluorophenyl)octahydroquinolizin-4-one
'H-NMR(CDCl3)8(ppm): 0.00(s,3H),0.03(s,3H),0.75(s,9H),1.61-1.74(m,2H), 1.74-
1.80(m,1H),1.82-2.02(m,2H),2.07-2.14(m,2H), 2.35-2.40(m, 1H), 2.53(ddd,J=12.4,
8.8,5.6Hz,1H), 2.60-2.67(m,1H),3.90-3.96(m,1H),4.23-4.26(m, 1H), 5.99(brd,J=

7.2Hz,1H), 6.84-6.93(m,2H)
(6S*,8R*,9aR*)-8-(tert-butyldimethylsilanyloxy)-6-(3,4,5- (3= sizeall andll ()55

“Qﬁ LS fluorophenyl)octahydroquinolizin-4-one
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'H-NMR(CDCl3)3(ppm): 0.00(s,3H),0.03(s,3H),0.84(s,9H),1.38-1.47(m,1H), 1.53-
1.60(m,2H),1.67-1.80(m,2H),1.82-1.99(m,2H), 2.33-2.38(m,1H),2.40-2.48(m,1H),
2.48-2.56(m,1H), 3.22-3.29(m,1H),3.68-3.76(m, 1H),6.06(brs,1H), 6.72-6.76(m,
2H).
a3

(E)-(6S*,8S*,9aR *)-8-(tert-butyldimethylsilanyloxy)-6-(3,4,5-trifluorophenyl)-3-[3-
methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one
e Jrlae 1) (52a o YYY CTHF 3 aba iin V.0 Uslas) LDA cilimy

(6S*,8S*,9aR *)-8-(tert-butyldimethylsilanyloxy)-6-(3,4,5-fluorophenyl)octahydro
Jodae aliy A5 686° jiia die (3Ll Y) THF (8 (aae ©9.Y) quinolizin-4-one
3-methoxy-4-(4-methyl-1H- <liay o5 daaly delutaal 4368 a2 Jeldll
el Jpdae ) (Llle V) THF -8 (mse ©9.Y) imidazol-1-yl)benzaldehyde
) ethyl acetate 5 ¢le aliay 43383 ¥ 3aa] 450 jhia dic Lila) Jeldill Jolaa Gl
magnesium (358 dailill 4ygianll Addall Cadad A siaall A8dall Jiadtiy (Jelill Jolas
Dy a2l 4S54l aldol 33le (4e pae VYA Z LAY (fadde dakaa aad 385 A5 sulfate

methylene chloride (o8 (a0 VY1) Alall 4.5 50l aldol 5ale (30 Jlan 4358a° jhoa

©1.Y) methanesulfonyl chloride 5 (_ilg S YA0) Triethylamine sl (bl Y)
B Y pfielu sad A all Sha Aa) vie il ) el Jolae ) (L)s S0
V) ethanol s (a2 VYA ¢methanol & ZYA Jslas) Sodium  methoxide <l
slo il A8 £+ 300 A0 By Aoy vie iy (ol edelial) Jolae ) (Likile
At gl Zaall S < puimal) Zisll) Jomiiy cJe il Jplaa Y ethyl acetate 5
cmide badi caat 3K Q5 ¢ ALY magnesium sulfate (358 ada ¢ ale Jolae aa
ol il i) silica Db s3pae gibagilag S dilad Lauly Aadasdl 5ol s
(o Bl (4o pae 1Y z WY (ethyl acetate-methanol sUas <— heptane-ethyl acetate
o8 2l L lal e e 1) A oLt - il aSe pe LAY 5 aldol 53
Gl A8 jiaa ) Jel@l Jedae 3y wg ¢( 5Ll ¥) methylene  chloride
(L ilg Saa Y V) Triethylamine
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A ve by ol (delinl) Jolae Y (Lals S ©1.¥) methanesulfonyl chloride
2 YA Jslas) Sodium  methoxide <aliay 3881 V0 5 cilelu £ aud 485l 5)fya
o) e el o0 e liil Jsdae () (L3kik V) ethanol 5 (a2 Y YA cmethanol
cdelitll Jolae N ethyl acetate 5 ole Caliay L4883 10 5 (yiie L 5ol 3853l 5)ya
% ind ¢ ale Uplan oo T30l Aypinel) Rl (ks Agymall Ll (s
Adaalgy Adlanal) salall (85 . adde daiiam aad 355 & ¢ S3le¥ magnesium sulfate
heptane-ethyl acetate olLas :4,4.aill Cuda) silica s (s350e rasilag € Jidas
Byaaall aill (15< L lgiall S 5e (0 ana ££.Y Y (ethyl acetate-methanol alkas <-
ro LS Syl (4
'"H-NMR(CDCl3)3(ppm): 0.00(s,3H),0.03(s,3H),0.75(s,9H),1.68-1.78(m,2H), 1.78-
1.87(m,1H),2.08-2.20(m,2H),2.38(s,3H), 2.38-2.41(m, 1H),2.82-2.88(m, 1 H),2.93-
3.00(m,1H), 3.92(s,3H),4.02-4.07(m, 1H),4.25-4.29(m, 1H), 6.05(brd,J=7.2Hz, 1 H),
6.95-7.00(m,3H),7.04-7.09(m,2H), 7.30-7.36(m, 1H),7.80-7.88(m,2H).

Gilss
(E)-(6S*,8S*,9aR*)-6-(3,4,5-triﬂuorophenyl)-8-hydroxy-3—[3-methoxy-4-(4-methyl-
1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one
(B)- e dslan o (SlysSon ) £8 (THF i b Sipn ) Jslas) TBAF il

(6S*,88*,9aR*)—8-(tert-butyldimethylsilanyloxy)-6-(3,4,5-triﬂuorophenyl)—3-[3-
methoxy-4-(4-methyl-1H-imidazol-1 -yl)benzylidene]octahydroquinolizin-4-one
Jgda 2800 53la A0 aie Jelil) Jolaa Qi «(L5ll V) THF 3 (pae £6.Y)
«Jeliill Jslaa ) ethyl acetate &+des ammonium chloride Jslaa caliay . Sl
Gisd Ciint o oale Jylan o AaTlil Lypomall A8l it Aypamall Aaal) s,
Aoy Adlanall soball 80 L jmisie Jakn caad 35 o ¢ LY magnesium sulfate
14l cude ¢Chromatorex NH :dlala 3.L4) silica ada $asee Ahagleg S Jilas
(o pe YO £ 2 L5y (ethyl acetate-methanol alki <— heptane-ethyl acetate aldas
o LS Gl e Baall il (585 oyl S

Vo
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'H-NMR(CDCl3)3(ppm): 1.67-1.84(m,2H),1.84-1.94(m,1H),2.07-2.20(m,2H),
2.41(s,3H),2.41-2.48(m,1H),2.76-2.86(m,1H), 2.86-2.96(m,1H),3.88(s,3H),3.97-
4.05(m,1H), 4.29-4.34(m,1H),5.98-6.04(m, 1 H),6.94-7.06(m,5H), 7.26-7.30(m,1H),
7.78(s,1H),7.81(s,1H). |
3l

(E)-(6S,8S,9aR)-6-(3,4,5-trifluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-
1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one and (E)-(6R,8R,9aS)-6-
(3,4,5-trifluorophenyl)-8-hydroxy-3-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidenejoctahydroquinolizin-4-one
racemate (E)-(65*,85*,9aR*)-6-(3,4,5-trifluorophenyl)-8- racemate (—adis
hydroxy-3-  [3-methoxy-4-(4-methyl-1H-imidazol-1-yl)  benzylidene]octahydro
giwas CHIRALPAK™  AD-H ahaulss (a0 Y0.¢) o3iel zslall quinolizin-4-one
(ethanol télyaie ygh ¢a YO X au Y) Daicel Chemical Industries, Ltd. 4daulss
(e 739< tame VY.¥) A58 £.€ liinl (o) ae Lywa Jaill lpindl (1S e o Luy

ee TAV< aaa YY.Y) 4380 0.Y LG (a) ae Ly Tl (lgiall CiS e
(Yo Jhs) dafa £.¢ cliaul Ge) ae ey Ll Glgiadl S50 (e Baaall 2l (580
'H-NMR(CDCl5)8(ppm): 1.67-1.84(m,2H),1.84-1.94(m, 1H),2.07-2.20(m,2H), 2.41
(s,3H), 2.41-2.48(m,1H),2.76-2.86(m, 1 H), 2.86-2.96(m, 1H),3.88(s,3H),3.97-4.05
(m,1H), 4.29-4.34(m, 1H),5.98-6.04(m,1H),6.94-7.06(m,5H), 7.26-7.30(m,1H), 7.78
(s,1H),7.81(s,1H).
(V1 JBe) Adds 0. ¥ pligul (a) pe Ly Jadill Glyiall iS50 (o Bpaall pll (46K
'H-NMR(CDCl5)8(ppm): 1.67-1.84(m,2H),1.84-1.94(m, 1H),2.07-2.20(m,2H),
2.41(s,3H),2.41-2.48(m,1H),2.76-2.86(m, 1 H), 2.86-2.96(m,1H),3.88(s,3H),3.97-
4.05(m,1H), 4.29-4.34(m,1H),5.98-6.04(m, 1 H),6.94-7.06(m,5H), 7.26-7.30(m,1H),
7.78(s,1H),7.81(s,1H).
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(E)-(6S,8R,9aR)-6-(3,4,5-trifluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-
1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one and (E)-(6R,88S,9aS)-6-
(3.4,5-trifluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylidene]octahydroquinolizin-4-one

“'OH N’;\N
):ﬁ
1-(4-bromobutyryl)-2-(3,4,5-trifluorophenyl)-2,3-dihydro- 1H-pyridin-4-one (343
¢(,3llle V.0Y) 4-methoxypyridine (o (lsiall S50 G pa Voo ¥ Lo Juass
0+ (THF & aba i +.¥ Jslas) 3,4,5-trifluorophenylmagnesium - bromide
(=2 A ymgall Agyyhall Liyla (,bdle V.V £) 4-bromobutyryl  chloride 5 ¢( —3ldle
LS S yall (e 832aall aslll (9SS (Tetrahedron Letters, 1986, vol.27, p.4549-4552)
&

'H-NMR(CDCl3)8(ppm): 2.24-2.31(m,2H),2.77-2.88(m,3H),3.06-3.18(m, 1H), 3.51-

X

3.55(m,2H),5.48(brd,J=8.0Hz,1H),5.98(brs,1H), 6.82-6.90(m,2H),7.72(brs,1H).
(6S*,9aR*)-4-(3,4,5-trifluorophenyl)hexahydroquinolizine-2,6-dione (3435

1-(4-bromobutyryl)-2-(3,4,5- (— Ols—all (2 Spe s a2a YVY (o (] caas
tributyltin hydride ¢«(a— Y. 2) trifluorophenyl)-2,3-dihydro-1H-pyridin-4-one
Ay agll A Gkl L Sia (oo Y V) AIBN 5 o ,—algSae 4VY)
(e Sraall all ¢S5 .(The Journal of Organic Chemistry, 1993, vol.58, p.4198-4199)
cet WS Syl
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'H-NMR(CDCl;)3(ppm): 1.61-1.69(m, 1H),1.72-1.82(m, 1H),1.87-1.97(m, 1H), 1.99-
2.07(m, 1H),2.23-2.31(m, 1H),2.39(ddd,J=14.8,3.2,1.6Hz,1H),2.47-2.57(m,2H), 2.81
(ddd,J=15.2,7.2,0.8Hz,1H),2.92(ddd,J=15.2,2.4,1.6Hz,1H),3.52-3.59(m, 1H), 6.45
(brd,J=7.2Hz,1H),6.88-6.92(m,2H).
(6S*,9aR*)-8-hydroxy-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one (3243
(6S*,9aR*)-4-(3,4,5-trifluorophenyl)hexahydro (e Jslase A5 ha A 2yn
Gl (p—allle YY) methanol 8 (a——= YY) quinolizine-2,6-dione
Baaly delu saal ol éﬂl cJeldl Jodaw (r"-““ 1 i.\) Sodium borohydride
Al st Ay ganl) A8l Jainiy (Jelill Jolae ) ethyl acetate 5 ¢la <aliay
sl S5 o0 ¢ Sl magnesium sulfate (358 —adad ¢ sle Jslaa pe 23Ul 4y puaall
CSHall (e Biaaall axdll 585 . aLad alcohol S ye (e pae TE o LY (adde i

b LS

TH-NMR(CDCl3)3(ppm): 1.57-1.64(m, 1H),1.70-2.00(m,3H),2.00-2.12(m, 1H), 2.20-

2.60(m,5H),3.28-3.35(m, 1/2H),3.81-3.89%(m,1H), 4.23-4.26(m, 1/2H), 5.91(brd,J=
6.4Hz,1/2H), 6.15(brd,J=4.8Hz,1/2H),6.80-6.94(m,2H).

(65*,8S*,9aR *)-8-(tert-butyldimethylsilanyloxy)-6-(3,4,5-fluorophenyl)octahydro
quinolizin-4-one and (6S*,8R*,9aR *)-8-(tert-butyldimethylsilanyloxy)-6-(3,4,5-
fluorophenyl)octahydroquinolizin-4-one
(6S*,9aR*)-8-hydroxy-6-(3,4,5-trifluorophenyl) (ye Jslae 4355 jiia N 3yn
ilaie gai e caliay (il 0) DMF (& (x> YVV) octahydroquinolizin-4-one
Jsse Y (e 1.9A) DMAP ¢(a—s YOA) TBSCL ¢(p—ase YYY) Imidazole
sle dlbiay i aig dlelu f sadddpllphadaparie o lly il (Jell
i) 4 puianll Akl Juid Ay pdaall Akl Jeadtiy (Jeldill Jolae ) ethyl acetate 5
cgadda baia iad 385 o5 ¢ ALY magnesium sulfate (398 —adad ¢ ala Jylaa as
alas si il Cula) silica ke (gages Abagileg S Jilad Aanlss Adlisall salall a5
(6S*,85* 9aR*)-8-(tert- (—= p—ae V+ ¥ #L_33Y (heptane-ethyl acetate

‘o
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1 +.0 g butyldimethylsilanyloxy)-6-(3,4,5-fluorophenyl) octahydroquinolizin-4-one
(6S*,8R*,9aR*)-8-(tert-butyldimethyl silanyloxy)-6-(3,4,5- (p—s a2
.fluorophenyl)octahydroquinolizin-4-one
(6S*,8S*,9aR *)-8-(tert-butyldimethylsilanyloxy)-6-(3,4,5- (3= syaeall aadll (4S5
- WS fluorophenyl)octahydroquinolizin-4-one
"H-NMR(CDCl5)8(ppm): 0.00(s,3H),0.03(s,3H),0.75(s,9H),1.61-1.74(m,2H), 1.74-
1.80(m,1H),1.82-2.02(m,2H),2.07-2.14(m,2H), 2.35-2.40(m, 1H), 2.53(ddd,J=12.4,
8.8,5.6Hz,1H), 2.60-2.67(m,1H),3.90-3.96(m, 1 H),4.23-4.26(m, I H), 5.99(brd,J=
7.2Hz,1H), 6.84-6.93(m,2H)
(6S*,8R*,9aR*)-8-(tert-butyldimethylsilanyloxy)-6-(3,4,5- (= 8)zaall assll ()45
@ LS fluorophenyl)octahydroquinolizin-4-one
'H-NMR(CDCl3)3(ppm): 0.00(s,3H),0.03(s,3H),0.84(s,9H),1.38-1.47(m, 1H), 1.53-
1.60(m,2H),1.67-1.80(m,2H),1.82-1.99(m,2H), 2.33-2.38(m, 1 H),2.40-2.48(m,
1H),2.48-2.56(m,1H), 3.22-3.29(m, 1H),3.68-3.76(m,1H),6.06(brs, 1 H),6.72-6.76
(m,2H).
(E)-(6S*,8R*,9aR *)-8-(tert-butyldimethylsilanyloxy)-6-(3,4,5-trifluorophenyl)-3-[3-
methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one
e Ustae ol (5ily Saa VO (THF 3 e on V-0 dslas) LDA cilimy
(6S*,8R*,9aR *)-8-(tert-butyldimethylsilanyloxy)-6-(3,4,5-fluorophenyl)octahydro
dsdae aliy 4600 8 ia aie (ALl Y) THF 4 (s £V.Y) quinolizin-4-one
3-methoxy-4-(4-methyl- (e Jslae ciliny 5 aaly Ao lu 3aa) 43550 jia e Jelall
Jelal Jolae N (LAl V) THF 4 (a2 Y £.9) 1H-imidazol-1-yl)benzaldehyde
) ethyl acetate 5 ¢lo aliay 488> Yo Baal 43500° Hhia die Lilia] deliill Jslaa Sy
magnesium (358 Aailill 4 guaall dAdudall (Biad A guzall A8kl Juadt (Jelil Jslas
Sy LAl 4S54l aldol 8abe (e ame YV.Y #l0Y (adda bakia il S5 & sulfate
methylene chloride o8 (aae YV.Y) oAl 45,4l aldol 83le (30 Jslae 43500 jhia )

Yo
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methanesulfonyl  chloride 5 (-ils St €A.Y) Triethylamine sl (Ll V)
ilela Gaed ad Ayl 3yha Ay e Qlsy A (el Jslae () (Alg)S0e VY. £)
(3kk V) ethanol 5 (aae ©+ cmethanol b ZYA Jskas) Sodium methoxide «sbuay
ele Gl . Ciiaiy de b sadl Ll ha 4oy 2o liy o3 (Jelil) Jolaa )
danll) 4y gandl ALY (ot LA puianl) Al Juadiiy < Jeldill Jslas ) ethyl acetate
.Uaida hiia caad S5 &5 ¢ ALY magnesium sulfate (358 Caiald ¢ oale Jolae pse
alas il Cula) silica oAb (sagee Aasileg S Julas Aol gy dslaniall salall 80
S e (e anae YV zLY (ethyl acetate-methanol olai <— heptane-ethyl acetate
cot WS CSpall (ge 8hpnall all (685 Ll saall
"H-NMR(CDCl5)3(ppm): 0.06(s,3H),0.09(s,3H),0.89(s,9H),1.54-1.64(m, 1 H), 1.64-
1.74(m, 1H),1.80-1.92(m,2H),2.00-2.10(m, 1H), 2.33(s,3H),2.42-2.50(m, 1H),2.72-
2.80(m, 1H), 2.88-2.98(m,1H),3.41-3.48(m, 1H),3.81-3.90(m, 1 H), 3.88(s,3H),6.20-
6.23(m,1H),6.82-6.90(m,2H), 6.95(brs,1H),7.02-7.06(m,2H),7.26-7.30(m, 1H),
7.81(brs,1H),7.84(s, 1 H).
(E)-(6S*,8R*,9aR *)-6-(3,4,5-trifluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-
methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one
oo dsdae () (Ll See WA THF (8 <ha s ) Jsdss) TBAF ilay
(E)-(65*,8R*,9aR *)-8-(tert-butyldimethylsilanyloxy)-6-(3,4,5-trifluorophenyl)-3-[3-
methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one
Jallt Jhsda Al e dayo aie Jelall Jolae liyg o Al V) THF A (pae YY)
Juaitiy Jolitll Jslaa M ethyl acetate 5 aaie ammonium chloride Jslae il
magnesium (338 —ada3 ¢ oale Jolae ae a3l Ay guaall Aipdall Juid LA gl A3,k
Jetdad Ua il Adlanal) 0l all 85 . a3 Jad ia Gial 3850 05 ¢ ALY sulfate
allas 14daill cuie ¢Chromatorex NH :ddela 3ala) silica oSla (gasee Shagileg S
@S (e ane V1.0 ZUY (ethyl acetate-methanol alas <— heptane-ethyl acetate

st WS S pall (e Biaall all 685 L gl
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"H-NMR(CDCl5)3(ppm): 1.50-1.61(m,1H),1.68-1.90(m,3H),1.98-2.12(m, 1H),
2.34(s,3H),2.56-2.64(m,1H),2.72-2.80(m, 1H), 2.88-3.00(m,1H),3.45-3.51(m, 1H),
3.81-3.96(m,1H), 3.89(s,3H),6.26-6.30(m, 1H),6.88-6.92(m,2H), 6.96(dd,J=1.2,
1.2Hz,1H),7.03-7.06(m,2H),7.28-7.30(m,  H), 7.83-7.85(m,2H).

RRIC
(E)-(6S,8R,9aR)-6-(3,4,5-trifluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-
1H-imidazol-1-yl)benzylidene]joctahydroquinolizin-4-one and (E)-(6R,8S,9aS)-6-
(3,4,5-trifluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one
racemate (E)-(6S*,8R*,9aR*)-6-(3,4,5-triflucrophenyl)-8- racemate J—aii;

hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]octahydro
giaas CHIRALPAK™  AD-H dlaulss (e 1).0) o3ef 3L quinolizin-4-one
(ethanol :&lyaie y3k ¢aus YO X au Y) Daicel Chemical Industries, Ltd. ddauls,
(e Z34< tana £.9) Ai8y £.A clind o) pe Lpeas T Sl fgiall S50 LY

-(ee JALES tane £.8) @ T il (0) ae Ly Jaill lgiall (S ya

(VY JBe) 288y £.A clatul () ae bpeay LSl Glgiall S0 (e Biaaadl ol (65
'H-NMR(CDCl5)8(ppm): 1.50-1.61(m,1H),1.68-1.90(m,3H),1.98-2.12(m, 1H),
2.34(s,3H),2.56-2.64(m,1H),2.72-2.80(m, 1 H), 2.88-3.00(m, 1H),3.45-3.51(m, 1 H),
3.81-3.96(m,1H), 3.89(s,3H),6.26-6.30(m, 1 H),6.88-6.92(m,2H), 6.96(dd,J=1.2,
1.2Hz, 1H),7.03-7.06(m,2H),7.28-7.30(m, 1 H), 7.83-7.85(m,2H).
(VA Jle) ST 2Bl (a) g bpaay alill olpiall aS50 (g0 Biaall all 065
'H-NMR(CDCl3)3(ppm): 1.50-1.61(m,1H),1.68-1.90(m,3H),1.98-2.12(m, 1H),
2.34(s,3H),2.56-2.64(m,1H),2.72-2.80(m, 1 H), 2.88-3.00(m, 1 H),3.45-3.51(m, 1H),
3.81-3.96(m,1H), 3.89(s,3H),6.26-6.30(m, 1H),6.88-6.92(m,2H), 6.96(dd,J=1.2,
1.2Hz,1H),7.03-7.06(m,2H),7.28-7.30(m, 1H), 7.83-7.85(m,2H).
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(E)-(6S,9a8S)-6-(4-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one and (E)-(6R,9aR)-6-(4-fluorophenyl)-3- Ve
[3-methoxy-4-(4-methyl-1H-imidazol- 1-yl)benzylidene]octahydroquinolizin-4-one

1-(4-bromobutyryl)-2-(4-fluoropheny!)-2,3-dihydro-1H-pyridin-4-one (335
¢(o-ldle Y) 4-methoxypyridine (s ¢l C1Sye 5o an 1T e Jans
¢(oillle YoV (THF 4 el Sa V Jslae) 4-fluorophenylmagnesium bromide
(Tetrahedron (o8 4dgagall 43y,hall Layha (y3llle Y. £) 4-bromobutyryl chloride

cob WS S Hyall (e Bhaall asill (5K L Letters, 1986, vol.27, p.4549-4552)
'H-NMR(CDCL)8(ppm): 2.20-2.32(m,2H),2.79-2.86(m,3H),3.10-3.16(m, 1H), 3.47-
3.55(m,2H),5.47(brd,J=8.0Hz, 1H),6.00(brs, 1H), 6.99-7.03(m,2H),7.18-7.21(m,2H),

7.75(brs,1H). Y.
(45*,9aR *)-4-(4-fluorophenyl)hexahydroquinolizine-2,6-dione (3155

1-(4-bromobutyryl)-2-(4- (e lo—inall @S0 e aa V.0 o Jaas
V.AV) tributyltin  hydride <(a—> Y) fluorophenyl)-2,3-dihydro-1H-pyridin-4-one  Y°
(The Journal of Organic & 4dsasall 4dhll Wik (ane YAT) AIBN I EHinin

s WS Sl e el aiill K5 .Chemistry, 1993, vol.58, p.4198-4199)
'H-NMR(CDCl;)3(ppm): 1.58-1.82(m,2H),1.85-2.01(m,2H),2.34-2.39(m, 1 H), 2.45-
2.56(m,3H),2.80(dd,J=15.6,7.2Hz,1H),2.97-3.01(m, 1H), 3.49-3.56(m, 1H), 6.54
(brd,J=7.2Hz,1H),6.99-7.03(m,2H), 7.21-7.24(m,2H).
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(6S*,9aR*)-6-(4-fluorophenyl)-8-hydroxyoctahydroquinolizin-4-one (313
(4S* 9aR*)-4-(4-fluorophenylhexahydro (e Jsdas Ag5i® jia ) 3)u
Sodium  «iluzay (bl Y+) methanol & (~—== Y4 +) quinolizine-2,6-dione
il (A3 10 5 il s iy A (Jelil Jelas ) (a0 Y €4) borohydride
gl A8kl Juds Azl Al Juainy cJol@ll Jolaa ) ethyl acetate 5 ole
b cal 385 a5 ¢ SleY magnesium sulfate (35 caiad ¢ ale Jslae ae 4250
cobt LS Syl e Bhaaall aull (685 . a8l alcohol Sye (10 pae Ve Y adia
'H-NMR(CDCl3)8(ppm): 1.52-2.15(m, 7H),2.44-2.69(m,3H),3.30-3.36(m, 1/3H),
3.86-3.94(m,1H),4.22(brs,2/3H),5.99-6.00(brd,J=6.4Hz,2/3H),6.22-6.23(brd,J=
6.4Hz,1/3H),7.00-7.04(m,4/3H), 7.15-7.18(m,2/3H),7.22-7.27(m,2H).
(6S*,9aS*)-6-(4-fluorophenyl)octahydroquinolizin-4-one (3435
(6S*,9aR*)-6-(4-fluorophenyl)-8- (s Js—tne i 5i® g ) 33w
.(Uildle ¥ +) methylene chloride (8 (a3« Y +) hydroxyoctahydro quinolizin-4-one
) ()58 1Y) methanesulfonyl chloride 5 (_ildle Y.£Y) Triethylamine sl
oL Gl el 53 bl 5y a Ay e iy 500 el Jyla
Wl Ay pcanll ASdall Jusd A guiaall Adall Juadiiy o Jeliill Jslae ) ethyl acetate s
Uadde Jarin il 385 65 ¢ SLeY magnesium sulfate (358 <adad ¢ oale Jslas as
) (p>= ©¢V) Sodium borohydride —slay .3l mesyl aSye (pa an V. VY Zlasy
Jslae iy ¢ Lallle Vo) NMP & (aa V) Y) 2l alall mesyl wSye e Jslae
3ha dan N delidll Jolae dlay A58 Yo 5 (pfiels Badd Qlyg 5500Y 0+ ) Je il
Juss Ay guaell A8l Jeaifiy cJeldll Jolaa ) ethyl acetate s ele caliay ¢ .44l
55 a3 ¢ Y magnesium sulfate (358 aiad ¢ oale Jslae xa A25Ul 4ynall 45,1
silica oDl (s3gae (Ahagileg S Jolad Aaulsy Adlanall salall (555 . yadie Jakaa Ciad
(S5 Oyl S ye (po ana 00 v 2 USY (heptane-ethyl acetate aUas :diaill cula)
b LS Gl (e Bpaadd il
'H-NMR(CDCl3)8(ppm): 1.40-1.80(m,6H),1.80-2.00(m,3H),2.32-2.41(m, 1 H), 2.41-
2.60(m,2H),3.27-3.33(m,1H),6.08-6.10(m,1H), 6.98-7.05(m,2H),7.15-7.18(m,2H).
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(E)-(6S*,9aS*)-6-(4-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
ylh)benzylideneJoctahydroquinolizin-4-one
e Jslaa (Y (L5l 1.0 (THF 3 oaba ia V.0 Jslas) LDA Giluzy
V+) THF o4 (a=e O+ +) (65*,9a8*)-6-(4-flucrophenyl)octahydroquinolizin-4-one
il o3 aaly delu Baal 4ysie jin Yo Jelil Jolae iy L4y 5e° Hiia e (il
5 (p=>= £YV) 3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzaldehyde (e Jsdas
3aal e Hia e Lila) Jeldill Jolaw uliy . Jelil) Jolaw ) (L3l V) THF
Aggazanll A8dal Jiadtig Jel@ll Jglae ) ethyl acetate 5 ele sluzay Baaly Aol
WY adde e <ad S5 S magnesium sulfate (358 A3l 4y uzaall dauall Cadas
4S54l aldol Bale (pe Jslae d5ic jhua () 3yu - aladl 454l aldol 3l (yo pae 1T
V.14) Triethylamine <Ly .(3llle ©) methylene chloride (o4 (aae 17 +) alal)
wie iy Al (Jelal) Jolae ) (silg S YY'+) methanesulfonyl chloride s (_fldle
YA Jstas) Sodium methoxide il .A883 ¥+ 5 clelu OB 3o 203l 5y da
dap e @l A (Jelil) Jolaa ) (Jiddle V) ethanol y (a V.1 € cmethanol (G
«Jeldll Jolaa Y ethyl acetate 5 Lo iliay 4383 0+ 5 5aaly Aol sadl Adyall 5y
38 i3 «gale Uslae ge Appamal bl i Aplil) dgpnall Al (Lo
oy Aslanadl salall (855 . jadde ek i 355 0% ¢ SleY magnesium  sulfate
<— heptane-ethyl acetate sl :diaill cuia) silica 2o (sasae Ahagilag S Jilas
Cro Byaall wdll 055 L giall a8 ya (e aae £€0 Z G (ethyl acetate-methanol pUas
cob WS Sl
'H-NMR(CDCl3)5(ppm): 1.54-2.07(m,7H),2.31(s,3H),2.40-2.43(m, 1 H), 2.66-
2.76(m, 1H),2.86-2.94(m, 1H),3.42-3.50(m, 1H), 3.88(s,3H),6.19-6.20(m, 1H),
6.94(s,1H),7.00-7.08(m,4H),7.21-7.30(m,3H),7.75(s, 1H),7.84(s, | H).
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(E)-(6S,9aS)-6-(4-fluorophenyl)-3-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-yl)
benzylidene]octahydroquinolizin-4-one and (E)-(6R,9aR)-6-(4-fluorophenyl)-3-[3-
methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one
racemate  (E)-(6S*,9aS*)-6-(4-fluorophenyl)-3-[3-methoxy-4- racemate Jadiy
=i 75—l (4-methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one
Daicel Chemical —4auls; aias CHIRALPAK™  AD-H ddaulss (ans ££0)
zWY (0 +:0+ = hexane:ethanol :¢lyaia j9la ¢aus YO X o Y) Industries, Ltd.
Sy (ee £99< tana YVA) A58 .Y it (a) as Lyuay il (lgindl 1S5
(e ZAV< tana 1¥A) 4883 V1LY cligind (a) ae Ly Tail (o ginll
(VY JBe) 428 .Y elafiul (o) ga Lpeay il ojfgiall S ya (0 Bhanall addll 0585
'H-NMR(CDCl5)(ppm): 1.50-1.61(m,1H),1.68-1.90(m,3H),1.98-2.12(m, 1H),
2.34(s,3H),2.56-2.64(m,1H),2.72-2.80(m, 1 H), 2.88-3.00(m,1H),3.45-3.51(m, 1H),
3.81-3.96(m,1H), 3.89(s,3H),6.26-6.30(m,1H),6.88-6.92(m,2H), 6.96(dd,J=1.2,
1.2Hz,1H),7.03-7.06(m,2H),7.28-7.30(m, 1H), 7.83-7.85(m,2H).
JUie) 488 V1Y el (a) ae Lpaay Jaidill Olsdall iS50 (e Binaall il 9
e WS (Y
'H-NMR(CDCl5)3(ppm): 1.50-1.61(m,1H),1.68-1.90(m,3H),1.98-2.12(m, 1 H),
2.34(s,3H),2.56-2.64(m,1H),2.72-2.80(m, 1 H), 2.88-3.00(m,1H),3.45-3.51(m,1H),
3.81-3.96(m,1H), 3.89(s,3H),6.26-6.30(m,1H),6.88-6.92(m,2H), 6.96(dd,J=1.2,
1.2Hz,1H),7.03-7.06(m,2H),7.28-7.30(m, 1H), 7.83-7.85(m,2H).

YY YY) Y
(E)-(5S)-(4-fluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)
benzylidene]-(8aS)-hexahydroindolizin-3-one and (E)-(5R)-(4-fluorophenyl)-2-[3-
methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-(8aR)-hexahydroindolizin-3-

one
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1-(3-bromopropionyl)-2-(4-fluorophenyl)-2,3-dihydro- 1 H-pyridin-4-one (5143
«(,<lll © ) tetrahydrofuran o~ (a—> Y) 4-methoxypyridine (- Jstae )
Gl Ve P34 alYe— WA alte— o ae gl Gl iy
ttetrahydrofuran 8 b ~uy V Jslse) 4-fluorophenylmagnesium  bromide
LY o= ) Ayt = 2o Ll Gl Jsdadl 1ia ) (5l YV.O
el 439e°Y ¢ — 2o Jelill Jylae caliyg o ilills Y.VV) 3-bromopropionyl chloride
saal lalall caliyg ¢7) « hydrochloric acid Jsiae (o8 Jelilll Jolae Cray 4882 Y
adal ¢ ale Jslaa ae dealiiiuall 33l Juas .ethyl acetate g (aldiug S A48 Y.
daulg dala%al) 3alall (35 . yaddie Jatia ciad S5 a0 ¢ AleY magnesium sulfate (358

(e > Y. zWY (heptane-ethyl acetate oUal) silica 2o (gagas b gileg S Jalas
cot LS CSHall (e Biaaall adll (sS5 L lsiall (S5

ESI-MS;m/z327[M"+H]."H-NMR(CDCl3)3(ppm): 2.86(d,J=16.4Hz,2H),3.00-

3.30(m,2H),3.67(t,J=6.8Hz,2H), 3.84(t,J=6.4Hz, 1H),5.49(d,J=8.0Hz, 1H),6.90-

7.10(m,3H), 7.10-7.30(m,2H).
5-(4-fluorophenyl)hexahydroindolizine-3,7-dione (3das

2,2-azobis 5 (bl Y.AA) tributyltin  hydride (= Jstae Jadally Caliay
1-(3- = dsase () (L3l YO) benzene & (~— ©1) (isobutyronitrile)
—2 (= Y.4) bromopropionyl)-2-(4-fluorophenyl)-2,3-dihydro-1H-pyridin-4-one
o e Jelill Jolae iy clela oyl 5add 4409+ 2t (Laldle T4 ) benzene
2 cele b Gy 2030 5 Aapd o) el Jglas dlay e lu S 302 5 yal

Yo
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(s aind ¢ oale Jolae ae aliiiall salall Juis cethyl acetate pe (adlaiu¥l
ialgy Aalanall salll (85 . yadde dawia Gaad 3855 0 ¢ SlaY magnesium  sulfate
ane Vo v zlY (heptane-ethyl acetate oUii) silica pDla (gagae Gihasileg S Jolas
v LS Sl e Bipaal all (585 L Olsindl S e (s
ESI-MS:m/z248[M"+H].' H-NMR(CDCL3)8(ppm): 1.68-1.80(m, 1H),2.24-2.40(m,
2H),2.42-2.66(m,3H), 2.78-2.86(m,1H),2.95(td,J=2.0,14.8Hz,1H),3.70-3.80(m, 1 H),

5.83(d,J=7.6Hz,1H),6.98-7.05(m,2H),7.22-7.30(m,2H).
5-(4-fluorophenyl)-7-hydroxyhexahydroindolizin-3-one (343

5-(4-fluorophenylhexa (3o Jslss (A (220 YV'+) Sodium borohydride sl
da0 die (il VO) ethanol (8 (p2e O ) kel z54l hydroindolizine-3,7-dione
e ele (W Je il Jolas iliay 3anly delu 5ol Jeliill Jolaa GQliyg caball 3a
(3sd adad ‘@L Jelaa & aldtiuall saladl Juis .ethyl acetate & U AR A
.Q.JS‘)A (e axe 00 s LY adde Jaiia ciad 1S5 o0 ¢ ALY magnesium  sulfate
vt WS Syall (ge Bipaall adll 6S5 . ol siall
ESI-MS;m/z250[M"+H].' H-NMR(CDCl;)(ppm): 1.20-2.60(m,9H),3.60-3.90(m,
1H), 4.10-4.30(m, 1H), 5.35-5.55(m, 1H),6.90-7.10(m,2H),7.10-7.35(m,2H).
5-(4-fluorophenyl)hexahydroindolizin-3-one (3145
5-(4-fluoro e Jsdae (A (Lablle +.07Y) Methanesulfonyl chloride by
triethylamine 5 (a0 0+ +) el z5Lll phenyl)-7-hydroxyhexahydroindolizin-3-one
de il Jolaa Ciliyg cdygie jia e (_jildle 4+) dichloromethane & (_ilile Y.£Y)
e DTG a3 cglie ele ) delal Jylae Ciliay L2883 Yo 5ad 4y de jiua die
magnesium sulfate (398 —aiad ¢ ale Jolas o Laliiuall salall Juuis .ethyl acetate
GSye iy cmesylate Sye e pae A Z LY Gadie dakia aad S5 &5 ¢ SN
al) Glcayg ¢ -3blle V) £) 1-methyl-2-pyrrolidinone (3 (a—== A+ +) mesylate
haiy delu 3l A5 Y o v die Jeld@l Jylae iy (o ¥) sodium borohydride
ethyl ae paXA5uYL o5 cele (B rayy 400 Bil)a dan ) Jelill Jolaa dlay
magnesium  sulfate (358 <adad ¢ ol Jolae ae dalitiuall salall Juas .acetate

Vo
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hasileg S Julas Ao udgy Adanal saldll 85 . jdde dadas cuad (S5 o2 ¢ ALY
S50 e pa YV =LY (heptane-ethyl acetate olL) silica oDl de (35ac
el LS 5l o Bpsaall il (3585 . cfginl
ESI-MS;m/z234[M"+H].'H-NMR(CDCl5)8(ppm): 1.20-1.32(m, 1H), 1.48(tq,J=3.2,
13.6Hz,1H),1.56-1.90(m,4H), 2.20-2.34(m,2H),2.40-2.54(m,2H),3.52-3 .64(m,1H),

5.41(d,J=5.2Hz,1H),6.96-7.06(m,2H),7.12-7.22(m,2H).
diethyl [5-(4-fluorophenyl)-3-oxooctahydroindolizin-2-yl]phosphonate (3ala3

5-(4- e Js—tae () (,—lll +.YYA) [odotrimethylsilane —al_.=ay
N,N,N,N™ 5 (ae VV+) el gLl fluorophenyl)hexa  hydroindolizin-3-one
e (Lillle Y.0) dichloromethane (4 (il +.0¢ ¢) tetramethylethylenedi amine
YY) Todine <iliay 4883 Yo 30l 4y jia 2 Jol@ll Jslae aliy, A fua
€4 2l Byhall i die Jelill Jolas Caliys (A ja i Jeliill Jolae o (pe
& oadAiuYh b oxfis sodium  thiosulfate Jslae ) Jelil) Jslas Caliay (46480
t=>le slaay (9)le Y hydrochloric acid pe daliiuall saldl Juss .ethyl acetate
YV+) gl jodine aSye (pe Jslas cpficla saad 65V Yo die il Liodine S 3o
ARl Sha da (A delil) Jylae slay .(ildle 0.0) triethyl phosphite & (pae
e (g3gae (Alagilayg)S Jdas Aalss Adlanal salall L0 . it dainn cind 3Ky,
Saaal) alll 0685 . Glsiall G50 (10 pae Yo Z LY (heptane-ethyl acetate alad) silica

ro WS Syl g
ESI-MS;m/z370[M+H].

Sidas

(E)-(5 S)-(4-ﬂuorophenyl)—2-[3-methoxy-4-(4-methyl—lH-imidazol-1-yl)
benzylidene]-(8aS)-hexahydroindolizin-3-one and (E)-(5R)-(4-fluorophenyl)-2-[3-
methoxy-4-(4-methyl-1H-imidazol-1 -yl)benzylidene]-(8aR)-hexahydroindolizin-3-

one
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3-methoxy-4-(4- (e haslie Jylas (W (a0 Y1.V) Lithium hydroxide il
diethyl [5-(4-fluorophenyl)-3- o (r"A‘ A ~) methyl-1H-imidazol-1-yl)benzaldehyde
tetrahydrofuran (o8 (asse Y+ +) e 73Ul oxooctahydroindolizin-2-ylphosphonate
VY sad Ayl pha day0 die Jelitll Jolaa Galiyy o ,aldle £) ethanol (Uakdle V)
& oaaiuVh o5 exfie sodium  bicarbonate ¢le A Jelil Jolan il Jde b
magnesium sulfate (358 <adad ¢ ale Jslae ae Lalidiall 3ala)) Juas .ethyl acetate
hasileg S Jodas dafgy Adlanall salll 85 . j:adde Jad e Caad 3K o ¢ AlaY
Sy (e racemate (3o pae Yo U3y (heptane-ethyl acetate alk) silica ada (gagec
gsnae CHIRALPAK™  AD-H ddaulss (pae Y1) 25Ul racemate Joaiy . o)) goinl
ov :édyaia jpdatau YO X 4w Y) Daicel Chemical Industries, Ltd. il
foma V.Y) A58 YV cliiind () pa Lpay Tadill lgiall (S5 z @Y (ethanol-hexane
d(ee AT fana V.Y) 4883 VY clifal (a) aa Lpeay Tadil fgindl (S pay (ee Z44<
(V) J5e) 5 YV il ) g Loy ol il 50 (0 B ol (155
b LS
ESI-MS;m/z432[M"+H].'"H-NMR(CDCl3)5(ppm): 1.33(dq,J=3.6,12.4Hz, 1H),1.55-
1.70(m,1H),1.70-2.00(m,3H), 2.32(s,3H), 2.41(brd,J=12.8Hz, 1H), 2.80(td,I=3.2,
18Hz,1H), 3.30(ddd,J=2.8,8.0,l8HZ,1H),3.60-3.75(m,1H),3.90(S,3H), 5.63(d,J=
5.6Hz, 1H), 6.95(s, 1H),7.04(t,J=8.8Hz,2H), 7.14(s, 1H), 7.17(d,J=8.0Hz, 1 H),7.20-
7.32(m,3H), 7.45(t,J=2.8Hz,1H),7.77(s,1H).
(YY i) 328 YT ¢ il (15 g Loy il hsiell 50 (0 Bppmal il (3555
b s
ESI-MS;m/z432[M"+H]."H-NMR(CDCls)8(ppm): 1.33(dq,J=3.6,12.4Hz, 1H).1.55-
1.70(m, 1H),1.70-2.00(m,3H), 2.32(s,3H), 2.41(brd,J=12.8Hz,1H), 2.80(td,J=3.2,
18Hz,1H), 3.30(ddd,J=2.8,8.0,18Hz,1H),3.60-3.75(m, 1 H), 3.90(s,3H), 5.63(d,J=
5.6Hz,1H),6.95(s,1H),7.04(t,J=8.8Hz,2H),7.14(s, 1 H),7.17(d,J=8.0Hz,1H),7.20-7.32

(m,3H), 7.45(t,J=2.8Hz,1H),7.77(s, 1 H).
Y1,6Y0 ¢YE oYY dhdY

[~}
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(E)-(5S)-(3,4-difluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol- 1-yl)
benzylidene]-(8aS)-hexahydroindolizin-3-one, (E)-(5R)-(3,4-difluorophenyl)-2-[3-
methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene)-(8aR )-hexahydroindolizin-3-
one, (Z)-(5S)-(3,4-difluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-(8aS)-hexahydroindolizin-3-one, and (Z)-(5R)-(3,4-difluoro
phenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-(8aR)-

hexahydroindolizin-3-one

5-(3,4-difluorophenyl)hexahydroindolizine-3,7-dione (33
¢(=Lll ©+) tetrahydrofuran -8 (o= Y.V) 4-methoxypyridine (e Jslae
3,4-difluorophenyl ~ &l&y Vo (P 500 Y o= N 006 v — 2ie agnlly il
) -(ille 0+ ¢tetrahydrofuran (& b S .0 Jslas) magnesium bromide
3-bromopropionyl chloride 4353°Y +— M 435306 + = 2ic Jagilly Caliay Jslaall 138
sl oy A8 ¥ 5 A o= e Jolil) Jplan caliyy o 5alile ¥.£9)
QALY o 4883 Yo saal Jadilll aliyg <Y+ hydrochloric acid Jslae b Jelil)
magnesium 358 aini ¢ pale Jolae pe ialitunall salal) Juss .ethyl acetate g
st Al lgy A alanall 3alall 85 . adia dada Cuad 1S5 p= ¢ Sl sulfate
1-(3- (= aa Y.t z WY (heptane-ethyl acetate aUsi) silica ada (535ee thasilag S
o | Y -bromopropionyl)-2-(3,4-difluorophenyl)-2,3-dihydro-1 H-pyridin-4-one
2,2"-azobis(isobutyronitrile) 5 ( ,aldls ©.V0) tributyltin hydride (o Jslae Jaguilly
1-(3-bromopropionyl)-2-(3,4- (= Jslase ) (kL 0 +) benzene 2 ((;.; «.lov)
benzene o8 (0= V.£) el z3Ll difluorophenyl)-2,3-dihydro-1H-pyridin-4-one
3l lhall it vie Jolil) Jylae iy el £ 302 s sie (Lillle o4)

{0
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oYL 2 cele (B Gy AR Bha Aaps ) delddll Jolae dlay Lclela D
magnesium (358 hiad ¢ cals Jslae ae daliiiall salall Juuss ethyl acetate ae
Jolad Adaulg A alanall Salall G55 . o dde dak i Cuad 3€5 05 ¢ S\ sulfate
GSye e pa V. £ Z Y (heptane-ethyl acetate aUsd) silica Dha (s3sec lyagileg S
vt LS el a Bhaaall assll (6L ol siall
ESI-MS;m/z266[M"+H].

5-(3,4-diﬂuorophenyl)-7?hydroxyhexahydroindolizin-3-one Gaalas

5-(3,4-difluoro = Jslae Y (a2 1££) Sodium  borohydride sl
(Ualdle Y ) ethanol (b (a V.£) oMef #3L phenylhexahydroindolizine-3,7-dione
o Jelil Jolaa Ciliny aaly Aol 5aad Jelih Jolae cliyy (i jill 3 day die
texle dslae e daliinall salad) Juisi .ethyl acetate pe (DAY o5 calie sl
e V.0 Z LY paddse daiis Ciad S5 o5 ¢ ALY magﬁesium sulfate (358 Cadad
1 LS Sl e Bl el (0S5 -yl

ESI-MS;m/z268[M"+H].

5-(3,4-difluorophenyl)hexahydroindolizin-3-one (3143

5-(3,4-difluoro 3o Jslas (A (ildle V.0A) Methanesulfonyl chloride —aLiay
triethylamine 5 (o= V.£) el z5Lall phenyl)-7-hydroxyhexahydroindolizin-3-one
sae allyy Aygie 4iam 2o (bl Yo.Y) dichloromethane = (LAl TLA)
e etia el () Jelal Jolae Gl 4880 ¥o s A5 i 2ie Jelil)
Asd aiad ¢ oale Jolae ae dalitinall salall Juuxs Lethyl acetate FNER ELIRY
G G V.4 2L (e dakis cuad 3K L0 ¢« s>e¥ magnesium sulfate
YV1) 1-methyl-2-pyrrolidinone o4 (as V.4) z3lll mesylate <aSye al3y .mesylate
sie Jelill Jylae @ty . (aa V.VY) sodium  borohydride 4] <slcays o ,aldle
tele of Cuayy Al s Aapy ) Jeliall Jalase by cCiaig Aol 3aal 43500 o
A iad ¢ oale Jolae ae dualitinal salall Juss ethyl acetate g padainy| o
Aaulyy Adlanall salll (850 . jmidie Tk ciad 385 o ¢ S magnesium  sulfate

\o
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pe O v v z LY (heptane-ethyl acetate oUs) silica oDla e Bhagileg S Jalas
rt WS GiSall (e hpaall all 005 L lgiall Spe (ge

ESI-MS;m/z252[M"+H]."H-NMR(CDCl5)3(ppm): 1.20-1.32(m, 1H), 1.45(tq,J=3.2,

13.6Hz,1H),1.52-1.90(m,4H), 2.20-2.32(m,2H),2.44-2.54(m,2H),3.52-3 .62(m,1H),

5.39(d,J=5.2Hz,1H),6.88-6.96(m, 1H),6.96-7.06(m, 1 H), 7.06-7.1 8(m,1H).
diethyl [5-(3,4-diﬂuorophenyl)-3-oxooctahydroindolizin-2-y1]phosphonate Gaalas

5-(3,4-difluorophenyl) (o Jslas ) (Jillle +.YYV) Jodotrimethylsilane sl
N,N,N',N'-tetramethylethylenedi 5 (aae Y+ +) el z5Wll hexahydroindolizin-3-one
sbae aliyy (4458° jua e (sllle ©) dichloromethane & (ke +.T+Y) amine
die Jeldll Jolaa (p>e £+ £) Jodine ciliay 3883 Yo 504 L5 jia die Jelall
Je il Jslaa Ciliay 4880 £ 30 3)yall udi 2ie Jelall Uslae caliyy ¢y 4ie® jhum
Jusii .ethyl acetate o paMaiuN! & csodium thiosulfate Jslae o b e dads )
magnesium (358 <hiad ¢ ale Jglaay 55ke Y hydrochloric acid ae daliiiall salll
Yo Gl odine cSye (e pne YY o Y aits hia cad S5 o ¢ SY sulfate
triethyl (3 (a2 Y'Y +) o3ef il jodine J Sy (e Jslan cpfic b 5aad Ay i ¥
bia cuad 3<u, Al giha Aayn A Jelidl Jolas alay -(,ALlk ©) phosphite
plla) silica pda (gagac lyasilag)S Jolad dda uls dilinal aldl (-85 . adda
Ce Braaall Aadll )55 L g tall S e e pae YYA #13Y (heptane-ethyl acetate
roh WS Syl
ESI-MS;m/z388[M"+H].
(E)-(SS)—(3,4-diﬂuorophenyl)—2—[3-methoxy—4-(4-methyl-1H-imidazol-l-yl)
benzylidene]-(8aS)-hexahydroindolizin-3-one, (E)-(5R)-(3,4-difluorophenyl)-2-[3-
methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene] -(8aR)-hexahydroindolizin-3-
one, (Z)-(5S)—(3,4-diﬂuorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yDbenzylidene]-(8aS)-hexahydroindolizin-3-one, and (2)-(5R)-(3,4-difluoro

Yo

Yo
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phenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-(8aR)-
hexahydroindolizin-3-one
3-methoxy-4-(4- (= Jagdie Jslaa Y (a0 11.A) Lithium hydroxide sl
diethyl ~ [5-(3,4-difluoro 5 (a==e Y+ +) methyl-1H-imidazol-1-yl)benzaldehyde
3 (e YYA) el 75l phenyl)-3-oxooctahydroindolizin-2-ylJphosphonate
ha sy vie Jeliill Jslas aliyy o yillle £) ethanol 5 (jillle V) tetrahydrofuran
sodium  els aa b e dapls Y Jelil) Jolae Gliay el VY 52l 4a il
slae e dalivivuall saldl) i ethyl  acetate pe JaMa3uYl o5 cbicarbonate
salall 55 . jadde Jana cual 385 o5 ¢ ALY magnesium sulfate (3 Caias (le
(heptane-ethyl acetate all) silica aa e Ahagileg S Jadat dda il dsla04])
Cre racemate (e axe Yo g isomer -E (lsiall aSye (1o racemate (po aze e Y
daulys (a0 Y+ ) isomer -E (e 4a3lll racemate Joaily .isomer -Z fsiedl (oS e
Y& X au Y) Daicel Chemical Industries, Ltd. ddaulys ainas CHIRALPAK™ AD-H
G o ey Lasiall (lginll aSye LY (ethanol-hexane 2V« i¢lyaia jpka tau
Ve elatul a) pe by adill (lgiall iS5a9 (e £39< tana 1.¥) 44y YV cligin
Aaislys (e ¥+ ) isomer -Z (1o gLl racemate Juais .(ee £99< tane 1.1) 438
Yo X aw Y) Daicel Chemical Industries, Ltd. iawls; sioae CHIRALPAK™ AD-H
) = Wy Ll glsiall a8 )e 2 LY (ethanol-hexane 7V« télyatia jyla o
Vo elatiul (ra) aa ey haiddll Glsiall aShag (e £99< tana ¥) 2283 V4 oligiul

cot LS el e Baaall aill (5K L (e £A9< tana ¥) Aigh
i) R VY i (55 pn (B) Upomy a2l i) s cym Bipmall il (1

. gﬁ":‘ LS (YY’

ESI-MS;m/z450[M*+H].'"H-NMR(CDCl3)8(ppm): 1.33(dq,J=3.6,12.4Hz, 1H),1.55-
1.70(m,1H),1.70-2.05(m,3H), 2.32(s,3H), 2.36(brd,J=14.4Hz,1H), 2.69(td,J=3.2,
17.6Hz, 1H), 3.25-3.38(m, 1H),3.60-3.70(m, 1H),3.90(s,3H), 5.61(d,J=5.2Hz, 1 H),
6.96(s, 1H),6.92-7.02(m, 1H), 7.02-7.20(m,4H), 7.30(d,J=8.0Hz,1H), 7.45(t,J=2.8Hz,
1H), 7.77(s, 1H).

Yo
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JUe) 4 T il () gn (B) gy i) sinl) (iS50 c1n Bisaall pll (450

b WS (V¢
ESI-MS;m/z450[M"+H]."H-NMR(CDCl5)8(ppm): 1.33(dq,J=3.6,12.4Hz, 1H),1.55-
1.70(m,1H),1.70-2.05(m,3H), 2.32(s,3H), 2.36(brd,J=14.4Hz,1H), 2.69(td,J=3.2,
17.6Hz,1H), 3.25-3.38(m,1H),3.60-3.70(m, 1H),3.90(s,3H), 5.61(d,J=5.2Hz,1H),
6.96(s,1H),6.92-7.02(m,1H), 7.02-7.20(m,4H), 7.30(d,J=8.0Hz,1H), 7.45(t,J=2.8Hz,
1H), 7.77(s,1H).
JUie) 488219 il ) aa (Z2) Lpaams il lginll S50 (pe Baaall all (%5

b WS (Yo
ESI-MS;m/z450[M"+H].'H-NMR(CDCl5)8(ppm): 1.34(dq,J=3.2,12.8Hz, 1H), 1.52
(t4,J=3.2,12.8Hz,1H), 1.60-1.96(m,3H),2.31(s,3H),2.26-2.36(m,1H), 2.56-2.66(m,
1H), 3.08-3.22(m,1H),3.58-3.68(m, 1H), 3.91(s,3H), 5.50(d,J=5.6Hz,1H), 6.76(,
J=2.4Hz, 1H), 6.90-7.30(m,6H),7.79(s,1H),8.25(s,1H).
JUie) 488 Y0 el a) g (Z) Lpaans il lgiall ape (h0 Bipaall ) (455

Lo WS (Y
ESI-MS;m/z450[M"+H]."H-NMR(CDCl5)8(ppm): 1 .34(dq,J=3.2,12.8Hz,1H),
1.52(tq,J=3.2,12.8Hz,1H), 1.60-1.96(m,3H),2.31(s,3H),2.26-2.36(m, 1 H),2.56-
2.66(m,1H),3.08-3.22(m, 1H),3.58-3.68(m, 1H),3.91(s,3H), 5.50(d,J=5.6Hz, 1 H),
6.76(t,J=2.4Hz,1H),6.90-7.30(m,6H), 7.79(s,1H),8.25(s, 1H).

YA YV YU

(E)-(5R,8aS)-5-(4-fluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]hexahydroindolizin-3-one and (E)-(5 S,8aR)-5-(4-fluorophenyl)-2-[3-

methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]hexahydroindolizin-3-one

Vo
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1-[(2R*,65*)-2-(4-fluorophenyl)-6-vinylpiperidin-1-yl]propenone (3135
(2R*,65%)-2-(4-fluoro (e Jsdae (A} (Laldlle +.¥Y) Acrylic chloride <iliay
— (—allle .11) diisopropylamine 5 (~—a« ©Y +) phenyl)-6-vinylpiperidine
oaed 3aad Al B5ha dayo e Jeldl Jolaa il ¢(ldle Y +) methylene chloride
cdelill) Jsdae N (gle Y Sla hydrochloric acid s Chloroform il .cile L
sodium bicarbonate ¢le ae A3l Ay canll A8 dall Juuas WAy gumall A8 Joaii,
Adlaniall solall 81 . jmdde Jada s S5 @~ ¢magnesium sulfate (358 adas cardie
<~ heptane :4d il C1d ) silica Do g3y ac Lihagilag € Jglatdda Ly

O Baaall ol 0585 L lgiall (S50 (he pma Y zWY (V:V = heptane:ethyl acetate

b LS Syl
'H-NMR(CDCl3)3(ppm): 1.59-1.70(m, 1H),1.78-1.96(m,4H),2.40-2.47(m, 1 H),
4.85(dt,J=10.4,1.2Hz,1H),4.93-5.0 1(m, 1H), 5.03(d,J=17.2Hz, 1H), 5.50(ddd,J=17.2,
10.4,7.6Hz,1H), 5.67-5.72(m,2H),6.36(dd,J=17.2,1.6Hz, 1H), 6.60(dd,J=17.2,

10.4Hz,1H),6.98(t,J=8.8Hz,2H), 7.26(dd,J=8.8,5.6Hz,2H).
(5R*,8a8*)-5-(4-fluorophenyl)-6,7,8,8a-tetrahydro-SH-indolizin-3-one (5145
1-{(2R*,68%)-2-(4-fluoro (3= Jslaw delu VV sadd Hlal CafiSs sale) &e (i

g

tricyclohexylphosphine[1,3- 5 (.« Y+ V) phenyl)-6-vinylpiperidin-1-yl]propenone

bis(2,4,6-trimcthylphenyl)—4,5-dihydroimidazol-2-y1idene][benzylidene]ruthenium
Jeliill Jslae sy . (Laldle ¥« o) methylene chloride 3 (p2= YY) (IV) dichloride
(eibasian S dolas Rl il 5Ll 55 . 38 o8 L0 Blya s ) 3y
(ethyl acetate <— Y:£ = heptane:ethyl acetate :di.ail i) silica Do (ga5ec
o WS el e Bpadl aill 0585 L lyiall (S e pna V00 LY

Yo
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"H-NMR(CDCl;)8(ppm): 1.28-1.40(m,1H),1.60-1.81(m,2H), 1.86-1.94(m, 1H),2.00-
2.09(m,1H),2.11-2.19(m, 1H), 4.05(brd,J=12.8Hz, 1H), 4.50(dd,J=9.2,3.2Hz, 1H),

6.03(dd,J=6.0,2.0Hz,1H),6.98-7.04(m,3H),7.25(dd,J=7.2,5.6Hz,2H).
(5R*,8aS*)-5-(4-fluorophenyl)hexahydroindolizin-3-one (345

(5R*,8aS*)-5-(4-fluorophenyl)- (se Jslsa Y (a2 ) +) Platinum oxide —iliay
iy ¢ ,illle ©) methanol (o4 (aae Y+ ©) 6,7,8,8a-tetrahydro-5H-indolizin-3-one
slase iy Ol b SN 320 483l 55y 4550 die hydrogen & delial Jslas
O pae AV ZY jaide davia st dadjall salall S5 ccelite iy DA Jelinll
o LS Sl e Biad Tl (585 . ofyiall
ESI-MS;m/z234[M"+H].
(55*,8aR*)-5-(4-fluorophenyl)-2-iodohexahydroindolizin-3-one (3ala%
(5R*,8a8*)-5-(4-fluoro (e Jstae (Y (ildle +.+ A) Todotrimethylsilane il
N,N,N'\N'-tetramethylethylenedi ~ y (a—s« AV) phenyl)hexahydroindolizin-3-one
Jslae ally (A jiuam e (3l ©) methylene chloride 3 (ke +.Y) amine
«Jelal Jslas Y (a2e ) £Y) Todine by 4883 Y+ 50d] Aygie® jiam sie Jo il
sodium  Jslass Ethyl acetate <ilay 4885 £+ 58] 4u4ie® jim 25 1l g
Aggaiaall Akl it Aypamall A8kal) Joaitty cJelitl Jslaa ) arde thiosulfate
it bhis sl <5 A5 magnesium sulfate (358 Caind i eale Jslna ase dnlill
ol WS Ol e el Al 0S5 L plgiall S5 e paa VY0 Y
ESI-MS;m/z360[M"+H].

Sdas
diethyl [(5S*,8aR*)-5-(4-ﬂuorophenyl)-3-oxooctahydroindolizin-2-yl]phosphonate
(58*,8aR*)-5-(4-fluorophenyl)-2- (e Jarld delu V€ 5ol A5480) Y0 2ie (i
¢ly% . (LAl ) triethyl  phosphite &= (a=>= 1Y) iodohexahydroindolizin-3-one
pe WYY LY (adie b il 3S5 o5 Adpall e Aagn (I 2yad Jelial Jplas

o LS 5l e Bianad) Ll (5 gl e
ESI-MS;m/z370[M"+H].
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(E)-(5R*,8aS*)-5-(4-fluorophenyl)-2-{1-[3-methoxy-4-(4-methyl- 1 H-imidazol-1-
yl)benzylidene]hexahydroindolizin-3-one
diethyl (e Jaslia Jslaa ) (a3« £Y) Lithium hydroxide monohydrate il
VYY) [(55*,8aR*)-5-(4-fluorophenyl)-3-oxooctahydroindolizin-2-yl]phosphonate
& (—== YY) 3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzaldehyde (p—e
pha day aie Jeldll Jolae aliyg o yildle V) ethanol (e Y) tetrahydrofuran
Juaitiy cJolill Jolaa A ale Jslasy Ethyl acetate <iliay .5aaly 4l 5204] MERHAL
Caald 3851 % magnesium  sulfate (398 Al 4 piaall ALY Cadad Loy 3 gacaxl) A3
33L) silica aMa (s3gac Ay gilag S Jalad Aaudsy 4alasidll 5oLl ST . adde Jaiia
ethyl <— V:} = heptane:ethyl acetate :48.a3l Cu3s ¢Chromatorex NH :dldla
re S el (e el adll 065 Ll giadl (S e e pae Av =Y (acetate
ESI-MS;m/z432[M'+H].'H-NMR(CDCL)8(ppm): 1.34-1.45(m, 1H),1.42-1.54(m,
1H),1.57-1.80(m,2H),1.91-2.15(m,3H)2.30(s,3H),2.63-2.71(m, 1 H), 3.25(ddd, 16.8,
6.4,1.6Hz,1H), 3.56-3.64(m, 1H),3.86(s,3H), 4.36(dd,J=10.0,3.2Hz, 1 H), 6.92(brs,
1H), 7.00-7.05(m,3H),7.08(brd,J=9.2,1H),7.20(brs, 1 H), 7.24(d,J=9.2Hz, 1H), 7.28
(dd,J=8.8,5.6Hz,2H),7.72(s,1H).
(E)-(5R,8aS)-5-(4-fluorophenyl)-2-{ 1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yD)benzylidene]hexahydroindolizin-3-one and (E)-(5 S,8aR)-5-(4-fluorophenyl)-2-
{1-[3-methoxy-4-(4-methyl-1H-imidazol-1 -yl)benzylidene}hexahydroindolizin-3-
one
racemate (E)-(SR*,8aS*)-5-(4-ﬂuorophenyl)-2-{1-[3—methoxy- racemate Jaadly
el gLl 4-(4-methyl-1H-imidazol-1 -yDbenzylidenelhexahydroindolizin-3-one
Daicel Chemical Industries, 4luls aias CHIRALPAK™ JA ddaily (e AY)

U"“Jb" Q)@Mﬂ‘ Q\}'ud‘ L.:S)A Ctu}( (ethanol !@J_)S.'u _Jula ¢ o Yo x o Y) Ltd.

\K
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YU Bl a) e Ly Tl ofginll aSyag (e £39< tana YA) didy YV o ligul

(ee £39< (ane Y1) i
(YV JUie) 488 YV il (1) an pey Tl lgindl (iS50 (g0 Bisaall ol (50
'H-NMR(CDCl3)3(ppm): 1.34-1.45(m,1H),1.42-1 .54(m,1H),1.57-1.80(m,2H), 1.91-
2.15(m,3H)2.30(s,3H),2.63-2.71(m, 1H),3.25(ddd, 16.8,6.4,1.6Hz,1H),3.56-3.64(m,
1H),3.86(s,3H), 4.36(dd,J=10.0,3.2Hz,1H),6.92(brs, 1H),7.00-7.05(m,3H), 7.08(brd,
J=9.2,1H),7.20(brs, 1H),7.24(d,J=9.2Hz, 1H), 7.28(dd,J=8.8,5.6Hz,2H),7.72(s, 1 H).
(YA Jhe) 4885 Y1 il (10) an Lpeany Jatil (lginll Sy g Bhaall ol ()5
'"H-NMR(CDCl3)8(ppm)1.34-1.45 (m,1H),1.42-1.54(m,1H), 1.57-1.80(m,2H),1.91-
2.15(m,3H)2.30(s,3H),2.63-2.71(m, 1H),3.25(ddd,16.8,6.4,1.6Hz, 1 H),3.56-3.64(m,
1H), 3.86(s,3H),4.36(dd,J=10.0,3.2Hz,1H),6.92(brs,1H), 7.00-7.05(m,3H), 7.08
(brd,J=9.2,1H),7.20(brs, 1H), 7.24(d,J=9.2Hz,1H), 7.28(dd,J=8.8,5.6Hz,2H), 7.72(s,
1H).

Yos Y oyEddl

(E)-(6R,9aS)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1 -yDbenzylidene]-6-(4-
methoxyphenyl)octahydroquinolizin-4-one and (E)-(6S,9aR)-3-[3 -methoxy-4-(4-
methyl-lH-imidazol-1-yl)benzylidene]-6-(4-methoxyphenyl)octahydroquinolizin-4-

one

1-(4-methoxyphenyl)hepta-5,6-dienyl-1-amine (3.5

Yo

Yo



Yiay

Y.

(4-methoxybenzyl)-(4-methoxy (e Olsiall aS)a (50 ane £1Y Lo Jiaas
A dyhll Uik (a2s 0+ 1) 6-iodohexa-1,2-diene (7= 1+ +) benzylidene)amine
-(Journal of the American Chemical Society, 2003, vol.125, p.1 1956) 4 Agiagall
o LS a1 (e il il 55
ESI-MS;m/z201[M*-NH3].
(2R*,6S5*)-2-(4-methoxyphenyl)-6-vinylpiperidine (54a3
allylpalladium chloride dimer (e Jslaa A (Lakile +.) Y) Acetic acid il
¢(»3llle 0+) THF (4 (aae YY) 1,1-bis(diphenylphosphino)ferrocene (e YA)
1-(4- O Jdae by @l Y ¢ saad Al s dap die Jeliil) Jylas iy,
¥ (03l Vo) THF 4 (a=>= £1Y) methoxy phenyl)hepta-5,6-dienyl-1-amine
Y ol Je il Iapla ey Aol 10 8ol AV aie iy il e Jalil Uyl
« @le ) Jle hydrochloric  acid s diethyl ether <iluzay ¢a’ .48l 8)lya 4o
o= «diethyl ether s 230l A8} A8dal Juss A0 A8kl Joatii (Jo il Jslae
oY) oy s Al Al Y @lee © sodium  hydroxide Jstaa ol
Gl Joaisiy Ailall A5 Y Chloroform il .l of V) ) sy jasgl)
daia uad 3854 cmagnesium  sulfate (358 A3l dygiaall Aadal (aind LAy guanll
b LS 5l (0 Bpadl Ll (355 - linll S0 30 pmn PV ¢ Y pmie
ESI-MS;m/z218[M*-+H].
1-[(2R*,65*)-2-(4-methoxyphenyl)-6-vinylpiperidin-1-yl]-3-buten-1-one (3.3
(2R*,68%)-2-(4- (3o Jstaa N} (Lillle +.1V) Diethyl cyanophosphonate <alia,
¢(oldle +.¥V) vinylacetic  acid ¢(p=ae Y'Y +) methoxyphenyl)-6-vinylpiperidine
Ao e Jelill Jolae uliyy o yallle ©) DMF - (3l V. YY) triethylamine 4
) @be Y Sl hydrochloric acid s Ethyl acetate «iliay . lebu 4 a4l 4 d yall 3l
sodium sle ze Aailill gmall A8kl Jusad .3y pmall 5,01 Juaitiy ¢ Jelill Jolaa
i . padde Jaian Giad 35 A5 cmagnesium sulfate (3sd caisd ¢ bicarbonate
~ heptane :4daill i) silica ada (s35ee hasiles S Jilad Aaudgy diliia) 5Ll

‘o

Yo



Y14y

AR

aaall dadll (5% . lgiall Sya (e ane Voo ZlY (Vi) = heptane:ethyl acetate <
ol LS Sl (e
ESI-MS;m/z286[M"+H].
(6R*,9a5*)-6-(4-methoxyphenyl)-3,6,7,8,9,9a-hexahydroquinolizin-4-one alas
1-[(2R*,658%)-2-(4- (1o Jgdas caiaigdelusadd jladl cafi<isale) & R
(("A-" A ~) methoxy phenyl)-6-vinylpiperidin-1-yl]-3-buten-1-one
tricyclohexylphosphine [1,3-bis(2,4,6-trimethylphenyl)-4,5-dihydroimidazol-2- 5
methylene chloride (?“ Y’~) ylidene][benzylidene] ruthenium (IV) dichloride
ALl 3Ll (55 350 o A0 S A oY) el Jelil Jylae ol (ke 01
= heptane:ethy! acetate :4duaill cuda) silica Do (gagee Ay gilag S dilas ddaulyy
Sl (e el adll (55 . lsiall aS5a (e ama YA z WY (ethyl acetate <— V:¢

b S

-'H-NMR(CDCl3)8(ppm): 1.42-1.53(m, 1H),1.60-1.77(m,2H),1.82-1.91(m, 1H), 2.00-

2.07(m,1H),2.17-2.27(m, 1H),2.92-3.10(m,2H), 3.77(s,3H),4.25-4.35(m, 1H), 5.30(,
J=4.4Hz,1H),5.66(brd,J=10.0Hz, 1H),5.82-5.88(m, 1H),6.82(d,J=8.8Hz,2H), 7.11(d.J

=8.8Hz,2H).
(6R*,9aS*)-6-(4-methoxyphenyl)octahydroquinolizin-4-one (333

(6R*,9a8*)-6-(4-methoxyphenyl)- (s« Jslas ) (a2e Y) Platinum oxide <sliay
cliyg o alils ©) methanol = (= YA) 3,6,7,8,9,9a-hexahydroquinolizin-4-one
sae iy Aol V¥ 50 445l 3)a 4550 2ie hydrogen Lo o Jelal Jolae
Ga pxe YV 2 LY i Jadia Cant daudpall 30kl 5S35 ccelite edipe DA Je il
ol LS Sl e B ol (5 il 5o
'H-NMR(CDCl3)8(ppm): 1.34-1.44(m, 1H),1.47-1.86(m, 5H), 1.90-1.98(m,2H),2.04-
2.21(m,2H),2.48-2.53(m,2H),3.57-3.66(m, 1H), 3.77(s,3H), 5.38(t,]=3.2Hz, 1H),

6.82(d,J=8.8Hz,2H), 7.10(d,J=8.8,2H).
(6R*,9a8*)-3-iodo-6-(4-methoxyphenyl)octahydroquinolizin-4-one (aalas

Vo

Yo
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(6R*,928*)-6-(4- s Js-tna ) (L,3blls +.+ Y} Todotrimethylsilane il ay

N,N,N',N'- 5 (.——=2« YY) methoxy phenyl)octahydroquinolizin-4-one
xie (L3l ¥) methylene chloride 4 (ilile +.» ©) tetramethylethylenedi amine
Y'£) lodine —iliay 4885 ¥+ ol A5 jiue die Jeliil) Jolae liyy (dyie® daa
Ethyl ciliay 3asly delu 50dd L3 jia ie cally A el Jplan ) (ros
Agguaall A8kl Jiadtiy (Jelill Jolaa ) &ie sodium thiosulfate Jslaas acetate
>3 o cmagnesium sulfate (358 caéas ¢ oale Jolaa ae danlil) dyganl) A8l s
LS @Sall (e Bhaaall Aadll (4685 sinll (Spe (10 pe Y€ Z LY jmiie laki Cuad

ESI-MS;m/z38[M"+H].

diethyl [(65*,9aR *)-6-(4-methoxyphenyl)-4-oxooctahydroquinolizin-3-yl]

phosphonate
(6R*,9a8*)-3-i0do-6-(4-methoxy (s bald lelu ued 320l L) Yo die il

Jsae @3y (3Ll V) triethyl  phosphite a— phenyl)octahydroquinolizin-4-one

S0 (e e VO 2 Y Gadie dataia it 38y o Ajadl S)ha dayy )yl Jelidl)
s WS el (e Bhpaall Al 065 . () ginl

ESI-MS;m/z396[M*+H].

(E)-(6R*,9a8*)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1 -yl)benzylidene]-6-(4-

methoxyphenyl)octahydroquinolizin-4-one
diethyl (e Jaslie Jslaa ) (aae V) Lithium hydroxide monohydrate «aliiay

o) [(6S*,9aR*)-6-(4-methoxyphenyl)—4-oxooctahydroquinolizin-3-yl]phosphonate
3 (p—== V1) 3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzaldehyde (p—
Ao vie Jelill Jolaa aliyy o yaldle +.0) ethanol (o3l Y) tetrahydrofuran
edelill Jplae Y ale dslass Bihyl acetate il .ol &35 50 4340 3 lpm
JSJ i magnesium sulfate (358 AUl 4ypanll A8kl Cadad L4 guzanl) A8 Joniss

‘o

Yo
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iy

silica o3& (gagae ihagilag < Julad dafsy Aalaiall salall 655 . ndda Jaduza Cind
ethyl <— Y:) = heptane:ethyl acetate :4.:8.a1l Cu3e ¢Chromatorex NH :alala 33l)
ro LS Gl (e hpaall aill (585 L gl (S pe e pae YA z WY (acetate
ESI-MS;m/z458[M"+H].'"H-NMR(CDCl;)8(ppm): 1.39-1 .49(m,1H),1.52-1.76(m,
4H),1.98-2.05(m, 1H), 2.18-2.24(m,2H)2.32(s,3H),2.66-2.76(m, 1H), 3.09(brd,J=
16.0Hz,1H),3.75-3.84(m,4H),3.85(s,3H), 5.56(brt,J=3.2Hz,1H), 6.85(d,J=8.8Hz,
2H), 6.94(brs,1H), 7.03(brs, 1H),7.04(brd,J=8.0Hz, 1H),7.16(d,J=8.8Hz,2H), 7.24(d,
J=8.0Hz,1H),7.78(s,1H),7.81(brd,J=2.4Hz,1H).
(E)-(6R,9aS)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-6-(4-
methoxyphenyl)octahydroquinolizin-4-one and (E)-(6S,9aR)-3-[3-methoxy-4-(4-
methyl-1H-imidazol-1-yl)benzylidene]-6-(4-methoxyphenyl)octahydroquinolizin-4-

one
racemate (E)-(6R*,9a5*)-3-[3-methoxy-4-(4-methyl-1H- racemate (—aiiy

z5—ill imidazol-1 -yl)benzylidene]-6-(4-methoxyphenyl)octahydroquinolizin-4-one
Daicel Chemical 4auly pivas CHIRALPAK™ AD-H daulss (ane YA) oDl
Lol gyl iS50 LY (ethanol telyaie jsh tams YO X o Y) Industries, Ltd.
ot Ll plsiadl aSyeg (e £99< tane 9.A) 4883 14 clifiul (e ps Lyeay
(ee £39< taaa A) 488 Y'Y e lifial (pe)
(Y9 JUe) 388 19 il (o) an Lpeay Tl ofsinll S50 (g0 Bipaall w4585
ESI-MS;m/z458[M"+H]."H-NMR(CDCl5)5(ppm): 1.39-1 .49(m,1H),1.52-1.76(m,
4H), 1.98-2.05(m, 1H), 2.18-2.24(m,2H)2.32(s,3H),2.66-2.76(m, 1H), 3.09(brd,
16.0Hz,1H), 3.75-3.84(m,4H),3.85(s,3H), 5.56(brt,J=3.2Hz,1H), 6.85(d,]=8.8Hz,
2H), 6.94(brs, 1H),7.03(brs, 1H),7.04(brd,J=8.0Hz,1H),7. 16(d,J=8.8Hz,2H), 7.24(d,]
=8.0Hz,1H),7.78(s,1H),7.81(brd,J=2.4Hz, 1 H).

Yo
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(V' JYe) A8 Y'Y cligiad () g Lpemy i) fginll (S0 (10 Biaaall psll (4555 °
b LS

ESI-MS;m/z458[M"+H].'H-NMR(CDCl3)8(ppm): 1.39-1.49(m, 1H),1.52-1.76(m,

4H), 1.98-2.05(m, 1H), 2.18-2.24(m,2H)2.32(s,3H),2.66-2.76(m, | H), 3.09(brd,

16.0Hz, 1H), 3.75-3.84(m,4H),3.85(s,3H), 5.56(brt,J=3.2Hz, 1H), 6.85(d,J=8.8Hz, Yo

2H), 6.94(brs,1H), 7.03(brs,1H),7.04(brd,J=8.0Hz, 1H),7.16(d,J=8.8Hz,2H), 7.24(d,

J=8.0Hz,1H),7.78(s,1H),7.81(brd,J=2.4Hz, 1 H).
FY S FY oYl

(E)-(4S,10aS)-4-(4-fluorophenyl)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1 -yl)
benzylidene]Joctahydropyrido[1,2-ajazepin-6-one and (E)-(4R,10aR)-4-(4-fluoro
phenyl)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]octahydro \E

pyrido[1,2-a]azepin-6-one

1-[(2R*,65*)-2-(4-fluorophenyl)-6-vinylpiperidin-1-yl]-4-penten-1-one (3ala3
(== £1+) (2R*,65*)-2-(4-fluorophenyl)-6-vinylpiperidine ;—e J Jtaa v
il ¢ 43ble Vo) methylene  chloride 2 (o-ldla +.04) diisopropylamine
3l Adall 5)ha dayy die Jelill Jylae by ¢(ualdle +.¥'V) 4-pentenoyl chloride
dslse ) @lee Y 3Ls hydrochloric  acid s Chloroform <ilay . Ciuaig il
sodium  ele go Aa3lill dyycmall RGN Sk Aypimall Al Jaiiy el
S8 - padie hadua sl K5 A5 cmagnesium sulfate (353 Cadsd ¢&ie bicarbonate Yo
~ heptane :4dail cule) silica aMa (g3gec il gilay € Jilasd ddandyy dalandl 3oLl



Y4y

Yo

Spaadl) Ladll )5S . gl Sy (e pme YoV 203 (V) = heptane:ethyl acetate <
rok WS Syl e

ESI-MS;m/z288[M+H].
300
(4R*,10aS*)-4-(4-fluorophenyl)-1,3,4,7,8,1 Oa-hexahydro-2H-pyrido[1,2-a]azepin-6-

one
[-[(2R*,65%)-2-(4-fluoro (e Jslae delu Y0 Badd L) Gl ale) aa (i

tricyclohexylphosphine s (as< Y+ V) phenyl)-6-vinylpiperidin-1-yl]-4-penten-1-one
[1,3-bis(2,4,6-trimethylphenyl)-4,5-dihydroimidazol-z-ylidene][benzylidene]
&ysy .(Laldle Yo o) methylene chloride & (p>= 1¢) ruthenium (IV) dichloride
lat iy Zlaall 3alall G5 350 o3 A5 a0 Bya A ) yd Jelil Lyla
<= V:f = heptane:ethyl acetate :4daill cuda) silica Dla e Ghaglag S
co LS Sl (e Bhanall aill (65 L lgiall (S pa e pae V€1 210y (ethyl acetate
ESI-MS;m/z260[M"+H],'H-NMR(CDCl;)5(ppm): 1.46-1.78(m,4H),2.00-2.10(m,
1H),2.20-2.30(m, 1H)2.45-2.47(m,3H),3.26(td,J=12.8,5.2Hz, 1H),4.68-4.76(m,1H),

5.39-5.45(m,1H),5.71-5.80(m,2H),6.95(t,J=8.8Hz,2H), 7.25(dd,J=8.8,5.2Hz,2H).
(4R*,10aR *)-4-(4-fluorophenyl)octahydropyrido[ 1,2-a]azepin-6-one ENE

(4R*,10a8*)-4-(4-fluorophenyl)- (e Jslaa () (ane Y +) Platinum oxide aliay
©) methanol & (pae £1) 1,3,4,7,8,10a-hexahydro-2H-pyrido[ 1,2-aJazepin-6-one
Acls Yo saal Al 3lha 40 die hydrogen Lo b delal Jolae Guliyg o salile
z WY padie hida Caad da el 83l S5y ccelite pdize DA Jelill Jolas e
st LS Sl (e Baaall aill 05S5 . fgiall (€50 o ana V£

ESI-MS;m/z262[M*+H]."H-NMR(CDCl3)8(ppm): 1.20-1 .32(m,1H),1.40-1.74(m,
6H),1.80-1.97(m,3H),1.98-2.08(m, 1H),2.30-2.41(m, 1H),2.59-2.75(m,2H), 3.68(td,J
=10.0,5.6Hz,1H),5.87(d,J=6.0Hz, 1 H),6.97(t,J=8.8Hz,2H), 7.32(dd,J=8.8,5 .6Hz,
2H).

(4R*,1 0aS*)-4-(4-fluorophenyl)-7-iodooctahydropyrido[ 1 ,2-aJazepin-6-one (3113

Vo

Yo
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(4R*,10aR*)-4-(4- = Js-daa Y (L3l + .V V) Iodotrimethylsilane il ay
N,N,N',N'- 5 (c‘-—“ Y €+) fluoro phenyl)octahydropyrido[ 1,2-aJazepin-6-one
ie (LAl Y o) methylene chloride (-8 ( jillle +.YA) tetramethyl ethylenediamine
Y+ ¢) Jodine waliay 4883 ¥ el 43400 jia aie Jeldlll Jolae iy cduie® i
Ethyl il -52aly el saal i i tie ally o3l cJolit) Jylan ) (roe
Aygaaall Al Juadt (Jelitl Jolae ) arde sodium thiosulfate Jslasy acetate
S5 & «magnesium sulfate (358 caiat ¢ cale Jolaa ae Al dygiaall A5kl Juis
QO e Byaall Al 055 L gl iS50 o ane Yo A Z LY s bk aal

Loh L
ESI-MS;m/z388[M"+H].

diethyl [(4R*,10aS*)-4-(4-fluorophenyl)-6-oxodecahydropyrido[ 1,2-a]azepin-7-

'yl]Jphosphonate

(4R*,10aS*)-4-(4-fluorophenyl)- (e Jarld Chiaig delu 52 LAY Ve die (i

Y) triethyl  phosphite a— (a=w Y + A) 7-iodooctahydropyrido[1,2-aJazepin-6-one

£ Lmide iia cix 3 5 Al S A o el Jelid) Tt 5y (sble
rob LS SHall (e Bpaall Aagll (465 L lgiall €50 e pae YIY

ESI-MS;m/z398[M"+H].

Gdas
(E)-(45*,10aS*)-4-(4-fluorophenyl)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylideneJoctahydropyrido[ 1,2-aJazepin-6-one
diethyl (4o Jaglis Jolna ) (a2e TA) Lithium hydroxide monohydrate <aliay

[(4R*,10aS*)-4-(4-fluorophenyl)-6-oxodecahydropyrido[ 1,2-a]azepin-7-
3-methoxy-4-(4-methyl-1H-imidazol-1-yl) 3 (p—== YY) ylJphosphonate
¢(o=ldle V.0) ethanol s (_-ilile 1) tetrahydrofuran (3 (~== Y1) benzaldehyde
Jslaag Ethyl acetate iliay .dela Y0 3ol A3yl 5)ha dayn die Jelith Jolae
(338 a0l Aygmall Akl i Agguianl) Al ity cJolit) Jylan Y L

Vo
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Jalas da il ddlanall salall 85 . ndse Jaka caad 385 a5 magnesium sulfate
14l cuis ¢Chromatorex  NH :4lala 3al) silica 2da s35ac b silag S
+Olsindl aSye pe ame VYO LY (ethyl acetate <— Vi) = heptane:ethyl acetate

b LS 5l e Bl il (15
ESI-MS;m/z460[M"+H]."H-NMR(CDCl3)3(ppm): 1.37-1.46(m, 1H),1.49-1.75(m,
4H),1.84-1.98(m,2H),1.99-2.10(m, 1H),2.24-2.31(m,2H),2.33(s,3H),2.59-2.65(m,
2H), 3.85(s,3H),3.88-3.97(m,1H),5.84(dd,J=7.2,2.4Hz,1H), 6.93(brs, 1H), 6.99(t,]=
8.8Hz,2H),7.02(brs, 1H), 7.04(d,J=1.6Hz,1H),7.08(dd,}=8.4,1.6Hz, 1 H), 7.23(d,J=
8.4Hz,1H),7.49(dd,J=8.8,5.6Hz,2H),7.81(brs, 1H).

Gl

(E)-(4S,10aS)-4-(4-fluoropheny!)-7-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-
yhbenzylidene]octahydropyrido[1,2-aJazepin-6-one and (E)-(4R, 1 0aR)-4-(4-

fluorophenyl)-7-[3-methoxy-4-(4-methyl-1 H-imidazol-1 -yl)benzylidene]octahydro

pyrido[1,2-a]azepin-6-one
(E)-(45*,10aS*)-4-(4-fluorophenyl)-7-[3-methoxy-4-(4-methyl- racemate (Ll

1) oDl el 1H-imidazol-1-yl)benzylidene]octahydropyrido[ 1,2-a]azepin-6-one
Daicel Chemical Industries, Ltd. 4awlss aieae CHIRALCEL™ OD-H ilausls: (anse
bl lgiall 1850 LadY (Y:A = ethanol:hexane :elyaie joh ¢au YO X a )
& tpamy il plgiel) aSpe5 (e 99 fane Vo4) A8E VY clifiad (o) o Ly
(ee TAE< tana V.V) 381 Y0 cligiud ()
(F) JUe) 4883V Y clifiad (1a) ga Lipeay Jadil lgiall (€50 o Bhpeall 28Y ()55
ESI-MS;m/z460[M"+H]."H-NMR(CDCl3)3(ppm): 1.37-1.46(m, 1H),1.49-1.75(m,
4H),1.84-1.98(m,2H),1.99-2.10(m, 1H),2.24-2.31(m,2H),2.33(s,3H),2.59-2.65(m,
2H), 3.85(s,3H),3.88-3.97(m, 1H),5.84(dd,J=7.2,2.4Hz, 1H), 6.93(brs, 1H), 6.99(t,J=
8.8Hz,2H),7.02(brs, 1H), 7.04(d,J=1.6Hz, 1H),7.08(dd,]=8.4,1.6Hz, 1H), 7.23(d,]=
8.4Hz,1H),7.49(dd,J=8.8,5.6Hz,2H),7.81(brs, 1H).

‘o
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(VY Jlie) 483 10 ol (pa) o Wy Jail) (lyiall S3m (10 Bisaall il (3555
csh LS
ESI-MS;m/z460[M‘+H].'H-NMR(CDCl;)8(ppm): 1.37-1.46(m, 1H),1.49-1.75(m,
4H), 1.84-1.98(m,2H),1.99-2.10(m, 1 H),2.24-2.31(m,2H),2.33(s,3H),2.59-2.65(m,
2H), 3.85(s,3H),3.88-3.97(m, 1 H),5.84(dd,J=7.2,2.4Hz, 1H), 6.93(brs, 1H), 6.99(t,J=
8.8Hz,2H),7.02(brs, | H),7.04(d,J=1.6Hz, 1H),7.08(dd,J=8.4,1.6Hz, 1 H),7.23(d,]=8.4

Hz,1H), 7.49(dd,J=8.8,5.6Hz,2H),7.81(brs, | H).
¥ e

3ula
(E)-(5R,7aS)-5-(3,4-difluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-

yDbenzylidene]hexahydropyrrolidin-3-one

methyl (S)-2-tert-butoxycarbonylamino-5-(3,4-difluorophenyl)-5-oxopentanoate
(8)-5-oxopyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2- (o Jslsa )
e bl by o ,alll Vo o) tetrahydrofuran &2 (= ©.0) methyl ester
+.0 Jslas) 3,4-difluorophenyl magnesium bromide (358 Y+ (DA Ay 4008 =3
Lt~ e Jeldll Jelae Caliyg o 4l 0+ ¢tetrahydrofuran P PSP TSN
o OO B s e dobadl ) ol iy el 530 By jim Y
magnesium sulfate (358 adal ¢ ale Jylas ae Lalidindl salddl Juis .ethyl acetate
hasiles S Jalas Aoy ddlatall sald) 85 . pmdde Jaka cant 3<5 aa o Ay
QS5 - Olsiall aSye (4a an A # LY (heptane-ethyl acetate pllai) silica 2 (s35ac
ol LS 5l (g Bpaadl ol

K

Ve



yi4y

114

ESI-MS;m/z380[M"+Na].'H-NMR(CDCl;)8(ppm): 1.41 (s,9H),1.75-2.12(m, 1H),
2.20-2.50(m,1H),2.92-3.16(m,2H),3.76(s,3H),4.38(s, 1 H),5.16(s, 1H),6.90-7.85
(m,3H).

RRIC
(2S,5R)-5-(3,4-difluorophenyl)pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-

methyl ester
AY.Y) ethyl acetate -4 (5lie ¢ hydrochloric acid (o Jslae agiilly Cilia
methyl (8)-2-tert-butoxycarbonylamino-5-(3,4- (— Js—tae ) (,—llle
ia 2o (,aldle 94) ethyl acetate (& (a A) difluorophenyl)-5-oxopentanoate
Jolith Jylas 585 Aol VY 5aad Al Bia oy die Jylaal caliyy il 3ypm
o Pl il iy e sl g3 gl e o 016 LY e daka cund
Y+ +) ade sodium bicarbonate ¢le 43 Lagnilly Caliia, (ke Y« +) ethyl acetate
Jeliill Jolae iy 2883 Yo 3aa) Ajall 5a Aa gy die Jelill Jolas iy, o silille
Ad adal ¢ oale Jylae e daliiiall salall Juss .ethyl acetate R EL L
NGNS ONPENE I z Y Jadds haiia cial 3S5 a3 ¢ Sy magnesium  sulfate
ethyl acetate (-3 (aa V) ol Caaldl Jaa) gl 53 sl Gl ccnll ea§ ol
¢doladdt () (p2e 1Y+ el 700 o (gginy) Palladium-carbon il (ke ¥ )
(2 Palladium-carbon J} . lelu ay ol 53 hydrogen s-a o delall Jolaa
padie hiie caad da S)all 3alall 35y ccelite by Dia Al Jelil Jolase
DMF (o8 zalill Jial) cplll 53 cugill aldy i) ol 53 el O pn ) Zlay
(o— illls Y.AV) Triethylamine sl vy o ilile Y+ )
Bba Aoy e Jeliill Jslas lly «Jslaall ) (aa 1.97) dictert-butyl dicarbonate s
e WYL et el (b Joliil) Jydae a5 Al
magnesium sulfate 3sd idad ¢ sale Jolae ae Laliiuadl sl Juss .ethyl acetate
(eibailanS st oy Ll 5ol 55 . it Jaba it 355 o e ilaY
Oyl S50 e an + LAY 2 LY (heptane-ethyl acetate L) silica aa (s39ac
b LS S, e el il oy

Yo
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ESI-MS;m/z364[M"+Na]. 1H-NMR(CD3OD)8(ppm): 1.18and1.40(s,9H),1.80-
1.90(m, 1H),1.90-2.10(m, 1H), 2.20-2.30(m, 1H),2.30-2.45(m, 1 H),3.80(s,3H),4.20-
4.50(m,1H),4.73-4.95(m,1H),7.10-7.28(m, 1H),7.28-7.40(m,1H),7.52-7.70(m, 1H).
tert-butyl (E)-(2R, 58)-2-(3,4-difluorophenyl)-5-(2-methoxycarbonylvinyl)
pyrrolidine-1-carboxylate

(28,5R)-5-(3,4- 3 Jstaa oV (ae YVY) Lithium  borohydride il
difluorophenyl)pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-methyl ester
vie Jelill Jylas altyy ¢dy4i0° jia vie (il Y +) tetrahydrofuran & (2> AY)
fe GDAIYY A erbia sle L Jelit) Jylae Cilimy Aol )Y 53a) 460 3yla iy
magnesium sulfate (358 <aiad ¢ cale Jolaa ae Laliiial saldl Juss .ethyl acetate
Ldiilly Gl .alcohol wi$ye (e pan V Z LY (aise hin caad 355 a2 ¢ Sy
= (0=bdl +.£Y) oxalyl  chloride ¢ Js—taa ) (,ilile +.Y'£) DMSO
Dhall peis aie Jelall Jolae llyy iV v~ 2ic (u2ldle Y o) dichloromethane
= (a= V) odel alcohol rSpe e Jylae Ta@iilly 4 Calimy . 35LE) DU 30
3adl B)hadl i aie Jelill Jolae iy AT o= 2ie (alills Y +) dichloromethane
dsdae aliyg s laall Y (5Ll ¥4 Y) Triethylamine Jagally (il .aad8) Vo
o ele b Jeliil Jolaa cray (388 Vo 30d L8 jhia ) a0 - die Jelill
Qod adad ¢ ala Jolae ae dalatiuall 5oLall Juuss cethyl acetate & padaiuyL
-aldehyde Sys e pa ) WY alda Jaiia i 5 ¢ ALY magnesium sulfate
trimethyl e gl (oY) (a2 +.YVY (i) 5 774) Sodium  hydride <iliay
iy ddpall e Anp0 e (Ll Yo ) DMF = (> Y-A1) phosphonoacetate
odel aasdll aldehyde (o Jslae ) Jslaall 138 Ciliay 4880 Yo 30dl Je il Uslae
COlsaal A8 pall 5 ha da s aie Jelall Jolaa caliyy (bl V) DMF 3 (an V)
dalall Juuss .ethyl acetate & o=V o8 el A Jelil Jplas ray ccile L
hia @3 S5 & ¢ AlY magnesium sulfate (358 Cains teale Jslae ae daliiiuall
plLa) silica b (535ac hasileg S Jodas Aaulsy Adlanall soldl 85 . dde

Yo
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QSal (e Bhaaall wdll (685 L fsill S50 e an 490 z WY (heptane-ethyl acetate
ESI-MS;m/z390[M"+Na].'H-NMR(CDCl5)8(ppm): 1.10-1.60(m,9H),1.80-1 .92(m,
2H),2.06-2.20(m, 1H),2.24-2.36(m, 1H),3.78(s,3H),4.40-5.00(m,2H), 6.03(d,J=
14.8Hz,1H), 6.90-7.20(m,4H).

PRIC
tert-butyl (2R,5S)-2-(3,4-difluorophenyl)-5-(2-methoxycarbonylethyl)pyrrolidine-1-
carboxylate
tert- (o Jolaa M (ane VYE cla f00 e ($s33) Palladium-carbon il
butyl (E)-(2R,5S)-2-(3,4-difluorophenyl)-5-(2-methoxycarbonylvinyl)pyrrolidine-1-
2 Jelill Jolae aliyg o ,3lile ¥o) ethyl  acetate 8 (o +.30) carboxylate
dslas o8 Palladium-carbon Jfj «Colelu cuw 3aal 22l 3 ) 4ayd xic hydrogen sa
Y Uadie bia caal Aa bl salall 3853 ccelite pedize DA il Jelall

rob LS el e Baaall pll ()65 L lsiall S50 g an 4.4
ESI-MS;m/z392[M*+Na].'H-NMR(CDCl5)3(ppm): 1.10-1.50(m,9H),1.60-1.70(m,
1H), 1.70-1.90(m,2H),1.94-2.06(m, 1H),2.16-2.32(m,2H),2.36-2.50(m,2H), 3.70(s,

3H), 3.98(s,1H),4.10-4.90(m,1H),6.90-7.25(m,3H).
(5R,7aS)-5-(3,4-difluorophenyl)hexahydropyrrolidin-3-one (543

tert-Butyl  (2R,585)-2-(3,4-difluorophenyl)-5-(2-methoxycarbonylethyl) <l

4l Gl o (,allle Vo) ethyl  acetate = (> +.99) pyrrolidine-1-carboxylate
e aliyy ¢ yilile 1 +) ethyl acetate 4 (g)lae € hydrochloric acid (e Jslaa
Sy G an VY Ly Jeldll Jolaa 38y calelu ¢ sad 44400 2ie Jelanll
) Gliay (il Y o) ethanol (8 sl jaaaY) el 53 cogill by« il o5l
o die deldll Jolaa aliyy o illle V+) (g)le © sodium hydroxide Jslse
-g)4e © hydrochloric acid ge Jalaiys 435i0° jiia N Jelitll Jolae 35 e b 54
€ +) dichloromethane (-4 4alaiall salall (3laty ¢ jadda Jain cand Jeliid) Jolae S
e Jeliill Jylae aliys o ysllle Y.00) Thionyl  chloride 4] <alay Nganin

Yo
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3alall (3laig ¢ yadde Jaroza caad Jelil Jolaa 3K aaly delu sad 44500
o sodium hydroxide Jslase (3o d8laly o3 ¢( yilille ¥ +) dichloromethane & Adlasall
Gy o3 4383 T 52l Adjall 5 hha Aa )0 e Jelill Jolae Qi (Lallle Vo) (ghle
Jsdoe ae aliiindl 50l Juss ethyl acetate g ATV o8 calia la B
salal 55 . yddie Jaka Casd (S5 ¢ ¢ \eY magnesium sulfate (358 aiad ¢ ale
(heptane-ethyl acetate aUai) silica Do (s3gac iy silag S Jalad Uauls ZLilanall
gt LS S5l (o el il (105 sl e n e VY ¢ Y
ESI-MS;m/z238[M"+H].'H-NMR(CDCl5)3(ppm): 1.55-1.70(m, 1H),1.85-2.05(m,
3H),2.30-2.40(m, 1H),2.50-2.70(m,2H),2.70-2.85(m, 1 H),4.03-4.17(m, 1H), 4.61(d,
J=9.2Hz,1H),6.89-7.02(m,2H),7.07-7.15(m, 1 H).
Gidss

diethyl [(5R,7aS)-5-(3,4-difluorophenyl)-3-oxohexahydropyrrolidin-2-

yl]phosphonate

(5R,7a8)-5-(3,4- (—e Js—tna (bl - 1Y) Iodotrimethylsilane «slay
N,N,N',N'- 4 (?_\A Y\ +) difluoro phenyl)hexahydropyrrolidin-3-one
xie (,aldls ©) dichloromethane (-4 (bl +.£01) tetramethylethylenedi amine
YY) Jodine il 4883 ¥ a4l 45000 i die Jelilll Jylae iy (A 61e° Y
£ sad phall Ludi vie Jelil) Jolas Galiyy (436000 jiia e Jelall Jylaa Y (pse
g o=aA3YL o5 xlfie sodium  thiosulfate Jslae ) Jelill Jolaa caliay 488y
¢>le slaay (9)le Y hydrochioric acid aw dwaliiual salal Jus .ethyl acetate
U pae VYo 7Y adde s b €5 & ALY magnesium sulfate (358 caéas
YY) 25Ul jodine S e (e Jslaa (il 304l 444V Ve e ks Liodine @S e
o Al Bha das Y delill Jylas lay (ildle ©) triethyl phosphite (g (aae
silica o3l (53500 Bhailag S Jalat Aafsy dilaniall 3alall 855 . jmdde Jadn Canl
e Bpaall il 55 L lsiall S5e (a p3e YYA #LSY (heptane-ethyl acetate aUxi)
b LS Sl

‘o
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ESI-MS;m/z374[M"+H]."H-NMR(CDCl5)8(ppm): 1.30-1 .40(m,6H),1.60-1.75(m,
1H),1.80-2.10(m,2H),2.20-2.40(m, 1 H),2.50-2.75(m,2H),3.30-3.50(m, 1 H),4.00-4.30
(m,5H),4.64(d,J=8.8Hz,1H),6.90-7.17(m,3H).

s
(E)-(5R,7aS)-5-(3,4-difluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]hexahydropyrrolidin-3-one
3-methoxy-4-(4- e Jaslie Jslas ) (a0 17.A) Lithium  hydroxide <iliay
diethyl [(5R,7aS)-5-(3,4- 5 ((m_\a \K ~) methyl-1H-imidazol-1-yl)benzaldehyde
— (e ¥Y A) difluorophenyl)-3-oxohexahydropyrrolidin-2-yl]phosphonate
Oba da vie Jeldll Jolae aliyy o yilile £) ethanol (ALde V) tetrahydrofuran
a3 sglie sodium  bicarbonate ela ) Jelill Jolae Giliay Aelu VY 3o Ll
b cadal ¢ ale Jolaa ps dalitiua) salall Juss .ethyl acetate g padaiuYl
aifgy Adlandl solall 80 . adde Jaias Cuad 385 3 ¢ sileY magnesium sulfate
pae Voo z Y (heptane-ethyl acetate oUai) silica adla (535ac hasileg < Jalas
Plail agae Uaulss (aase V0) alall giiall 48T alat L lgiall QS0 e pld ide e
Daicel Chemical Industries, Ltd. 4lauls; aiiae CHIRALPAK™ 1A) (52365 (gpoan:
el 0585 L lgiall 2 5e (e ame T LY (ethanol-hexane pllai ¢(am YO X oY)

o LS ) e Bisad
ESI-MS;m/z436[M"+H]."H-NMR(CDCls)3(ppm): 1.70-1.84(m, 1H), 2.11(dd,J=
12.8,7.2Hz,1H), 2.18(quint,J=6.0Hz,1H),2.32(s,3H),2.60-2.76(m, 1 H), 2.93(ddd,J=
3.6,6.8,16.4Hz,1H),3.40(ddd,J=2.0,5.4,16.4Hz,1H),3.89(s,3H),4.11(sext,J=6.0Hz, 1
H),4.79(d,}=9.2Hz,1H),6.92-7.04(m,3H),7.09(d,}=1.2Hz,1H),7.08-7.18(m,2H),
7.20-7.23(m, 1H),7.28(d,J=8.0Hz, 1H),7.77(d,J=1.2Hz, 1 H).
Ye Jba

G

(E)-(3R,9aR)-3-(3,4-difluorophenyl)-6-[ 3-methoxy-4-(4-methyl-1 H-imidazol-1 -

yDbenzylidene]octahydropyrrolo[ 1,2-aJazepin-5-one

‘o
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Gdas
tert-butyl (2R,5R)-2-(3,4-difluorophenyl)-5-{ (E)-4-methoxycarbonyl-3-butenyl}
pyrrolidine-1-carboxylate
tert-butyl (2R, 58)-2-(3,4-difluorophenyl)-5-(2- (sme Js—tae bagiill; Cilmy
©+) tetrahydrofuran i (0— Y) methoxycarbonylethyl)pyrrolidine-1-carboxylate
tetrahydrofuran (o8 (~» +.Y1A) lithium aluminum hydride ¢y Jslae ) (Lalik
A Ve saal s)hall s e Jelill Jolae uliyg Ay sie® jiua aie (LAl Vo)

+.YV) 710 sodium hydroxide Jslae ¢(yildle +.YV) elo adlaia yai o ciliay

2l B AR ¥+ 5aad oliy (g3 Jolill Uplaa Y (AL +.AY) elay of sl
saball 38555 ccelite diye P gl illy Joldll Jylae 6 Caujial) Gmanll e
3 (Uibile «.AVA) DMSO Jagiilly iliay .alcohol oS e (e px VoA ZlEY das)all
— ae (bl £ ) dichloromethane 3 (U3lle +.AY4) oxalyl chloride (1o Jslaa
Uslae Bl Giling (580 &30 53 il s i Jelil) Jylaa iy cusie®V
dslae ) (Ll Y ) dichloromethane & (x> VA) el zoUl alcohol S ye (1
by L4883 V0 sadd sylyall Ludi die Jelall Jolae caliyy ¢y it v = aie Jelil)
- aie Jeliill Jydas aliyy eJsdad) ) (5aldl 1.Y)) Triethylamine Lasll,
GNAIYL o5 cele b ol Uplae o &30 ¥r 50ad Ly gie® jia ) Lt
magnesium (358 <adad ¢ oale Jolae ae Laliiial 3ol Juss .ethyl acetate &
iliay aldehyde 28 (ro pa ¥ LY adis i caad 385 ad ¢ SlaY sulfate
trimethyl phosphonoacetate (s« Jslae () (aa +.YVA ccuyy 17 +) Sodium hydride
Yo 5aal Jelitlh Jplae iy iyt s dnp s (bl o) DMF i (pa 1. TY)

Yo
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1+) DMF o (ax V.A) @5l aldehyde oo Jsdae () Jelidl) Jslae ciliay L4480
&b Jo i) ylan g el 30 53 Aa0 Bha Ay vie Jadall iy, o bl
wadal ¢ oale Jolae as dualitiall salall Juss .ethyl acetate po (adaiu¥h & elo
daifsy Adlanal salall 85 . jmsde Jakim il K ¢ WY magnesium sulfate (35
(e o V.Y WY (heptane-ethyl acetate alUad) silica M (s3gec (ihagileg S Jilas

cot LS Spall (g Bhpaall all ()65 o gindl S5
ESI-MS;m/z418[M"-Na].'H-NMR(CDCl)3(ppm): 1.00-1.50(m,9H),1.56-1.90(m,
3H), 1.96-2.16(m,2H),2.20-2.44(m,3H),3.71(s,3H),3.90-4.00(m, 1 H),4.74(s, 1 H),
5.92(d,J=15.6Hz, 1H),7.00-7.25(m,4H).

Glas
tert-butyl (2R,5R)-2-(3,4-difluorophenyl)-5-(4-methoxycarbonylbutyl)pyrrolidine-1-
carboxylate
tert- (3o dsdae (I} (a2 ¥V cle Zo0 o g5%a)) Palladium-carbon iliay
butyl (2R,5R)-2-(3,4-difluorophenyl)-5-{(E)-4-methoxycarbonyl-3-
liys o( ,illle 04 ethyl acetate -4 (aa V.Y') butenyl}pyrrolidine-1-carboxylate
Palladium- Jfy -lelu o 3aa) 48,2 55 s 4550 2ie hydrogen s & delal Jolaa
b Caal dayall saldll 5853 ccelite giipe DA madiilly Jelidll Jolas b carbon

Olsinl) (S50 (e 2 VY WY i
ESI-MS;m/z420[M+Na].'H-NMR(CDCl5)8(ppm): 1.00-2.10(m, 18H),2.26-2.40(m,
1H),2.37(t,J=7.2Hz,2H), 3.66(s,3H),3.86-3.90(m, 1 H),4.66-4.80(m, 1 H),7.00-7.26

(m,3H).
(3R,9aR)-3-(3,4-difluorophenyl)octahydropyrrolo[ 1,2-a]azepin-5-one (5alas

) (Uil Y.1 1) ethyl acetate 4 g)lie ¢ hydrochloric acid (e Jslae ciliay

tert-butyl (2R,5R)-2-(3,4-difluorophenyl)-5-(4-methoxycarbonylbutyl) (e Jslsa
dslae sy . (allle +) ethyl acetate = (= .Y +) pyrrolidine-1-carboxylate
epx 0 VE 2 Gaide hiia dad Ky clel S aal L4000+ e Jelall
) (03l ¥) (lee © sodium  hydroxide Jslae il . i1 s 3 @3l

Yo
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Galiyg o il ¥.Y) ethanol o8 (a +-Y€) bl el ool g3 gl e Jslaa
pe Jaleiyy ugie® jim ) Jelitll Jlae 3y - el 5add 43500+ die Jelitl] Jslae
3alall (3lxy (mddia Jaiin aad Jelidll Jelas 35 .yl © hydrochloric acid
(ke «.A%) Thionyl chloride —alusy .(Lilile YY.0) dichloromethane (& ddliidl
Jeldl) Jylae 385 3aaly deluad Ayieeo s v Jelit Jylae iy dplaal Y
bz .(Laldle Y +) dichloromethane (-8 4dlaiall salall (3laiy (jnide Jar i caad
vie Jeldll Jolaa alfy . Jodaddt Y (Jilile 0) gyl © sodium hydroxide Jsiae
-ethyl acetate ge a3V L 5 caxlia elo b Cray A 4883 Vo 50a) Adjall 3yl da
S5 & ¢ SleY magnesium sulfate (353 caiad ¢ ale Jolas ae Laliiual soldl Juss
silica ol (gasac  Ahagilag)S Jalad daulg Adlandl salall (855 . jadde Jaiia ciad
(e Saall aadll 39S5 . lgtall iS50 (e a4 1Y Z LY (heptane-ethyl acetate plas)

fot WS oSyl
ESI-MS;m/z531[2M"+H].'H-NMR(CDCL3)5(ppm): 1.46-1.74(m,4H), 1.86-2.22(m,
6H),2.43-2.53(m, 1H),2.66(dd,J=7.2,14.4Hz, 1H),3.76-3.88(m, 1 H), 5.25(d,J=7.6Hz,
1H), 6.93-6.99(m, 1H),7.00-7.13(m,2H).

s
diethyl [(3R,9aR)-3-(3,4-difluorophenyl)-5-oxooctahydropyrrolo[ 1,2-a]azepin-6-
yllphosphonate
(3R,9aR)-3-(3,4- 3= Js-tau (A (L-aldle +.) « 9) Todotrimethylsilane il
N,N,N',N'-  (=———= + . ©) difluorophenyl)octahydropyrrolo[1,2-aJazepin-5-one
sie (illle ¥.0V) dichloromethane (o3 (3blle +.Y4) tetramethylethylenediamine
+.19¢) Todine Ciliay AG83 ¥+ 3ad Aysie® yiaa die Jolil Jgbae clisy ciuhe® jiuo
£ 52a plhall uit vie Jelidl Jylae iy g’ jam 2ie Jelill ylan ) (o
& o=ada1uYh o5 cxfia sodium  thiosulfate Jslae Y Jelill Jolas calicay (4548,
to>le dsdaay (9)lue ) hydrochloric acid as daliiuall saldl Juis .ethyl acetate
epa 0 Y0 Z LY adis baa ciad S5 A ¢ SlY magnesium sulfate (358 —adas
gLl iodine 3 aSye (po Jpdaa opficl 52 AV Y 2ie Gl jodine oS pe

Vo
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Al 5ha dapn (A Je i) Jslas alay .( sildle V) triethyl phosphite (& (an +-Y©)
e gagae hagilag S bt Ay ddlanall salall 85 . jdte Jaiia Ciad 385,
Sypaall adll (1585 . lsiall S50 (0 aa 2. YO Y (heptane-ethyl acetate aUas) silica
ol LS Ll
ESI-MS;m/z402[M"+H].
Gl
(E)-(3R,9aR)-3-(3,4-difluorophenyl)-6-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-
yDbenzylidene]octahydropyrrolo[ 1,2-a)azepin-5-one
3-methoxy-4-(4- (s« haslise Jslas W (an +.+1TA) Lithium hydroxide —iloay
diethyl [(3R,92R)-3-(3,4- 5 (a— .Y +) methyl-1H-imidazol-1-yl)benzaldehyde
(r‘—-‘ .Y °) difluorophenyl)-5-oxooctahydropyrrolo[ 1,2-a]azepin-6-ylJphosphonate
Ao die Jelill Jolas caliys o yaldle £) ethanol s (ilile V) tetrahydrofuran 4
a3 «zfie sodium bicarbonate ele () Jelitl Jolaa Ciliay LAl VY 304 ddjall 5))n
Asd Cadal ¢ oale Jslae e Lalitiuall salall Jussi cethyl acetate ae LadaiuNY
daly Adladall salall S5 L jmdde Jakia aad 5S35 o5 ¢ ALY magnesium  sulfate
p> +.Y+ z LY (heptane-ethyl acetate all) silica Dl (s3gec lyngilag S Julas
ro WS CSpall (e Bhpaall pdll (4585 L lsinll CSpa 4
ESI-MS;m/z464[M"+H]."H-NMR(CDCl3)3(ppm): 1.70-2.40(m,9H), 2.31(s,3H),
2.90-3.00(m,1H), 3.85(s,3H),3.84-3.98(m, 1H),5.28-5.34(m, 1H),6.94(s,1H), 6.98-
7.18(m,6H),7.22-7.30(m, 1H),7.74(s, 1 H).
Yo Jla
Gl
(E)-4-{(4S*,9aR*)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-6-

oxooctahydroquinolizin-4-yl} benzoate

Yo
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1-(4-carbomethoxyphenyl)hepta-5,6-dienyl-1-amine (3.a3
(4-carbomethoxybenzyl)-(4- (— Ols—iadl v Sye (y 0 a2a 090 o Jiass
(p—=>=e YYY) 6-iodohexa-1,2-diene 3 (—= 4A0) carbomethoxybenzylidene)amine
(Journal of the American Chemical Society, 2003, vol.125, (& 4 s gall 48lall Gda
vt LS Ol (e 5iaall dagll (4S5 .p.11956)
ESI-MS;m/z229[M"-NHj].

(2R*,65*)-2-(4-carbomethoxyphenyl)-6-vinylpiperidine (3da%
allylpalladium chloride dimer (s« Jglaa ) (il +.Y) Acetic acid <sluzay
©+) THF —3 (== Yo +) 1,1"-bis(diphenylphosphino)ferrocene s (—ae 1Y)
1- o Jlae cabimy (3 Vo 3aal A jall 3 ha daj0 v Jelih Jolae liy, o Aldle
(0% Y ) THF 4 (a2 ©90) (4-carbomethoxyphenyl)hepta-5,6-dienyl-1-amine
o) Ll Jeliall Jolae @l Aol VA 5aad LoV ¢ e liy 3 cJelitl Jglas
3 @he V Sl hydrochloric  acid 5 diethyl ether —ilia cad Al plya da
sl A5 «diethyl ether g Al A dall Juas A8 ASdal) Juainy Je il Jolss
D el GV auay s Ll dadl @he © sodium hydroxide Jslas
Akl Caial Ay gumell dagall Juadtiy (Al A0dall Y Chloroform waliay .8 f 4
(0 pae EYY 2 U0Y yadde davia Ciad S5iy cmagnesium sulfate (358 daslill 4y gasll

o LS Gl e Bl Bl (455 il e
ESI-MS;m/z246[M"+H].
Gl
1-[(2R*,65*)-2-(4-carbomethoxyphenyl)-6-vinylpiperidin-1-yl]-3-buten-1-one

Yo



Y4y

yva

(2R*,68%)-2-(4- (o Jsise () (Lalik +.VA) Diethyl cyanophosphonate «ilizay
+. £ £) vinylacetic acid ¢«(p—= ¢ YY) carbomethoxyphenyl)-6-vinylpiperidine
vie Jelil) Jolae Qliyy o illle ©) DMF d (ildle V. £ ¢) triethylamine 5 ¢( jilile
V&l hydrochloric acid s Ethyl acetate —iliay .5aaly 4ol 3ol 48 5all 3)l)a 450
ole g Znll ygpamal) ol Juis Ay gl Al Jemiy ¢ Jelil Jolno ) (e
bias &t 385 25 cmagnesium  sulfate (358 Cadad ¢a&ie sodium  bicarbonate
i) silica Dla gasac (i silas S Julas il uly Aalandl salall 656 . aide
cOlsiadl S ya (3 aae YAY 2UY (V:) = heptane:ethyl acetate <— heptane :4d.aill
o LS Gl (e Sl Al (5
ESI-MS;m/z314[M"+H].

(6R*,9a5*)-6-(4-carbomethoxyphenyl)-3,6,7,8,9,9a-hexahydroquinolizin-4-one

1{2R*,68%)-2-(4- e Uslae Cialy Aelu sl SLad) GadiSisale) ae i

tricyclo s (e« YAY) carbomethoxyphenyl)-6-vinylpiperidin-1-yl]-3-buten-1-one
HA

hexylphosphine[1,3-bis(2,4,6-trimethylphenyl)-4,5-dihydroimidazol-2-
methylene chloride o8 (a2« ©Y) ylidene][benzylidene]ruthenium (IV) dichloride

5oLl 35 35 23 LAl B A o ayad Sl Uyl sy (L3 v04)
ethyl theptane :4daill Cuia) silica Sla (gagec hagileyg S Jlas Aoy Aalisall
Sypaall daiill (15S5 . lgiall Sya (g0 pna V€0 LY (ethyl acetate <— V:£ = acetate

o LS ol e

‘ESI-MS;m/z286[M"+H].

(6R*,9aS*)-6-(4-carbomethoxyphenyl)octahydroquinolizin-4-one (3%
(6R*,928%)-6-(4- —= Js—tas (1) (a—ns ) +) Platinum oxide Ly
— (e £0) carbomethoxyphenyl)-3,6,7,8,9,9a-hexahydroquinolizin-4-one
4l 5ha a0 2ie hydrogen LS (& Jelill Jolaa caliyy o ikl ©) methanol
<l dadall salall 3855 ccelite pdpe DA Je il Jslan mdy -culela & 304

ot WS GO e Bhaaall a5 Olgiall S50 (e pae VYO Y jmide Jaia

VYo

Yo
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ESI-MS;m/z288[M"+H].'"H-NMR(CDCl3)5(ppm): 1.25-1.37(m, 1H),1.46-1.64(m,
3H), 1.70-1.86(m,2H),1.92-2.01(m,2H),2.04-2.12(m, 1H),2.16-2.27(m, 1 H),2.47-
2.53(m,2H), 3.59-3.68(m, 1H), 3.89(s,3H), 5.40(t,]=3.6Hz, 1 H), 7.26(d,J=8.4Hz,2H),

7.96(d,J=8.4Hz,2H).
(6R*,9aS*)-6-(4-carbomethoxyphenyl)-3-iodooctahydroquinolizin-4-one (3433

(6R*,928%)-6-(4- (— Js—aa ) (3l «.Y) Todotrimethylsilane «alay
N,N,N',N'-tetra 5 (=== Y Y©) carbomethoxyphenyl)octahydroquinolizin-4-one
aie (,ablle Vo) methylene  chloride 8 (,<ldle +. YY) methylethylenediamine
V1) jodine sy A58 Yo saa i jhia aie Jeldill Jolas iy ody i jiia
Bthyl Ciliny aaly de L 5add Lusie® jiom vie iy 30 eJolill Jplan ) (ras
Aggaiaall gl bty cJeliill Jslaa ) arde sodium thiosulfate Jslsss acetate
355 & «magnesium sulfate (358 aiad ¢ ale Jolae ae dailll 4ygaall Akl Juss
Sl (e Baaall Aadll (5% L Glsiall e (e pae VAL Z LAY mdde Db aal

b LS
ESI-MS;m/z414[M*+H].

Gilas

diethyl [(6S*,9aR *)-6-(4-carbomethoxyphenyl)-4-oxooctahydroquinolizin-3-
yllphosphonate

-

(6R*,925%)-6-(4- by 13 el wsa A LAeVYe 2 e o B

triethyl & (a== ) A+) carbomethoxyphenyl)-3-iodooctahydroquinolizin-4-one
Coad 38y a3 AN ha dayd (A 3l Jeliilh Jelase o5y . ()allle Y) phosphite
rb WS Sl (e Bhaeall Aall (155 lsindl Sy (g0 pae YAO Y it aiua
ESI-MS;m/z424[M"+H].

Silas
methyl (E)-4-{(45*,9aR *)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylidene]-6-oxooctahydroquinolizin-4-y1} benzoate

Yo

Yo
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YA

diethyl (3o baglie Jslaa I} (a2 ©0) Lithium hydroxide monohydrate «ilay
[(65*,9aR*)-6-(4-carbomethoxyphenyl)-4-oxooctahydroquinolizin-3-yi]
3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzaldehyde s (—s< Y A®) phosphonate
Jelall Jylae caliyy o( ,allle V) ethanol 5 (,3ldle £) tetrahydrofuran Y PEVRES)
Jslas Y sl Jslaay Ethyl acetate waliny . cyfic L 5ol Adjall 3ylys Aoy die
magnesium sulfate (358 423Ul 4y 5nall A6kl Co8an A panll ABdall Jeadly ¢ Jelinll
D gagee (i silen)S dilad Ay diliiall salal 85 . yaiie bins a3 55
<= V1) = heptane:ethyl acetate :4daill cyle ¢Chromatorex NH :4kla 3.L) silica
cet WS SHall (e Bhaaall sl K5 L il (S 5a (0 aae V4 z &Y (ethyl acetate
ESI-MS;m/z486[M"+H].'H-NMR(CDCl;)5(ppm): 1.30-1.42(m, 1H),1.48-1.80(m,
4H),2.02-2.09(m, 1H),2.22-2.28(m, 2H)2.30(s,3H),2.66-2.78(m, 1H), 3.12(brd,J=
16.0Hz,1H),3.78-3.86(m,4H),3.90(s,3H),5.56(brt,J=3.6Hz, 1 H),6.93(brs, 1 H), 7.02

'(dd,J=1.2Hz,1H),7.05(dd,J=9.2,1.2Hz, 1H),7.25(d,J=9.2Hz,1H),7.33(d,J=8.0Hz,2H),

7.72(d,J=0.8Hz,1H),7.79(d,J=2.8Hz,1H),7.99(d,J=8.0Hz,2H).
Y1 Jba

TRIC
(E)-(65*,9aR*)-6-(4-hydroxymethylphenyl)-3-[3-methoxy-4-(4-methyl-1H-

imidazol-1-yl)benzylidene]octahydroquinolizin-4-one

methyl (E)-4- (= Jslse () (== £) Lithium aluminum hydride <l

{(45*,9aR*)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-6-oxoocta
iy dygic® i 2ie (illle V) THF & (aas ©+) hydroquinolizin-4-yl}benzoate

Yo



yiay

YAY

&ie ammonium chloride Jglas il . oo b 30a) 4583 jiim 2ie Jeliill Jolas
Aol paall A8kl Cidas L Aypumall A8 Jiadii Jelill Jolas Y ethyl acetate 5
Jilad Aoy Adlanall salall (85 L aids havaa cad K5 ~ magnesium sulfate (3
ethyl :4d.aill cuie ¢Chromatorex NH :ilels 32Ls) silica ada (gasac ilyasilag S
(eSS L Olsiall 2S5 (e ame YE ZLY (V:0 = methanol:ethyl acetate <— acetate
ol LS Sl e Bpaaall il
ESI-MS;m/z458[M"+H].'H-NMR(CDCl5)8(ppm): 1.36-1.46(m, 1H),1.53-1.78(m,
4H), 2.00-2.07(m, 1H),2.20-2.27(m,2H)2.31(s,3H),2.66-2.78(m, 1H), 3.11(brd,J=
15.6Hz,1H),3.76-3.85(m, 1H),3.86(s,3H),4.67(s,2H), 5.55(brs, 1H),6.94(brs, 1H),
7.04(d,J=1.2Hz,1H),7.05(dd,J=8.0,1.2Hz,1H),7.26(d,J=8.0Hz,3H),7.33(d,}=8.0Hz,

2H), 7.74(d,J=1.2Hz,1H),7.81(d,J=2.4Hz, 1H).
¥V e

300
(E)-(65*,9aR*)-6~(4-cyanophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylidene]octahydroquinolizin-4-one

(E)-(65*,9aR*)-6-(4- = Jslae (o (22w YV) Dess-Martin periodinane —iliay
hydroxymethylphenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1 -yl)benzylidene]
Biys ¢(,5llle ¥) methylene  chloride = (a2 Y+) octahydroquinolizin-4-one
sodium bicarbonate ¢le aliay A58 Vo ol Ldpall 5)lha daj0 25 Jeliil Jplas
Aygeianl) Aadll Cadnt Aypainall Aaall Jmiy ¢ Joil) slaa ) ethyl acetate y puto
aldehyde xSy 7Y (sadie aiiia st 35 o5 magnesium  sulfate (358 4l
) (a2= 1Y) sodium acetate 5 (a2 ) Hydroxylamine hydrochloride «ala, . alall

Yo
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VY sad deliill Jolas caliyy o slile ¥) ethanol 8 3l aldehyde Sy (3o Jslas
Jaad®i e Jelitll Jolaa Y ethyl acetate &ia sodium bicarbonate ¢l Ciliay el
Caad 385 o5 magnesium  sulfate (38 Anilill 4y giaell Aiall Cadas LA gazandl d5,0))
2 Ll pLall oxime Sye (re dodae () ola oxime GaSpe z LY Laide biia
Je il Jelaa auny ((ane V) 1,1'-carbonyldiimidazole <l «(»3ldk ) THF
Bl Lo o el delil) Jylae oy el gt 50 LAl CafSs sale e
adal Ayl AL ity cJeliill Jslas Y ethyl acetate <ilizmy ¢af .2d)
salall 85 . (ydde ok e aal K55 2 magnesium sulfate (38 dadlill Ay gazaall A6l
¢tChromatorex NH :4lla 3la) silica Mo (53500 haslag S Jidas daulyy dalstall
@Sy (0 ans 1z WY (ethyl acetate <— V:) = heptane:ethyl acetate :d 0l Cula

o LS S5l e Baadll il (585 . lsiall

ESI-MS;m/z453[M"+H].'"H-NMR(CDCl3)&(ppm): 1.25-1.40(m, 1H),1.43-1.56(m,

1H),1.62-1.85(m,3H),2.03-2.11(m, 1H),2.13-2.32(m,2H)2.33(s,3H),2.67-2.77(m,

1H), 3.11(brd,J=16.4Hz, 1H),3.76-3.85(m, 1H),3.86(s,3H),5.50(brs, 1 H), 6.94(brs,
1H),7.02(d,J=1.2Hz, 1H),7.04(dd,}=8.0,1.2Hz, 1H),7.26(d,J=8.0Hz, 1H),7.36(d,J=7.6

Hz,2H), 7.62(d,J=7.6Hz,2H),7.77(d,J=2.8Hz,1H),7.81(s, 1 H).
YA Jbe

3040
(E)-4-{ (4S*,9aR*)-7—[3-methoxy-4-(4-methyl-IH-imidazol-1-yl)benzylidene]-6-

oxooctahydroquinolizin-4-yl}benzoic acid

Yo

Yo

\
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methyl (E)-4- (= Jslae ) (Lille V) (gbe Y sodium hydroxide Jslae ciliay
{(4S*,9aR*)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-6-oxoocta
Jsdaall aliys ¢ ,aldle Y) Methanol (& (aae A +) hydroquinolizin-4-yl}benzoate
dsdae Y (03l V) (g)loe ¥ hydrochloric  acid «liay el YA 324l Jelil)
Ay A5l ZlASA) Bald) (55 . adie datam s Jolill Jylae 300, ¢ el
():© = methanol:chloroform :ddaill cayia) silica oSia e Ahagilag S Jolas
cot LS Syl (e Biraddl il S5 lgiall S50 (e ane YV sy
ESI-MS;m/z472[M"+H].'"H-NMR(CDCl5)(ppm): 1.33-1.44(m, 1H),1.52-1.84(m,
4H),2.02-2.11(m, 1H),2.22-2.32(m, 2H)2.40(s,3H),2.67-2.78(m, 1 H), 3.11(brd,J=
16.0Hz,1H), 3.79-3.86(m, 1H),3.87(s,3H),5.58(brs, 1H), 6.97(brs, 1H), 7.06(brs, | H),
7.07(d,J=8.4Hz,1H), 7.28(d,J=8.4Hz,1H),7.33(d,J=8.4Hz,2H),7.81(brs, 1 H), 8.02(d,

J=8.4Hz,2H),8.10(brs, 1 H).
v4 Jbe

3040
(E)-(65*,9aR*)-6-(4-aminophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylideneJoctahydroquinolizin-4-one

(E)-4-{(45*,9aR*)-7-[3- (3o Jslae Baaly delusand il (afiss sale) & ey
methoxy-4-(4-methyl-1H-imidazol-1 ~yl)benzylidene]-6-oxooctahydroquinolizin-4-
triethylamine 5 <(ass ©Y) diphenylphosphoryl azide ¢ ©A) yl}benzoic acid
Bl Bl Ay (Nl Jelidl) Jolaa el (palile ¥) toluene & (ilile +.+ Y1)
salall A (Lallle ¥) g)le © hydrochloric acid caliay . adse Jaica caad B

‘o
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‘Ao

dylae ey sl delu sad L) Citisale] ae Jolitl Jylas 2y ciilanadl 1o
Aaules J8 VY Y i pnsed) G ey 20 5a0 syha A 1) 3yl Jelanl
iddall Cadas .chloroform a—e (=DA3uN a8 ¢ g5le © sodium  hydroxide Jslas
dalanall salall (85 . ymdde Jaiia il S 579 magnesium sulfate (3sé Aaslill 4 guanl)
<y ¢Chromatorex NH :ddsla 30Ws) silica Da (sasae ihasile g S Jlas ddauly
LS Syall (g0 Bpaall 0l (85 . lgiall S50 (10 pae 4 Y (ethyl acetate sdgaill Y-
o
ESI-MS;m/z443[M"+H].'H-NMR(CDCl5)8(ppm): 1.22-1.32(m, 1H),1.47-1.78(m,
4H),1.82-2.01(m,2H),2.34(s,3H),2.35-2.44(m, 1 H),2.64-2.72(m, 1 H),2.84-2.91(m,
TH), 3.42-3.50(m, 1H), 3.87(s,3H), 6.13(brd,]=3.2Hz, 1H), 6.67(d,J=8 4Hz,2H), Y.
6.94(brs,1H),7.01(brs,1H),7.02(d,J=8.4Hz,2H),7.05(brd,J=8.4Hz, 1H),7.25(d,J=8 4H

z,1H),7.81(brs,2H).
' ¢ Jle Yo

sula
(E)-4-{(45*,9aR*)-7-[3-methoxy-4-(4-methyl- 1 H-imidazol-1-yl)benzylidene]-6-

oxooctahydroquinolizin-4-yl}-N,N-dimethylbenzamide Y.

1£) EDCs (e ) +) HOBT (53l +.+¥) IPEA cadlaie yai e Gilos,
(E)-4-{(45*,9aR *)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl) (0 Jslae Y (pe
(—= ¥ Y) benzylidene]-6-oxooctahydroquinolizin-4-yl} benzoic acid Y-
Y) DMF & (,ldle + VY (THF o8 —aba 5 ¥ Jslas) dimethylamine 5
ol Jolaa s 63 il 5 bl Bl iy i ol Jplae iy o sibile
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Al pha Aoy A agd Jelall Jobae iy clele G sad 80 0 0 die Ll
bl Jaain (Jelill Jolas &de sodium  bicarbonate 5 Ethyl acetate <aliay
biia @aad K5 2% magnesium  sulfate (358 AUl 4y canl) ALY Cadad LAy gianll
rilela 30la) silica Sl (gagee ihasileg S dilad ddaulsy ddlaniall saldll 855 . jmide
O pae V4 LY (Y:9 = methanol:ethyl acetate :4i.aill Cula ¢Chromatorex NH
ol LS Sl (e Bl il (35 el S50
ESI-MS;m/z499[M*+H].'H-NMR(CDCl3)3(ppm): 1.32-1.43(m, 1H),1.47-1.77(m,
4H),2.00-2.07(m,1H),2.20-2.30(m,2H),2.32(s,3H),2.66-2.78(m, 1 H),2.99(brs,3H),
3.05-3.16(m,4H),3.76-3.85(m, 1H),3.86(s,3H),5.58(brs, 1 H), 6.94(brs, 1H), 7.04(brs,
1H),7.06(brd,J=8.8Hz, 1H), 7.26(d,J=8.8Hz, 1H),7.29(d,J=7.6Hz,2H), 7.38(d,J=
7.6Hz,2H),7.75(brs, 1H),7.81(d,J=2.4Hz, 1 H).
£Y 5 61 oY)
Al
(E)-(6S,9aR)-6-(3-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yDbenzylidene]octahydroquinolizin-4-one and (E)-(6R,9aS)-6-(3-fluorophenyl)-3-

[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylideneJoctahydroquinolizin-4-one

1-(3-fluorophenyl)hepta-5,6-dienyl-1-amine (5ala

(3-fluorobenzyl)-(3-fluoro O Olsindl @S0 e ama VIO Lo (Jiaas
Aaphll Lk (a0 9+ £) 6-iodohexa-1,2-diene (p—== YY) benzylidene)amine
-(Journal of the American Chemical Society, 2003, vol.125, p.11956) (2 g gall
b LS Sl (e Bhaadl il (0

Yo
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'H-NMR(CDCl3)8(ppm): 1.27-1.52(m,2H),1.65-1.80(m,2H), 1.95-2.05(m,2H),
3.92(1,J=6.8Hz, 1H),4.65(dt,J=6.8,3.2Hz,2H),5.05(quintet,J=6.8Hz, 1 H),6.91-

6.97(m,1H),7.02-7.07(m,1H), 7.09(d,J=8.0Hz, 1H),7.26-7.30(m, 1H).
(2R*,6S5*)-2-(3-fluorophenyl)-6-vinylpiperidine (3143

allylpalladium chloride dimer (re Jslae ) (yilile +.YY) Acetic acid wiloa

(bidlle Vo) THF i (pa« Y1) 1,1%bis(diphenylphosphino)ferrocene (p2e VYY)
by @l Ve sad A4yl s)ha Aa 0 aie Jelil) Jylaa iy enitrogen sa =
) (oallle £+) THF 4 (a2 V10) 1-(3-fluorophenyl)hepta-5,6-dienyl-1-amine
Aelu 1€ sad AV e e Jelill Jylae liyy Abill 3 das die Jelidl (Jylas
hydrochloric s diethyl ether <iluay (a3 Adjall )l m Aoy A 3yl Jelid Jolae oy
e A AL Al ook A el Jemity Jo il Jglae ) (e ¥ acid
3l Aslall A5kl ) @be © sodium hydroxide Jslae aliay a «diethyl ether

A8kl ) Chloroform iy .8 51 VY Y g paged) G dapimy 5a 2RI

«magnesium sulfate (358 Aailill 4y 5anll A8dall Cains Ay guimal) A8kl Jiadisy dglall
G0 Baall ol 5% L lsinll 150 G pne VEA £ LY (aide haiia caad 35,
b LS Sl
ESI-MS;m/z206[M"+H].'H-NMR(CDCl;)3(ppm): 1.30-1.60(m,3H), 1.68-1.80(m,
2H), 1.88-1.96(m, 1H),3.30-3.43(m, 1 H),3.66-3.77(m, 1 H),5.04(brd,J=10.0Hz, 1 H),
5.20(brd,J=17.2Hz,1H),5.91(ddd,J=17.2,10.4,6.8Hz, 1H),6.89-6.97(m,1H),7.10-

7.20(m,2H),7.23-7.31(m,1H).
1-[(2R*,65*)-2-(3-fluorophenyl)-6-vinylpiperidin-1-yl]-3-buten-1-one Gaaldn

(2R*,65%)-2-(3- e Ustaa ) (Lildle V.VA) Diethyl cyanophosphonate iloa,

¢(o—3blle +.41) vinylacetic  acid ¢(e—= YV £A) fluorophenyl)-6-vinylpiperidine
iy Adrll Hha Aa s ase (Hallle Vo) DMF =3 (02lille ¥.V) triethylamine
Ethyl  acetate alcay delu YV 32 d A 8aliglhadapaie Jelil Jylas
e S Agguiaall A5kl Jiaitiy Jelil Jolaa ) e Y hydrochloric acid
¢>lo Jslaag arda sodium bicarbonate «la & Ailll dygnall dahall Cidlaia gas

Ye
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Aaulss Adlanall solall (855 . jaadde Jaiia a3 S5 S5 emagnesium sulfate (358 <aisd
(heptane-ethyl acetate allai :4 .l i) silica oo (sagae Gihagilag)S Julas
rtt WS Gl o Bpaall alll 585 L lgiall S pa (e pae OAY LY
ESI-MS;m/z274[M +H]."H-NMR(CDCly)3(ppm): 1.58-1.66(m, 1H),1.76-1.92(m,
4H),2.37-2.46(m, 1H), 3.25(d,J=6.4Hz,2H), 4.85(d,J=10.4Hz,2H), 5.03(d,J=172Hz,
1H), 5.12-5.24(m,2H),5.50(ddd,J=17.2,10.0,7.2Hz,1H),5.58-5.82(m, 1H),5.98-6.10
(m,1H),6.89-6.96(m, 1 H), 7.01(d,J=10.4Hz, 1H),7.04-7.12(m, 1H),7.22-7.30(m, 1 H).
(6R*,9aS*)-6-(3-fluorophenyl)-3,6,7,8,9,9a-hexahydroquinolizin-4-one (343
1-[(2R*,658%)- (s« Jsdae (4fic L 3240 nitrogen s Ol lSS Bale ae Caiy
tricyclohexyl y (aae ©AV) 2-(3-fluorophenyl)-6-vinylpiperidin-1-yl]-3-buten-1-one
phosphine[1,3-bis(2,4,6-trimethylphenyl)-4,5-dihydroimidazol-2-ylidene]
Yo+) methylene chloride 4 (aas 4Y) [benzylidene]ruthenium (IV) dichloride
triethylamine 4.} iliay o5 485l 55hha dajy (W 3y Jelidh Jolaa o 3y (oAbl
Ay il 53l 55 . e D a3 il Jylaa 359 (Ll +.0)
(heptane-ethyl acetate olai :4d.aill C134) silica pla (gagae dlagilag S Jalay
roh WS Sl e el adll ()5 L lgiall e e pae £ 2y
ESI-MS;m/2246{M™+H].'H-NMR(CDCl)3(ppm): 1.39-1.54(m, 1H),1.60-1.78(m,
2H), 1.85-1.95(m, 1H),1.98-2.07(m, 1 H),2.21-2.32(m, 1H),2.94-3.12(m,2H),4.27-
4.37(m, 1H),5.34(t,J=4.0Hz, 1H),5.68(brd,J=10.0Hz, 1), 5.84-5.90(m, 1H),6.85-

6.93(m,2H),6.98-7.02(m, 1H),7.22-7.29(m, 1H).
(6R*,9a5*)-6-(3-fluorophenyl)octahydroquinolizin-4-one (3ali5

(6R*,9a8*)-6-(3-fluorophenyl)- 1« Jslas ) (ane Y +) Platinum oxide <sliay

¢(u—3billa Y +) methanol —2 (—20 £7+) 3,6,7,8,9,9a-hexahydroquinolizin-4-one
o - Slebu SO 504l 445l 5))ya 4a 50 2ie hydrogen & delall Jolaa iy
salall 85 . adde Jaria Caa dadyall soldll K54 ccelite iy Pa delall Joase
heptane- alkii :3d.aill Cu)a) silica oo (s35a hasileg S Judas dausy dalsnal
st WS Al (e Bpaall auill S5 L gindl (S pa (g0 ane FAY z @Y (ethyl acetate

Yo
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ESI-MS;m/z248[M"+H].'H-NMR(CDCl)8(ppm): 1.29-1.42(m, 1H),1.47-1.65(m,
3H),1.69-1.87(m,2H),1.92-2.01(m,2H),2.02-2.10(m, 1H),2.14-2.26(m, 1 H),2.45-2.58
(m,2H),3.57-3.67(m,1H),5.40(brt,J=4.0Hz, 1H),6.84-6.93(m,2H),6.97-7.02(m, 1 H),

7.23-7.29(m,1H).
(6R*,9aS*)-6-(3-fluorophenyl)-3-iodooctahydroquinolizin-4-one (3143

(6R*,9a5*)-6-(3-fluoro (3= Jslas Y (_plils +.¥£) JTodotrimethylsilane <ilua
N,N,N'N'-tetramethylethylenedi 5 (~>« Y'AY) phenyl)octahydroquinolizin-4-one
o el 2yl o (L5l Y0) methylene  chloride = (U=l +.AY) amine
04+) Todine —iliay 4883 ¥+ 3l hilly oy, & Jelall Jslae Caliyg enitrogen s
Aol 3aad 2B 2,00 pe Jelill Jolae iy bl 2,00 e Jeliil) Jolaa ) (poe
«Jelil) Jslaa W aviie sodium thiosulfate Jslaas Ethyl acetate <iluzay .5aal,
s i ¢ ale Jylae e Anll) Aypeinnl) Al Lk Aypinal) A5 (i
‘.OIJ_‘.,Jl Se (e ae OV 2 Y ymdde daiis Caad 35 a3 «magnesium sulfate

vk LS CSpall e Bhaaall daill
ESI-MS;m/z374[M"+H].

Siss
diethyl [(6S*,9aR*)-6—(3-ﬂuorophenyl)-4-oxooctahydroquinolizin-3-yl]phosphonate
(6R*,9aS8*)-6-(3-fluorophenyl)-3- (3o Jadd cilelu ued 32a) 4430V Yo e iy
¢yl (ke 1) triethyl phosphite g (aae ©4V) iodooctahydroquinolizin-4-one
pae TV Y e i il 35 2 Ak B A ) el delill e

sl WS Sl (g Binaall Aasll (465 . lgindl Spa 4a
ESI-MS;m/z384[M"+H].

Gidas

(E)-(6S*,9aR *)-6-(3-fluorophenyl)-3-[3-methoxy-4-(4-methyl- 1 H-imidazol-1-

yl)benzylidene]octahydroquinolizin-4-one

diethyl (e Jaslse Jslaa (M (a2 YY+) Lithium hydroxide monohydrate iluay

Ve ) [(6S*,9aR*)-6—(3-ﬂuorophenyl)-4-oxooctahydroquin0lizin-3-yl]phosphonate

Vo

Yo



Yi4y

Y4

s (.—>= YYA) 3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzaldehyde s (e
Astae Galiyg Adpall 5yl)a 4oy die (bl ©) ethanol 5 (siblls Y ) tetrahydrofuran
«Jel@ll Jslsa Y Ethyl acetate <aliay .3aals delu 52e) 4850l 5 )ha daj0 2ie Jelill
sl - ool Jybaey ande sodium bicarbonate ¢le ae e sai e Juiy 53
3alall (55 . yaadda Jakia Caa K55 o5 magnesium sulfate (358 Aaill 4y ganll 43,00
‘Chromatorex NH :dlila 3.L) silica oo (sasec lyngilag S Jilad Aol ddlasial)
QS5 - Olsiall S ye w ams OAY LY (heptane-ethyl acetate ol tAuaill Cula

o LS G5l (e el il
ESI-MS;m/z446[M"+H].' H-NMR(CDCl3)8(ppm): 1.34-1.47(m, 1H),1.52-1.80(m,
4H),2.01-2.08(m, 1H),2.17-2.28(m,2H),2.37(s,3H),2.67-2.78(m, 1H),3.06-3. 14(m,
1H), 3.77-3.87(m,1H),3.87(s,3H),5.54(brs,1H),6.88-6.99(m,3H), 7.03-7.1 1(m,3H),
7.23-7.34(m,2H),7.82(brd,J=2.4Hz, 1H),7.91(brs, 1 H).

i

(E)-(6S,9aR)-6-(3-ﬂuorophenyl)-3-[3-methoxy-4-(4-methyl-lH-imidazol-l-yl)
benzylidene]octahydroquinolizin-4-one and (E)-(6R,9aS)-6-(3-fluorophenyl)-3-[3-

methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one
racemate  (E)-(65*,9aR*)-6-(3-fluorophenyl)-3-[3-methoxy-4- racemate (aiiy

Ye) el zaull (4-methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one
Y) Daicel Chemical Industries, Ltd. 4aulss giocs CHIRALPAK™ JA dlauls: (pae
sliiul (re) ae Weay il Glgiall S e 2Ly (ethanol :¢latia jsba tau YO X s
ABETE cBtul o) ae Ly Tl (lgiall aSyag (e £99< fana V.Y) 4380 Y
(ee £39< taan 1LY)
(8) JUie) 488s Y1 clifiad (1a) ae Ly adil) lgindl (S50 (e Biaaall asill 5SS
ESI-MS;m/z446[M"+H].'H-NMR(CDCl5)8(ppm): 1.34-1 .47(m,1H),1.52-1.80(m,
4H),2.01-2.08(m, 1H),2.17-2.28(m,2H),2.37(s,3H),2.67-2.78(m, 1H),3.06-3.14(m,

Yo
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1H), 3.77-3.87(m,1H),3.87(s,3H),5.54(brs,1H),6.88-6.99(m,3H),7.03-7.11(m,3H),

7.23-7.34(m,2H),7.82(brd,J=2.4Hz, 1H),7.91(brs, 1H).

(87 JUie) 4880 V¢ il () ge ey Bl Glginll iS50 (g0 Bl puill 6
ob LS

ESI-MS;m/z446[M" +H].'"H-NMR(CDCl3)8(ppm): 1.34-1.47(m, 1H),1.52-1.80(m,

4H), 2.01-2.08(m, 1H),2.17-2.28(m,2H),2.37(s,3H),2.67-2.78(m, 1H),3.06-3.14(m,

1H), 3.77-3.87(m, 1H),3.87(s,3H),5.54(brs, 1 H),6.88-6.99(m,3H), 7.03-7.11(m,3H),

7.23-7.34(m,2H),7.82(brd,J=2.4Hz,1H), 7.91(brs,1H).

5040
(E)-(65,9aR)-6-(2-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)
benzylidene]octahydroquinolizin-4-one and (E)-(6R,9aS)-6-(2-fluorophenyl)-3-[3-

methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one

1-(2-fluorophenyl)hepta-5,6-dienyl-1-amine (52145
(2-fluorobenzy)-(2- s ls—inll o Sye w o as WV _le ] iaad
Lk (?AA /\M) 6-iodohexa-1,2-diene (@_\A A4 ~) fluorobenzylidene)  amine
(Journal of the American Chemical Society, 2003, vol.125, (& A paa gall A5,k
rot WS el e Biaaall aslll (685 .p.11956)
'H-NMR(CDCl3)3(ppm): 1.31-1.43(m, 1H),1.44-1.57(m, 1H), 1.68-1.84(m,2H),1.97-
2.06(m,2H),4.21(t,J=6.8Hz, 1 H),4.64(dt,J=6.8,3.2Hz,2H), 5.06(quintet,J=6.8Hz, 1H),

6.98-7.06(m, 1H),7.10-7.15(m, 1H), 7.18-7.26(m,1H),7.35-7.42(m,1H).
(2R*,65*)-2-(2-fluorophenyl)-6-vinylpiperidine (3145

‘o

Yo

Yo
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(== Y\ +) allylpalladium chloride dimer (s (Al +.VV) Acetic acid il
—3 (b—blle 1+) THF b (/—== Y'££) 1,1"-bis(diphenylphosphino)ferrocene
Jslae il . (3560 Vv 50ad A8 3l 5hha dnpn e Jel@ll Jslae aliyy enitrogen s>
(<l ¥+ ) THF o8 (a2 1YV) 1-(2-fluorophenyl)hepta-5,6-dienyl-1-amine (-
V¢ sadd AV e aie Jelill Jolaa caliyy cidpall 5yha days die Jelill Jslae )
diethyl ether wsliay ¢a Al s)hs Ay () ayd Jeldll Jolas S el
Akl Juwss Al Aidal Jaainy o Je i) Jybaa M) g5le Y hydrochloric acid s
il aal Y (obe © sodium hydroxide <alia &5 «diethyl ether ae daSUll 4Ll
) Chloroform wibuay .J30 V1 ) umg el ) Jaaimy (i il 25 pe
magnesium (358 A3l dyguzaall A8kl Caiad Ay unell A5k Joaaiiyy ¢dilall d3ukall
3yaall aidll (585 . il Sy (e g2 OVA ZLY Uadde o cad S g csulfate
g WS el e
ESI-MS;m/z206[M"+H].'H-NMR(CDC;)3(ppm): 1.28-1.68(m,3H),1.70-1.79(m,
1H), 1.79-1.88(m,1H), 1.88-1.98(m,1H),3.26-3.38(m, 1H),4.09(d,J=11.2Hz,1H),
5.04(d,J=10.8Hz, 1H),5.20(d,}=17.2Hz, 1H),5.85-5.97(m, | H), 6.97-7.05(m, 1H),
7.08-7.15(m, 1H),7.16-7.26(m, 1H),7.54-7.63(m, 1 H).
1-[(2R*,6S*)-2-(2-flucrophenyl)-6-vinylpiperidin-1-yl]-3-buten-1-one AL
(2R*,65*)-2-(2- (3o dslne A (5l ) -YY) Diethyl cyanophosphonate aliay
¢ ,-allle +.11) vinylacetic  acid ¢(a—= Y A) fluorophenyl)-6-vinylpiperidine
iy (ddyall ylya Aap 2ie (L3l Vo) DMF (8 (U<ldle Y.Y) triethylamine
Ethyl acetate slazay .dclu Y) 52 il o)la iy aie Jel@l Jylas
o Juid Ay gaall Ahll Jaitiy ¢ Jol@ll Jylae ) (o)e Y hydrochloric acid
¢ ek Jslaay asdie sodium bicarbonate ¢le s danlll 4 gnall Agpkall Blatia o
idadg Aalanall soldl 861 . adde Jadia Gl S5 o3 cmagnesium sulfate (358 aiad
(heptane-ethyl acetate ol :diaill cyda) silica pdla (s3see G gilag S Jalas
cot LS el e Bhaaall pill 05 L lindl iSHe (10 pre EEY Z Y

\o

Yo
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ESI-MS;m/z274[M'+H].'H-NMR(CDCl3)8(ppm): 1.50-1.64(m, 1H),1.74-2.05(m,
4H),2.10-2.21(m,1H),3.03(brdd,J=16.4,5.6Hz,1H),3.16(dd,]=16.0,6.8Hz,1H), 5.01-
5.16(m,4H),5.20(d,J=17.2Hz, 1H),5.46-5.57(m, 1H), 5.82-6.02(m,2H),6.97-7.10(m,
2H), 7.19-7.24(m, 1H), 7.29-7.36(m, 1H).
(6R*,9aS*)-6-(2-fluorophenyl)-3,6,7,8,9,9a-hexahydroquinolizin-4-one (aadas
1-[(2R*,658%)- (3= Ustna (yiie L 54 nitrogen s> A JA aiSi sole) as (o
tricyclohexyl s (aae ¢ Y) 2-(2-fluorophenyl)-6-vinylpiperidin-1-yl]-3-buten-1-one

phosphine[1,3-bis(2,4,6-trimethylphenyl)-4,5-dihydroimidazol-2-
methylene chloride 3 (a2« 14) ylidene][benzylidene]ruthenium (IV) dichloride

solall 85 . ymdde Jaias caald Jeldil Joldaa 5S55 ¢ bk «.0) triethylamine
heptane- aUai :diaaill Cuis) silica Do (sasec Ahagiles S Jolad daulsy ddlinall

ol LS Gl e Bieall il 055 L il S pe e pae TIA 2 LY (ethyl acetate

ESI-MS:m/z246[M"+H]."H-NMR(CDCl3)8(ppm): 1.40-1.55(m,1H),1.60-1.83(m,
2H), 1.89-2.00(m, 1H), 2.07-2.25(m,2H),2.91-3.10(m,2H),4.31-4.41(m, 1H), 5.47
(brt,J=4.0Hz, 1H),5.68(dd,)=10.0,0.8Hz, 1H),5.80-5.88(m, 1 H),6.97-7.08(m,2H),

7.12-7.22(m,2H).
(6R*,9aS*)-6-(2-fluorophenyl)octahydroquinolizin-4-one (32133

(6R*,9aS*)-6-(2-fluorophenyl)- (= Jslas ) (a3« V1) Platinum oxide <slay
iy ¢ y3lille A) methanol A (a2 Y1A) 3,6,7,8,9,9a-hexahydroquinolizin-4-one
Jlae iy . fie b 32l 445 5y)a 4ay0 2ie hydrogen JLS (A Je il Jylaa
Al 5oLl LS . miie i cind dadiall 3Ll S5y ccelite peiye DA Jelad
heptane-ethyl  alda :diaill Cuia) silica oDb (ga5ae Gilagilag)S sl Ay

col LS Gl e Binaall pll 065 L Glgiall (S pe e a2 Vo A LY (acetate
ESI-MS;m/z248[M'+H].'H-NMR(CDCl:)(ppm): 1.25-1.40(m, 1H),1.52-1.70(m,
2H),1.72-1.87(m,2H), 1.90-2.05(m,2H),2.07-2.18(m,2H),2.37-2.56(m,2H),3.63-
3.73(m, 1H),5.53(t,J=4.0Hz, 1H),6.96-7.08(m,2H),7.10-7.22(m,2H).

Ve
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(6R*,9aS*)-6-(2-fluorophenyl)-3-iodooctahydroquinolizin-4-one (3135
(6R*,9aS*)- e Jslae () (Lilille «. YA) Todotrimethylsilane (3o Jslae iluzay
N,N,N",N'-tetramethyl- 5 (== ¥+ 1) 6-(2-fluorophenyl)octahydroquinolizin-4-one
8L 23,8 ae (Lillle YY) methylene chloride (4 (L3kils +.77) ethylenediamine
iodine «ilay 4883 ¥ 32l 2l 23,8l ae Jeliill Jelae aliyy cnitrogen s (A
zBL apal ae Jolill Jolae callyy (@BlL 2yl aa Jelitl) Jslae (M (ane £V7)
Jsbae A avia sodium thiosulfate Jslaay Ethyl acetate <alizay .5aaly dcla AW
Ciind ¢ gale dylae gon Aol Aygonall 2Bl (Juski Agpeinall Rl Jumiy ol
Sy (e paa 000 ZLY adde haiia sl 385 o5 cmagnesium  sulfate (354
b LS 5 (e el Al (155l
ESI-MS;m/z374[M"+H].

s
diethyl [(6S*,9aR *)-6-(2-fluorophenyl)-4-oxooctahydroquinolizin-3-yl]Jphosphonate
(6R*,9aS*)-6-(2-fluorophenyl)- (s« Jasda Cilela el 30 500V Y0 23 Qi
&lyiy (ke 1) triethyl phosphite g (a2« © + +) 3-iodooctahydroquinolizin-4-one
pae 001 Y mie i a3 35 o3 Al Ba i o) el el e

co WS Sl e Bhnaall Al 0685 L Glsindl S e

ESI-MS;m/z384[M"+H].
(E)-(6S*,9aR *)-6-(2-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one
diethyl (e haslas Jslas () (a2 Y1) Lithium hydroxide monohydrate «sliay

0. \) [(6S*,9aR *)-6-(2-fluorophenyl)-4-oxooctahydroquinolizin-3-yl}phosphonate
— (== Y4+) 3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzaldehyde 5 (»—se
Jslae aliyg (A8 yall 3y 4y die (_aldls £) ethanol y (_ldle YY) tetrahydrofuran
(Jeliill Jelae I Ethyl acetate «alizay . opficlu 3aal 4853l 5y 4ay0 2ie Jelinll
cadai . oale Jelaay ardie sodium bicarbonate cle e uilaia g3 o Juuiy (53

\o
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salall 85 . jmdde Jakaa <uad S5 o3 magnesium sulfate (358 Ax3lll 45aa]) A5,k
¢Chromatorex NH :dlela 32Ls) silica o (sagas Alagilag S Jilad dlauly dalasall
555 sl (aS e (e ana EAY LY (heptane-ethyl acetate ol :ddaill cyis

cot WS Sl e el asll
ESI-MS;m/z446[M"+H].'H-NMR(CDCl5)8(ppm): 1.29-1.43(m,1H),1.61-1.90(m,
4H),2.04-2.32(m,3H), 2.35(s,3H),2.65-2.75(m,1H),3.05-3.14(m, 1H),3.82-3.92(m,
1H),3.85(s,3H),5.68(brs, 1H),6.94-6.96(m,1H),7.01-7.10(m,4H),7.16-7.23(m,2H),
7.24-7.28(m,1H),7.76(brd,J=2.8Hz,1H),7.85(brs, 1H).

G

(E)-(6S,9aR)-6-(2-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)
benzylidene]octahydroquinolizin-4-one and (E)-(6R,9aS)-6-(2-fluorophenyl)-3-{3-

methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one

-racemate  (E)-(6S*,9aR*)-6-(2-fluorophenyl)-3-[3-methoxy-4- racemate Juaiiy

Ye) el 73l (4-methyl-1H-imidazol-1-yl)benzylideneJoctahydroquinolizin-4-one
Y) Daicel Chemical Industries, Ltd. iawlgs aiias CHIRALPAK™ TA auilss (oo
il ey ae Lpeas Jadill lgiall a8 je z UGy (ethanol tedyaie jsh taw YO X au
A8 YY clifinl () ae peay Tl Clsiadl aSjey (ee £99< tana V.T) A3da VY
(ee 739< aaa V.A)
(£ JUe) 488 YV clifind (o) g Lpeay Tl Glginll iS50 (g0 Spaall aill (4555
ESI-MS;m/z446[M"+H]."H-NMR(CDCl5)3(ppm):1.29-1.43(m, 1H),1.61-1.90(m,
4H),2.04-2.32(m,3H),2.35(s,3H),2.65-2.75(m,1H),3.05-3.14(m, 1 H),3.82-3.92(m,
1H), 3.85(s,3H),5.68(brs,1H),6.94-6.96(m,1H),7.01-7.10(m,4H),7.16-7.23(m,2H),
7.24-7.28(m, 1H),7.76(brd,J=2.8Hz, 1 H),7.85(brs, 1 H).
(88 Jle) 488 YV o Bl o) po bpeay il lsindl iS50 (40 Baaall palll (5

ol LS

Vo
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ESI-MS;m/z446{M*+H].'"H-NMR(CDCl5)3(ppm):1.29-1.43(m, 1H),1.61-1.90(m,
4H),2.04-2.32(m,3H),2.35(s,3H),2.65-2.75(m, 1H),3.05-3.14(m, 1 H),3.82-3.92(m, Ve
1H), 3.85(s,3H),5.68(brs, 1H),6.94-6.96(m, 1H),7.01-7.10(m,4H),7.16-7.23(m,2H),
7.24-7.28(m,1H), 7.76(brd,J=2.8Hz,1H),7.85(brs, 1 H).

€15 ¢0 YL
(E)-(6S,8R,9aR)-6-(4-fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H- Vo
imidazol-1-yl)benzylidene]-8-methyloctahydroquinolizin-4-one and (E)-
(6R,8S,9aS)-6-(4-fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-

1-yl)benzylidene]-8-methyloctahydroquinolizin-4-one

1-(4-bromobutyryl)-2-(4-fluorophenyl)-2,3-dihydro-1H-pyridin-4-one (3433
¢(o-ildle Y) 4-methoxypyridine G Ols—all 2S3e e pa 1T e Jans
¢(illle YoV (THF & aba s Y Jslss) 4-fluorophenylmagnesium bromide
(Tetrahedron (-4 485 gall A4y,lall Uiyl (,3llle Y. €) 4-bromobutyryl chloride
b LS Gl e el wil (4S5 - Letters, 1986, vol.27, p.4549-4552)
"H-NMR(CDCl3)3(ppm): 2.20-2.32(m,2H),2.79-2.86(m,3H),3.10-3.16(m, 1H),3.47-
3.55(m,2H),5.47(brd,J=8.0Hz, 1H),6.00(brs, 1H),6.99-7.03(m,2H),7.18-7.21(m,2H),
7.75(brs, 1H). Yo
(4S*,9aR *)-4-(4-fluorophenyl)hexahydroquinolizine-2,6-dione (3433
1-(4-bromobutyryl)-2-(4- —e (ls—iall (v Sype s V.00 o aas Yo
V.AV) tributyltin  hydride ‘(C‘A- \‘) fluorophenyl)-2,3-dihydro-1H-pyridin-4-one



Y4y
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(The Journal of Organic (b aisagall 44l Lk (a2e YAT) AIBN 5 ¢( yildle
ob LS el e Bisaall pilll (585 Chemistry, 1993, vol.58, p.4198-4199)
'H-NMR(CDCl)5(ppm): 1.58-1.82(m,2H), 1.85-2.01(m,2H),2.34-2.39(m, 1 H),2.45-
2.56(m,3H),2.80(dd,J=15.6,7.2Hz,1H),2.97-3.01(m, 1H), 3.49-3.56(m, 1H), 6.54
(brd,}=7.2Hz,1H),6.99-7.03(m,2H), 7.21-7.24(m,2H).
(6S*,8R*,9aR *)-6-(4-fluorophenyl)-8-hydroxy-8-methyloctahydroquinolizin-4-one
0.9A (THF & alp» S + -3 Jslas) Methylmagnesium bromide il
(4S* 9aR*)-4-(4-fluorophenyl)hexahydroquinolizine-2,6- (— Js-tae I (bl
o saal Jeliill Jolae caliyy (Bl ayyill o (L3ldle Y0) THF (o8 (ax V) dione
+.4% Jslas) methylmagnesium bromide <iliay (A5l salal elial ade Capes JAR8S
P saad caliy g1 eJelill Jylae Y Wil (53llle 0.3 (THF & gaba o
Juaitiy ¢ Jelill Jslaa N ethyl acetate 5 ariie ammonium chloride <sliay .438s
magnesium (358 <adnd ¢ ale Jolan ae Aailll 4ymall Adall Jusis Ly ganll Agghall
Jodas dda by A alinall salall 8 Ly dde dad e Gl S5 a5 ¢ ALY sulfate
aldas <— heptane-ethyl acetate Ui :duaill cyds) silica adla (gasas (Ahagilas S
bz . lgiell aSye e A50G B3Lal) (40 Jap1s LY (ethyl  acetate-methanol
¥ (bl 0.8A (THF & <ba i +-37 Jsbas) Methylmagnesium bromide
Jae iy (BIL 208l ae (5531 850 (ilille Vo) THF (o8 bl Jalsd) (e ploe
) ethyl acetate 5 e ammonium chioride Jslse iliay .3aaly Aol 3add Jeoliill
(eale Uslae ae Aailll Aygunall Ahkhall Justd WAy saiand) Adghall Juadiiy (Jo il Jslae
Alanall salel) A5 . jadde Jakia Cad S5 A ¢ AleY magnesium sulfate (358 adal
heptane-ethyl ol 4. il (u3a) silica oo (g35ae (Gibagilag)S Julald ddaulsy
S ye ae 500 BaL e dapld 2 LS3Y (ethyl  acetate-methanol oLk <— acetate
(THF & b s .97 Jsdae) Methylmagnesium  bromide il . o)lsadl
1yl e (L3llle Y0) THF (5 (gyal 5y bl Japlsdl pe Jsdaa ) (L3lile 0.9A
ammonium Jslae iliay cChaaly de b tae) Jelill Jolas aliyy L_@J 3ye Gﬂ\_)

\o
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YaA

aadl Juss g gaanl) Akl Juadtiy cJelill Jslaa Y ethyl acetate s aada chloride
s’ 385 &8 ¢ SV magnesium sulfate (358 —adad tenle dlae e A0l 4y guzanll
<uia) silica DB (gases FEhagleg S Jilas ddautsr Aalinal) saldl A5 . addie Jaiia
saa V1 zUiY (ethyl acetate-methanol alks <— heptane-ethyl acetate plas :d gl
cot WS Sl (e Brpaall pll (4585 L il S50 00
'H-NMR(CDCl5)3(ppm): 1.26(s,3H),1.56-1.68(m,3H),1.80-2.01(m,3H),2.01-
2.12(m,1H),2.42-2.64(m,3H),3.79-3.85(m, 1H), 6.06(brd,J=6.8Hz,1H),6.99-
7.05(m,2H),7.18-7.26(m,2H).
(6S*,8R*,9aR*)-8-(tert-butyldimethylsilanyloxy)—6-(4-ﬂuoropheny1)-8—methylocta
hydroquinolizin-4-one
O Us-lae Y (a2e YAT) TBSOTE s (,3lgSae Yo V) Triethylamine sl.zay
(6S*,8R*,9aR *)-6-(4-fluorophenyl)-8-hydroxy-8-methyloctahydroquinolizin-4-one
saaly Aol saad Jelil) Jolaa caliyg oz Billy 2yl as (llle V) THF 8 (pae Yo v)
Just A pamal) Akl Juadty (Je il Jslase ) ethyl acetate 5 ¢l <Sliiay (4383 04
S8 &5« Ay magnesium sulfate (358 —séal ¢ e>le Jslae o A3l Ay guaall Al
silica s (gagac (Ahagilag S Julas dda gy Adlaciall solall 855 . padda Jakia a3
z Y (ethyl acetate-methanol Ui <— heptane-ethyl acetate aldas 1dsatll cuda)
co WS el e Bipaall aill (psS5L Glsiad) S pe e pae VT
"H-NMR(CDCl5)8(ppm): 0.00(s,3H),0.12(s,3H),0.72(s,9H),1.48(s,3H),1.68-1.89
(m,3H),1.98-2.12(m,3H),2.20-2.28(m,1H),2.58-2.68(m,2H),2.70-2.78(m, 1H),4.00-
4.06(m,1H),6.11(brd,J=6.8Hz,1H),7.10-7.19(m,2H),7.27-7.30(m,2H).
s
(E)-(6S*,8R*,9aR *)-8-(tert-butyldimethylsilanyloxy)-6-(4-fluorophenyl)-3-[3-
methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-8-methyloctahydroquinolizin-

4-one
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cra Jslae U (SilsSee €7 (THF 3 b (A V-0 Jslas) LDA il
(6S*,8R*,9aR*)—8-(tert-butyldimethylsi1anyloxy)-6-(4-ﬂuoropheny1)-8-methylocta
Jolae liy 4,500 jiia aie (Lallle Y) THF (o (a3e V) 1) hydroquinolizin-4-one
3-methoxy-4-(4-methyl- (o Jstae Ciliay o5 Baaly Ao lu Baal 43540 o e Je il
Jelll Jelae A (ildle Y) THF (g (a3 AY.Y) 1H-imidazol-1-yl)benzaldehyde
) ethyl acetate 5 elo il 3883 £+ 3add 4ie® ja Yo Lilia) Jolill Jslae iy
magnesium (358 436l 4ypanl) Aigdall it Ay panl) Akl Jusiip e Jeliill Jslae
N B Sy aldol Sy (e paa V10T 2 WY aida biaa Cad S5 A5 sulfate
V) methylene chloride (o3 (a2e 1+ ©.Y) ala 2550 aldol (e Jsloe A gic® jiia
¢ +) methanesulfonyl ~ chloride 5 (-5 S3e ) ¢0) Triethylamine il .( ikl
Vo g saaly dela sad dal ha day e iy A cdoldl Jylae ) (SilySee
methanol s (aa= YY¢ ¢methanol 4 ZXA Jslas) Sodium methoxide il . (338
Gy Yoy saaly delu saad Bha day ate culiy 53l dolidl Jylae U (il V)
bl Juas Ayganl) Adpkall Juaitiy cJeléll Jolaa N ethyl acetate 5 ¢la by
aad 385 &5 ¢ SleY magnesium sulfate (358 —aéad toale slae pe A5l 4 guzanll
5Le) silica s sapee ibasilag S Jylad daalsy AalaEA 5ol (55 . padie Jaia
ethyl ol <— heptane-ethyl acetate aUas :4d.aill Guyie ¢Chromatorex NH ZANEN
LS el (e Saaalt aiill (S0 L lgiall S pa (g p2e Vo ¥ Z WY (acetate-methanol
o
'HNMR(CDCl5)5(ppm): 0.00(s,3H),0.10(s,3H),0.71(s,9H), 1.48(s,3H), 1.78-1.92(m,
3H),2.08(dd,J=7.2,14.4,1H),2.20-2.30(m,1H), 2.45(s,3H),2.60-2.65(m,1H),2.94-
3.10(m,2H), 4.00(s,3H),4.10-4.16(m, 1H),6.15(brd,J=6.4Hz,1H),7.08-7.18(m,5H),
7.30-7.33(m,2H),7.38-7.43(m, 1H),7.89(s, 1 H), 7.94(s, 1H).
Gl
(E)-(6S*,8R*,9aR *)-6-(4-fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-

imidazol-1-yl)benzylidene]-8-methyloctahydroquinolizin-4-one
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(E)- ¢ Jslae (Y (s sSse £+ (THF (g oaba (S5 V dslas) TBAF il
(6S*,8R*,9aR*)-8-(tert-butyldimethylsilanyloxy)-6-(4-fluorophenyl)-3-[3-methoxy-
4-(4-methyl-1H-imidazol-1-yl)benzylidene]-8-methyloctahydroquinolizin-4-one
Al Jlsh 38530 55ha A de Jelill Jolae Galiyy o siblle Y) THF (p2e Y+ Y)
Jaaith ¢ Je il Jolaa 6_3\ ethyl acetate s axie ammonium chloride Jslae il
magnesium (353 <asal cg_sl« Jslae ase Janll) & gemal) Akl it LA gaianll ddudall
Joda dda gy A dlandl 5ol all 85 L jmdhie Jad o Caal 385 a0 ¢ ALY sulfate
ol 14 d.atll cuie «Chromatorex NH :ilds 3ala) silica 2D (s35ae (Ahasilag S
S e pe 1N E ZlAY (ethyl acetate-methanol »Uas <— heptane-ethyl acetate
vt WS el e Bhaaall pll (685 Ll gind)
'H-NMR(CDCl3)3(ppm):1.64-1.78(m,3H),2.05(s,3H),2.07-2.16(m,2H),2.32(s,3H),
2.45-2.52(m,1H),2.76-2.85(m,1H), 2.90-2.99(m, 1H),3.87(s,3H),3.94-4.02(m, 1 H),

6.16(brd,J=6.4Hz, 1 H),6.95(t,J=1.2Hz,1H),7.02-7.07(m,4H),7.24-7.30(m,3H), 7.75

(d,J=1.2Hz,1H),7.82(s,1H).

RRIC
(E)-(6S,8R,9aR)-6-(4-fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidene]-8-methyloctahydroquinolizin-4-one and (E)-
(6R,SS,9aS)—6-(4-ﬂuorophenyl)-8—hydroxy-3-[3-methoxy-4-(4—methyl-1H-imidazol-
1-yl)benzylidene]-8-methyloctahydroquinolizin-4-one
racemate (E)-(6S*,8R*,9aR*)-6-(4-fluorophenyl)-8-hydroxy-3- racemate Jaadly

[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-8-methyloctahydro
idaulgs pias CHIRALPAK™ 1A ilauls (ane V1. 2) oDlef a5l quinolizin-4-one
S s Y (ethanol :&lyaie sh ¢am YO X aw Y) Daicel Chemical Industries, Ltd.
Olsiall aSyas (e £39< tana YV.Y) A8y 0.V clifinl (10) pa Lpeay Jadill lsinl)

(ee Z39< taaa YA.0) 4383 1.9 clifiul (1a) ge Lipeay Jadill
(20 Jta) dads 0.V clafiul (1) g Wpeay Jadall Glgind) S 5e (ye Brpaall il (5S5

o LS
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'-NMR(CDCls)3(ppm): 1.64-1.78(m,3H),2.05(s,3H),2.07-2.16(m,2H),2.32(s,3H),
2.45-2.52(m,1H),2.76-2.85(m,1H),2.90-2.99(m, 1 H), 3.87(s,3H),3.94-4.02(m, 1H),
6.16(brd,J=6.4Hz, 1H), 6.95(t,J=1.2Hz,1H),7.02-7.07(m,4H),7.24-7.30(m,3H), 7.75
(d,J=1.2Hz,1H),7.82(s, 1H).

(€7 Ja) a88y 1.9 gl a) ae Wyeas Jadall olsiall (S pe (ge Bhaaall aidll (S5
'H-NMR(CDCly)3(ppm): 1.64-1.78(m,3H),2.05(s,3H),2.07-2.16(m,2H), 2.32(s,3H),
2.45-2.52(m,1H),2.76-2.85(m, 1H),2.90-2.99(m, 1H),3.87(s,3H),3.94-4.02(m, 1H),
6.16(brd,J=6.4Hz, 1H),6.95(t,)=1.2Hz, 1H),7.02-7.07(m,4H),7.24-7.30(m,3H), 7.75

(d,J=1.2Hz,1H),7.82(s,1H).
OY 5¢0) (04 (£4 (£A £V ALY

- l..-
~

- (E)-(6S,8R,9aR)-6-(4-fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-

imidazol-1-yl)benzylidene]-8-methyloctahydroquinolizin-4-one, (E)-(6R,8S,9aS)-6-
(4-fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)
benzylidene]-8-methyloctahydroquinolizin-4-one, (E)-(6S,9aR)-6-(4-fluorophenyl)-
3-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-8-methyl-1,2,3,6,9,9a-
hexahydroquinolizin-4-one, (E)-(6R,9aS)-6-(4-fluorophenyl)-3-[3-methoxy-4-(4-
methyl-1H-imidazol-1-yl)benzylidene]-8-methyl-1,2,3,6,9,9a-hexahydroquinolizin-
4-one, (E)-(6S,8S,9aR)-6-(4-fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-
1H-imidazol-1-yl)benzylidene]-8-methyloctahydroquinolizin-4-one, and (E)-
(6R,8R,9aS)-6-(4-fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-

1-yl)benzylidene]-8-methyloctahydroquinolizin-4-one
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1-(4-bromobutyryl)-2-(4-fluorophenyl)-2,3-dihydro-1H-pyridin-4-one (3435
¢( =ildle Y) 4-methoxypyridine (s Cly-iall €30 o an T.AT (o dans
¢(sillle Y.V (THF 4 b> >V Jsbaa) 4-fluorophenylmagnesium bromide
(Tetrahedron 8 48 5agall Adyhall Uiyl (3Ll Y. £) 4-bromobutyryl chioride 5

ok LS iSall (e Sppaall pill (655 . Letters, 1986, vol.27, p.4549-4552)
'"H-NMR(CDCl3)8(ppm): 2.20-2.32(m,2H),2.79-2.86(m,3H),3.10-3.16(m, 1H),3.47-
3.55(m,2H),5.47(brd,J=8.0Hz,1H),6.00(brs,1H),6.99-7.03(m,2H),7.18-7.21(m,2H),
7.75(brs,1H).

(4S*,9aR*)-4-(4-fluorophenyl)hexahydroquinolizine-2,6-dione (3a1a3
1-(4-bromobutyryl)-2-(4- (e Ols—ial Sy s a2 V.v0 o Jans
V.AY) tributyltin  hydride ¢(a— Y) fluorophenyl)-2,3-dihydro-1H-pyridin-4-one
(The Journal of Organic (-8 4dsasall 43kl Wi (P2 YAT) AIBN 5 ¢( Akl

&A" LS € yall (ye Bsaall 2l (4S5 .Chemistry, 1993, vol.58, p.4198-4199)
'H-NMR(CDCl3)8(ppm): 1.58-1.82(m,2H),1.85-2.01(m,2H),2.34-2.39(m, 1H),2.45-
2.56(m,3H),2.80(dd,J=15.6,7.2Hz,1H),2.97-3.01(m, 1H),3.49-3.56(m, 1H), 6.54(brd,

J=7.2Hz,1H),6.99-7.03(m,2H),7.21-7.24(m,2H).
s

Vo
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(6S*,8R*,9aR*)-6-(4-ﬂuorophenyl)-8-hydroxy-8-methyloctahydroquinolizin-4-one
(,llle 0.9A (THF (g8 (oab> (> .41) Methylmagnesium bromide L=y

V) (4S*,9aR*)-4-(4-fluorophenylhexahydroquinolizine-2,6-dione (— Jytae
e 2Add 00 3] Jelitll Jslae aliyy (Bl 2350l ae (Labdle V0) THF A (p
> + -7 Jslae) methylmagnesium  bromide calay sl salall o Liidl aae
Ao T sl el 53l el Jplae ) Wil (yllle 0.3 (THF (44 el
Jiaitiy Jelll Jelae Y ethyl acetate s asde ammonium chloride Jslae il
magnesium (358 Caént ¢ sl Jolae xa daslil Iggaanll ddal) Juid (4 guaall Addall
Jolas ddaulgs Aalandl salall 85 . yadde Jaria Gaad 3S5 a5 ¢ ALY sulfate
alai <— heptane-ethyl acetate oUas :4duaill Guda) silica ool (gagae Ahagilay S
il . lsial) S50 ae 50 S0Lall (4 Jap s LY (ethyl  acetate-methanol
) (e 0.9A (THF (b aba A .40 Jsiae) Methylmagnesium bromide
Jslae aliyy egpal 8ye Bl 3yl wa (ilille Y0) THF (b galil) Jalal cpe Jolae
) ethyl acetate 5 a3 ammonium chloride Jslas cilizay 3aaly 4ol 3aal Jelall
teale Jslaa ae 4500 Aypanll A5kl Juss gzl Al Juaitiy cJe il Jylaa
dalandl salall 81 . adde Jadia Caad S5 G0 ¢ Sl magnesium sulfate (398 —adas
heptane-ethyl ol 4l 3 a) silica b (ga5we Gibasilag S Jalas dda ilg
S ye g A5l 30U (e dap I8 LYl (ethyl  acetate-methanol allas <— acetate
(THF o8 aba s +-471 Jslas) Methylmagnesium  bromide il - olsnl

2yl e (L3llle 10) THF (o8 5yaf 5y gl bslall (n Jsdaa (M (ke 0,94

ammonium  Jslae <iliay cCiaig dela saal Jeliil Jolae Galiyg ogyal 5ye 281G
Al Jusd (A gandl Akl Juadliy (Jeliall Jolaa ) ethyl acetate 9 aadie chloride
caad 35 o5 ¢ AleY magnesium sulfate (3sd aiad t(eale Jolae ae 423Ul 4 uzall
curie) silica b s3gae (gilaglanS il Al 2825 5ol i . pabie Lain
axe V1o =153y (ethyl acetate-methanol aUai <= heptane-ethyl acetate plas sd bl

vt LS Sl (e Bhpaall pill (35S L lindl S0 e

Yo
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"H-NMR(CDCI;)8(ppm): 1.26(s,3H),1.56-1.68(m,3H),1.80-2.01(m,3H),2.01-2.12
(m,1H),2.42-2.64(m,3H),3.79-3.85(m, 1 H),6.06(brd,J=6.8Hz,1H),6.99-7.05(m,2H),
7.18-7.26(m,2H).

Gl
(E)-(6S,8R,9aR)-6-(4-fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidene]-8-methyloctahydroquinolizin-4-one, (E)-(6R,8S,9aS)-6-
(4-fluorophenyl)-8-hydroxy-3-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-yl)
benzylidene]-8-methyloctahydroquinolizin-4-one, (E)-(6S,9aR)-6-(4-fluorophenyl)-
3-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-8-methyl-1,2,3,6,9,9a-
hexahydroquinolizin-4-one, (E)-(6R,9aS)-6-(4-fluorophenyl)-3-[3-methoxy-4-(4-
methyl-1H-imidazol-1-yl)benzylidene]-8-methyl-1,2,3,6,9,9a-hexahydroquinolizin-
4-one, (E)-(6S,8S,9aR)-6-(4-fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-

1H-imidazol-1-yl)benzylidene]-8-methyloctahydroquinolizin-4-one, and (E)-

(6R, 8R,9aS)-6-(4-fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-

1-yl)benzylidene]-8-methyloctahydroquinolizin-4-one
(35S At) methanesulfonyl chloride 5 (3ls S ¥+ Y) Triethylamine <Ly

(6S*,8R*,9aR*)-6-(4-fluorophenyl)-8-hydroxy-8-methyloctahydro (s Jslae )
Bl 23,8 aw (LAllle ¥) methylene chloride (o (aae Y+ +) quinolizin-4-one
sodium bicarbonate ¢le iliay . Jlll Jlsde A8 )all 5 ha dayn die Jeliall Jolaw Gliyg
Agsamall Aaglal Just Agpemall Ak Juaitiy cJolidll Jslaa Y ethyl acetate s g
hiis caad )85 a0 ¢ Sy magnesium sulfate (398 hiad ¢ oade Jslaa a3l
(a>= Y +) Platinum oxide il .als olfein Sye bayls (1o ane VY 2Ly (jadis
Jslse Caliyg ¢ sildle ©) methanol & (ase YY) ol olefin wSye bl (e Jglaa )
¥ saad Adjll ayha Ay 2o JSullage ¢ & i 25 hydrogen s (& Je il
Uatise Jaiid Cand Aadyall solall S5 ccelite priipe Sl Jeliill Jolas by LAl
iliay .olefin A5aldl salall (S ye ae o8 358 Sy (po Jadl (e a2 VU LY
220 Jalal e Jalaa Y (SlajSae PAT CTHE 5 aba i 1.0 Jslas) LDA
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(ke Y) THF A (pe Ve 1) olefin 253U salall S0 ae Qi) Jrsall Syall e
slae Ciliag 3 basly Aol 53a) Ay jina die Joliil Jplae Cally Agshe® s vio
THF -8 [PRENN vo,i) 3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzaldehyde (-
oL 0l e s i Uil Jelilh Jylae iy Je iyl ) (5ibe V)
dadall Jattig (Jeldll Jolaa N ethyl acetate 5 ¢la calocay .(33L83 Y+ 32l
Lia a3 385 A% magnesium sulfate (358 43Ul Aypaimall A8dal) Caiad Ay gazaell
ASre (e Jpdae Agie® jia (N 3w .ala aldol Sy e pe V.0 LY (yadde
14) Triethylamine il .(_llla V) methylene chloride (g (a2 ¥4.0) ala aldol
lty A Jelil) Jolaa W (L3l sSee Y4.Y) methanesulfonyl chloride (ads Sae
4 ZYA Jslsd) Sodium  methoxide il . opfielu saad Aall 5y Ao 2ie
Aoy die iy Al (Jelal) Jolaw W (L3l V) ethanol s (ase Y'Y+ ¢methanol
Gl Jadtig ¢ Jeldll Jolae U ethyl acetate 5 ¢le iliay (4885 0+ 334} Adjall )l
magnesium sulfate (3 chiad ¢ ale Jolan ae dalill 4ygianll Adpdall Juis Ay guianll
@hasilag S Jodat daudyy Adlanadl salall 85 . padde Jakaa Caad jS5 a0 ¢ Sl
heptane-ethyl olas :4ieaill Cule ¢Chromatorex NH :alela 33L) silica oSl (ga5ec
S (e dapla (e ane YY) z LY (ethyl  acetate-methanol oLlas <— acetate
CHIRALPAK™  dlaide z=Ul) racemate Japls Jaady .Olsand) U 50 (4 racemate
t¢yaia ysh taw YO X o Y) Daicel Chemical Industries, Ltd. ddauls) auas AD-H
(E)-(65* 8R* 9aR*)-6-(4- (e Ly—ocs i g sall (1 S o L3y (ethanol

fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)

o e e

Y1) adds 0.9 el () a—e benzylidene]-8-methyloctahydroquinolizin-4-one
FES \.'\) 4283 AA Bl gw) A 4de Uaay adall (jlgiadl (S yag (ee /4a4< P

.(ee JARES
(£V J0e) 423 0.3 cliiud (ya) e Lpeas TaSill (lyinl) s (g0 Bipadll il (55
b LS

'H-NMR(CDCl5)3(ppm): 0.98(d,J=6.8Hz,3H),1.50-1.65(m,4H),1.77-1.90(m,
1H),1.96-2.04(m, 1H),2.33(s,3H),2.36-2.43(m, 1 H),2.65-2.74(m, 1 H),2.84-2.94(m,
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1H),3.42-3.48(m, 1H),3.87(s,3H),6.21-6.26(m, 1H),6.95(s,1H),7.02-7.07(m,4H),

7.19-7.29(m,3H), 7.80-7.84(m,1H),7.84(s,1H).

(EA Jlie) 4ada AA cliiinl (a) g Ly Jadiil) hsindl (S ye (e Biraall aidll (6

'H-NMR(CDCl;)3(ppm): 0.98(d,J=6.8Hz,3H),1.50-1.65(m,4H),1.77-1.90(m, 1 H),
1.96-2.04(m, 1H),2.33(s,3H),2.36-2.43(m,1H),2.65-2.74(m,1H),2.84-2.94(m, 1 H),

3.42-3.48(m,1H),3.87(s,3H),6.21-6.26(m,1H),6.95(s,1H),7.02-7.07(m,4H),7.19-

7.29(m,3H),7.80-7.84(m,1H),7.84(s,1H).

(E)-(6S*,9aR*)-6-(4- (3o Ly Jaiill 1yl o Joans el 1y ) ddLYL
fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-8-methyl-

£34< tana Y1) 488 A o0l () aa 1,2,3,6,9,92-hexahydroquinolizin-4-one

ee 799< tana Y.0) A883 VYV cliinl (ga) e Loy Jaill Glgindl S pa (ee

'(5‘\ dtu) a8y 9.A lanad R ae Q)a.a.tm‘ sl oS ye L)AM‘ ﬁﬁl‘ s

RS
'H-NMR(CDCl3)8(ppm): 1.71-1.78(m, 1H),1.85(s,3H), 1.88-1.95(m, 1 H),1.95-
2.03(m, 1H),2.32(s,3H),2.38-2.48(m, 1H),2.68-2.80(m,2H),3.60-3.72(m, 1 H),
3.85(s,3H),5.60-5.64(m, 1H),6.27-6.32(m, 1H),6.93(s, 1H),6.98-7.06(m,4H),7.24-
7.28(m, 1H),7.45-7.50(m,2H),7.76(s, |H),7.80(s, 1H).
JUia) 4883 VY. elifind (a) ae sy Jadidll Glyiadl S 5e (e Bhaaal w455

@J:' 19X (o .

'H-NMR(CDCL;)8(ppm):1.71-1.78(m, 1H),1.85(s,3H),1.88-1.95(m, 1 H),1.95-2.03
(m,1H),2.32(s,3H),2.38-2.48(m, 1H),2.68-2.80(m,2H),3.60-3.72(m, 1 H), 3.85(s,3H),
5.60-5.64(m, 1H),6.27-6.32(m, 1H),6.93(s, 1H),6.98-7.06(m,4H),7.24-7.28(m, 1 H),

7.45-7.50(m,2H),7.76(s,1H),7.80(s, 1 H).
(E)-(6S*,85*,9aR *)-6-(4-fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4- J——iaily

3—1 methyl-1H-imidazol-1-yl)benzylidene]-8-methyloctahydroquinolizin-4-one
idaulys aiae CHIRALPAK™ 1A Aalsy odefl deall 8 Vyaade ¢3S oY S

Yo
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Sy g @Y (ethanol :élyaia jsh tam YO X au Y) Daicel Chemical Industries, Ltd.
o Lpaas Lot (aS5ay (6 £99< tana T21) 4880 V1LY clidud ) ase bpeay bl
ee 799< tana V.Y) A58 VA i) (1)

JUie) 4883 V1LY il o) pe Lay Jadill Olsiall aSye (e Biaaall w555
b WS (o)

'H-NMR(CDCl3)3(ppm): 1.01(d,J=6.4Hz,3H),1.23-1.36(m,3H),1.65-1.80(m,2H),

1.82-2.18(m,3H),2.31(s,3H),2.76-2.92(m,2H),3.82-3.91(m, 1 H), 3.85(s,3H), 5.55

(dd,J=10,7.6Hz, 1H),6.93(s, 1H),6.99-7.04(m,4H),7.22-7.26(m,3H),7.74-7.77(m,

1H).

JUie) 488 V1A il (e ae Weay Lol Glsiadl caSe (e Bipaall pall ()5S
.o WS (oY

'H-NMR(CDCl;)8(ppm): 1.01(d,J=6.4Hz,3H),1.23-1.36(m,3H),1.65-1.80(m,

2H),1.82-2.18(m,3H),2.31(s,3H),2.76-2.92(m,2H),3.82-3.91(m, 1H), 3.85(s,3H),

5.55(dd,J=10,7.6Hz, 1H),6.93(s, 1H),6.99-7.04(m,4H),7.22-7.26(m,3H),7.74-7.77(m,

1H).
oy Jls

PAIC
(E)-(4R,9aR)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-4-

phenylhexahydropyrido[2,1-c][1,4]oxazin-6-one

/O
2N

(4R,9aR)-4-phenylhexahydropyrido[2,1-c][1,4]oxazin-6-one (3445

Vo

‘o



Y4y

(S)-1-[(R)-2-hydroxy-1- = Js-tae Gpas 83 A8 By Ay e By

(o Cgaage iy pre Sy (55 23} phenylethyl]-6-oxopiperidine-2-carbonitrile
((European Journal of Organic Chemistry, 2004, vol.23, p.4823-4829) i) e
sodium bicarbonate Jsise caliay .( il V) asiia hydrochloric acid-ethanol (o4
Ay guandl Aaghall Juss Ay gaall A8l Joais e Jelil) Jylae Y chloroform s asdie
daiia @il 385 a8 ¢ AleY magnesium sulfate (353 <aiad ¢ ale Jslae ps dnslil
(p>= ££+) Sodium borohydride «ilua; .ali ester Sy (1a pne £0Y ZL0Y (yadda
&= (U3l 1 +) methanol (8 (a2 £0Y) bl Jlad) ester ) aSe e Jolae )
Nie W3R8 0+ banly delu 50 L jia vie Jolidl Jylaa calizy celily 2,3
ot ¢ Jelithl Jslaa N ethyl acetate 5 ole cilizay L4883 ¥ 30.] Ad)al) 5)l)a 4n 0
magnesium (358 —adad ¢ ale Jolae xa A3l Ggpanll Akl Juit 4G suaall ddudall
Jedad Aol Adlandl salall 85 .y dde dak i Sl 3550 050 6 ALY sulfate

- aldas <— heptane-ethyl acetate aUai :4duaill cuda) silica aha (gagae (Al gilay S

\ £0) Triethylamine “ilay .diol <Sye (o pae V11 z Y (ethyl acetate-methanol
2ol diol ) aSye e Jolae () (pae 99.1) p-toluenesulfonyl chloride 5 ( _ils Sy
Je il Jelae Gty (Bl 23,8l as ()3lille £) methylene chloride (o8 (aae Y+ A)
potassium tert- (e Jel@ll Jolas Jagilly Caliay . Judll Jlsds 48,51 3))a da 0 2ie
potassium tert- —aliay ¢ Bl 2yl oo (ildle €) THF (& (a3e 4V.Y) butoxide
23U 5d) 10,30 s Ay i iy o3 Jelill Jylaa Y (mae )9 £) butoxide
Al Juait (Jelill Jodas o ethyl acetate 5 ole iy 488y £0 g Gl
magnesium sulfate (35 —aiad ¢ ale Jolae ae 223Ul Ayguzanl) Ahpall Juuad Ay gaianl)
ibagilenS Julad Lauly Lalinadl 53l 5« ymiia Jiaa Ciad 3S5 o3 ¢ SLaY
ethyl acetate- ollai <— heptane-ethyl acetate alai 1 aill i) silica oD (s350c
ret WS Sl e Bhaeall aill (85 L lgiall Spe (e pna YYLY #UY (methanol
'H-NMR(CDCl5)8(ppm): 1.28-1.38(m, 1H),1.57-1.68(m, 1H),1.79-1.87(m,2H),2.36-
2.46(m,1H),2.51-2.58(m,1H),3.27(dd,J=11.2,11.2Hz,1H),3.57-3.64(m,1H),3.83-

‘o
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3.87(m,2H),4.49(d,J=11.2Hz,1H),5.80(d,J=3.2Hz,1H),7.24-7.36(m,3H),7.51-
7.53(m,2H).
(E)-(4R,9aR)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1 -yl)bénzylidene] -4-
phenylhexahydropyrido[2,1-c][1,4]oxazin-6-one
e Jstae () (U3lgSee VYA CTHF (o el Sk V.0 Jslae) LDA Gliay
THF -4 (e YV.Y) (4R,9aR)-4-phenylhexahydropyrido[2,1-c]{1,4]oxazin-6-one
Al Ay Ve ol A4 s 2ie Jeldll Jedae alfy L4500 jia aie (bl )
Y'A.Y) 3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzaldehyde (s Jstae aloia
saad e jhe aie Jelil) Jolaa caliy . Jelill Jolaw ) (Al V) THF 3 (a2
Chiad LAy ganll Akl Juadtiy (Jelill Jolaa ) ethyl acetate 5 ¢l aliay L3385 YO
salall (85 . it Jakaa Caald S5 A magnesium sulfate (358 Aa3lll 4y guaall 45,k
heptane- allai 4 aill Cula) silica D (s3gec dhagilay S Jalas Aauly dalandl)
.alcohol Sy (ra ana YV.) WY (ethyl acetate-methanol ali <— ethyl acetate
methylene -3 (aae Y'V.)) 25U alcohol Sy (jo Jslase A5ia® fua () 3y
methanesulfonyl 5 (U=i5Sse 19.¥) Triethylamine Loy .( il Y) chloride
€0 30l Ayl 3)ha dayn de iy A (Jelidl) Jslae ) (g sSue V4.Y) chloride
methanol 5 (a3« Y1+ «methanol 4 ZXA Jsise) Sodium methoxide —aliay .48
il A88 Yo saa) 4l 5iha dasn aie Gl 30 (Jelal Jelae Y (Lald V)
iyganl) Akl Juat 4 gunall A8dall Juadiig (Jeldll Jolae ) ethyl acetate 5 ¢l
Jaius Caad 355 a3 ¢ SleY magnesium sulfate (352 <adad ¢ oale Jslae s Anslll
:ilala 50le) silica Ao (sagee Alagileg S Jilad Aaulsy Adlital salal) (AT . s
ethyl acetate- »Uay <— heptane-ethyl acetate alai 4421l Cude ¢Chromatorex NH
vl LS CSyall e Bhanall adill (46K5 L giall S50 (0 ae Y £.0 213 (methanol
"H-NMR(CDCl3)3(ppm): 1.39-1.49(m,1H),1.88-1.94(m, 1H),2.31(s,3H),2.42-2.50
(m,1H),2.97-3.03(m,1H),3.31(t,J=11.2Hz,1H),3.74-3.82(m, 1H),3.85(s,3H),3.86-
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3.95(m,2H), 4.54(d,J=11.2Hz,1H),5.92(brd,J=3.2Hz,1H),6.91-7.01(m,3H), 7.21-

7.39(m,4H),7.58-7.61(m,2H),7.71-7.74(m, 1H), 7.83(m, 1 H).
ot e

sula
(E)-(5S,7aR)-5-(3,4-difluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylidene]hexahydropyrrolidin-3-one

Gas
ethyl (R)-2-tert-butoxycarbonylamino-5-(3,4-difluorophenyl)-5-oxopentanoate
(R)-5-oxopyrrolidine-1,2-dicarboxylic acid I-tert-butyl ester 2- (o Jslaa I
Lt e e agilly Galay ¢ yallle Y« ) tetrahydrofuran 8 (a> 1) ethyl ester
& b (A 1.0 Jslaa) 3,4-difluorophenylmagnesium bromide (382 V. Pla
daal e jhia M 4808 o e Jeldll Jglaa g o jpbille 0« stetrahydrofuran
-ethyl acetate go LSV cfv;:i..; OLeSy Je il Jolae (M ele Gl L optic b
A & ¢ Sy magnesium sulfate (3sd <iiad ¢ ale Jslas ae Laliiuall sald) Juss
silica 2 (s3gae (Bhagilag S Julad Aaulsy Adla%al) 3alall 855 . jadde Jaiaa Cn
e 83aeall ayill 015€5 L lginll (1€5a (ya an ALY 215 (heptane-ethyl acetate all)
b LS S
ESI-MS;m/z394[M"+Na].
'H-NMR(CDCls)8(ppm): 1.28(t,J=7.6Hz,3H), 1.42(s,9H),2.00-2.13(m, 1 H),2.25-
2.40(m,1H),2.95-3.15(m,2H),4.21(q,J=7.6Hz,2H),4.30-4.45(m,1H),5.10-5.20(m,

1H), 7.20-7.30(m, 1H),7.70-7.83(m,2H).
3alas
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(2R,5S)-5-(3,4-difluorophenyl)pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-

ethyl ester
40.A) ethyl acetate & (glue ¢ hydrochloric acid (e Jsise Lsnll aliay

ethyl (R)-2-tert-butoxycarbonylamino-5-(3,4-diflucrophenyl)- (e Jslae M (ildle
Adyll slya Aoy aie (Hilille 4Y.€) ethyl acetate & (o> A.Y) S-oxopentanoate
Lk cand Jeldll Jolae S5 lela apf sad Ayl 5)ha day0 3o Jolaall iliyy
ethyl acetate & aladl giiad) Qg . jiaYl sl 93 gl (e pa V.0 ZLEY (aiie
aliyg ¢ paldle Y+ +) sodium  bicarbonate ¢le 4l Jafiilly Calday . (aldle Ve ‘)
ot Jeliill Jolae aady 4880 Yo s2al A8jal Hha dnj0 2ie Jeldil) Jslaa
magnesium (358 adad ¢ ale Jslae xa ialiiuall salall (s .ethyl acetate a
by gaal ool ) e an 0. Z LY adie dakim cand 5SS a0 ¢ SaY sulfate
Ol il e dslae (M (a0 A0+ cela 00 o (ggiay) Palladium-carbon il
o Jelill Jolae aliyy o pildle Vo) ethyl  acetate o8 coaldl Yl sl 5
P i illy Jolitll Jglae 4 Palladium-carbon Jh el s} 3ad hydrogen s>
Cslll 53 il e 0. Z Y abde Jadaa Ciad Aadjyall Baladl S5y ccelite gdiye
(o= V.A%) di-tert-butyl dicarbonate 5 (3lile V. £A) triethylamine —alas . FHAY
Jelidll Jglsa caliyy o jillle A+) DMF (g ol i) cplll 93 cusll e Jslae
e oYL &5 ele (B Je il Jglas sy sl dela 33al Adyall 3yhs day0 2
magnesium sulfate (358 <aiad ¢ sale Jslae ae Laliiuall 53l Justs .ethyl acetate
ibasiiag S dulas Al Aalasall 3Ll L35 . e Tk Cand 35 o3 ¢ S
0S5 - Olsiadl (Sye e aa 0.9 Y (heptane-ethyl acetate aUsj) silica oS (g35es
o LS Sl pe Binadl) il
ESI-MS;m/z378[M"+Na].
'H-NMR(CDCl3)8(ppm): 1.19and 1.41(s,9H), 1.30-1.49(m,3H),1.80-1.95(m, | H),
1.95-2.10(m, 1H),2.15-2.40(m,2H),4.27(q,J=7.6Hz,2H), 4.34and4.71(t,J=7.6Hz, 1 H),

4.40-4.50and4.85-4.97(m, 1H), 7.05-7.15(m,1H),7.20-7.30(m,1H),7.46-7.55(m,  H).
385
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tert-butyl (E)-(2S,5R)-2-(3,4-difluorophenyl)-5-(2-methoxycarbonylvinyl)
pyrrolidine-1-carboxylate

(2R,58)-5-(3,4- —s Js—tae I (a= V.%0) Lithium  borohydride —l.ay
diﬂuorophenyl)pyrrolidine-1,2-dicarboxylic> acid 1-tert-butyl ester 2-ethyl ester
vie Je il Jslae caliyy ¢dysie® jiua aic (yilille 04) tetrahydrofuran & (a> ©.9)
e oL & oplic el ) Jeldll Jolas Caliay Aclu VY 32ad Adjall 5yla 4apo
magnesium sulfate (358 caiat ¢ oale Jslae ae dialiiuall 5okl Juad .ethyl acetate
Lgilly Giliay alcohol Sye (pe pa Vo4 Z WY adde daras caal 3855 0 ¢ SlaY
3 (=il Y.1) oxalyl  chloride (s Js—taa ) (,—3Llle 1.¥'Y) DMSO
dap padh die el Jolae aliyy édysie®Y s — 2t (allle 04) dichloromethane
(> Y.9) sl aaadll alcohol Sy (e Jslae Jasily Calimy . (3563 DU 34l )l
Jelall Jolae caliyy e git e — 2ie Jolaall ) (,3llks Y+ ) dichloromethane

' (oLl YY) Triethylamine Jagsilly Sliay (4885 V0 sad Hlyall Ay (el 2ie

reay AEE Ve Saal e e M A8 T - 2t Jeldl Jalaa aliyy Jslaall
& Laliiial salall Juss .ethyl acetate ae A3V &3 el 8 Jdelail Jolsa
WY Uadde laiia Gl K55 A ¢ AY magnesium sulfate (348 <aiad ¢ gale Jslaa
& (p> +-YOE «ay) /1) Sodium  hydride «ilia; .aldehyde xSy e aa ¥4
Aap die (llle Yo) DMF 8 (o> Y.£Y) trimethyl phosphonoacetate (o Jslse
on sl ) ol Jylaa Ciliay A2 Y+ 30 Jolid) Jylas il ool 3ya
Hha dayn e Jelidll Jslas caliyy o 3L Y +) DMF (g (pa ¥.9) oDel aldehyde
ethyl acetate pe DALY a5 cele (b Joliil Jylaa iy . cpficLa 5l A6
S5 o A magnesium sulfate (35t adad ¢ ale Jolae ae daldiual salall Jus
silica Sa sagae ihagilag,S alad Alaulys Alanal salall G5 . ymidie Jakia ind
Cro Byaaall aalll 95 L lgiall S 5e e an £.0 z LY (heptane-ethyl acetate aUs)

ceh WS Sl
ESI-MS;m/z390[M"+Na].
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'H-NMR(CDCl5)8(ppm): 1.10-1.50(m,9H),1.77-1.93(m,2H),2.08-2.20(m, 1 H),2.22-
2.36(m,1H),3.78(s,3H),4.40-4.66(m, | H),4.66-4.94(m,1H), 6.03(d,J=14.4Hz,1H),
6.90-7.16(m,4H).

3l
tert-butyl (2S,5R)-2-(3,4-difluorophenyl)-5-(2-methoxycarbonylethyl)pyrrolidine-1-
carboxylate
tert- (o Jsdae Y (ane 100 cela L0 o (g9ia) Palladium-carbon —iliay
butyl (E)-(2S,5R)-2-(3,4-difluorophenyl)-5-(2-methoxycarbonylvinyl)pyrrolidine-1-
b delall Jylaa aliyg o pililla Vo o) ethyl  acetate 8 (o> £.0) carboxylate
& Palladium-carbon s . —iaaly (yficbu 3200 4820 3)ha 4ay0 2ie hydrogen s
sadia daia Cuad Aa Sl salall 3K ccelite pdipe A il Jelill Jslase

cot WS Syl (e Bhaeall alll (4S5 L lgiall S 5e e pa €Y Z WY

" ESI-MS;m/z392[M"+Nal.

'H-NMR(CDCl5)3(ppm): 1.10-1.50(m,9H),1.60-1.70(m, 1H),1.70-1.90(m,2H),1.94-
2.06(m,1H),2.16-2.32(m,2H),2.36-2.50(m,2H),3.70(s,3H), 3.98(s,1H),4.60-4.90(m,
1H), 6.90-7.14(m,3H).

(58,7aR)-5-(3,4-difluorophenyl)hexahydropyrrolidin-3-one (5as
o Jsdae (A (Laldle Vo) ethyl acetate 4 hydrochloric acid (s Jslae iliay
tert-butyl (2S,5R)-2-(3,4-difluorophenyl)-5-(2-methoxycarbonylethyl)pyrrolidine-1-
sie Jelil Jolaa caliyg o pallle Vo) ethyl  acetate 3 (a= Y.©) carboxylate
Cu) (o pn V.0 ZUY it Jakia Gt Jeldill Jelae Sy 4880 Ve B0a] 43400
sodium  Jsdae 4 Calazay .(Laldle V) ethanol 3 aladl piiall caldy o jinal (ysly
Baaly Ao lusaad 454000 e Jelill Jolaa llyg ¢ Jilille Vo) (g)ke © hydroxide
Sy .@lee © hydrochloric  acid aw Jalalyy A9 jiaa A Jel@ll Jolae 3y
-(3llle Y +) dichloromethane (-8 4dlasall salall (3laty ¢ yaddia Jaiaia Caad Jylall
8ad g0 i Jelill Jylaa caliyy ¢ yilile Y.0) Thionyl chloride 4} <aliay
o Adlanall salall 3ty ¢ padtie haia Goad Jeldl Jylas 38y Baalydela

Yo
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V0) )l © sodium  hydroxide Jslae dilialy o5 ¢ ,3blle Y +) dichloromethane
e e b oy o5 453 o 33 AAN By Ay vie Jeliil glae Cally (bl
(Bsd aiad ¢ ale Jslae e daliiudl 4adall Juas .ethyl acetate ae oadaiuyly B
ddaulg Adlaniall salall 85 . yiadde daka aad 3S55 5 ¢ SlaY magnesium  sulfate
aae VY =LY (heptane-ethyl acetate oUai) silica oM (gasae (b gilag S Julas
Ol e e
b LS G el il 585
ESI-MS;m/z238[M"+H].
'H-NMR(CDCl;)3(ppm): 1.55-1.70(m, 1H), 1.85-2.10(m, 3H),2.30-2.40(m, 1H),2.50-
2.70(m,1H),2.57(dd,J=8.8,16.8Hz,1H),2.70-2.85(m, 1H), 4.03-4.18(m, 1 H), 4.61(d,

J=9.2Hz,1H),6.89-7.02(m,2H),7.07-7.15(m, 1H).
s

“ diethyl [(5S,7aR)-5-(3,4-difluorophenyl)-3-oxohexahydropyrrolidin-2-

yl]phosphonate

(55,7aR)-5-(3,4- (= Jsdna ) (,llle .V 1Y) Todotrimethylsilane <l
N,N,N',N'-tetramethyl ~ y (=== Y+ +) difluorophenyl)hexahydropyrrolidin-3-one
s jia vie (il 0) dichloromethane (o8 (5Ll +. €Y +) ethylenediamine
) (p>e YAQ) Todine cilucay 4883 o 50al e jia 3o Jeliill Jolae caliyy
£ sad yhall Lay oud die Jelill Jylae caliyy ciyfie® jiom vie Jelill Jylas
e padanY L o cxlic sodium thiosulfate Jsdse (N Jelil Jolae ciliay 438
¢ > Jglaag g)le Y hydrochloric acid ps dualiiuwal 3alall Jusis .ethyl acetate
(0 ae VYo 2 WY adde i aad 355 5 ¢ S magnesium sulfate (398 <ains
TY ) il jodine 3 Spe e dslae (el 53a A1 Yo die iy -iodine S ye
3Su Al pha Aaja ) Jeliil Jglas lay .(sildle ©) triethyl phosphite (8 (axse
) (e Sadl Acall (455 - hpinl) Spn (e o £+ Y adie Jaia and

ESI-MS;m/z374[M"+H].
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Gl
(E)-(5S,7aR)-5-(3,4-difluorophenyl)-2-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]hexahydropyrrolidin-3-one
3-methoxy-4-(4- (s Jaglie Jglae ) (a2 ©7.A) Lithium hydroxide «alizay
diethyl  [(5S,7aR)-5-(3,4- 5 (~—= VV+) methyl-1H-imidazol-1-yl)benzaldehyde
(re £40) el z=ull difluorophenyl)-3-oxohexahydropyrrolidin-2-yl]Jphosphonate
dap e Jelil) Jolae aliyy o yalille €) ethanol y (,3lle V) tetrahydrofuran 4
a3 «ztia sodium bicarbonate ¢le () Jeliill Jslae iliay Aol VY 304 48,301 5l
Gsd adald o als Jslae pe ialdiiuall 3alall JuiS cethyl acetate ae pada3LYL
Aol Aslaniall solall 85 . mdde Jakza it 3855 05 ¢ ALY magnesium  sulfate
aaa YO ~luY (heptane-ethyl acetate oUi) silica Db (g3see Alyasilag S Jalas
dgac Aaulg (ane ¥o) LN ALAd) atiall 485 alad . lsdall S50 (e LA e (e
Daicel Chemical 4buly aioas CHIRALPAK™ AD-H) (533645 (gramy Pl
@S )e (pe pne A€ 2L (ethanol-hexane pUai ¢(aw YO X au Y) Industries, Ltd.
v LS el g0 Bhraall aslll ()9S5 L gl
ESI-MS;m/z436[M'+H].
'H-NMR(CDCls)3(ppm): 1.70-1.84(m,1H),2.11(dd,J=7.2,12.8Hz, 1H), 2.18(quint,J
=6.0Hz,1H), 2.32(s,3H),2.60-2.76(m, 1H),2.93(ddd,J=3.6,6.8,16.4Hz,1H), 3.40(ddd,
J=2.0,5.6,16.4Hz, 1H),3.89(s,3H),4.06-4.16(m, 1H),4.79(d,J=9.2Hz, 1H),6.92-7.04
(m,3H),7.09(d,J=1.2Hz, 1H),7.10-7.18(m,2H),7.20-7.24(m, 1H), 7.28(d,J=8.0Hz,
1H), 7.76(d,J=1.2Hz,1H).
oo &
alas
(E)-(35,9aS)-3-(3,4-difluorophenyl)-6-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-yl)

benzylidene]octahydropyrrolo[1,2-aJazepin-5-one
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300
tert-butyl (28,5S)-2-(3,4-difluorophenyl)-5-[(E)-4-methoxycarbonyl-3-butenyl]

pyrrolidine-1-carboxylate
tert-butyl  (2S,5R)-2-(3,4-difluorophenyl)-5-(2- (- Jstae Jagiill ol iy

Y ) tetrahydrofuran A (s> Y.Y) methoxy-carbonylethyl)pyrrolidine-1-carboxylate
tetrahydrofuran -4 (a> +.Y40) lithium aluminum hydride (e Jslase A (L3l
ARE Yo saal pyhall dayy Gadi vie Je il Jolae caliyy (45 jhia vie (ildl Y4

c()ﬁLﬂA . .T') 7Y o sodium hydroxide Jsise c(_)ﬂgﬂa ~.\") ele il e il

2Ll g e ihany A58 o 50 daes iy g3 el Jglaa Y (bl +.9) oLag
.alcohol S (yo aa ¥ (Ao Janil dn 5jall 50l 5S35 crpdi il (gguaall 8
(,3Llle +.4Y) oxalyl chloride (ro Jslaa () (ilile +.VOY) DMSO Lagiilly aliay
A i e Jelill Jolas lyg A48V e~ die (bl Y+ ) dichloromethane (8
& (> Y) z2ll alcohol Sy (e Jslae Janlly alizy . (3ilEy COU ol 3yl
Jelill Jelae g ey e s — die Jelill Jolaa I} (il Y +) dichloromethane
) (bl 1.9) triethylamine Lagilly alizay L4883 10 324l 3ylall da ) (udi 2%
ey A Vo 50l A i ) A o — e ey iy o2l e Je i) ol
Jslse ae Laliiuall salall Juss .ethyl acetate g paliioy &5 cela G Jeliall Jylas
o anil adie dada Gl S5 &5 ¢ ALY magnesium sulfate (358 hiad ¢ oale
dslae () (a2 «.¥ 41 /N Cyy)) sodium hydride <iliay .aldehyde <Sye (3 pa ¥
Hha day0 i (,ablle Y o) DMF 8 (0> ).¥4) trimethyl phosphonoacetate
A oo Jslae () deliil) Jolas caliay 4885 Yo 52 Jeldill Jslae aliyy (ddjal)

Yo



Y14y

Yy

Hba days vie Jelil Jelae iy o Hillle Vo) DMF (2 (o> Y) 5L aldehyde
i .ethyl acetate e paliiiog o cele (& Jelill Jolae cuar Aol VY 3aal 42l
il 385 a3 ¢ Al magnesium sulfate (358 <adad ¢ ale Jlae pe dialiiuall 3okl
allad) silica ada (539 Gihagilag S Jolady dlanall salall 85 .y dse bai a
8iaall Aagll 090 L lsiall 1Sy e pa V.Y o Juanil (heptane-ethyl acetate

b LS S
ESI-MS;m/z418[M'+Na].

Gl
tert-butyl (2S,5S)-2-(3,4-difluorophenyl)-5-(4-methoxycarbonylbutyl)pyrrolidine-1-
carboxylate
e dsdae ) (p ¢+ £8Y 00 el o gsiay) palladium-carbon il
tert-butyl (2S,58)-2-(3,4-difluorophenyl)-5-[(E)-4-methoxycarbonyl-3-butenyl]
Jsdae liyg o pabdle Vo) ethyl  acetate 3 (o> ).Y) pyrrolidine-1-carboxylate
s palladium-carbon Jha . (pfielu 320l A3l 5 )ha 4350 die hydrogen sa A Je\@ll
o> )Y Je Jiandl adde hiia ciat da el salal S5 el Al Jelill Jlaa

v WS Sl Bpaall all (585 . il S5a (1
ESI-MS;m/z420[M"+Na].'H-NMR(CDCl3)3(ppm): 1.00-1.88(m,16H),1.90-2.10
(m,2H),2.20-2.30(m, 1H),2.36(t,J=7.2Hz,2H),3.67(s,3H),3.80-4.00(m, 1H),4.50-4.90
(m,1H),6.89-6.96(m,1H),6.97-7.13(m,3H).

3alas
(3S,9aS)-3-(3,4-difluorophenyl)octahydropyrrolo[ 1,2-a]azepin-5-one
tert-butyl  (2S,5S)-2-(3,4-difluorophenyl)-5-(4-methoxycarbonylbutyl) Iy
Jslae 43 iy . (Lallle VY +) ethyl acetate & (o> Y.VY) pyrrolidine-1-carboxylate
ve Jelill Jylaa aliyy o sildle VV) ethyl acetate 4 (g)le ¢ hydrochloric acid (s
a2 1.0 o Jiasil jaide hiia Gl Jeldll Jelae 385 24080 ¥ sadd 4540000

sl WS CSall naal) adll 065 L il 5k ) ye

ESI-MS;m/z298[M"+H].
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Yo



Y4y

YVA

sodium  Jslae 4] il .(Lallle V+) ethanol o (aa V.0) pladl minall caldy
Baaly delu saal 440 die Jelitll Jolae il ¢ bl Yo) (g5ke © hydroxide
3Sx -@lee © hydrochloric acid g Jobalyy dy5ie° jina N Jelall Jplas 3y
-(,3llk Y ) dichloromethane (& Adlatall 3aball (3lady ¢ yaadde Jaiin Cans (Jolaall
¥oosad giecon die Jelill Jolae aliyg o yildle £) thionyl chloride 4} <iliay
(—2 Adlanadl salall (3 daig ¢y dha daia o at Jo @l Jy dae 38 A Sy
Vo) (glue © sodium  hydroxide Jslse iliay 5 ¢( y3llle Y +) dichloromethane
bia sl (B Ciay o5 4883 ¥ 530 A sl Ba ap die Jelidl Jplae iy (ALl
Asd adal ¢ ale Jolae ae aliiudl salall Juss .ethyl acetate pe paliioy o
Jolaty Adlanall salall 86 . yadde ek iad 385 o5 ¢ ALY magnesium  sulfate
a> +.Vo e Juasil (heptane-ethyl acetate oUsj) silica adla (sasae Alyagilag S
co WS el Baaall il (4585 . lsiall e e
ESI-MS;m/z266[M"+H].
'"H-NMR(CDCl;)8(ppm): 1.46-1.74(m,4H), 1.86-2.22(m,6H),2.43-2.53(m, 1H),2.66
(dd,J=7.2,14.4Hz,1H),3.76-3.88(m, 1H),5.25(d,J=7.6Hz, 1H), 6.93-6.99(m, 1H),7.00-
7.13(m,2H).
diethyl [(3S,9a8S)-3-(3,4-difluorophenyl)-5-oxooctahydropyrrolo[ 1,2-a]azepin-6-yl]
phosphonate
(35,9a8)-3-(3,4- — Jstae ) (,<aldle +.V 7€) jodotrimethylsilane <l
N,N,N',N'-tetra- 4 (?“ VY °) difluorophenyl)octahydropyrrolo[ 1,2-aJazepin-5-one
e (allle 0.¥1) dichloromethane (& (<ildle «.£Y¥0) methylethylenediamine
+.Y4Y) jodine wiliay L4883 ¥ a4l 455100 jua die Jelill Jolae (aliyg 3550 jiua
saal Hhall dayd (udi aie Jelitll Jolae iy (43500 foa die Joliill Jolae Y (a>
g paliiug o xlie sodium thiosulfate Jsdse ) Jelill Jolae caliay (458s ¢
¢ s>le Jslaag (gslie ) hydrochloric acid g aliiuall 3ol Juuss .ethyl acetate
VLYY e dhasil ndte ek il 35y &5 ¢ ALY magnesium sulfate (358 <aiag

‘o
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=l jodine @Sy e Jslaa Gficla 26l 0 Y Ve die ally Jodine Sye (e p
Al s dapd Y el Jylas alay . (ilidle V) triethyl phosphite (b (aa +-TY)
Shan il (355 - yinll Sn (3a o +20F o Jumnil ymide i im0

b LS Sl
ESI-MS;m/z402[M"+H].

Gl
(E)-(3S,9aS)-3-(3,4-difluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-yI)
benzylidene]octahydropyrrolo[1,2-a]azepin-5-one
3-methoxy-4-(4- (s« baslie Jolaa I (?‘A ‘e ‘k'\/\) lithium hydroxide «aliiay
diethyl [(3S,9aS)-3-(3,4- 5 (~— .Y +) methyl-1H-imidazol-1-yl)benzaldehyde
el @Lﬂ\ difluorophenyl)-5-oxooctahydropyrrolo[ 1,2-aJazepin-6-yl]phosphonate
Jelill Jslaa culiyy o yilills £) ethanol 5 (3lile V) tetrahydrofuran A (a> +.0Y)
sodium bicarbonate ¢le ) Jeliill Jolas cliay (Aol VY 504] 4djall 3))5a Aaj0 2ic
caiat ¢ oale Jolaa po Laliiivall salall Juiss cethyl acetate ae paldiug o3 (xlia
Julay Adlasall salal) 85 . yadde Jadia il S5 G5 ¢ SlY magnesium sulfate (38
a> . YYY e Jiasil (heptane-ethyl acetate alUks) silica oo (gasas dbagilag S

v WS CSall Bpnaall aulh 05S5 L Glgiadl S 5e (e
ESI-MS;m/z464[M"+H].
'H-NMR(CDCl5)8(ppm): 1.70-2.40(m,9H),2.31(s,3H),2.90-3.00(m, 1 H),3.85(s,3H),
3.84-3.98(m,1H),5.28-5.34(m,1H),6.92-6.96(m, 1H),6.98-7.18(m,6H),7.25(d,]=7.6

Hz,1H),7.71(d,J=1.6Hz,1H).
o1 Jb.

50
(E)-(3S,8aS)-3-(4-chlorophenyl)-6-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-yl)

benzylideneJhexahydroindolizin-5-one
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(R)-2-tert-butoxycarbonylamino-5-(4-chlorophenyl)-5-oxopentanoate (3145
(R)-5-oxopyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2- (ye Jslaa I
il o sillle Y« +) tetrahydrofuran 8 (a> ¢ ¢CAS No. 128811-48-3) ethyl ester
V' Jslas) 4-chlorophenylmagnesium bromide 488y Y+ (A d368¢ « — e Lasguilly
At = v Jelill Jolaa allyg o ildle VV.Y ¢diethyl ether (A eba Jiss
i jia Mo Bpra Glady B Jolaadl Y el ciliay 3aaly Aol sadd e jhia
Asd caiad ¢ ale Jslaa pe Laliiiadl 3aldl Juis .ethyl acetate pe Galdiug o
Jalaty Adlanall solal) 55 . jmdie Jad i ad 355 o5 ¢ ALY magnesium  sulfate
O pa 0.1 e Juasil (heptane-ethyl acetate aUsi) silica 2o (s3gac bagilag S

b US el Sl ol (155 -yl e 5 sl e
ESI-MS;m/z392[M+Nal].
'H-NMR(CDCl5)5(ppm): 1.28(t,J=7.2Hz,3H),1.42(s,9H),2.00-2.50(m,2H),2.95-

3.20(m,2H),4.10-4.50(m,2H),4.10-5.20(m,2H),7.41-7.47(m,2H),7.86-7.92(m,2H).
ethyl (R)-5-(4-chlorophenyl)-3,4-dihydro-2H-pyrrole-2-carboxylate (5145

(Ll ¥ o) ethyl acetate A (ke € hydrochloric acid (s Jslas Jagiilly Cilizay

ethyl (R)-2-tert-butoxycarbonylamino-5-(4-chlorophenyl)-5- (s Js—aa 1)
liyg ddall 3yha dap) aie (Lillle Yo ) ethyl acetate & (o> ©.7) oxopentanoate
T cias Jelidll Jplae 3 . cpfie L 3 il £lya Gas aie Jelidll Jylae
sodium bicarbonate ¢l Laguilly Caleay . il sl ) e ax 0 o Jiaadl miss
liyy o(illle Vo o) ethyl acetate o8 aAd) mitall (e Jsdae (A (llle Vo v) e
DA el Jylae wamdy AGSS Yo 50d 46,30 sa Aapd ie Jeliil Jla
magnesium (358 aéal ¢ sale Jslae po Aaliiuall 3alall Juas .ethyl acetate ps
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Gl Glsiall Sy (e VU o Jianil jaddie Jaiia Gl 3855 G0 ¢ ALY sulfate
b LS el Baall il (5% L caly iaal 5
ESI-MS;m/z525[2M " +Nal].
'H-NMR(CDCl3)8(ppm): 1.32(t,J=7.2Hz,3H),2.18-2.43(m,2H),2.90-3.03(m, 1 H),
3.05-3.20(m,1H),4.25(q,J=7.2Hz,2H),4.85-4.95(m, 1H),7.36-7.41(m,2H),7.79-7.85
(m,2H).
(2R,5S)-5-(4-chlorophenyl)pyrrolidine-1,2-dicarboxylic acid I-tert-butyl ester 2-
ethyl ester
ethyl  (R)-5-(4- 3 dstas ) (a=a V.+0) sodium  borohydride <alay
A+) methanol 3 (a— Y.©) chlorophenyl)-3,4-dihydro-2H-pyrrole-2-carboxylate
Jsdae aldy (33U uad (PLA 4,60°80— 2t ( yallle Yo ) acetic  acid 5 (bl
disodium  Jslae ciliay cclelu S 304 4580 Hia N scto- 2o Jeldll
saal 48, 5)ha Aayd e Jelil) Jolae il . Jel@l Jylse ) hydrogen phosphate
oataiu O Adlanall alal) auadd L jadde dadia Cind (goaiaall udall HASs (AL Y
(338 adas csodium  bicarbonate ¢le ps dygianll A8kl Juias .ethyl acetate ae
Gy (e pa VU e Jaail adde hia sS85 5 ¢ SleY magnesium sulfate
¥.V1) di-tert-butyl dicarbonate 5 (_3ldle V.£4) triethylamine Loy . il sy
Jelall Jelae Gl o jilille 0+) dichloromethane 8 milll Cuill e Jslas Y (o
saliig 23 iptia e b Jelil Jolas cicay 3aaly delu 3add 43l gl Aoy vie
magnesium (38 <adad ¢ ale Jelae ae Laliiuall salall Juasi .ethyl acetate a
Ehasibag S Jalaty Adanal) salall 85 . jadde ek Ciad 3S 5 5 ¢ ALY sulfate
Ol S e e a2 V.Y e Jiasil (heptane-ethyl acetate oUa) silica 2o (535ec
v S Gl Bl ail) (465 L sl sl S
ESI-MS;m/z376[M*+Na].
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'H-NMR(CDCl;)3(ppm): 1.17and1.41(s,9H),1.26-1.38(m,3H),1.84-2.10(m,2H),
2.16-2.36(m,2H),4.20-4.30(m,2H),4.30-5.00(m,2H),7.25-7.35(m,2H),7.45-7.60
(m,2H).

s
tert-butyl (2S,5R)-2-(4-chlorophenyl)-5-((E)-2-methoxycarbonylvinyl) pyrrolidine-
1-carboxylate
(2R,58)-5-(4- —o Js—se () (a—e AYY) lithium borohydride «al_ay
¥.Y') chlorophenyl) pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-ethyl ester
Aap die Jelil) Jolaa uliyy (dy6ie jiua e (y3llle 04) tetrahydrofuran & (as
ethyl e galiiug o3 cxlie cle A Jelih Jolae Gliay e lu VY sad dajall 5))a
magnesium  sulfate (354 adal ¢ cale Jolae e Aalitiial salall st Lacetate
Qs <3S aleohol aSye e pa ¥ o Juanil yadde b Ciad 3K 5 ¢ ALY

-1.Y¢) oxalyl chloride e Jslse ) (ke V.4 4) DMSO Lgilly Giliay . il

vie Joldill Jolas caliyy AV = 2ie (ilils £ +) dichloromethane (4 (aldle
S e dstae 45007 0~ e Lagiilly 4l Giliay L (358 SO sad Hlall dayy Ll
Jelith Jylae aliyy ¢ yilile Y+ ) dichloromethane o8 (o ¥) o3tef 2asdl alcohol
cdsbaall A (LAldle VoY) triethylamine iliay 4383 10 3ad 3)hall da )0 (i i
Jo il Jolae Gray 4380 Vo 3aal 3300 s ) 4o = ie Jeliil Jolas iy,
aiat (oale Jolae as dualiinall salall Justi ethyl acetate ae aliiug & cola i
e pa ¥ e Juandl (jadie i (iad 385 L5 ¢ SLeY magnesium sulfate (38
+.0¥A /e ) sodium hydride by (sl Hiual sl S aldehyde oS e
vie (Lildle Y+) DMF i (a» Y.1Y) trimethyl phosphonoacetate (e Uslas Y (aa
Oe dslae () Jslaall 138 Cailiay 3880 Yo 3aa) Jeliill Jolaa Caliyy cddjall 5ylm dap
Jslae iy (485l Blya Aayn aie (Lallle Vo) DMF 4 (o ¥) oDief aldehyde
valdin el A Jeliill Jolas uay gaaly delu ad Adjall 5ha da 0 die Jelill
magnesium (358 CaiaS ¢ cale Jslaa pe dualiiuall Salall Juis .ethyl acetate a
hasileg S Jolaty Aalanall saldl 85, jaddse Jaiin sl 3<5 pd o Sy sulfate

Yo
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Olginll S50 e pa YA e Jiasil (heptane-ethyl acetate aUsd) silica D (s3gec

v LS aSpal) Bhaall ail) (155 sl (sl S
ESI-MS;m/z388[M +Na].
'H-NMR(CDCls)8(ppm): 1.00-1.50(m,9H),1.75-1.95(m,2H),2.05-2.20(m, 1 H),2.20-
2.35(m, 1H),3.77(s,3H),4.30-5.00(m,2H),5.95-6.10(m, 1H),6.95-7.05(m, 1 H),7.18(d,
J=8.4Hz,2H),7.30(d,J=8.4Hz,2H).

s

methyl (E)-3-[(2R,5S)-1-(3-butenoyl)-5-(4-chlorophenyl)pyrrolidin-2-yl]acrylate
V4.¢) ethyl acetate & (g)se ¢ hydrochloric acid (e Jslas agilly Calizay
tert-butyl (28,5R)-2-(4-chlorophenyl)-5-((E)-2- — Jg—tna ) (3Ll
©) ethyl acetate & (a= Y.A) methoxycarbonylvinyl) pyrrolidine-1-carboxylate
SnAdd Y sad pdeon die Jelill Jelae Qliyy cddjall 5lha da s e (bl

" tal geli Abiasale e pa Y20 e Jasl jadie ek aad Jelil) Jylas

Aliall solall e Jsdae A (Lalile V.4Y) diethyl cyanophosphonate Jagiilly alia,
triethylamine 5 «(_3ldle V.V) vinylacetic acid ¢(aa ¥.0) daalll a1 ol <l
oadi 2o Jelinl) Jolae liys ¢dy6ie jiua die (yillle £4) DMF 8 (Laldle Y.1T)
ethyl ae paliiog b mlia cla & Jeliil Jolas caay  iclu saad 3)hall da
¢la «.g)e Y hydrochloric acid Jsae ae Jgll to daliioall salall Juss .acetate
his caad 3855 SlY magnesium sulfate (358 <aial o5 cardia sodium bicarbonate
heptane- oUL3) silica Dba (g3swe dhagilag S Jolaiy dalisal salall 85 . jadda
il (1985 L jial (edy S lgiall aSpe (e aa V.Y e Juasil (ethyl acetate
o LS (S50 g
ESI-MS;m/z334[M"+H].
'H-NMR(CDCl3)5(ppm): 1.30-3.20(m,6H),3.76and3.79(s,3H),4.60-5.20(m,4H),

5.70-6.20(m,2H),6.90-7.40(m,SH).
(35,8aR)-3-(4-chlorophenyl)-2,3,6,8a-tetrahydro-1H-indolizin-3-one (adas

‘o

Yo

Yo



Y4y

YY¢

methyl (E)-3- e Jslae () (ane 009) 30U Jaall (0 Grubbs jlia Ciliay
— (/—= Y.Y) [(2R,5S)-1-(3-butenoyl)-5-(4-chlorophenyl)pyrrolidin-2-yl]acrylate
Ol GiSisale) ae Jelinll Jolae iy o palll V4 4 ) dichloromethane
aliay Adpll 5Hlya dapn ) Jelitll Jolas alay ccilela ued 324 nitrogen s
35 ARE Y sl My iy (31 (Jeliil) Jolaa ) (sl €) triethylamine
suee Ahagilag € Jalaty Adlanall salll 855 (mids Jarn caad Jelil Jolas
xS Olsidl G50 e aa V.Y e Juasil (heptane-ethyl acetate aUs) silica ada
ool LS el puadl ) (585 3 cosly
ESI-MS;m/z248[M"+H].
'H-NMR(CDCl3)8(ppm): 1.70-1.90(m,2H),2.05-2.15(m, 1H),2.25-2.45(m, 1 H),2.90-
3.05(m,2H),4.20-4.35(m, 1H),5.10(d,J=8.8Hz, 1H),5.98-6.04(m, 1H),6.06-6.12(m,

1H),7.00-7.08(m,2H),7.20-7.28(m,2H).
(3S,8a8S)-3-(4-chlorophenyl)hexahydroindolizin-5-one (313

(3S,8aR)-3-(4-chlorophenyl)- (-« Jslae (A (a2e Y0Y) platinum oxide <iliay
liys o ,abile ©+) methanol (o (ax 1.Y) 2,3,6,8a-tetrahydro-1H-indolizin-3-one
platinum Jijs .lelu ued 52a) ddjall 3yl 4551 die hydrogen s & deliall Jolaa
salall 85 . padiie Jabis and Al Sald) S50 peadiily Jelitll Jglaa (4 oxide
Juasil (heptane-ethyl acetate alL) silica aSla e hagilag € Jalaty dalana)
LS a5l Bpanall ol (155 - Caals (i (1 il 5L lsinll e (e mn ) o
o
ESI-MS;m/z250[M*+H].
'H-NMR(CDCl,)3(ppm): 1.50-1.90(m,4H),1.90-2.10(m,2H),2.15-2.50(m,4H),3.52-
3.65(m, 1H),5.08(d,J=8.8Hz, 1H),7.06(d,J=8.4Hz,2H), 7.25(d,]=8.4Hz, 2H).

s
diethyl [(3S,8aR)-3-(4-chlorophenyl)-5-oxooctahydroindolizin-6-ylJphosphonate
(38,8aS)-3-(4- (e Jplae (N (Labdle +.V1Y) jodotrimethylsilane Jasiilly Caliay
N,N,N',N'-tetramethylethylenedi- y (~— ) chlorophenyl)hexahydroindolizin-5-one

Yo
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dslae allyg ¢Ay58e° jha e (jildle £ +) dichloromethane & (sl Y.+ ©) amine
de Jeliill dose ) (pa V-¥1) iodine <alay L4885 Yo 300l 435000 jia i Jelall
ylan il A3 £+ 502l Bhall s guis i Jelil) Jylan caliyy cdygie® sina
32lall Juit .ethyl acetate ae paldiog & b sodium thiosulfate Jstae U Jelall
magnesium  (§sd héad ¢ oale Jslaag (-)le ) hydrochloric acid aw daliiuall
Jdodine Sy Je Juasil jaide i il S5 & ¢ S sulfate
triethyl 3 Z53L3) jodine 1$je e Jsdae el saad 45V ¥ 2ie LSy
b st 35 Adal sha sy N Jeld@l Jolaa alay (3l Y4 phosphite
ol LS S5l Sl Al (1S5 lyinll S5 (30 oo V.0 o S i
ESI-MS;m/z386[M"+H].
G
(E)-(3S,8aS)-3-(4-chlorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)
benzylidene}hexahydroindolizin-5-one
3-methoxy-4-(4- (= daglis Jsdas () (a3 ¥0O) lithium  hydroxide L=y
diethyl [(3S,8aR)-3-(4-chloro- 5 (s> /\V°) methyl-1H-imidazol-1-yl)benzaldehyde
A) tetrahydrofuran & (@ Y.©) phenyl)-5-oxooctahydroindolizin-6-yl]phosphonate
320l Adjall s Anya e Jhal) 8 Jelil Jolaa iy ¢(ikdle Y+ ) ethanol 5 ( _siblile
Jusii .ethyl acetate po paldiog o5 cxlic el 4 Jelith Jolas cray . lela el
Gl 385 @b ¢ SleY magnesium sulfate (38 iad ¢ ale Jolae ae daliiiuall saldl
pLda) silica pDla (sagac Ahagilag S Jodaty ddlaniall salall 81 .y é80 Jad s
e Alia 50LaS (lpiall S ye (4 a1, 8Y o Juasil (heptane-ethyl acetate
vsl LS S 5all Biaall andll (65 L 5l
ESI-MS;m/z448[M"+H].
'"H-NMR(CDCl5)8(ppm): 1.66-1.88(m,3H),2.02-2.12(m, 1H),2.26-2.40(m,2H), 2.30
(s,3H),2.68-2.82(m,1H),3.10-3.20(m, 1H),3.76-3.90(m,1H),3.85(s,3H),5.20(d,)=8.8
Hz,1H),6.94(s,1H),7.02-7.16(m,2H),7.12(d,J=8.4Hz,2H),7.20-7.34(m,1H),7.28(d,
J=8.4Hz,2H),7.72(d,J=1.6Hz,1H),7.76(d,)=2.0Hz,1 H).
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3l
(E)-(3S,8aS)-3-(2,4,5-trifluorophenyl)-6-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylidene]hexahydroindolizin-5-one

G
ethyl (R)-2-tert-butoxycarbonylamino-5-(2,4,5-trifluorophenyl)-5-oxopentanoate
il ¢ ,3llle Y+) tetrahydrofuran 8 (0> +.£0Y) magnesium G (3ze )
¢(salile Y.Y) 1-bromo-2,4,5-trifluorobenzene 438y Yo Pla 4,4°00 aie hgully
Jslaall 134 Ll il 458 ¥ 5add Al B)a Ay die Jelil Jylae caliy
(R)-5-oxopyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-ethyl (e Jsiae
iy (@B Ve (PlA 4008 o~ aie (ilille YO) tetrahydrofuran 4 (aa £) ester
Jslaall U ele Calimy .aaly dels 53a) Ayghe® jiaa U Gugicf s — ie Jelidl Jlan
Laliiiual a0l Jui .ethyl acetate ge aliiuy & (d355e° jia Jie Spiia lady 4
cpadie biia ciad 3S5 o5 ¢ AlY magnesium sulfate (358 <adad ¢ oals Jolae as
heptane-ethyl oLl silica pSla (g35we hagilag S Jalaty A dlanall salall  a
8yaaall axdll 05S5 el anre CuyiS lgiall aSHa e an £.0 o Juasl (acetate
b LS Sl
'H-NMR(CDCls)8(ppm): 1.29(t,J=7.2Hz,3H),1.42(s,9H),1.90-2.10(m, 1 H),2.20-
2.40(m, 1H),2.90-3.20(m,2H),4.21(q,J=7.2Hz,2H),4.20-4.50(m, 1 H), 5.00-5.20(m,

1H),6.95-7.05(m, 1H),7.70-7.80(m, 1 H).
ethyl (R)-5-(2,4,5-trifluorophenyl)-3,4-dihydro-2H-pyrrole-2-carboxylate (3435

‘o
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(ilille Y +) ethyl acetate A (g)be ¢ hydrochloric acid (3o Jslase Jagiilly sl
ethyl (R)-2-tert-butoxycarbonylamino-5-(2,4,5-trifluorophenyl)-5- (e Jslae I
liyg Adyall ylys Aa 0 2ie (Libille Yo ) ethyl acetate b (a> €.0) oxopentanoate
i caad Jelill Jylaa 35 bl sha ay die saaly delu saa) Jelil) Jylas
sodium bicarbonate el Ll Caliay . jial ool cuy e ax £ o Juandl jaida
<l (Lablle Y o) ethyl acetate (o4 aLAd mitall e Jodaa (A (LAl Vo) andie
Tl Juakh .2y guinad) Aalal) Jumig 2380 Y ¢ 52 AbyaM By dagd die Jelil Jslas
il 385 20 ¢ ALY magnesium sulfate (358 <adad ¢ ale Jolae ae 333U 4y paall
il (ppScaaly sl sl S Glsinll 0S5e (0 pa VoA o Jeaail paiie hain
o LS Gl e
ESI-MS;m/z272[M"+H].
Gl

'(2R,5S)-5-(2,4,5-triﬂuorophenyl)pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester

2-¢thyl ester
O dstae (A (a 1290 Lon el e (g95a) 7V ¢ palladium-carbon iliay
(~> Y-A) ethyl (R)-5-(2,4,5-trifluorophenyl)-3,4-dihydro-2H-pyrrole-2-carboxylate
3)ha 420 2ie hydrogen sa (b Jeliill Jslas liyy o yillle 04) ethyl acetate 8
55 a5 i il Jelall Jodaa 8 palladium-carbon Jln - ile b Cow 53] 4d 2l
il . J3iae iS50 (s an VoA o Jaantl mide hakai caas dadyd) sl
Cre dslae (M (o Y.1Y) di-tert-butyl dicarbonate 5 (ldle Y.V Y) triethylamine
Al 5 das tie Jell Jslae Cliyy o sillle ¥+ ) DMF b gil) Jjiaall (5l
.ethyl acetate avo aldiioy o% cxlia ele & Jeliill Jolas criay . cilelu o 30l
55 & ¢« Sy magnesium sulfate (358 adad ¢ ale Jolas ao Laliiiall saldl Juss
L) silica oMo (gasac Ahagileg S ity Adlandl salall 855 . dde Jaria caad
S5 sl sl S piall aS e (e p> £.Y Je Jeasil (heptane-ethyl acetate
st WS S 5all Bjaadll Al

Vo
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'H-NMR(CDCl;)5(ppm): 1.23and1.43(s,9H),1.20-1.50(m,3H), 1.82-2.08(m,2H),
2.18-2.44(m,2H),4.15-4.40(m,2H),4.15-5.30(m,2H),6.80-6.95(m, 1H),7.85-8.05
(m,1H).

RRIC
tert-butyl (2S,5R)-2-(2,4,5-trifluorophenyt)-5-((E)-2-methoxycarbonylvinyl)
pyrrolidine-1 -cérboxylate
(2R,58)-5-(2,4,5- (= Js-tna () (A= +-ATY) lithium  borohydride bl
trifluorophenyl)pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-ethyl ester
vie Jeldll Jolae aliyy ¢dygic® jiaa aie (il £ 4) tetrahydrofuran & (an £.Y)
& paldig o3 cmlie el () Jelill Jolae il delu VY saad A3l 3y Ao
magnesium sulfate (358 adad ¢ ale Jolaa ae Laldiuall salall Juss .ethyl acetate
Qb S aleohol aSye e pa VoV o Joanil (yambdie Jaiim caad S5 a0 ¢ ALY

1.7Y) oxalyl chioride (e Jsdae (A (LAilile 1.¥0) DMSO Lagiilly caliay . 4 J

vie Jelil Jolae aliys 4,450V — 2ie (,3llla £+ dichloromethane o8 (alik
S5 cro Dylae Tyghe®T = ie Tl 4] il - 38 S 500 ) s (i
Jelitll Jslaa caliyy o silils ¥ +) dichloromethane (& (a» ¥.¥) oMef saa4ll alcohol
¥ (L3lle VY. Y) triethylamine Jailly Caliay L4583 10 3add 3)lall Aajy Ll 2
sy AL ¥ 50 A i ) e~ i Jelil) Jylae (uliyy eyl
Jstae as dualifiaall alll Juisi ethyl acetate as paldiog o ol b Jeliill Jslas
e Jaanil yadds bk aad K5 A ¢ ALY magnesium sulfate (3sd —idas PEND
<u3)) sodium  hydride by .Caaly il el cyS aldehyde aSye e aa V.V
DMF (& (a> Y.)4) trimethyl phosphonoacetate (o Jslas (W (an +. 270 /7.
1 Gl 4880 Yo 50 Jelil Jylae oy il glha oy vie (Laldle ¥4)
Bha sy vie (bl Y4) DMF i (e ¥.¥) oMel aldehyde ¢e Jslae ) ol
Jo il Jylae amy 33al Aol 5aa) 2l 3 dap die Jelill Jylae (il 4,0l
adas o gale Jolae ae alaiidl salall Juss .ethyl acetate & il i cela (B
ooy Aalanall salall (A5 L jabde Jaksn S K55 A ¢ ALY magnesium sulfate (358
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e g V¥ e Juasil (heptane-ethyl acetate alad) silica oD (s3gae G3hagilag S
el WS iS)all Spaall a5 . shial ool CaS sl S5
"H-NMR(CDCl3)3(ppm): 1.00-1.50(m,9H),1.80-1.90(m,2H),2.10-2.20(m, 1H),2.30-
2.45(m,1H),3.78(s,3H),4.30-5.20(m,2H),5.95-6.15(m, 1 H),6.85-7.15(m,3H).
G
methyl (E)-3-[(2R,5S)-1-(3-butenoyl)-5-(2,4,5-trifluorophenyl)pyrrolidin-2-y1]

acrylate
YV.A) ethyl acetate -4 g)lse ¢ hydrochloric acid (e Jslae Jagully Ciliay

tert-butyl (28,5R)-2-(2,4,5-trifluorophenyl)-5-((E)-2-methoxy- (e Jslae M (silile
die (bl Y+ ) ethyl acetate A (ax Y.Y) carbonylvinyl)pyrrolidine-1-carboxylate
Jslae 55 483 ¥+ 500 Aggiar0 s vie Jolill Jplae caliyy il pam dgs
Gl sl (sl Adiasala e an Y.V o Juanid mide Jad o cund Jelil)

ey Aball salel) e Jsdaa ) (4l Y.YY) diethyl cyanophosphonate Jaswilly

triethylamine 5 ¢(2blle V. YY) vinylacetic acid (= ¥.V) dasldl QY1 g
o 2 Jolill Jylan caliyy dypie® sinm ie (bl T4 ) DMF 3 (aldle £.+V)
ethyl g galiiug o8 imlie ela 8 Jeliill Jolae oy . ficlu 32 Byhall 550
sodium ¢le ¢)lie V hydrochloric acid Jslse ae daliiual salall Juss .acetate
@3 3855 SleY magnesium sulfate (58 Chiad o ¢ oale Jglaag canda bicarbonate
plda) silica o (s3gwe hasilag S Jolady Lalaiall salall (65 . adie Jaiina
1S5 +ial sl S giall (S e e pa Y.¥ e Jiasil (heptane-ethyl acetate
sl LS 50l Sl ol
ESI-MS;m/z354[M"+H].
(35,8aR)-3-(2,4,5-trifluorophenyl)-2,3,6,8a-tetrahydro-1H-indolizin-3-one (3:la3
methyl (E)-3- cre Jslae () (an +-£Y£) U0 Jyall (e Grubbs lia ciliay
(== Y-Y) [(2R,55)-1-(3-butenoyl)-5-(2,4,5-trifluorophenyl)pyrrolidin-2-ylJacrylate
Ol S sale) ae Jelill Joldae s o sallle £ +) dichloromethane =
Gy A8pl 5lya a0 ) Jelitll Jplaa olay . lelu Jusd 324 nitrogen sa
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S A88 Ve saal Moy @l (30 (Jel@ll Jgdaa ) (LSl A) triethylamine

sasee ibailag S Uulaty Lilaial 53l iy ¢ miie Juin cand Jeli) Jylas

S lsiall Spe (e aax V(e Juandl (heptane-ethyl acetate 2Uad) silica aSla
sl LS Gl Bigaall il (5 . s (sl

ESI-MS;m/z268[M"+H].

'H-NMR(CDCl3)5(ppm): 1.68-1.82(m, 1H),1.86(dd,J=6.0,12.8Hz, 1H),2.10-2.20(m,

1H),2.30-2.43(m,1H),2.90-3.08(m,2H),4.20-4.35(m, 1H),5.31(d,J=9.2Hz,1H),6.00-

6.15(m,2H),6.65-6.75(m,1H),6.85-6.95(m, 1 H)..
(38,8aS)-3-(2,4,5-trifluorophenyl)hexahydroindolizin-5-one (32145

(38,8aR)-3-(2,4,5-trifluoro- (e Jsdae (A (aae A€.4) platinum oxide il
¢(o2bile Y+ ) methanol 3 (a= V) phenyl)-2,3,6,8a-tetrahydro-1H-indolizin-3-one
o el et 3ad Ll glya daps ie hydrogen sa o3 delitl Jylas Culiy,
cpadia ki Gal dadpall 3okl 58550 bl Je il Jslas 4 platinum oxide
heptane-ethyl ~ aLl) silica oM (s35wc dhasilag S Jolaty dalandl salall 5
el 0585 caly i b Dlea 30WS (lgiall (S50 (10 aa ¢ VO e Jiasil (acetate
o LS Syl e
ESI-MS;m/z270[M"+H].
diethyl [(3S,8aR)-3-(2,4,5-trifluorophenyl)-5-oxooctahydroindolizin-6-yl1]

phosphonate
(35,8a8)-3- 3= Jsdna ) (sablle +.€Y1) jodotrimethylsilane Jagilly aliay

N,N,N',N"- 5 (a—— = +.V0) (2,4,5-trifluorophenyl)hexahydroindolizin-5-one
aie (,allle Yo) dichloromethane & (_<ilile 1.¥4) tetramethyl-ethylenediamine
+.A0) jodine aliay (488 ¥ 5aad e jiia aie Jelitll Jolaa Qliyg ody5ie® jua
sad phall Ay (udi die Jeliill Jolaa Cliys dy5ie° jhia die Jelil) Jolae Y (an
&e paliiug o5 «xbie sodium thiosulfate Jslae N Jeliall Jolae caliay (4880 ¢
¢ e>le dslaag (gyle Y hydrochloric acid pe daliiiual 3oLl Juus .ethyl acetate

Yo
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o> V) o Juanil adde baiia s S5 & ¢ SWY magnesium sulfate (358 —adas
.iodine Sy (ye
2 (> ).)) iodine xSy o Jslae saaly delusaad de VT 2o ly
@aad Sy Al 5ha day ) Jeliilh Jelaa alay (ALl 1) triethyl phosphite
ol LS 5l ) Bl (155 sl m (e o ¥l ol (i L
ESI-MS;m/z406[M"+H].
(E)-(3S,8aS)-3-(2,4,5-trifluorophenyl)-6-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylidene]hexahydroindolizin-5-one
3-methoxy-4-(4- (= Jaglie Jelas ) (a= +.Y10) lithium hydroxide —alia
diethyl [(3S,8aR)-3-(2,4,5-tri- 5 (é‘-’ «.U+} methyl-1H-imidazol-1-yl)benzaldehyde

P i (a > Y) fluorophenyl)-5-oxooctahydroindolizin-6-yl]phosphonate
vie JBY 4 Jeldal Jelae iy o yaldle V1) ethanol 5 (alil £) tetrahydrofuran
g oAl o5 i ola b Jelil) Jplaa coomy delu VY 50 230 3 5n Ao
magnesium sulfate (358 adas ¢ ale Jylae an Laldiudl sl Juss .ethyl acetate
e ibasilag S Jilads st solal &0 . i bicon und 395 o3 o Y
3aLaS (lgiall Sye (e g 2.4V e Juanil (heptane-ethyl acetate aUsi) silica oD
ol LS iyl Siadl il (85 sl Aagie Al
ESI-MS;m/z468[M"+H].
'H-NMR(CDCl3)5(ppm): 1.60-1.83(m,2H), 1.83-1.94(m, 1H),2.00-2.18(m, 1 H),2.25-
2.40(m,2H),2.31(s,3H),2.68-2.84(m,1H),3.12-3.23(m, 1H),3.74-3.90(m, 1H),3 .86 s,
3H),5.39(d,J=8.8Hz, 1H),6.74-6.88(m, 1 H),6.88-7.00(m,2H),7.06(s, | H),7.09(d,J=

8.0Hz,1H),7.24-7.34(m, 1H),7.73(s,1H),7.70(s, 1 H).
oA Jla

34
(E)-(3S,8aS5)-3-(2,3,4-trifluorophenyl)-6-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-

yhbenzylidene]hexahydroindolizin-5-one
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ethyl (R)-2-tert-butoxycarbonylamino-5-(2,3,4-trifluorophenyl)-5-oxopentanoate
by ¢ yillle Y +) tetrahydrofuran ;& (a> +.£0Y) magnesium (o 3xe )
¢(Aldle Y.YY) 1-bromo-2,3,4-trifluorobenzene 4idy Vo (DA 43414°00 die lanilly
Jslaal 138 Lagally Ciliay &0 ¥ 5ad Lall s dap die Jelil Jolae iliyy
(R)-5-oxopyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-ethyl (e Jslaa )
liyy (38 Ve Pla 480t v— 2ie (3l YO) tetrahydrofuran (o8 (ax £) ester
Jslaal 1) sle Gl 53l el 5aa) dughe® jim ) dusie® o — 2ie Jelidll Jglaa
dualiiuall salall Juas .ethyl acetate ge Galitug O (4350e° Hia die §piea Cilady
cpadde i caad 3S55 o5 ¢ S magnesium sulfate (3sb Chiad t(ale Jslane aa
heptane-ethyl ~ aLl) silica o (s39we Ahasilag S Julasy dddanall salall 80
yaaall andll 0585 L el mae S gl e (e an €Y o Juasl (acetate
| o LS ol
'H-NMR(CDCl3)8(ppm): 1.29(t,J=7.2Hz,3H),1.42(s,9H),1.95-2.20(m, 1 H),2.20-
2.40(m, 1H),2.95-3.20(m,2H),4.22(q,J=7.2Hz,2H),4.20-4.50(m, 1H),5.05-5.25

(m,1H),7.00-7.15(m, 1H),7.60-7.75(m, 1 H).
ethyl (R)-5-(2,3,4-trifluorophenyl)-3,4-dihydro-2H-pyrrole-2-carboxylate (345

(Allle Y +) ethyl acetate A (gylie € hydrochloric acid (e Jslae Jagilly Ciliay

ethyl (R)-2-tert-butoxycarbonylamino-5-(2,3,4-trifluorophenyl)-5- (o Jsdas I
altyg A8 jpll 9ylya dap 2ie (ilille V0) ethyl acetate & (a £.Y) oxopentanoate
bt Jelitl Jolas <y A85l 5)ha 4y die saaly debu sadd Jeldl Jolas
sodium ol Lagsdly il . jioal Qb Gy (e aa 8.0 o Janil jdis

Vo
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Y+) ethyl acetate 3 sl mitall ye Jydaa (N (Lablle ¥+ ) ariis bicarbonate
Jolall Jolas iady 4880 Yo sad A all 5)ha An s die Jeldll Jolaa il ¢ bl
Aod aial o ale Jylas ae Lialiiuall salall Juas .ethyl acetate ge Gadadwd
S epa VY e Jiasdl yaide daiia Gl S5 a0 ¢ SlY magnesium sulfate

b WS i yall Saadl) w55 caly il 0yl S liall
ESI-MS;m/2272{M"+H].
'H-NMR(CDCl;)8(ppm): 1.32(t,J=7.2Hz,3H),2.18-2.30(m, 1 H),2.32-2.44(m, 1 H),
2.98-3.10(m, 1H),3.12-3.24(m, 1 H),4.25(q,J=7.2Hz,2H),4.85-4.90(m, 1 H),6.95-
7.05(m, 1H),7.25-7.85(m, 1 H).

G

(2R,5S)-5-(2,3,4-trifluorophenyl)pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester

2-ethyl ester

O dsdae () (o 0. 88 Jov ela e §3-3a3) palladium-carbon Ly

(= Y.Y) ethyl (R)-5-(2,3,4-trifluorophenyl)-3,4-dihydro-2H-pyrrole-2-carboxylate
)b~ 4a)) die hydrogen s A Jel@ll Jslae aliyy o yilille VYY) ethyl acetate (8
salall 35 of e il Jelill Jglas J palladium-carbon Jhs delu VY ad 482l
Gl . Jpie i Sn a ps V.Y ol Jomail i die Jai i o a3yl
e dsdae () (2> Y.A ) di-tert-butyl dicarbonate 5 (bl 0. YY) triethylamine
Sha Ay vie el Jylae Ciliyy (UL ¥ 7) DMF b gl Jyiadl i
ethyl ae galiiuw o calic cle & Jeliil Jolao iy leba consad 482l
magnesium  sulfate (358 Cadad ¢ ool Jgplae ae Laliiuall 3alall Juas .acetate
gisee ihasilag S Jolaty Alad salall 85 . jmdde babaa caad 395 a5 ¢ ALY
) lyiall G0 e an £.Y e Joasi (heptane-ethyl acetate aUi) silica aMa

vol LS Sl Bhadll aill (0465 sl o5
'H-NMR(CDCL;)5(ppm): 1.22and1.53(s,9H), 1.18-1.48(m,3H), 1.85-2.08(m,2H),
2.20-2.44(m,2H),4.26(q,J=7.2Hz,2H),4.25-5.25(m,2H),6.90-7.05(m, 1 H),7.70-
7.90(m,1H).
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(E)-3-[(2R,5S)-1-(3-butenoyl)-5-(2,3,4-trifluorophenyl)pyrrolidin-2-yl]acrylate
(2R,58)-5-(2,3,4- 4 Jstae () (a> +.ATY) lithium  borohydride sl cay
trifluorophenyl)pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-ethyl ester
e Jeldill Jolae allyy ¢A906° Hiua die (illle £ ) tetrahydrofuran 8 (o €.Y)
ae paliiug o5 alie sle () Jelidl Jolae Gliay clelu £ 3ol Al 5ha da
magnesium sulfate (358 caiad ¢ ale Jolae e Laldiiudl salall Juss .ethyl acetate
Csb @S alcohol GSye e pa VoV (o duanil yadde Jaiia ciad 85 5 AlaY
1.Y7) oxalyl chloride (e Jslae (Y (Lildle V.1 Y) DMSO Lagnlly Cilizay . jiual
die Jdeldill Jslae caliyy A,V e~ 2ie (,ilille € +) dichloromethane & (3l
S e Jolae 4007 0~ aie @il 4 (iliay . Giy EBG sad Sihall Aa gy s
vie Jelilh Jslaa caliys o yalile Vo) dichloromethane & (as Y.¥) o3ef alcohol
) (LAbdle ALVA) triethylamine Jadally Gliay 4885 V0 3ol 5yfyall dajn uds
Gay AR Ve 3o 6000 e ) 50T - die Jeldl Jelae caliyy o Jglaall
slae ae dialiiall 5alal Juss .ethyl acetate ae paldiug 2 cele (b Jeliil) Jolaa
o aandl adie haiia Giat S5 ¢ AlY magnesium sulfate (35 <adad ¢ ke
<)) sodium  hydride «ilay .caaly hal el cays aldehyde Sy (j« aa Y.V
DMF & (a» Y.)4) trimethyl phosphonoacetate (s Jsias ) (pn +. €74 /7
e Ciluay 438 Yo 3ol Jelitl Jolae aliys cddall )ha dapn 2ie (allle Y4)
Bha Ay vie (bl Y4) DMF i (e T.¥) oMef aldehyde ¢ Jslae ) Jsladll
Je @l Jlan cuay Baals delu saad ddjall 5jla Ay die Jeldlll Jolae aliyg ¢dijall
hdad ¢ eale Jolae pe dualiiual 3alall Jusd .ethyl acetate aa (aldiog i ele
Jalaty Aalasnall saldl 85 . jadda dabia Caali K5 A « WY magnesium sulfate (358
= pa VA e Jiasil (heptane-ethyl acetate oUss) silica a\a (535ac Fhasileg <
tert-butyl (2S,5R)-2-(2,3,4-trifluorophenyl)-5-[(E)-(2-
. )i.as G5k <3S methoxycarbonylvinyl)]pyrrolidine-1-carboxylate
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4.VY) ethyl acetate -8 (g)loe ¢ hydrochloric acid (e Jsdas Jadully aliay
tert-butyl  (2S,5R)-2-(2,3,4-trifluorophenyl)-5-[(E)-(2- (e Js—tne Y (-ilik
Y+) ethyl acetate & (> ).A) methoxy-carbonylvinyl)]pyrrolidine-1-carboxylate
Al Ve sad o aie Jelil Jalae caliyy il 5)ha 40 xie (Lildle
eal sl Adiasale (e aa VA o Jranil jadde Jaia caat Jelil Jylaa
alall salell (pe Jolae (A (L3l V. YY) diethyl cyanophosphonate agsiilly Caliza,
triethylamine 5 «(_yildle +.1VY) vinylacetic acid «(a> Y.A) da3lill jaaY) ¢l il
oui i Jelil) Jylae iy st jia aie (ALl ¥4) DMF é (Lildle Y.YY)
ethyl ae galdiug o5 mlic cla B Jelill Jolaa cray il 2 5jhall da 0
el ¢ole ¥ hydrochloric acid Jslae o sl Jo dalitiial 3ol Juss acetate
(¥ magnesium sulfate (358 —aisd o3 ¢ ale Jglaag ¢arda sodium bicarbonate
silica b (g5 Alyagilag S Jalady dalinall saldl (85 . jadde Javia caad S5
ol sl S lyiall (iS5e e pa V.Y e Juan) (heptane-ethyl acetate als)
b LS Sl Bpadl el 55

ESI-MS;m/z354[M"+H].

(3S,8aR)-3-(2,3,4-trifluorophenyl)-2,3,6,8a-tetrahydro-1H-indolizin-3-one (583

methyl (E)-3- o dstaa () (a +. YY) AU Juadl (e Grubbs Slis <alaay
(= -Y) [(2R,5S)-1-(3-butenoyl)-5-(2,3,4-trifluorophenyl)pyrrolidin-2-yl]acrylate
o o i sale) oo Je il Jslae (i (53l Y4 dichloromethane 4
ey A8l 3ylpa Aapy (A delinl Jolas alay ccle b (ued 324 nitrogen s>
5 ALE Yy 5ol Many iy 53 ool Jplaa ) (L5l £) triethylamine
3 laileg S Julaiy Aalaiall salall iy o paide bium cand Jeliil Jylas
G Olsiadl CS5e e a1 Je Jiasil (heptane-ethyl acetate aUa) silica aMa
ol LS il Sl il (085 3 (5

ESI-MS;m/z268[M"+H].
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'H-NMR(CDCl;)5(ppm): 1.68-1.82(m,1H),1.87(dd,J=6.0,12.8Hz,1H),2.10-2.18(m,
1H),2.32-2.45(m,1H),2.90-3.10(m,2H),4.24-4.34(m, 1H),5.33(d,J=8.8Hz, 1H),5.96-

6.06(m,1H),6.06-6.14(m,1H),6.56-6.65(m,1H),6.78-6.90(m, 1 H).
(3S,8a8)-3-(2,3,4-trifluorophenyl)hexahydroindolizin-5-one (343

(38.8aR)-3-(2,3,4-trifluoro (= Jglaa () (2> +.+247) platinum oxide —sla
¥+.0) methanol 3 (a—= *+.71Y) phenyl)-2,3,6,8a-tetrahydro-1H-indolizin-3-one
el ad 534 L) hm fongd e hydrogen sa (gb el Jslae iy o bl
dis sl da el salall 385 i gl Jelill Jgdas G platinum  oxide Jl-
heptane- »ULj) silica odla (s3gac bagilay S Jolay Adlindl salall 85 . adie
caaly b sl Abis BalS Glgiall aS5e e aa ¢ 81 o Jiasil (ethyl acetate
b LS Sl sl ol 5

ESI-MS;m/z270[M"+H].

" 'TH-NMR(CDCl5)8(ppm): 1.50-1.70(m,2H),1.74-1.90(m,2H),1.95-2.10(m,2H),2.16-

2.50(m,4H),3.55-3.70(m, 1H),5.28(d,}=9.2Hz, 1H),6.60-6.70(m, 1 H),6.70-6.95
(m,1H).

diethyl [(3S,8aR)-3-(2,3,4-trifluorophenyl)-5-oxooctahydroindolizin-6-y1]
phosphonate
(38,8a8)-3- = dstaa (A (LAl +.¥Y 1) jodotrimethylsilane dagilly Cilizay
N,N,N'N"- 3 (A——= +.£1) (2,3,4-trifluorophenyl)hexahydroindolizin-5-one
(o-dle 1V.0) dichloromethane (& (_<ilils «.AYY) tetramethyl-ethylenediamine
iodine iluay A58 T+ 50al dysie® jim die Jolill Jylae calisy e fim vie
Ao b iz Jelil) Jlae caliyy i jina vie Jelitl Jplaa L) (aa +.0TY)
a3 «zlie sodium thiosulfate Jslae A Jelilll Jolas Ciliay (A58 £+ 304 5))yall
@e ) hydrochloric acid as Zaliiuall salall Juss .ethyl acetate an paldiy
padie s aat 385 a5 ¢ ALY magnesium  sulfate (358 cadad ol Jslaag
Jdodine Sy (3 px VY e Jiand]



Y14y

Yyv

& (> V) @l iodine @S e Jslae Oiela 3o 80V Y 2
@aad 38y Al Blya Ay (M Jeliall Jsdas alay . (Lallle £) triethyl phosphite
roh WS CSpall Bhaall Aagll (585 L plgiall She e pa ¥ o Jeanil yaide ek
ESI-MS;m/z406[M"+H].
Gl
(E)-(35,8a8)-3-(2,3,4-trifluorophenyl)-6-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidenelhexahydroindolizin-5-one
3-methoxy-4-(4- = basdia Jsdas (Y (o +. VYY) lithium  hydroxide <sliay
diethyl [(3S,8aR)-3-(2,3,4-tri- 5 (p> *.¢ ) methyl-1H-imidazol-1-yl)benzaldehyde
P i (; > Y) fluorophenyl)-5-oxooctahydroindolizin-6-yl]Jphosphonate
vie Jhll o deliill Jslas aliys ¢ 43kl 1) ethanol s (yilile €) tetrahydrofuran
te paliig o5 calic cla B Jolil Jolae caiay delu VY 3ad 23ja) )y 4o
magnesium sulfate (358 aiad ¢ ale Jolon aa Laliiual salall Juss .ethyl acetate
$iee (hhagileg S Jolady ddlanall salall 85 . yaadde bk cand 355 Q3 ¢ SeY
Olsindl S50 e 0000 o Juasl (heptane-ethyl acetate olL) silica aDla
coh LS S pall Bhaaall 2l 46S5 . sl dasae Ada 5alaS

ESI-MS;m/z468[M*+H].

'"H-NMR(CDCl;)3(ppm): 1.64-1.82(m,2H),1.86-1.94(m, 1H),2.08-2.16(m, 1 H),2.26-
2.44(m,2H),2.30(s,3H),2.70-2.83(m, 1H),3.12-3.20(m, 1 H),3.76-3.88(m, 1 H),3.85
(s,3H),5.41(d,J=8.8Hz, 1H),6.70-6.80(m, 1 H),6.84-6.96(m,2H),7.02-7.12(m,2H),

7.20-7.30(m,1H),7.72(s,1H),7.76(d,J=2.4Hz,1H).
04 Jhs

5alas
(E)-(3S,8aS)-3-(2,5-difluorophenyl)-6-[3-methoxy-4-(4-methyl-1 H-imidazol- 1 -yl)

benzylidene]hexahydroindolizin-5-one

Yo

Yo
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-
S

(R)-2-tert-butoxycarbonylamino-5-(2,5-difluorophenyl)-5-oxopentanoate (3:la%
by ¢( ,allle Y o) tetrahydrofuran o8 (a> +.0714) magnesium (ye (3dxe )
¢(oAllle Y. ¢) 1-bromo-2,5-difluorobenzene 48y Yo DA d,4°00 yie Lagnll,
Jslaal 13a Lagiily Cilimy .3aaly el 520 28,50 Byha da s die Jelidlh Jglae iy
(R)-5-oxopyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-ethyl (e Jslae I
iy AR Yo P gt~ aie (Lallle YO) tetrahydrofuran 4 (a» ©) ester
Jslaadl (U ele Caliay 3aaly delu 3o e’ jhoa ) dggie®t o — die Jolill Jglae
daliiuall 2ol Juii .ethy] acetate ae aldiivg 2 ¢Ay5ie° jia Yo §pma Cilads
cpadhe i Caad S50 a0 6 SleY magnesium sulfate (398 caias ¢ cale Jslaa pe
heptane-ethyl L) silica Do (g3g5ac hasilag S dolady Ldlasiall salall 5
8paall aa@ll (13S0 Lyl ne @S lyiall 1S 50 e an 0.V Lo Juaadl (acetate

o LS ol

'H-NMR(CDCl;)8(ppm): 1.20-1.46(m, 12H),1.96-2.40(m,2H),2.95-3.20(m,2H),
4.10-5.40(m,4H),6.80-7.60(m, 3H).

ethyl (R)-5-(2,5-difluorophenyl)-3,4-dihydro-2H-pyrrole-2-carboxylate (33
Y0.4) ethyl acetate 4 gslse ¢ hydrochloric acid (e Jslse Jagiilly il
ethyl (R)-2-tert-butoxycarbonylamino-5-(2,5-difluorophenyl)- ¢re Jslae ) (ildle
Adpall Hha da o aie (LAl Y4.V) ethyl acetate (b (as ©.V) S-oxopentanoate
ciat Jelill Jylan 39 280 a dayd die sanly dela sad Jelil Jylae iy,
sodium ;ulﬁﬁmqu.)miwm‘jw&w e Juanil jaide biia
Y+) ethyl acetate o plall misall (pa Jslae ) (Lbille Y0 ) aaidia bicarbonate
Jelall Jelas aady 4885 Yo sadd Al 5)ha 40 die Jelidl) Jolas aliyy o bl

Ve

Yo
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Asd adal ¢ oale Jolae ae daliinall 3ol Juuas Lethyl acetate g padas O
QSpe (e pa £.Y o Jiasil jaide Jaiia Gal K5 4 ¢ SWY magnesium sulfate

b LS S all Baadl wdl 0)€5 Ly sl 05l casS sl
ESI-MS;m/z254[M"+H].
'H-NMR(CDCl5)3(ppm): 1.32(t,J=7.2Hz,3H),2.16-2.30(m, 1 H),2.30-2.44(m, 1H),
2.98-3.12(m,1H),3.14-3.26(m, 1H),4.25(q,J=7.2Hz,2H),4.85-4.95(m, 1 H),7.00-7.15
(m,2H),7.70-7.80(m,1H).

Gl

methyl (E)-3-[(2R,5S)-1-(3-butenoyl)-5-(2,5-difluorophenyl)pyrrolidin-2-yl]

acrylate
ethyl (R)-5-(2,5-difluoro- (2 Jslae A (a> +.44) sodium borohydride slizay

(o2l £ +) methanol (& (ax Y.Y) phenyl)-3,4-dihydro-2H-pyrrole-2-carboxylate
vie Jeldll Jolae alfy A48 Vo A 4607~ 2o (Lallle ) +) acetic acid s
) sodium bicarbonate Jplae iliay 3aaly delu saal A8 jia N Ahet .-
goandl culall Hadye (A8 Yo sadl A8yl 5ya da )0 die Jaddl Qg L e lil Jolae
sle e Juuii cethyl acetate pe oA ddlatiall 3aldl puadl . (jidie Jataia Caal
ddlanall salall 385 . ALeY magnesium sulfate (358 “adad a3 csodium  bicarbonate
triethylamine <liay . jial oysdy Cuy) oy PENE 8 S S TR RPN COR P SO SLIVA |
& 2 @l e Jslae (M (an Y.00) distert-butyl dicarbonate 5 (il V.1 1)
VY ol ddpdl plha days aie Jelidl) Jsdaa aliyg o yaldle o4) dichloromethane
salall Juisi cethyl acetate pw paldiog o5 ialic cle 4 Jelilll Jslae Cray dcla
dakuia Cia3 S5 a0 ¢ SWY magnesium sulfate (358 <adas o>l Jslaa ae Laliiall
heptane- oL silica aSla (g3sae ihagilag S Jolay Lalasiall salall 85 . jmdda
(2R,58)-5-(2,5-difluorophenyl)pyrrolidine- (= o €.Y ;Ao Juasil (ethyl acetate
. _)Lai Csh <w3S 1,2-dicarboxylic acid 1-tert-butyl ester 2-ethyl ester
(2R,58)-5-(2,5-difluoro- e Jslse () (@ Y.+ ¥) lithium borohydride aliay
s (@ £.Y) phenyl)pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-ethyl ester

Vo

Yo
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ha dan vie Jeldll Jolae aliyy (dygie® ja die (bl €4) tetrahydrofuran
-ethyl acetate o Laldiuy o czlia cle ) Jelill Jolaa cilay Aol VY 3ad) 4320
S & ¢ Sy magnesium sulfate (358 <aiad ¢ ale Jslae o Laliiuadl saldl Juas
il . iaal (sl S aloohol @iSie e pa ToY (o Jhand) yaiie bt cuas
= (o2l V. £) oxalyl  chloride (s Jsdaa ) (Lldle V.Y ¢) DMSO gl
Aoy padi 2ie Jel@ll Jolae allyy dygieV o~ 2ie (3Ll 04) dichloromethane
alcohol Sye e Jydae 4350070 = e Lag@iilly 4} Gl . (33l S0 0l 3))yall
Aa) (i de Jelall Jylae iy ¢ slile Y +) dichloromethane (i (aa Y.Y) oDlef
liyy e Jslaall ) (Lallle 4.1Y) triethylamine Jasilly Caliay 4583 10 304l 3))all
2 Jelil Jolae Cray A8 ¥o 30 436000 jiua M 40T = 2ie Jeldl Jolas
(358 hdad ¢ oale Jolas ae Lialitiiuall saldl Juis .ethyl acetate ae (aliiog & (el
@Sye e pa Vot o Jaadl (addae havin il S5 a ¢ WY magnesium sulfate
o (a> +-0YE 7 Cy)) sodium hydride Calay .caly jial o5l cuS aldehyde
42y die (L3l Y4 ) DMF (o8 (o Y.0A) trimethyl phosphonoacetate (e Jslsa
e Dlan 1 Jaladl 138 il 2583 Yo 5 Jeliill Jylae caliyy lspall sha
liyy Adjall Hha dny0 2ie (Lillle Yo) DMF 6 (aa Y. £) oMol 20aal aldehyde
o3 cela 8 Jelil Jylan canay aaly delu 3add 28,30 3y dayd die Jeliil s
Asd adas ¢ oale Jolas aw daliiiuadl salall Juas cethyl  acetate g paliiog
Jalaly ddlanall alall (86 . jmdie Jakai caad (S5 o0 ¢ ALY magnesium  sulfate
G e VoV e Juanil (heptane-ethyl acetate olai) silica Dl (s39ee Blasileg S
tert-butyl (28,5R)-2-(2,5-difluoro-phenyl)-5-[ (E)-(2-methoxy-
o haal sl S carbonylvinyl)]pyrrolidine-1-carboxylate
(Aldle Y +) ethyl acetate * @whe ¢ hydrochloric acid (e Jslae Jadvilly il
Sba 4 aie (LAl Yo ethyl acetate A (ax ¥.V) @l ester (e Jsdae )
cons Jeliil Jplaa 38y 488 Tr 5aa A0 vie Jelill Jylas ulisy Aagl
diethyl da@illy Caliay . jiual (5l Adia sale (e aa VoA o Jeanil i huina
Sa¥) gl 3 Al saldl e Jdae ) (bl ¥.£A) cyanophosphonate

Vo

Yo
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A

& (bl £.0%) triethylamine 5 «( ilile V.¥'A) vinylacetic acid ¢(an ¥.A) daslll
el phall dajy ed die Jeldill Joldae allyy (dysie® ha aie (il YV) DMF
3alall il .ethyl acetate ae paliiog o3 lia ele & Jeliill Jolas cuay . oyiicls
sodium bicarbonate ¢le ¢(g)be V hydrochloric acid Jslas ae gl o daliiull
b cad 585, SleY magnesium  sulfate (358 cadad o ¢ oale Jolaag T
heptane- oLL) silica Dba (s3gac hasilas)S Jodary Lalsndl salall 56 . yadda
Ladll 055 jhal (el @S Glsial)l a8 e e a> €1 o Juasil (ethyl acetate
o LS Sl nd
ESI-MS;m/z336[M"+H].
(35,8aR)-3-(2,5-difluorophenyl)-2,3,6,8a-tetrahydro-1H-indolizin-3-one (34as
methyl (B)-3- (e dslae (Y (an +.09¢) U Jaall (e Grubbs lis Calay
PLYPEN i.'&) [(2R,55)-1-(3-butenoyl)-5-(2,5-difluorophenyl)pyrrolidin-2-yl]acrylate
o Gdsisale] ae Jelil Jydaa iy o )bl 14 ) dichloromethane
il Adpl Hha Aoy ) Jelill Jaldas alay . lelu Jued 524 nitrogen sa
AR Y sad Mamy @l (o3 (Jelall Jolaa Y (aldle A) triethylamine
$asee (Shagilag S Jolaty Adlandl salall iy ¢ yaide Jara caad Jelil Jolase
S Olsiall GiS5e (pe a2 V.Y e Jianil (heptane-ethyl acetate alk) silica aa
ol LS Sl Bsaal) il (085 . 45l
ESI-MS;m/z250[M"+H],
IH-NMR(CDC13)5(ppm): 1.68-1.83(m,1H),1.88(dd,J=6.0,12.8Hz,1H),2.06-2.20
(m,1H),2.10-2.44(m, 1H),2.90-3.10(m,2H),4.20-4.35(m, 1 H),5.36(d,}=8.8Hz, 1 H),

6.00-6.20(m,2H),6.53-6.65(m,1H),7.80-6.90(m, 1H),6.90-7.05(m, 1 H).
(38,8aS)-3-(2,5-difluorophenyl)hexahydroindolizin-5-one (34i3

(3S,8aR)-3-(2,5-difluoro- (s Jsdas () (e +.VYV) platinum  oxide sl

10) methanol & (~—= .Y) phenyl)-2,3,6,8a-tetrahydro-1H-indolizin-3-one
~Gilelu (pued Baal A2l 5)ha 4a )3 2ie hydrogen sa & Jeliill Jolaa iy @anin
b cuad dadyall saldl 58555 ca il Jeliil) Jydas 6 platinum  oxide Jfm

VYo
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AR

heptane- alLa) silica ada sasac lagilag S Julaty Laland) salall &5 . yadde
QS .l sl Blia 30l Glgiall Spe e a2 V.Y e Juanil (ethyl acetate

v LS S all B3r0all ol
ESI-MS;m/z252[M"+H].
'H-NMR(CDCl5)3(ppm): 1.54-1.70(m,2H),1.74-1.90(m,2H),1.96-2.12(m,2H),2.12-
2.50(m,4H),3.50-3.70(m, 1H),5.31(d,J=9.6Hz,1H),6.55-6.70(m, 1 H),6.80-6.90(m,
1H),6.90-7.05(m, 1 H).

s

diethyl [(3S,8aR)-3-(2,5-difluorophenyl)-5-oxooctahydroindolizin-6-yl]

phosphonate
(3S,8a8)-3- e Jsdne A (L3 + . AAE) jodotrimethylsilane Jagilly sl

N,N,N',N'-tetramethyl- s (~—= V.Y) (2,5-difluorophenyl)hexahydroindolizin-5-one

Ay 4ie® jiua 2ie (Al o) dichloromethane (4 (abil Y.£7) ethylenediamine

) (> V-0A) iodine el 288 Yo 32 Au6ie jham 2l Jel@ll Jolaa aliyy
€+ 32l BHhall Aayy Luds 2ie Jeliill Jolae allyg (A i® iam 2ie Jelal Jolaa
ethyl ae aliiu A5 cxlie sodium thiosulfate Jglae N} Jelih Jolaa caliay .48y
ada’ ¢ ala Jolaag gyle Y hydrochloric acid as daliiuwall salall (Juss .acetate
e e VA o Jianil jadde dakia iad 35 &5 ¢ ALY magnesium sulfate (358
.iodine S ye
&t (02 V.A) 8l iodine S ye (e Jslaa Baalg Ao lu sadd eV Y 2ie Qi
Gl HS g Adpad Hha das ) deldll Jsdas alay . (Lldle 3) triethyl phosphite
LS ol Baall Aol (S5 sl S50 o0 o £2) o uani) ymide i
!
ESI-MS;m/z388[M"+H].
(E)-(35,8aS)-3-(2,5-difluorophenyl)-6-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-yl)

benzylidene]hexahydroindolizin-5-one

Yo

Yo



ey

3-methoxy-4-(4- (e Jasline Jslae () (an . ££Y) lithium hydroxide ilia
diethyl [(3S,8aR)-3~(2,5-difluoro- 5 (> ) methyl-1H-imidazol-1-yl)benzaldehyde
¢) tetrahydrofuran A (a> £.Y) phenyl)-5-oxooctahydroindolizin-6-ylJphosphonate
Sha Lo aie QB Jelil Jplae By o bl V1) ethanol 5 (il
.ethyl acetate ae Ualdiog ob cmfie ela (G Jelilll Jolae cumy delu VY 32d il o
S5 @ ¢ AlY magnesium sulfate (358 aiad ¢ ale Jolae an aliiuall soldl Juas
) silica s (sasac hasileg S Julaty ddaniall salall 55 . raddie Jaka Cual
CSS sl ane cu3S lgiall (S0 (e pa V.AC e Jiasid (heptane-ethyl acetate
ol LS el Siaal al
ESI-MS;m/z450[M"*+H]. s
'H-NMR(CDCl;)5(ppm): 1.64-1.94(m,3H),2.02-2.14(m, 1H),2.28-2.42(m,2H),2.31
(s,3H),2.70-2.84(m, 1 H),3.12-3.24(m, 1H),3.76-3.90(m, | H),3.87(s,3H),5.44(d,J=8.8
Hz,1H),6.66-6.74(m,1H),6.84-6.94(m,1H),6.95(s,1H),6.97-7.08(m, 1 H),7.07(s, 1H),

7.08(d,J=8.0Hz,1H),7.27(d,J=8.0Hz,1H),7.73(s,1H),7.78(s,1H).
T d&A Yo

(E)-(35,8aS)-3-(3-fluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)

benzylidene]hexahydroindolizin-5-one

Y
O -~
DORES

(R)-2-tert-butoxycarbonylamino-5-(3-fluorophenyl)-5-oxopentanoate (315 Y.
(R)-5-oxopyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2- (ro Jslae I
Lt o= e Lagilly by o sildle Vo v ) tetrahydrofuran & (as ) ethyl ester
= —=b> >V Jslss) 3-fluorophenylmagnesium  bromide (3ildy V. P&

Y14y
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e jha A st - i Jeldl Jolas iy o ,3llla VY. stetrahydrofuran
oaliing 28 (A5 jiia die pia Glady (B Jelaall ) el Caliay J3aaly de b 3ad]
adad ¢ ale Jolae xe Lialiiiall solall Juuis cethyl acetate ae Jeliill Jslas (1o
Jalaty A5latall alal) (AT L pmide akia S S5 5 ¢ ALY magnesium sulfate (358
G e 0.0 e Juasil (heptane-cthyl acetate oUas) silica p3la (s3ga G gilag S
ool LS Sl Badl pll (1555 - ol e i€ hyinll S
'"H-NMR(CDCl;)8(ppm): 1.24-1.36(m,3H),1.38-1.46(s,9H),2.00-2.50(m,2H),2.95-

3.20(m,2H),4.15-5.20(m,4H),6.90-7.80(m,4H).
ethyl (R)-5-(3-fluorophenyl)-3,4-dihydro-2H-pyrrole-2-carboxylate (3135

(sldle Yo) ethyl acetate 8 (gl ¢ hydrochloric acid (s Jslas hagilly Calia
ethyl (R)-2-tert-butoxycarbonylamino-5-(3-fluorophenyl)-5- (— Js—ae I
liyy ddjall 5y Aa o ie (Lallle Y o) ethyl acetate 8 (a> ©.9) oxopentanoate
b Gl Jelilll Jolaa 385 3aals delu saal 8yl 3y 40 2t Jelll Jolasa
sodium bicarbonate ¢ Le Jagiilly Caliay . jial sl Cuy (e a2 0 Ao Juanil yadds
iy o yildle Y o) ethyl acetate 4 alall misall e Jodaa (Y (Laldle Vo) adia
oaaiud Jelill Jolae aady 4880 Yo 0 Al §lha day0 2ie Jel@l Jelas
magnesium (358 Chiad ¢ cale Jolase as dalituall Sala) Juis .ethyl acetate as
CuiS lsiall CSye (e pa Vo0 o Jiandl it hiia ¢ S5 & ¢ S sulfate
ol WS el el aill (585 Ly aeal ok
ESI-MS;m/z236[M*+H].
'H-NMR(CDCl)3(ppm): 1.32(t,J=7.2Hz,3H),2.18-2.43(m,2H),2.90-3.03(m, 1H),
3.08-3.20(m, 1H),4.25(q,=7.2Hz,2H),4.85-4.95(m, 1H),7.10-7.20(m, 1 H),7.38(dd,
J=8.0,14.0Hz,1H),7.55-7.70(m,2H).
(2R,58)-5-(3-fluorophenyl)pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-

ethyl ester

Yo

Yo
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O dstae (W (o 0200 Lov el o (g97ny) palladium-carbon sl
= (= Y.0) ethyl (R)-5-(3-fluorophenyl)-3,4-dihydro-2H-pyrrole-2-carboxylate
48l 5ya 4ay0 2ie hydrogen s> (B Je\ill Jolaa liyg o sillle 04) ethyl acetate
salall S5 o5t il Jelidl) Jylaa 6 palladium-carbon Uiy -cile b oy 3ad]
Gl - J5te S0 s aa 20 o lo Jomadl (m d5a bk g Ayl
e dslae () (o €.£V) di-tert-butyl dicarbonate s (alidls V.0Y) triethylamine
3 jal s Ay v Jelil) Jplaa cilisy o illle ©4) DMF (b gl Jpad) )al
Jui .ethyl acetate ge paldiug o5 cxlie cla & Jelill Jolas Gaay Aol VY 2ad
Csd 385 ai ¢ LY magnesium sulfate (358 <aiad ¢ ale Jolas ae Laldiindl 2okl
pLad) silica b (s3gac Aasilag S Jodaty Lalanal solall 80 . jadde iz
1S5+ hal (sl S lsindl S S p0 (30 o £.Y o Juasil (heptane-ethyl] acetate
e LS )l Sipaall il
'H-NMR(CDCl3)3(ppm): 1.17and1.42(s,9H), 1.20-1.48(m,3H), 1.86-2.21(m,2H),
2.16-2.38(m,2H),4.10-4.40(m,2H),4.25-5.05(m,2H),6.80-7.00(m, 1H),7.20-7.40
(m,3H).
tert-butyl (2S,5R)-2-(3-fluorophenyl)-5-[(E)-(2-methoxycarbonylvinyl)]pyrrolidine-
1-carboxylate
(2R,58)-5-(3-fluorophenyl) (3o Jstaa () (a> Y.+ ¥) lithium borohydride «sliay
& (> £.Y) pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-ethyl ester
b= day 2o Jelill Jylae liyg Ay ¢ie® jiua dic (,illla £ 4) tetrahydrofuran
-ethyl acetate ae galiiog o czlia el ) Jeliil) Jolae ciliay dela VY 304 482l
3S 5 ¢ Y magnesium sulfate (358 hiad ¢ als Jolas ae Laliiuall salal Juss
il . jial o5l @S alcohol Sye e pn YoV o iaat] Gaide bakia cund
= (U3lle V.1 ) oxalyl chloride (ye Jslaae ) (o3llle 1. £Y) DMSO Jaauill,
Ao ol e Jeldill Jplae aliyy dygieV e - aie (il A+) dichloromethane
alcohol Sy (po Jolae it — aie Jagully 4l il . (3508 EO 50 5y)4al)

Vo
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vie Jelill Jylae aliyg o ,alle Y +) dichloromethane (& (p= Y.V) sdlef aaadl)
«Jsdaall ) (,Ablle Yo .0) triethylamine aliay (4885 Y0 30l phyall Aayn Lais
Jelall Jolae Gaay L4885 ¥o 5aad 40 jhea I 435001 0= e Jelial Jolas iy
hdad ¢ cale Jslae ae daliiiudl salall Juss Lethyl acetate o Galiiog & ele
e pax VA o diasil aida Jadia Giad 385 o5 ¢ ALY magnesium sulfate (38
A S IYA R <u3) sodium hydride aliay .caaly il sl <uS aldehyde S e
vie (_sildle Yo) DMF i (a Y.AY) trimethyl phosphonoacetate (s Jslae ) (p
o Jslae ) sl 138 Giliay 08 Y+ 50d Jolil) Jolae iy il e Ay
Gl Adpall 5ha daps e (Lallle YO) DMF (d (aa ¥.A) o2kel 2aaal aldehyde
o cole b Jelial) Jolae cavay 5anly Aol 50 A6l ha A s die Jeliil Jslas
cisd Cadnd o ale Jylaa po Lialiiual sald) Juis ethyl  acetate g Laliioug
ey Aalasall solall (855 L jmdde Jaaa aad 3S5 Q% ¢ ALY magnesium  sulfate
O e & (e Juasil (heptane-ethyl acetate alla) silica Do (s35ae ihasilag S
| el S Sl Baadll ol (4585« el (s i il (e
'H-NMR(CDCl3)8(ppm): 1.00-1.50(m,9H), 1.80-1.94(m,2H),2.08-2.20(m, 1H),2.26-
2.36(m, 1H),3.78(s,3H),4.20-5.00(m,2H),5.95-6.15(m, 1 H),6.80-7.35(m, SH).

methyl (E)-3-[(2R,5S)-1-(3-butenoyl)-5-(3-fluorophenyl)pyrrolidin-2-yl]acrylate
¥Y.1) ethyl acetate -4 g)e ¢ hydrochloric acid (re Jslae Jasisilly caliay
tert-butyl (28,5R)-2-(3-fluorophenyl)-5-[(E)-(2- —s Js—ae (1 (—sldle
Y+) ethyl acetate & (= ¢) methoxycarbonylvinyl)] pyrrolidine-1-carboxylate
3 A T 5ad ko i okl Jalas Calisy cibil 3 Ay e (A
.PTMMSA&&HY.A@;MU&L@M@@\ Jslaa
dball salell (e Jslaa (M (Lakdle Y.AY) diethyl cyanophosphonate Jaggsilly Calizay
triethylamine 5 ¢(_yildle 1.0%) vinylacetic acid «(an ¥.A) Lol jia¥l sl <l
o 3o Jeliill Jslas Guliyy (A jua die (il £4) DMF 6 (Laldle 0.1Y)
ethyl g paliiug 5 mlia cle (& Jeléll Jolase oy . piie La s0al 3)hall oy

Yo

Yo
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Yev

sle ¢« ie Y hydrochloric acid Jglae pe Ml Ao daliiiall salall Juas .acetate
b caad jS55 ALY magnesium sulfate (358 <aia o cauia sodium bicarbonate
heptane- L) silica oa (ga3ac Ay gileg < Jolaty ddliiall olall 655 . mdse
Ladll S5 .« jtaal sl € lgiall S0 e pa Y.V e Joanil (ethyl acetate
ool LS Sl e
ESI-MS;m/z318[M"+H].
(3S,8aR)-3-(3-fluorophenyl)-2,3,6,8a-tetrahydro-1H-indolizin-3-one (5145
methyl (E)-3- 0o dsdae () (an +Y+ £) S Liall e Grubbs lis by
o (~—=-Y) [(2R,55)-1-(3-butenoyl)-5-(3-fluorophenyl)pyrrolidin-2-yl]acrylate
ol aisisale) ae Jelil Jsdae oa g o sillle £ +) dichloromethane
Loy Adpl syha s A Jdeldll Jodas alay .clelu Gued 324 nitrogen s
r ARE Y o Maey iy G0 (Je il Jyldaa Y (LAl £) triethylamine

CuiS sl @Sye e pa v 1 e Juasil (heptane-ethyl acetate o) silica Sl
o LS Sl el ) (085 . 2 sl
ESI-MS;m/z232[M"+H].
'H-NMR(CDCL;)8(ppm): 1.78-1.92(m,2H),2.04-2.14(m, 1 H),2.30-2.43(m, 1H),2.94-
3.02(m,2H),4.25-4.35(m, 1 H),5.12(d, }=8.8Hz, 1H),5.95-6.08(m, 1 H),6.06-6.15(m,
1H),6.75-6.85(m, 1H),6.85-6.95(m,2H),7.20-7.30(m, 1 H).
(35,8aS)-3-(3-fluorophenyl)hexahydroindolizin-5-one (5243
(35,8aR)-3-(3- (e Ug—tas (| (ane +.+ VA1) platinum  oxide —lay
¥'+) methanol & (a> +.+) fluorophenyl)-2,3,6,8a-tetrahydro-1H-indolizin-3-one
Al bu uad a4 485al) 35is 453 die hydrogen sa b el Jolaa iy o il
bia cuat dadyall salall 385 cua S5l Jelitl) Jydas 8 platinum  oxide Jl-
heptane- alLs) silica ada (s39we Ahasilag)S Jalas Lalanall salall 85 . s
aaly i sd Abia 5ol lsiall CSpe e aa 0T e Jiaadl (ethyl acetate
b LS 5l aadl ) 55

Yo
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ESI-MS;m/z234[M+H].

'H-NMR(CDCl)5(ppm): 1.54-1.88(m,4H),1.94-2.10(m,2H),2.14-2.50(m,4H),3.54-
3.66(m,1H),5.00(d,J=9.2Hz,1H),6.76-6.84(m,1H),6.84-6.96(m,2H),7.20-7.30
(m,1H).

Galas
diethyl [(3S,8aR)-3-(3-fluorophenyl)-5-oxooctahydroindolizin-6-yl|phosphonate
(35,8a8)-3-(3- (3 Ustae ) (Lilille +. £ ££) jodotrimethylsilane Jasilly Loy
N,N,N',N'-tetramethyl- y (== +.0¥4) fluorophenyl)hexahydroindolizin-5-one
A9 jia die (3llle YV) dichloromethane o3 (aldls V.Y +) ethylenediamine
o (m +-VAY) fodine Ciluay AR ¥o 500l Ly jim i Joliil Jylae cliy
£ 5aal Bhyall Ao ki 2o Jelil Jylae iy i jia vie Jolil) Jolas
ethyl xe ualdiug o3 ¢xfia sodium thiosulfate Jslaa (3 Jeliill Jolae caliay (43480

ddat o oale Jslaag (gle Y hydrochloric acid e dalatiuall 2alall Juuis .acetate

e px A0 o diasil jadda baiia diad 85 G5 ¢ SleY magnesium sulfate (3
.iodine S ;e
&2 (p> + M%) Ul jodine Sy (o slae Baads delu sadd 440V Ve e
aal 3859 A8yl Hha Aoy A Jelinlh Jelae alay (il Y o) triethyl phosphite
LS pall Sanal el (155 sl iS50 (1o pn 1.8 o il miin Jion
o
ESI-MS;m/z370[M"+H].
Gl
(E)-(3S,8aS)-3-(3-fluorophenyl)-6-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-yl)
Benzylidene]hexahydroindolizin-S-one
3-methoxy-4-(4- (= daglie Jslase (Y (2 +.YVV) lithium hydroxide —alay
diethyl [(3S,8aR)-3-(3-fluoro- s (‘u . .i‘\) methyl-1H-imidazol-1-yl)benzaldehyde
¢) tetrahydrofuran & (x> Y.4) phenyl)-5-oxooctahydroindolizin-6-yl]phosphonate
Lpllpha daps vie Jhall 8 Jelall Jylae altyy o ,aldle V1) ethanol (ALl

Yo
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AR

sk .ethyl acetate pe paliiog o5 crlie ele 4 Jelil) Jolaa caay Aelu VY 3ad
Caad 385 @ ¢ Al magnesium sulfate (398 caind ¢ ale Jslae e Lalitiall sl
pLhai) silica s (s3gae Ayagilag S Jodaty dalinadl salall 85 . i i50 ok aa
dape Llia 5aleS lsiall S50 4o a2V o Jiandd (heptane-ethyl acetate
vt WS S pall 3ipaall 2l ()9S5 . (5l
ESI-MS;m/z432[M"+H].
'H-NMR(CDCl3)8(ppm): 1.70-1.90(m,3H),2.02-2.12(m, 1H),2.26-2.40(m,2H),2.30
(s,3H),2.70-2.82(m, 1H),3.12-3.22(m, 1H),3.76-3.90(m, 1H),3.85(s,3H),5.22(d,J=8.8
Hz,1H),6.84-7.00(m,2H),6.94(s, 1 H),6.99(d,}=8.0Hz, 1 H),7.05(s, 1H),7.08(d,}=8.0

Hz,1H),7.24-7.36(m,2H),7.72(d,J=1.6Hz, 1H),7.77(d,}=2.4Hz, 1 H).
1Y Jtie

540
(E)-(35,8aS)-3-(2,6-difluoropyridin-3-yl)-6-[ 3-methoxy-4-(4-methyl-1H-imidazol-

1-yl)benzylidene]hexahydroindolizin-5-one
F

7 N
O ~/
N
"

ethyl (R)-2-tert-butoxycarbonylamino-5-(2,6-difluoropyridin-3-yl)-5-oxopentanoate
Y'+) tetrahydrofuran & (,—ldle +.10Y) diisopropylamine j—o Js—tae 1)

2> 1.0V Jslas) n-butyl lithium Gl Gued P& 4 aoVA- e Caliny o Aldle
Voosad phall Aoy gudh die Jelill Jylas Guliyy ¢ yalille ¥.9Y chexane &
e Jydadl ) (bl . ¥AA) 2,6-difluoropyridine Jadnil y Cal_ay .A_ad
Ll Gl .l 30 500l A sieVA= vie Jolill Jylan By VA~

(R)-5-oxopyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-ethyl ester (o Jslaae

Yo
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Jsbae altyy (dy5ieVA- die Joladll 13 ) (Laldl 0) tetrahydrofuran (8 (s> V)
tie Syim ey b Jsladl ) ele il aaaly Aol 5ad Ayghe® jina e Jolil
oale Jolae pe Aaliiiall 5alall Juil cethyl acetate pe aldiuw o3 (Ais® jiva
adanal salall (85 . yadde Jadia Gl S5 A ¢ ALY magnesium sulfate (353 ains
V.Y e Juaail (heptane-ethyl acetate oUas) silica ke (s3sas (Byasilag S Julasiy
ol WS Sl Bipaall il 0585 il el (ysly S lyinl) S50 e
'H-NMR(CDCly)8(ppm): 1.30(t,J=7.2Hz,3H),1.41(s,9H), 1.94-2.08(m, 1H),2.28-
2.40(m, 1H),2.98-3.22(m,2H),4.22(q,J=7.2Hz,2H),4.30-4.45(m, 1 H),5.05-5.20

(m,1H),6.95(dd,J=2.4,8.0Hz,1H),8.50(q,J=8.0Hz,1H).
ethyl (R)-5-(2,6-difluoropyridin-3-yl)-3,4-dihydro-2H-pyrrole-2-carboxylate (3as

(e 1) ethyl acetate & ()le ¢ hydrochloric acid (e Jslse Jagnlly Csbiay
ethyl (R)-2-tert-butoxycarbonylamino-5-(2,6-difluoropyridin-3-yl)-5- (e Jsiae I

"y ddjadl 5)ha dayn i (,ablle 04) ethyl acetate (8 (a> V. Y) oxopentanoate

i caad Jelidl Jylae 3550 Al Bha Aoyt die sandy delu sad Jelill ol
sodium bicarbonate ¢le Jagilly iliay . jial (5l i) e an Y e Juanil aids
liyg o yildle Y o) ethyl acetate o4 alad) aiidll (e Jodae ) (akdle ¥o) anidia
OAT Je il Jalas gy A58 ¥+ 5l il Bha dapy ie el Jylae
magnesium (358 hiad ¢ oale Jolan ase Laliiiall 3alal) Juiss .ethyl acetate ae
G leiall @Sy e pa V(o dhandl jadde Jakia cuad 35 S ¢ SWY sulfate

ol WS Sall Bpaall ol (585 L cialy sl oyl
ESI-MS;m/z255[M*+H].
'H-NMR(CDCly)8(ppm): 1.32(t,J=7.2Hz,3H),2.19-2.31(m, 1 H),2.33-2.45(m, | H),
3.00-3.12(m, 1H),3.14-3.28(m, 1H),4.25(q,J=7.2Hz,2H),4.85(t,]=8.0Hz, 1 H),6.90
(dd,J=2.8,8.0Hz,1H),8.67(q,J=8.0Hz,1H).

Glas

(2R,58)-5-(2,6-difluoropyridin-3-yl)pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl

ester 2-ethyl ester

Yo
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Ge dsdaa (M (pa Ve dow ele o (gs7n) 7V ¢ palladium-carbon Caliay
.9 ~) ethyl (R)-5-(2,6-difluoropyridin-3-yl)-3,4-dihydro-2H-pyrrole-2-carboxylate
4a0 2k hydrogen s> (o4 Jelitl) Jolaa iy ¢ ildle 04) ethyl acetate PR PN
o sl Jelill Jslaa 8 palladium-carbon Jl3s - lelu o 50l 48,3 5)l)a
(JFde e e a4 e Juandl mite hini it dadyd 50l K5

) (¢ V.Y0) di-tert-butyl dicarbonate 5 ( ,illle Y.4Y) triethylamine —iloay
o tie Jelill Uyl caliyy o(Sibile 0+ ) DMF b ol 5l cpal (e (gl
ethyl as paliiug 5 xlic cle 4 Jeliill Jolas caay Ao la VY 504 435l 5))a
magnesium  sulfate (354 cadad ¢ ale Jolae i Lalitiuall salall Jud .acetate
sae gihasileg)S Jolaty Lalasall salal) (45 . padie bk caad 385 Q% ¢ ALY
G Osiadl S50 (40 a0 1A e Juasil (heptane-ethyl acetate alL) silica oDa
el LS S yall 3yl adll 65 L il o5k

"H-NMR(CDCl;)8(ppm): 1.22and1.42(s,9H),1.28-1.40(m,3H), 1.84-2.18(m,2H),

2.22-2.48(m,2H),4.26(q,J=7.2Hz,2H),4.20-5.40(m,2H),6.75-6.90(m, 1H),8.50-8.75
(m,1H).

RRIC
tert-butyl (28,5R)-2-(2,6-difluoropyridin-3-yl)-5-[(E)-(2-methoxycarbonylvinyl)]
pyrrolidine-1-carboxylate
(2R,58)-5+(2,6- (1o Jstae () (pe £7.1) lithium  aluminumhydride <l
diftuoro-pyridin-3-ylpyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-ethyl
oo ity eduie? o — e (yallle Y+ ) tetrahydrofuran (o (a +.VA) ester
N delil Jeldas 9y 0 AG8 ¥ sa Wl A0 paa YAt e— 2 Jelil
(delill Jsdsa ) (ane 11) lithium aluminum hydride «ilas . g)al 350 435006+~
el Moill o cabiay 488 Vo 52 45500 fin Y 454508 o= die Moy il s
(s3hlle +.¥4) elay ¢(,allla +.V0) /10 sodium hydroxide Jslas ¢( yilile ©AY)
A5 Yo 3 Al il Ay e Lalal aliyg (e s vie Jolil Jylaa Y

Yo
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Bicn cunt Ayl 5l 395 3 e sl Laslall 6 sl ALEN e sald) Ol
sl sk cuS aloohol wSxe (e pa ¢ AT (o Juanil it
+-£00) oxalyl chloride (o dslae () (Ll +.¥44) DMSO Ladally aluay
vie Jelill Jolae aliyg A58V~ 2ie (y3lilla Yo dichloromethane (4 ( ikl
+.Vo) alcohol Sy (e Jslae 4] Jagdilly Calicay . (3ily O B2 5y yall A )y i
oadi die Jeliil) Jolae callyy (d502 0 = 2o (Ll ©) dichloromethane (o8 (a
cJsdaall A (Lalille ¥.9Y) triethylamine Lasidly Caliay L4885 V0 30l 5yhall da
Je il Jglae oy (3583 ¥o 50 Hyghe® Jim ) Ao e Jelidl Jylae i,
aiad  oale Jolas aa daliudl 5alall Juss .ethyl acetate ae paliiug o cele
e Ay o duaaill it b @il S5 5 ¢ ALY magnesium sulfate (38
C Y e ) sodium hydride il il sl 05k S aldehyde S ye
vie (jillle 0) DMF (8 (a> +.71+4) trimethyl phosphonoacetate (3 Jsiae (M (an

e sl Y sl 13 Caliay A58 Yo sadd Je il Jglae caliyg ¢diall 5 day

Jslae iy @i all 3yha days die (ildle ©) DMF b (o +.A+) o3lef aldehyde
oaldiug A ele A Jelil Jolae cuay baals delu sadd Al 5)ha da )y aie Jelil)
magnesium (38 hial ¢ ke Jolae pe Lialiiual sald) Juss .ethyl acetate ps
@asilag S Jolady Adlanal) salall 85 . jide badia <had 385 &0 ¢ ALY sulfate
Sy (e o 0 A0 (o Juasil (heptane-ethyl acetate aUL3) silica o (s35ac
o LS Sl Sl ol (685« il gy S el
'H-NMR(CDCl3)8(ppm): 1.00-1.50(m,9H),1.75-2.00(m,2H),2.10-2.25(m, 1H),2.30-
2.50(m,1H),3.78(s,3H),4.40-4.75(m, 1H),4.85-5.20(m, 1H),6.04(d,J=15.2Hz,1 H),
6.84(d,J=7.2Hz,1H),6.85-7.10(m, 1 H),7.65-7.90(m, 1H).
methyl (E)-3-[(2R,5S)-1-(3-butenoyl)-5-(2,6-difluoropyridin-3-yl)pyrrolidin-2-yl]

acrylate
1.+V) ethyl acetate & g)le ¢ hydrochloric acid (e Jslae Jaguilly Ciloay

tert-butyl  (28,5R)-2-(2,6-difluoropyridin-3-y1)-5-[(E)-(2- s~ Js-tae Y (ilile

Vo
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Y ~) ethyl acetate (.8 (é‘* . ./\0) methoxy-carbonylvinyl)]pyrrolidine-1-carboxylate
3o A8 Y sad a0 i Jelidl Jplas (il il gy da tie (e
el osb Alia 8ale e a2 A0 o Jhanil jamide haia ciad Jelill Jylas
Adalt salall (e Jslae (M (Lildle +.09A) diethyl cyanophosphonate Jadilly Ciliay
¢(o—llle +.¥¥¢) vinylacetic acid ¢(p— +.A0) Al Hi a1 s W cld
o allyg (Aggie® jim aie (Hillle Yo ) DMF 6 (Ll V.1) triethylamine 5
ot ephia sle 8 Jelill Jedaa canay e La 30ad 3ylpall da s i aie Jelil)
b adat o5 ¢ ale Jslas ae Laliiiull salall Juss Lethyl acetate ae galiioy
Jalaty ddlandl saldll 85 . jadda hads sl 3S5 <Y magnesium sulfate
02> +-OA o Juasil (heptane-ethyl acetate oUss) silica Do (s35ac A silay S
o WS Sall Bl a5 . siial el S lsinll (e e
ESI-MS;m/z337[M"+H].
(3S,8aR)-3-(2,6-difluoropyridin-3-yl)-2,3,6,8a-tetrahydro-1H-indolizin-3-one (3:1a3
methyl (E)-3- e Jslaa (3 (o +.V£Y) U Juall (e Grubbs lia iliay
. .O/\) [(2R,58)-1-(3-butenoyl)-5-(2,6-difluoropyridin-3-yl)pyrrolidin-2-yl]acrylate
& Ve S Bale) pe Jeliil) Jglaa iy ¢ jilille Y +) dichloromethane LY PEN
Gk Adpll plha Aoy N delil) Jolas olay .cileLa sl 3240 nitrogen s
D ARE Y s Mamy @l (3 (Jelil Jedae ) (Ll ¢) triethylamine
$sae gihagilag S Jolaty ddlandl salall 855 ¢ mdde daim caas Jelith Jolas
Olyiall Sye e pan ¥V E Jle Juasil (heptane-ethyl acetate L) silica Al
re LS Sl Bhraall adll (4685 L i sl Ailia 3OS
ESI-MS;m/z251[M*+H].
'H-NMR(CDCl5)3(ppm): 1.62-1.78(m, 1H),1.86-1.94(m, 1 H),2.13-2.22(m,  H),2.34-
2.47(m, 1H),2.96-3.04(m,2H),4.25-4.35(m, 1H),5.27(d,J=8.8Hz, 1H),6.00-6.15(m,

2H),6.71(dd,J=2.8,8.0Hz,1H),7.39(dd,J=8.0,17.6Hz, 1 H).
(3S,8a8S)-3-(2,6-difluoropyridin-3-yl)hexahydroindolizin-5-one (.33

‘o
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(3S,8aR)-3-(2,6- (— Jy—se Y (a—a= ¥0.Y) platinum oxide sl
> (—= +.Y £) difluoropyridin-3-yl)-2,3,6,8a-tetrahydro-1H-indolizin-3-one
4ayll 5)hya 4550 2ie hydrogen s> (& Jel@ll Jylaa allys ¢(y3llle Y +) methanol
saball 38559 B il Jeliall Jgdaa (e platinum  oxide i - Dlelu paed 3ol
silica pAa (gagee (Gihagilag)S Jidaty ddlatall Salall 855 . étie i Cand Andijll
Gl Ala 50l (sl S 30 (o ax 0¥ e Jiasdl (heptane-cthyl acetate aUs)

csh WS el Shaall ol 4S5 by oy
ESI-MS;m/2253[M*+H].
'H-NMR(CDCly)(ppm): 1.48-1.68(m,4H),1.75-1.90(m, 1H),2.00-2.12(m, 1H),2.16-
2.52(m,4H),3.53-3.70(m, 1H),5.21(d,J=9.2Hz, 1 H),6.74(dd,}=3.2,8.0Hz, 1H),7.47(dd,
1=8.0,17.6Hz, 1H).

s

diethyl [(3S,82aR)-3-(2,6-difluoropyridin-3-yl)-5-oxooctahydroindolizin-6-yl]

phosphonate
(35,8aS)-3-(2,6- (= Jslae Y (ke +. YY) jodotrimethylsilane Jadwlly Caliay

N,N,N',N'-tetramethyl- 5 (- .Y+ ) difluoropyridin-3-yl)hexahydroindolizin-5-one
A jiaa die (y3bllk Vo) dichloromethane 4 ( 3kl +.%) V) ethylenediamine
o (ma £+ %) fodine Ciliay AR ¥r 504 Ay’ jiem i Joliill Jylas culiyy
£ saal phyall Aap ks tie Sl Jylae culisy igie® jim vie Jelill Jylae
ethyl awe galiiu o (xfie sodium thiosulfate Jssa ) Jelill Jolae Caliay (dads
aiad ¢ ool Jylaag (gylue Y hydrochloric acid e dualaiuall salall Juis .acetate
a0 80 o Juanidl yadde haiia <3 S5 A o ALY magnesium sulfate (38
.iodine S )

(e +-£0) =3l jodine Sxe (3o Jslae Baaly delu saal 480V ¥ die sy
aad 38y Al Sha daps ) Jel@ll Jelae slay (L3l V) triethyl phosphite
re WS Gl Bl Aall (585 L Glyiall (S50 e pa V(o Jeasil aide dadia

ESI-MS;m/z389[M"+H].
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(E)-(38,8aS)-3-(2,6-difluoropyridin-3-yl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-
1-yl)benzylidene]hexahydroindolizin-5-one
3-methoxy-4-(4- (e baglie Jelaa ) (an +.) +7) lithium  hydroxide —sloay
diethyl [(3S,8aR)-3-(2,6- 5 (~—= .Y £) methyl-1H-imidazol-1-yl)benzaldehyde
—> (——= V) difluoropyridin-3-yl)-5-oxooctahydroindolizin-6-ylJphosphonate
aie Jhall 8 Jelil Jelae iy o yabile V1) ethanol 5 (Laldle £) tetrahydrofuran
e ol o3 crlie ola b Je il Jylaa Coay Aobu VY 50d Aajall 5y da s
magnesium sulfate (353 aiad ¢ oale Jglaa pe Lialiiiual 5okl Juas .ethyl acetate
s basleg S dulats el sl 0 . adie T cand 3$5 3 o LY
3aleS lgiall S pe e px ¢ £ e Juasil (heptane-ethyl acetate oUai) silica s
co LS S pall Bhaaall a0y 685 L gl Aapre Ada
ESI-MS;m/z451[M*+H].
'H-NMR(CDCl5)5(ppm): 1.56-1.82(m,2H),1.82-2.00(m, 1H),2.10-2.20(m, 1H),2.24-
2.48(m,2H),2.30(s,3H),2.70-2.84(m, 1H),3.12-3.22(m, 1 H),3.76-3.90(m, 1 H),3.86(s,
3H),5.34(d,J=9.2Hz, 1H),6.77(d,J=8.0Hz, 1 H),6.94(s, | H),7.06(s, | H),7.10(d,]=8.0Hz,

1H),7.20-7.35(m, 1H),7.54(dd,J=8.0,8.0Hz, 1H),7.73(s, 1H),7.75(s, 1 H).
Y Jbe

3040
(E)-(3S,8aS)-3-(2,4-difluorophenyl)-6-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-yl)

benzylidenelhexahydroindolizin-5-one
F

;
M60:©/\<J\N

Yo
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ethyl (R)-2-tert-butoxycarbonylamino-5-(2,4-difluorophenyl)-5-oxopentanoate
iliay o( yaldle Y o) tetrahydrofuran (o3 (s-ae YY) magnesium (s 3dre )
¢( bl Y. £Y) 1-bromo-2,4-difluorobenzene (383 ued A €0 e Ladully
Jslaadl 13a Jagmilly Calimy 33aly Aol ) 253D 5 day die Jelil Jglae (i
(R)-5-oxopyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-ethyl (e Jolne I
liyy didy Yo Pl 4t - 2ie (illle 04) tetrahydrofuran o8 (a> ) ester
Jslaall 1) ela Caliimg 3anly Aol 50a) Hughe® haa ) dyshef o= vie Jeliall Jlan
Lalitual salall Juas .ethyl acetate g paldiug 5 Ay jiua die Spiia Glady A
cpatie ks (iad 355 &5 ¢ Al magnesium sulfate (353 <aiad ¢ oale Jslaa as
heptane-ethyl ~ alla) silica aa (535 dhasilay S Jolaty Lalanal salall a3
sl mre S Gleinll (S ye (e pa V.0 e Juasal (acetate

'H-NMR(CDCl5)8(ppm): 1.29¢t,J=7.2Hz,3H),1.42(s,9H),1.95-2.10(m, 1 H),2.20-

-2.35(m, 1H),2.95-3.20(m,2H),4.21(q,J=7.2Hz,2H),4.30-4.45(m, 1 H),5.05-5.20(m,

1H),6.82-6.92(m, 1H),6.92-7.02(m,1H),7.90-8.00(m, 1H).
ethyl (R)-5-(2,4-difluorophenyl)-3,4-dihydro-2H-pyrrole-2-carboxylate (3las

£Y.9) ethyl acetate -3 g)lue ¢ hydrochloric acid (e Jsdae Jagilly Caliay
ethyl (R)-2-tert-butoxycarbonylamino-5-(2,4-difluorophenyl)- (e Jslae A ( sildle
liyg ddall 3)hs da 0 die (ablla Y o) ethyl acetate 4 (a> A.)) S-oxopentanoate
L cind Jelill Jolae 385 5aaly delu sad 4bal 5ha dap 2o Jelil Jylas
sodium bicarbonate ¢l baiilly Caliay . jieal (35l ) e aa Ve duanil jaise
aliyy ¢ baldle Vo v) ethyl acetate (& slal) misall (o Jolae () (ilidle V00 ) andie
oA Jelil (Jylae auady ARE Y+ 50a) 4630 Bl Ao i Jelill Jslas
magnesium (358 adald ¢ oale Jolae ae Laliiiall 5ol Juss Lethyl acetate &
G Olyinll (S5 (0 a2 0.) o Jeanil il daiiia il K55 5 ALY sulfate
ol WS el Baadll will )85 Ly Jial ol

ESI-MS;m/z254[M*+H].
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"H-NMR(CDCl5)3(ppm): 1.32(t,]=7.2Hz,3H),2.15-2.29(m, 1H),2.30-2.40(m, 1 H),
2.95-3.10(m,1H),3.10-3.25(m,1H),4.25(q,J=7.2Hz,2H),4.80-4.90(m, 1H),6.80-6.89
(m, 1H),6.89-6.98(m, 1 H),8.04-8.12(m, 1 H).
(2R,58)-5-(2,4-difluorophenyl)pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-
ethyl ester
e dslae (M (ane Av e 00 cle o g5 7V palladium-carbon il
(= ©.Y) ethyl  (R)-5-(2,4-difluorophenyl)-3,4-dihydro-2H-pyrrole-2-carboxylate
S 453 v hydrogen sa (4 Jelill Jslae aliyg o yilile Y+ +) ethyl acetate b
U oS il Jeliill Jslas A palladium-carbon Jhy -clelu ol saal 462l
Jise Sie (e px 0 e Jianil aite daia ciad Aad ) 5ol
¥ (a> 1.£Y) di-tert-butyl dicarbonate 5 (illle Y +.V) triethylamine —ilay

slae iy (i jiaa vie (ildle 04) DMF (3 gill Jyaall Syl e Jslae

ol ghia ele A Jelith Joldan caiay Aol VY 524 Adjall 55lha 4y e Jelil
Gd adald ¢ ale Jylae aa Lialdioal 5alall i .ethyl  acetate el
Jolady ddlanall saldl 85 . adde Jak i cuad K5 o ¢ SeY magnesium  sulfate
Ga pa Vet (e Juasil (heptane-ethyl acetate oUi) silica S (s35ec (gihyasilag S

o LS Sl Small ) (3585 il (il S hsiall S50
'H-NMR(CDCl3)8(ppm): 1.20and1.42(s,9H),1.20-1.40(m,3H), 1.84-2.10(m,2H),
2.16-2.42(m,2H),4.26(q,J=7.2Hz,2H),4.20-5.30(m,2H),6.70-6.80(m, 1 H),6.80-6.95
(m,1H),7.90-8.10(m, 1 H).

a3

tert-butyl (28,5R)-2-(2,4-difluorophenyl)-5-[(E)-(2-methoxycarbonylvinyl)]

pyrrolidine-1-carboxylate
(2R,58)-5-(2,4-difluoro- (se Jslae M (a3 V.AY) lithium borohydride —aliay

% (2> Y. £) phenyl)pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-ethyl ester
Yha day die Jelill Jolae aliyy A i iunm aic (o34 Y+ +) tetrahydrofuran

Yo
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ethyl as aldiog o3 iptia cle (A Jelitl) Jolae Caliay cilelu Guad 324l 432
magnesium  sulfate (§5d adad ¢ ale Jodan ame doalitinall salall s .acetate
Gsh S alcohol Sy (40 pa 1.0 o diaail yadde hiia Sad S5 0 ¢ S
Y.14) oxalyl chloride re dsiae Y (Lildle Y.¥1) DMSO Jagiilly Ciliay . jial
vie Jelill Jolae Caliyy 444400V o~ 2ie (3ldle Y« ) dichloromethane (& ( yilile
sl alcohol Sy o Jslae 4l agvilly Calizay .+ (33l8) S 304l 3y)all daya Ll
Jsdae caliyy dygiet s~ e (L,aldle Y4 ) dichloromethane - (aa 1.0) odel
YY.Y) triethylamine Lagiilly ol 2883 V0 aal ilhall da )y udi 2ie Jelil)
A ¥ 30d A jhn ) g o e Jelil) Jylae iy edsiaal ) (e
e aldiual salall Juss .ethyl acetate pw paliton o5 cole 3 Jelidl) Jglan Cuay
padie b caal 385 o5 ¢ Sl magnesium  sulfate (358 —adad ¢ ale Jolaa
sodium  <iluay ccualy jiual (sl ciyS aldehyde aSye e an 1.0 Lo Jaaail
£.90) trimethyl phosphonoacetate (o Jslse (W (an +.9Y £+ <uy)) hydride
A8 Yo sael Jeldl Jolae liyy cddjall Sha da 0 2ie (il 04) DMF b (a>
e (sildle Y+) DMF i (a> 1.0) o3lel aldehyde (e Jslae () Jslaall 138 Giliay
iy 32a )y el 504 Ll 3yha Aoy e Jelit Jylae caliyy cdiall ))a Aoy
Jslase pe alitiiuall salell Juas .ethyl acetate pe paliiug & cele (& Joliall Jolas
salall 85 . yadds Jakaa Caad 3K & ¢ Y magnesium sulfate (358 —adas “.,—\Lx
Jaaail (heptane-ethyl acetate oLk) silica ada (s3gae hagileg S Julaty ddlandll

vt WS S 5al Bl il (685 L jtaal (gl S lsiall Spe e pn £.VE o
'H-NMR(CDCl;)8(ppm): 1.10-1.50(m,9H), 1.78-1.92(m,2H),2.06-2.22(m, 1H),2.28-
2.40(m, 1H),3.78(s,3H),4.40-4.70(m, 1 H),4.90-5.30(m, 1H),5.95-6.15(m, 1 H),6.78(,
J=9.6Hz,1H),6.87(t,J=8.4Hz,1H),6.95-7.10(m, 1H),7.15-7.30(m, 1 H).

Sdas

methyl (E)-3-[(2R,5S)-1-(3-butenoyl)-5-(2,4-difluorophenyl)pyrrolidin-2-yl]

acrylate

Yo

Yo
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(Al Y+ ) ethyl acetate b (g)be ¢ hydrochloric acid (e Jslae Jagiilly by
tert-butyl  (28,5R)-2-(2,4-difluorophenyl)-5-[(E)-(2-methoxy- (— Js—aa )
(o2l Y+ ) ethyl acetate & (~= Y.A) carbonylvinyl)]pyrrolidine-1-carboxylate
Urlan 353 A0 ¥+ 50 A0 s xie Jolil Jylan alizg il Hlya days i
il el Gyl Alia 83l (e an Y.0 o Jumadl e hicci caas Jolil
ld Aliall 3alall e Jsdae () (,4ldle V.4V) diethyl cyanophosphonate Jajsiilly
V.1Y) triethylamine 5 «( 3Ll V. V) vinylacetic acid ¢(an ¥.0) Za3lill jaaY1 ol
Ay ol Ve Joliill Jolae aliyy dg5ie° fia 2o (il €4) DMF o (Laldle
-ethyl acetate g Galdiug o3 cxfie cla A Jelilll Jolas Guay il 3240 5)))al)
sodium ¢l ¢c5ylie V hydrochloric acid Jslsa ae sl o dialiiuwall 3alal Juss
<aad 38559 Sl magnesium sulfate (398 aind o3 ¢ ale Jglaag casdia bicarbonate
SLL) silica Sa s3gae ilasilog S Joglady Lalaiall salal i .y i lai
S5 +al sl S lgiall S e e g> V.4 e Juasil (heptane-ethyl acetate
ol LS el Sl ol
ESI-MS;m/z336[M"+H].
'H-NMR(CDCl;)3(ppm): 1.66-3.20(m,6H),3.76and 3.80(s,3H),4.20-5.40(m,4H),
5.80-6.00(m, 1H),6.09(d,]=15.6Hz, 1H),6.70-7.30(m,4H).
(38,8aR)-3-(2,4-difluorophenyl)-2,3,6,8a-tetrahydro-1H-indolizin-3-one (52135
methyl (E)-3- cre Jslae () (ane £AY) U Junll e Grubbs i Ciliay
S (p \.‘\) [(2R,5S)-1-(3-butenoyl)-5-(2,4-difluorophenyl)pyrrolidin-2-yl]acrylate
o i sale) ae de il Jsdas s o saldl 0 +) dichloromethane
Gl gl Hha day N Jelidl Jolas aley .cilelu Juod 534 nitrogen sa
50 AR Ve 3ol Maey ully (o3 (Jelitll Jylaa Y (L3l £) triethylamine
asae ibagilenS Julats Laland) 55l iy ¢ mide hia cias Jeldll Jylae
S Olyiall e (g pa A0 e Juasil (heptane-ethyl acetate alkl) silica aMa
o WS Sl Banall il (355 s sl
ESI-MS;m/z250[M"+H].

Yo

Yo
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'"H-NMR(CDCl;)5(ppm): 1.68-1.84(m, 1H),1.86(dd,)=6.4,12.8Hz, 1H),2.06-2.18(m,
1H),2.30-2.42(m, 1H),2.90-3.08(m,2H),4.20-4.34(m, 1 H),5.34(d,J=8.8Hz, 1 H),5.98-

6.14(m,2H),6.70-6.90(m,3H).
(38,8aS)-3-(2,4-difluorophenyl)hexahydroindolizin-5-one (313

(35,8aR)-3-(2,4-difluorophenyl)- (o Jslase N (ane 90) platinum oxide il
g o(,ildle £ +) methanol (B (e +.A®) 2,3,6,8a-tetrahydro-1H-indolizin-3-one
b=y clebs uad 30l 4830 55y a 4250 3ie hydrogen s (8 Jelil) Jytlaa
cpadie haias Ciat Aadyell ol 55 el il Je il Jsdae 8 platinum oxide
heptane-ethyl  oLk) silica aSla (gagae hagilag € Jolaiy ddlindl salall a5
i) (1585l sl Alia B0LS il (S50 e pa 1 VY e Jiaal (acetate

b LS 6yl e
ESI-MS;m/z252[M"+H].
'H-NMR(CDCly)8(ppm): 1.52-1.68(m,2H),1.74-1.90(m,2H),1.96-2.10(m,2H),2.14-
2.52(m,4H),3.50-3.65(m,1H),5.30(d,J=9.2Hz,1H),6.70-6.90(m,2H),6.91(dd,}=8.8,
14.4Hz, 1H).

s

diethyl [(3S,8aR)-3-(2,4-difluorophenyl)-5-oxooctahydroindolizin-6-yl]

phosphonate
(38,8a8)-3- (= Jsdae (A (4l +.00Y) jodotrimethylsilane Jagilly Caliay

N,N,N',N'-tetramethyl- 5 (a— +.YY) (2,4-difluorophenyl)hexahydroindolizin-5-one
(A353° jiua 2ie (Al Y ) dichloromethane -4 (bl V.£A) ethylenediamine
I (a +-3AY) iodine Ciliay A58 ¥+ 5ad dysie® jina vie Jelill Jylas waliss
£2 30 phal Loy G 2ie Jelil Jylae caliyy e’ jim sie Jelill Jylan
ethyl as yaliiug & cxfie sodium thiosulfate Jslae (M delil Jolse Cilizay .288s
adali ¢ gale Jslaag (gyle ) hydrochloric acid as daliiuall saldl Juis .acetate
e pa VY (e haadl jadde habin cuad 3855 A5 ¢ ALY magnesium sulfate (35

.iodine S ye

\o

Yo
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&2 (a2 ).7) il iodine e (o Jsdas saaly debu saad 4500V ¥ 2ie il
it 3Sy9 A8l 5)ha Aapd (A Jelall Jolaa dlay (bl YY.Y) triethyl phosphite
LS S yall Sruaall Al 0585 . Glpinll S50 G o2 VoA o Juani] (yméde b
_
ESI-MS;m/z388[M"+H].
(E)-(3S,8a8)-3-(2,4-difluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yDbenzylidene]hexahydroindolizin-5-one
3-methoxy-4- (— st Jstae (I (a2 €41 lithium  hydroxide —slay
diethyl [(35,8aR)-3- (HA oo ~) (4-methyl-1H-imidazol-1-yl)benzaldehyde
s (= Y.A) (2,4-difluorophenyl)-5-oxooctahydroindolizin-6-yl|phosphonate
Jhl b Jelill Jsldas caliyy o )allle Y+ ) ethanol (-l ©) tetrahydrofuran
eo paliiog o3 calic el (& Jeldl Jolae Caay Ao la VY 3aad A8 2l 3ylm A0 e
magnesium sulfate (§5d Caiad ¢ cale Jglaa an Lalitiiidl sl Juss .ethyl acetate
$aae (Aasilag S Jolaty Ldlanal salall (455 . yadde i iad 3850 05 ¢ ALY
saleS lsiall GiSpe e pa ¢V e Juanl (heptane-ethyl acetate aU) silica aDla
vt WS Syl Bhaadl adll )5S0 L sl dagae Al
ESI-MS;m/z450[M"+H].
'H-NMR(CDCls)3(ppm): 1.60-1.83(m,2H),1.84-1.93(m, 1H),2.04-2.13(m, 1H),2.28-
2.40(m,2H),2.30(s,3H),2.70-2.83(m, 1H),3.12-3.20(m, 1H),3.76-3.88(m, 1 H),3.86(s,
3H),5.42(d,J=8.8Hz,1H),6.74-6.88(m,2H),6.94(s,1H),6.90-7.04(m, 1 H),7.06(s, 1 H),

7.09(d,J=8.0Hz, 1H),7.26(d,J=8.0Hz, 1H),7.72(s, 1H),7.77(d,J=2.4Hz, 1H).
T e

PRIC
(E)-(3S,8aS)-3-(3-chlorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)

benzylidenelhexahydroindolizin-5-one

Yo
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ethyl (R)-2-tert-butoxycarbonylamino-5-(3-chlorophenyl)-5-oxopentanoate (5:li5

(R)-5-oxopyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2- (e Jslae I
et v~ die Ladiilly Ciliay o yildle Y+ +) tetrahydrofuran & (ax Y) ethyl ester
2 =b> wa + -0 Jsdsa) 3-chlorophenylmagnesium bromide 4&ds Y+ i
L e M 0Lt - 2ie Jeldil Jolaa aliyg ¢«(»bdle VY. ¢tetrahydrofuran
ualilu_.) ‘;i ca_:*)fx.f_)i..a die b yaa Colxdy ‘53 d;l;.d\ “J" ela &—QL&A‘.} .3..\;!3 aslu sadl
magnesium (359 «ada’ ¢ ‘I;AJA Jslae & aliiudl salall Juss Lethyl acetate &

hasleg S Jalaty dalanall salall 55 . jadde Jakia Ciad 385 o s e sulfate

Olsiad) ©Sye e g .0 e Juaail (heptane-cthyl acetate alai) silica oSla sasee
o LS Sl Shaaall il (585l e oS
'"H-NMR(CDCI5)6(ppm): 1.28(t,]=7.2Hz,3H), 1.42(s,9H),2.00-2.20(m, 1H),2.20-
2.40(m,1H),2.95-3.20(m,2H),4.21(d,J=7.2Hz,2H),4.30-4.45(m,1H),5.20-5.30
(m,1H),7.41(t,J=8.0Hz,1H),7.54(d,J=8.0Hz,1H),7.82(d,J=8.0Hz,1H),7.92(t,J=2.0

Hz,1H).
ethyl (R)-5-(4-chlorophenyl)-3,4-dihydro-2H-pyrrole-2-carboxylate (343

(ldle Y ) ethyl acetate & whe ¢ hydrochloric acid (e Jslne Jagoilly Caliay

ethyl (R)-2-tert-butoxycarbonylamino-5-(3-chlorophenyl)-5- e Js—aa )
Gl (ddyall )b Aayn 2ie (Lalile Y+ ) ethyl acetate 4 (aa ¥ -0) oxopentanoate
L ciad Jolitl) Jolae 39 Aol VY 50 18510 5ya daps vie Jelil Jola
sodium bicarbonate ¢Ls Jagiilly Caliay . jhual o5l QA waa ¥ e diaai] aida
iy o( ildle Vo v) ethyl acetate (3 2 piiall o Jplas ] (Ahlle Vo v) e
oA Jeliil Jylae aiady AR Yo 5ad 1ijall 3a Gy i Jeldll Jylae

Vo



yiay

Yy

magnesium (358 il ¢ oale Jolas pe Lialitiiuall Salall Juias .ethyl acetate a
G Olsindl CSye (e aa V.0 o Juasil yaide e <l S5 S ALY sulfate

gl WS Sl Bhaal ) 5% by il 5
ESI-MS;m/z252[M"+H].
'H-NMR(CDCl;)3(ppm): 1.32(t,J=7.2Hz,3H),2.15-2.45(m,2H),2.90-3.05(m, 1H),
3.05-3.20(m,1H),4.25(q,J=7.2Hz,2H),4.85-4.95(m, 1 H),7.35(t,J=8.0Hz, 1H),7.40-
7.45(m,1H),7.74(td,J=1.6,8.0Hz,1H),7.90(t,J=1.6Hz, 1H).

Gl

(2R,58)-5-(3-chlorophenyl)pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-

ethyl ester
ethyl  (R)-5-(3- (= Jstae (N (a= +-€0Y) sodium  borohydride alay
¢ +) methanol & (~— Y.9) chlorophenyl)-3,4-dihydro-2H-pyrrole-2-carboxylate

el iy @l et PS40 80— 2ie (LAl Vo) acetic acid 5 (bl

disodium  Jslae aliay .cle b S saa) 45500 jia ) 4gié0- e Jelill
Yosad ddpli sha dan 2o Japlill ulsy L Jelill Jolaa Y hydrogen phosphate
& =i Aalana) Balall paadd L padde Jadiie Can ggaanll Cudall Agy (il
3alall 385 . ALY magnesium sulfate (358 ddlaiall 3alall Caéasy cdichloromethane
Y.Y)) triethylamine loay . 3580 rSye Ga aan V.8 o Jaaatl Laliiul
(2 V- 8) Jisall Sl e Jlaa (M (an 1.1Y) di-tert-butyl dicarbonate 5 (silile
VY sad Al pha Aoy e Joliill Jolae caliyy o bl ¥ +) dichloromethane
salall Juua .ethyl acetate pe paliing of iaxlia ele 4 Jeliitl Jolas cray el
bica caad 5S35 & ¢ Y magnesium sulfate (368 Cidad ¢ ale Jolae ae daliiuall
heptane- ol silica a3l (5354 hasilag S Judady dalandl salal) 86 . jadda
ardll (585 il sl S sl aShe e an VY e Jaail (ethyl acetate

b LS 5l e

‘o
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'H-NMR(CDCl;)3(ppm): 1.17and1.42(s,9H),1.20-1.44(m,3H), 1.80-2. 14(m,2H),
2.14-2.38(m,2H),4.10-5.20(m,4H),7.12-7.28(m,2H),7.38-7.50(m, 1H),7.54-7.61
(m,1H).

Galas
tert-butyl (2S,5R)-2-(3-chlorophenyl)-5-[(E)-(2-methoxycarbonylvinyl)]
pyrroﬁdine- 1-carboxylate
(2R,58)-5-(3- — Js—ae () (p—2e Y4 ¢) lithium  borohydride —slcay
A .'\) chlorophenyl) pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-ethyl ester
ia vie delil) Jolae iy dyie® jiaa vie (yildle ¥0) tetrahydrofuran b (as
ethyl ae paldiug 8 alie cle ) delith Jolae ciliay delu VY sad 483l 5))a
magnesium  sulfate (354 Cadal ¢ ale Jolae ae dalitivall 3oLl S .acetate
Qb S aleohol @iS3e g pa V.1 o Juanil aide i cind 3$5 & ¢ AlY

+.11) oxalyl chloride (re Jslae (A (sillle +.713) DMSO hgally Ciliay . il

sie Jelal Jolae uliys 4450V o= sie (Laldle £4) dichloromethane o (bl
S50 n plae G o= tie Il 4l Ciliny (598 200 2l s s (i
deliill Jslaa iy o jllle Y +) dichloromethane & (1) ode | sasall alcohol
cslaall W (Lablle 0.YY) triethylamine <sliay 4883 V0 3ol §ylall da 0 (i e
Jeliall Jplae oy A0 T 5dd A4 Jim L gghe® o ie Joliall Jylae Ui
adad o oale Jslae e dialitiuall sald) Juisi .ethyl acetate g Galiug & sle &
e e ) e diaad] adie daiia caad 3555 45 ¢ Y magnesium sulfate (38
*¥ e e @) sodium hydride by Ll il sl cayiS aldehyde S e
Lo (,illle Y+) DMF (8 (ax . £) trimethyl phosphonoacetate ¢se Jslae U (aa
On Jolae N slaall 13n Caliay 488 Yo 50 Jeliall Jolae iy cdijall 3yfpn 2y
dslae Galiyy A3l lya 4550 2ie (Lildle Vo) DMF 3 (aa V.1) oDlef aldehyde
ity o cola b Jelal Jylae oy oy del 5add 2040 s Aoy vie el
magnesium (358 <aéad ¢ oale Jylae ae Lialitial salall Juss .ethyl acetate &=
ihasileg)S dolaty Adlanall salll 855 . jadde Tk caad 385 o ¢ Y sulfate

‘o
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ESye g aax VVE e Juasa) (heptane-ethyl acetate pli) silica Do (535ac
v WS Sl Snadll adl (585 L jhaal (sl S sl

ESI-MS;m/z388[M"+Nal].

'H-NMR(CDCl5)3(ppm): 1.00-1.50(m,9H),1.60-1.95(m,2H),2.05-2.45(m,2H),

3.73and3.78(s,3H),4.30-5.10(m,2H),5.95-6.15(m,1H),6.90-7.10(m, 1 H),7.13(d,

J=7.6Hz,1H),7.15-7.30(m,3H).

s
methyl (E)-3-[(2R,5S)-1-(3-butenoyl)-5-(3-chlorophenyl)pyrrolidin-2-yljacrylate
(bl Y +) ethyl acetate & gyle ¢ hydrochloric acid (s Jslae Jagiilly Caliay
tert-butyl  (2S,5R)-2-(3-chlorophenyl)-5-[(E)-(2-methoxy-carbonyl- (e Jslae I
4a aie (LAl o) ethyl acetate -4 (aa V.Y€) vinyl)]pyrrolidine-1-carboxylate
el Jylan 35y 53aly el 5ad 40 vie Joliill Jplan calisy bl sya

"diethyl mgq@.)miwums;uwﬁ\ o danil (nide ks Ciad

Jiay ) el ey Al salall e Jolae ) (o4l Y.Y4) cyanophosphonate
& (L3llle £.YY) triethylamine 5 ¢ 3Ll V.YV) vinylacetic acid (> V) A5l
Sl A s i Jolil) Jplae caliyy (dyshed jim vie (bl Y1) DMF
salll Juui .ethyl acetate ge paliion o caelia ela b Jo it Jslas caay . (pfic b
sodium bicarbonate ¢Ls ¢cg)lie Y hydrochloric acid Jslse ao Ml o daliioll
Jaiia ias 385, ALY magnesium  sulfate (3sd Cadas oo seale Jslaag caniia
heptane- oLLx) silica o (sagac dhasilag)S Jodaty Lalsadl salell 65 . mdda
axdll 0985 . jial (sl oS lsiall aSpe (e aa VY e Juaadl (ethyl acetate
b LS Sl e
ESI-MS;m/z334[M*+H].
'H-NMR(CDCl3)8(ppm): 1.20-3.20(m,6H),3.76and3.80(s,3H),4.22-4.36(m, 1 H),

4.54-5.22(m,3H),5.78-6.00(m, 1H),6.00-6.16(m, 1H),6.90-7.40(m,SH).
(3S,8aR)-3-(3-chlorophenyl)-2,3,6,8a-tetrahydro-1H-indolizin-3-one (3443
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A

methyl (E)-3- (e dolae (Y (aa +.£0) AU Juadl (e Grubbs lis Ciliay
= (= +-VY) [(2R,5S)-1-(3-butenoyl)-5-(3-chlorophenyl)pyrrolidin-2-yl]acrylate
O GiSisale) Ao Je il Jalaa iy «(,-bile € +) dichloromethane
Slay Adpll hadan N Jelil Jolas alay .cleLu DU 504 nitrogen sa
AR Y Bad My lly (A (Jeldl Jsdaa ) (Ll V) triethylamine
$iae b gilag S Lol ddlana salall 80 ¢ jmddie ek uad Jeldl Jolae
S8 Olsiad) S50 e px 0¥ e Juasil (heptane-ethy! acetate alai) silica a
ESI-MS;m/2248[M*+H].

'H-NMR(CDCl3)8(ppmy): 1.76-1.92(m,2H),2.02-2.14(m, 1H),2.29-2.42(m, 1H),2.94-
3.02(m,2H),4.24-4.34(m, 1H),5.09(d,J=8.8Hz, 1H),5.96-6.06(m, 1 H),6.06-6.14(m,

1H),6.98(d,J=7.2Hz,1H),7.08(s,1H),7.17(d,J=7.2Hz,1H),7.21(d,J=7.2Hz, 1H).
(38,8a8)-3-(3-chlorophenyl)hexahydroindolizin-5-one (3:las

(3S,8aR)-3-(3-chlorophenyl)- (s« Jslae A} (a2« £Y.£) platinum oxide <Ly
iy o illle Y+ ) methanol & (s -¥1) 2,3,6,8a-tetrahydro-1H-indolizin-3-one
e lel ued saal 4yl 5))pa a)3 25 hydrogen 5o o Jeldl Jolaa
coatie e Gl dadpall 3ol K55, il delill Jylaa S8 platinum oxide
heptane-ethyl ~ olk) silica s (gagae Byasilag,S Jolaty Lalsidl saldll PP
QS5 .l sial sl dlia 50laS gl S0 e pa VY e Jiasil (acetate

o LS Sl Bhaadl il
ESI-MS;m/z250[M"+H].
'H-NMR(CDCI3)5(ppm): 1.55-1.90(m,4H), 1.95-2.10(m,2H),2.15-2.50(m,4H),3.55-
3.68(m, 1H),5.08(d,J=8.8Hz, 1H),6.99-7.04(m, 1H),7.08-7.11(m, 1 H),7.15-7.19(m,
1H),7.22(t,J=8.0Hz, 1 H).

Gl

diethyl {(3 S,8aR)-3-(3-chlorophenyl)-S-oxooctahydroindolizin-6-yl]phosphonate
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(35,8a5)-3-(3- ()= Jslaa (M (Lalille +.Y£¢) jodotrimethylsilane Jagiily ilia,
N,N,N'N"- 5 (a— s +.YY) chlorophenyl)hexahydroindolizin-5-one

vie (LAllle Y o) dichloromethane & (e +.70V) tetramethylethylene-diamine
+.£Y0) jodine wilizay (4883 Y+ 3ad Lsi® jha 2ie Jelil) Uotaa allyg (4,680 jhia
sl hall Aoy puds vie el Jolas iy cyie® joa die Jolitl Joae Y (aa
e oaldiy o5 xbie sodium  thiosulfate Jsdae ) Jdelill Jslas Ciliay L4 £
t >l Jslaay (gl Y hydrochloric acid & aliiiall saldll Juss .ethyl acetate
v 00 o Jianil jmida daiia @it K5 # ¢ ¥ magnesium sulfate (38 Caiad
-iodine S ye (40 pa
& (e +-04) =l jodine Sy (e Jslae pfic L 504 ALY aie Gl
a3 38 Al Hha daps (Y delill Jylaa aley (L3l 1) triethyl phosphite
LS Syl adl Zeaill (155 fpinll Sy cho pn +.0Y e (Juanil i Jan
o
ESI-MS;m/z386[M"+H].
s
(E)-(3 S,8aS)-3-(3-chlorophenyl)-6-[3-methoxy-4-(4-methyl-lH-imidazol-l-yl)
benzylidene]hexahydroindolizin-5-one
3-methoxy-4-(4- (e Jaslie Jplae Y (a0 £Y) lithium hydroxide il.zay
diethyl [(3S,8aR)-3-(3-chloro- g (fn +.YA) methyl-1H-imidazol-1-yl)benzaldehyde
tetrahydrofuran ;3 (a=a +.0Y) phenyl)-5-oxooctahydroindolizin-6-yl)phosphonate
Wl pha dayo aie Jhall & Jeldl Jolae Gliyy ¢( bl ¢) ethanol 5 (Lalile V)
-ethyl acetate pe aliiug o5 (xlia ol @ delil Jolao reay ccile b SO 50
55 &« ALY magnesium sulfate (358 Cadad ¢ >he Jolae e dalitall salal Juss
pll) silica aMa g35ee ihasileg S Jolaty Lalanal salal) 855 . jadse i ual
e Alia 5aleS lgiall iS50 e #> 0 EVA e Jiasil (heptane-ethyl acetate
o LS Syl Baaall w085 )
ESI-MS;m/z448[M"+H].
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'H-NMR(CDCls)3(ppm): 1.70-1.90(m,3H),2.02-2.14(m, 1 H),2.25-2.40(m, 2H),2.30
(s,3H),2.70-2.83(m, 1H),3.10-3.20(m, 1H),3.75-3.90(m, 1 H),3.85(s,3H),5.19(d,}=8.8
Hz,1H),6.92-6.96(m, 1H),7.02-7.12(m,3H),7.13-7.29(m,4H),7.72(d,J=1.6Hz, 1 H),

7.76(d,J=2.0Hz,1H).
¢ Jbe

3040
(E)-(3S,8a8)-3-(3,5-difluorophenyl)-6-[3 -methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylidene]hexahydroindolizin-5-one
F

O
o -

Gl
ethyl (R)-2-tert-butoxycarbonylamino-S-(3,5-diﬂuorophenyl)-S-oxopentanoate
(R)-5-oxopyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2- ‘ys Jslae )
Lt - ale Tagilly Caloay o jalile v +) tetrahydrofuran ;& (as ¥) ethyl ester
& b (S 1.0 Jslad) 3,5-difluorophenylmagnesium bromide (36 Y+ Pla
e’ jha ARt - die Jelil Jolae aliy, ¢(Allle Yo.V ttetrahydrofuran
ki o5 (e’ jiua tie Byia lads i Jslaall L ole Giliny 3aal el 50a)
magnesium (358 hdéa’ ¢ oale Jylas e Lalituall ol Juis .ethyl acetate o
hasiles S Jalany 28kl sl 0 . adtie daiia Caald 3S5 a ¢ ALY sulfate
Olssll @Sye g o ¥ o Juasdd (heptanc-ethyl acetate L) silica Dl (sa5ee

b S Sl Badl il (1585 iy o] (e s
'H-NMR(CDCL;)3(ppm): 1.20-1.42(m,3H), 1.42(s,9H), 1.95-2.50(m, 2H),2.90-3.20

(m,2H),4.22(q,J=7.2Hz,2H),4. 10-5.30(m,2H),6.90-7.06(m, 1H),7.40-7.50(m,2H).
ethyl (R)-S-(3,5-diﬂuorophenyl)-3,4-dihydro-2H-pyrrole-2-carboxylate (3l

‘o
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(il Y ) ethyl acetate & g5l £ hydrochloric acid (ye Jslas Tagaly Ciliay
ethyl  (R)-2-tert-butoxycarbonylamino-5-(3,5-difluorophenyl)-5- (s Jslaa g |
iy Adall 5lha A ate (L3l Y4) ethyl acetate 2 (> Y) oxopentanoate
hia cat Jeliil) Jolae 585 el VY saal Ll 3)a day 2ie Jelill Jslaa
sodium bicarbonate ¢le gl Ciliay . jacal o5l Ay epa ¥ e Jianid aide
gy o allle Yo ethyl acetate o plall masdl e Jsdae (oiblle 04) aris
JussS .ethyl acetate aa (aldig &5 A8 Yo 304 2580l 5 )a dapd 2ie Jelil Jslae
Gal 385 o ¢ SlY magnesium sulfate (358 Cadas teale Jolae e Laliinall saldl)
ol (1585 caaly el sl S lyiall S0 e an ¥ (o Jaani] i bin
ol LS 6l B
ESI-MS;m/z254[M"+H].
'H-NMR(CDCl5)3(ppm): 1.32(t,J=7.2Hz,3H),2.22-2.44(m, 2H),2.88-3.00(m, 1H),

3.05-3.16(m, 1H),4.25(q,J=7.2Hz,2H),4.86-4.98(m, 1 H),6.85-6.95(m, 1 H),7.35-7.45

(m,2H).
G

(2R,58)-5-(3,5-difluorophenyl)pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-
ethyl ester
e dslae (M (an v.88) Jov sl Lo g53a3) £V + palladium-carbon <slia,
2 (7> Y) ethyl (R)-5-(3,5-difluorophenyl)-3,4-dihydro-2H-pyrrole-2-carboxylate
43l $lya 4a )3 Aie hydrogen s @ Jelill Jolae Gl o sillle o +) ethyl acetate
salall 385 a3 el il Jelill Jolaa  palladium-carbon J}js .cile L &= 1)l Bl

sl Gl S ke Spe apa ¥ e Juanil aide Jaiua Cind Aadal
¥ (& .+ V) di-tert-butyl dicarbonate 5 (Ll Y.4Y) triethylamine —alay
A3 vie Jelit) Jslae aliyy of bl o) DMF s gl J5isall ey ope e
ethyl e paldiuy o3 (xlie cle (8 Jolitll Jylas Cauay 3aaly delu 5 4d )l SN
magnesium  sulfate (358 Cidal ¢ ale Jylae ae dialiiua sl Jusd acetate
$i0ae (hasibeg S Jolaty bl salall 85 . jedde T cuas S ad e ALY
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CS Olpiall €y e YoV (e Juaad (heptane-ethyl acetate plad) silica aka
cob WS @S all Badll 0l &0 . il
1H-NMR(CDCI;)B(ppm): 1.20and1.42(s,9H),1.16-1.50(m,3H),1.84-2.12(m,2H),
2.16-2.40(m,2H),4.28(q,J=7.2Hz,2H),4.20-5.00(m,2H),6.60-6.72(m, 1H),7.06-
7.24(m,2H).
tert-butyl (28,5R)-2-(3,5-diﬂuorophenyl)-5-((E)-2-methoxycarbonylvinyl)
pyrrolidine-1-carboxylate
(2R,58)-5-(3,5- 4 Jsdae (o (= +.1AY) lithium  borohydride sl
difluorophenyl)pyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-ethyl ester
e Jelal Jolae caliyy (dygie jhm ic (o3l ¥'+) tetrahydrofuran S (> YY)
c.aualaluuaﬂcciu sle 4 Jeli@l Jolae iy delu VY 3l Adyall 3)lya dayo

‘magnesium sulfate (358 <adad ¢ ale Jolae ae Laliindl 53l Juas .ethyl acetate

s CuiS aleohol e (e pa YoV (o diaail (mide Jaica cand 5 & e kY
1.¥4) oxalyl chloride (e Jstas (A (L3la 1.1 £) DMSO dagiilly Ciliny . jis]
vie Jeliill Jolas caliyy cdgsieV = e (il £ +) dichloromethane 4 (3Ll
GSya (1o e Aggie®T o= vie Ll 4] il L 30 5 il s Ly
ie Jeldll Jodae iy, ¢(u3blle Y +) dichloromethane &2 (x> YY) el alcohol
¥ (0abdle Y. Y) triethylamine Jagslly (il LA &8s Y0 zadl Shall dan i
G AR Y 0 e s Y AT v Jelil Jplae il e Jpladl
dslas pe Laliiiid) salall Juis .cthyl acetate & paliiog o cele (B Jelil Jglas
e Jaail bt hiia caad S5 & ¢ WY magnesium sulfate (558 Caias PENm
<) sodium  hydride <iluay .coaly jiual sl CuyiS aldehyde S e e as Y.V
DMF (& (s> Y.¥V) trimethy] phosphonoacetate (ys slas R N PENRA A IRYA R
5 iy 488 ¥+ 5l Sl Jplas iy bl S Ly 2o (Ll 1)
Db 40 vie (AL V+) DMF b (aa Y.Y) el aldehyde e Jslae ) Jjsladl
ol Jslae oy aaly Aol 50l 2l Byl Gy e Jo il Jplae aliyy o)
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adad ¢ oale Jolae ae alitidl 3ol Juis Lethyl acetate & paliig o cele b
Julaty Akl salal) 85 L jaddie daia ciad S5 @ ¢ Y magnesium sulfate (35
e e Vot o Jianl (heptane-ethyl acetate o) silica aMa (535ac sihasilay <

o LS Sl Baaall il 158+ el asly S plyial) S5
'H-NMR(CDCl;)3(ppm): 1.10-1.60(m,9H), 1.75-1.95(m,2H),2.05-2.20(m, 1 H),2.25-
2.40(m, 1 H),3.78(s,3H),4.40-5.10(m,2H),5.96-6.14(m, | H),6.62-6.72(m, 1H),6.72-
6.82(m,2H),6.90-7.06(m,1H).

il
methyl (E)-3-[(2R,5S)-1-(3-butenoyl)-5-(3,5 -difluorophenyl)pyrrolidin-2-yl]
acrylate
(llle Y'+) ethyl acetate 8 g)lee ¢ hydrochloric acid (pe Jslae Jagiilly il
tert-butyl (28,5R)-2-(3,5-difluorophenyl)-5-((E)-2- (s Jslan 1]

©) ethyl acetate & (aa }.Y) methoxycarbonylvinyl) pyrrolidine-1-carboxylate

Sox hanly elusaad 45500+ vio Jelith glaa iy Al g dap e (e

Giliay sl (ol lia8le e g ) o il padie Jaim a3 o litl Jglae
<l Al salall (e Jsdae (Y (3Ll Y. 4 0) diethyl cyanophosphonate Lzl
¥.VA) triethylamine y «(jallle V. £) vinylacetic acid (o V) daalll ey ol
A ol v Jelall Jylae liyy dyfie jiia aie (Lalil ¥+) DMF 4 (aldl
ethyl as Galiiog af calie ele 3 Jeliil Jolas iiay 3aaly el sadl 3 all
s¢la ¢ obe Y hydrochloric acid (Jslas o Sl Je dalinaal saldl Juss Lacetate
¥ magnesium sulfate (358 Cadad 23 ¢ ale Jlaay ¢arde sodium bicarbonate
silica a8 (sa5ae  Bhagilag € Julaty Adlanall solall 8% . aéde Tk aad ST
el sl S gl e e p> YA e Juasil (heptane-ethyl acetate plhas)
o LS Sl el il (5
ESI-MS;m/z336[M+H].
*H-NMR(CDCI;)3(ppm): 1.20-3.16(m,6H),3.76and3.80(s,3H),4.56-5.24(m,4H),
5.78-6.00(m,1H),6.00-6.14(m,1H),6.60-6.86(m,3H),6.90-7. 10(m, 1H).
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(3S,8aR)-3-(3,5-difluorophenyl)-2,3,6,8a-tetrahydro-1H-indolizin-3-one (343
methyl (E)-3- ¢ dstae (Y (an +-£AY) AU Jiall e Grubbs lia iliay
(—> +-YA) [(2R,58)-1-(3-butenoyl)-5-(3,5-difluorophenyl)pyrrolidin-2-ylJacrylate
2 DB S sale) e Jelidl Jolae iy o LAl v +) dichloromethane 4
by Adpl pha dan (A del@l Jolas alay . cilelu &N 534 nitrogen sa
AR Y Baal Moy QAN (Je il Jylaa oY) (53l V) triethylamine
$3ae Ahasilag)S Jolaty Addanall salall S5 (padse Jaiam caad Jelill Jylae
S Olsiall S5e e pa v £E e Jiaadl (heptane-ethyl acetate aUas) silica aMa

o LS el Baadll il (405 sl
ESI-MS;m/z250[M*+H].
'H-NMR(CDCl3)8(ppm): 1.76-1.90(m,2H),2.03-2.16(m, 1 H),2.28-2.44(m, 1H),2.90-
3.06(m,2H),4.24-4.34(m,1H),5.08(d,J=9.2Hz,1H),5 .98-6.06(m,1H),6.06-6.14(m,

1H),6.58-6.68(m,3H).
(3S,8aS)-3-(3,5-difluorophenyl)hexahydroindolizin-5-one (3443

(38,8aR)-3-(3,5-difluorophenyl)- (o Jslaa (a2 Y+) platinum oxide <aliay
iy ¢ sillle YO) methanol & (a> +.)V) 2,3,6,8a-tetrahydro-1H-indolizin-3-one
b -y Gfielu el Lapdl 5)la a0 2% hydrogen sa o Jelall Jolas
coadde haiis caal dad ) 3ol 3555, e illy Je il Jolas 8 platinum oxide
heptane-ethyl  alLi) silica ada (ga5ac dhagilas S Jdaty Lalisdl 5ol (s-i3
Saaall il 058 . sl ol S Gyl (50 e aa 0TV e Juaad] (acetate
o LS S,
ESI-MS;m/2z252[M"+H].
'H-NMR(CDCl;)3(ppm): 1.52-1.90(m,4H),1.96-2.12(m,2H),2.14-2.50(m,4H),3.53-
3.65(m, 1H),5.05(d,J=9.2Hz, 1H),6.55-6.70(m,3H).
diethyl [(3S,8aR)-3-(3,5-diﬂuorophenyl)—5-oxooctahydroindolizin-6-yl]

phosphonate
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(38,8a8)-3- e Jsdae (A (LALk +.Y YA) jodotrimethylsilane Jagilly Ciloay
N,N,N'N'-tetramethyl- y (a> +.)1V) (3,5-difluorophenyl)hexahydroindolizin-5-one
4353 jia 2ie (Laldle Y+) dichloromethane (o8 (aliles.Y'¢ V) ethylenediamine
& (p> +-YYA) iodine «aliay L3883 Y 50d 455000 joim 2ie Jeliall Jolas aliyy
£0 50 Bl Ao Guds die Jelill Jylaa caliyy iy jim vt Jolil Jylas
ethyl as aliiug o (=lis sodium thiosulfate Jslaa ) Jeliall Jolaa Ciliny . 2igd
magnesium  sulfate (358 aial ¢ ale Jolae i aliiual saldl Juss .acetate
lodine Sye (e pa 0. Y0 o Jiaadl (yaide haiin @il S5 oSl
& (= +-Y0) 2l jodine aSye (e Jslaa el 30 A e aie lay
Gl 389 Adpall 5iha daye ) Jel@l Jolaa alay -(Allle 1.Y0) triethyl phosphite
LS el al Al (155 .yl iS5 (o pm 00 o Jemal e L
o
ESI-MS;m/z388[M"+H].
(E)—(3S,8aS)-3-(3,5-diﬂuorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)
benzylidcne]héxahydroindolizin-S-one
3-methoxy-4-(4- (e haslie Jolas Y (ane 0 -A) lithium hydroxide «alay
diethyl [(3S,8aR)-3-(3,5- 5 (= +. 1Y) methyl-1H-imidazol-1-yl)benzaldehyde
pp— (\’—A «.Yo) diﬂuoro-phenyl)—S-oxooctahydroindolizin-6-yl]phosphonate
e Jhl 8 Jelall Jylae iy o Halle ¢) ethanol 5 (5Ll V) tetrahydrofuran
go Laliin o3 pbie ole (8 Jelil) Jylae cumy Aelu VY 50d Rl 5y 1oy
magnesium sulfate (358 hiad ¢ oale Jolaa pe Laliiudl salall Juss .ethyl acetate
$3see Ahagilag )€ Jadasy Lalanall salall 885 . jadde Jaiaa had S5 ad o Sl
CS lyiadl Sye e pa 4. YY o Jeaail (heptane-ethyl acetate L) silica 2a
o LS Sl Bpal ) 5 gl oo
ESI-MS;m/z450[M"+H].
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'"H-NMR(CDCl3)5(ppm): 1.70-1 -90(m,3H),2.04-2.14(m, 1H),2.26-2.40(m,2H),2.30
(s,3H),2.68-2.82(m, 1H),3.12-3.22(m, 1H),3.76-3.90(m, 1H),3.86(s,3H),5.17(d,]=9.2
Hz,1H),6.62-6.76(m,3H),6.94(s, 1 H),7.06(s, 1 H),7.08(d,J=8.0Hz, 1 H),7.26(d,J=8.0
Hz,1H),7.72(d,J=1.2Hz,1H),7.76(d,J=2.0Hz,1H).

T M0 YEd
(E)-(6S,9aS)-6-(3,4-difluorophenyl)-3-[3-methoxy-4-(4-methyl-1 H-imidazol- 1 -yl)
benzylidene]octahydroquinolizin-4-one and (E)-(6R,9aR)-6-(3,4-difluorophenyl)-3-

[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene) octahydroquinolizin-4-one
F F

1-(4-bromobutyryl)-2-(3,4-difluorophenyl)-2,3-dihydro-1 H-pyridin-4-one (33
diethyl ether 8 iodine ey (3o Byus 33aSy (a2 1.YA) magnesium (e (3law |
@ (==Y +) 1-bromo-3,4-difluorobenzene Jagill s il ((o-ablle Vo) ALY
Jeliil eley Jhs edolil fay L . lad G sale e o)) ¢ nitrogen g
gmady Sy Sl 1-bromo-3,4-difluorobenzene gl ol .yl alea (40
e L 3 50 Ll Blha A die il o3 e Jatine JLay (ot Je il Jayls
Lols (Al 00) THF 6 (Lol 1.A) 4-methoxypyridine (s Jsdae Ciluzay
4-bromobutyryl 448y Vo PlA 4,500Y0 de (Jelil lada o) gl el L Je il
hydrochloric iliay .3aals delu sad Jelill s Lils) (i, «(_Aldl 1) chloride
Db A0 2o el Lls Quliyy delill Tala Y (Lalle ¥ ) (gle © e acid
dslae pse dyganll A3l Juis .ethyl acetate &o waliing o5 ¢(35l8 Y v 3ol ddjall
salall (o855 . jadie haia aaS 35 20 ¢ ALY magnesium sulfate (358 aiat PENN
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heptane-ethyl ol :4d.ai Cuid) silica s $asee A gilay < Jalasy Lalanal)
ro WS Sl Bhaadll all 685 L giall CSpe e p> VY e Jiasil (acetate
'H-NMR(CDCl5)3(ppm): 2.22-2.32(m,2H),2.68-2.88(m,3H),3.08-3.18(m, 1H),3.51-

3.55(m,2H),5.48(d,J=8.4Hz,1H),6.00(brs, 1 H),6.90-7.15(m,2H),7 .70(brs, 1H).
(65*,9a8*)-4-(3,4-difluorophenyl)hexahydroquinolizine-2,6-dione (aalas

1-(4-bromobutyryl)-2-(3,4-difluoro- (ye siall 1€ je e a>0.81 e (Jiaas
WWoclliall 8 LS dgulin A4k, (#> Y).Y) phenyl)-2,3-dihydro-1H-pyridin-4-one
rot LS Syl Bhaaall il 085 Y €
'H-NMR(CDCL:)3(ppm): 1.58-1.67(m, 1H),1.70-1.80(m, 1H),1.86-1.94(m, I H),
1.94-2.04(m,1H),2.35-2.41(m, 1H),2.45-2.57(m,3H),2.80(dd,J=15.2Hz,7.2Hz, 1H),
2.93-2.99(m, 1H),3.50-3.57(m, 1H),6.50(d,J=7.2Hz, 1 H),6.96-7.00(m, 1H),7.07-7.13

(m,1H).
(6S*,9aS*)-6-(3,4-diﬂuorophenyl)octahydroquinolizin-4-one N

(65*,9a5*)-4-(3,4-difluoro- — Ols—iall Sy e PR 0 I R g B
Wl s LS 4g:ldie 85k, (aa ¥) phenyl)hexahydroquinolizine-2,6-dione

.&LAS&._\S)AME_}:\AJ@\QJSS.\EJ
lH-NMR(CDCI;)ES(ppm): 1.38-2.00(m,8H),2.28-2.35(m, 1 H),2.42-2.60(m,2H),
3.24-3.32(m,1H),6.06(brd,J=4.4Hz, 1H),6.89-6.94(m, 1H)6.97-7.03(m, 1H),7.08-
7.16(m, 1H).

G
(E)-(6S,9aS)-6-(3,4-diﬂuorophenyl)-3-[3-methoxy—4-(4-methyl-1H-imidazol-1-yl)
benzylidene]octahydroquinolizin-4-one and (E)-(6R,9aR)-6-(3,4-difluorophenyl)-3-
[3-methoxy-4-(4-methyl-1H-imidazol-1 -yDbenzylideneJoctahydroquinolizin-4-one
(65*,9a5%)-6-(3,4- (e Osiall 1S ye (30 racemate Jads ye pa Y.0d e Jiass
Ol 8 LaS A gl A5yl (= Y-1Y) difluorophenyl)octahydroquinolizin-4-one
Abuls gisae CHIRALPAK™  AD-H 4l uls: racemate J—aaiti .YY , Y
= ethanol:hexane :¢l)aie ol taas YO X i ¥) Ltd. <Daicel Chemical Industries

Yo

Yo



Yva

(?;.o M‘Y‘)

LS (1o JGa) Addy Y¢ clagial ) o Lpay hadall fgiall (S jal 530aall all o e&a

shoo°
1H-NMR(CDC13)8(ppm): 1.54-1.79(m,4H),1.90-2.05(m,3H),2.31(s,3H),2.33-2.40
(m,lH),2.68-2.76(m,1H),2.87—2.95(m,lH),3.41-3.48(m,1H),3.88(s,3H),6.17(brd,J=
4.4Hz,1H),6.94(s,1H),6.98-7.28(m,6H),7.30(d,J=1.2Hz, 1H),7.84(s,1H).
LS (W1 Jlia) d88s Y4 ol 00 e Lpay Ll lgiall S jal 300l aill 583

FETERR
lH-NMR(CDC13)5(ppm): 1.54-1.79(m,4H),1.90-2.05(m,3H),2.31(s,3H),2.33-2.40
(m,1H),2.68-2.76(m,1H),2.87—2.95(m,1H),3.41-3.48(m,1H),3.88(s,3H),6.17(brd,J=
-4.4Hz,1H),6.94(s,1H),6.98-7.28(m,6H),7.30(d,J=1.2Hz, 1H),7.84(s, 1H).

s o
(E)-(6S,9aS)-6—(4-chlorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-l-yl)
benzylidene]octahydroquinolizin-4-one and (E)-(6R,9aR)-6-(4-chlorophenyl)-3-

[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzyl ideneJoctahydroquinolizin-4-one

(65*,9a5*)-6-(4-chlorophenyl)octahydroquinolizin-4-one adas Y.
10.A) (65*,9aS*)-4-(4-chlorophenyl)hexahydroquinolizin-2,6-dione e ol
NEIY el 8 LS Al A5 (oAbl £.Y) 4-methoxypyridine (e (=

Y14y
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LS dgaliie Lipphay Ul el (o pn ¥ (e lpidl 1S5 (o an YY1 e Joaas
.&Mgﬂ%l@\ws.\ij VWOt
'H-NMR(CDCl3)5(ppm): 1.22-1 -98(m,9H),2.32-2.60(m,3H),3.34-3.31(m, 1 H),
6.09(brd,J=4.4Hz,1H),7.12-7.16(m,2H),7.29-7.32(m,2H).
(E)~(65,9aS)-6-(4-chlorophenyl)-3-[3 -methoxy-4-(4-methyl-1H-imidazol-1-yl)
benzylidene]octahydroquinolizin-4-one and (E)-(6R,9aR)-6-(4-chlorophenyl)-3-
[3-methoxy-4-(4-methyl-1H-imidazol-1 -yl)benzylidene]octahydroquinolizin-4-one
(65*,9a5*)-6-(4- (o Ulsiall 1S pe e racemate sli s aa VY o Jiaas
Ol 8 LS dguldia Aigyhay (o ¥ -Y1) chlorophenyl)octahydroquinolizin-4-one
dauly &i—as CHIRALPAK™ AD-H 4k _.ls racemate J—aiii .YY 5 Y)
= ethanol:hexane :<yaie skt YO X o Y) Ltd. <Daicel Chemical Industries

& sy Tl lyial) S e Jomnid (48800 /il 1+ 1383l Jaes c04 204

488 Y'Y cliful e) aa Ly dil) ofgiall CaS ey (P> Y-+ Y) 4385 Yo clagul o)
(o2 11Y)
LS (Y Jbe) 488y Yo olinl ) o by Tl (lgiall el Binaall ol (455
o
'H-NMR(CDCL:)3(ppm): 1.54-1.79(m,4H), 1.84-2.04(m,3H),2.31(s,3H),2.37-2.44
(m,1H),2.67-2.76(m, 1 H),2.86-2.94(m,1H),3.40-3.46(m, 1H),3.87(s,3H),6.19(brd,
J=4Hz, 1H),6.94(s, 1H),7.01-7.04(m,2H),7.19-7.34(m,4H),7.72(d,}=1.6Hz, 1 H),
7.83(s, 1H).
LS (A JUa) 43y Y'Y el ) g teay Jadill (lgiall Sl Bhaall ol ()5
b
'H-NMR(CDCL3)3(ppm): 1.54-1.79(m,4H), 1.84-2.04(m,3H),2.31(s,3H),2.37-2.44
(m,1H),2.67-2.76(m,1H),2.86-2.94(m, 1H),3.40-3.46(m, 1H),3.87(s,3H),6.19(brd,J=
4Hz,1H),6.94(s,1H),7.01-7.04(m,2H),7.1 9-7.34(m,4H),7.72(d,J=1.6Hz,1H),7.83
(s,1H).
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(E)-(S)-6-(3,4,5-triﬂuorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)
benzylidene]-1 »2,3,8,9,9a-hexahydroquinolizin-4-one and (E)-(R)-6-(3,4,5-
trifluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1 -yl)benzylidene]-
1,2,3,8,9,9a-hexahydroquinolizin-4-one

(S*)-6-(3,4,5-triﬂuorophenyl)-l,2,3,8,9,9a-hexahydroquinolizin-4-one Gaalas

-(65*,9a8%)-8-hydroxy-6-(3,4,5- —s Js—taa i 3 _oa oy

B (pa Yov) Ve Y Ll * Ul trifluorophenyl)octahydroquinolizin-4-one
methanesulfonyl  chloride 5 (-<ildls ¥.Y) triethylamine <l (o2l ¥+) THF
s ¥+ 52 LAl lia A e Samy Gally 53 el ol Y (e Y.Y)
e liil) Japla ) (ol 1 *) THF 5 (»= ¥.4) potassium tert-butoxide <iliay
elo il iy 2 iy s A+ 5aad I (€S 5ole) g el s iy
Al 4y el d3udal) Juias L4 guzaall ALY Jeaidtiy ¢ Je @l Jolas ¥ ethyl acetate ,
spadise iua diad €5 43 ¢ s*¥ magnesium sulfate (3sd Caia’ tgale Jylase pa
heptane- alkas :3d.al 1) silica oA (5250 Ehasileg)S dibaty Adlanall salall aw
LS S yall 53aall aslh (585 . lgiall aS e pa a> V.10 e Juasil (ethyl acetate
o
"H-NMR(CDCI3)5(ppm): 1.60-1.68(m, 1), 1.76-2.00(m,4H),2.22-2.38(m,4H) 2.47-
2.55(m,1H),3.62-3.69(m,IH),S.15(t,J=4HZ,1H),6.80-6.84(m,2H).
Gilas
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(E)-(S)-6-(3,4,5-trifluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-1,2,3,8,9,9a-hexahydroquinolizin-4-one and (E)-(R)-6-(3,4,5-
trifluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1 -yl)benzylidene]-
1,2,3,8,9,9a-hexahydroquinolizin-4-one
(§%)-6-(3,4,5- O Olsall (1S 3a (pe racemate s la s aax V) e Jaas
deliie Adyyhay (4 V. Y) trifluorophenyl)-1,2,3,8,9,9a-hexahydroquinolizin-4-one
&isas CHIRALPAK™  AD-H dlauls racemate Joaiii .YY 5 Y o dUsdl) b LS
thexane :¢&lyala jgh ¢au YO X o Y) Ltd. <Daicel Chemical Industries ol
Lidll sl aSHe e Jaaail (A8dal [ ablle Vo 380l Jaas €04 104 = ethanol
eliul (o) g Leay Jndall Glaiall €50g (oo Yo Y) 4883 VA elifind (ha) an Lpeas
(e YV1) daga Yo
LS (19 JLia) 488y VA clagil o) e bpay badall lgiadl € yal 50aall alll ()5S5
!
lH-NMR(CDC13)8(ppm): 1.55-1.65(m, 1H),1.71-1.82(m,2H),2.06-2.13(m, 1 H),2.30
(s,3H),2.32-2.42(m,2H),2.63-2.73(m, 1H),3.03-3.10(m, 1H),3.74-3.82(m, 1H),3.86
(s,3H),5.54(t,J=3.6Hz,1H),6.84-7.03(m,5H),7.26(d,J=8Hz, 1H),7.62(s,1H),7.72
(s,J=1.2Hz,1H).
LS (Ve Jl) 438y Yo clagu 0o g Lpeay hadall fgiall S yal 330all adill ) 5<5
o
lH-NMR(CDC13)E‘>(ppm): 1.55-1.65(m,1H),1.71-1.82(m,2H),2.06-2.13(m, 1H),2.30
(s,3H),2.32-2.42(m,2H),2.63-2.73(m,1H),3.03-3.10(m,1H),3.74-3.82(m,1H),3.86
(s,3H),5.54(t,J=3.6Hz,1H),6.84-7.03(m,5H),7.26(d,J=8Hz, 1 H),7.62(s,1H),7.72(s,J=

1.2Hz, 1H).
VY e

3ds
(E)-(6S,8S,9aR)-8-fluoro-3-[3-methoxy-4-(4-methyl-1H-imidazol-1 -yl)

benzylidene]-6-(3,4,5-triﬂuorophenyl)octahydroquinolizin-4-one

o]
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1-(4-bromobutyryl)-2-(3,4,5-triflucrophenyl)-2,3-dihydro-1 H-pyridin-4-one (315
¢(Aaklle Y. 0Y) 4-methoxypyridine (ye )lsiall G G pn Ve ¥ e duass
©+ «THF 8 oal» ks +.Y Jglas) 3.4,5-trifluorophenylmagnesium  bromide
1 Agaagall ddplall (bl V.V ¢) 4-bromobutyryl chloride s gnin
Tetrahedron Letters, 1986, vol.27, p. 4549-4552.
o LS 5l ipad il 555
'"H-NMR(CDCl3)8(ppm): 2.24-2.31 (m,2H),2.77-2.88(m,3H),3.06-3.18(m, 1H),3.51-
3.55(m,2H),5.48(brd,J=8.0Hz, 1H),5.98(brs, 1H),6.82-6.90(m,2H),7.72(brs,1 H).
(65*,9aR*)-4-(3,4,5-trifluorophenyl)hexahydroquinolizine-2,6-dione il
1-(4-bromobutyryl)-2-(3,4,5- — Ols—iall v Sy e pae YYY o iass
tributyltin hydride ‘(H Y. °) trifluorophenyl)-2,3-dihydro-1H-pyridin-4-one
f g Adgagall 4aphall ol (axe Y4 )) AIBN (il sSee AVY)
The Journal of Organic Chemistry, 1993, vol.58, p.4198-4199.
'H-NMR(CDCl5)8(ppm): 1.61-1.69(m, 1H),1.72-1.82(m, 1H),1.87-1.97(m, 1 H), 1.99-
2.07(m,1H),2.23-2.31(m,1H),2.39(ddd,J=14.8,3.2,1.6Hz,1H),2.47-2.57(m,2H),2.81
(ddd,J=15.2,7.2,0.8Hz,1H),2.92(ddd,J=15.2,2.4,1.6Hz,1H),3.52-3.59(m,1H),6.45
(brd,J=7.2Hz,1H),6.88-6.92(m,2H).
(6S*,9aR*)-8-hydroxy-6-(3,4,5-triﬂuorophenyl)octahydroquinolizin-4-one Gaalas
(65*,9aR*)-4-(3,4,5-trifluorophenyl) O st 45 8 a3y g
oz (bl Y +) methanol 4 (p—== YY) hexahydroquinolizine-2,6-dione



Y4y

YA

Baaly de b Baal Bamy Qlly A (Jelidll Jolaa ) (p>= 1 £€.1) sodium borohydride
Akl Just Aygainall A8l Juaitiy (Joliill Jylaa Y ethyl acetate s ¢le Ciliny
Gl 3855 a3 ¢ SleY magnesium sulfate (358 <asas (eale Jslae ae 45l 4 puzanll
S pall Bpaall 4l 0685 bl aloohol Sye (e ane YFE+ o Joanil [aite b
'H-NMR(CDCl5)8(ppm): 1.57-1.64(m, 1H),1.70-2.00(m,3H),2.00-2.12(m, 1 H),2.20-
2.60(m,5H),3.28-3.35(m, 1/2H),3.81-3.89(m, 1H),4.23-4.26(m, 1/2H),5.91 (brd,J=6.4
Hz,1/2H),6.15(brd,J=4.8Hz,1/2H),6.80-6.94(m,2H).
(6S*,8S*,9aR*)-8-(tert-butyldimethylsilanyloxy)-6-(3,4,5-ﬂuorophenyl)
octahydroquinolizin-4-one and (65*,8R*,9aR*)-8-(tert-butyldimethylsilanyloxy)-
6-(3,4,5-fluorophenyl)octahydroquinolizin-4-one
(65*,9aR*)-8-hydroxy-6-(3,4,5-trifluorophenyl) 3o Jslae 45 4ic0 Sa
@Gl (He aliay (bl 0) DMF 4 (2= YY) octahydroquinolizin-4-one
e litll Jolaa Y (ane 1.9A) DMAP 5 ¢(ans YoA) TBSCI ¢(axe Y¥Y) imidazole
ethyl 5 ele blimy .Ciaty cilebu ay)f 5aal Adjall 55a 3oy die Maey liy @M
e Aadlll Agpamaall A8l Juis Ay guzell A8k Juadiy ¢ Je il Jslase I acetate
2 - padiae bria a5 G ¢ SWY magnesium sulfate (3sh Caiad PENPER SO
heptane- oLk 13 diaill ywia) silica Db ga5ee hasles S Jadaty il sl
(68*,85%,9aR *)-8-(tert-butyldimethylsilanyloxy)-6- e Jas (ethyl  acetate
(65*,8R*,9aR*)-8- 5 (as Y+ ¥) (3,4,5-fluorophenyl) octahydroquinolizin-4-one
(tert-butyldimethyl-silanyloxy)-6-(3,4,S-ﬂuorophenyl)octahydroquinolizin-4-one

.(('aAA T .°)
(65*,85*,9aR *)-8-(tert-butyldimethylsilanyloxy)-6-(3,4,5- JaY¥ Siaaall adll o

-4 WS fluorophenyl)octahydroquinolizin-4-one
'H-NMR(CDCl;)3(ppm): 0.00(s,3H),0.03(s,3H),0.75(s,9H), 1.61-1.74(m,2H), 1 74-
1.80(m,1H),1.82-2.02(m,2H),2.07-2. 14(m,2H),2.35-2.40(m, 1H),2.53(ddd,J=1 2.4,

Yo
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8.8,5.6Hz,1H),2.60-2.67(m, 1H),3.90-3.96(m, 1H),4.23-4.26(m, 1H),5 .99(brd,J=7.2

Hz,1H),6.84-6.93(m,2H).
(65*,8R*,9aR *)-8-(tert-butyldimethylsilanyloxy)-6-(3,4,5- Ja¥ 5}l all 6%
- b WS fluorophenyl)octahydroquinolizin-4-one
'H-NMR(CDCl5)3(ppm): 0.00(s,3H),0.03(s,3H),0.84(s,9H), 1.38-1.47(m, 1H),1.53-
1.60(m,2H),1.67-1.80(m,2H),1.82-1.99(m,2H),2.33-2.38(m, 1 H),2.40-2.48(m, 1H),
2.48-2.56(m, 1H),3.22-3.29(m, 1H),3.68-3.76(m, 1H),6.06(brs, 1 H),6.72-6.76(m,2H).
(E)-(6S*,8R*,9aR*)-8-(tert-butyldimethylsilanyloxy)-6-(3,4,5-triﬂu0r0phenyl)-3-[3-
methoxy-4-(4-methyl-1H-imidazol-1 -yl)benzylidene]octahydroquinolizin-4-one
G0 dsdae (o (0ilg)Sae VOF (THF (3 aba oA V.0 Jslas) LDA Ciliay
(6S*,8R*,9aR*)-8-(tert-butyldimethylsilanyloxy)-6-(3,4,S-ﬂuorophenyl)octahydro-
e iy A4 6 a aie (bl ¥) THF (o (as= £V.V) quinolizin-4-one
3-methoxy-4-(4- = Jslae Baay il ot Baaly delu sad 444000 jiia 2ie Jelil)
dstaa A (Lalile V) THF o (pae Y£.9) methyl-1H-imidazol-1-yl)benzaldehyde
ethyl 5 ele bz 4880 Yo 50l 435000 jiia 2ie Lils) Jelaill Jylas ay L Je @l
G 323l dypamal) A8kal) Chind Agpaanll Aikal) Juaitiy (ol Jolaa ) acetate
aldol ¢Sye (o paa YV.Y o Jiasi] mids Jadia and IS4 & magnesium sulfate
SRR
methylene (4 (aae YV.Y) oLl aldol aSye (o Jglae dyia i ) L
methanesulfonyl 5 (,-lg S £A.Y) triethylamine —alocay -(o=Lik V) chioride
Ll s day0 2 Maay Caliy M deliill Jolae N (L3l Se VY. £) chloride
(p2e ©+ «methanol & ZYA slas) sodium methoxide iliay .ol (ued 504
saad Adpall Blha Anyd ale Maey ally (o3 (Jelidl Jolas ¥ (L3blls V) ethanol 4
Ayguaaall Akl Jaitiy cJelall Jslae Y ethyl acetate 3 ¢le Caliay . iaiy dela
@ ¢ Sl magnesium sulfate (3sd adad ¢gale Jolae ae dalill 4y guaall A8l Juuis
silica aa (ga90e Alyagilag)S Jilaty daliidl zalll 88 adde i caa 355

Yo
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Juaail (ethyl acetate-methanol aUsi <~ heptane-ethyl acetate e tduial Cule)
o LS il Bigad) o) (5 olyill pe (pe pe T e
'H-NMR(CDCL;)5(ppm): 0.06(s,3H),0.09(s,3H),0.89(s,9H),1.54-1.64(m, 1 H),1.64-
1.74(m,1H),1.80-1.92(m,2H),2.00-2.10(m, 1H),2.33(s,3H),2.42-2.50(m, 1 H),2.72-
2.80(m,1H),2.88-2.98(m,1H),3.41-3.48(m,1H),3.81-3.90(m,1H),3.88(s,3H),6.20-
6.23(m, 1H),6.82-6.90(m,2H),6.95(brs, 1H),7.02-7.06(m,2H),7.26-7.30(m, 1H),7.81
(brs,1H),7.84(s, 1 H).
Gl
(E)-(6S*,8R*,9aR*)—6-(3,4,5—triﬂuorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-
methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one
O dsdae (A (algSae TALT (THF & =ba Fa ) dsdss) TBAF Gl
(E)-(6S*,8R*,9aR*)-8-(tert-butyldimethylsilanyloxy)-6-(3,4,5-triﬂuorophenyl)-3-[3-
méthoxy-4-(4-methyl- 1H-imidazol-1-yl)benzylideneJoctahydroquinolizin-4-one
() sl &30 Blya Ao i el plae caliyg (bl V) THE i (pae YY)
Jaaitiy Jolill Jolae J ethyl acetate &ie ammonium chloride Jglae alia,
magnesium (358 <aéad ¢ cale Jolae aa Aol 4yguaall A8l Juid L3y guzanll i)
ihasilag S dalay dalanall salall 85 . adie i caas IS5 a3 ¢ ALY sulfate
heptane-ethyl aUai :44.23 Cyle ¢Chromatorex NH :dlela 3aLe) silica aMa (5a5ec
(Ol Sye g oo V1.0 le Jiaail (ethyl acetate-methanol alas <— acetate
o LS Gl Biad pdl 5
'"H-NMR(CDCl5)8(ppm): 1.50-1.61(m,1H),1.68-1.90(m,3H),1.98-2.12(m, 1H),2.34
(s,3H),2.56-2.64(m, 1H),2.72-2.80(m,1H),2.88-3.00(m, 1 H),3.45-3.5 1(m,1H),3.81-
3.96(m,1H),3.89(s,3H),6.26-6.30(m, 1 H),6.88-6.92(m,2H),6.96(dd,J=1.2,1.2Hz,
1H),7.03-7.06(m,2H),7.28-7.30(m, 1H),7.83-7.85(m,2H).
(E)-(6S,8R,9aR)-6-(3,4,5-triﬂuorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-
1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one and (E)-(6R,88S,9aS)-6-

Yo
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(3,4,5-triﬂuorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-l-yl)
benzylidene]octahydroquinolizin-4-one
racemate (E)-(65*,8R*,9aR*)-6~(3,4,5-trifluorophenyl)-8-hydroxy-3-[3- Juxaii
methoxy-4-(4-methyl-1H-imidazol-1 -yDbenzylidene]octahydroquinolizin-4-one
Abhuly gias CHIRALPAK™  AD-H auly (aae 11.0) s sl
Juaail (ethanol :¢yaie ok taus YO X aun Y) Ltd. <Daicel Chemical Industries
(CC /44< faaa 2.“) L8 €A ea O g Ly daZall yfgsall CSje e
.(CC KQQ< 5?.;.5 i.f) 63\5.) 1 cGﬁu‘ UAJ & tﬁ)wm‘ u\}.ﬂj‘ g_.\S_)AJ
b LS @l £LA cland O go Lpay blill lgiadl (S 5al 3300l adill ) 5S5
1H-NMR(CDClg)S(ppm): 1.50-1.61(m, 1H),1.68-1.90(m,3H),1.98-2.12(m, 1 H),2.34
(s,3H),2.56-2.64(m, 1H),2.72-2.80(m, 1H),2.88-3.00(m, 1 H),3.45-3.51 (m,1H),3.81-
3.96(m,1H),3.89(s,3H),6.26-6.30(m, 1H),6.88-6.92(m,2H),6.96(dd,J=1.2, 1 .2Hz,

-1H),7.03-7.06(m,2H),7.28-7.30(m, 1 H),7.83-7.85(m,2H).

coh WS (3l T Bl ) e bpay blill Glgiall S el 5)eall il (65
'"H-NMR(CDCL;)8(ppm): 1.50-1 :61(m,1H),1.68-1.90(m,3H),1.98-2.12(m, 1H),2.34
(s,3H),2.56-2.64(m, 1H),2.72-2.80(m, 1H),2.88-3.00(m, 1 H),3.45-3.5 1(m,1H),3.81-
3.96(m, 1H),3.89(s,3H),6.26-6.30(m, 1H),6.88-6.92(m,2H),6.96(dd,J=1.2,1 .2Hz,1H),
7.03-7.06(m,2H),7.28-7.30(m, 1H),7.83-7.85(m,2H).

Gl

(E)—(6S,8S,9aR)-8-ﬂuoro—3-[3-methoxy-4-(4-methy1-lH-imidazol-1-yl)
benzylidene]-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one
(B)- i dsdae (o (0dsSee VYY) diethylaminosulfur  trifluoride  alcay

(6S,8R,9aR)-6—(3,4,5-triﬂuorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl—1H-
5Ll Lyay il i€l imidazol-1-yl)benzylideneJoctahydroquinolizin-4-one
308 e (sl Y) dichloromethane (8 (pae 1+) (3 £.A elifinl ca) aa o
) ethyl acetate 5 <ela ¢ g yaa o Gl oo lu saal Je il Jylae iy, il
teale Jslae e Lol dygumal) Al Jui Aypeianl) Ziskl) Joaitiy o il s

‘o

Yo



Y4y

YAe

aalanall 3ol 85 L Jaddie i cad S5 & ¢« WY magnesium sulfate (3sd Cadas
<~ heptane-ethyl acetate ol :4duad Cayda) silica Db s3sae Gihagilag S Julaty
Ay Blil) Glsiall e e aae 0.4 e Jiandl (ethyl acetate-methanol als
o LS gy Taill Sl gpaadl ol (55
'H-NMR(CDCl3)5(ppm): 1.70-2.20(m, 5H),2.34(s,3H),2.70-2.80(m, 1H),2.80-2.90
(m,2H),3.80-3.90(m, 1H),3.89(s, 3H),5.04-5.19(m, 1H),6.18(d,J=7.6Hz, 1H),6.94-

7.06(m,5H),7.29(d,J=8.0Hz,1H),7.85(s, 1 H),7.90(s, 1 H).
VY Jt.

3040
(E)-(6S,8R, 9aR)-8-methoxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1 -yl)

benzylidene]—6-(3,4,5-triﬂuorophenyl)octahydroquinolizin-4-one

O dodae (W (L4ly S0 1.Y) fodomethane (== ) sodium hydride <sl.a
(E)-(6S,8R,9aR)—6-(3,4,5-triﬂuorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methy1-
Was o Sall 0 Shallsag 1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one
28l aa (Laldle Y) THF o8 (aae V) (@8 £.A il o) ae VY Jhe b pslill
ethyl acetate 5 ¢ Lo Calizay . Jlll Jlgha 48)al) 5y n da 0 i Je Ll Jslae lay, Bl
sl g Al Ayyoiaall A5l (ks A ggeinal) Rl Jmity e Sl Jylas
Balall G5 . jmdds Jazaa caat <5 & ¢ SlaY magnesium sulfate (358 i’ PPN
<u3s ¢Chromatorex NH :dlels 53L) silica oM (535ec thasileg S Jilaty aalana)l
e Juaail (ethyl acetate-methanol ol <— heptane-ethyl acetate ollai :d8.a0

Yo



yi4ay

YA

LS Ly il Sl 8mall ol (155 g pmy Ll il (50 (e e ¥
o
"H-NMR(CDCl3)5(ppm): 1.43-1.5 1(m,1H),1.70-1.86(m,2H),2.04-2.14(m,2H),
2.31(s,3H),2.58-2.66(m, 1H),2.72-2.82(m, 1H),2.88-2.98(m, 1 H),3.38(s,3H),3.38-
3.50(m,2H),3.88(5,3H),6.25-6.30(br,1H),6.85-6.96(m,3H),7.00-7.06(m,2H),7.24-
7.30(m,1H),7.73(s,1H),7.84(s,1H).
Vi VY VG
(el
(E)-(R)—4-(4-ﬂuorophenyl)-7—[3-methoxy-4-(4-methyl- 1H-imidazol-1-yl)
benzylidene]-3,4,8,9-tetrahydro-7H-pyrido[2, 1-c][1,4]oxazin-6-one and (E)-(S)-
4-(4-fluorophenyl)-7-[3-methoxy-4-(4-methyl-1H-imidazol- 1 -yl)benzylidene]-
3,4,8,9-tetrahydro-7H-pyrido[2,1-c][ 1,4]oxazin-6-one

2-amino-2-(4-fluorophenyl)ethanol (5:la%
(a> ) +) 4-fluoro-DL-phenylglycine (o Olsiall aSse pa e e Jaas
e A gasall 43,k 5,
The Journal of Organic Chemistry, 1993, vol.58(13), p.3568-3571.
o LS Sl el ol (s
’H—NMR(CDCI;)S(ppm): 1.91(brs,2H),3.53(dd,J=4.4,10.8Hz,1H),3.71(dd,J=4.4,
10.8Hz,1H),4.05(dd,J=4.4,8.4Hz,1H),7.01-7.07(m,2H),7.27-7.33(m,2H).

(3R*,5S*,8aR*)-3-(4-ﬂuorophenyl)hexahydrooxazolo[3,2-a]pyridine-5-carbonitrile

Yo



Y4y

YAY

2-amino-2-(4-fluorophenyl)ethanol (e (lsiall oS30 (4e FENE PUN R g PG
g® Ay sall Aiphll Gk (aa 1.9) odlef pilill
Organic Synthesis, 1992, vol.70, p.54.
b LS S5l el ol 015
'H-NMR(CDCl3)5(ppm): 1.49-1 .58(m,1H),1.64-1.84(m,2H),1.88-1.97(m,2H),2.10-
2.16(m, 1H),3.70(t,J=8.0Hz,1H),3.80-3.81(m, 1 H),3.88(t,J=8.0Hz, 1H),4.11(dd,J=2.8,
9.6Hz,1H),4.24(t,J=8.0Hz,1H),7.03-7.08(m,2H),7.33-7.37(m,2H).
(8*)-1-[(R*)-1-(4-fluorophenyl)-2-hydroxyethyl]-6-oxopiperidine-2-carbonitrile
(3R*,55*,8aR*)-3-(4-fluorophenyl) (e sl :Spa e A VY e Jass
Aphall Wad (aa £ 1) el z=Lill hexahydrooxazolo[3,2-a]pyridine-5-carbonitrile
fsd A gpagdl
European Journal of Organic Chemistry, 2004, vol.23, p-4823-4829.
o LS Sl el il 8
'"H-NMR(CDCl;)8(ppm): 1.96-2.06(m,2H),2.08-2.20(m,2H),2.50-2.65(m,2H),2.69-
2.76(m,1H),4.10-4.20(m,2H),4.41-4.43(m, 1 H),5.41-5.44(m, 1 H),7.07-7.1 1(m,2H),
7.36-7.39(m,2H).

RRIC
ethyl (R*)-1-[(R*)-1 -(4-fluorophenyl)-2-hydroxyethyl]-6-oxopiperidine-2-
carboxylate
(8*)-1-[(R*)-1-(4-fluorophenyl)- (1o Jslaa (aesy Baal Adjall 5l5a dayn 2ie sy
hydrochloric acid- & (a= V.) V) 2-hydroxyethyl]-6-oxopiperidine-2-carbonitrile
s} chloroform s adie sodium bicarbonate Jslas Caliza -(Aldls Y +) asda ethanol
seale Jslaa ae 4o0lill dypimnll 60l (Joss 2 gaanll Zaukall aadiig ¢ Jeliill (Jolas
Adlaall salall 85 . jmdde haka cad K5 & ¢« Y magnesium sulfate (3sb caia’
<~ heptane-ethyl acetate aUai :4 4.1l ) silica Do (55e0 thasileg S Jalasy

‘o

Yo



yiay

YAA

il 9S5L lpiall S e s ame Y0 e Juand (ethyl acetate-methanol alls
& LS < )A.“ 3_}:\.«.4”
'H-NMR(CDCl:)8(ppm): 1.30(t,J=7.2Hz,3H),1.56-1.84(m, 3H),2.06-2. 14(m, 1H),
2.48-2.57(m,1H),2.61-2.68(m, 1H),3.08-3.12(m, 1H),3.82-3.88(m,2H),4.02-4.08
(m,1H),4.24(q,J=7.2HZ,2H),6.08(dd,J=3.6,9.2Hz,lH),7.02-7.08(m,2H),7.20-7.23

(m,2H).
(R*)-4-(4-fluorophenyl)-1 -hydroxyhexahydropyrido[2,1-c][1,4]oxazin-6-one (aalasn

ethyl (R*)-1-[(R*)-1-(4- (s« Jslase (W (a2 V+.9) sodium borohydride «iliay
— (—s YA ‘) fluorophenyl)-2-hydroxyethyl]-6-oxopiperidine-2-carboxylate
Aldy £ g deblusadd Jelil Jolaa caliy, ol a8l aa (5l ©) methanol
Gkl Jusis Aygazaall A5kl Jaaitiy o Jelill Jylaa ) ethyl acetate s ¢le Ciliay
I8 Bianyy ¢ SLe¥ magnesium sulfate o aind ¢ sale Jylaa e Aailill 4y guzaall
silica a& (gag0e Ahagilag S Jlas Ay ddliall salall (i . adde Jakia iad
Jssaall (ethyl acetate-methanol aUai <—heptane-ethyl acetate Ui sduiaill Cuia)
b 1S Sl el o) (155 sl Spn 50 g VAT e
'H-NMR(CDCl;)3(ppm): 1.46-1.68(m,2H), 1.76-1.90(m, 1H),1.90-2.00(m, 1/3H),
2.08-2.18(m,2/3H),2.36-2.56(m, 2H),2.89(brs, 1/3H),3.25-3.33(m,4/3H),3.54 (£.7.6
Hz,1/3H),3.99(dd,J=4.4,12.4Hz,2/3H),4. 12(d,J=12Hz,1/3H),4.39(dd,]=2.4,12.4Hz,2
/3H), 4.48(dd,1=3.6,]=12Hz, 1/3H),4.61(dd,J=5.2,8.0Hz,2/3H),4.94-4.97(m, 1/3H),
5.71-5.74(m,2/3H),5.82(brs,J=3.6Hz,1/3H), 6.99-7.05(m,2H),7.47-7.53(m,2H).
Gias
(R*)—4-(4-ﬂuorophenyl)—3,4,8,9-tetrahydro-7H-pyrido[2, 1-c][1,4]oxazin-6-one and
(4R*,9aR*)-4-(4-ﬂuorophenyl)hexahydropyrid0[2, 1-c][1,4]oxazin-6-one
trimethylsilyl  trifluoromethanesulfonate 5 ( ,-illLe ©.0) Triethylsilane L.ca,
(R*)-4-(4-fluorophenyl)-1-hydroxyhexahydropyrido se Jslaa ) (a8 £ £Y)
Jeliyy o jalll ) +) dichloromethane & (== Y'Y £) [2,1-c][1,4]oxazin-6-one
Y il Uplan (i Viaey . Canay Aol ad 20 5y s die Jolith Jylae

Yo
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Jaaidtiy Jeliill Jolaa Y ethyl acetate 5 «la bz . pfie La sad (allyg 455801
magnesium o aiad ¢ cale Jolae ae daslill 4yguaall A8kl Juis g aaaldl dgdall
st Aalgy Aalanall salal) 65 . jaddie haia DS Adamyg ¢ ALY sulfate
plas <—heptane-ethyl acetate Ll t4i il Cuia) silica ala (gagec Ahagilag S
(R*)-4-(4-fluorophenyl)- (3 ane 14.Y Lo Jyuasll (ethyl  acetate-methanol
(4R*,9aR*)- (4w a0 OYV.A 4 3,4,8,9-tetrahydro-7H-pyrido[2,1-c][1,4]oxazin-6-one
Loyl yalsal ¢ 65 . 4-(4-fluorophenyl)hexa hydropyrido[2,1-c][1,4]oxazin-6-one
(R*)-4-(4-fluorophenyl)-3,4, 8,9-tetrahydro-7H-pyrido[2,1-c][1,4]oxazin-6-one g
'H-NMR(CDCl;)3(ppm): 1.86-1.93(m,2H),2.38-2.42(m,2H),2.54-2.59(m,2H),4.05
(dd,J=2.8,11.2Hz,1H),4.33(dd,J=1.2, 11.2Hz,1H),5.65(brs, | H),5.85(s, | H),6.98-7.04
(m,2H),7.26-7.32(m,2H).
.(4R*,9aR*)-4-(4-ﬂuorophenyl)hexahydropyrido[2,1- O A8l algdldl &5
« b WS ¢][1,4]oxazin-6-one

'"H-NMR(CDCl;)5(ppm): 1.28-1.37(m, 1H), 1.54-1.63(m, 1H),1.75-1.86(m,2H),2.33-
2.42(m, [H),2.47-2.54(m, [ H),3.26(t,]=10.8Hz, 1H),3.48-3.58(m, 1 H),3.81-3.87(m,
2H),4.42(d,J=12.4Hz, 1H), 5.74(d,J=3.2Hz,1H),6.98-7.04(m,2H),7.51-7.55(m,2H),
(E)-(R*)-4-(4-fluorophenyl)-7-[3 -methoxy-4-(4-methyl-1H-imidazol-1-y)
benzylidene]-3,4, 8,9-tetrahydro-7H-pyrido[2,1-c][1,4]oxazin-6-one
O dolae (A (JihaSa YIY GTHF (3 oaba (45 1.0 Jylas) LDA il

(R*)-4-(4-fluorophenyl)-3,4, 8,9-tetrahydro-7H-pyrido[2,1-c][1,4]oxazin-6-one
LA jia 2 Jeldl Jolas iy 20l 28l ae (bl Y) THF & (ane v4.v)
3-methoxy-4-(4-methyl- e Jslae Jeliill Jolaa 1) (ol dianyy (Aigda 04 50
Jstae iy . (allle V) THF = (== VA.A)  1H-imidazol-1-yl)benzaldehyde
ethyl 5ele Jolill Jolae N ol 4383 04 504 L jhaa die Lilia) Jelal)
magnesium sulfate e 23Ul 4y gnall A8kl Cidnd 4 guanll A8 Joain g cacetate

Vo



yiqy

Ya.

$39ae (B gilag S Jalad Aaifgy 4alaall sl &0 - padde Tt Cand S5 Maey,
ethyl ~acetate- ollai <—heptane-ethyl acetate aldas 1ds ) <23s) silica adla
dsdae 560 joia U 3y a0l alcohol = pae 0720 e Jguasll (methanol
) by (ALl Y) methylene chloride & (pae ©7.0) &3l S yal alcohol (e
YA.¥) methanesulfonyl  chloride (olesSee V4 Y) triethylamine Jelil) PREA
dslae 8 ol by Jsaaly de L 0 Al pha day 2ie Qi AN (AP
sodium (L3l Y) methanol 4ilaidl salal) oV il Bawy L yaal) Al Jelal
apn e Jdeldl Jolas liyg ¢(a>= VYA methanol O Jslaa Z\‘A) methoxide
48kl Juaiiiy cethyl acetate 5 Lo Jelidll Jylas ) Sl Al Jlsda Zjall 55)5a
magnesium sulfate e it ¢ ale Jolaa & A3l 4y gaall dipdall Lot L4 gaanl)
Hhaleg S Jalas dda gy dalaal saldll S5 - aida e Gad K Yoy, ¢ e
ethyl acetate- allai <—heptane-ethyl acetate pldad 1dguaill 1) silica aa $igac

cob WS SHall hadl ol eSS L lsiall (e e pxe ¥4 e Jsasll (methanol
'H-NMR(CDCl3)8(ppm): 2.30(s,3H),2.39-2.48(m,2H),2.73-2.8 1(m, 1 H),3.02-3.07
(m,1H),3.86(s,3H),4.18(dd,J=2.4,1 1.2Hz,1H), 4.45(d,J=11.2Hz, 1H), 5.73(brs, 1H),
3.94(5,1H),6.90-7.05(m,6H), 7.36-7.39(m,2H),7.72(d,J=0.8Hz, 1H),7.83(s, 1 H).

Gl

(E)-(R)-4-(4-ﬂuorophenyl)-7—[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)
benzylidene]-3,4, 8,9-tetrahydro-7H-pyrido[2,1 -c][1,4]oxazin-6-one and (E)-( S)-4-
(4-ﬂuorophenyl)-7-[3-methoxy-4-(4-methyl-1H-imidazol-l-yl)benzylidene]-3,4,8,
9-tetrahydro-7H-pyrido[2,1-c][1,4]oxazin-6-one
racemate (E)-(R*)-4-(4-ﬂuorophenyl)-7-[3-methoxy-4- racemate J—.ady,

(4-methyl-1H-imidazol-1 -yhbenzylidene]-3,4, 8,9-tetrahydro-7H-pyrido[2, 1-c][1,4]
Aasls; gisadll CHIRALCEL™  OJ-H dhauls: (pone ¥4) o3ef 5Ll oxazin-6-one
Jssaall (ethanol :¢lyate 4l tpma YO X 2 Y) Daicel Chemical Industries, Ltd.
(ee 799 < ¢ans YY.9) Aad VoY eliad ) gn s b Sill lgiall 150 Lo

Yo
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QS5 (e £99 < tana VYY) RSV IYLY plid ) g Wy il fginll (S5
L WS (VY JGe) A8 V.Y L BAWY) ) & bpan baiall lgiall oS el 5aall pall

'H-NMR(CDCl3)5(ppm): 2.30(s,3H),2.39-2.48(m,2H),2.73-2.81(m, 1 H),3.02-

3.07(m, 1H),3.86(s,3H),4.18(dd,J=2.4,11.2Hz, 1H), 4.45(d,J=1 1.2Hz,1H),5.73

(brs,1H),5.94(s,1H),6.90-7.05(m,6H),7.36-7.39(m,2H),7.72(d,]J=0.8Hz, 1H),

7.83(s, 1H).

(Ve Jhq) aads VY.Y climuy) O e Lpay balall lgiall (S 5al 5510l pll ()5S5

'"H-NMR(CDCl3)5(ppm): 2.30(s,3H),2.39-2.48(m,2H),2.73-2.81(m, 1 H),3.02-3.07

(m,1H),3.86(s,3H),4.18(dd,}=2.4,11.2Hz,1H), 4.45(d,J=11.2Hz, 1H),5.73(brs, 1H),

5.94(s,1H),6.90-7.05(m,6H),7.36-7.39(m,2H),7.72(d,J=0.8Hz, 1 H),7.83(s,1H).

Vi Vo vl
(E)-(4R,9aR)-4-(4-ﬂuorophenyl)-7-[3-methoxy-4-(4-methyl-IH-imidazol-l-yl)
benzylidenelhexahydropyrido[2,1-c][1,4]oxazin-6-one and (E)-(4S,9aS)-4-(4-
fluorophenyl)-7-[3-methoxy-4-(4-methyl-1 H-imidazol-1 -yl)benzylidene] hexa
hydropyrido[2,1-¢][1,4]oxazin-6-one

F
0O
H
- L)

30
(4R*,9aR*)-4-(4-fluorophenyl)-7-[3 -methoxy-4-(4-methyl-1H-imidazol-1-yl)

benzylidene]hexahydropyrido[2, 1-c][1,4]oxazin-6-one
dsae ) (018 VYV GTHF (8 aba (yja 1.0 Jslae) LDA il
YO.W) (4R*,9aR*)-4-(4-fluorophenyl)hexahydropyrido [2,1-c][1,4]oxazin-6-one (e



Y14y

Yay

£ 5ad Ay jim o Jolil Jglan il el 33,00 a (LLe Y) THF 3 (e
3-methoxy-4-(4-methyl-1H- — Jsdae Joliill Jedae I Caliay 35aay, ci iy
Jelil Jolae iy L (,alile V) THF & (anwe £ ¢.0) imidazol-1-yl)benzaldehyde
«Jeldl) Jslas L ethyl acetate 5 ele Ciliay 4583 £+ 5aal i jium 25 Ll
JSF a4 magnesium sulfate e A3l puaall Aigdall Caind .2y gemall A3l Jiadti
silica a3l (3500 b gilag S folad Adaifgy Lalaniall salall (A0 . adde Jarin Ciad
Jssasll (ethyl acetate-methanol a\ai <—heptane-ethyl acetate plad tddadll i)
)4l alcohol (e Jslae 450 jia Y a5 . aS5all alcohol (e paae YALO e
delidll bpls ) caliay (5Ll Y) methylene  chloride = (p2e YAL0) il
@M (s Sae V4.Y) methanesulfonyl chloride (02)9,Se 14.Y) triethylamine
ol lala Y Gl A8 Y gyl Al B s e Ao el
¢(~>= Y+ ¢methanol = Jslae ZYA) sodium methoxide y (,3ldk V) methanol
Jslae M ethyl acetate 5 ele Ciliay A48 €+ 30 4d 5 51 A0 die qally il
i ¢ gale Cplan e Lo Aypaia) Al (Juis Agpoinnll Rl (it e Jo i
dlanall salall 655 L adse Jadam ciad S5 & ¢\ magnesium sulfate o
heptane-ethyl  aldas :4d.aill (uia) silica adla S Alagileg S Julat ddauly
Ol S50 e aae VALY e Jpanll (ethyl acetate-methanol alas <—acetate

o LS el Bpaadl il s
1H—NMR(CDCI;)S(ppm): 1.39-1.49(m,1H),1.87-1.94(m, 1H),2.03(s,3H),2.39-2.48
(m,1H),2.96-3.01(m, 1 H),3.30(t,)=11.2Hz, 1H),3.70-3.78(m, | H), 3.84(s,3H),3.84-
3.96(m,2H),4.57(d,J=11.2Hz, 1H),5.88(d,J=3.2Hz, 1H),6.93-7.08(m,5H),7.24-7.28
(m,1H), 7.59-7.63(m,2H),7.72(brs, 1H), 7.81(d, J=1.6Hz, 1 H).

Gidas

(4R, 9aR)—4-(4-ﬂuorophenyl)-7-[3-methoxy-4-(4-methyl- 1H-imidazol-1-yl)
benzylidenejhexahydropyrido[2,1-c][1,4]oxazin-6-one and (45,9a8)-4-(4-
fluorophenyl)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1 -yl)benzylidene]
hexahydropyrido[2,1-c][1,4]oxazin-6-one

Vo
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racemate (4R*,9aR*)-4-(4-fluorophenyl)-7-[3-methoxy-4- racemate Jadly
(4-methyl-1H-imidazol-1-yl) benzylidene] hexahydropyrido [2,1-c] [1,4] oxazin-6-
Daicel  Adaulss givadll CHIRALCEL™ AD-H adauls; (ane V1) oDef galill one
Sy (o Jsaall (ethanol :flyaie sk taw YO X s Y) Chemical Industries, Ltd.
Olsinll GaSyay (e 799 < fana V.¥) A58 V.Y Llinl opa) & Wyay il lgiall
A(ee ZAY < tona V1) 4883 ALY BBV (e pa Upaa Jasill
(ve JBa) Aady V.Y Bau) o) & Lpay alill lgiell (S 5al 33004l adll )65
'H-NMR(CDCl5)8(ppm): 1.39-1 49(m,1H),1.87-1.94(m, 1H),2.03(s,3H),2.39-2.48
(m,1H),2.96-3.01(m,1H),3.30(t,J=1 1.2Hz,1H),3.70-3.78(m, 1H),3.84(s,3H),3.84-
3.96(m,2H),4.57(d, J=11.2Hz, 1H),5.88(d,J=3.2Hz,1H),6.93-7.08(m,5H),7.24-
7.28(m,1H),7.59-7.63(m,2H),7.72(brs, 1 H), 7.81(d,J=1.6Hz,1H).

(VT ) a0 ALY sliiad (ra) e Ly Tl lyiall i) Bhaadl) il (55

csh LS
'H-NMR(CDCl3)8(ppm): 1.39-1.49(m, 1H),1.87-1.94(m, 1H),2.03(s,3H),2.39-2.48
(m, 1H),2.96-3.01(m, 1H),3.30(t,J=11.2Hz, 1 H),3.70-3.78(m, 1 H),3.84(s,3H),3.84-
3.96(m,2H),4.57(d,J=11.2Hz, 1H),5.88(d,J=3.2Hz, 1H),6.93-7.08(m,5H),7.24-

7.28(m,1H), 7.59-7.63(m,2H),7.72(brs, 1H),7.81(d,J=1.6Hz, 1H).
Va5 VA (VY AR

(E)-(6S,8R,9aR)-8-fluoro-3-[3-methoxy-4-(4-methyl-1H-imidazol-1 -yl)
benzylidene]-6-(3,4,5 -trifluorophenyl)octahydroquinolizin-4-one, (E)-(6S, 9aR)-3-
[3-methoxy-4-(4-methyl-1H-imidazol-1 -yl)benzylidene]-6-(3,4,5-trifluorophenyl)-
1,2,3,6,9,9a-hexahydroquinolizin-4-one, and (E)-(6S,9aR)-3-[3-methoxy-4-(4-
methyl-1H-imidazol-1 -yl)benzylidene]-é-(3,4,5-triﬂuorophenyl)- 1,2,3,6,7,9a-

hexahydroquinolizin-4-one
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(E)-(6S*,8S*,9aR*)-8-(tert-butyldimethylsilanyloxy)-é-(3,4,5-triﬂuorophenyl)-3-[3-
methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one
Uplae 1 (53 Sue FY CTHF (o b a1 Jylad) LDA Gilan
(6S*, 8S*, 9aR*)-8-(tert-butyl dimethyl silanyloxy)-6-(3,4,5-fluorophenyl) (ys
sie (il Y) THF (o (20 ©9.Y) V) JUis & 33} octahydroquinolizin-4-one
slae (o) iy o a2y Aol 8aad Bygie® jinm o ol (Jplae iy A0 s
©4.Y) 3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzaldehyde s (Jstae Jelill
ARE Ve Bael Lygie® jiia die Jelill Jylase Wila) Qs (03 V) THF 4 (ans
Lokl it Aygumall A5kl Joais cethyl acetate s sle Jolill Jylaa Y Caliay
WA (o Jpaall [adde b a3 3S5i 25 magnesium sulfate e dailil) 4y guanll
& 4854 aldol 3ale (je PESN
methylene 8 (ane V¥4) ala L8 0 aldol 3ole (e Jolae A 40 jiim die 3y y
(0980 YAO) triethylamine J—eliil) Jydae Y il i -(=3ldle ) chloride
Wpllsha Aoy die Mawy Qlly (g3 o yaly Kpe 0 -Y¥) methanesulfonyl chloride
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& AYA Jlas) sodium methoxide Jelid) Jylaa o Gl 3B Vg el ad
£o saal Ldpall pha dapy die lly (o3 ¢ Jallle V) ethanol (2= Y YA ¢methanol
Juads Aygmall 8L Juadtiy cethyl acetate 5 ele Jeliill Jolas ) aliay L4448
Sy ¢ LY magnesium sulfate te Cadas (e Jslae ae A3l 4 guiaall 45 k)
P (sagac ihagilag S Jalas Aoy ddlaiall salall 85 . jadds Lk Caad Maay
(ethyl acetate-methanol alki <—heptane-ethyl acetate pldai tid il cudd) silica
Al alas L lgiall (S je ase aldol BacLusell 3alall (e dayls pe axe 1Y o Joaall
o) delidl Jslas 355 o yilile ) methylene chloride 4 U il e aae 1Y
(03 Sue Y £V) triethylamine J—eliill Jy aa Y Gy A4 4 a
£ 5ad L all 5ylha Aayd die ally (g2l ¢(,3ls %se ©1.Y) methanesulfonyl chloride
& ZYA Jslas) sodium  methoxide Jelithl Jylas Y ciliay .48 V0 4 cilebl
saa Ldal s Aa g aie ol (20 ¢ ,allle V) ethanol (~== Y YA ¢methanol
A8l Joaity cethyl acetate s ela Jolitl) Jylan ) caliny L3881 V0 4 el
magnesium sulfate (e Caiad ¢ oals Jolan ae Lailill dyguinall A0LI (LS .3 gunal)
@hasileg S Judas Ao ulgy ddlaiall salall 655 . s daia Caad HAy e Ay
ethyl acetate- »Usi <—heptane-ethyl acetate i tddiaill uld) silica s (53 5ac
LS S yall Bhaaall aadll (585 L lgiall S pa e pae £8.) e Jsaaall (methanol
o
'H-NMR(CDCl3)3(ppm): 0.00(s,3H),0.03(s,3H),0.75(s,9H), 1.68-1.78(m,2H), 1.78-
1.87(m,1H),2.08-2.20(m,2H),2.38(S,3H),2.38-2.41(m,1H),2.82-2.88(m,lI-I),2.93-
3.00(m, 1H),3.92(s,3H), 4.02-4.07(m, 1H),4.25-4.29(m, 1H),6.05 (brd,J=7.2Hz, 1H),
6.95-7.00(m,3H),7.04-7.09(m,2H),7.30-7.36(m, 1H),7.80-7.88(m,2H).

Gias
(E)-(6S*,8S*,9aR*)-6—(3,4,5—triﬂuorophenyl)-8-hydroxy-3—[3-methoxy-4—(4-methyl-
1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one
Ut () (1,850 V66 THF (o5 b -0 ) o) TBAF il
(E)-(6S*,88*,9aR*)-8-(tert-butyldimethylsilanyloxy)-6-(3,4,5-triﬂuorophenyl)- C—a
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3-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl) benzylidene] octahydro quinolizin-4-
Jsb 4djall 35ha dayy e Jeldll Jolas aliyg (Al V) THF & (p>e £€.1) one
cethyl acetate 5 a2ds ammonium chloride Jsdae Jelilll Jodao Y caliay . Joll
e adad ¢ oale Jylas pe A5l Lypamal) A5l S LAy gaael) Adglall Jaiii
Aaufss ddlaniall salall 80 . jide Jaiia ad K5 Yidayg ¢ Y magnesium sulfate
14l Cude ¢Chromatorex NH :dkila 5aL4) silica s (s3sac (gibagilag S Jilas
paa Y08 e Jsuasll (ethyl acetate-methanol aUai <—heptane-ethyl acetate aldas

ce WS CSpall Bhaall ol ()65 L lgall (S50 g
'"H-NMR(CDCl5)8(ppm):1.67-1 .84(m,2H),1.84-1.94(m,1H),2.07-2.20(m,2H),
2.41(s,3H),2.41-2.48(m,1H),2.76-2.86(m, 1H),2.86-2.96(m, 1 H),3.88(s,3H),3.97-
4.05(m,1H),4.29-4.34(m,1H),5.98-6.04(m,1H),6.94-7.06(m,5H),7.26-7.30(m, 1 H),
7.78(s,1H),7.81(s,1H).

Gl
(E)-(6S,8S,9aR)—6-(3,4,5-triﬂuorophenyl)—8-hydroxy-3-[3-methoxy-4-(4-methyl—
1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one and (E)-(6R,8R,9aS)-6-
(3,4,5-trifluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1 H-imidazol-1 -yl)
benzylidene]octahydroquinolizin-4-one
racemate (E)-(6S*,85*,9aR*)-6-(3,4,5-triflucrophenyl)-8- racemate J—waiis
hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-y1) benzylidene]  octahydro
giad) CHIRALPAK™  AD-H dhaulss (aae Y0.£) oDlel z3lsll quinolizin-4-one
(ethanol :¢lyaie jsh tau YO X au Y) Daicel Chemical Industries, Ltd. ddaulss
189 < taae VYY) 48 €08 oliful ) g bpeay hdall Glgiall (Spe Je Jganll

S(ee 7Y < fana YY.Y) A8 0. clafiad (ya) e Yyeas Talill lgindl (S 5y (ee
(b LS Aady £, ol O o W il lgiall el Bhaaddl 2l 583
'H-NMR(CDCl3)8(ppm): 1.67-1 -84(m,2H),1.84-1.94(m, 1H),2.07-2.20(m,2H), 2.41
(s,3H),2.41-2.48(m,1H),2.76-2.86(m,1H),2.86-2.96(m,1I—I),3.88(s,3H),3.97-4.05(m,
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1H),4.29-4.34(m,1H), 5.98-6.04(m,1H),6.94-7.06(m,5H),7.26-7.30(m, 1 H), 7.78(s,
1H),7.81(s,1H).

o WS A58y 0¥ cladl O e Lpnay hadall fgiall (oS yal 35004l all o sS5
'H-NMR(CDCl5)8(ppm): 1.67-1 .84(m,2H),1.84-1.94(m,1H),2.07-2.20(m,2H),
2.41(s,3H),2.41-2.48(m,1H),2.76-2.86(m, 1 H),2.86-2.96(m, 1 H),3.88(s,3H),3.97-
4.05(m,1H),4.29-4.34(m, 1H), 5.98-6.04(m,1H),6.94-7.06(m,5H),7.26-7.30(m, 1H),
7.78(s,1H),7.81(s,1H).

sl
(E)—(6S,8R,9aR)-8-ﬂuoro-3-[3-methoxy-4-(4-methyl-1H-imidazol~1-yl)
benzylidene]-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one, (E)-(6S,9aR)-3-
[3-methoxy-4-(4-methyl-1H-imidazol-1 -yl)benzylidene]-6-(3,4,5-trifluorophenyl)-
1,2,3,6,9,9a-hexahydroquinolizin-4-one, and (E)-(6S,9aR)-3-[3-methoxy-4-(4-
methyl-lH-imidazol-l-yl)benzylidene]-6-(3,4,5-triﬂuorophenyl)—1,2,3,6,7,9a—
hexahydroquinolizin-4-one
O dsdae W (Oaly Sea ¥ V) Diethylaminosulfur trifluoride sl .z,
(E)-(6S, 8S, 9aR)-6-(3,4,S-triﬂuorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-
BN N S PP g 1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one
(o3l Y+) dichloromethane (b (ase YYA) 4883 £.¢ cdiul () o odef Lyaay
Sl sk sl s Ao e Jelil Jylan caliyy oBL 23,00 s
Akl Jusd 4y gazell Akl Jain, cethyl acetate 5 ¢la ¢ fig a0 b delall Jolas
JSA Vg ¢ SY mganesium sulfate e caias (el Jslae pa Aaslill 3y guzanll
silica 2 (sa5ae (Ahagileg S Jolas Adauly ddlaniall salall 655 . jadds Jaiia Cuat
(ethyl  acetate-methanol allas <—heptane-ethyl  acetate allas 148 il i)
X g Y) -Daicel Chemical Industries, Ltd idauls aiadll CHIRALPAK™ AD-H ,
(E)-(6S,8R,9aR)-8-fluoro- A Jsaall (ethanol-hexane alki :élyaia j4la tas YO
3-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl) benzylidene]-6-(3,4,5-
(E)-(65,9aR)-3-[3-methoxy- «(a—as 1) trifluorophenyl)octahydroquinolizin-4-one
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4~(4-methyl-1H-imidazol-1-yl)benzylidene]-6-(3,4,5 -trifluorophenyl)-1,2,3,6,9,9a-
(E)-(6S,9aR)-3-[3-methoxy-4-(4-methyl- 5 «(a—>s } Y©) hexahydroquinolizin-4-one
1H-imidazol-1-yl)benzylidene]-6-(3,4,5-trifluorophenyl)-1,2,3,6,7,9a-
(E)-(6S,8R,9aR)-8-(e Byaall oy dll )5 <5 . (ana ) -A) hexahydroquinolizin-4-one
fluoro-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl) benzylidene]-6-(3,4,5-
g.‘:\ LS trifluorophenyl)octahydroquinolizin-4-one
'H-NMR(CDCl5)8(ppm): 1.75-1 -85(m,2H),2.02-2.20(m,3H),2.31(s,3H),2.66-
2.84(m,2H),2.88-2.98(m,1H),3.44-3.53(m,1H),3.88(s,3H), 4.70-4.92(m, 1 H),
6.30(brs,1H),6.87-6.96(m,3H),7.00-7.05(m,2H),7.28(d,J=7.6Hz, 1 H),7.74(s, 1H),
7.85(s,1H).
(E)-(65,9aR)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1- ;= §)—sadll prdll (585
yl)benzylidene]-6-(3,4,5-triﬂuorophenyl)—1,2,3,6,9,9a-hexahydroquinolizin-4-one
1H-NMR(CDC];)E’)(ppm): 1.74-1.82(m,1H),1.90-2.00(m, 1H),2.11-2.20(m, 1H), 2.30
(s,3H),2.45-2.53(m, 1H),2.69-2.86(m,2H),3.61-3.67(m, 1 H),3.86(s,3H),5 .83-5.87(m,
1H),6.10-6.14(m, 1 H),6.20(brs, 1H),6.93(s,1H),6.98-7.06(m,2H),7.16-7.21 (m,2H),
7.24-7.28(m,1H),7.73(s,1H),7.80(s, 1H).
(E)-(6S,9aR)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1- (s 53taall padll (S5
yl)benzylidene]-6-(3,4,5-triﬂuorophenyl)-1,2,3,6,7,9a—hexahydroquinolizin-4-one
'H-NMR(CDCl5)8(ppm): 1.50-1 .68(m,2H),2.06-2.12(m, 1H),2.52-2.62(m,2H),2.70-
2.80(m, 1H),3.02-3.08(m, 1H),3.76-3.82(m, 1H),3.87(s,3H), 5.53-5.58(m,1H),5.98-
6.05(m,1H),6.35(d,J=6.8Hz,1H), 6.94(s,1H),7.00-7.06(m,4H),7.25-7.30(m, 1 H),
7.73(s,1H), 7.89(s, 1H).
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(E)-(4R,9aR)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-4-(3,4,5-
trifluorophenyl)hexahydropyrido[2,1-c][1,4]oxazin-6-one and (E)-(4S,9aS)-7-[3-
methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-4-(3,4, 5-trifluorophenyl)

hexahydropyrido[2,1-c][1,4]Joxazin-6-one
F
F F F

o
O H O o
/Om . ) i
AN ~_0 7
'}:JN A '}J H

2-amino-2-(3,4,5-trifluorophenyl)ethanol (5153
3,4,5-trifluoro-DL-phenylglycine (e (jfsiall (1S 3a (pe e 1YY e Jaas
Journal of Organic Chemistry, 1993, o Agaasadl Aayhll Lk (= VY. ¢)

ot WS S pall Baadll 4l ()45 v0l.58(13), p.3568-3571
1H-NMR(CDC13)8(ppm): 1.83(brs,2H),3.50(dd,J=7.6,10.8Hz,1H),3.72(dd,J1=4.0,

10.8Hz,1H),4.04(dd,J=4.0,7.6Hz,1H),6.96-7.06(m,2H).
G

(3R*,5S*,8aR*)—3-(3,4,5-triﬂuorophenyl)hexahydrooxazolo[3,2-a]pyridine-5-
carbonitrile
2-amino-2-(3,4,5- (—— Olsiall (a Sya o —a 1N e J aas
Organic 8 4dsiagall 45kl Lk (=9 .Y) odel z3W3 trifluorophenyl)ethanol

c o LS oS pall 3300l a8l <5 . Synthesis, 1992, vol.70, p.54
'"H-NMR(CDCl3)8(ppm): 1.48-1 -59(m, 1H),1.64-1.76(m, 1H),1.78-1.87(m, 1H),1.92-
1.98(m,2H),2.11-2.16(m,1H),3.65(dd,}=7.2,8.0Hz,1H),3.83-3.87(m,2H),4.1 1(dd,J=

2.8,10.0Hz, 1H),4.24(t,J=8.0Hz, 1H), 6.99-7.06(m,2H).
s
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(8*)-1-[(R*)-1-(3,4,5-trifluorophenyl)-2-hydroxyethyl]-6-oxopiperidine-2-
carbonitrile
(3R*,55*,8aR*)-3-(3,4,5- s Ols—iall (i Spa iy apa ¥ o J_aa
1.1) od—cf g3l trifluorophenyl)hexahydrooxazolo[3,2-a]pyridine-5-carbonitrile
European Journal of Organic Chemistry, 2004, vol.23, & Haagall 4001 Wil (an
ol S Sl Baall il 5 .p.4823-4829
'H-NMR(CDCl;)8(ppm): 1.98-2.33(m,4H),2.50-2.61(m, 1H),2.62-2.78(m, 1H),
4.16(brs,2H),4.50-4.52(m, 1H),5.32-5.34(m, 1 H),7.05-7.98(m,2H).
ethyl 1-[2-hydroxy-1-(3 ,4,5-trifluorophenyl)ethyl]-6-oxopiperidine-2-carboxylate
(SH-1-[R*)-1-3,4,5- o= Jstaealf 450 dddpligyadiapaic ol
3 (a——= Y) trifluorophenyl)-2-hydroxyethyl]-6-oxopiperidine-2-carbonitrile
e slae Jelill Jolan ) Gl +(o3blk ¥+) arda hydrochloric acid-ethanol
A guzmall AGdall Joid LA gcanll 80N (Jiad® cchloroform 3 @&ie sodium bicarbonate
hia st 3y o5 ¢ ALY magnesium sulfate e Caial ¢ Jolaa ae dailill
i) silica Db (535ac @hasilag S Jodas Aa g ddlanal salal) 86, jmdie
e Jseasll (ethyl acetate-methanol plli <—heptane-ethyl acetate alla 14 6.l
b LS Olsindl iS50 (g Baaall il (55 L lsinll (S5 (ga an V. £A
'H-NMR(CDCL;)8(ppm): 1.30(t,J=7.2Hz,3H),1.68-1.88(m,3H),2.12-2.18(m, 1H),
2.46-2.58(m, 1H),3.03(brs, 1H),3.83-3.91(m,2H),3.98-4.05(m, 1H),4.24(q,J=7.2Hz,

2H),5.88-5.93(m, 1H),6.89-6.98(m,2H).

Galas
(4R*,9aR*)-4-(3,4,5 -trifluorophenyl)hexahydropyrido[2,1-c][1 ,4]oxazin-6-one (166
mg) and (4R*,9aS*)—4-(3,4,5-triﬂuorophenyl)hexahydropyrido[2,1-c][1,4]0xazin—6-
one
ethyl 1-[2-hydroxy-1- ¢e Jsdae () (a2e YY) Sodium borohydride aliay
— (—a V. £A) (3,4,5-triﬂuorophenyl)ethyl]-6-oxopiperidine-2-carboxylate
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A28 Yo g A busadd Jelill Jolae iy ol 2,500 as (LAllk Y o) methanol
Akl it Aygaanll 4520l Juaisiy cethyl acetate 5 &la Jolill Jelae N Gliay
2l 385 ¢ Sl magnesium sulfate e Cains ¢ oale Jolaa e Al 4 gzaall
Aal pha Ao vie iy Lols lactol Sye e pa 1YY e Jpeaall Gaiis hia
(18)-(+)-10- ¢(aa 1. YY) milill oL Jactol coSpe (e day 14 iy de o 3]
) by (il Y +) trimethyl orthoformate ¢(p2= 1£.Y) camphorsulfonic acid
LIl Ayguanll Akl ot LAy puzaall A8kl Jiadtiy cethyl acetate 5 ¢le Jeldill Jolas
cpadde v ial 3855 o5 ¢ SleY magnesium sulfate o aiad teale Jslaa aa
(18)-(+)-10-camphorsulfonic acid ddlaiall salall Y Caliay (d8aldl salall o1y any
ot vie Jeldill Jslae aliyy ¢ yallle V) trimethyl orthoformate (re 9£.1)
Askall Juadiiy cethyl acetate y ele Jolitll Jolas I calimy U1 Jloka 43211 Hha
magnesium sulfate (o aiad ¢ gals Jolae ae Aailill 4guianll 200 Jusis L3y guzaall
-pls methoxy Sy (e pn V.YV o Jpuanll jaide bt ciad 385 3 o SlaY
((rae 10+) 28U olal methoxy (S (e Jagl delu 10.0 5add 4ygie0V o tic lsy
sla Jeliill Joldao Y Gl -(allle Y +) TFA 5 ( ,alile £€.A¢) triethylsilane
teale slan pe Lot Aypumall ikl s Aypuianl) &gl (Jomiy cothyl acetate s
aslandlsalall 5% spadde Jaius (st 355 ¢ ALY magnesium sulfate e Cadas
heptane-ethyl  aldai :4d.aill Cuda) silica 2D 5250 hasilas S Jdasdda ulg
(4R*,9aR*)-4-(3,4,5- e Jg—aall (ethyl acetate-methanol aLtai <—acetate
(4R*, 9aS*)- 5 (a2e 111) trifluorophenyhhexahydropyrido[2,1-c][1,4]oxazin-6-one
S5 (e £) 4—(3,4,5-triﬂuorophenyl)hexahydropyrido[2,1-c][1,4]0xazin-6-one
(4R*,9aR*)-4-(3,4,5-trifluorophenyl)hexahydro  pyrido[2,1- (s 0Ll algall

- sk WS c[1,4]oxazin-6-one
'H-NMR(CDCI3)8(ppm): 1.30-1.40(m, 1H),1.56-1.68(m, 1H), 1.84-1.92(m,2H),2.35-
2.44(m,1H),2.51-2.56(m,1H),3.26(t,J=11.2Hz, 1H),3.48-3.55(m, 1H),3.82(dd,J=3.6,
12.4Hz,1H),3.89(dd,J=2.8,1 1.2Hz,1H),4.35(d,J=12.4Hz, 1H),5.68(d,J=2.8Hz,1H),
7.23-7.26(m,2H).
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(4R*,9a8*)-4-(3,4,5-trifluorophenyl)hexahydro (3 48058l pals Al ¢4
- WS pyrido[2,1-c][1,4]oxazin-6-one
'H-NMR(CDCl3)3(ppm): 1.50-1.60(m, 1H),1.80-1.94(m,2H),1.98-2.08(m, 1 H),2.42-
2.46(m,2H),3.56(t,J=11.2Hz,1H),3.63(dd,]=6.4, 12.0Hz,1H),3.80-3.84(m,1H),3.94
(dd,J=4.0,11.2Hz,1H), 4.16(dd,J=4.0,12Hz, 1H),4.71-4.74(m, 1 H),6.87-6.91(m,2H).
G
(E)-(4R*,9aR*)-7-[3-methoxy-4-(4-methyl-1 H-imidazol-1-yl)benzylidene]-4-(3,4,5-
trifluorophenyl)hexahydropyrido[2,1-c][1,4]oxazin-6-one
(4R*,92R*)-4-(3,4,5- (+—a Jy—tae oW (,—ly Ssa ¥YV) TMSI Gl
TMED 5 (p—2s £YV) trifluorophenyl)hexahydropyrido[2,1-c][1,4]oxazin-6-one
Jslae aliy Bl 23580 aa (H3llke Y0) methylene chloride o (ol S 14Y)
0AY) iodine Jeldill Jslae I Ciliay Many .3aaly delu saal 50 o die Jelill

sl ol glae Y iy 308 Y oy dolas 53a] 58 s tio iy (531 ¢ (e

Lganll el Josrd LAy guanll d0ball Joadniy «ethyl acetate y axdia sodium thiosulfate
bis caad 385 o8 ¢« ALY magnesium sulfate e aias (oo Jolae ae daslill
e e dald Glelu 0 30d 3RV Y0 e (i) Liodine Sy e Jpeasdl i
By . yde Aaufe uddl i, (Al Y .1) triethyl phosphite &= z3Ull jodine
lithium 5 (a2 £Y'4) 3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzaldehyde «slza,
«V:1+) ethanol-TH-F -4 43l adandl salal e Jolae ) (p>= Y4Y)hydroxide
Uslan ol il - s 280 5 m oyt i ol Jphae iy o sblle 1.0
(e ATl Aygunall Al Jouk &y ymall Lkl Juaip cethy] acetate 5 el el
B padde bk Gl S5 A ¢ SlY magnesium sulfate o Caiad ¢ oale Jslae
Pl tdiaill Cud) silcia 2la gasas hailag S Jobat dda gy dalana salal
-Olsindl S50 e Jganll (ethyl acetate-methanol aUss <—heptane-ethyl acetate
'H-NMR(CDCls)8(ppm): 1.41-1.51(m, 1H),1.90-1.98(m, 1H),2.30(s,3H),2.42-2.52
m,lH),2.98-3.06(m,1H),3.29(t,J=10.8HZ,]H),3.68-3.77(m,1H),3.86(S,3H),3.88-

Yo



Y4y

3.98(m,2H),4.41(d,J=12Hz,1H), 5.81(d,J=2.4Hz,1H),6.93(s, 1H),6.97-6.99(m,2H),
7.24-7.34(m,3H),7.72(s,1H),7.82(s,1H).
Gl

(E)-(4R,9aR)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1 -yl)benzylidene]-4-(3,4,5-
trifluorophenyl)hexahydropyrido[2,1-c][1,4]oxazin-6-one and (E)-(4S,9aS)-7-[3-
methoxy-4-(4-methyl-1H-imidazol-1 -yDbenzylidene]-4-(3,4,5-trifluorophenyl)
exahydropyrido{2,1-c][1,4]Joxazin-6-one
racemate (E)-(4R*,9aR*)-7-[3-methoxy-4-(4-methyl-1H- racemate J—aily
imidazol-1-yl) benzylidene]-4-(3,4,5-trifluorophenyl) hexahydropyrido [2,1-c] [1,4]
Daicel =~ 4haulss aiadll CHIRALPAK™  TA-H daulsy o3lef zlill oxazin-6-one
(ethanol-hexane plbi tdlyatie ok ¢ass YO X au ¥) Chemical Industries, Ltd.
F39 < tana Yoq) G 9 olifinl (ha) pe lpeay Laiill lgial @S o Jganll

(e 799 < taae Yo ¥) did VY.0 clasl O @ Wpeay il il (S50 (ee

LS (Ar ) 4689 4l () g Wpamy B ypin) Sy Siaall msill 55

o
'H-NMR(CDCl5)3(ppm): 1.41-1.51(m, 1H),1.90-1.98(m, 1H),2.30(s,3H),2.42-2.52
(m, 1H),2.98-3.06(m, 1H),3.29(t,J]=10.8Hz, 1H),3.68-3.77(m, 1H),3.86(s,3H), 3.88-
3.98(m,2H),4.41(d,J=12Hz, 1H), 5.81(d,J=2.4Hz,1H),6.93(s, 1H),6.97-6.99(m,2H),
7.24-7.34(m,3H),7.72(s, 1H),7.82(s, 1 H).
(A Jlia) 2383 1Y.0 oligial (ha) pn Lyamy il lyinl) Spa) Bipadd) ail (455
s LS
'H-NMR(CDCl)3(ppm): 1.41-1.51(m, 1H),1.90-1.98(m, 1H),2.30(s,3H),2.42-
2.52(m, 1H),2.98-3.06(m, 1H),3.29(,1=10.8Hz, 1H),3.68-3.77(m, 1 H),3.86(s,3H),
3.88-3.98(m,2H),4.41(d,J=12Hz, 1H), 5.81(d,J=2.4Hz,1H),6.93(s, 1H),6.97-
6.99(m,2H),7.24-7.34(m,3H),7.72(s, 1 H),7.82(s, 1H).
AY 5 AY VG

[+
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(E)-(45,9aR)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-4-(3,4,5-
trifluorophenyl)hexahydropyrido[2,1-c][1,4]oxazin-6-one and (E)-(4R,9aS)-7-[3-
methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-4-(3,4,5-trifluorophenyl)
hexahydropyrido[2,1-c][1,4]oxazin-6-one

F F
F F F F

(9] i .\\H Q H
A 2 o PN 0
r}rJN H N}_AN H

G
(E)-(4R*,9a8*)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-4-(3,4,5-
trifluorophenyl)hexahydropyrido[2, 1-c][1,4]oxazin-6-one
(4R*,925%)4-(3,4,5- s Js—1aa Y (,—ly e 1 OY) TMSI il_uiay
O Ak dda ulyy (3134 trifluorophenylhexahydropyrido[2,1-c][1,4]oxazin-6-one )
V) methylene chloride (& ( ily Sae VYY) TMED 5 (pe Yo £) AY 5 A YA
(didmy Baaly delu o] 500 i die Jel@l Jalas aliy b sl ae (Lalille
dolusad e jiaa die caliy @30 ((ane YVY) jodine Jelil Jylas Y Cilan,
cethyl acetate 5 arda sodium thiosulfate Jsdae Jelill Jolaa ) aliny saal,

e chind ¢ ale Uplan e Ll Agpm) Rl (ks Agguiaal) A5l sy Vo
Jdodine @Sy o Jpaall jadis haiia cusd 35 Al ¢ SaY magnesium sulfate
triethyl phosphite g z53Ull jodine aSye (3o adld Cileln V 32 AV Yo 2ie Ll
3-methoxy-4-(4-methyl-1H- aliiay 330y .y de Ao sy cupd il Jh3y (ol )
A4.4) lithium hydroxide monohydrate s (p=>= Y+ V) imidazol-1-yl)benzaldehyde
iy [ allle V.Y €YY o) THF-ethanol (g 4asll ddisall salell e Jylas (pae Y-
Jeldll Jelae A by 4880 Yo 5 (yie b 5aad el 5))a day0 die Je il Jslas
o ae 35Ul Aygaal) A8LY Juukd L 4yguzanll 34dl) Jaitiy cethy] acetate 5 La
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Bolll B3 . adde ks chad 355 o3 ¢ ALY magnesium sulfate e aiad PPN
heptane- ol 13l i) silica aMa (sages ibagileg S Jilas ddany dalasdl
Sy G ane Yoo o Joiaall (ethyl acetate-methanol allas <—ethyl acetate
vt WS S pall Bhaadll agll (sS5 L lgiall
'H-NMR(CDCl5)8(ppm): 1.60-1 .75(m,1H),1.96-2.02(m, 1H),2.30(s,3H),2.72-2.83
(m,1H),3.12-3.20(m, 1H),3.62(t,J=11.6Hz, 1H),3.86(s,3H),3.86(dd,]=4.8,12.4Hz,
1H),3.96(dd, J=4.0,11.6Hz,1H),4.10-4.17(m, 1 H),4.32(dd,J=3.6, 12.4Hz,1H),5.02
(dd,J=3.6,4.8Hz,1H),6.93-6.94(m, 1H),6.96-7.05 (m,4H),7.26-7.29(m,1H),7.73(d,J=
1.6Hz,1H), 7.76(d,J=2.4Hz,1H).
(E)—(4S,9aR)-7-[3-methoxy-4-(4-methyl-lH-imidazol-1-yl)benzylidene]-4-(3,4,5-
trifluorophenyl)hexahydropyrido[2,1-c][1,4]oxazin-6-one and (E)-(4R,9aS)-7-[3-
methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-4-(3 ,4,5-trifluorophenyl)
hexahydropyrido[2,1-c][1,4]oxazin-6-one
racemate (E)-(4R*,9aS*)-7-[3-methoxy-4-(4-methyl-1H- racemate J—asi
imidazol-1-yl) benzylidene]-4-(3,4,5-trifluorophenyl) hexahydro pyrido[2,1-c] [1,4]
Daicel ~ dlaulys piwadll CHIRALPAK™  TA daulys o3l ilill oxazin-6-one
Jsasll (isopropyl alcohol :¢ljate tam YO X au Y) Chemical Industries, Ltd.
(ee 794 < tana T9.70) 488 YY clinal O g bpsay bdall gl 1S5 e
W(ee 490 < tana V) A8 YUY el o) g sy il ¢y ginll S pag
LS (AY Jla) 2885 YY elagul 0o o Wpay sl (ylsiadl (S el 53004l pll () sS5
Y
'H-NMR(CDCl3)8(ppm): 1.60-1 .75(m,1H),1.96-2.02(m, 1 H),2.30(s,3H),2.72-2.83
(m,1H),3.12-3.20(m,1H),3.62(t,J=11.6Hz,1H),3.86(s,3H),3.86(dd,]=4.8, 12.4Hz,
1H), 3.96(dd,J=4.0, 11.6Hz,1H),4.10-4.17(m,1H),4.32(dd,J=3.6,12.4Hz, 1H), 5.02
(dd,}=3.6,4.8Hz,1H),6.93-6.94(m, 1H),6.96-7.05(m,4H),7.26-7.29(m, 1H), 7.73(d,J=
1.6Hz,1H), 7.76(d,J=2.4Hz,1H).

Yo
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(AT JUie) 282 YT.Y el o) e Liyums Tl fsial S 5al Bpaadll sl (55
b LS
'H-NMR(CDCl3)8(ppm): 1.60-1.75(m, 1H),1.96-2.02(m, 1 H),2.30(s,3H),2.72-2.83
(m,1H),3.12-3.20(m, 1H),3.62(t, ]=11.6Hz, 1 H), 3.86(s,3H),3.86(dd,]=4.8,12.4Hz,
1H),3.96(dd,J=4.0, 11.6Hz,1H),4.10-4.17(m, 1H),4.32(dd,J=3.6,12.4Hz, 1 H), 5.02
(dd,J=3.6,4.8Hz,1H),6.93-6.94(m,1H),6.96-7.05(m,4H),7.26-7.29(m, 1H),7.73(d,J=
1.6Hz, 1H), 7.76(d,J=2.4Hz, 1H).
(E)-(4R,9aS)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl) Sladie (3liy L.;.-.jj
benzylidene]-4-(3,4,5-trifluorophenyl) hexahydropyrido [2,1-c] [1,4]oxazin-6-one
2 35,0 Aaud,ys
(S)-5-benzyloxymethylmorpholin-3-one (3:la%
(R)-(+)-2- = Jaglia Jslaa ) (L5llle 0.4%) Bromoacetyl chloride —aliay
sodium  Jslaay (,ildle Y+ +) toluene 4 (ax Y +) amino-3-benzyloxy-1-propanol
e’ e die Jeliil) Jolae iy Bl il ae (il Y +) whe ¥ hydroxide
Hha dap (A deldll Jelae olay aaly Aol sadd 44800 aie PR E TR g AN
Joaidfiy ¢(V:1) THF-toluene daglie Jsdae Jelitll Jolaa ) alizy doany 4 )
S5 a3 ALY magnesium sulfate o Aailill 4 pinall A0k Cadan 4y paall A5,L)
silica & (ga5ee Al dilag S ot Aafsy ddlaiall salall 65 . méde Jaiia Cial
bl aSye (e ax VYT o Jseaall (heptane-ethyl acetate alas tidheaill (i)
b US Sl Badl ol 55
"H-NMR(CDCl;)3(ppm): 3.42(t,J=9.2Hz, 1H),3.54(dd,}=9.2,5.2Hz, 1H), 3.62(dd.J=
12.0,6.0Hz,1H),3.75(m,1H),3.86(dd, J=12.0,4.0Hz,1H),4.12(d,J=16.8Hz,1H),4.18

(d,J=16.8Hz, 1H),4.53(s,2H),6.29(bs, 1H),7.28-7.40(m,5H).
tert-butyl (S)-3-benzyloxymethyl-5-oxomorpholine-4-carboxylate (3,145

di-tert- 5 ¢(a—as A1) 4-dimethylaminopyridine ¢( ,—llls 1.VY) TEA Gl
(8)-5-benzyloxymethylmorpholin-3-one (3= Jslae (I} (x> Y.+ Y) butyl dicarbonate
5l A8pall )b days die Jelil Jylae by . (ibidle Yo) acetonitrile b (pa V.¥7)

Yo

Yo
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Akl Juadtiy cethyl acetate y ~de Jgdas Jolidll Jslase ) Giliay ey . i L
Gaad 385 a0 AlY magnesium sulfate (Jo Aa3lll g ianll Addall Cadas L4 guzaall
ula) silica oD (g3gae Ahasileg S Jalas Aauly ddlaiall salal 35 . adde Jaiuia
QeSS L Olsiall aSye e paa V.10 e Jgunall (heptane-ethyl acetate alas :4d.all
ol LS Sl paadl ol
'H-NMR(CDCls)5(ppm): 1.50(s,9H),3.57(dd,J=8.8,4.8Hz, 1H),3.68-3.75(m,2H),
4.08-4.28(m,4H),4.53(d,J=12.0Hz, 1H),4.58(d,J=12.0Hz, 1H),7.25-7.36(m, 5H).

Gilas
tert-butyl {(S)-1-benzyloxymethyl-2-[2-0x0-2-(3,4,5-trifluorophenyl)ethoxylethyl}
carbamate
Lanlly Gl ¢ il 0) diethyl ether 4 (aae Y £9) magnesium (e (s )
liyg o Alg Spe ££7) 1-bromo-3,4,5-trifluorobenzene (3383 Y+ (P& L8+ 2ic
e Jslae o) Ty Jolaall 13 Cilimy .30y Aol 500 ygie®f + i Jelil Jplas
2 (> V.)) tert-butyl  (S)-3-benzyloxymethyl-5-oxomorpholine-4-carboxylate
die Jelill Jolae caliyy ¢ 36y Vo (PlA 44t o xie (e Y4 ) tetrahydrofuran
& bl W arie ammonium chloride Jslae Ciliay 3aaly dolu sael 4548 o —
oV il A el s Aoy ) Jelith Jplae slayy chugie®f o= e §yiaa ciladd
e Al ygmaall Aol Juit Ay guzanll A5kl Jiadtliy cethyl acetate Jelil Jslas
A0 - padde Jaiida (aad 3N JleY magnesium sulfate (Ao Cadats ¢ ale Jylaa
heptane-ethyl  alLaj) silica 2o (gagac Alyagilag S Jalad Aoy Lilsnall salall

rott WS S Hall Shaaall alll 065 L ol giall (€50 (0 ame 40X e Jguaall (acetate
'H-NMR(CDCl3)3(ppm): 1.43(s,9H),3.54(dd,J=9.2,6.0Hz, 1H),3.61-3.71(m,3H),
3.96(m, 1H),4.51(s,2H),4.61(s,2H),5.02(m, 1 H),7.21-7.35(m, 5H),7.50-7.62(m,2H).
[(3S,5R)-5-(3,4,5-trifluorophenyl)morpholin-3-ylJmethanol (3di5
) (illle o) (g5le € ethyl acetate 4 hydrochloric acid ¢y Jslae iliay
tert-butyl  {(S)-1-benzyloxymethyl-2-[2-0x0-2-(3,4,5-triflucrophenyl) (o slaa
yha 4oy aie (LAl Yo ) ethyl acetate o4 (aa ¥.00) ethoxy] ethyl}carbamate

Vo
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darian il Ky A5 52y dela saal Al 5)ha dayn die Jelidl Jolae caliy L4 )
dsbse (A (paeV 1Y el f00 e s53>3) palladium-carbon )+ iliay . ymdds
= Je il Jsdae cltyy o H-ildle 0+ ) methanol -8 Aaalill A alanal saball oy
* Palladium-carbon o il I3y .4e b YA 30a) 485300 3)0)a 4553 e hydrogen sa
Adlanall salall (Y by L adiie Jaria cuad Aa s all 0l 385 A eJelill Jolaa
S Ay guael) A5k} iy cethyl acetate y gdie sodium bicarbonate Jslae daslil)
magnesium sulfate e 40Ul 4yl A8 dall Cadan . b Jslaa & gpanll A3l
ihasileg)S dolas Aa g Adlanall ol 86 . jmdde i aad 385 p (AleY
a> 1.0V e Jsaall (heptane-ethyl acetate alai :4diail 23e) silica A (535ec

st WS Sl Bhaall adll 0685 il CS5a e
'H-NMR(CDCL;)8(ppm): 3.13-3.22(m,2H),3.34(dd,J=10.8,10.4Hz, 1H),3.53(dd,J=
10.8,6.4Hz, 1H),3.67(dd,J=10.8,4.0Hz, 1H),3.77(dd,J=10.8,3.2Hz, 1 H),3.85(dd,J=
10.8,3.2Hz, 1H),3.96(dd,J=10.4,3.2Hz, 1 H), 7.02-7.25(m,2H).

Gdas

1-[(3S,5R)-3-hydroxymethyl-5-(3,4,5-trifluorophenyl)morpholin-4-yl]-(3-buten)-1-

one
bis (2-oxo-3-oxazolidinyl) ¢(ildle +.VA£) Vinylacetic acid Ludlas Caliay

[(35,5R)-5- (e Jslae () (LAlle V.VV) TEA 5 ¢(an Y.Y©) phosphinic chloride
(oldle ©4) THF & (a= V.0Y) (3,4,5-trifluorophenyl)morpholin-3-ylJmethanol
Maay . Gdielu B el 5ha days aie Jelill Jolae cully 48500 35fya dayn aie
Juaiiiy cJel@ll Jolaa Y ethyl acetate s g)ue Y hydrochloric acid Jslas ilia
= ) sodium hydroxide Jslae ae A3l dypamall A8l Juas 4y el A5,
(A0 - adie haia i 85 ¢ ALY magnesium sulfate e <aiat ¢ oale Jslaay
P skl (1) silica Db s3pae (ibasilas S Julad Aauly Lilasd) 50Ld)
Syaadl axdll (5% L lsiall aSHe (e an 11T e Jeaaall (heptane-ethyl acetate

b LS S5l

Yo
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ESI-MS;m/z316[M*+H].'H-NMR(CDCl3)8(ppm): 3.30(m,3H),3.46(m, 1H),3.65
(dd,J=12.0,4.0Hz,1H),3.76(dd,J=12.8,4.0Hz 1H),3.80(m,1H),3.99(d,J=12.0Hz,1 H),4
.48(d,J=12.8Hz,1H),5.15-5.29(m,2H),5.64(m,1H), 6.01(m, 1H),7.25-7.30(m,2H).

Gl
methyl (E)-3-[(3S,5R)-4-(3-butenoyl)-5-(3,4,5-trifluorophenyl)morpholin-3-

yl]acrylate
+.0Y1) DMSO (3« dslae A (LAlile «.171¢) oxalyl chloride Lagiilly iliay

vie Jelill Jslas aliyy d58eVA- s (ilile £ +) dichloromethane o (3l
LACVA- 2l Jeldl Jolae ) dagully calizay (4880 Yo 3o )yl a0 Luds
1-[(3S,5R)-3-hydroxymethyl-5-(3,4,5-trifluorophenyl) morpholin-4-yl]- ;e Jslsae
Jeliill Jsdae caliys o ,3lile Y +) dichloromethane (o8 (a-a V.1) (3-buten)-1-one
Triethylamine Jelill Jolaa ) Jagully caliay (4883 ¥ saad 5)hall Ao 0 Gl dic

Jplae () il G Yo 50l Tude VA= die Mg caliy 530 o alille Yo%)

Sba dan A Jelill Jolas Ay Baayg aadie ammonium chloride Jslae Jelill
Aahll Juid Aygiaall A8dall Joadiiy cethyl acetate Jelill Jolae ) Ciliay 4l
hiun st 385 A5 ¢ Sl magnesium sulfate e Cadas (ale Jslas ae 2y gumall
g ey N +) sodium hydride «aliay .aldehyde S e e Jsasll i
Y0) THF i (Laldle V.£1) trimethyl phosphonoacetate (s Jaslaa Jolae Y (o
Rl gl dan e Jelill Jylae caliyy eishe® jia e (5able A) DMF 5 (il
& oSel 2ol aldehyde Sy cre Jslan Joll) Jolan W Ciliay 4580 Yo 304
T sad Al Blha Aap aie delill Jslae caliyy digie® i ie (il o) THF
«ethyl acetate y axie ammonjum chloride Jslaw Jeliill Jolaa I aliay 444
=Y magnesium sulfate Ao 4x0Ul el A8 Cadad Ay small Al Joain,
o sagee (Alagilag S Jidad Aoy dsliidl salall 65 . jaids Jakis Caad S5 o3
@S)e e pa V.V E o Jgaall (heptane-ethyl acetate alkas :dd.ail <ua) silica

vt LS Syl aaall all )05 L ol giall
ESI-MS;m/z370[M"+H].

Yo
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Gl
(4R,9aS)-4-(3,4,5-trifluorophenyl)-3,4,7,9a-tetrahydro-1H-pyrido[2,1-c][ 1,4]
oxazin-6-one
methyl (E)-3- (e Jodae () (aae YAQ) 3 Ll (e Grubbs i iliay
V.Y¢) [(3S,5R)-4-(3-butenoyl)-5-(3,4,5-trifluorophenyl)morpholin-3-yl]acrylate
Ol iiSisale) s delitll Jslae (iouyy ¢ ildle Y+ ) dichloromethane (3 (p>
o Glay Al syl da e Y delall Jolae ey .Ciiaiy delu 504 nitrogen sa o
slae 55 . 35 ) v 5aad Mamy ally (30 ¢ ildle ¥) triethylamine Jelidll Jslaa
silica 2a (gagee Ahagilag S Jolay ddlanidl saldl 5y ¢ yadde Jaiin Ciad Jelddll
prill (555 L sl S 5e e ame YO o (Jianil (heptane-ethyl  acetate L)
o LS Sl e
ESI-MS;m/z284[M"+H].'H-NMR(CDCl;)(ppm): 2.91-3.1 1(m,2H),3.62-3.69(m,
2H),4.06(dd,J=11.2,4.0Hz,1H), 4.22(dd,J=12.0,3.2Hz, 1H),4.50-4.60(m, 1 H),4.76-
4.80(m,1H),5.57-5.61(m, 1H),5.93-6.01(m, 1 H),6.83-6.95(m,2H).
(4R,9a8)-4-(3,4,5-trifluorophenyl)hexahydropyrido[2,1-c][1,4]oxazin-6-one (3la3
(4R,9a8)-4-(3,4,5- (— Js—lae () (a—e Y+.Y) platinum oxide —al =y
(r‘-?‘ Yo ~) trifluorophenyl)-3,4,7,9a-tetrahydro-1H-pyrido[2,1-c][1,4]oxazin-6-one
445l s 4a ) 2ie hydrogen sa A Jeliill Jylae iy ¢ jabile 1) methanol &
biza aal dadpall salall S5y ccelite pdize Pha Jelill Jylas i - Odie b B0
b LS 5l Biaall ol (155 . fyinll Sy (50 pme YOV o Jpumall inide
ESI-MS;m/z286[M"+H].
s
Diethyl[(4R,9aS)-6-0x0-4-(3,4,5-trifluorophenyl)octahydropyrido[2, 1 -
c][1,4]oxazin-7-yl] phosphonate
(4R,9aS)-4-(3,4,5- (e dsdne (I} (Lalile +.YAA) jodotrimethylsilane ol
N,N,N',N'- 5 (a—== YOY) trifluorophenyl)hexahydropyrido[2,1-c][1,4Joxazin-6-one
& (03l 1) methylene chloride (4 (3Ll +.£11) tetramethylethylenediamine

Vo
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AR

aliay A58 ¥ Baal alilly oyl & Jeldll Jolaa Gl ¢4,416° jhm e nitrogen sa
il e Je il Jolae allyy bl 2yl & deldall Jolsa Y (axa ¥Y1) Todine
) gdie sodium  thiosulfate Jslaas ethyl acetate —ilizay .5aals delu 04 QAnIE
ol dplaa o Ralil Rypuimal) Al Lok iyl Bkl oty (et Jylae
@S (o Jsuaall adie darin Ciad 35 o5 cmagnesium  sulfate e adad
Yo il Caliyy omalill jodide S ye ) (Lildle ¥) triethyl phosphite il .iodide
a5 38 5 AR Bha T ) 3yl Jelill Uslas ol .yl 30ad s Yo
LS S5l iaal il 455 - fyinl) iSn (ra pme TVY e Jpumall mite b

o
ESI-MS;m/z422[M"*+H].

Gdas
(E)-(4R,9aS)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidenc]-4-(3,4,5-
trifluorophenyl)hexahydropyrido[2,1-c][1,4]oxazin-6-one
O dsdia Jslae o (ae VY. ¢) Lithium  hydroxide monohydrate aliay
diethyl [(4R, 9aS)-6-0x0-4~(3,4,5-trifluoro phenyl) octahydropyrido [2,1-c] [1,4]
3-methoxy-4-(4-methyl-1H-imidazol-1-yl) s (as= Y'VY) oxazin-7-yl] phosphonate
e (Laldle Y) ethanol 5 (ildle 1) tetrahydrofuran = (#>= YY9) benzaldehyde
ethyl il . (yiel 53ad Al Bm Ay i Jo il sl calizy cdiall e
e Aagaall A8l Juads LAy aall A8 Joadtiy (Jelitll Jolaa ) ¢lay acetate
hiie a3 S5 5 magnesium sulfate e 2aall 4 uanll daa) Cagas >l Jslaa
s 500 silica Sl (5350 (iladiles)S (i Aauly Zilaial) 53l 5 . jaida
VIV.Y e Jsaall (heptane-ethyl acetate alas 14daill (uda ¢Chromatorex NH

COlsiall S50 e ana
(4R,9aS)-4-(3,4,5-trifluorophenyl)-3,4,7,9a-tetrahydro- 4loaiic §)guas Liayf 3,
(E)-(4R,928)-7-[3- 3dad] Ja g ca S 5aS 1H-pyrido[2,1-c][1,4]  oxazin-6-one

methoxy-4-(4-methyl-1H-imidazol-1 -yl)benzylidene]-4-(3,4,5-trifluorophenyl)hexa
~A ) 43y,kY Aafgs hydropyrido[2,1-c][1,4] oxazin-6-one

Yo
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9H-fluoren-9-ylmethyl (3S,5R)-3-hydroxymethyl-5-(3,4,5-trifluorophenyl)
morpholine-4-carboxylate
O bsdie Jylas Y (ase ¥YV) 9-Fluorenylmethyl  chloroformate wilay
— (—=a YO ~) [(3S,5R)-5-(3,4,5-trifluorophenyl)morpholin-3-ylJmethanol
Galiyy o( ,allle ©) auiia sodium  bicarbonate Jglaay (4l ©) dichloromethane
deliill Joptae N Galay cclelu T 32 d gyl alld sy ie Joelill Jylaa
aia’ Ayguanll Al Jadth, ¢&sds ammonium chloride Jslass dichloromethane
salall 850 . adde Jaia a3 S5 A5 magnesium sulfate e dailill dyguandl 33kl
<~ heptane :dsd.aill i) silica s (s35ae Ahnsilag)S Jalat Aa g dalanal
il (s85 L lsinll aS e (1o ane £V o Jsuaall (i) = heptane:ethyl acetate
b LS el

ESI-MS;m/z 470[M" +H].' H-NMR(CDCl; }3(ppm): 2.79(brs, 1H),3.15(brm, 1H),
3.43-3.47(dd,J=3.6,11.6Hz,1H), 3.50-3.63(m,2H),3.90(d,J=12.0Hz,1H),4.22-4.26
(m,2H), 4.65-4.73(m,2H),4.86-4.90(dd,J=4.8Hz,6.4Hz,1H), 6.99(brt,2H),7.30-7.40
(m,4H),7.55-7.57(brd,2H),7.71-7.73(d,J=7.2Hz,2H).

methyl 3-[(3S,5R)-5-(3,4,5-trifluorophenyl)morpholin-3-yl]acrylate (345
& (b3l +.37) oxalyl chloride (e Jstae () (Lildle +.Y §) DMSO wiloay
caliyy ¢« Filiy 0 DA 480 VA- sie nitrogen sa o8 (bl ) +) dichloromethane
Ai®VA= 2o Jelill Jolae A caliay 35l 0 50 4 gieVA- xie Jelith Jolas
9H-fluoren-9-ylmethyl (35,5R)-3-hydroxymethyl-5-(3,4,5- —s Js—1lax
Y) dichloromethane & (= £V+) trifluorophenyl) morpholine-4-carboxylate
Triethylamine aliay (4885 Vo 50l 43500VA- 2o Jelil) Jolas caliyy o( Lokl
Ayt VA= vie Jelall Uslae Cliyy gstoVA= e Jelill Jglaa ) (bl +.AY)
—aie Jelitl Jylao ) arsie ammonium chloride Jslae Ciliay RETER XN
dichloromethane <aluzy ¢May A8yl 5)ha da )y N Jelitll Jolae iy ¢dy500VA
e Aailill 4ys aall A8kl o dnd Ayl A Sall Jadiy (Lol Jglaa P
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trimethyl phosphonoacetate —liay . yadde haiiia a3 S5 &% magnesium sulfate
(e Sy A0 e (g4%ay) sodium hydride ¢re Jaglie Jslas Y (Lildle +.YA)
Jodae oty cdygie® jiaa aie (bl Y) DMF ¢(,able Vo) THF 3 (a2 OA
o oD Aaslil) Aalsall salall (e Jslae ilimy 488 Vo 5add 4y jiea e Jelinll
e Jeldl Jelaa caliyy d i iaaie Jelil Jolaa ) (_=ldle Y) THF
) ethyl acetate y asie ammonium chloride Jslae Cilizay 4383 ¥ 3adl L jiia
magnesium e Aailll 4ypaall A8l Cadat (A guzaall A8 kN Jndti (Jel@ill Jolae
O dsdaa (A (L3lille V) diethylamine sl . jadde Jad e Caad 3855 o3 sulfate
il A8 Ve saad delill Jylae uliy o yilile £) acetonitrile & 4dlaiall 5oLl
Uauly A8kl alall 85 L jadde Javia Caad 385 A (Jelill Jglae L toluene
heptane: ethyl ~<— heptane ol :4d.aill cuis) silica Do dyasilag S (s
QS5 - Olsind) GaS5e (e isomer E/Z i (e ana YYV o Jgeaall (V) = acetate

coh LS aSHall Bhaadl il
ESI-MS;m/z 302[M" +H].! H-NMR(CDCl; )(ppm): 3.10-3.30(brm,2H),3.73-4.02
(brm,6H),4.45-4.62(brm,1H),5.91-6.17(m, 1 H),6.82-6.88(m, 1H),6.02-7.10(mbr,2H).

Gl

Methyl (E)-3-[(3S,5R)-4-(3-butenoyl)-5-(3,4,5-trifluorophenyl)morpholin-3-yl]
acrylate and methyl (Z)-3-[(3S,5R)-4-(3-butenoyl)-5-(3,4,5-trifluorophenyl)

morpholin-3-yl]acrylate

¢(o=bdle +.+4) vinylacetic  acid «(_<illle +.Y) triethylamine Ldlai Ciloiay
methyl 3-[(38,5R)-5-(3,4,5- (s Js—Iaa 1| (s YV0) BOPCI
2 e (,—3llle 0) THF & (a—se Y V) triflucrophenyl)morpholin-3-yl]acrylate
ethyl il . oyl 30d Al ha Aoy die Jelill Jyloa aliyy g inm
Agguaall A8l Jiainiy (Jelall Jolae ) g5l +.0 hydrochloric acid s acetate
Jslaas g)le +.0 sodium hydroxide Jsise e Al 4 guianll Aiall Lpdlas Juss
Adlasall 3alell 855 . mdde Jakia il S5 S cmagnesium sulfate e caias PN
heptane: ethyl <— heptane alai :30aill uda) silica M lyagila s S Jolad Alaulsy
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methyl (E)-3-[(3S, 5R)-4-(3-butenoyl)-5- (s pae YV ¢ o Jganll (Vi) = acetate
methyl (Z)-3- = a2e VY'Y 5 (3,4,5-trifluoro phenyl) morpholin-3-yl] acrylate
Q3-S5 .[(38,5R)-4-(3-butenoyl)-5-(3,4,5-trifluoro  phenyl)morpholin-3-yl]acrylate
« b WS isomers )l 3jaaall aidll
Methy! (E)-3-[(3S,5R)-4-(3-butenoyl)-5-(3,4,5-trifluorophenyl)morpholin-3-
yllacrylate
ESI-MS;m/z 370[M" +H].! H-NMR(CDCl; )8(ppm): 3.1 1-3.23(m,2H),3.65(s,3H),
3.77-3.84(ddd,J=4.0,12.0, 13.4Hz,2H)4.10-4.15(m,2H),4.51-4.48(brd,2H),5.13-5.26
(m,2H),5.51-5.64(m,2H),6.50-6.55(dd,J=4.8,16.0Hz,1H), 7.23(brt,2H).
Methyl (Z)-3-[(3S,5R)-4-(3-butenoyl)-5-(3,4,5-trifluorophenyl)morpholin-3-
yl]acrylate
ESI-MS;m/z 370[M" +H]." H-NMR(CDCl; )5(ppm): 3.01-3.08(m, 1H),3.20-3.26(m,
1H),3.72(s,3H),3.78-4.02(m,2H),4.01-4.05(d,J=12.0Hz, 1H),4.50-4.53(d,J=12.8Hz,
1H),5.14-5.23(m,2H),5.63-5.70(m,3H),5.90-6.00(m,2H),7.34-7.37(m,2H).
(4R,9a8)-4-(3,4,5-trifluorophenyl)-3,4,7,9a-tetrahydro-1H-pyrido[2,1-c][ 1,4]
oxazin-6-one
methyl (E)-3- ¢re Jslae (Y (aae YV.Y) U Jiall e Grubbs lis iliay
Y+ 4.A) [(3S,5R)-4~(3-butenoyl)-5-(3,4,5-trifluoro phenyl) morpholin-3-yl] acrylate
methyl (Z)-3-[(3S,5R)-4-(3-butenoyl)-5-(3,4,5-triflucrophenyl)morpholin-3- g (r“-“
e Je il Jslae iy ¢ sibdle YY) dichloromethane (& (ase YY'Y.0) yljacrylate
B dan ) deld@ll Jslae alay .82l Aelu 32d nitrogen s A& Ll GiSS sale
L8 Ve saa) iy (o3 o jldlle +.0) triethylamine Jel&ll Jalae Y caliay .33 a0
hasilag < Jalady A alanall ol 8%y ¢y dde daa e ciat Jelil Jolae S
(ethyl acetate <— £: = heptane:ethyl acetate :ii.aill uia) silica Db (gasac
olall e (e paa 11T o Jpuaal
Ao g AE YE
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(E)-(6R,7S,9aR)-7-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)
benzylidene]-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one and (E)-(6S,7R,
9aS)-7-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-6-(3,4,

5-trifluorophenyl)octahydroquinolizin-4-one

Gidas

(65*,85*,9aR *)-8-hydroxy-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one
e Usdnn (o) (Sl VYT (a5 ) THF Us-las) TBAF Gila
(6S*, 8S*, 9aR*)-8-(tert-butyldimethylsilanyloxy)-6-(3,4,5-fluorophenyl)octahydro
ba dan vie delill Jolae iy ¢ bl Yo) THF & (s> Y.9) quinolizin-4-one
Jslae ) ethyl acetate o &xde ammonium chloride Jsdae ilizay . ulll Jiga 44 21
Caind o gl sl o &l Agpuiaa) Al Lok Agpumal) A8l Jomiy e ol
Adlaiall salall 85 . padde hakia Caad 35 2% ¢ SlY magnesium  sulfate e
heptane-ethyl ol :4duaill Cuda) silica Do (350 ibasilag S Julas oy
Ol @Sie e o Vo0 e Jsaanll (ethyl acetate-methanol alas <—acetate

b S Syl i) il (5
'H-NMR(CDCL3)5(ppm): 1.56-1.65(m, 1H),1.65-1.77(m,2H),1.77-1.87(m, 1H), 1 87-
1.96(m,1H),2.01-2.12(m,2H),2.35-2.42(m, 1H),2.42-2.59(m,2H),3.81-3.99(m, 1 H),

4.21-4.26(m,1H),5.90(d,J=6.8Hz,1H),6.86-6.94(m,2H).
(65*,9aR*)-6-(3,4,5-trifluorophenyl)-1,2,3,6,9,9a-hexahydroquinolizin-4-one (aalas

(L2l Y.V4) triethylamine 5 (_ils Se VY1) methanesulfonyl chloride <Ly
(65*,85*,9aR *)-8-hydroxy-6-(3,4,5-trifluorophenyl)octahydro O Jstaa

‘o
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iy Bl 2yl ae (Lalile Y+) methylene chloride & (as V) quinolizin-4-one
Uidey . yde A uly cudal Jhy L ofielusad A8l 3y dayn aie Jelill Jolas
bylia Jslas ) (2 Y.YY cmethanol 8 /YA Jslss) sodium methoxide «iliay
Aapd die deliill Jylae ciliys o il YY) THF-ethanol (g8 daslll dalsidl salall oy
sodium methoxide sl ¢ A3 L300 Saldl Jaad .clelu € 300 a2l 5)fya
Db Aap 2o @l il (Jelii) Jolas M (L3l © cmethanol 8 ZYA Jslas)
Aduhll Juaitiy cJolill Jolaa N ethyl  acetate 5 ela wiluzay . Julll Jlgda il
magnesium sulfate (e cadad ¢ oale Jolae ae dailill 4yguaell d80al) Juit 4 pnall
ehasilag S Jalas Ly 2laid) 5Ll LES . padta i Ciad 385 o3 ¢Sy
ethyl acetate- Uai <—heptane-ethyl acetate pldas tdd il <ua) silica 2Dl SAgec
coh WS Syall Spadll all (5S35 L lsill CSpe (0 ame TAY e Jeaall (methanol
'H-NMR(CDCl3)3(ppm): 1.64-1.73(m,2H),1.74-1.98(m,2H),2.06-2.14(m, 1 H),2.28-
2.42(m,2H),2.44-2.52(m,1H),3.50-3.58(m, 1H),5.74-5.80(m, 1 H),6.03-6.08(m, | H),
6.20(brs, 1H),7.06-7.14(m,2H).

Glas
(1aR*,2R*,6aR*,7aS*)-2-(3,4,5-trifluorophenyl)octahydro-1-oxa-2a-aza-
cyclopropa[bjnaphthalen-3-one and (1aS*,2R*,6aR*,7aR*)-2-(3,4,5-
trifluorophenyl)octahydro-1-oxa-2a-aza-cyclopropa[b]naphthalen-3-one
(65*,9aR*)-6-(3,4,5-trifluorophenyl)- ¢ye Jslaa Y (ax ).+ ¢) MCPBA il
¥+) methylne  choride s (== TAY) 1,2,3,6,9,9a-hexahydroquinolizin-4-one
ethyl 5 ele il .Ul ¥ 50ud 4 il 5yha 4o die Jelill Jelae iy, ¢( alile
¢ Al Ggadanl) Addal) Juas WAy gazanll A8l Juadity cJel@l) Jolaa ) acetate
A0 padie Jarus il (S ¢ SV magnesium sulfate e Cadns ¢ oale Jslas
plbas 1 aill cud) silica adla gasae hasilas < Jodan dda gy 4 alanall salall
—& Js—asll (ethyl acetate-methanol L <—heptane-ethyl acetate
(1aR*,2R*,6aR*,7aS8*)-2-(3,4,5-trifluoro  phenyl) octahydro-1 -oxa-2a-aza-cyclo
(1aS*2R*,6aR*,7aR*)-2~(3,4,5- 5 (p———2e YAY') propa[b]naphthalen-3-one

Vo
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Yyo ) trifluorophenyl)octahydro-1-oxa-2a-aza-cyclopropa[b]naphthalen-3-one
(1aR*2R*,6aR*,7a8%)-2-(3,4,5- J—a¥ i g3l jalp sl )y €5 . (a—2a
.4 WS trifluorophenyl)octahydro-1 -0Xa-2a-aza-cyclopropa[b]naphthalen-3-one
'"H-NMR(CDCl3)8(ppm): 1.54-1.60(m,1H),1.63-1 .86(m,3H),1.92(td,J=5.6,15.2Hz,
1H), 2.10(dd,J=12,15.2Hz,1H),2.27-2.36(m, 1H),2.44-2.51(m,1H),3.27-3.35(m, 1H),

3.39-3.41(m, 1H),3.50-3.52(m, 1H),6.34(brs, 1H),7.06-7.10(m,2H).
(1aS*2R*,6aR*,7aR*)-2-(3,4,5- J—a¥ i___al5dll jaly 2l oy <

. ‘;‘:' LS trifluorophenyl)octahydro-1 -oxa-2a-aza-cyclopropa[b]naphthalen-3-one

'H-NMR(CDCl5)3(ppm): 1.60-1.68(m,2H),1.72-1.80(m, 1H),1.80-1.92(m, 1H),1.94-
2.02(m, 1H),2.10-2.16(m, 1H),2.36-2.50(m,2H),3.49-3.52(m, 1H),3.59(t,J=4 4Hz,
1H),3.60-3.66(m,1H), 5.94(d,J=4.4Hz,1H),7.00-7.10(m,2H).
(6R*,75*,9aR *)-7-hydroxy-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one
(1aR*,2R*,6aR*,7a5*)-2-(3,4,5- (e Js—tae 4 0VA~ Y5,
(c‘—-"‘ ) \‘\‘) trifluorophenyl)octahydro-1-oxa-2a-aza-cyclopropa[b]naphthalen-3-one
& @=b> s ) Jslas) Lithium triethyl borohydride —iliay (Al €) THF 4
Baaly dolu taal 43006° jha ie Gl A Jelill Jolaa ) (A5 S VY (THF
Ll Juat Ayguzanl) A8l Juaditiy (Jelilll Jylae ) ethyl acetate 5 els Ciliay
Gl 385y ¢ SleY magnesium sulfate (Ao cadad ¢ oale Jolas & Aaslill 4 guzaall
i) silica oMo (gagec lsagileg S bt Aaulsy 4alial) 5ol L35 . jadie haiaa
& Jssaall (ethyl acetate-methanol alki <—heptane-ethyl acetate plas 1di il

v WS Syl Baaall aill 585 L lgiall (S 5a e ana VYO
'H-NMR(CDCl5)3(ppm): 1.42-1.48(m, 1H),1.60-1.82(m,4H), 1.82-2.06(m,3H),2.47-
2.62(m,2H),2.81(brs, 1H),3.32-3.40(m, 1H),4.48-4.52(m, 1 H), 5.97(brs,1H),6.76-6.84
(m,2H).

Gidss
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(6R*,7S*,9aR*)-7-(tert-butyldimethylsilanyloxy)-6-(3,4,5-triﬂuorophenyl)
octahydroquinolizin-4-one
(6R*,78%,9aR*)-7-hydroxy-6- ;e Jedae Jalll Jlgda 485501 5)0)a da 0 25 sy
¢(p=2e Y10) TBSCI ¢(ane 11 £) (3,4,5-trifluorophenyl)octahydroquinolizin-4-one
Al salall Jasd . (Laldle ©) DMF @ (2= 1.V) DMAP ¢(pas ) £4) imidazole
Al Bl Ao aie ol (g3 ot s ) (poe 110) TBSCI iy ¢ s
a3 Ay gl Aikal) Joadiig cJoliall Jolae Y ethyl acetate 5 ele iliay . Jolll Jishs
285 ¢3¢ FleY magnesium sulfate e caiad ¢ ale Jolas g daill 4peall 23,0
silica o (g3gae 3hagilag S Jalas ddafgy Aala5al) gl D . adde o Ciad
Jswaall (ethyl acetate-methanol aUs3 <~heptane-ethyl acetate aldas tdd ) NETADY)
o LS Sl Badl ol (S5 sl 50 chm e YTV e
"H-NMR(CDCl3)8(ppm): 0.01 (s,3H),0.02(s,3H),0.81(s,9H),1.25-1.32(m, 1 H), 1 .48-
1.70(m,4H),1.70-1.97(m,3H),2.34-2.50(m,2H),3.22-3.32(m, 1 H),4.29(brs, 1H),5.73
(brs,1H),6.66-6.76(m,2H).
(E)-(6R*,7S*,9aR*)-7-(tert-butyldimethylsilanyloxy)—3-[3-methoxy-4-(4-methyl-

1H-imidazol-1-yl)benzylidene] -6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one
(6R*,75*,9aR*)-7-(tert-butyldimethyl (1o lsiadl S jya (pe pae YY1 o Jiass
iy (a2 YYV) silanyloxy)-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one

coh LS S yall Bl Al eS8 LAY g A ol 8 LS gLl
'H-NMR(CDCl5)(ppm): 0.13(s,3H),0.14(s,3H),0.91(s,9H),1.40-1.50(m, 1 H), 1.68-
1.80(m, 1H),1.82-1.96(m,2H),2.00-2.16(m,2H),2.31(s,3H), 2.72-2.82(m,1H),2.90-
2.98(m,1H),3.50-3.58(m, 1H), 3.87(s,3H),4.39-4.41(m, 1H),5.89(brs, 1H),6.84-6.90
(m,2H), 6.94-6.95(m, 1 H),7.02-7.05(m,2H),7.25-7.27(m, 1 H), 7.72(d,J=1 .6Hz,1H),
7.80(s,1H).

RRIC
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(E)—(6R*,7S*,9aR*)-7-hydroxy-3-[3-methoxy-4-(4-methyl-lH-imidazol-l-yl)
benzylidene]-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one
(E)-(6R*, 7S*, 9aR*)-7-(tert-butyl (pe fsiall S0 (e e Yoo o Juans
dimethyl silanyloxy)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl) benzylidene]-6-
b LS Al iy (ans ¥¥1) (3,4,5-trifluorophenyl)octahydroquinolizin-4-one
vl WS Bhadl sl &8 VY Jle
'H-NMR(CDCl3)5(ppm): 1.45-1.54(m, 1H),1.66-1.80(m,3H),1.90-1.96(m, 1 H),2.00-
2.12(m, 1H),2.31(s,3H),2.72-2.82(m, 1H),2.90-3.00(m, 1 H), 3.46-3.56(m, 1H),3.88(s,
3H),4.54-4.58(m,1H),6.09(s, 1H), 6.86-6.90(m,2H),6.94-6.95(m, 1H),7.01-7.04(m,
2H),7.26-7.28(m,1H),7.73(d,J=1.2Hz,1H),7.82(s,1H).
RRIC
(E)-(6R,7S,9aR)-7-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1 -yDbenzyl
idene]-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one and (E)-(6S,7R,9aS)-7-
hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1 -yl)benzylidene]-6-(3,4,5-tri
fluorophenyl)octahydroquinolizin-4-one
racemate (E)-(6R*, 7S*, 9aR*)-7-hydroxy-3-[3-methoxy-4-(4- racemate Joaiyy
methyl-1H-imidazol-1-yl)  benzylidene]-6-(3,4,5-trifluoro phenyl)  octahydro
Daicel dhuly; aiad CHIRALPAK™ AD-H dauly oo a3l quinolizin-4-one
S o Jsanll (ethanol tflnia jsh (o YO X g Y) Chemical Industries, Ltd.
Ll il S5a5 (e 799 tane YO) Bl 0.6 olaii ) e bpaay sl (o giall
e 799 < fana ¥4) A8 1.9 clagal Cro) g Lipeay
(At Jhe) @iy 0.t clagul ) ae Lpan il lgiell i€yl 330adll aadll S5
'"H-NMR(CDCl3)(ppm): 1.45-1.54(m,1H),1.66-1.80(m,3H),1.90-1.96(m, 1H), 2.00-
2.12(m,1H),2.31(s,3H),2.72-2.82(m,1H),2.90-3.00(m, 1H),3.46-3.56(m, 1H),3.88(s,
3H),4.54-4.58(m, 1H), 6.09(s, 1H),6.86-6.90(m,2H),6.94-6.95(m,1H),7.01-7.04(m,
2H),7.26-7.28(m,1H),7.73(d,J=1.2Hz, 1H),7.82(s, 1 H).

Vo
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(Ao Jle) 48 V1.9 clagl O g Lpeay Tl lgiadl (oS yal 3510l alll eSa
'"H-NMR(CDCL)(ppm): 1.45-1 -54(m, 1H),1.66-1.80(m,3H),1.90-1.96(m, 1H),2.00-
2.12(m, 1H),2.31(s,3H),2.72-2.82(m, 1 H),2.90-3.00(m, 1 H), 3.46-3.56(m, 1H),3.88(s,
3H),4.54-4.58(m,1H),6.09(s, 1 H), 6.86-6.90(m,2H),6.94-6.95(m,1H),7.01-7.04(m,
2H),7.26-7.28(m,1H),7.73(d,J=1.2Hz,1H),7.82(s, 1 H).

AY 5 AT VG
(E)-(6R,7R,9aR)-7-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1 -yl)
benzylidene]-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one and (E)-(6S,7S,
9aS)-7-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1 -yDbenzylidene]-6-(3,4,

S-trifluorophenyl)octahydroquinolizin-4-one

(6R*,7R*,9aR*)-7-hydroxy—6-(3,4,5-triﬂuorophenyl)octahydroquinolizin-4-one
(128*,2R*,6aR*,7aR*)-2- (e (£0+ 6l&) olyindl (130 (4o ana £0 le Juans
iz (3,4,5-trifluorophenyl)octahydro-1 -0xa-2a-aza-cyclopropa[b]naphthalen-3-one

v WS S 5all Bypaall 2l 685 AC g AE B o LS Akl
'H-NMR(CDCl;)8(ppm): 1.50-2.1 8(m,8H),2.36-2.50(m,2H),3.02(brs, 1H),3.26-3.36
(m,1H),4.00-4.06(m, 1H),6.06(d,J=4.8Hz,1H),7.18-7.26(m,2H).

Yo
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(6R*,7R*,9aR*)-7-(tert-butyldimethylsilanyloxy)-6-(3,4,5-trifluorophenyl)
octahydroquinolizin-4-one
(6R*,7R*,9aR*)-7-hydroxy-6-(3,4,5- (1o (lsindl 2S3a (e ane YA o (Juass
& WS Aaphall iy (700 1elii cana ¢0) trifluorophenyl)octahydroquinolizin-4-one

csb LS Syl el alll 0S5 A0 g AL Al
'H-NMR(CDCl5)8(ppm): 0.06(s,3H),0.11(s,3H),0.88(s,9H),1.50-1.64(m,2H), 1.66-
1.76(m,2H),1.78-1.90(m,2H),1.90-2.00(m,2H),2.38-2.56(m,2H),3.22-3.30(m,  H),
3.95-4.01(m, 1H), 5.96(d,J=5.6Hz,1H),7.19-7.26(m,2H).

RRIC

(E)-(6R*,7R*,9aR*)-7-(tert-butyldimethylsilanyloxy)-3-[3-methoxy—4-(4-methyl-

1H-imidazol-1-yl)benzylidene]-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one
(6R*,7R*,9aR*)-7-(tert-butyldimethyl (re (jlsindl 1S e (e pae Y4 o dians

b

i (a2 YA) silanyloxy)-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one

co WS Sl 3haaall all (9<5 LAY g A Callall 8 LaS 43yl
'H-NMR(CDCl5)8(ppm): 1.26-1 40(m,1H),1.60-1.80(m,2H),1.84-1.92(m, 1H),1.94-
2.06(m,2H),2.30(s,3H),2.70-2.88(m,2H),3.41-3.47(m, 1 H), 3.87(s,3H),4.02-4.1 8(m,
1H),6.03(d,J=5.2Hz,1H), 6.94(s,1H),7.00-7.02(m,2H),7.22-7.32(s,3H),7.72(s, 1H),
7.82(s,1H).

Galas

(E)-(6R,7R,9aR)-7-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-y1)
benzylidene]-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one and (E)-(6S,7S,
9aS)-7-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1 -yl)benzylidene]-6-(3,4,
5-trifluorophenyl)octahydroquinolizin-4-one

racemate (E)-(6R*,7R*,9aR*)-7-hydroxy-3-[3-methoxy-4- racemate e Juans

(4-methyl-1H-imidazol-1-yl)benzylidene] -6-(3,4,5-trifluorophenyl)octahydro
(E)-(6R*,7R*,9aR *)-7-(tert-butyldimethylsilanyloxy)-3-[3- —-= quinolizin-4-one

methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-6-(3,4, S-trifluorophenyl)

Vo
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Joadiy ¢20any VY JUe 8 LS A8phall iy (a2 Y9) octahydroquinolizin-4-one
Daicel Chemical Industries, ddawls aiasll CHIRALPAK™ AD-H dlauls: racemate
s Ll Glsiall aS5e o Jyaaall (ethanol telyaie sk taw YO X au Y) Lid.
() g Ly Ja Sl gl S ey (e LA < toma Y.V) (382 0 clidul (e as
(ee LYY < tana 0.Y) @lay 0.V cligu
LS (A1 i) 308 0 oliial (a) gn Upuas Jail) hsinll ) Bppaall il (105
_
'H-NMR(CDCL3)3(ppm): 1.34-1.38(m, 1H),1.50-1.78(m,2H),1.78-1.88(m, 1H),1.96-
2.08(m,2H),2.30(s,3H),2.68-2.78(m, 1H),2.80-2.90(m, 1 H), 3.49-3.56(m, 1H),3.87(s,
3H),4.12-4.20(m, 1H), 6.12(d,J=5.6Hz, 1H),6.94-6.95(m, 1H),7.00-7.02(m,2H), 7.22-
7.29(m,3H),7.72(d,J=1.2Hz, 1H),7.79(s, 1 H).
(AY ) (38183 0.V slifiad (e gn Loy Taliil (fyinl) iSyal Bhaadd) il (40
'H-NMR(CDC1;)8(ppm): 1.34-1.38(m, 1H),1.50-1.78(m,2H), 1.78-1.88(m, 1H),1.96-
2.08(m,2H),2.30(s,3H),2.68-2.78(m, 1 H),2.80-2.90(m, 1 H), 3.49-3.56(m,1H),3.87(s,
3H),4.12-4.20(m, 1H), 6.12(d,J=5.6Hz,1H),6.94-6.95(m, 1H),7.00-7.02(m,2H), 7.22-
7.29(m,3H),7.72(d,J=1.2Hz,1H),7.79(s, 1 H).
AN Ol
Sdas
(E)-(6S,9aR)-6-(4-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylidene]-1,2,3,6,9,9a-hexahydroquinolizin-4-one

Yo
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1-(4-bromobutyryl)-2-(4-fluorophenyl)-2,3-dihydro-1H-pyridin-4-one (3:la3
4- ¢( 3llle ¥) 4-methoxypyridine (e Olsiad) aSye (ra an 111 e Jans
(bl Y.V (THF o4 aba A5a ) Jslas) fluorophenylmagnesium bromide
Tetrahedron (o4 4d5asall 48)kall Uik ()5lile Y. £) 4-bromobutyryl chloride s

cob LS S all B3aaall aill S5 L Letters, 1986, vol.27, p.4549-4552

'H-NMR(CDCl5)8(ppm): 2.20-2.32(m,2H),2.79-2.86(m,3H),3.10-3.16(m, 1H),3.47-
3.55(m,2H),5.47(brd,J=8.0Hz,1H),6.00(brs, 1H),6.99-7.03(m,2H),7.18-7.21(m,2H),
7.75(brs, 1H).

(45*,9aR *)-4-(4-fluorophenyl)hexahydroquinolizine-2,6-dione (3435
1-(4-bromobutyryl)-2-(4- (e Oly—iall v S0 s aan Vov0 o Jians
V.AY) tributyltin  hydride ¢«(a— Y) fluorophenyl)-2,3-dihydro-1H-pyridin-4-one
The Journal Organic 4 4dsiagall dd)lll Lada (e VA1) AIBN o ,abile

g?Jzu LS (S pall 33104l a8l (4585 «Chemistry, 1993, vol.58, p.4198-4199
'H-NMR(CDCl3)3(ppm): 1.58-1.82(m,2H),1.85-2.01(m,2H),2.34-2.39(m, 1H),2.45-
2.56(m,3H),2.80(dd,J=15.6,7.2Hz, 1H),2.97-3.01(m, 1 H), 3.49-3.56(m, 1H),6.54
(brd,J=7.2Hz,1H),6.99-7.03(m,2H), 7.21-7.24(m,2H).

(65*,9aR*)-6-(4-fluorophenyl)-8-hydroxyoctahydroquinolizin-4-one (a3
(45*,9aR*)-4-(4-fluorophenylhexahydro (s Jslae i 440 jin ) 3w
sodium iz (5Ll Y+) methanol i (asa V4 +) quinolizine-2,6-dione
il 4383 10 5 (el saed Gy A cde il Jolaa ) (p>= Y £4) borohydride
Agguiandl ASadall Juuas LA paall Aphall Juadtiy cJelil Jslas ) ethyl acetate 5 ¢\
his sl 3855 ¢ SY magnesium  sulfate o Caias teale Jsdae ae daslill
LS S yall Biaaall andll (95 . ol alcohol GaSre e pme V10 e Jpanll nids

o

'"H-NMR(CDCl;)8(ppm):1.52-2.1 5(m,7H),2.44-2.69(m,3H),3.30-3.36(m, 1/3H),
3.86-3.94(m, 1H),4.22(brs,2/3H),5.99-6.00(brd,J=6.4Hz,2/3H),6.22-6.23(brd, )=
6.4Hz,1/3H),7.00-7.04(m,4/3H),7.15-7.18(m,2/3H),7.22-7.27(m,2H).
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(6S*,85*,9aR *)-8-(tert-butyldimethylsilanyloxy)-6-(4-fluorophenyl)octahydro
quinolizin-4-one and (6S*,8R*,9aR*)-8-(tert-butyldimethylsilanyloxy)-6-(4-
fluorophenyl)octahydroquinolizin-4-one

(65*,9aR*)-6-(4-fluorophenyl)-8-hydroxy (e Jslas Aysic® a2y y
il e alay . (,allle 0) DMF (m== YY) octahydroquinolizin-4-one
«Jeldll Jolae (M (a2 9.£Y) DMAP ;5 ¢(a2s Y41) TBSCI ¢(aa= Y1Y) imidazole
¢&ie sodium  bicarbonate ¢le ilizy . (yfic L saal 23l 5ha Aa ) ie iy (g3))
Al dygunall Aidal) Juui Ay geinall Al Josiy ¢ Je i) Jolan Y ethyl acetate s
cadds Jatun Gad 385 &5 ¢ SLY magnesium sulfate e Cadas (i oale Jslae ae
pldas il i) silica Dl (sasee hagilag)S Jalad ddauly ddlindl salal (sAD
(68*,85*,9aR*)-8-(tert- (= a0 VAY e (Js asll (heptane-ethyl acetate

‘e V1. A 5 butyldimethylsilanyloxy)-6-(4-fluorophenyl)octahydroquinolizin-4-one

(65*, 8R*, 9aR*)-8-(tert-butyldimethylsilanyloxy)-6-(4-fluorophenyl)octahydro (ye
(65*,85*,9aR*)-8-(tert- J——aY¥ 35— wadl a8l 5 <4 .quinolizin-4-one
‘é_\;\ LS butyldimethylsilanyl 0xy)-6-(4-fluorophenyl)octahydroquinolizin-4-one
'H-NMR(CDCl5)8(ppm): 0.00(s,3H),0.05(s,3H),0.76(s,9H),1.65-1.75(m,2H),1.75-
1.85(m,1H),1.85-2.08(m,2H),2.08-2.20(m,2H),2.41-2.52(m, 1H),2.52-2.70(m,2H),
4.01-4.06(m, 1H),4.26-4.27(m, 1H),6.04(brd,J=6.4Hz,1H),7.03-7.08(m,2H),7.27-
7.31(m,2H). ‘
(65*,8R*,9aR*)-8-(tert-butyldimethylsilanyloxy)-6-(4- J-a¥ 5 saall ardll o5 <5
-s WS fluorophenyl)octahydroquinolizin-4-one
'H-NMR(CDCl;)8(ppm): 0.04(s,3H),0.07(s,3H),0.88(s,9H),1.57-1.63(m, 1H),1.70-
1.82(m,4H),1.86-1.99(m,2H),2.43-2.60(m,3H),3.29-3.35(m, 1 H),3.80-3.88(m, 1H),

6.17-6.19(m, 1H),7.01-7.06(m,2H),7.13-7.16(m,2H).
e
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(E)-(6S*,8S*,9aR*)-8-(tert-butyldimethylsilanyloxy)-6-(4-ﬂuorophenyl)—3—[3-
methoxy-4-(4-methyl-1H-imidazol-1 -yl)benzylideneJoctahydroquinolizin-4-one
dstse U (Laldle YVY CTHF = b e V.0 Jylas) LDA Gilny
(6S*,8S*,9aR*)-8-(tert-butyldimethylsilanyloxy)—6-(4-ﬂuorophenyl)octahydro (o
Jelidll Jolas qiliy 4350 jiia i (ildle ©) THF st (2= Y4A) quinolizin-4-one
3-methoxy-4-(4-methyl-1H- (1 Jslae Ciliay 2% Baaly delu saal 434 jiua ie
iy Jelall Jolsa Y (allle Y) THF * (#>= YV4) imidazol-1-yl)benzaldehyde
) ethyl acetate 5 ele Ciliay 4880 £+ 500l 4y gic® jium 2 Lala) Jelill Jolas
magnesium  Je Aalill 4)gaall A3kl Caias L4 ganll 43,k aadiiy ¢ Jeldill Jylas
-pla aldol 455e 83le (30 pae £4Y o Jpaall jaitie Jaiia cuns S5 & sulfate
methylene ;8 (ane ££¥) o4 aldol 4S5 3ale (4o Jslae 4ugie® jina PR/
methanesulfonyl 5 (,=1y,8e €17) triethylamine —alcay -(o-lille V) chloride

0 B Al pha Ao die by (63 e liil Jolae ) (L3ly Sue 110) chloride

Jsdae (M ethyl acetate 5 arda sodium  bicarbonate ¢le Ciliay . aa g lela
hdad o ale Jolae ae Aaslll 4ygezaal) Akl Jusis Ay puaall ARkl Joaitig ool
-ola mesyl Sy o Jpanll jaide haa ciad 3855, magnesium sulfate e
@S o dsdae (A (LAl V) methanol (2= VYY) sodium methoxide aliay
iy el 53l 400 e Zas die el Uplaa ciliyy THF (3 o) mesyl
Lgaanll Akl Juts Aygazmall 8L Juaaiiy e Jelitl) Jolaa ) ethyl acetate s o Le
biia iad 385 o5 ¢ ALY magnesium sulfate o Caias s eale Jslaa ae daslill
1ilala 5ale) silica aha (535ac hasileg S Qs Aanley dalsiall salal 65 L aide
ethyl acetate- allai <—heptane-ethyl acetate ol 14422 (s ¢Chromatorex NH
vt LS Syl Bhiaddl @l (&5 L lgiall LS pe pae YY e Jsaall (methanol
'H-NMR(CDCl5)3(ppm): 0.00(s,3H),0.05(s,3H),0.77(s,9H), 1.75-1.96(m,3H), 2.12
(s,3H),2.12-2.24(m,2H),2.44-2.52(m, 1H),2.84-3.02(m,2H),3.97(s,3H),4.1 1-4.20(m,
1H),4.26-4.32(m,1H), 6.08-6.12(m,1H),7.03-7.1 8(m,7H),7.22-7.40(m,2H), 7.87
(s,1H).
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(E)-(6S*,8S*,9aR*)-6-(4-ﬂuor0phenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-lH-
imidazol-1-yl)benzylidene]octahydroquinolizin-4-one
(E)- e dslaa M (Slle V.10 (THF (3 aba ja ) Uslas) TBAF il
(6S*,8S*,9aR*)-8-(tert-butyldimethylsilanyloxy)-6-(4-ﬂuorophenyl)-3-[3-methoxy-
(‘—-_A,.n \RJ ~) 4-(4-methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one
Sl Al Jiple 38580 e Ans 2ie Jolill Jolaa aliyy o 43lle ©) THF &
Aduhall Joaitiy cJeliill Jylaa Y ethyl acetate s &8s ammonium  choride Jsdss
magnesium sulfate e adas c@l‘n Jolas o 40l ygaall A5phall Juid LA guzanll
2hasilag S Jodas daufsy 4alaiall saladl 655 . zadde Jaiin Cual 2S5 a0 e ALY
heptane-ethyl aUas :4d.aill (yde ¢Chromatorex NH :dlela 3ale) silica oDa (s35ac
Olsiall S0 (e ane YYY Lo Jyiaall (ethyl acetate-methanol allas <—acetate
b WS Sl ndl ol %

'H-NMR(CDCl5)3(ppm): 1.75-1.96(m,3H),2.07-2.15(m, 1H),2.17-2.27(m, 1 H), 2.34

(s,3H),2.52-2.56(m, 1H),2.78-2.84(m, 1H),2.88-2.96(m, 1H),3.88(s,3H),4.01-4.08(m,
1H),4.26-4.30(m, 1H), 6.04-6.10(m,1H),6.96(s, 1H),7.00-7.06(m,4H),7.16-7.34(m,
3H),7.82(s,1H),7.82-7.84(m, 1H).

(E)-(6S, 8S,9aR)—6-(4-ﬂuorophenyl)-8-hydroxy—3-[3-methoxy-4-(4-methyl- 1H-
imidazol-1-yl)benzylidene]octahydroquinolizin-4-one and (E)-(6R,8R,9aS)-6-(4-
ﬂuorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methy1- 1H-imidazol-1-yl)
benzylidene]octahydroquinolizin-4-one

(E)-(65*,85*,9aR *)-6-(4-fluorophenyl)-8-hydroxy-3-[3- racemate J o ady
methoxy-4-(4-methyl-1H-imidazol-1-yl) benzylidene] octahydro quinolizin-4-one
Daicel ~ 4auls; givad) CHIRALPAK™  AD-H ddaulyy (aze YY) o3ef dasll

Sse e Jgasll (ethanol ¢l jnia sk tam YO X i ¥) Chemical Industries, Ltd.

VYo
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Liill Glgiall Syag (ee 739 < tana AY) 33183 0 cliul (1a) ps Ly Tadill jlgial)
(e 723 < tane A1) B8 4.V ligul (1) ga Ly
ok WS 38l 0 el (4e) aa ey Jaill lgiall CS5a) Shaall afll (465
'H-NMR(CDCl3)8(ppm): 1.75-1.96(m,3H),2.07-2.1 5(m,1H),2.17-2.27(m,1H),2.34
(s,3H),2.52-2.56(m,1H),2.78-2.84(m, 1H), 2.88-2.96(m,1H),3.88(s,3H),4.01-4.08(m,
1H),4.26-4.30(m, 1H),6.04-6.10(m, 1H),6.96(s, 1 H),7.00-7.06(m,4H), 7.16-7.34(m,
3H),7.82(s,1H),7.82-7.84(m,1H).

b WS @3l ALY e lana (o) go by il (lgiall oS 5al el all ()6
'H-NMR(CDCl5)8(ppm): 1.75-1.96(m,3H),2.07-2.15(m,1H),2.17-2.27(m,1H),2.34
(s,3H),2.52-2.56(m, 1H),2.78-2.84(m, 1H), 2.88-2.96(m, 1H),3.88(s,3H),4.01-4.08(m,
1H),4.26-4.30(m,1H),6.04-6.10(m, 1H),6.96(s,1H),7.00-7.06(m,4H), 7.16-7.34(m,
3H),7.82(s,1H),7.82-7.84(m, 1 H).

Gl
(E)-(6S,9aR)-6-(4-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1 H-imidazol-1-
yl)benzylidene]-1,2,3,6,9,9a-hexahydroquinolizin-4-one
(E)-(6S, 8S, 9aR)-6-(4-fluorophenyl)- (ja (sl S ye (o pae VAL o Jians
8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl) benzylidene] octahydro
S yall Syaaall agdll 0585 VY Jla 6 LS Ayl iy (p>= AAE) quinolizin-4-one
'H-NMR(CDCl;)8(ppm): 1.70-1.80(m,1H),1.85-1.98(m, 1H),2.10-2.19(m, 1H), 2.31
(s,3H),2.42-2.55(m, 1H),2.70-2.82(m,2H),3.62-3.75(m, 1 H),3.88(s,3H),5.88-5.94(m,
1H),6.04-6.10(m, 1H), 6.34(brs,1H),6.93(s,1H),6.96-7.07(m,4H),7.22-7.28(m, 1 H),

7.49-7.52(m,2H),7.71(s, 1H),7.80(s, | H).
Ad b

3l
(38,8aS)-6-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-

methylidene}-3-(2,4,6-trifluorophenyl)hexahydroindolizin-5-one
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ethyl 2R,5 S)-5-(3,4,5-trifluorophenyl)pyrrolidine-2-carboxylate (3:as
(R)-5-oxopyrrolidine-1,2-dicarboxylic acid 1-tert-butyl ester 2- (o Jslae
¢(»aldle Y'+) tetrahydrofuran -4 (as ©.V ¢CAS No. 128811-48-3) ethyl ester
trifluorophenylmagnesium bromide aaly delu A 45006 «— vie Jaguilly Gl
= i delall Jolae caliyg o Hallle Vo THF (o8 —aba s 2.V E Jola)
) ethyl acetate y axie Sle ammonium chloride iliay delu VY 314l 4y RP RN
(i goianl) 28] (Jomiy (A0 Blya A (o il Jylan s -yl
D54 ¢ HlY magnesium sulfate o aiad ¢ ale Jslas & A5l Ay pizaall d3,Ll)
silica o3l (350 Ahagilag S Jalas Laulg Lalandl saldl A0 . adde Jarin il
ethyl (R)-2- (e an 1.Y e Jsaall (Vi) = heptane: ethyl acetate < -heptane)
Jslae Gl .tert-butoxycarbonylamino-5-oxo-S-(2,4,6-triﬂuorophenyl)pentanoate
ethyl (R)- (e Jslaa I (_;J;JL \l ~) ethyl acetate & (g)be ¢ hydrochloric acid (e
— il 2-tert-butoxycarbonylamino-5-oxo-5-(2,4,6-triﬂuorophenyl)pentanoate
Gl Jelill Jelae 585 Aelu VY 5ol Jalaall (aliy, ¢(oaldle ¥+ ethyl acetate
cdalana) 3alall )} ansia sodium bicarbonate ¢lay ethyl acetate iliay . yadde baia
& (s3Y magnesium sulfate (st Aailill 4y ganll Agall Caing Ay guaall Akl it P
= dstae (A (a3e Yo 0) 7V ¢ palladium-carbon «iliay . yndde Jaaia Ciad 385
Jslae iy o ,ilile Y o) ethanol (o5l Y+ ) ethyl acetate o dlandl saldll
DA delall Jolas i Aela Y 3l TN s aaly de hydrogen s> 8 Setall
S e £.7E o Juaail jaids haiia cind dadydl 3ol S 5y «Celite iy
o LS Sl Bpnaall Al (585 . il
ESI-MS;m/z274[M"+H].
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[(2R,5S)-5-(2,4,6-trifluorophenyl)pyrrolidin-2-yljmethanol (3ds3
ethyl (2R,55)-5-(2,4,6-trifluorophenyl) (e Jslae N} (a2 VY £) LAH <l
Pa it o- aie (L3l Vo o) THF d (aa £.7'¢) pyrrolidine-2-carboxylate
el Mol o aliay e la 19 add 00V 0— e Jelill Jolaa iy RAN PR T
(oillle Y.0) clay ¢ yaldla -A) e © sodium hydroxide Jslae ¢(oaldle +.A)
Oyl g 883 T 50l Al lya A e Jaal uliyy Jelidh Jylaa )
VA o deaadl (aiie Jaiia cind dadyall 32l S5y «Celite ediye A Jelidl

st WS Ciall Bhpaall il (5%  lsiall S 5e e
ESI-MS;m/z232[M"+H].
RRIC
tert-butyl (2R,5S)-2-hydroxymethyl-5-(2,4,6-trifluorophenyl)pyrrolidine-1-

carboxylate
[(2R,58)-5-(2,4,6- = Jslae (N (a= ©.Y)) di-tert-butyl dicarbonate al.zay

(o=l £.¢) triethylamine g (— ¥.1A) trifluorophenyl)pyrrolidin-2-ylJmethanol
iy aleb Gusad Lapll glya da gy aie Jelil Jylaa caliyy «DMF P
by (Ao LBaady delu sadl PERER g o Jelall Jylae gsJ“ (?A \) imidazole
Gkl Juadtiy (Jolaall Y b 00 (gHle ) 2 hydrochloric acid s ethyl acetate
(Qsd Caiad carde sodium bicarbonate ¢l & Aa0lll dygaal) A3kl Juat Ay gazael)
Jalaty Adlandl saldl 85 L mdse Jaim iad 385 ad ¢ SlaY magnesium  sulfate
Jaaail (V1) = ethyl acetate:heptane <— heptane) silica D (s35ac iy silay S
coh WS oSpall Bhnaall el ()65 L hgiall (S pa e e YAY e
ESI-MS;m/z332[M"+H].
PRre
tert-butyl (2R,58)-2-((E)-2-ethoxycarbonylvinyl)-5-(2,4,6-trifluoropheny!)

pyrrolidine-1-carboxylate
(0l ) methylene chloride (4 (aa V.71Y) DMSO (pe Jylae Lagiilly ilia,

die (Lillle ©) methylene chloride 2 (a> Y.1Y) oxalyl chloride (o Jslae <)

‘o
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Jagnlly calisy (318 Vo saad 5)lyall Ay Gui die Jelill Jsbae aliyg ¢y ieVA-
tert-butyl (2R,58)-2-hydroxymethyl-5-(2,4,6-trifluorophenyl)pyrrolidine- (e Jslae
e Jelill Jolaa A (alik ©) dichloromethane = (= Y.AY) I-carboxylate
Tlly Gl A58 Ve 502 Bl Ao Gui die Jelill Jylae iy, e ieoVA-
Baal 90VA= e Jelill Jalae allyy (Jyladl ) (L3l 0.4 ¢) triethylamine
ammonium  chloride Jsdass (1:1) toluene-THF Jaglin Jolas <ol .aids ¢+
gyl Gl ity AN B s ) i sy el Jyla ) s
sbe o gylie V (JSle hydrochloric acid pee dailil) 4y guaall digkal) G o Juas
& ¢« Y magnesium sulfate (358 Casaty ¢ g>le Jslaay candia sodium bicarbonate
Uadde b Gl SH
sodium  hydride (- e ) (L4blk Y.0) triethylphosphonoacetate il
iy Ausie oo o (Jiblle V1) THF (i (e 00) /10 Jne 0o o (gin)
Aalasall 3aldl (e Jslae Caliay .32y de Lu 504 Phall dayn (udi vie Jel@ll Johas
Ve Badd 45 jioa die Xaay Gl (o3 (Jelitl Jolae Y (Laldle Y+) THF b oM
ammonium  Jslaas ethyl acetate iliay .5aaly de b 500 2ajall 5))a Ganyy dicy Aidd
Aol 4y punall Aal Caiat A pnall Akl Jaiiig ¢ Jo ) dstae () arda chloride
Jubaty Adlaall salall 85 . padde haka uad K & AV magnesium sulfate (35
Jaasil (V:) = ethyl acetate:heptane <~ heptane) silica Sl (s35ac ihagileg <
b LS 0l Bsnl Al 5 sl pm n i YT e
ESI-MS;m/z400[M"+H].
ethyl (E)-3-[(2R,SS)-1-(3-butenoyl)—S-(2,4,6-triﬂuorophenyl)pyrrolidin—2-yl]
acrylate
) (Uikdle V1) ethyl acetate 3 g)lse ¢ hydrochloric acid (ye Jodae il
tert-butyl  (2R,5S)-2-((E)-2-ethoxycarbonylvinyl)-5-(2,4,6-trifluoro- O Jotaa
iy o(,Ablle Vo) ethyl  acetate B (p YoYY) phenyl)pyrrolidine-1-carboxylate
il . adde haia aad 385 a0 e la 3o 1)) Vha Ay aie Jeldl Jolas
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Akl Jaing (ddlaiall salall Y aadie sodium  bicarbonate ¢ La 9 ethyl acetate
daraa cua (K5 o0 2<Y magnesium sulfate (358 Aysanll A5l Cadas L4y 1 gaianll
+.YA) vinylacetic acid «( il V. V) triethylamine sl e Giliay . jmdse
(oille ¥'+) THF (3 4aiall 83l (e e () (s ).0A) BOPCL (il
bplie slae Gl delun Yo 50l 480 gla Ay die Jelil Jylas oty
Joaitiy cJelall Jolaa ) @be VAl hydrochloric  acid (Y:) toluene-THF
«gle ) sodium hydroxide Jslaa g Al Ay pamall A5udal Juas 4y gazandl ALY
V.¥o o Joasil mdsie haaia Cuad S5 & ¢ ALY magnesium sulfate (3sé ada’
o WS CHal Baaall el 0585 . il (S50 (e an
ESI-MS;m/z368[M"+H].
(3S,8aR)-3-(2,4,6-triﬂuorophenyl)-2,3,6,8a-tetrahydro-lH-indolizin-S-one (aalis
ethyl (E)-3-[QR,58)-1-(3- cra sl (il el Ll (S ule) poo (A

_Grubbs jla (?A V.¥o) butenoyl)-S-(2,4,6-triﬂuorophenyl)pyrrolidin-2-yl]acrylate

Jeldil) Jolae oy (il V+) methylene chioride 3 (ane voo) Ul Jaall ope
Jstae A (Llile +.0) triethylamine <l ¢ 3%y Adpall syha dagn Y oyl
(i it Tk cind el Jylaa 3 anly de Lo i adall iy, ool
ethyl :heptane <— heptane) silica D& (53500 ihasilag S dolaty Aalanal 5ol
Al 85 . lsiall LS pe (e ane 0EA o Juaail (ethyl acetate <~ V:\ = acetate
b LS il i

ESI-MS;m/z268[M"+H].
(35,8aR)-3-(2,4,6-trifluorophenyl)hexahydroindolizin-5-one AL

(38,8aR)-3-(2,4,6-trifluorophenyl)- Jslsa () (ane YO) platinum oxide «iliay

By ¢(,illle ©) methanol 2 (s> 0 £A) 2,3,6,8a-tetrahydro-1H-indolizin-5-one
Aol saal Ayl 5)lia dayy 2 s> b aaly yie hydrogen sa o delall Jolas
oadde biua cuad dadjall salall JS5y «Celite pmdpe Pla Jelidll Jylas zeip Baaly
ol WS Cal Bhaal Laill 5% L hsinll (S50 e ama 004 e Jiaadl

ESI-MS;m/z270[M"+H].
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Yo

Yo

Yo



Y14y

Y'Yy

(38,8a8)-6-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-3-(2,4,6-trifluorophenyl)hexahydroindolizin-5-one

(38,8aR)-3- 4= Jsloa () (Lildle +. £ £) jodotrimethylsilane Jagally il
N,N,N',N'- ¢ (@—_aa 0o ~) (2,4,6-trifluorophenyl)hexahydroindolizin-5-one
vie (ildle Y +) methylene chloride (b (ildle V. A) tetramethyl-ethylenediamine
VYY) jodine «iliay (4885 ¥ 3aa) 450 jiia 2ie Jelill Jalae liyg (4500 jhia
Aol dael 53 jha Yo Jeliill Jlae iy cdygie® jia die Jeliil Jglaa ) (ane
ey Je il Jylaa N ethyl acetate 5 aniie sodium thiosulfate Jslae ciliay .3aaly
e R Agpaanll ARl (o Ay geimall Ll s 5 RN Bl s ) Tl
iy L gadde b caad K5 ¢ Y magnesium sulfate (358 —aiad ¢ ale Jolas
Y) triethyl phosphite = Aalanall salall (e Jydae cpfie e Pla 40V Y 2

o) i e Ciad 3 A0 Bl i Y el Jelil Jylae ol . (ilile

3- alcay ¢( bl 0) ethanol 5 (,<ilile Y+) THF o dlandi saldl oy o Jgdaa
lithium 5 (ae ££Y) methoxy-4-(4-methyl-1H-imidazol-1-yl) benzaldehyde
saal Aad) 5ya Aapo die Jelill Jolae Caliyy (ana YoA) hydroxide monohydrate
Joaitiy cJelall Jylan Y ale Jslaag ethyl acetate aliay .ciualy cilelu S
D55 o3 (PleY magnesium sulfate (358 Aadlill Lyguaall A8 Caiad Ay guzall 1))
32La) silica 2o (535 shasilag S Julasy dalana satall 86 . adis hia casd
ethyl <— V:} = ethyl acetate:heptane :d8.aill ude ¢Chromatorex NH :ilela
Uyl @SHe (e e OFY e Juaail (V:4 = methanol:ethyl acetate <— acetate
b LS Sl a5
ESI-MS;m/z468[M"+H].
'H-NMR(CDCl3)8(ppm): 1.68-1.83(m, 1H),1.93-2.10(m,2H),2.12-2.25(m,2H),2.30
(s,3H),2.34-2.47(m,1H),2.64-2.75(m, 1H),3.10(brd, J=1 6.4Hz,1H),3.74-3.82(m, 1H),
3.83(s,3H),5.39(d,J=10.0Hz, 1 H),6.61(t,/=8.8Hz,2H),6.91(s, 1H),7.02(brs, 1H),7.05
(brd,J=8.4Hz,1H),7.23(d,J=8.4Hz,1H),7.70(s, 1H),7.72(brs,1H).
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(68,9aR)-6-(3,4-difluorophenyl)-3-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1 -yl)

phenyl]-(E)-methylidene} octahydroquinolizin-4-one

(R)-6-oxopiperidine-1,2-dicarboxylic acid 1-tert-butyl ester 2-methyl ester (3la5
4253°Y = e (ildle Vo u) methanol (Y (ildle Y+ 1) thionyl chloride <aliay
(R)-6- dliay .4385 10 32l 4590°Y v = 2ic Jeldill Jolae iy 3aaly deln DA

e delill Jolas ) (an Y1) (CAS #72002-30-3) oxopiperidine-2-carboxylic acid

a3 8 e le VY 500 A0 gyl ey die Jelitl Jplae Cliy ALY o—
di-tert-butyl 5 ¢(an VV.7) DMAP ¢( bl UY.Y) triethylamine lLiay . dis
vie (bl Vo o) acetonitrile (8 ddlaiall saldl e Jolaa ) (#> Y€1) dicarbonate
Jolill Uylae 35 - cpass 53ad Aba o g e Jolill (Jplan ol s sim
3alall Y axiie sodium bicarbonate Jslaay ethyl acetate «iliay coadde Jaria Gl
ol Uslas ga Agginall Al) Juds () LYYy Ay gumall Al iy dilaial
A adie b Gl S5 5 magnesium sulfate (s Aailill Ay guandl Akl Caéas
heptane- ol 13421 Cuda) silica Do ga5ac ihasilag S Julady ddlsnal salall
LS S yall Shanall aslll )95 L lgiall i 5a e> YY.0o e Jiasil (ethyl acetate
o
'H-NMR(CDCl3)8(ppm): 1.50(s,9H), 1.65-1.85(m,2H),2.00-2.09(m, 1H),2.12-2.21

(m,1H),2.45-2.63(m,2H),3.77(s,3H),4.68-4.74(s, 1 H).
methyl (2R,65)-6-(3,4-difluorophenyl)piperidine-2-carboxylate (3445

‘o
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(R)-6-oxopiperidine-1,2-dicarboxylic acid 1-tert-butyl ester 2- (e Jslaa
3,4 iy ¢( ,—3llle YY) THF —3 (a—=0 AY+) methyl ester
& (Allle V «THF 3 aba Juk +.0 Jglas) difluorophenylmagnesium bromide
= N AgseVA- e Jeldill Jolae caldy L4880 Yo DA 4354°YA— 2ic nitrogen s>
A8°Y - die adie ammonium chloride Jslse g dady o5 ¢ yfic b 3aa) 4550°Y
Laliiuall salell Cadald .ethyl acetate pe paliiug o5 (Jelill Jolae ) ole il
Judaty Adlanal salall 85 . jmdde dad e Caad S5 o5 magnesium sulfate (558 daslill
Jaaail (heptane-ethyl acetate alks :4d.aill Cuda) silica Sl (s3sac Gibasilas S
methyl (R)-2-tert-butoxycarbonyl-amino-6-(3,4-difluorophenyl)-6- —lc
ethyl 8 g)le £ hydrochloric acid (e Jslas il (a3 A0 +) oxohexanoate
methyl (R)-2-tert-butoxycarbonylamino-6-(3,4- (e Jslae Y (Lilille Y0) acetate
da)3 e (illle YO) ethyl acetate 4 (o> Y.£0) difluorophenyl)-6-oxohexanoate
Jslae 385 el VY sadd Zall syha Aoy ie Jelidl Jylae caliyy b il 5y)ya
sodium bicarbonate Jslae ae 430c 18 ddlatall Salall praaliy ¢ yrabdia Jariia Cund o il
33,30 5ha agn die Laplal iy ilasal sl ) chloroform iliay ¢iaey . asde
Gad 385 a5 emagnesium  sulfate (358 adad Ayl Al Jaadt L pfie bl 3ol
salall (4o Jgdae (U (e V04 ) /Y ¢ palladium-carbon il . jia éde di i
422 Aie hydrogen sa (o4 Jelill Jolas aliyg ¢ y3ldle ¥+ ) methanol (-4 4dlasall
dapall 53l 5SSy <Cellite gdpe DA Jolll Jylaa sy - cyfio b 5add 20,30 3yl
1) silica oAb (gagae ihagileg S Jalay Lalanall salall 855 . idie Jada Cual
Q5SS Olgiall aSye e aa V.YO e Jiasil (heptane-ethyl acetate alkai :dud. il
ol LS Gl aadl ol
ESI-MS;m/z256[M"+H].
'H-NMR(CDCL;)5(ppm): 1.33-1.47(m, 1H), 1.48-1.60(m,2H),1.72-1.80(m, 1H),1.95-
2.03(m, 1H),2.04-2.12(m, 1H),2.16(brs, 1 H),3.48(dd,J=11.2,2.8Hz, 1H),3.63(dd.J=

11.2,2.8Hz,1H),3.74(s,3H),7.06-7.12(m,2H),7.21-7.28(m, 1H).
(65,9aR)-6-(3,4-difluorophenyl)-3,6,7,8,9,9a-hexahydroquinolizin-4-one (34143
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methyl (2R,6S)- (s Jsiae ) (Labile .3 ¢) diethyl cyanophosphonate «sliay

V.VA) vinylacetic acid «(a> Y.11) 6-(3,4-difluorophenyl)piperidine-2-carboxylate
Gl Ay Hiua e (il £4) DMF 8 (Laldle 0.YY) triethylamine 5 ¢( jilile
ethyl acetate il .Cileln uad sadddall sy dapnase Jelal Jolas
i LA uaall A8kl Juainiy (Jelil Jylaa ) glue .0 hydrochloric acid s
(g>le Jslaay ardie sodium bicarbonate ele pae (Jyill o 423Ul dypiaall 45,0
Julaty Aalsnall salell (A5 L ymdde Jakia Gad S5 5 magnesium sulfate (38 «adad
Juasil (heptane-ethyl acetate ol sl wia) silica M (gagas ilasilag S
-methyl (2R,6S)-1-(3-butenoyl)-6-(3,4-difluorophenyl)piperidine-2-carboxylate e
methyl  (2R,68)-1-(3- (= Jsdaa () (20 ¥V 0) lithium  borohydride il
vie (,3llle £+) THF - butenoyl)-6-(3,4-difluorophenyl)piperidine-2-carboxylate
180l s Ao ey Bl Aol 5aad Ausie® sina o Jolil) Jylae caliyy ehyshe® siaa
Uslan (e Japlie Jylae ) ol ylae Cilany . iay el et 304
Yo saal dgall 5la dapn die Jadll Qi cethyl acetate (4 3,1 ammonium chloride
baiaa ual 385 o5 cmagnesium  sulfate (35 adad dyganall Gk 4 48,80
giaill cuia) silica pSla (gagae Ahasilag S Jodaty dalnal) solall 65 . jadie
1-[(2S,6R)-2-(3,4-difluorophenyl)-6- e Jasil (heptane-ethyl  acetate ol tas
¥ (bl +.1Y) DMSO iliay .(hydroxymethyl)piperidin-1-yl}-(3-buten)-1-one
& (o3l Y'+) dichloromethane 4 (<l +.0%) oxalyl chloride (3 Js-las
83 435007V A= e Jelall Jolae aliyg ¢ 38 Lued PIA 4344°VA- dic nitrogen sa

1-[(28,6R)-2-(3,4-difluorophenyl)-6- (s a Jg—lae Cal S-YRY

(u—llle V) dichloro-methane & (hydroxymethyl)piperidin-1-yl]-(3-buten)-1-one
dgfeVA- e Jelil Jalas iy Ay Yo (Dl A VA= 2o Jelil) Jylae )
VA= die Jeldl Jodaa ) (LAl Y.V) triethylamine —iliay (3885 Y+ 3ol
Oolae 2y A58 ¥ 5add e e~ i Jelitl Jplae iy 25 c3iia )+ (DUs
B A3 (N Gy 4510 — 2o apdie ammonium chloride slas pa Jo il
Jeldl) Jolaa ) ke +.© hydrochloric acid s ethyl acetate «aliay ¢ iy 48 3l

o
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(onle sy ole e 23l Aypumall Ziall il o Jouk Agsuinal) Zisall Joait
trimethyl liay . yaddae Jak i ial 35 o5 cmagnesium  sulfate (358 adad
V1Y) /71 sodium hydride ¢ baslae Jolsa ) (Lallle Y.+ 1) phosphonoacetate
Jelal Jylaa caliyy cysie siam i (e €) DMF 5 (iblle Y+) THF o3 (oo
b odtef Aatlil Aalandl saled) (e Jslae il A0S0 ¥o 50l Ayl 3 )ha Ao g xie
day e Jelill Jolae aliyy (A fe® jiaa die Jelill Jolaa ) (LAlle ¥) THF
«3)L ammonium chloride Jslaa ) Jeliill Jolae Calizay (4583 Vo 32a] ddjall 5))5a
magnesium sulfate (358 43Ul Lialiiual 3alall adas .ethyl acetate pse Laliiog o
silica a2 (g350c GAbagilag S Jalaty Aslasall Bolal) 855 . jadde datia Cad S35 A
methyl (E)-3-[(2R,68)-1-(3- (A= Juasil (heptane-ethyl acetate aUai :ddiaill cula)
methyl (Z)-3-[(2R,685)-1- 5 butenoyl)-6-(3,4-difluorophenyl)piperidin-2-yl]acrylate

LY

£S5 33l e ) aa Ay .(3-butenoyl)-6-(3,4-difluorophenyl)piperidin-2-ylJacrylate
methyl (E)-3-[(2R,6S)-1- (e apls (pa Jslae cule b &30 504) nitrogen s> (6 14l
methyl (Z)-3- a—= (3-butenoyl)-6-(3,4-difluorophenyl)piperidin-2-ylJacrylate
Grubbs )lia g [(2R,6S)-1-(3-butenoyl)-6-(3,4-difluorophenyl)piperidin-2-yljacrylate
Jeliil) Jslae 55y (Laldle Y€+ ) methylene chloride (8 (ase YAY) SG Juadl oy
Jstae ) (LAl + ¥ 4) triethylamine caliay ¢dfaay A8 pdl 3y dapy ) 2yl
cpadie i il 3y, (3182 Ve 3okl Adjall s Ann 2t Jalall iy, cJe il
plda i anl) cudy) silica wDlb (gasae ihasilag)S Jodaty ddlanall salal) an
el Aagll (95 L fsiall aS5e (5o p2e £VA e Jiaadl (heptane-ethyl acetate

b LS syl
ESI-MS;m/z264[M"+H].

(6S,9aR)-6-(3,4-difluorophenyl)octahydroquinolizin-4-one (3113
(6S,9aR)-6-(3,4-difluorophenyl)- (s« Jstss ) (aae €A) platinum oxide —ilizay
¢(o—ldle Vo) methanol —& (a—ae ©0A) 3,6,7,8,9,9a-hexahydroquinolizin-4-one
g cSlelu EOG 3ol 483l 5y Aa )0 2ie hydrogen LS (& Jelill Jslaa caliyg
dalall (85 . jdde ks ad dad el 3alddl S5 Celite e Pla Jelil) Jolas
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heptane-ethyl sl :diaill cuda) silica 2Dha (sagae A gilag S Jolady dalandl
cott WS S)all Shnaall Al g5 lgiall S (e pe £ 0 o Jiaail (acetate
ESI-MS;m/z266[M"+H].

Gl
(6S,9aR)-6-(3,4-difluorophenyl)-3-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)
phenyl]-(E)-methylidene}octahydroquinolizin-4-one
(6S,9aR)-6-(3,4- — Jstaa ) (Llile .Y'¢) iodotrimethylsilane «ilzy
N,N,N',N'-tetramethyle (f‘—“ ¢ + +) difluoro-phenyl)octahydroquinolizin-4-one

nitrogen sa 4 (3ldle YY) methylene chloride & (aldle +.A+) thylene-diamine
iodine k—iLnag -a-:i:_éd Yo osadl Z\_J,L°)§..4 e Jeldll d‘,_‘;.c t-\.\ii’ ‘L‘}:\Ao)é.sa e
a_l‘}‘.\.f_)s.m die Jeldil) d‘,ju gﬂﬁ.\*’ La_aﬂ):uo_)s..a die Jelall d}_‘u ‘5.3“ (e.;.a °V°)

Jslae (A aviic sodium thiosulfate Jslsas ethyl acetate —slias .3aals 4ol 50l

iy Ljodide e Ao Joanil yamdde daia caad S5 5 cmagnesium sulfate (38
triethyl phosphite s z3Lill iodide Sy (3o Japls Cilela ued 32l L@V Y0 2ic
3 Je il Jylan 395 63 i) Bhm R o e ol Jylae iy (5l )
bslae Jylaa A (a2 Y4 +) lithium hydroxide monohydrate —iliay . y:adde Jaroa
¥4Y) 3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzaldehyde 5 i-ilaill salull e
Aal Hha dap 2 (,abll ©) ethanol 5 (bl Vo) tetrahydrofuran & (aae
3} ethyl acetate by . lelu Cuw aad djall 5yya Aa ) 2ie Je il Jolaa alig
Jslaas aadie sodium bicarbonate ele e Msill o aay Juiy 2 (Jelial Jyla
bi s G 385 25 magnesium  sulfate (358 A5Gl Ay canl) Aa k) Cadas ‘ol
1A lals 30l silica Do (g5 Ahagilag,S Jodany A dlanal salal 85 . e dia
@2hasileg € Jlasy 25 (heptane-ethyl acetate allai :d.aill Cyde ¢Chromatorex NH
pae £ o Juanal (heptane-ethyl acetate alas :ddaill cyie) silica la SAgec

st WS CSall Baaall all 05S5 L lsiall CS5e e

ESI-MS;m/z464[M"-+H].
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'"H-NMR(CDCl3)3(ppm): 1.33-1.82(m,5H),2.00-2.10(m, 1H),2.10-2.30(m,2H),2.31
(s,3H),2.66-2.77(m, 1H),3.07-3.16(m, 1H),3.75-3.85(m, 1 H),3.86(s,3H),5.48(brs, 1 H),
6.92-6.95(m, 1H),6.96-7.01(m, 1H),7.02-7.16(m,4H),7.24-7.30(m, 1 H),7.72(d,J=1.2

Hz,1H),7.81(brd,J=2.4Hz,1H).
Y Jhe

340
(68S,9aR)-6-(3,4,5-trifluorophenyl)-3-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)

phenyl]-(E)-methylidene}octahydroquinolizin-4-one

methy!l (2R,6S)-6-(3,4,5-trifluorophenyl)piperidine-2-carboxylate (3:a5
(R)-6-oxopiperidine-1,2-dicarboxylic acid 1-tert-butyl ester 2- yo Jslae I
435°VA= die nitrogen sa (& il ¢( jildle Y€+ ) THF & (o ) Y) methyl ester
1-bromo-3,4,5- (sa _)mu) 3,4,5-trifluorophenylmagnesium bromide 4ids ¥« (P&
(2 Aguasall ikl Aaufsy (an V. £A) magnesium g (a= Y V.V) trifluorobenzene
sadd L) = M ygieoVA— die Jelil) Jylaa iy -((Org. Synth., 2001, 79, 176)
) ele liay L3600 +~ die xudie ammonium chloride Jslase pe 2edy & (el
s Aadlll Lalitual salall cadas .ethyl acetate ae paldiuwg o8 ¢ Jeliill Jslas
¢ hydrochloric acid (3o Jslae iliay . yadde Jatis Ciad S5 5 magnesium sulfate
ethyl acetate (& ddlaiall salall e Jslae N (ilile YO o) ethyl acetate b 5)be
e 43,30 s A ie Jelid) Jylas culiyy (il lym Ay e (Lilile Vo)
& Apaeld Aalanal alall pualy ¢ padde i caald Jeldill Jolas Ky il b s
liys ddlanall salall () chloroform «ibiay ¢diaey . avie sodium bicarbonate Jsisa
B8 cadad dyg anll A8kl Juadti L el w s W Al 3y a sy aie Jay W)

VYo
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7\ « palladium-carbon il . yadis i G’ 385 2% smagnesium - sulfate
sdae iy o ,ildle Yo o) methanol (o8 Adanall salal) ope Jslae (Y (ane Ve ‘)
Jeliill Jelas iy lebo aud 34l 445l §)fya 430 2ic hydrogen sa & Jelall
Jalay Adlanall solall 85 . jaddie Jakiie caat dndiyal) 50l S5y «Celite e Pla
Jaaadl (heptane-ethyl acetate alss :adaill Cula) silica pDa (gasae Gihasiles S
rei WS SHall el Aall 685 . lgiall (e (e an 0.8V e
ESI-MS;m/z274[M"+H].
(6S,9aR)-6-(3,4,5-trifluorophenyl)-3,6,7,8,9,9a-hexahydroquinolizin-4-one (3143
methyl (2R,68)-6- e Jslae ) (Labile ) +) diethyl cyanophosphonate il
©.1V) vinylacetic acid T PEN ©.£V) (3,4,5-trifluorophenyl)piperidine-2-carboxylate
A jhiaa 2o (,allle Y €4) DMF (8 (,ibile Y 1.A) triethylamine 5 ¢ bl
elay ethyl acetate —aliay .Clelu ued 3aal 44000 j3an die Jel@ll Jolas aliy,
Gt Aypianll A8kl Jaaitiy (Jeliil) Jylae o) aadic sodium  bicarbonate
sl 385 & emagnesium sulfate (358 caiad ¢ cale Jolae pe da3lill dy5nell 25,0
i) silica Do g3sae ihasilag)S Jodaty A alanal salall &6 . dde bt
methyl (2R,65)-1-(3-butenoyl)-6- = Juaail (heptane-ethyl acetate ol :dd.aill
methyl (2R,65)-1-(3- Ll -(3,4,5-trifluorophenyl)piperidine-2-carboxylate
(3l VY +) THF 4 butenoyl)-6-(3,4,5-trifluorophenyl) piperidine-2-carboxylate
Gl Aysie® fua die Jeliil Jslaa A (a2 AYT) lithium  borohydride alay
dslase ) deliah Jolae caliay cilela &DE s0a) A3 jall 5)ha 450 2e Je il Jolaa
do)0 die Jadlall Caliyg cethyl acetate ‘;s 3)L ammonium chloride Jslas (o Jaglis
&> «magnesium sulfate (338 Cadad (Aguianll A8dall Jiadsi 488 Yo 504 Adgall 5ylya
silica @& (gagac Ahagilag € Jolady Lalinall salall (85 . jmddae Jaia cuad 385
1-{(28,6R)-2-(3,4,5- (e Jsasil (heptane-ethyl ~ acetate allai 34 . ail il )
DMSO iy .trifluorophenyl)-6-(hydroxy-methyl)piperidin-1 -yl]-(3-buten)-1-one
dichloromethane 8 (-ldle 1.¥1) oxalyl chloride (ye Jslaa ) (olle v.0A)
ol slae caliyy (B3 (uad Pla Lygh?VA= e nitrogen ya 3 (Libile 3+)

‘o
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1-[(2S,6R)-2-(3,4,5- (pmms Js—dae il _zay (3583 V¢ 30 A di®VA~ 2

dichloro- (-3 trifluorophenyl)-6-(hydroxymethyl)piperidin-1-yl]-(3-buten)-1-one
dslae aliyy A883 Yo (Pla 5500YA- e Jelill Jolae ) (aldle Y +) methane
Jsisa ) (Uil A.70) triethylamine <sliay L4885 Yo 3ad 43500VA— 2ie Jeliall
3aa) 0= e Jelill Jalae cally o5 (33 Vo (Pl 400 VA- 2 Jelall
Agganall Akl Jadsiy (Jeliill Jslae Jethyl acetate 5 ¢le il J5aaly 4L
JS) a3 smagnesium sulfate (358 <aiad ¢ ale Jolae ae A3l Ay paall A4kl Juss
trimethyl phosphonoacetate «aliay (Adlanial salall o Juasi] jadde Jaz i cuad
V+) THF b (aae ©Y+) 77+ sodium hydride o Jaslae Jolae ) (illle ¥. £ £)
52 43, B A vie Jnplal aliyy cpgie® jiom vie (JaLlLe ) £) DMEF (il
I (b3l Y +) THF (o odlef Aaslil 4aland) salall e Jodaa cilay L4880 ¥
Vesaddapl shia day e Jel@ll Jolao uliyg ¢dy i jiim aie Jelil Jolas
ethyl ae aliiuy o <3yl ammonium chloride Jslae (M Jeliill Jolae caliay 43ds
..Laa_m Gl 3855 o5 magnesium sulfate (38 Aailll Lialiiuall salall Cadat acetate
pdaaill Cula) silica wdla (sagae Alagleg S Julany ddlandl salall L85 . jmise
methyl (E)-3-[(2R,6S)-1-(3-butenoyl)-6- te Jasil (heptane-ethyl acetate allai
methyl (Z)-3-[(2R,68)-1-(3- 5 (3,4,5-trifluorophenyl)piperidin-2-yl]jacrylate

s B

£S5 sale) xe (A .butenoyl)-6-(3,4,5-trifluorophenyl) piperidin-2-ylJacrylate
methyl (E)-3-[(2R,65)-1- (s« bl (e Jslae el &35 50d nitrogen go (6 A
methyl  (Z)-3- a4~ (3-butenoyl)-6-(3,4,5-trifluorophenyl) piperidin-2-yljacrylate
J——iaj [(2R,6S)-1-(3-butenoyl)-6-(3,4,5-difluoro-phenyl)piperidin-2-yl]acrylate
¢yl .(,adlle Yo o) methylene  chloride (8 (ae V+ V) AU Jaall (4e Grubbs
(ke V. Y0) triethylamine sliay ¢Xiday A8l 33hha Aayn A 2yad delitl) Jolas
Jaias iad (S5 Bl Ve 32 Al Hha Ay die blall il (Je il Jolaa )
gl Culy) silica D (g5 asleg)S Jolaty ddlanall salall 85 . adia
daill (585 . Olsial) aSye g o YooV Jlo Juaail (heptane-ethyl acetate ol

ol LS 5l isad

Vo
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ESI-MS;m/z282[M"+H].
(6S,9aR)-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one (3135
(65,9aR)-6-(3,4,5- (—s Js—as (| (a2 V1Y) platinum  oxide sy
methanol 3 (e~ Y.+ Y) triflucrophenyl)-3,6,7,8,9,9a-hexahydroquinolizin-4-one
o B2l A8yl 5)ha Ay e hydrogen LS (o8 Jeliill Jolas Guliyg o yaldle 014)
b caad Aa el salall 3855 «Celite pdipe Pla Jelill Jolae mdiyy ool
il uia) silica 2Dba (gasae Alyagileg S Joday dalaall alall G5 . jdie
Aadll (988 L lpiall aS5e e an V.V o Jiaail (heptane-ethyl acetate oLl
ok LS S5l pad
ESI-MS;m/z284[M"+H].
(6S,9aR)-6-(3,4,5-trifluorophenyl)-3-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)
phenyl]-(E)-methylidene}octahydroquinolizin-4-one
(65,9R)-6-(3,4,5- s Ustaa ) (L,ilille V. 1) fodotrimethylsilane <Ly
N,N,N',N'-tetramethyl- 5 (~——= .Y4) trifluorophenyl)octahydroquinolizin-4-one
nitrogen s> (4 (3ldls ©+) methylene chloride & (yildle ¥.¥¢) ethylenediamine
iodine <iliny 3583 ¥+ 5aal Ay jiea aie Joliall Jplae oty chygie® ham vic
L jhua die Jeliill Jolaa aliyy (A jia die Jeliill Jolaa ) (> Y.8Y)
dsise Y arde sodium thiosulfate Jslaey ethyl acetate —aliay .5aaly 4ol 5ol
Caind ¢ oale Jalae e At Lpaanll Lidall (Jusds Ay gumall gkl Jomiy ¢ Jo i
(6S,9aR)-6-(3,4,5- (Ao Jumail Laidse haiaa <133 )S5 &% cmagnesium sulfate (3s
S5 Bael A544°Y Y o 2ie 14y Ltrifluorophenyl)-3-iodo-octahydroquinolizin-4-one
(6S,9aR)-6-(3,4,5-trifluorophenyl)-3-iodooctahydroquinolizin-4- (y—s Jayr & el
Adpadl )ha Ay M 3yl Jeliill Jolae 5y o (illle Y) triethyl phosphite &= one
lithium hydroxide monohydrate —ilia; . adds hinn Ciad Jel@ll Jolas 38, a5
3-methoxy-4-(4-methyl-1H- 5 A 8la5all 32l al) (40 Jag laa Jslas ) (== VAY)
ethanol 5 (-ildls £0) tetrahydrofuran (& (s Y.7¢) imidazol-1-yl)benzaldehyde

Vo

Yo
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5 L) A e el Jplae caliyy iyl lym Ayt die (2 Vo)
oo Gl o Bamy Judy (o3 e Jeliil) Jolaa ) ethyl acetate by ccilelu (uad
A3 Alill Ay aanll A8dal) Cadas . ala Jelaag aadia sodium  bicarbonate ¢ls
hasileg S Jolaty Adlasall solall 85 . aéde Jakiia a3 S5 5 magnesium sulfate
heptane-ethyl aUsi :44.a8 Cyle ¢Chromatorex NH :dlala 3als) silica oDa (gasec ©
heptane-ethyl ol :4haill cyla) silica oDla (gagee Alyagilag S Jalaty & (acetate
cOlgial 1Spe (pe an Yo 81 e Juasil (ethyl acetate-methanol olas <— acetate
ol LS Syl el pil (5
ESL-MS;m/z482[M"+H].
'H-NMR(CDCl3)3(ppm): 1.34-1.85(m,5H),2.05-2.30(m,3H),2.30(s,3H),2.65-2.76 Ve
(m,1H),3.12(brd,J=16.0Hz, 1 H),3.79(brt,]=11.2Hz, 1H),3.86(s,3H),5.43(brs, 1 H),6.84
-6.92(m,2H),6.94(brs, 1H),7.02-7.07(m,2H),7.24-7.28(m, 1H),7.72(brs, 1H),7.79
(brs,1H).
Y Jb
Gilas Yo
(6S,9aR)-6-(4-chlorophenyl)-3-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)

phenyl]-(E)-methylidene}octahydroquinolizin-4-one

methyl (2R,68)-6-(4-chlorophenyl)piperidine-2-carboxylate (335
(R)-6-oxopiperidine-1,2-dicarboxylic acid 1-tert-butyl ester 2- (o Jslae I AR
435°YA= aic nitrogen s & il ¢( 3l VY o) THF & (a> 9) methyl ester
2 =b> ) Jslss) 4-chlorophenylmagnesium  bromide 488y Y+ Dla

Y14y
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P et - 4G a0VA- e delill Jolas u;.u:\ (il €Y cdiethyl ether
e ade ammonium  chloride Jslae as dady o5 ccayliill L Gaaig dela
8alall Cadas .ethyl acetate e galiiug o3 ¢Jeliill Jolas Y ele Ciliay (A 4008« —
3alall (861 L yadde Jaka iad 3K A5 magnesium sulfate (398 Aaslill Aaliiiudll
heptane-ethyl ol :dduaill Cuda) silica Do (s3gas il gilay S Jolady ddlanall
methyl (R)-2-tert-butoxycarbonylamino-6-(4-chlorophenyl)-6- Jle Jiasil (acetate
ethyl (4 lee ¢ hydrochloric acid (e Jsdsa <iliay .(ax 4.0Y) oxohexanoate
methyl  (R)-2-tert-butoxycarbonylamino-6-(4- ¢« Jsdae A (aldle 4 1) acetate
4an aie (LAl 44) ethyl acetate o4 (a> 9.9Y) chlorophenyl)-6-oxohexanoate
Jslan 35S Aol 1Y 500 Ll s Aap aie Jelidh Jylae clisy il 35)pa
sodium bicarbonate Jslae ae 433c 18 ddlinal 5oLl zenaly ¢ yadde Jaria Cad Jeldll
Al )l Aay e Jaglall aliyy cdalanadl salll Y chloroform <aliay «Xasy padie
Caad 3855 a3 cmagnesium  sulfate (358 Cadat cdygcanll A3kl Juadi | e L o
£.YV) acetic acid o3 (a» Y.Y4) sodium cyanoborohydride <iliay . jaise latua
iy 4y 5ie® jiea Yo (illle V0 1) methanol (g8 ddlaiall salall (e Jslaa ) (ki
saaly dolu 3add Al §lha Aoy tiey 52y Aol 50d) Ayshe® jiaa vie Jolill (o
e oaldiw o5 (Jelill Jelae Y ariasodium  bicarbonate Jstae iliay
Gl 385 a0 magnesium  sulfate (354 Aanlill Laliiiuall salall Cadas .chloroform
i) silica Dla sayae sl sty Zdlasiall 55Lall 65 . i dde Jain
heptane-diisopropyl  ether ol ae caliaiys (heptane-ethyl acetate alai :igi.aill

o LS el Bl il (145 el S50 30 o V£V e Juan
ESI-MS;m/z254[M++H].
'H-NMR(CDCI3)8(ppm): 1.38-1.60(m,3H),1.72-1.78(m, 1H), 1.96-2.03(m, 1H),2.05-
2.12(m,1H),2.17(brs,1H),3.49(dd,J=10.8,2.8Hz,1H),3.63(dd,J=11.2,2.8Hz, 1H),3.73(
s,3H),7.25-7.34(m,4H).

[(2R,6S)-6-(4-chlorophenyl)piperidin-2-ylJmethanol (345

Yo
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(> Y.¢VY) methyl (2R,6S)-6-(4-chlorophenyl)piperidine-2-carboxylate «liay
= (,4dle 0+) THF & (pae ©+A) lithium aluminum hydride (o (3-4xe )
Baaly delutaa 4500 Y o — aie Jelill Jedas aliyg ¢4,4°Y v~ Al nitrogen s
+.01) »lee © sodium hydroxide Jslae ¢ yillle +.0V) cla Medll o il
Jelall Jylae culiyy ¢yt o= i Jelidl Jylaa o) (Lilile 1.07) ¢lay of il
(g Jelitl Jodaa ) ethyl acetate «aliay 4885 10 304l 48,3l 3)l)a 420 2%
80 - padie Jatia Gal dadjall 3ol S5 cCelite dipe Sl Jolall Jolas sy
¢tChromatorex NH :4lels 3.Ls) silica oo (s3gee Aasilay S Jolady ddlaniall salall
Ol Sy e pa Vo4 e Juaail (heptane-ethyl acetate alas sdiaill cuie
ol LS 5l i) Bl 55

ESI-MS;m/z226][M++H].

(6S,9aR)-6-(4-chlorophenyl)-3,6,7,8,9,9a-hexahydroquinolizin-4-one (3das

¢(»iblle 1.1 1) vinylacetic acid «(saldle Y.Y ) triethylamine M5l e il
[(2R,6S)-6-(4-chlorophenyl)piperidin-2- s Js—laa Y (a— ¥.£V) BOPCI
pba dap de Jelill Jolae liyg 43534° ja die THF 48 (o Y.T1) yl]methanol
(Y:V) ethyl  acetate-toluene dagtie Jstas iy .lelu o od 50 J A il
e Juid Aygaanl) A8kl Jadtiy cJelill Jolaa Y gle +.0 hydrochloric acid
sodium  Jslae ¢arda sodium  hydroxide Jslae g Aailll 455mall 48l Ml
b cuad 355 o5 cmagnesium sulfate (358 «idad ¢ ale Jslaay ¢ aada bicarbonate
1-[(2S,6R)-2-(4-chlorophenyl)-6-(hydroxy-methyl)piperidin-1- e Juasil j:=dis
oxalyl chloride (= Jsdas () (L3l V. + £) DMSO il .yl]-(3-buten)-1-one
PAA 4350 VA= Jie nitrogen s> (8 (_bdle V+) dichloromethane (& ( jildle V.Y )
e dslae il 318 ) ¢ 5aa AugieVA= 2ie Jelil Jylae iy ¢ 55 ued
1-[(28S,6R)-2-(4-chlorophenyl)-6-(hydroxymethyl)piperidin-1-yl}-(3-buten)-1-one
ALh Yo Pla 00VA- sie Jelil Joldae Y (L3l Y o) dichloromethane &
V.1¢) triethylamine <aloay 4885 Y+ 320 A800VA- 23 Jelill Jolae lay,
= die Jelal Jolae Gl 5 (@il Y 0 (Pl VA= die Jelil Jolaa (anin

‘o
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-ethyl acetate (aldiug i cele M) Jelilll Jolas caliay .3aaly delu 524 435000
S5 A emagnesium sulfate (358 aiad ¢ ale Jslae ae a3l dalitiall salal) Juis
trimethyl <Ly .(a> Y.7A) o4 aldehyde Sye (Ao Jiaail jaids laz i iad
£VY) Z7+ sodium hydride (e Jaglaa Jolaa Y (ildle Y.VY) phosphonoacetate
Jelall Jolae caliys (dy4he® jiia e (ilile V+) DMF 5 (ilike ©+) THF i (pas
Ll JLall aldehyde Sy o Jslae caliay 4880 ¥ saal Ao pall ha dajn 2
iy (A jiaa aie Jelil Jelae Y (Lallle Vo) THF & (aa Y€1) el
Jslae U Jeliil Jylae il 458 ¥+ 500 L3l 3)a Ao ie Jelidll Jylas
aliiual salall Cadal .ethyl acetate ae aliiuw o5 <351y ammonium  chloride
Jalaty Aalanall golall S5 L ymida Jaiaa Ciad S5 2 magnesium sulfate (358 Aaslill
Juasil (heptane-ethyl acetate Ui :dé.aill cuda) silica o (gasec hasileg S
methyl  (E)-3-[(2R,6S)-1-(3-butenoyl)-6-(4- (y— 4kl ;=éii s isomer o

.methyl 3- (e 4phill e isomer s (s> +.10) chlorophenyl) piperidin-2-ylJacrylate

(——= V.Y +) [(2R,65)-1-(3-butenoyl)-6-(4-chlorophenyl)piperidin-2-ylJacrylate
isomer ;o Jsdae el &35 524 nitrogen 3o 8 Hlaal i< sale) ae i
methyl (E)-3-[(2R,6S)-1-(3-butenoyl)-6-(4- (& pladll jids 4
VoA) AUl Jaall e Grubbs Jliag (a> +.70) chlorophenyl)piperidin-2-yl]acrylate
pba Ao A vl deldll Jodae yny (L3l 1) methylene chloride (o8 (aae
Yy lly (M eJelill Jolae M (Jalille +. Y1) triethylamine <iliay ¢ Xaey (4d ]l
&a A odlilas Adplay L adde Jaka il 3Ky B3 Y 0 B0a) A jall Bylha da ) i
O Apkill Jo isomer (e Jslae clelu & 54 nitrogen ss 4 Ll CiSs sl
). ~) methyl 3-[(2R,68S)-1-(3-butenoyl)-6-(4-chlorophenyl)piperidin-2-yl]acrylate
-(»3ldle Y+ +) methylene chloride (3 (aae Y1A) SB Jiall (e Grubbs lias (s
+. £ £) triethylamine «alay ¢daay JAdpall 5ha 4 ) ayd Jelal Jolas o)y
S0 G Y ¢ Bad A il g die Maey Gy (2N cJelil) Jolaa ) (ki
Jalady 85 g isomers (e JS (e A3l A8 Mg all 2aT . jmdie Jaka Caad

Yo
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Jaasil (heptane-ethyl acetate ol :3uaill cula) silica adla (s35ac S plag <
b LS S yall Ssaall Laill (55 L lgindl S e o V0 (e
ESI-MS;m/z262[M*+H].

(6S,9aR)-6-(4-chlorophenyl)octahydroquinolizin-4-one Galan
(6S,9aR)-6-(4-chlorophenyl)- (s Ustsa Y (~2e 10) platinum oxide il
¢(—llle ©+) methanol (4 (p—e Y.+ 1) 3,6,7,8,9,9a-hexahydroquinolizin-4-one
ey baaly debu sad 48Rl Hha Aa ) Mo hydrogen s> Jelall Jelae aliyg
salall 85 . adde Jada caal dadiyall 33W) S5 «Celite mdiye S Jdelall Jolae
heptane-ethyl sl 14 aill ula) silica p3la (535 hasileg S Jolaty ddlanadll

oo S el Bl Aadll 5SS - lsinll iShe (ge pae AVY e Juanil (acetate

ESI-MS;m/z264[M'+H].
sas

(6S,9aR)-6-(4-chlorophenyl)-3-{ 1-[3-methoxy-4-(4-methyl-1 H-imidazol-1-y1)

phenyl]-(E)-methylidene} octahydroquinolizin-4-one

(6S,9aR)-6-(4-chloro- (ra Jsdas () (,aldle +.V£) jodotrimethylsilane —aloay
N,N,N',N'-tetramethylethylene- y (p.—e AVY) phenyl)octahydroquinolizin-4-one
Ale nitrogen s> 4 (5bils YO) methylene chloride (- (L4l Y.V1) diamine
1.Y1) jodine <iliay A88a ¥+ ad 46 jhua die Jolil) Jolae iy dy5ie° fua
delu 50a) A fae® jiua die Jel@ll Jolae Ciliyy iy sic® jia v Jel@l) Jslae ) (o
Jaaiiiy ¢ Jelill Jolae ) ethyl acetate s sodium thiosulfate Jslae ilizay .3aal,
magnesium (3sd hiad ¢ oale Jolae ae 223U 4ypuznell Adphall Juis Ay ianll Aadall
(6S,9aR)-6-(4-chlorophenyl)-3- Ao Joasil (adda bz a Ciad 355 a2 «sulfate
e 3 el usa WA ARV Y e aie 1y Ljodooctahydro-quinolizin-4-one

triethyl = (6S,9aR)-6-(4-chloro-phenyl)-3-iodooctahydroquinolizin-4-one
diethyl [(6S,9aR)-6-(4-chlorophenyl)-4- o J—anil (o ida oz .

lithium hydroxide monohydrate <Ly .oxooctahydroquinolizin-3-yl] phosphonate

‘o
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diethyl  [(6S,9aR)-6-(4-chlorophenyl)-4- (o JagJas Js—taa ) (e £YY)
3-methoxy-4-(4-methyl-1H-imidazol-1- y oxooctahydroquinolizin-3-yl] phosphonate
(<Ll V) ethanol s { 3lille YY) tetrahydrofuran 3 (== A14) yl)benzaldehyde
il el 3aa) A2l 3)ya A0 die Jeliil) Jobaa aliyy Ayl pa dajs i
dadl) Joaitiy (Jelil Jsdae ) ardia sodium  bicarbonate ¢las ethyl acetate
«magnesium sulfate (ish hiad ¢ oale Jslaa ae A2l 4, guaell dadall Juad L4 paianl)
silica o (g3gae Alyagilag S alaty Aalasall salell 855 . adde Jakia i S5 oS
Julay &5 (heptane-ethyl acetate alsi :4daill Cuda ¢Chromatorex NH ralela 30La)
alai <— heptane-cthyl acetate ol il (uda) silica D (gagae Ahasilag S
Symeall axdll (1585 L lgiall S3e (pa pn VooV (e Juanil (ethyl acetate-methanol

b LS

ESI-MS;m/z462[M++H].

TH-NMR(CDCl;)5(ppm): 1.33-1.80(m,5H),2.00-2.09(m, 1H),2.11-2.30(m,2H),2.31

(s,3H),2.66-2.78(m, 1H),3.07-3.17(m, 1H),3.76-3.87(m,  H),3.86(s,3H),5.51 (brs, 1H),
6.92-6.95(m, 1H),7.02-7.07(m,2H),7.20(brd,J=8.4Hz,2H),7.24-7.32(m,3H),7.72(d,

J=1.6Hz,1H),7.81(brd,J=2.8Hz,1H)
Y Jbe

308
(E)-(3S,8a8)-3-(2,3-difluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)

benzylidene]hexahydroindolizin-5-one

MeO i F

07 JBal i LS Zgalia iyl lyiall (S50 Sl Joand
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ESI-MS;m/z 450[M"+H].

'H-NMR(CDCls)(ppm): 1.62-1.88(m,2H), 1.86-1.96(m, 1H),2.02-2.14(m, 1H),2.26-
2.45(m,2H),2.30(s,3H),2.68-2.82(m, 1 H),3.10-3.20(m, 1H),3.76-3 .90(m,1H),3.85
(s,3H),5.48(d,J=9.2Hz, | H),6.74-6.82(m, 1 H),6.81(s, 1H),6.90-7.12(m,4H),7.20-7.30

(m,1H),7.72(d,J=1.6Hz,1H),7.77(d,J=2.4Hz,1H).
¢ Jba

TRIC
(4R,928)-4-(4-fluorophenyl)-7-{ 1-[3-methoxy-4-(4-methyl-1H-imidazol-1 -yl

phenyl]-(E)-methylidene} hexahydropyrido[2,1-c][1, 4]oxazin-6-one

o

/

[(3S,5R)-5-(4~ (s cfsiall i S0 r—a paa VA4 (o Jwan
AY oladl 8 LS dgilia 48k (a2e YO +) fluorophenyl)morpholin-3-yljmethanol

o LS iyl el il S5 LAY
ESI-MS;m/z 448[M" +H].
'H-NMR(CDCl3)8(ppm): 1.62-1.73(m,1H),1.94-1.99(m,1H),2.31(s,3H),2.75-2.84
(m,1H),3.12-3.17(m,1H),3.66(dd,J=11.2,11.2Hz,1H),3.85(s,3H),3.91-3.99(m,2H),
4.11-4.20(m,1H),4.35(dd,J=12.0,3.6Hz,1H),5.14(t,J=4.0Hz,1H),6.94(s,1H),7.01-
7.07(m,4H),7.25-7.27(m, 1 H),7.31-7.34(m,2H),7.72(s, 1H), 7.78(s, 1 H).

0 Jla
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(4R,9aS)-4-(3,4-difluorophenyl)-7-{ 1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yI)
phenyl}-(E)-methylidene}hexahydropyrido[2, l-c][l 4}oxazin-6-one

o

/

(4R,9a8)-4-(3,4-difluorophenyl)hexahydropyrido[2,1-c][1,4]oxazin-6-one (345
[(3S,5R)-5-3,4- —= (fs—all (v S v aaa VA de Jwaas
Y Adphll 4gLde 4855k (aae VV3) difluorophenyl)morpholin-3-yl]methanol

coh LS A el e Bhpaall adll G LAY 5 AY lB
ESI-MS;m/z 268[M" +H].! H-NMR(CDCl; )&(ppm): 1.50-1.70(m, 1H),1.80-
1.92(m,2H),1.98-2.06(m, 1H),2.42-2.46(m,2H),3.57(dd,J=11.6,11.6Hz,1H),
3.67(dd,J=12.0, 6.4Hz,1H),3.80-3.88(m,1H),3.92(dd,J=12.0,4.0Hz,1H),
4.17(dd,J=12.4Hz,4.0Hz,1H),4.78(dd,J=6.0Hz,4.0Hz,1H), 6.98-7.03(m,1H),7.04-
7.13(m,2H).
(4R,9aS)-4-(3,4-difluorophenyl)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yD)phenyl]-(E)-methylidene}hexahydropyrido[2,1-c][1,4]oxazin-6-one
[(4R,928)-4-(3,4- (e Ols—3ll v Spa b v pae V0 o lo S ians
3-methoxy-4- § (~—== A) difluorophenyl)hexahydropyrido[2,1-c][1,4]oxazin-6-one
ClBall 8 LS dguliia A8y5hay (aae Y'4) (4-methyl-1H-imidazol-1-yl)benzaldehyde

ro LS (oa CSpall (e Bhaadll all o) LV 5 VO

ESI-MS;m/z 466[M" +H].! H-NMR(CDCl; )3(ppm): 1.65-1.80(m,1H),1.96-
2.01(m,1H),2.30(s,3H),2.74-2.84(m,1H),3.12-3.19(m, 1H),3.65 (dd,J=11.2,
11.2Hz,1H), 3.86(s,3H),3.90-3.97(m,2H),4.09-4.18(m, 1H),4.34(dd, J=12.4,3.6Hz,

[}
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1H),5.09(t,J=4.0Hz, 1H),6.93(s,1H),7.01-7.19(m,5H),7.26-7.28(m, 1 H),
7.74(s,1H),7.78(brd, J=2.8Hz, 1H).

(4R,9aS)-4-(4-chlorophenyl)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-

yD)phenyl]-(E)-methylidene } hexahydropyrido[2,1-c][1,4]oxazin-6-one

Cl
0 i H
S 0]

(S)-5-benzyloxymethylmorpholin-3-one (3:la3

e gt Jstae Y (L—allle +.Y£Y) Chloroacetyl chloride iy

Jslaay (L,alile V) toluene (8 (o> ©+ +) (R)«(+)-2-amino-3-benzyloxy-1-propanol
dap0 e Jelill Jolae iy Bl 258l aa (ille V) (g)be ¥ sodium hydroxide
Joiiy ¢ Je il Jplan Y oale Uslany THF Cilimy o3 3aaly debu 3 2 jall 3y)a
B8 cadai ol cale Jolae a e 420Ul 4y el Aokl J il Ay aall A 5l
AY.Y) Sodium iodide iliay . ymida Jaiia aad iy Sle Y magnesium sulfate
& Aanll) Adlanall salal) e Jsdaa (Al (a3 TAY) potassium  tert-butoxide 5 (a2
Ao 50 20 iyl Ay e Jelilh Jlae iy 2Bl 80 e (ke Vo) THF
«Jeliil) Jolaa ) ethyl acetate s axie ammonium chloride Jslas ciliay ¢ .3aaly
Ao aiad &5 ¢ oale Jolae ae A3l 4ygaall A8k Jusd LAgsaaall A8k Juais
Jilad Aaul gy Aslsnal) Salell A% . ymdde daiia Gl K1y Ale Y magnesium sulfate
a3« YAY #UiY (ethyl acetate —heptane alai :diaill cula) silica D Al silag S

v WS (2 Qe e Bipaall ol o) L Olsinll (S5e (1
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'"H -NMR(CDCl) § (ppm):3.42(t,J=9.2Hz, 1H), 3.54(dd,}=9.2,5.2Hz,1H), 3.62
(dd,J=12.0,6.0Hz, 1H), 3.75(m,1H), 3.86(dd,J=12.0,4.0Hz,1H), 4.12

(d,J=16.8Hz,1H), 4.18(d,J=16.8Hz,1H), 4.53(s,2H), 6.29(bs,1H), 7.28-7.40(m,5H).
tert-butyl (S)-3-benzyloxymethyl-5-oxomorpholine-4-carboxylate (5145

(p> )-Y) di-tert-butyl dicarbonate 5 (a3< YY £) Dimethylaminopyridine <Ly

acetonitrile 3 (e AY +) (S)-5-benzyloxymethylmorpholin-3-one (« Jslae )
ele Gl (3 ccloblu ¥ 5ad 40l §ha Aoy e Jolit) Jolae iy L (ilidle Y4)
s Aygacaall A5l S LAggazanll A3dall Jeaisiy cJelill Jylas ) ethyl acetate 5
(AT . aide laiun it 385, Sle Y sodium sulfate (G9d cadad o5 ¢ als Jslae
plhai :dd il Cud o) silica ala (gagae bagilaeg < Jalad dda sy Adlanall salll
ASyall (o Bhpaall aull o) L fgial S e e ax V.Y #LSY (ethyl acetate —heptane

- 'H-NMR(CDCl; )8(ppm): 1.50(s,9H),3.57(dd,J=8.8,4.8Hz, 1H),3.68-3.75(m,2H),

4.08-4.28(m,4H),4.53(d,J=12.0Hz,1H),4.58(d,J=12.0Hz,1H), 7.25-7.36(m,5H).
300
tert-butyl (R)-3-(tert-butyldiphenylsilanyloxymethyl)-5-oxomorpholine-4-

carboxylate
Jsse o acetic acid (4o 33lia 438y (ane AYY) Palladium hydroxide aliay

(—= Y) tert-butyl  (S)-3-benzyloxymethyl-5-oxomorpholine-4-carboxylate
i 4elu VY 524 hydrogen sa (8 Jelill Jslase aliy (3llle Y+ ) ethyl acetate (.4
U Jslaall iy LAadipall 52kl ethyl acetate il celite pdipe Jla by
e caiday ¢ sl Jylaeg ardie sodium  bicarbonate Jsdae g s o
(¢ V. +1) Imidazole sl . yadde Jaria a3 K & ¢ Sle Y magnesium sulfate
& Aol Adlinall salall e Jglae Y (Abdle Y. o ¥) tert-butyldiphenylchlorosilane s
il el 1Y 50l Adal gha s wie Jelill Jylas iliyy o silidle ) 0) DMF
Lgaall Al Juuas Ay guanll A0kl Juaiiiy «Jelill Jolae Y ethyl acetate s ¢le
bia ciad 385 a5 ¢ Ale Y magnesium sulfate (358 adad ¢ ale Jslae ase daslill

Yo
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alk) silica sl sasac Abasilag S Jolas Ao ufgy Aslasall salall 85 .y dde
QS yall e S3aaall adll o) L lsinll aSpa (pa aa V£V LY (ethyl acetate —heptane
'H-NMR(CDCl5)8(ppm): 1.06(s,9H),1.44(s,9H),3.68(dd,J=9.6,4.0Hz, 1H),3.77(dd,
J=12.0,2.4Hz,1H),3.85(t,J=9.6Hz,1H),4.09-4.25(m,3H), 4.37(dd,J=12.8,1.2Hz,1H),
7.35-7.45(m,6H),7.62-7.66(m,4H).

tert-butyl {(R)-1-(tert-butyldiphenylsilanyloxymethyl)-2-[2-(4-chlorophenyl)-2-

oxoethoxy]ethyl}carbamate

& = S Y dsb) 4-Chlorophenylmagnesium bromide Laauilly Cslia,
tert-butyl (R)-3-(tert- (—e Js—dne Y (,—3llla Y. £ ¢ cdiethyl ether
pp— (c‘—“‘ \.iV) butyldiphenylsilanyloxymethyl)-5-oxomorpholine-4-carboxylate
e’ o= die Jeldll Jolae aliyy @8y 0 (PlA 4550700~ i (bl ¥o) THF
Olady 8 Jelaall Y ariie ammonium  chloride Jslae calizay .3aaly el 3l
ethyl «aliay A8l 5)ha da ) die Je Wil Jolas alafioyy dugie’ ¢ v~ 2ic 5ymaa
e Al Aggiaall Al st (Aygaianll A8kl Jiaitiy cJelidl Jlae Y acetate
(A . aide atua <3 S5y Sl Y magnesium sulfate (358 <adad 2 ¢ ale Jslae
ethyl = heptane olLj) silica oMo (g3see Ahagilag S Jalas Aaufss ddlandl salll

v WS oa Sl e Bipaadl Aadll o) L lgiall (S ye (g0 aa V. EA ZEY (acetate
ESI-MS;m/z 604[M" +Nal].

[(3S,5R)-5-(4-chlorophenyl)morpholin-3-ylJmethanol (343

) (Aldle YA) ethyl acetate & (g be ¢ hydrochloric acid (s Jslas iliay
tert-butyl {(R)-1-(tert-butyldiphenylsilanyloxymethyl)-2-[2-(4-chlorophenyl)-2-
oxoethoxy]ethyl}carbamate
e A3 Vo 30l 2Bl gl Jeldll Jedae iy il 280 ae (ane 474)
by . jadde ar i Giad 3y a8 dady Ve sad il ha danaie RIS
VA) methanol & Aa3lill ddlasiall salall (e Jolae I (ane YV.£) Platinum oxide

Vo
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Baaly debu sad 483l 5)a dayd i hydrogen s> 4 Jel@ll Jolae liyy o sildle
abe sodium  bicarbonate Jslae ilusy .celite pdiye Pla Joliil) Jsdoe =iy
o Aguaall A8kl Juisd LA gaall A8dal Joaitiy dadyall saldl Methyl acetate 5

Aailill Ayguianl) A5udall Cains . sl Jslaag sodium bicarbonate Jslase pe Jisill
Jalas Aaalgy ddlanall solall 85 . jide Jakia a3 S5ig (Sle Y magnesium sulfate
z\Y (ethyl acetate —heptane aUsi :4ieaill cuda) silica pDa (gagee (hasiles S
THF ;8 tetrabutylammonium fluoride (s (gaba (> ) Jsae caliay . ala it
Jslae caliys ¢ ,aldle 0) THF (o8 pilll oladl miiall (e Jsdae () (LAl 2.9 £Y)
¢se ammonium chloride Jsiae ciliay 3aaly Aol saal Ajall 5a 4y 2o Jolidl)
Aanll) & gmall Andall Juuad A guiaall Akl Jiadtiy cJeliill Jolaa Y ethyl acetate
Lpadhe hins Gt <5y Sl Y magnesium sulfate (358 <aiad 2 ¢ ale Jolas ae
i tdgiaill (uda) silica s (gasae Ahagileg S Jidad dauly Adlsnal salall 50

@ Sl e el aldll o L olgiall S pe e px AT LY (ethyl acetate —heptane

b LS
I HANMR(CDCl; )3(ppm): 3.16-3.26(m,2H),3.39(dd,J=10.8,10.4Hz, 1H),3.53(dd,
J7=10.8,5.6Hz,1H),3.67(dd,J=10.8,4.0Hz, 1H),3.78(dd, J=11.6,3.2Hz, 1H), 3.86
(dd,J=10.8,3.2Hz, 1H),4.00(dd, J=10.4,3.2Hz, 1H), 7.29(dd,]=8.4,2.4Hz,2H),
7.34(dd, J=8.4,2.4Hz,2H).

505
9H-fluoren-9-ylmethyl (3R,5S)-3-(4-chlorophenyl)-5-hydroxymethylmorpholine-4-
carboxylate

Js—Ise Y (a—== Y YY) 9-Fluorenylmethyl chloroformate «sl_—ay

— (=== A1) [(38,5R)-5-(4-chlorophenyl)morpholin-3-yljmethanol (— 5134
aliy . (,allle ¥) avdia sodium bicarbonate Jslsay (ki Y) methylene chloride
slans chloroform wiluay ¢ad el A 3ad Ll sya Loy aie Jelilh) Jolae
Al st LA gaianll A8kl Jiaitiy (Jelidll Jelae ) arde ammonium chloride
Gl Ky Sle Y magnesium sulfate (358 cadad o5 ¢ ale Jslaa ae A5l 45l

‘e
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<ula) silica oSl (gagee Alagileg S Jolad Uauley ddlania) saldl 85 . jaide i
el o) L Olsinl) aS)e (e pae YOF #LSY (ethyl acetate —heptane allai :dg.aill
cst WS o Gl (e el
ESI-MS;m/z 472[M" +Na].
methyl 3-[(3S,5R)-5-(4-chlorophenyl)morpholin-3-ylJacrylate (3.la5
+.1£0) DMSO (3o Jsdae (A (alile +.Y £A) oxalyl chloride Jagilly Cslia
ol die Jelil) Jylaa Gy ¢2y6° VA= xie (Ll £) dichloromethane (g (il
9H-fluoren-9-ylmethyl (3R,5S)- (s Jslae Jasiilly calizay (488 Yo 304l 5))all dapo
— (6—*‘ \°Y’) 3-(4-chlorophenyl)-5-hydroxymethylmorpholine-4-carboxylate
Jeliill Jolae aliyy (A 58a"YA= 2ie Jelidll Jolaa Y (ilile ¥) dichloromethane
(L3lle «. 0 £V £) triethylamine Jagiilly Caluay (4885 Yo 3aal 3ylyall o) Ll i
slas ciliay A58 ¥ 32 5587 VA- 2ie b aay iy 3 Jelial) Jplas )
Sha day e Jeldll Jolae i ‘d;uﬂ\ dstae (A} ardie ammonium chloride
Akl Juad Ay guaall A8l Jiadtiy (Jelil Jelaa ) ethyl acetate <sliay .44l
i ciad 3855 &5 ¢ Sl Y magnesium sulfate (3sd <aiad IENIEPCOY DR PPN
+.+9A) trimethyl phosphonoacetate —loa; .oLa aldehyde <o je &l Jadia
YY) e Paae coy AN o gs%n) sodium  hydride (e Jasdie Jelae ) (il
vie Jelill Jolae callyy ¢dygia’ jua die (silile V) DMFy (_aldle ¥) THF b (e
THF 4 z3Ull olall aldehyde <Sje (3o Jslae caliay L4383 Vo 30} ddjall 5)f5m a0y
b K e delill s caliyy g im e Jelill o ) (AL ¥)
) ethyl acetate y arsie ammonium chloride Jslse Ciliay (A883 Vo 5o 4djal)
(oale Uslan gra Aailil dypuimall Lokl (it Appuianl) Bl Jomiy e Jo il ol
iloay . padde i cuad 3€5, Sla Y magnesium  sulfate (358 cadas P
¥) acetonitrile b Aaslill Adlandl salal) e Jpdae (Ll «.1) diethylamine
Jelill Jelae caday 4880 ¥ aal Adjall 3)ha A5 )0 die Jelill Jglas iy o ke
shasileg)S Jalas Adafer 2dlanall salll 85 . jadde Jakaa Cuad 5S04 toluene &

Yo
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e ana Ad z LY (ethyl acetate —heptane oUai :dhuaill cuda) silica (Slb (sasae
Lot WS (o Gl e Bhaal) Aaiill o) L fsial) S ye e B/Z isomer BENIEN
ESI-MS;m/z 282[M" +H].

s
methyl 3-[(3S,5R)-4-(3-butenoyt)-5-(4-chlorophenyl)morpholin-3-yl]-(E)-acrylate
and methyl 3-[(3S,5R)-4-(3-butenoyl)-5-(4-chlorophenyl)morpholin-3-yl]-(Z)-
acrylate
methyl  3-[(3S,5R)-5-(4- (—s Js—ne () (L9800 AA.£) TEA il
¢( 53y Sae £+ £) vinylacetic acid ¢(a>e A) chloropheny)morpholin-3-ylJacrylate
vie (il £) THF o8 (a2 YY) bis(2-oxo-3-oxazolidinyl)phosphinic chloride
Ciliay ¢3 -y 32 Al B A tie Jelidl Jylae ally Aball 3a Aoy
dadall Jeattiy (Jelilll Jslaa U ethyl acetate s ) V hydrochloric acid Jslse
V sodium hydroxide Jslas pe sl o Al dypanll A50al) il LAy saand)
Lica caad 385 25 ¢ Sle Y magnesium  sulfate G52 —asas ¢l Jslasg (ol
uda) silica Do (g3gee b gilay S Jalat dda gy Adlanall salall 85 . adie
methyl 3-[(38,5R)-4-(3- (s« ane OY.A zLuY (ethyl acetate —heptane aUai :4 il
methyl 3- (e axe Y03 butenoyl)-5-(4-chlorophenyl)morpholin-3-yl]-(E)-acrylate
a3l .[(3S,5R)-4-(3-butenoy!)-5-(4-chlorophenyl)morpholin-3-yl}-(Z)-acrylate

coh WS (A isomers (ye Baall
Methyl 3-[(3S,5R)-4-(3-butenoyl)-5-(4-chlorophenyl)morpholin-3-yl]-(E)-acrylate
! H-NMR(CDCl; )8(ppm): 3.13-3.20(m,2H),3.61(s,3H),3.76-3.85(m,2H),4.09(d,
J=1 1.6Hz,1H),4.55(d,J=8.0Hz,1H),4.57(m,IH), 5.16(d,J=16.8Hz,1H),5.23
(d,J=10.4Hz,1H),5.49(bs, 1H), 5.59(d,J=16.0Hz,1H),5.94-6.04(m,1H),6.49(dd,J=
16.8, 6.0Hz,1H),7.25(d,J=8.4Hz,2H),7.44(d,J=8.4Hz,2H).
Methyl 3-[(3S,5R)-4-(3-butenoyl)-5-(4-chlorophenyl)morpholin-3-yl]-(Z)-acrylate
' H-NMR(CDCl5 )§(ppm): 3.05(dd,J=15.6,5.6Hz,1H),3.23(dd,J=15.6,6.8Hz,1H),
3.71(s,3H),3.79-3.88(m,2H),4.02(d,J=11.6Hz, 1H), 4.60(d,J=12.4Hz,1H),5.13-
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5.21(m,2H),5.62(d, J=11.6Hz,1H),5.65-5.69(m,2H),5.91-6.02(m,2H),7.27(d,

J=8.4Hz,2H),7.60(d,J=8.4Hz,2H).
(4R,9aS)-4-(4-chlorophenyl)hexahydropyrido[2,1-c][1,4]oxazin-6-one (3ala3

methyl 3-{(38,5R)-4- (e Uslae () (p20 ¥1.T) Grubbs jlial (JUl Jeall il
but-3-enoyl-5-(4-chlorophenyl)morpholin-3-yl}-(E)-acrylate and methyl 3-[(3S,5R)-
— ((,_u AV."’\) 4-but-3-enoyl-5-(4-chlorophenyl)morpholin-3-yl]-(Z)-acrylate
A B sale) ae Jel@l Jslaa oAy ¢ kil Y ) dichloromethane
by Adpll sHha da A Jelill Jalae alaiiny . Cauaig AL 2] nitrogen s>
L Ve saad Gl aey aly AN (Jeliill Jodaa ) (s3lg S 04 +) triethylamine
sty S Julas daily Adlasiall salall (5 ¢ adde Jaria iad Jeliil) Jolase 385
platinum alia; .al& iie # WY (ethyl acetate —heptane oUis) silica aSa (g3gac
Jsdae aliyy ¢ ,illle Y) methanol o4 2l aiiall (4o Jglae () (p2e 1.+ Y) oxide
Jelill Jolas iy 3aaly 2ol 3aal A8yl 5)ha 4ay0 23 hydrogen s A Je il
Uaulgs ddlasall salal) 85 . jadde Jadia Ciad Aadipall 30l S5 ccelite pdipe Pla
(ethyl acetate —heptane ali :idaill Cyla) silica b (gagee hagilag S Jalas
ro LS (o Syl (e Biaall il O L Olgiall g e pe EALY Y
ESI-MS;m/z 266[M" +H]." H-NMR(CDCl; )8(ppm): 1.50-1.59(m, 1H),1.81-
1.90(m,2H),1.97-2.03(m, 1 H),2.41-2.45(m,2H),3.56(t,}=10.8Hz, | H) 3.67(dd,J=12.0,
6.4Hz, 1H) , 3.79-3.85(m, 1H),3.90(dd,J=10.4,3.6Hz, 1H), 4.15(dd,J=12.0,
4.0Hz, 1H),4.78(dd,J=10.4,4.0Hz, 1H), 7.19(d,)=8.4Hz,2H),7.26 (d,}=8.4Hz,2H).
diethyl [(4R,9aS)-4-(4-chlorophenyl)-6-oxooctahydropyrido[2,1-c][1,4]oxazin-7-

yl]phosphonate
O—= dp—tae (VW (,—315 S0e ©Y.Y) Todotrimethylsilane sl
(eé-‘ i/\-V) (4R,9aS)-4-(4-cﬁlorophenyl)hexahydropyrido [2,1-c][1,4]oxazin-6-0one

Y) dichloromethane & ( -5 <3 471.Y) N,N,N',N'-tetramethylethylenediamine s
Yo aal plilly 2yl ae Jeliil) Jolaa aliyy (448 jia e nitrogen s & (ki
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Jsdae iy caeBilly 2358l ae Jel@ll Jolaa ) (a2 00.V) Jodine ilay (488
sodium thiosulfate Jsiaas ethyl acetate il 488> ¥+ el 2Bl 2yl ae Jeliall
g Aol Zypianll ARl i g pimal L) Sy «Jo ) Jplan ) i
QS g Y amdde hiia Ciald K5 o5 cmagnesium sulfate (398 adad ¢ ale Jslae
liyg il il jodide Sy () (Laldl V) triethyl phosphite «iliay .alA jodide
daallsyha dan ) oy deldill Joldae ¢y Baaly delu 3o 43507V Y 0 2ie Jagill
O Byaall aadll ) L lgiall aS e e pne VYO LAY adiie dadda Caal 385 o5
b WS A Syl
ESI-MS;m/z 402[M" +H].
(4R,9aS)-4-(4-chlorophenyl)-7-[ 1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)phenyl]-(E)-methylidene]hexahydropyrido{2,1-c]{1,4]oxazin-6-one
O bglie Jolas ) (ame VY.Y) lithium  hydroxide monohydrate —aliay
diethyl [(4R,9aS)-4-(4-chlorophenyl)-6-oxooctahydropyrido[2,1-c][1,4]oxazin-7-yl]
3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzaldehyde 5 (~== VY¥.©) phosphonate
Adpll ylya day die (bl +.0) ethanol & (L3l V.0) THF 4 (aae £V.0)
¢Lay ethyl acetate «aliay .Caialy delu 3aal 43,3l 5))a 45 y0 e Jeldill Jolaa iy
Uslon e Tenilll Agyimal) A3l s Agpaiaal) Aidall Joaitiy e Jo i) Jylan
Aalasall salall 85 L jmdde Jakm it K5 5 cmagnesium sulfate (358 <iiad (ke
<23a ¢Chromatorex NH :dlals 33L4) silica aa (g35a (Bhagilag S Jalad Aaulss
ardll ) L Olsiall 0S5 (re ame TALE 2 LY (ethyl acetate —heptane aUas 14 aill
col WS o Sl e Bhaall
ESI-MS;m/z 464[M* +H].! H-NMR(CDCl; )3(ppm): 1.65-1.73(m, 1H),1.92-
2.03(m, 1H),2.30(s,3H),2.73-2.83(m, 1H),3.10-3.20(m, 1 H),3.64(t,}=11.2Hz, 1 H),
3.84(s,3H),3.93(dd,J=12.0,4.8Hz,2H),4.10-4.17(m, 1H), 4.33(dd,J=12.0,4.0Hz, 1 H),
5.10(t,J=4.0Hz, 1H), 6.92(t,J=1.2Hz, 1H),7.00-7.04(m,2H),7.24-7.33(m,5H), 7.70
(d,J=1.6Hz,1H),7.76(d,J=2.4Hz, 1H).
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AA5 AV YL
methyl (4S,9aR)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1 -yl)phenyl]-(E)-
methylidene}-6-oxo0-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazine-2-
carboxylate and methyl (4R,9aS)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)phenyl]-(E)-methylidene}-6-oxo0-4-(3 ,4,5-trifluorophenyl)octahydropyrido[ 1,2-

a]pyrazine-2-carboxylate

1,2,3-trifluoro-5-((E)-2-nitrovinyl)benzene (32133
3,4,5-trifluorobenzaldehyde (s Jslae (A (o> V.Y) ammonium acetate iliay
Jslae Caliyg ¢ yilille 0« ) acetic acid 3 (Likile V. Y) nitromethane (e VYY)
& Al syha dapy Al Jelil) Jobae iy ccilela ¥ 3aal Agie” Y v v e Jelil)
) @i sodium  bicarbonate slagethyl acetate blizay .(adde Jaiisa a3 3S
magnesium e Aailill 4;guaall A8dall Caian LAy gaall Aol Jeadiiy cdalinadl salall
Jlas dda Ll A alanal) salall 85 . dde akoia sl (S5 a0 Ala Y sulfate
z\WY (9:Y = heptane: ethyl acetate <-heptane) silica Do (35 (hagilas S

voh WS (o GSyall e Biaall wll) Gf lyiall S pe e g V10
'H-NMR(CDCl)8(ppm): 7.19(dd,J=7.2,6.0Hz,2H),7.48(d,J=13.6Hz, 1 H),7.85(d,

J=13.6Hz,1H).
Nl-allyl-1-(3,4,5-trifluorophenyl)ethane-1,2-diamine (32133

1,2,3-trifluoro-5-((E)-2- —s Js—ae o (L3l 1.A) allylamine Sl
oy 2o Jelil Jplas caliy .(,allle ¥o) THF A (o 1.7) nitrovinyl)benzene

AY-]
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zinc (Gpnwe iy . yndde i Gial 3Cp 8 Caaly Giielu 3aal Adjll 5)la
hydrochloric 5 (illl ¥'0) ethanol (& Adlasiall salall (4o Jsdae () (a2 V0 .7)
A58 o 5l A jhm die Jelill Jylan caliyy iy’ jiam e (Liile Y0acid
3y Sle ammonia ) Jelitll Jolae Ciliay Aol 10 3aad Adall 5)a 4a ) 25y
Aypmaal) Laall Chin chloroform ace LaSATuY Y Jolill luls padyy el
O px V.OY Z LY yadde b ciad 395 Ale Y magnesium sulfate o daslll
co WS (o Sl e Bl adll ) L lsiall e (e plA e
ESI-MS:m/z 231[M" +H].'H-NMR(CDCly)8(ppm): 2.71 (dd,J=12.8,7.2Hz, 1H),
2.88(dd,J=12.8,4.8Hz,1H), 3.02(dd,J=14.0,8.0Hz,1H),3.14(dd,J=14.0,5.2Hz,1H),
3.58(dd,J=7.2,4.8Hz,1H),5.06-5.18(m,2H),5.80-5.91(m, 1 H), 6.98(dd,J=

8.8,6.8Hz,2H).
s

.ethyl (S*)-1-[(R*)-2-allylamino-2-(3,4,5-trifluorophenyl)ethyl]aziridine-2-

carboxylate and ethyl (S*)-1-[(S*)-2-allylamino-2-(3,4,5-trifluorophenyl)ethyl]
aziridine-2-carboxylate
dssa A (L3 V.V )ethyl 2,3-dibromopropionate 5 (aldls Y V) IPEA el
—3 (—= V.0Y) Nl-allyl-1-(3,4,5-trifluorophenyl)ethane-1,2-diamine (e
YA 32 385l 5 ya dn )y e Jelidll Jolae caliyy ¢ il Vo) 1,2-dichloroethane
Al Jaitig (Jelill Jolae Y avdia sodium  bicarbonate ¢ls ciliay .deba
Caad 355 25 Ale ¥ magnesium sulfate P A5Gl 4ygaiaall Akl Cadas L4 gl
silica 2Dla (g35me Ahagilay)S Jolad Aoy Adlanal solall 85 .y dde daa
Olsindl @S5 (e Adall yidsia isomer (e pa ¥ z WY (ethyl acetate <—heptanc)
& isomers (ya Shraall andll o) . lsiall aSye (1o Adaill aiye isomer e o Y.V 5
dphsll 4:edis Isomer
ESI-MS;m/z 329[M" +H].'"H-NMR(CDCl5)3(ppm): 1.28(t,J=7.2Hz,3H), 1.50
(d,J=6.4Hz,1H),2.01(dd,J=6.4, 3.2Hz,1H),2.14(d,J=3.2Hz,1H), 2.22(dd,J=
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12.0,4.8Hz, 1H), 2.67(dd,J=12.0,8.0Hz, 1H),3.02(dd,J=14.4,6.8Hz, 1H), 3.13(dd, =
14.4,5.2Hz,1H),3.83(dd,J=8.0,4.8Hz, H),4.14-4.25(m,2H),5.06-5.19(m,2H),5.79-
5.90(m, 1H),6.95-7.02(m,2H).

Auhadll adye [somer
ESI-MS:m/z 329[M" +H]."H-NMR(CDCl;)5(ppm): 1.28(t,=7.2Hz,3H),1.63(dd,J=
6.4,0.8Hz, 1H),1.84(dd, J=6.8,3.2Hz, 1H),1.97(dd,J=12.0,5.2Hz,1H),2.20(dd,
J=3.2,0.8Hz, 1H), 2.87(dd,J=12.0,8.4Hz, 1H),2.96-3.03(m, 1H),3.10-3.17
(m,1H),3.90(dd,J= 8.4,5.2Hz, 1H), 4.17(q,J=7.2Hz,2H),5.05-5.15(m,2H),5.77-
5.86(m, 1H), 6.96-7.06(m,2H).

308
ethyl 1-[2-tert-butoxycarbonylamino-2-(3,4,5-trifluorophenyl)ethyljaziridine-2-
carboxylate

(———= £.YA) 1,3-Dimethylbarbituric acid Gl — oy

isomer (s Jstse Y (p—= Y.+ ©) tetrakis(triphenylphosphine)palladium  (0)
ethyl 1-[2-allylamino-2-(3,4,5-trifluorophenyl)ethyl]aziridine-2- (e ddaall j:ddna
vie Jelal Jylaa caliyy ¢ illle 0 +) methylene chloride 4 (o= ¥) carboxylate
Jstae YV ole ) sodium hydroxide Jslse ciliay .ol 3aal 283l 3)ha 4a
magnesium e A3l 4yl Adall Cadal LAy gianll disdall Jadtiy ¢ Jeldill
di- 5 (3l ©.Y) triethylamine lia; . padis bina Cusd 585 o4 (Jle Ysulfate
methylene chloride (& 4alasiall 3alall (o Jslae I} (p> ¥.99)tert-butyl dicarbonate
Jslaa 355 dela 14 saal Aipal 3ya Aoy ic Jolill Jylas caliyy o yilile 4)
s sagee ibagileg S Jalad Aaudy Aalaial salal By o yadie lka it Jolil
ol ..O“,..\’J‘ Sye (e V.47 ZlY (Y:) = heptane -> heptane:ethyl acetate) silica
(b LS o Gl e Bigadl ol
ESI-MS;m/z 389[M" +H].'H-NMR(CDCl3)8(ppm): 1.29(t,J=7.2Hz,3H),1.54-
1.57(m,1H),1.95-2.01(m, 1H), 2.06(d,J=2.8Hz,1H),2.49(dd,J=12.0,5.2Hz,1H),2.74-
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2.84(m,1H),4.14-4.23(m,2H),4.70-4.77(m, 1H),5.67-5.78(m, 1 H),6.69(dd, )=
8.0,6.8Hz,2H).

ethyl 3-{[2-tert-butoxycarbonylamino-2-(3,4,5-trifluorophenyl)ethyl]
methoxycarbonylamino}-2-chloropropionate
ethyl 1-[2-tert- e Jsdnae ) (ldle +.0A) methyl chloroformate il
}.41) butoxycarbonylamino-2-(3,4,5-trifluorophenyl)ethyl]aziridine-2-carboxylate
3l Hladl CafiSisale) ae Jelil Jsdae iy o 0l Yo ) toluene 8 (o
i a3y o Al Bl Aa o 3yl delill Jylae ol saaly dela
silica Db (g35c Alpadlag S Joladdda e 4 disall salall a5 .y dds
O -olsidl aSye G an YOVT ZLAY (Vi) = heptaneiethyl acetate <— heptane)
c o LS o el (e Bhaaall Aaall

"ESI-MS;m/z 505[M" +Nal].

Glas
ethyl 3-{[2-amino-2-(3,4,5-trifluorophenyl)ethylJmethoxycarbonylamino}-2-
chloropropionate
) (3ldle Y+) ethyl acetate 4 g)lie ¢ hydrochloric acid (re Jslae ciliay
ethyl 3-{[2-tert-butoxycarbonylamino-2-(3,4,5-trifluorophenylethyl] (e Jslaa
Y+) ethyl  acetate 3 (a— Y.)7) methoxycarbonylamino}-2-chloropropionate
Jelil glan 35y Aol 10.0 5ad Lal slha s e Jolitl Joloe iy o e
salall ) ardie sodium bicarbonate ¢laj ethyl acetate «ilizy . jaisa Jaiia caad
magnesium sulfate  Je A5l 4;panll Akl Caind 4 ganl) Akl Joads y cadlasall
O} -clsidl S (e ol e (e g Yoo 7 LY it habia S S5 Sl Y

ol LS 8 S (o Siadd Aol
ESI-MS;m/z 383[M" +H].

Sias
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5-(3,4,5-trifluorophenyl)piperazine-1,3-dicarboxylic acid 3-ethyl ester 1-methyl
ester
ethyl 3- (re Jslae A (ane Y40)sodium iodide s (,3lils Y.AC) IPEA iliay
{[2-amino-2-(3,4,5-trifluorophenyl)ethyllmethoxycarbonylamino}-2-
e Jolill Jsdae catiyy o yabille Yo) THF 8 (o= Y. Y) chloropropionate
il ¢ad A8l 3yl Aayy el Jelall Jolaa oy ccleba £ aal 45506°A
Asdall Jaaitty ¢ Jelil Jsdsa ) aadia sodium  bicarbonate «las ethyl acetate
@il S5 A Ale Y magnesium sulfate e Al 4 2 gunall Akl CRind A gaianll
silica Db (gasc Ahagilag)S Jolad Aauls aalanalt salall 85 L adie dok o
O cOlsinll aS5e (e ane 49 ZLAY (Y:) = heptane:ethyl acetate <— heptane)
(b LS (a S el (e Bhraedl dagdll
ESI-MS;m/z 347[M" +H].
methyl 3-hydroxymethyl-5-(3,4,5-trifluorophenyl)piperazine-1-carboxylate (3l
5-(3,4,5-trifluorophenyl) (e Jslse (N (a2e YAV) lithium borohydride —sluay
THF 4 PEW 44)) piperazine-1,3-dicarboxylic acid 3-ethyl ester 1-methyl ester
Uslae Giliay . opfic b 32l 283l 5yha Ay die Jeldll Jolae aliyg o( bl Y0 )
g gaall Aihall Juadtiy (Jelitll Jslas Jlethyl acetate y 423 ammonium chloride
b caad 385 a8 Ale Y magnesium  sulfate e Al g nall Aaukal) Cadan
GSyal (e Bhaaall daiill of - lindl S (e plad) il (o pre ATV pllas Y it
ESI-MS;m/z 305[M* +H].
2-hydroxymethyl-6-(3,4,5-trifluorophenyl)piperazine-1,4-dicarboxylic acid 1-(9H-

fluoren-9-ylmethy!) ester 4-methyl ester
oo bglie Jsdaa oY (a0 40A) 9-Fluorenylmethyl  chloroformate sy

A1Y) methyl 3-hydroxymethyl-5-(3,4,5-trifluorophenyl)piperazine-1-carboxylate
Y+) ede sodium  bicarbonate ¢\las (3llle ¥+) methylene chloride 3 (p>e

e
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A (i el ) £ 50a AaN Blya e e Jelill Jylae caliyy o ,alik
Y magnesium sulfate o Aailll 4ypiaall Asudall Cadas L Jel@ll Jolae o &y 3 guaall
sisse (ilalasS Uhlad Unuly Adlatal 3o i . ymite bina 3 S5 o ile
Ladll of c il aSpe (e ame AV LY (heptane -> ethyl acetate) silica s
coh WS p Sall (e Bisaall
ESI-MS;m/z 527[M" +H].
Gl
2-(2-ethoxycarbonylvinyl)-6-(3,4,5-trifluorophenyl)piperazine-1,4-dicarboxylic acid
1-(9H-fluoren-9-ylmethyl) ester 4-methyl ester
) (b3l ©) methylene  chloride 4 (ae £+ 1) DMSO (e Jslae ilcay
O o4 (Allle Y v ) methylene chioride (o8 (a2 € £+) oxalyl chloride (ra Jslae
iliay L4883 10 3ol A4’ VA- aie Je il Jolas aliyg ¢4 55° VA 2ie nitrogen
2-hydroxymethyl-6-(3,4,5-trifluorophenyl)piperazine-1,4-dicarboxylic (e Jsiaa
methylene -4 (a3e 917) acid 1-(9H-fluoren-9-ylmethyl) ester 4-methyl ester
Aad £0 5o Ay’ VA- e Maey iy A (Jelill Jelae ) (ildle ©) chioride
- e Ay oty G0l (Jelil Jedae ) (5l V. YY) triethylamine «slaay
Jplae il 580 £+ 5 ad dall Byya Aoy Aoy 862 Yo 5aal Ly®VA
Ay gaaal) Aadall Joadsiy (Jeliill Jolaa ) ethyl acetate 5 159 ammonium chloride
Uadde daria Caat S5y Al Y magnesium sulfate (o Aa3Ul Ayguaall 33 dall Cadas
212Vl aldehyde Sye Z Y
sodium hydride (3 (3d2e () (a0 YVA) triethyl phosphonoacetate Loz
el Jolae Caliyg ¢ Jallle 10) THF (A (ane Y+ € ¢ Jame Cy L0 o (g4ia)
31 L2l aldehyde Sy (pe Jslas Ciliay danly Aol 5aa) Ll Syl dayd i
saal Al Byha Ay e Mamy iy G (Jelill Jolas ) (Lallle ©) THF b oDel
«Je\ill Jslas ethyl acetate 5 asiie ammonium chloride Jslse ciliay 33aly Aol
= ¥ magnesium sulfate Ao 45Ul 4yguaall Akl ind LAy gaall Akl Juadiiy
S sagee ilmsileg S dilas Ay Glatal 55l 5 . jmide duiia i 95
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ESI-MS;m/z 373[M" +H].

A%

isomer Jasa (e pa V.o ¥ ZUGY (Vi) = heptane -> heptane:ethyl acetate) silica

v WS (2 el e Baaall Aadll o L ofginll CS5a (e B/Z

ESI-MS;m/z 617[M" +Na].
methyl 3-(2-ethoxycarbonylvinyl)-5-(3,4,5 -trifluorophenyl)piperazine-1-carboxylate
2-(2-ethoxycarbonylvinyl)-6- (y— Jsdae ) (oLl \') diethylamine sl
(3,4,5-trifluorophenyl)piperazine-1,4-dicarboxylic acid 1 -(9H-fluoren-9-ylmethyl)
v Jelill Jolaae aliyy o sildle ¥ +) acetonitrile * (p> Y.+ ¥) ester 4-methyl ester
Aaulgy Adlanall alall 8y cJelill Jolae 3y aaly delu sad Ayl 5l dap
Oe paae £YY z LY (heptane -> ethyl acetate) silica 2D (s35ae ilagiley S Jilas
r WS (o el e Bhaaall Al o) L lgiadl (S e e E/Z isomer Lada

3040
methyl 4-(3-butenoyl)—3-(2-ethoxybarbonylvinyl)—S-(3,4,5-triﬂuorophenyl)

piperazine-1-carboxylate
methyl 3-(2-ethoxycarbonylvinyl)-5- (e Jslae ) (anse ©0VY) BOPCI iluiay

+.Y) triethylamine s(e_.;a i.\‘\‘) (3,4,5-trifluorophenyl)piperazine-1-carboxylate
Jelill Jolaa caliyy o yildle Vo) THF & (Laldle .9 4)vinylacetic acid 5 ¢(_yildle
ethyl 5 (g)be V' Als hydrochloric acid —ibay delu Yo 4] 44 2l 5)lia da ) die
sle o dailill 4yguaall Qe Josid 4y gumall A8l Joaitig (Jelitd) Jglae ) acetate
Lo cad S5 a5 ¢ Sl Y magnesium sulfate (358 Caiad «amie sodium bicarbonate
el o) (lsadl 2S5 (e E/Z isomer dapls Hla) giall (o ane VEY LY jaida
o LS oa Sall e Bhaall
ESI-MS;m/z 441[M" +H].
methyl (4R*,9aS*)-6-0x0-4-(3,4, S-trifluorophenyl)-1,3,4,6,7, 9a-hexahydropyrido

[1,2-a]pyrazine-2-carboxylate
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methyl  4-(3- (s Usdae ) (a2e 1 Y£) Grubbs Slial U Juall il
butenoyl)-3-(2-ethoxycarbonylvinyl)-5-(3,4,5-trifluorophenyl) piperazine-1-
Jelil) Jelae iy ¢ Allle 0+) methylene chloride (o8 (aa 1£Y) carboxylate
Adjall Hha dapn A 3 Jelal) Jelaa @iy saaly Aol sad el (adiSs sole) &e
dan aie Mo @lly ool (Jelidl) Jolae () (Jaldle +.Y) triethylamine «alizay o
Aalnall salall 85y ¢ padda datin Cnd Je il Jolae 3Ky 4880 Yo 3ad) Adjall 5))a
Sy (e pae VVE =LY (ethyl acetate) silica (sasas 3hagilag S Julad dals
ol LS b Cal e Baall il ¢ L lsial
ESI-MS;m/z 341[M" +H]."H-NMR(CDCl;)8(ppm): 2.98-3.18(m,2H),
3.35(t,J=6.0Hz,0.5H),3.37(t,J=6.0Hz, 0.5H),3.60(brs,1.5H),3.64(brs,1.5H),3.76-
3.89(m,2H), 4.10(dd,J=14.0,2.0Hz,0.5H),4.26(dd,J=14.0,2.0Hz,0.5H), 4.63-
4.73(m,1H),5.32(brd,J=12.4Hz,1H),5.69(dd, J=16.8,12.4Hz,1H),6.00-6.07(m, 1H),
6.82(t,J=6.8Hz,2H).
methyl (4R*,9a8*)-6-0x0-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazine-
2-carboxylate
methyl (4R*,9a5%)-6-0x0-4- (3 Jsdna (A} (a0 V) platinum oxide bz
(3,4,5-trifluorophenyl)-1,3,4,6,7,9a-hexahydropyrido[ 1,2-a]pyrazine-2-carboxylate
«( 3kl ©) methanol (6 (aae YY) (gyal 5y oDl L8yl Ji sale) o zaull
Jslaa iy . Slele ¥ 5ad ddall 3l 4 2ic hydrogen s & delill Jglae iy
(0 pae YOO #UY (yaide Jatiia Caal dndipall salall S5 ccelite pdine DA Jell
ro LS (A Sl e Bhaaall al) o) il (S5
ESI-MS;m/z 343[M" +H].'"H-NMR(CDCl;)5(ppm): 1.53-1.77(m,2H),1.79-
1.95(m,2H),2.05(brs,3H),2.45-2.63(m,2H), 3.18(t,J=12.8Hz,0.5H),3.19
(tJ=12.8Hz,0.5H), 3.61(s,1.5H),3.63(s,1.5H),3.64-3.83(m,3H),3.93-4.02(m, 1 H),
4.14(brd,J=14.0Hz,0.5H),4.28(brd,J=14.0Hz, 0.5H),5.34(brd,J=
15.2Hz,1H),6.82(t,J=6.4Hz,2H).
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Gl
methyl (4S,9aR)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-6-0x0-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazine-2-
carboxylate and methyl (4R,9aS)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)phenyl]-(E)-methylidene}-6-0x0-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-
a]pyrazine-2-carboxylate
methyl (4R*,9a8*)-6- (e Jslas N (L,llle + .« 0) Todotrimethylsilane «alizay
Y'\’) o0x0-4-(3,4,5-trifluorophenyl)octahydropyrido{1,2-a]pyrazine-2-carboxylate
iysie’ jiua die (il ©) methylene chloride (o8 (ibile +.+ 1) TMED 5 (s
slaa Y (ane £1) iodine calizay 388 ¥ 320l 45’ jhua e Jeldill Jolae aliyy
Jslaeg ethyl acetate —aliay . pficbu 30a) 4350° jiia Al Ay ally 53 (Jelall
Akl Cadad Ay pudaall Addall Juadtiy ¢ Jolill Jelae () arda sodium  thiosulfate

Y adde daiaa ciad 385 o5 (Sl Y magnesium  sulfate e Aaalill 4 gnll

(@il alall jodide <Sye ) (abile V) triethyl phosphite il -alall jodide S50
Aad Ayl delal Jelas ¢y 880 ¢4 52 5507V Y die Jeliall Jolasw il
THF (5 2445l 83U (e Jaslia Uplae () . pmiin Jaicn cand 383 o5 Raall 3)ha
3-methoxy-4-(4-methyl-1H-imidazol-1- <sl—ay ¢( »—3llle Y)ethanol 5 (,—3lils ¥)
aliyy ¢(ane ) £) lithium  hydroxide ~monohydrate 5 (aas YY) yl)benzaldehyde
Jsdaag ethyl acetate sl .5aaly 4ol saud 48yl 3yl day0 e Jelil) Jolas
o ) Typuinal) Akl i gpainal) Al (s ol Jylan S ale
Aauly Adlandl salall 65 . yadde Jakaia Caad 3S5 a3 (Jle ¥ magnesium  sulfate
ethyl ~<—):) = heptane:ethyl acetate) silica ool (g5 Ahagilag)S Jolas
RS o Olasly (o e Yo zlA0Y (A\ 19 = ethyl acetate :ethyl acetate <—acetate
g sisadl CHIRALPAK™ AD-H ddaulss (pae ¥+ ) 4l ol Juady . glsiall
(ethanol :¢lyaia jgh cam YO X awu ¥) Daicel Chemical Industries, Ltd. idawls
(ee 739< fana V.A) L8803 VA Wi e e Wyaay ol (lgtall aSye lay

ee £39< tana 1.¥) A8 ) cligtnl (e pe Wy bl giall S 5ay
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(VY Jlie) 488 VA clial () goa Ypuay aSill (lsial) aS5e (e Bhaaall widll
(w2
ESI-MS;m/z 541[M" +Na].'H-NMR(CDCl;)3(ppm): 1.70-1.83(m, 1H),2.08-
2.18(m, 1H),2.31(s,3H),2.71-2.82(m, 1H),3.12-3.24(m,2H),3.65(s, 1.5H),
3.66(s,1.5H), 3.68-3.84(m,2H),3.87(s,3H),4.11-4.20(m, 1 H),4.28(dd,
J=14.0,1.6Hz,0.5H),4.42 (dd,J=14.0,1.6Hz,0.5H), 5.50(brd,J=12.8Hz,1H),6.86-
6.92(m,2H),6.94(brs, 1H), 7.03(brs, 1H),7.05(brd,J=8.0Hz, 1 H),7.28(d,J=8.0Hz, 1H),
7.74(d,J=1.2Hz, 1H), 7.83(brs, 1H).
(VA JUie) 388 £ clinl (e) g Lpeay Jadill Gfgiall GiSha (e Braaall aadll
ESI-MS;m/z 541[M" +H].'H-NMR(CDCl;)5(ppm): 1.70-1.83(m, 1H),2.08-
2.18(m, 1H),2.31(s,3H),2.71-2.82(m, 1H),3.12-3.24(m,2H),3.65(s, 1.5H),

3.66(s,1.5H),3.68-3.84(m,2H),3.87(s,3H),4.11-4.20(m, 1 H),4.28 (dd,J=14.0,1.6Hz,

0.5H),4.42(dd,J=14.0, 1.6Hz,0.5H),5.50(brd,J=12.8Hz,1H),6.86-6.92(m,2H), 6.94
(brs,1H),7.03(brs,1H),7.05(brd,J=8.0Hz,1H), 7.28(d,J=8.0Hz, 1 H),
7.74(d,J=1.2Hz,1H),7.83(brs, 1 H).

Yoo g 99 YR

(aan

methyl (4R,9aR)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-6-ox0-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazine-2-
carboxylate and methyl (4S,9aS)-7-{1-[3-methoxy-4-(4-methy!-1H-imidazol-1-
yDphenyl]-(E)-methylidene}-6-ox0-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-

aJpyrazine-2-carboxylate

Yo
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methyl (4R*,9aR *)-6-0x0-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazine-

2-carboxylate

ethyl 1-[2-allylamino- (s isomer Jagla (ja lsiadl €30 (3o e Voo Jo Juaas

o LS 4y ylall (adiy (2> ©.V) 2-(3,4,5-trifluorophenyl)ethyl]aziridine-2-carboxylate
ch WS a Sl e Bhaadl adll ) LA AV GV

ESI-MS;m/z 343[M" +H].'H-NMR(CDCl3)8(ppm): 1.46-1.57(m, 1H),1.65-

'1.76(m, 1H),1.86-1.94(m, 1H),1.95-2.04(m, 1H),2.43(dd,J=10.4,5.2Hz,0.3H),

2.47(dd,}=10.4, 5.2Hz,0.7H),2.56(td,J=6.4,1.6Hz,0.7H),2.61(td,}=6 .4,
1.6Hz,0.3H),2.64-2.80 (m,1H),3.14-3.29(m, 1H),3.30-3.39(m, 1H),3.76(brs,3H),
3.90-4.17(m,1H),4.47-4.72(m,1H), 5.91-5.99(m,1H),6.89-7.01(m,2H).

Gdas
methyl (4R,9aR)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-6-0x0-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazine-2-
carboxylate and methyl (4S,9aS)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)phenyl]-(E)-methylidene}-6-0x0-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-
a]pyrazine-2-carboxylate
methyl (4R*,9aR*)-6- e dslse (W (L3l + 1Y) jodotrimethylsilane L=y

Yo ~) ox0-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazine-2-carboxylate
iyie’ jia die (il ) methylene chloride & (Laldle +.Y1) TMED 4 (a2
) (2= V1Y) iodine biay 3aaly delu saad 450° jiia die Jeliill Jolaa ol

[+

Ve



Y4y

A

ethyl acetate «sliay 488 Vo 504 444506° jiia die Mary iy M cJelall Jolas
ada’ Aygaaall Akl Jiadiiy (Jelill Jolaa ) &b sodium  thiosulfate Jslsas
z WY Jadde i a5y Sl Y magnesium sulfate o daslll 4 suaall 43,0
@ alall jodine iSye (Y (3l V) triethyl phosphite —iliay -als jodine S ye
B ) wad dolidl Jylae ey il 50 A Yo s Jelii) Jylae ili
THF (6 4l 80l (o glie Jplae ) . pmitn Jabn cind 3 5 265 3
3-methoxy-4-(4-methyl-1H-imidazol-1- il ¢( -3k V) (ethanol) y ( ,-ildls £)
85 ¢(a2s YV) lithium  hydroxide monohydrate s (== 1Y) yl)benzaldehyde
> Jslaay ethyl acetate aliay .l lu T 5ad ddjall 5)ha 4oy die Je @l Jglaa
o Al Aypimall ALl Cadiat Ay el Abdall Jaidiiy (Jelil) Jyla )
Aaulyy ddlanall solall (805 L padse b caad 355 a3 (ste Y magnesium sulfate
*4daill ude ¢Chromatorex NH :4dkila 30L4) silica e (gagae Aagileg S Jalas
(e Slasly e ane VVY #LSSY (ethyl acetate <= V:) heptane:ethyl acetate pldas
CHIRALPAK™  JA daulys 4ailill Glawhll pe anne Y0 (aiy . lsindl 1S5
tdyaie ypdk (pa YO X ai Y) Daicel Chemical Industries, Ltd. dlauls: & siaadll
FA9< tana V1) 4883 YY) e lifinl () pn Gyeay Tl (lginll (S5 z &Y (ethanol
(ee 739< tana V.¥) A48 ¥V cliginl ) g Ly Tadill lgiall (S yag (ee
@ (19 JBa) 488 YY) Bl (10) ae Ly T2l lyinll (S50 (pa 3l il )
b LS
ESI-MS;m/z 541[M" +H]."H-NMR(CDCl5)8(ppm): 1.55-1.67(m, 1H),2.00-
2.09(m,1H),2.29(S,3H),2.56-2.66(m,1H),2.74-2.88(m,lH),2.94-3.02(m,1H),3.24-
3.40(m, 1H),3.47-3.59(m, 1H),3.77(brs,3H),3.86(s,3H), 3.92-4.20(m, 1 H),4.49-
4.73(m, 1H),6.00-6.09(m, 1H), 6.93(s,1H),6.96-7.05(m,4H),7.26(d,J=8.4Hz, 1H),
7.71(d,J=1.2Hz, 1H),7.82(brs, 1 H).
@ (Ve JU) AR 7Y Bl (10) e Lpnay il lsinl (S50 (10 Bipaall il

ok LS

Vo

Yo
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ESI-MS;m/z 541[M" +H].'"H-NMR(CDCl3)3(ppm): 1.55-1.67(m,1H),2.00-
2.09(m,1H),2.29(s,3H),2.56-2.66(m, 1H),2.74-2.88(m, 1 H),2.94-3.02(m, 1H),3.24-
3.40(m,1H),3.47-3.59(m, 1H),3.77(brs,3H),3.86(s,3H),3.92-4.20(m, 1 H),4.49-
4.73(m,1H),6.00-6.09(m,1H),6.93(s, 1H),6.96-7.05(m,4H),7.26(d,J=8.4Hz, 1 H),
7.71(d,J=1.2Hz,1H), 7.82(brs,1H).

\EAR AR A
(4R,9aS)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-4-(3,4,5-trifluorophenyl)octahydropyrido[1,2-a]pyrazin-6-one and
(4S,9aR)-7-{ 1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-one

E F
F F F F

O
0 ~H
NH Né\N 2 NH

methyl (4R*,9a8%)-7- (e Jsdas (Y (L,3dle +.4Y) iodotrimethylsilane —alay
{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-ylphenyl]-(E)-methylidene } -6-0x0-4-
& (p2= YVY©) (3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazine-2-carboxylate
¥ oaal Hlal afi<isale) aw Jeliill Jylae ojans o silille Y ) methylene chloride
Jslaay methanol cilizay o3 .48yl 5ylha dap M 2yl Jelidl) Joldaa ¢y .lela
Aggazand) Gpdal) Juading (Jeliill Jolae A Mol e (gle Y sodium hydroxide
A . aide Jaria Ca3 K5 5 magnesium sulfate (o dadlill dygaall A3l Cadas
tAd il ) silica 2Da Aha il ag S J et Al A dlsnall 5ol
Yo Juaiy . glsiall (S)a (o Dlamly (o pae VAT 2 Y (2:) chloroform:methanol
Daicel 4lauly gsivaal CHIRALPAK™ AD-H {aulys daslill Gl (0 ans
Olsinll €50 Z 1Y (ethanol :¢ljaie sha caw YO X ans Y) Chemical Industries, Ltd.

Yo
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Lozl lyiall aSyeg (e 299 fana 0.Y) ABAI V.Y cliiud o) ps lpaay Jaiil
(ee £29< tana V) A2y 1.0 o lafal o) po Lpeas
(Vo) JUa) A8da V.V clafil (4e) ae Ly Jadall lsiall (€50 (0 Biaaall all o)
ok WS 2
ESI-MS;m/z 483[M" +H].'"H-NMR(CDCl:)3(ppm): 1.65-1.77(m,1H),2.02-
2.09(m,1H)2.31(s,3H),2.70-2.82(m, 1 H),2.89(t,J=12.0Hz,1H),3.10-3.19(m,2H),
3.62(dd,J=12.0,3.6Hz,1H),3.64-3.70(m,2H),3.86(s,3H), 4.00-4.08(m,1H),5.13
(t,J=4.0Hz,1H),6.90-6.95(m,3H), 7.02(d,J=1.2Hz,1H),7.04(dd,J=8.4,1.2Hz,1H),
7.26(d,J=8.4Hz,1H),7.75(d,J=1.2Hz,1H),7.76(brs,1 H).
(V+F Jla) 4882 2.0 il (e po Ly il lgindl S50 (10 Baaall pdll )
ESI-MS;m/z 483[M" +H]."H-NMR(CDC1;)8(ppm): 1.65-1.77(m,1H),2.02-
2.09(m,1H),2.31(s,3H),2.70-2.82(m, 1H),2.89(t,J=12.0Hz,1H),3.10-3.19(m,2H),
A3.62(dd,J=12.0,3.6Hz,1H),3.64-3.70(m,2H),3.86(s,3H), 4.00-4.08(m,1H),5.13
(tJ=4.0Hz,1H),6.90-6.95(m,3H), 7.02(d,J=1.2Hz,1H),7.04(dd,]=8.4,1.2Hz,1H),
7.26(d, J=8.4Hz,1H),7.75(d,J=1.2Hz,1H),7.76(brs, 1 H).

RS R NN
(4S,9a8)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazo}-1-yl)phenyl]-(E)-
methylidene}-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-one and
(4R,9aR)-7-{1-[3-methoxy-4~(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-4-(3,4,5-trifluorophenyl)octahydropyridof 1 ,2-a]pyrazir;—6-one

F
F F F F
O o H
L _NH

= >

Vo
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methyl (4R*,9aR*)-7-{1-[3- (e Olsindl Sye (o Sty (10 a2a YA o Jians
methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl}-(E)-methylidene } -6-ox0-4-(3,4,5-
i (e A \) trifluorophenyl)octahydropyrido[ 1,2-a]pyrazine-2-carboxylate
daulg 420Ul Glawshll (40 ane YA Juady VY 5100 Clial 8 LS Gyl
X asm Y) Daicel Chemical Industries, Ltd. &aulys & siadl CHIRALPAK™ AD-H
Cra) g Lpaay il (jlgiall (aSya LY (V:) hexane:ethanol :&yaia sk can YO
Yo clfiul () ao Lypay Jadill lsiall iS50y (ee £99< tana YY) dads V€ clagl
(e £99< tana YY) dado
(Vo7 JUe) A8 V£ Bt () g Laay Tl (lyinll S50 (e Bhaeall adll )
ESI-MS;m/z 483[M" +H]."H-NMR(CDCl5)8(ppm): 1.50-1.63(m, 1H),1.94-
2.02(m,1H),2.30(s,3H),2.50-2.60(m, 1 H),2.63(t,J=11.2Hz,1H),2.95-3.03(m, 1 H),3.08
(dd, J=11.6,2.4Hz,1H),3.19(dd,J=12.8,4.4Hz,1H),3.54(d, J=12.8Hz,1H),3.58-
3.67(m,1H),3.86(s,3H), 5.89(d,J=3.2Hz,1H),6.92(s,1H),6.97(s,1H),6.99(dd,
J=9.6,1.2Hz,1H),7.23-7.28(m,3H),7.71(d,J=0.8Hz,1 H), 7.80(s,1H).
(Vo€ JUe) 48 Yo cligul (ra) ae Ly il (lyiall (S50 (e Biaaall piill )
ESI-MS;m/z 483[M" +H].'H-NMR(CDCls)8(ppm): 1.50-1.63(m,1H),1.94-
2.02(m,1H),2.30(s,3H),2.50-2.60(m, 1H),2.63(t,J=11.2Hz,1H),2.95-3.03(m, 1H),3.08
(dd, J=11.6,2.4Hz,1H),3.19(dd,J=12.8,4.4Hz,1H),3.54(d, J=12.8Hz,1H),3.58-
3.67(m,1H),3.86(s,3H),5.89(d, J=3.2Hz,1H),6.92(s, 1H),6.97 (s,1H),6.99
(dd,J=9.6,1.2Hz, 1H),7.23-7.28(m,3H),7.71(d,}=0.8Hz,1H),7.80(s, 1 H).
Vel Voo oyl
(aadas
(4S,9aR)-2-ethyl-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-

methylidene}-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-one and

Vo

Yo
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(4R,9aS)-2-ethyl-7-{ 1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-

methylidene}-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-one
F
F

F F F F
0]
0] H
.H MeO ~
Meo h N o~ mN‘Et
/4
4 e N "

sodium s (ol . ¥4) (lae VSl hydrochloric acid <l

(4R*,928*)-7-{1-[3- O Jstdne () M- (o (a2 VA) cyanoborohydride ~ ©
methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-methylidene} -4-(3,4,5-

1Y) acetaldehyde (a= ¢V) trifluorophenyl)octahydropyrido[1,2-a]pyrazin-6-one

33ad 190 jiua die Jelitll Jolaa aliyy (dy55e° Hia die (il 0) ethanol A (aae

5 =5 sodium bicarbonate ¢le Ciliay . (pficLu 3241 48530l B)ha dap) ey 438y Yo

Al 4 gandl Asphall Cadat LAy guanll Akl Jiadtiy (Je Wil Jolae ) ethyl acetate V-

Alasiall salall 855 .y dde Jaria Ciat 385 o5 Sle Y magnesium  sulfate e
ethyl <— ethyl acetate :diaill Cula) silica 2Sa (gasec Ayagileg)S Jilas dhanls
anae YV Juaily  lyinll 1S 5a (po ilannly (1o pae YV zG3Y (£:) acetate:methanol
Daicel Chemical 4daulss ¢ sinadl CHIRALPAK™ JA dauly Aa3lill clawsll (e
Lozl lgsal)l aSye LY (ethanol tdlyalie jsha caws YO X o Y) Industries, Ltd. Ve
) e Wpaay Tadill gl iSpa (e £99< taneh) A28y YV clidiul o) e Lipeay

(ee 799< tana 1) d3d £V olagnl
(Y +0 JUa) 488 YY clafinl (1) ae Ly Jaiil) (lgindl S ye (e Baaall aill
ESI-MS;m/z 511[M* +H].'H-NMR(CDCl3)8(ppm): 1.08(t,J=7.2Hz,3H),1.75- Y.
1.87(m, 1H),1.98-2.05(m, 1H),2.26(t, J=11.2Hz,1H),2.30(s,3H),2.32 (dd,J=12.4,
8.8Hz,1H),2.44(q,J=7.2Hz,2H),2.70-2.82(m, 1H),2.94-3.00(m, 1H),3.05-3.18(m,2H),
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3.80-3.88(m,4H),4.77(dd,J=8.8,4.8Hz, 1 H),6.89-6.93(m,3H),6.99 (d,J=1.6Hz, 1H),
7.02(dd,]=8.0,1.6Hz, 1H), 7.24(d,]=8.0Hz,1H),7.64 (brs,1H),7.71(d,J=1.2Hz,1H).
(V0 JUa) 488 €Y il () pe Lpa Jaiil) (lsind) S e e Baadll 2l
(gl LS
ESI-MS;m/z 511[M* +H]."H-NMR(CDCl;)3(ppm): 1.08(t,J=7.2Hz,3H),1.75-
1.87(m, 1H),1.98-2.05(m, 1H), 2.26(t,J=11.2Hz,1H),2.30(s,3H),2.32 (dd,J=12.4,
8.8Hz, 1H),2.44(q,J=7.2Hz,2H),2.70-2.82(m, 1H),2.94-3.00(m, 1 H),3.05-3.18(m,2H),
3.80-3.88(m,4H),4.77(dd,J=8.8,4.8Hz, 1H),6.89-6.93(m,3H),6.99 (d,J=1.6Hz,1H),

7.02(dd,J=8.0,1.6Hz, 1H), 7.24(d,J=8.0Hz, 1H), 7.64(brs,1H),7.71(d,J=1.2Hz, 1 H).
VAV Ot

- S.w
=

(4R,9aR)-2-ethyl-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-

‘methylidene}-4-(3,4,5-trifluorophenyl)octahydropyridof 1,2-a]pyrazin-6-one
F

F F

N7 N ~N-Et

Voo Gl o LS Adphall ity (s dall aShe e pae VO o Jaans
(4R,9aR)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl}-(E)- G— Y+ 5

Y. ) methylidene}-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-one

b LS oa Syl e Bhraall dadll o V0 € 9 VeV VB 8 a3l (aaa

'"H-NMR(CDCls)(ppm): 1.15(t,J=7.2Hz,3H),1.50-1.63(m, 1H),1.90-2.01(m,2H),
2.30(s,3H),2.36-2.53(m,4H),2.71-3.00(m,2H),3.35(d, J=12.4Hz,1H),3.60-
3.69(m,1H),3.84(s,3H),5.94(d, J=3.6Hz,1H),6.92(s,1H),6.96(s, 1 H),
6.97(brd,J=7.2Hz,1H), 7.24(d,}=7.2Hz,1H),7.36-7.44(m,2H),7.71(s,1H),
7.78(brs,1H).

Vo
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Y oA JGa
Gl
(48,9a8)-2-ethyl-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-4-(3,4,5-triﬂuorophenyl)octahydropzrido[1,2-a]pyrazin-6-one

F F

N7 N ~N-Et
Y0 @M‘E&&ﬁ\@OW‘QfWHA\VHcM
(48,9a8)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)- (— Y+
Y ~) methylidene}-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-one
:‘?_\3&5@ GSpall ye Biaaall aslll ) V€5 VY OYGal 8 il (ane
'H-NMR(CDCl5)8(ppm): 1 15(t,J=7.2Hz,3H),1.50-1.63(m,1H),1.90-2.01(m,2H),
2.30(s,3H),2.36-2.53(m,4H),2.71-3.00(m,2H),3.35(d, J=12.4Hz,1H),3.60-
3.69(m,1H),3.84(s,3H),5.94(d, J=3.6Hz,1H),6.92(s,1H),6.96(s, 1 H),6.97
(brd,J=7.2Hz,1H), 7.24(d,J=7.2Hz,1H),7.36-7.44(m,2H),7.71(s,1H), 7.78(brs, | H).
YY1 ed oyl
(4S8,9aR)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-2-methyl-4-(3,4,5 —triﬂuorophenyl)octahydr.opyrido [1,2-a]pyrazin-6-
one and (4R,9a8)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-2-methyl-4-(3,4,5-trifluorophenyl)octahydropyrido[1,2-a]pyrazin-6-

one
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F
F F F F
o]
0O H
~H MeO N
Meom N mN‘Me
v

(4R*,9a8*)-7-{1-[3-methoxy-4-(4- (= sl 1Sy e Slasly o Jouans
methyl-1H-imidazol-1-yl)phenyl]-(E)-methylidene}-4-(3,4,5-
1) formaldehyde 5 (—s= Y +) trifluorophenyl)octahydropyrido[1,2-a]pyrazin-6-one
Aa gy Aatlil el Jmity 3 0T 10 Uil 6 LS LR ity (e
Y0 X aw Y) Daicel Chemical Industries, Ltd. {daulss ¢ siiasll CHIRALPAK™ IA
A8 Ve il ey e Lyeay Jalill olgiall i€ je LY (ethanol teatie jeda can
tane £.A) 488 VA i) (a) ae Lpeay Jalill lsiall (S jay (ee £99< tane 0.Y)
‘ (ee 744<
(V3 Jhe) 438 Y ¢ oBiud e pe Laay il Olgindl S 5a (10 Bipaall 2l
ESI-MS;m/z 497[M* +H]."H-NMR(CDCl3)3(ppm): 1.75-1.87(m, 1H),1.97-
2.05(m, 1H),2.24-2.29(m, 1 H), 2.30(s,3H),2.32(s,3H),2.72-2.82(m, 1 H),2.84-
2.90(m,1H), 3.02-3.11(m,2H),3.80-3.88(m,5H),4.75(dd,}=9.2, 4.8Hz,1H),6.88-
6.94(m,3H),7.00(brs, 1 H),7.03(brd, J=8.4Hz, 1H),7.25(d,J=8.4Hz, 1 H), 7.65(brs, | H),
7.72(s,1H).
(VY Jlie) 4885 YA 2Bl a) ge Ly aill (lgiall 50 (e Bhraall aill
ESI-MS;m/z 497[M" +H].'H-NMR(CDCl3)5(ppm): 1.75-1.87(m, 1H),1.97-
2.05(m, 1H),2.24-2.29(m, 1 H), 2.30(s,3H),2.32(s,3H),2.72-2.82(m, | H),2.84-
2.90(m, 1H), 3.02-3.11(m,2H),3.80-3.88(m,5H),4.75(dd,]=9.2,4.8Hz, 1 H), 6.88-
6.94(m,3H),7.00(brs, 1 H),7.03(brd,J=8.4Hz, 1H), 7.25(d,J=8.4Hz,1H),7.65(brs, 1 H),
7.72(s,1H).

\o
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\BA R R R IR A
(45,9aR)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-2-propyl-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-
one and (4R,9aS)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-

methylidene}-2-propyl-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-

one
F
F
F F F F
0]
O H
o~ N-
N7 N I:i N-~npr ’}:_JN H nPr

(4R*,9aS5*)-7-{1-[3-methoxy-4-(4- 3= siall 1 €pe e Slaathy e Joans

methyl-1H-imidazol-1-yl)phenyl]-(E)-methylidene}-4-(3,4,5-trifluorophenyl)octa-
iy (ildle «.+ + ) propionaldehyde 5 (ax« Y+ ) hydropyrido[1,2-a]pyrazin-6-one
CHIRALPAK™  laulyy a3l cilaalyl omity 11 275 ) 40 (il i LS Gyl
téljalia gk ¢au YO X au Y) Daicel Chemical Industries, Ltd. ddauls g siuadll 1A
ZA8< ana 1Y) 488 Y1 cligul () & ey il plgial) S5e 2 63Y (ethanol

(e £9< tana 1.0A) Aady YA cligiud () ea ey bl Glgiall (S50 (e

(V1) Jlie) 2883 YT il (o) go Lpusay il (fginll iS5 (g Bpaaall aill o
ESI-MS;m/z 525[M" +H].'"H-NMR(CDCl;)3(ppm): 0.88(t,J=7.6Hz, 3H), 1.42-
1.52(m,2H),1.74-1.85(m, 1H),1.97-2.04(m, 1 H),2.29(s,3H),2.30-2.38(m,4H),2.70-
2.81(m, [H), 2.90-2.95(m, 1H),3.04-3.16(m,2H),3.80-3.88(m,4H),4.78(dd,
J=8.0,4.4Hz,1H),6.88-6.94(m,3H),6.98(brs, | H), 7.01(brd,J=8.0Hz,1H),7.24
(d,J=8.4Hz,1H),7.64(brs,1H), 7.70(d,J=0.8Hz,1H).
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(MY JBe) 438 YA cBiul () e Wy Tadil) (lginll S 5e (g Baaall adll o)
ESI-MS;m/z 525[M" +H]."H-NMR(CDCl;)8(ppm): 0.88(t,J=7.6Hz,3H),1.42-
1.52(m,2H),1.74-1.85(m, 1H),1.97-2.04(m, 1H),2.29(s,3H),2.30-2.38(m,4H),2.70-
2.81(m,1H), 2.90-2.95(m,1H),3.04-3.16(m,2H),3.80-3.88(m,4H),4.78(dd,
J=8.0,4.4Hz,1H),6.88-6.94(m,3H),6.98(brs, 1H), 7.01(brd,]=8.0Hz,1H),7.24

(d,J=8.4Hz,1H),7.64(brs, 1H), 7.70(d,J=0.8Hz, 1 H).
VY e

3,040
(4R*,9aS*)-2-acetyl-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-one

F

F F
(0]
H
Meom
N7 N i N
):-‘/ 0

(4R*,928%)-7-{1-[3- e e (o (,aldls +.0) acetic  anhydride il
methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-methylidene }-4-(3,4,5-
V) pyridine 34 (a—ax Y ) trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-one
Jelil Jylae 350 Aol )Y 5aad A6al iy days i Jeliall Jglaa iy of e
silica 2o (390 Alagilag S (Jlas aley Adlindl salll 80 . jdds Jazia ciad
ethyl <- ethyl acetate 4y .aill Lu) « ¢Chromatorex  NH :4i lila 3al)
CSall e Baaall ) of L osiall €50 (e pae VoY ZGY (£:) acetate:methanol
b LS 2
ESI-MS;m/z 525[M" +H]."H-NMR(CDCl;)5(ppm): 1.74-1.87(m, 1H),1.93
(s,1.5H),1.96(s,1.5H),2.10-2.22(m, 1H),2.31(s,3H),2.70-2.86(m,1H),3.23
(t,J=12.4Hz, 0.5H),3.32(t,J=12.4Hz,0.5H),3.57-3.68(m,2H),3.76-3.80(m, 1H),3.87
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(s,1.5H),3.88(s,1.5H),3.92-4.00(m, 1 H), 4.13-4.28(m, 1H),5.46-5.50(m,0.5H),5.56-
5.60(m,0.5H), 6.85-6.93(m,2H),6.95(brs, 1H),7.03(brs,0.5H), 7.04(brd,J=
8.0Hz,0.5H),7.05 (brs,0.5H),7.07(brd,}=8.0Hz, 0.5H),7.28 (d,J=8.0Hz,0.5H),

7.30(d,J=8.0Hz,0.5H), 7.74(brs,1H),7.81 (d,J=2.4Hz,0.5H),7.87(d,]=2.4Hz,0.5H).
VY E e

304
(4R*,9aS*)-2-methanesulfonyl-7-{1-[3-methoxy-4-(4-methyl- 1H-imidazol-1-
yDphenyl]-(E)-methylidene}-4-(3,4,5-trifluorophenyl)octahydropyrido[1,2-a]

pyrazin-6-one

H
'}ZN ) N-s0,Me

= (LAblle «. v+ £) methanesulfonyl chloride g (u5llle +. oY) IPEA aliay
(4R*,9a5*)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1- ()—s Jstaa ) sl
yDphenyl]-(E)-methylidene}-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-
Je il Jslaa aliys o yillle Y) methylene chloride & (aze ¥ +) aJpyrazin-6-one
&ie sodium bicarbonate ¢laj ethyl acetate —iliay .3aaly delu 3ol 43556° jin aic
o Aol gyl AL i Ayl Ll Jomity e Jo il Jp e Y
Aaulgy Adlandl salll 80 . yadse Jada ciad S5 a3 (sl Y magnesium sulfate
t4piaill Cude ¢Chromatorex NH :dlla 5L silica Do (sasae gibagilag S Jilas
zy (i:\ ethyl acetate:methanol <~ ethyl acetate <— Y:) heptane:ethyl acetate
v SOl e Badd) 2l of L Glgiall S5a (ge pana Y E
ESI-MS;m/z 561[M" +H].'H-NMR(CDCl)3(ppm): 1.74-1.85(m, 1H),2.12-
2.18(m,1H),2.30(s,3H), 2.48(s,3H),2.74-2.84(m, 1H),3.15(t,J=12.0Hz,1H),3.18-
3.26(m,1H),3.76(dd,J=12.0,3.2Hz,1H),3.87(s,3H),3.95(dd, J=14.0,3.2Hz,1H),
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4.02(dd,J=14.0,2.8Hz, 1H),4.18-4.27(m, 1H),5.49(brs, 1H),6.92-6.97(m,3H),7.02
(brs, 1H), 7.04(dd,J=8.0,1.6Hz, 1H),7.27(d,J=8.0Hz, 1H),7.73(d, J=1.2Hz,1H),7.81

(d,J=2.4Hz,1H).
Yyeo JGa

3085
(4R*,9aS*)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-6-0x0-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazine-2-

carboxylic acid dimethylamide

MeomH
o~ N——NMe
e (Allle +.« + 1) dimethylcarbamyl chloride 5 (alile +.+ Y) IPEA Ly
(4R*,9aS*)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1- e Jsaa Y sl
yl)phenyl]-(E)-methylidene} -4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-
Jelill Jolae iy o sildle ¥) methylene chloride ;8 (aa= ¥ +) a]pyrazin-6-one
ethyl liay .Glelu 0 504 483l )ha daj0 2ie g saaly 4ol 504l 45 406° jia 2ic
Aggaanl) Akl Juadiiy (Jelil) Jslaa o avdie sodium bicarbonate ¢\ acetate
biia sl 385 25 Ale Y magnesium  sulfate o Aadlll dygcaal) A8kl Cadas
alla 33L) silica Db (sagae Gihasilay S Jilas anlys Addaial 5alall (S5 . aide

<- ethyl acetate <— Y:) heptane:ethyl acetate :di.aill cude ¢Chromatorex NH
O Byaall el o) L ojlsial) 1850 pe ana VY ZLSY (€:) ethyl acetate:methanol
o WS A Sl

ESI-MS;m/z 554[M" +H]. 'H-NMR(CDCL3)8(ppm): 1.78-1.80(m, 1H),2.02-
2.10(m, 1H),2.30(s,3H),2.71(s,6H), 2.72-2.83(m, 1H),3.16-3.23(m, 1H),3.26
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(t,J=12.0Hz,1H), 3.39(dd,J=12.0,3.2Hz,1H),3.87 (s,3H),3.91(dd,J=13.6, 3.2Hz,1H),
3.95(dd,J=13.6,3.2Hz, 1H),4.01-4.20(m, 1 H), 5.54(brs, 1H),6.86-6.95(m,3H),
7.04(brs, 1H),7.06(dd, J=8.0,1.2Hz, 1H),7.27 (d,J=8.0Hz, 1H),7.73(d,J=1.2Hz, 1H),
7.85 (d,J=2.4Hz, 1H).
s Ooxia Gea (g0 dppae WA de)je B AB peptide JaY (oS ] ) sl Jle
[L=)8
) e e Llgf dpnac WA ey (V)
el 8 Wistar )8 (hsas re Al chd@l (ge ) dnae LA g e pumas
A\ 3y90m 132 U135 .(Charles River Japan, Yokohama, Japan) Cyiall cps<al YA
ety oCpiadl (e Al Joady cether il 5padd Gad Jals 38 Ll (e Sugh (e
;B e o el psa Lo15 Ty 3

(Invitrogen Corp. Cat #11415-064, Carlsbad, CA, USA, or SIGMA L1518, St.

Louis. MO, USA).

Agiall 558l ¢ Bl aimds edl (e (greme prannd gae cauad daall 5,580 aand
e Lv.Yo trypsin Ao (gsisg enzyme Jslae b enzyme Aoy dadlaall decadll
DNase s (Invitrogen Corp., Cat #15050-065, Carlsbad, CA, USA) JUdll Juw
¥ sad 435°TY 2ie (Sigma D5025, St. Louis. MO, USA) JUall Jyww e o/ e 0
Jud dhas e anall (ads il enzyme Jel& o¢in SIS cun &y - Lol 484y
alall g3 ¢ (33L82 0 saal 4GBl 83)50 V04 e (5355l yall aay p)hally aals
Neurobasal —adaday Aaslll AN 458 ) ol e jalille Vo—0 Caliayy 4l
sala &= a=s (Invitrogen Corp.Cat # 21103-049, Carlsbad, CA, USA) medium™
«(Invitrogen Corp.Cat # 17504-44, Carlsbad, CA, USA) /Y B-27 ddlL.a)
(2-ME, WAKO Cat # 139-06861, 139- q,-“)= >9S5 YO 2-mercaptoethanol
(Invitrogen Corp., Cat # cgab,a )T @L +.0 L-glutamine <06861, Osaka, Japan)
(Invitrogen ~lpyhad Cilalicas —4 s Clalizasy <25030-081, Carlsbad, CA, USA)
(Neurobasal/B27/2- dcy3all JausS Corp., Cat # 15240-062, Carlsbad, CA, USA)
saay 2-ME 48zl are ae SOl i Jagl) 200wy (S )all i 2ie .ME)

Yo
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AN A48 5 L Aabe Aalyy ) canaally 4080 4 S 3 .(Neurobasal/B27)
(Cell Strainer, Cat #35-2340, Becton iegSie €+ nylon 4Sud DA ) s il dggsadl
Glre aidy Apuae 08 (3las =44y Dickinson Labware, Franklin Lakes, NJ, USA)
Jgeanll cpe [ 5y 8e Voo aaay LI 8 Mt aa gy Ja sl ae Ayl 4031
255 AN (e polystyrene Ley3a ke o T fAa Y+ X 0 A A 23S e
(Cat # 35-3075, Becton Falcon MICROTEST™) poly-L or D-lysine PR LTV °F %
eae & dadius asacld e 47 44 Dickinson Labware, Franklin Lakes, NJ, USA)
s el ool Lyl & 8kl iy poly-L-lysine g—e (—hie il Jl8
(Cat # 35- «poly-D-lysine g (hie 3ds o))} (e 37 (e (3uba & BIOCOAT™
&= Aghadll (5525 .(6461, Becton Dickinson Labware, Franklin Lakes, NJ, USA)
(SIGMA P2636, St. Louis, MO, poly-L-lysine Jslaa juiasy . Ly WS poly-L-lysine
G ool Cufie pe Slig Sl e A0 By5emy L [l a0 ) o+ 2ie USA)
iepie b (o Jpladdl Glamy (A0 g v () (eba s +. Y0 borate
3l Adall 5lha Aayd Ve Guiangy (e [ 5algSue Vo0 i (e 4% L polystyrene
ie)ie Gub Juwy o e Jodal saalyl Gl Jlsk 30t ief ¢ 300 saaly de L
(e calady )l Asxie Caday, tadza ela pa Sl ey £ oae 47 4y (e polyester
LAY o35 . Sldal 3 LAY de )} aaiiiayg calne Jaugl ains PBS (il Jun Lo
Jaid (Ay53°YY 2o elsa 190/CO; 70 5o Ly Lilan 6 2aly pg 5o LS 8
g2 ¢ yaaaill Cuaa Neurobasal/B27/2-ME Jauig as Ja gl 4 0SH 4 oSl 2inie
Al o4 Y 3ad Bxie DAY
Sl ddlz) (V)

e sl AN A el 5 . b WS Aoy hall € apll i de)jall (Gl Hlaall Ciliay
& g9y ¥ Neurobasal (e Gae [ l5 Sae YA oy ilayg dde iyl e
dimethyl  Js-lse adsy.Liaf (Neurobasal/B27) B-27 /Y e (g5iayy 2-ME
3255 5%y Sy Neurobasal/[B27 g ,LiaY! aS5al (DMSO LaaY Lia) sulfoxide
Llisy cpe [l e Yo die Cadas sale cala . quplhaall Sgill 5850 Cilaual Vs
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) 128 DMSO by .l 5 7Y ALl DMSO 385 01555 wdamagll aa i
A3)laall Ac gaall
<l 33 (1)

a3y o gll A SN A el many e pall ABLY aay AL Y sadd LA £ )35
0 N Casssy ABx-42 (b Jal (e agns ol (s ELISA 48 il Jausl
gadll S8 cABx-4O Ll ELISA dcgane pae Bilphall cayisill sale aa alaial
Aol ELISA «l)laay
Rl s i (£)

S AT Sae Jawg iliay L JU o3l Wl MTT Ll 0N sl an 23
MTT ildle fane A (e dslase il gl aen g sl ) e [ ilgS0e Ve
(Dulbecco's phosphate D-PBS(-) -4 l2e (SIGMA M2128, St. Louis, MO, USA)
e [ 55 A dic buffered Saline, SIGMA D8537, ST. Louis, MO, USA)
il L3880 Yo 3aal 4TV aie 90 ol [CO2 70 Lgs diliaa 6 138 (unay;
MTT @bl 133 cone [ 5algSae Voo die aa (N MTT 403 Jumgjnge ol Cufie
Yo abaie¥) uliyy Ay T Vaie 130 ¢l [CO, 70 gy dlian b lan formazan
Oe iblle Yoo e haliy . b WS MTT 40 g )i ol Cafia jumny . siagili 00
(WAKO 045-02916, Osaka, «JGall Juvw o) N,N'-dimethylformamide (e JS
1= «sodium dodecyl sulfate) SDS ¢ an Voo W& Y aliay . yhia ¢lay (Japan)
A3y 54 ((WAKO 191-07145, Osaka, Japan) sodium lauryl sulfate ¢ JUiall (s
o) Jgaa g zleudl 3S5e acetic acid g Sy HCI (e JS (e pilg Sae YO o Giliay
Y G Y S el

MTT Jslaay Jaugll o L dygine WA (gl Aol on cymand) Jaass (bl ie
Jolie Al ety AN drpeall Auliall 53 d1al) pl) auad . (bkg) Apulod Lo (jgS
45,84l ¢(CTRL (e /) (CTRL ¢ yflie as dallan (5 dc gana) d)liall de ganall
Al sla sl

% of CTRL = (A550_sample — A550_bkg) / (A550_CTRL — A550_bkg) x 100

‘o
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die galiaicd) tA550_bkg ¢dimdl (pal jiegili 004 aie Laliaid¥) :AS00 sample
onad siagili 004 aie aliaia¥) :AS50_CTRL ¢dpulud) Ladll cpal jiagils 00
A(33)8a) de ganall
ABELISA (°)

ELISA Kit Ui dplsiisale Lis) degene a2iiud AR ELISA JLiaY ol
DLl Ao ganag (YVVVY a8, YWV Y 8)) 4,08 4l (£Y) Wako (# 290-62601)
sl VWYY o)) 4)fa d00] (£ +) ELISA Kit Wako (# 294-62501) Uiy 4 30l
Gkl o) .Immuno-Biological Laboratories, Co., Ltd. (IBL Co., Ltd.) (s (Yyvay
bl (A ddgaasall Ghl) pliall tliag o loliy NSl (B leiay crua
Ly dils 5 3ale peptide alaai ol 3154 AB sl ae —inie of lae L o(4 )l
oald Gleaa e ef 0 ) Loy Al G5 30l peptide y (ayld lsua (e (£ Y-
33S A Aygie A€ A @il o) L(Calbiochem, #171596 [AB42], #171593[AB40])
A(CTRL g Z) d3)5dl de sanall Jay 3 AR

Y dsas

(gab; gs"“-);ﬁ\") IC50 das AP42 Gtﬁj oasal blaall OLaaYl Sy
1y v b
Y. 1 Jbe
vy A Qe
v VY JGs
19 VY Jbe
A Yo Jbia
TA VYV Jba
YY4 Y4 JGa
Y9 Y. Jhe
1A% ¢y Jla
11 £y Jla
¢ ¢¢ Ol




YAo

Y. to JGe
YY. £V Jbe
Y. £9 Jtia
Yot ot Jla
Y dss
(o> Swmsili) IC50 daiy AB42 15 médd alial) DAY S50
oo o1 Jl.
1Y ov Jl.
\a3 oA Jba
3% 1¢ Jhe
1A o Jbe
Yy AY Jlie
AA AR Jbe
¥4 4 Jbie
Yy Y Jis
£ Y Jbs
¥ s
(b Sinsil) IC50 dasiy AP42 G mbal Lalasl) DOWAY S e
AY 0 JG.
1o 11 Jba
Y4 YV e
gl padal blas al el g 1Y) e ) of Shy oF )Y bl il e
AB42
Y lasl Jbie

ol plasma g geall ¢ S58 oaa afle i Ly Llpii 5ol ) o sl
oLl i - (Lia asall) Agadl) Aol Bl ol b Jerdl Y cililgal) Ji
oy Ol oy gras clilpadl el Gl LG il U)o A daadd

Y4y



Y4y

YA

5y Aol AL 3ole Ljla) il Lgaa aad A0 cililgeall dpnds Sl (S5 ol
o cileba T day (aaS /bl 0) (V asll) dpadl Aday die oL 4D 300 Layy Basly
(Dainippon Nembutal (sl L Zall 3 domy ¢ SLgill (g9 aall Lyl
35 ¢ ppadill Gaat L (aaS fana 00) AN ) Pharmaceutical Co., Ltd., Osaka)
Al cond 2l el iyl (3 Y0 e 5y Al (o A Al
@ing sl B Seill Al il aiagy L Sodl A el e yilgSae Y e
(4-2- 3 [ b egy—a e V2 + p-ABSF e p—Il3Saa V o
zid lia 2ay LA JJAS a=ial w00l o8 L3 day5 aminoethyl)benzenesulfofuloride)
Aadya phaiinly Al chy ¥ e padl e sildle Yoo Mea aeayy ¢ pilaall Caygatll
s gale slan wa S Juinyy el i el el chpal oxlil 3 Jaings heparin
gl (3 gl e ial IS aagyy el o ciai JSU el sl (el o3 Bl
= bl Fall Ao 23,0l Jadas . JiLall nitrogen daulsy dangy Hillle VO da

0 3aal Addall 8550 Ve dic 43440°¢ dic A Al bl LiSie . bl
, & 2 1530 & )0 Ayl .l

593 Yoo dic 4ggia¢ aie all LiShe ayday (AP bl AdUall Bablall maad &5 ¢(3ilES
-AB (Uil plasma aead & ¢33y 0 3ad AdNl

44834 33le as plasma R Ssall Al Al ity ARy g ABgp LS dal o
e () geal) gedll g (M) 7V formic acid iliay AR Gl Ao gane aa 53l
Ayl il gall gal i apang cgal) cpa (e ) a1 o+ IS0 bl )
sy -V pe Gan Yoo ey ly Al caddy dAfgiall cilagell ayanll a5y Sl
(Tris(hydroxymethyl)aminomethene) Tris  cagy ol Java slae (e il /Q_A\);
AB 8 (A Jobiall Jiladl 5y8lae padiiny L Jalayy (VY cumgun ()

el (e il sSae Vo capaaaly L bl Ao genal 438 pall ilaghadll Wik AR Wl
ot 8 L) geal) il el disal plasma die s ccaisall il sl
Voo amgy Gla jel 8 ARy AR plual slias 4 ji e 3k Y il
el (gray ¢ praall Guball 8 AR 4l Jillas (e Ao giiall ChSHN (e iy S
0 Ll Ao pane gasl 5 it ylans sl Gl sk - Jalll lpa Byt 2
Lsie’t N Jeliill gy calna “HRP (5510 s dlias @adall ) il cXaie . ilye

‘o
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slaas Cislty e © (puil Jolaa iy (alall iy eJolil 138 3a; 52ay ol 50d
£0v 2o sabuaia¥l Gl cdiaie (Galdy) Jedae ddaulgy il Jel& Cayeyg «TMP
Aaulys yiagils
SPECTRA MAX 190 (Molecular Devices, Sunnyvale, California, USA).

st i) e Ao JS 8 ABs s AR DS S Gusd

A Ml g 5aad ks WV asa e zelegl (D) 5l (1) Aalad) dtsaall (10 S5l
ple duale gy of oS Jadl g 1ma¥) ol @l Gda ) (AB42 by Ji ,als
-Down ey Alzheimer iy Jio AB 4p oac Jlad )yl ‘_5_,\‘).::}1

AB40 z\ls) il a5 4 el g hua¥l e (1) delad) Bapaall (0 a$)all
e Jie AB dsmy greae JIai Gayal (oadlegl aile JalaS aie Gl 0855 <ABA2 5

.Down _sase ¢ Alzheimer
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Laadl alic
(1) Aapeall (G Jicia (compound) «S5e —)
0 Ar1
MeO N N/gﬁ ) |
R1_ p ()]
7N RZLWL
N a /T

—

Me
cdia ’\,_u\}(.):\m d};u salt cl{,i

V g Jais 88 ) phenyl Ao sanse Jiag Ary (4505 Ayl 45058 Aagly Fiay - Cun
I e Jaiud a8 A pyriding] de geaesl A1 Jiad) e gene e 8)liaa Bl ¥ Y
Jiay Legie JSy cppilina sl (plilaie R25 R (5% (AT ol Ao gennn (pe 5yl Jilay Y
ic genasl methylene de sene Jiey Z; ¢4 AT il Ae gana (e 555 e gana
53 (Al ol Ao gana (e 5Hl5a Sl e ¥ 400 &= dafui a8 sl cvinylene
QsSas (AT ) Ae gaae (e UL i &e Jaind 3 Al imino dc ganasl cOXygen
Y (G sha e gmaa 2o (yfiayg Guilidasl (pbildiary g op
«cyano de yaas () chydroxyl 4e sans (Y) chalogen 353 (V) A1 o) dc gans
Cl- 4e5ans (1) «C3-8  cycloalkoxy desane () «C3-8 cycloalkyl ic gane (¢)
desarall e Hle Jily ¥ U Y s Cl-6alkyl de sane Jafind 28 Cua <6alkyl
4—cyans cCYano Ao gana chydroxyl A= sene chalogen 3y e 43 4Siall
de gaaa (V) «C3-8 cycloalkoxy de senas «C1-6 alkoxy 4e sane «C3-8 cycloalkyl
G BAe Jily ¥ (0 Y 40 C1-6 alkoxy 4esene Jaiind 28 Cus «C1-6 alkoxy
4o gans (Cyano d—c seae chydroxyl 4csese chalogen 330 (y—e 435S5all 4_c gandll
e Jaied a8 Al amino 4 gexs (A) «C3-8 cycloalkoxy e sanas «C3-8 cycloalkyl
)V e Cl-6alkyl Glegana Jaiind 38 Cua «Cl-6alkyl (ufic sanasl 53aly de gana
Ofie sana ol Baaly Ao gana &e Jaid 8 3l carbamoy! de sene (%) chalogen iy ¥
(V) chalogen b3 ¥ UV as Cl-6alkyl e gene Jains 48 G «Cl-6alkyl
Cl-6 4egene Jafind a8 Cya «C1-6 alkoxycarbonyl 4e sana (V) ccarboxyl ic sene
4o gana chalogen )3 (e 45 9S5al Ao geadll (e 5yl58e Jilay ¥ ) Y &— alkoxy
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«C3-8 cycloalkoxy 4.c saaag «C3-8 cycloalkyl 4e gana ccyano 4c sena chydroxyl
-Cl-6alkylsulfonyl 4c sena (1Y) 5 Cl-6alkyl 4 gane (1Y)
) il jaied Wi 45 WY e J | -8all (salt) pelall 3l (compound) Syl —¥
H(I) dapall (B el Jiahy Cua
0 Ar1
MeO ~ N)\ﬁ T
eyt
g 2 1
N;J R q r
Me
Acgana (ro HlAL Bl ¥ (WY pe Jasini 28 3l phenyl Ao gane Jiay Ary Cuna
a—‘")“?‘ U= 'B_)L'\;.q d:'h-‘ ¥ ‘_r‘,‘ \ & dm a8 ‘rﬂ‘ pyrldmyl LQJAMJI Al dgd_\l\

Ao pana (o 300 Ao gana Jiar Lagie S cpilidiesl culilaia R2 9 RY (1585 (AT Jnal
V g Jagus 8 Al evinylene de sane f methylene ic gane Jiay Z; 400 A1 Jad)

A8 il imino Lo ganayl coxygen 50 Al Joad) dcgana (e Hlide Jilay o ¥

odlinel cubilaiars eq p (i3S (AT dall Ao gans e line iy ae Jaind
Y (Y e e amaa e sty
«cyano ie gexs (V) chydroxyl desease (Y) chalogen 3,3 (V) :Al il ic sena
Cl- 4eseas (1) «C3-8 cycloalkoxy 4c sane (¢) «C3-8 cycloalkyl ic sanse (¢)
dcsanall e plase Bl ¥ (Y as Cl-6alkyl desene Jaiins 38 Cuus c6alkyl
4—c gane «Cyano A—c gz chydroxyl 4—=c gaax chalogen 53 — o 43 5Siall
4csana (V) «C3-8 cycloalkoxy dcsanay «C1-6 alkoxy e sene «C3-8 cycloalkyl
Cre 8)l83e By ¥ WY 2 C1-6 alkoxy desane Jafind 28 i «C1-6  alkoxy
4_c ganse (Cyano 4c gena chydroxyl 4c sene chalogen 353 (—e 43 Siall 4 e ganall
& Jaiudd 28 3l amino de gess (A) «C3-8 cycloalkoxy dc sensy «C3-8 cycloalkyl
&V e Cl-6alkyl Slesane Jaiind a8 i «Cl-6alkyl (e sanasl 5aals ic gana
Oie gana gl Banlg de gana & Jaiad 8 Al carbamoyl 4e seas (1) chalogen <)) ¥
(Y+) <halogen <h3 ¥ &= Cl-6alkyl &legane Jafiud 28 s «Cl-6alkyl

C1-6 4 gane Jafind 3 Cua «C1-6 alkoxycarbony] dc sane (V) «carboxyl e pene
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4o gana chalogen 8)3 (e 453,85 Ao pandl e )i Sy ¥ Y ) as alkoxy

«C3-8 cycloalkoxy 4c seaa3 C3-8 cycloalkyl e sane ccyano 4e gans chydroxyl

-Cl-6alkylsulfonyl 4c seas (1¥) 5 Cl-6alkyl 4c sane () Y)

o Llaall yeaial Wik 4t W ara Jpial (salt) Ll i (compound) S yall —¥
R &« methylene dc gane Jaiiud 3 Cus cmethylene de seaas Jiay 7, o Caa
<hydroxyl 4e geaa «Cl-6alkyl dc sane (3o 435S0al) de panall (pa 3y0A (Jilay (e
-halogen 3,3,

) Aleall jaaial Uik e WiVaria Jyddl (salt) el i (compound) el — ¢
3 e Y0 ¢ daiud 28 il methylene e seae S Z; of Gosa <Y
-halogen

) il joaial Uik 4ie WiVara Jsdall (salt) zLlal} o (compound) el —0
¢~ methylene dc gane Jafud 38 Cum cmethylene degene iy Z; of Cann (Y
i gans «Cl-6alkyl Ao gane (ye 455800 Ao ganall e 3ylisa Jilay e ¥ 0 )
Y S agie ST ¢q py £hélogen 3)9 <hydroxyl

© Aleall yiaial Uit 4ia WiVarea Jsial (salt) 7Ll s} (compound) Sl =1
Y &= methylene de geane Jatind 8 Cya methylene ie gaas Jiay Z; of Cua
thydroxyl 4e saaay C1-6alkyl dc sana (pe 435S0all de ganall (ya 3)liaa Sl Cre
Y Jiey agie ISt ¢q opy

VAl yaial Lids 4 LiVaria Jyiall (salt) qLall sl (compound) caS,dl -V
¢ methylene dc gaas Jafius 38 Cus cmethylene desene Jia Z; off s (Y
Lo gena «Cl-6alkyl degane o 435K5all Ao ganall (1o §ylsae Jilay e ¥ 56
- e Jiarry €Y Jies begie JS g p thalogen 3,34 <hydroxyl

¥ Alaal) jmiad Uik e Wi¥area Jsid) (salt) lall f (compound) <l ~A
\ R & methylene 4e gaae Jaiid 38 Cua cmethylene dc saas Jiay Z; of Cua
p thydroxyl 4e gansy Cl-6alkyl dc gana (pe 435S0l deganall (e 5ylide Sy (ye
o diayry 6 Jig Legie JSq
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Vileal) jaiel Ui 4ie Wiara Jsidl salt) gl f (compound) aSall -4
-V Jie pgie IS5 cq eps toxygen 53 B Zy of Cum (¥
} leall jaaial Uida e L area Jyiad (salt) zeld) ol (compound) caSpall =1 +
¢~ methylene 4e gane Jaiiud 38 Cua imethylene e ganse Jiay Z, of Cas oY
<halogen 3,3 «C1-6alkyl ic gana (po 435Siall Ao ganall (pe 3ylia Jily (e Y 500
s e Jiey bagie JST5q 5 ¢) Jiay p thydroxyl e senag
v leall jeaial ks 4t Li¥aua el (salt) xld) i (compound) iyall = Y
Y ¢ methylene ic saxe Jaiiud 38 Cua cmethylene ic sene Jiay Z; of Cus
p thydroxyl de gaaey Cl-6alkyl dc sana (pe 435Siall de ganall (4o 3)l80 Sy (e
e Jiag lagie Sryqs¢) Sy
) Aleall el Lk 4e W¥aria Jsiall (salt) zladl f (compound) caSyall =1 Y
&= methylene ie gane Jaiud 28 Cus cmethylene dc gene Jias Z, o s oY o
chalogen 3,3 «C1-6alkyl dc sene (3o 439S5all Ao ganall (4o 500 Jilay e Y 56
e Jilaqs ) Jia Legia JS 1 p thydroxyl de saaag
OY Glaall peainl ik 4ie ¥ aua Jpiadl (salt) alall 5l (compound) cSyall - ¥
Y & methylene icsans Jagiud 38 Cus cmethylene e sene Jiny Z; of Gan
p thydroxyl dc ganey Cl-6alkyl de gana (pe 435S0all Ao ganall (1o 3)l80 Sy (e
e Jiey gy o) Jie Legle Sy
) Agleall yeaiad Uik 4e L arca Joiall (salt) mlall f (compound) caSyall =Y ¢
&= methylene dc gane Jagiud a8 S cmethylene degaae Jiay Z; o Cun (Y
<halogen 3,3 «C1-6alkyl ic gana (re 435S5al) Ao sanall o 3lhaa Sy e ¥ 56
< Jiea Siarry Y i q ¢) Jigy p thydroxyl 4 senay
AVt Aglaall juaial Wk 4o ¥ aua Jsial (salt) aladl i (compound) oSyl =)0
\ R &= methylene e gane Jagiud 3 Cua imethylene de gaae Jis Z; of Can
p thydroxyl 4e sansy Cl-6alkyl dc sana (1o 43sSiall de ganall (e 3)l050 S e
i Bl Y Jigg ) Jiay
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Vil jeaial Lids 4te WiVasua Jediall (salt) geld) slcompound) caSyall =11
&= methylene dcgane Jafind 38 Cus imethylene degens Jia Z) of Can oY 4
<halogen 3,3 «C1-6alkyl dc gane (e 435Shall de panall (ha B)lise iy (e ¥ 5
Y Sl gy o) Jia Lgie Sty p thydroxyl de sasas

A1 Aglaall jaaiel Wil 4ie WiV aa Jyiddl (salt) zldl 4 (compound) Syall =Y
\B R & methylene 4e goae Jaiud 3 Cya imethylene dc gaas Jiay Z; of Cua
p thydroxyl 4e geaey Cl-6alkyl e gane (3e 435S0all de ganall (e Byli30 Jily e
Y Beqs o) e et S 1

YAkl aied Gk 4ie WY ara Jsial (salt) Ll i (compound) S yall = A
& vinylene dcsene Jaiud 38 S cvinylene dcgena Jiay Z) of G oY
Jiey Lagie S15q ¢ e Jia p thalogen <yl Cl-6alkyl (yic sanesl de gana
A

A sl jeainl Gl 4ie iV aua Jpiall (salt) wlall f (compound) i$,all =14
4c gara ae vinylene degana Jaiui 38 Cua cvinylene dc gane Jiay Z; of Gua
Y Jias Legie USTy g5 ¢ siea Jiay p ¢Cl-6alkyl (sic ganas)

Vigleall yiand Wk e (¥ ara Jydall (salt) L)l sl (compound) Syl ¥ «
&= vinylene dcgana Jaiud 28 Cipa cvinylene degena Jhia Z; of G oY
Jiaars ¢) Jhiey Lagia JS q p thalogen <3 sl Cl-6alkyl (yic senasl de gans
 sina

Vo leall jaial ks 4t UiV apa J5sall (salt) pelall sl (compound) S yall =YY
4 sans ae vinylene dc sene Jafind 38 Cua vinylene degane Jiar Z; of Cua
e Jiarry ¢) i legia JS g p ¢Cl-6alkyl Ofic senasl

Vil jaial Wk 4t LiVara Jeidl (salt) gLl sl (compound) Sl =YY
-halogen <3 ¥ (MY s asivus phenyl i gans Jiay Arp off Cum <Y

Vil aied ik 4 WiV Aa |s-8all (salt) peldll sl (compound) .S yall =YY
<l fluorine iy ¥ IV as Aafiua phenyl degans Sia Ary of Cua oY ]
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Vil jaind s 40 UiVara Jsdall (salt) ! sl (compound) Syl —Y ¢
-halogen <) ¥ 4l ¥ &= Aaiie phenyl e gaae Jiay Ar of Cua Al
e daly Y Lida 4 5 LV Jsidl (salt) Ll sl (compound) S yall —Yo
= Wafie phenyl de sene Jiay Ary O G (Y E 5 YT XY oY Llaall yalic
.fluorine 333
) igleall juaiel Lids 4e LV aya sl (salt) gelall ol (compound) caSyall =Y
Ao sand) (o Yl i Jies Lagie JS ciliasl pfliie R2 5 R! (1085 G oY f
-hydroxyl 4c saass chalogen §)3 «Cl-6alkyl 4 gana (3o 434Shall
Vbl jaaied G 4ie UiVara Jsddl (salt) glall ol (compound) aSyall —YY
A e ganall o Syl Yy Cum oY
1) (E)-(35)-(3,4,5-trifluorophenyl)-6-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-(9R)-hexahydroindolizin-5-one,
2) (E)-(3R)-(3,4,5-trifluorophenyl)-6-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-(9R)-hexahydroindolizin-5-one,
3) (E)-(3S)-(3,4,5-trifluorophenyl)-6-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-(9S)-hexahydroindolizin-5-one,
4) (E)-(3R)-(3,4,5-trifluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yhbenzylidene]-(9S)-hexahydroindolizin-5-one,
5) (E)-(3R)-(3,4-difluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yhbenzylidene]-(9R)-hexahydroindolizin-5-one,
6) (E)-(3S)-(3,4-diflucrophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-(9S)-hexahydroindolizin-5-one,
7) (E)-(6R,9aS)-6-(4-fluorophenyl)-3-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylideneJoctahydroquinolizin-4-one,
8) (E)-(6S,9aR)-6-(4-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylidene]octahydroquinolizin-4-one,
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9) (E)-(6S,88S,9aR)-6-phenyl-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
ylbenzylidene]octahydroquinolizin-4-one,

10) (E)-(6R,8R,9aS)-6-phenyl-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-
1-yl)benzylidene]octahydroquinolizin-4-one,

11) (E)-(6S,88S,9aR)-6-(4-fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidenejoctahydroquinolizin-4-one,

12) (E)-(6R,8R,9aS)-6-(4-fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidene]octahydroquinolizin-4-one,

13) (E)-(6S,9aS)-6-(3,4,5-trifluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-
1-yl)benzylidene]octahydroquinolizin-4-one,

14) (E)-(6R,9aR)-6-(3,4,5-trifluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-

1-yl)benzylidene]octahydroquinolizin-4-one,

'15) (E)-(6S,8S,9aR)-6-(3,4,5-trifluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-

methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one,

16) (E)-(6R,8R,9aS)-6-(3,4,5-trifluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-
methyl-1H-imidazol-1-yl)benzylidenejoctahydroquinolizin-4-one,

17) (E)-(6S,8R,9aR)-6-(3,4,5-trifluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-
methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one,

18) (E)-(6R,8S,9aS)-6-(3,4,5-trifluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-
methyl-1H-imidazol-1-yl)benzylidene]octahydroquinolizin-4-one,

19) (E)-(6S,9aS)-6-(4-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one,

20) (E)-(6R,9aR)-6-(4-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one,

21) (E)-(5S)-(4-fluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylidene]-(8aS)-hexahydroindolizin-3-one,
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22) (E)-(5R)-(4-fluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-(8aR)-hexahydroindolizin-3-one,

23) (E)-(5S)-(3,4-difluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yDbenzylidene]-(8aS)-hexahydroindolizin-3-one,

24) (E)-(5R)-(3,4-difluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yDbenzylidene]-(8aR)-hexahydroindolizin-3-one,

25) (Z)-(5 S)-(3,-4-diﬂuorophenyl)—2-[3 -methoxy-4-(4-methyl-1H-imidazol-1-
yDbenzylidene]-(8aS)-hexahydroindolizin-3-one,

26) (2)-(5R)-(3,4-difluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yDbenzylidene]-(8aR)-hexahydroindolizin-3-one,

27) (E)-(SR,8aS)-5-(4-fluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]hexahydroindolizin-3-one,

28) (E)-(5S,8aR)-5-(4-fluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]hexahydroindolizin-3-one,

29) (E)-(6R,9aS)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-6-(4-
methoxyphenyl)octahydroquinolizin-4-one,

30) (E)-(6S,92aR)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-6-(4-
methoxyphenyl)octahydroquinolizin-4-one,

31) (E)~(4S,10aS)-4-(4-fluorophenyl)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylideneJoctahydropyrido[1,2-aJazepin-6-one,

32) (E)-(4R,10aR)-4-(4-fluorophenyl)-7-[3-methoxy-4-(4-methyl- 1 H-imidazol-1-
yl)benzylidene]octahydropyrido[ 1,2-aJazepin-6-one,

33) (E)-(5R,7aS)-5-(3,4-difluorophenyl)-2-[ 3-methoxy-4-(4-methyl-1 H-imidazol-1-
yl)benzylidene]hexahydropyrrolidin-3-one,

34) (E)-(3R,9aR)-3-(3,4-difluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydropyrrolof 1,2-a]azepin-5-one,
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35) methyl (E)-4-{(4S*,9aR *)-7-[3-methoxy-4-(4-methyl- 1H-imidazol-1-
yl)benzylidene]-6-oxooctahydroquinolizin-4-yl} benzoate,

36) (E)-(65*,9aR*)-6-(4-hydroxymethylphenyl)-3-[3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidene]octahydroquinolizin-4-one,

37) (E)-(65*,9aR*)-6-(4-cyanopheny!)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one,

38) (E)-4-{(4S*,9aR*)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1 -yDbenzylidene]-
6-oxooctahydroquinolizin-4-yl} benzoic acid,

39) (E)-(6S*,9aR*)-6-(4-aminopheny!)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yDbenzylidene]octahydroquinolizin-4-one,

40) (E)-4-{(4S*,9aR *)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1 -yl)benzylidene]-
6-oxooctahydroquinolizin-4-yl}-N,N-dimethylbenzamide,

41) (E)-(6S,9aR)-6-(3-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yhbenzylidene]octahydroquinolizin-4-one,

42) (E)-(6R,9a8S)-6-(3-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one,

43) (E)~(6S,9aR)-6-(2-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yhbenzylidene]octahydroquinolizin-4-one,

44) (E)-(6R,9aS)-6-(2-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one,

45) (E)-(6S,8R,9aR)-6-(4-fluorophenyl)-8-hydroxy-3 -[3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidene]-8-methyl-octahydroquinolizin-4-one,

46) (E)-(6R,88,9aS)-6~(4-fluorophenyl)-8-hydroxy-3-[3 -methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidene]-8-methyl-octahydroquinolizin-4-one,

47) (E)-(6S,8R,9aR)-6-(4-fluorophenyl)-8-hydroxy-3-[3 -methoxy-4-(4-methyl-1H-

imidazol-1-yl)benzylidene]-8-methyloctahydroquinolizin-4-one,
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48) (E)-(6R,8S5,9aS)-6-(4-fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidene]-8-methyloctahydroquinolizin-4-one,

49) (E)-(6S,9aR)-6-(4-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yDbenzylidene]-8-methyl-1,2,3,6,9,9a-hexahydroquinolizin-4-one,

50) (E)-(6R,9a8)-6-(4-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yDbenzylidene]-8-methyl-1,2,3,6,9,9a-hexahydroquinolizin-4-one,

51) (E)-(6S,88S,9aR)-6-(4-fluorophenyl)-8-hydroxy-3-[3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidene]-8-methyloctahydroquinolizin-4-one,

52) (E)-(6R,8R,9aS)-6-(4-fluorophenyl)-8-hydroxy-3-[ 3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidene]-8-methyloctahydroquinolizin-4-one,

53) (E)-(4R,9a8)-7-[3-methoxy-4-(4-methylimidazol-1-yl)benzylidene]-4-
phenylhexahydropyrido[2,1-c][1,4]oxazin-6-one,

54) (E)-(5S,7aR)-5-(3,4-difluorophenyl)-2-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yDbenzylidene]hexahydropyrrolidin-3-one,

55) (E)-(3S,9a8)-3-(3,4-difluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]Joctahydropyrrolo[1,2-alazepin-5-one,

56) (E)-(3S,8aS)-3-(4-chlorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]hexahydroindolizin-5-one,

57) (E)-(3S,8aS)-3-(2,4,5-trifluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-
1-yl)benzylidene]hexahydroindolizin-5-one,

58) (E)~(3S,8aS)-3-(2,3,4-trifluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-
1-yl)benzylidene]hexahydroindolizin-5-one,

59) (E)-(3S,8a8)-3-(2,5-difluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yDbenzylidene]hexahydroindolizin-5-one,

60) (E)-(3S,8aS)-3-(3-fluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-

yDbenzylidene]hexahydroindolizin-5-one,
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61) (E)-(3S,8aS)-3-(2,6-difluoropyridin-3-yl)-6-[ 3-methoxy-4-(4-methyl-1H-
imidazol-1-yl)benzylidene]hexahydroindolizin-5-one,

62) (E)-(3S,8aS)-3-(2,4-difluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]hexahydroindolizin-5-one,

63) (E)-(3S,8aS)-3-(3-chlorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]hexahydroindolizin-5-one,

64) (E)-(38,8aS)-3-(3,5-difluorophenyl)-6-[3-methoxy-4-(4-methyl-1H-imidazol-1-

yDbenzylidene]hexahydroindolizin-5-one,

- 65) (E)-(6S,9a8)-6~(3,4-difluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-

yl)benzylidene]octahydroquinolizin-4-one,

66) (E)-(6R,9aR)-6-(3,4-difluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yDbenzylidene]octahydroquinolizin-4-one,

67) (E)-(6S,9aS)-6-(4-chlorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yD)benzylidene]octahydroquinolizin-4-one,

68) (E)-(6R,9aR)-6-(4-chlorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]octahydroquinolizin-4-one,

69) (E)-(S)-6-(3,4,5-trifluorophenyl)-3-[ 3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-1,2,3,8,9,9a-hexahydroquinolizin-4-one,

70) (E)-(R)-6-(3,4,5-trifluorophenyl)-3-[3-methoxy-4-(4-methyl-1 H-imidazol-1-
yl)benzylidene]-1,2,3,8,9,9a-hexahydroquinolizin-4-one,

71) (E)-(6S,88,9aR)-8-fluoro-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one,

72) (E)-(6S,8R,9aR)-8-methoxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
ylbenzylidene]-6-~(3,4,5-trifluorophenyl)octahydroquinolizin-4-one,

73) (E)-(R)-4-(4-fluorophenyl)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-

yDbenzylidene]-3,4,8,9-tetrahydro-7H-pyrido[2,1-c][ 1,4]oxazin-6-one,
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74) (E)-(S)-4-(4-fluorophenyl)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-3,4,8,9-tetrahydro-7H-pyrido[2,1-c][1,4]oxazin-6-one,

75) (E)-(4R,9aR)-4-(4-fluorophenyl)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yDbenzylidene]hexahydropyrido[2,1-c][1,4]oxazin-6-one,

76) (E)-(4S,9aS)-4-(4-fluorophenyl)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yDbenzylidene]hexahydropyrido[2,1-c][1,4]oxazin-6-one,

77) (E)-(6S,8R,9aR)-8-fluoro-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one,

78) (E)-(6S,9aR)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-6-
(3,4,5-trifluorophenyl)-1,2,3,6,9,9a-hexahydroquinolizin-4-one,

79) (E)-(6S,9aR)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-6-
(3,4,5-trifluorophenyl)-1,2,3,6,7,9a-hexahydroquinolizin-4-one,

80) (E)-(4R,9aR)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-4-

| (3,4,5-trifluorophenyl)hexahydropyrido[2,1-c][1,4]oxazin-6-one,

81) (E)-(4S,9aS)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-4-
(3,4,5-trifluorophenyl)hexahydropyrido[2, 1-c][1,4]Joxazin-6-one,

82) (E)-(4S,9aR)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-4-
(3,4,5-trifluorophenyl)hexahydropyrido[2,1-c][1,4Joxazin-6-one,

83) (E)-(4R,9aS)-7-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)benzylidene]-4-
(3,4,5-trifluorophenyl)hexahydropyrido[2,1-c][1,4]oxazin-6-one,

84) (E)-(6R,78,9aR)-7-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yDbenzylidene]-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one,

85) (E)-(6S,7R,9a8)-7-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one,

86) (E)-(6R,7R,9aR)-7-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-

yDbenzylidene]-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one,

AR

VYo

Yoy

yoY

YooY

Yot

-1

Yot

Yov

VoA

Vo1

Y.

AR

iy

1y

¢

Yo

Yyt

1y

YA

y14

YV

WY

YVYY

Yy

Yv¢



Yaay

87) (E)-(68,78,9aS)-7-hydroxy-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)benzylidene]-6-(3,4,5-trifluorophenyl)octahydroquinolizin-4-one,

88) (E)-(6S,9aR)-6-(4-fluorophenyl)-3-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yDbenzylidene]-1,2,3,6,9,9a-hexahydroquinolizin-4-one,

89) (3S,8aS)-6-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-3-(2,4,6-trifluorophenyl)hexahydroindolizin-5-one,

90) (6S,9aR)-6-(3,4-difluorophenyl)-3-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yDphenyl]-(E)-methylidene}octahydroquinolizin-4-one,

91) (6S,9aR)-6-(3,4,5-trifluorophenyl)-3-{ 1-[3-methoxy-4-(4-methyl-1H-imidazol-
1-yl)phenyl]-(E)-methylidene} octahydroquinolizin-4-one,

92) (6S,9aR)-6-(4-chlorophenyl)-3-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yDphenyl]-(E)-methylidene } octahydroquinolizin-4-one,

93) (E)-(3 S,8aS)-3-(2,3-diﬂuorophenyl)-6-[3-methoxy—4-(4-methyl- 1H-imidazol-1-
yDbenzylidene]hexahydroindolizin-5-one,

94) (4R,9aS)-4-(4-fluorophenyl)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)phenyl]-(E)—methylidene}hexahydropyrido[2, 1-c][1,4]oxazin-6-one,

95) (4R,9aS)-4-(3,4-diftuorophenyl)-7-{ 1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yDphenyl]-(E)-methylidene}hexahydropyrido[2,1-c][1,4]oxazin-6-one,

96) (4R,9aS)-4-(4-chlorophenyl)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)phenyl]-(E)-methylidene}hexahydropyrido[2,1-c][1,4]oxazin-6-one,

97) methyl (4S,9aR)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-6-ox0-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazine-2-
carboxylate,

98) methyl (4R,9aS)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl] -(E)-
methylidene}-6-0x0-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazine-2-

carboxylate,
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99) methyl (4R,9aR)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-6-ox0-4-(3,4,5-trifluorophenyl)octahydropyrido[1,2-a]pyrazine-2-
carboxylate,

100) methyl (4S,9a8)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-6-0x0-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazine-2-
carboxylate,

101) (4R,9aS)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-one,

102) (4S,9aR)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-one,

103) (4S,9aS)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
méthylidene} -4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-one,

104) (4R,9aR)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-one,

105) (4S8,9aR)-2-ethyl-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-one,

106) (4R,9aS)-2-ethyl-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-one,

107) (4R,9aR)-2-ethyl-7-{1-[3-methoxy-4-(4-methyl- 1 H-imidazol-1-yl)phenyl]-
(E)-methylidene}-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-one,
108) (48,9a8S)-2-ethyl-7- {1-[3-methoxy-4-(4-methyl-1H-imidazol-1 -yD)phenyl]-(E)-
methylidene}-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-one,

109) (4S,9aR)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-2-methyl-4-(3,4,5-trifluorophenyl)octahydropyrido[ 1,2-a]pyrazin-6-

one,
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110) (4R,9aS)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1 -yDphenyl]-(E)-
methylidene}-2-methyl-4-(3,4,5 -trifluorophenyl)octahydropyrido[1,2-a]pyrazin-6-
one,
111) (4S,9aR)-7-{ 1-[3-methoxy-4-(4-methyl-1H-imidazol-1-yl)phenyl]-(E)-
methylidene}-2-propyl-4-(3,4,5 -trifluorophenyl)octahydropyrido[1,2-a]pyrazin-6-
one,
112) (4R,9a8S)-7-{1-[3-methoxy-4-(4-methyl-1 H-imidazol-1 -yDphenyl]-(E)-
methylidene}-2-propyl-4-(3,4,5-triﬂuorophenyl)octahydropyrido[1,2-a]pyrazin-6-
one,
113) (4R*,9aS*)-2-acetyl-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1 -yl)phenyl]-
(E)-methylidene}-4-(3,4,5-triﬂuorophenyl)octahydropyrido[1,2-a]pyrazin-6-one,
114) (4R*,9aS*)-2-methanesulfonyl-7-{ 1-[3-methoxy-4-(4-methyl-1H-imidazol-1-
yl)phenyl]-(E)-methylidene}-4-(3,4,5 -trifluorophenyl)octahydropyrido[1,2-a]
pyrazin-6-one, and
115) (4R*,9a8*)-7-{1-[3-methoxy-4-(4-methyl-1H-imidazol-1 -yl)phenyl]-(E)-
methylidene}-6-o0x0-4-(3,4,5 -trifluorophenyl)octahydropyrido[1,2-a]pyrazine-2-
carboxylic acid dimethylamide.
Ll 3} (compound) S )l e Jaidy (pharmaceutical agent) s Jule ~YA
L psieS YV () Gleall yualie e aaly oY ik 4ie LV asa Jyiall (salf)
-(active ingredient)
Julesp (o3 (YA Lleall oaial Ui (pharmaceutical agent) sl Jaladl ~¥9
-amyloid-B B-40) s 5ol 4l om yal ke ol Pty
o) 58 Cua (Y9 Gleall yeaiel Wida (pharmaceutical agent) sl Jaladl ~¥.
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