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-a-o )

2, —fRRX (2) TEROLINDPI JBILAYULZDEORE

—fiE (2) TRINZEEMXITEDERIZ. FIZE. 7I/BOT7X/
BERVCHAIVRVBEEERET S ETRHETE S, BAENIC—MKN (2) T
RKINBIELEMIE. Kawabata, T. et al., Angew. Chem. Int. Ed., 2000, 3
9, p.2155-2157X 1% Barnes, D. M. et al., Org. Lett., 2009, 11, p.273-
2ISICEEH I NBEREICRWEDL &N TES, —fiRA (2) TRIND
LEWMDEIF. — KX (2) TRINZEEMIIH LT, ERLEZEBDIR
DEEFTEICE > TRET D ENTED,

3. —fiFx (1) TERHLINZa—JNAOF7I/BIEEYMIZIEDIED
RRERE AEBPICL->TELNDa— 704073/ BIEEMXIETED
B, B20REEERFET D EICIYa—TNADTI/E (7)) —

i



WO 2016/140189 24 PCT/JP2016/056064

[0099]

[0100]

[0101]

[0102]
[0103]

Da—7NA0T7I/E) XEETDEEEET DI ENTE S,
BIREDHEE LTE. AFOAE (BIAIE, Bodanszky, M and M.A. Ond
etti, Peptide Synthesis, Interscience Publishers, New York (1966). Sc
hroeder and Luebke, The Peptide, Academic Press, New York (1965), &
EBIEXRM, RT7FNEROEREEER, LB EESR) NMRATES
4., P&
AFBFOREFETEONIAEE e —TILA0T I /BIETOER
. BRAGARICERTZIENTES, HIZE. ER. BE. B8, B&A
El. SRFMEEORR. XIFIhOAROERTEAFRE L TAEE o
—70AOT7 I/ BRITTOEREAVWD I ENTE S,
=Syt
HUF. REARCERAZSRL T ARFOXFEE -2 FOFT I/
BIEEYMXIEZEDRICDOWTEAFNICERAT 5, L2 L. EEMIEHET
—BITH>T. AFEPIF. EHEGICRE I NV,
EREFAIRCLERAICEWTHERT 2EBZUTICRT,
<PIERE>
FT. AEEHICSIT2IEEMOLIMICAWSTEBER TRERHZFIC
DWTERAAT 5,
(1) "H=NMRZRZ kL
BAEFHEJ NM—-ECX4 O OBBWT, AXHICEEHDHFETRIE L,
(2) 19F—NMRZR%Z ML
BAEFHEJ NM—-ECX4 O OBBWT, AXHICEEHDHFETRIE L,
(3) '3C—NMRZ~R%Y Nl
BAEFHEJ NM—-ECX4 O OBBWT, AXHICEEHDHFETRIE L,
(4) HZME (TFYF+~—BEX)
FSIHSL (BEE : CHIRALPAK IA, 441 IL#tE) #FBUL/HPLC (wat
ersttEIXIFAARDHHE) THM L,
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[0104]

[0105]
[0106]

[0107]

[0108]

[0109]

<BEH1~T7>

LEM2 a~tEW2 gld. AMORETZE (HIA L, Kawabata, T., et
al., Angew.Chem, Int.Ed., 2000, 39, p.2155-2157% U'Barnes, D. M. et al
., Org. Lett., 2009, 11, p.273-275) IZfE->T. ThEhEEL L,

EiEfl1 (LS 1 a DRIE)

[1B611]
T N
Boc. )\ a eq.L Boc. X
N OB T e DMF@ET) N COBn
MOM AL MOM
2a 1a

AVTLEZ (M)AFILIYIL) PTROFISEROTZ7S VAR (0.5
OM 0.72m, 0.36 mmol) IZ, FhZEROTSY (1.6 nl) ITBMIEL
tEt2a (-2 04073/ BEEHEOEEFER) (120 mg, 0.30 mmol
) ZFIITVEEKIT-18CICTMA. 100EE®R L, TOBRIC, I X
FILHRILT IR (0.60 ml) ICHEBIELN-JILAORVEYZILKRVA
IR (284 mg, 0.90 mmol) Zp0A. FURICTORFEIRIE L, TDE. 2D
RISHRICRERI T V EZ D LKBREMA, HFERT 7L CHIE L, MHKE%E
HAKREEFT M) DLATEEREIELE KBL, BRZRELEL, 5N RE
By )ATNLI/OY NI ST 4 —[BFBRIFIL : AFH Y (FELL) =90:
0T B &IcE Y. {bEWa (120 mg, 96%, 91% ee) %1F/z, YNZE (
%) ETFVFAT—HAEE (ee) (%) #RI1IIRLIK,

&Yl a Ry R)-2- ((tert-ThFIHIKRZI) (A bF
AFN) PR /-2-2)070-3-7x=-)FO0/NR/T—H)

QX
BOC\

N“COzBn
MOM

1a
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[0110]

[0111]

[0112]

[0113]

[0114]

Colorless oil; 92% ee; [ ]?%= 35.0 (c=1.00, CHCl;); IR(neat) cm’': 298
0, 1776, 1721, 1456, 1368, 1294, 1214, 1175, 1105, 1080, 1050, 1026,
669; 'H-NMR (400 MHz, CDCly,) &: 1.43 (s, 9H), 1.80 (d, J=19.2 Hz, 3H)
, 3.31 (q, 32.4 Hz, 13.3 Hz), 3.39 (s, 3H), 3.65 (t, 13.3 Hz), 4.87-4
.97 (m, 3H), 5.14 (d, J=12.0 Hz, 1H), 7.09-7.11(m, 2H), 7.16-7.18 (m,
2H), 7.23-7.25 (m, 3H), 7.28-7.30 (m, 3H) ppm; C-NMR (100 MHz, CDCL,
) & :28.2, 41.2 (split by C-F coupling, 24.8 Hz), 55.6, 67.7, 75.2,
83.5, 101.4, 127.7, 128.5, 128.6, 128.7, 130.7, 133.0, 134,9, 154.1,
167.1 (split by C-F coupling, 34.3 Hz)ppm; '*F-NMR (376 MHz, CDCl;) & :
-122.8 ppm; HRMS (FAB): m/z [M+Nal* = calcd for 440, 1849 [C,H,FNO;Na]t,
found 440.1852; LRMS (FAB): m/z [M+Nal* = 440; HPLC condition: Chiralc
el IA column, flow late: 1.0 mL/min, 1% IPA-hexane, 11.3 min (minor)
and 13.0 min (major)

EhEpe~6 (EE¥1b~1hOHEE)

BRE7 I/ BEEMICBIT27I /BRAIKR (RY) ZFRR1ICEEDT I
JBRRAISHIC Z AN, R ERABROAFET, a— 203073/ B
e (1) Z8EL, INE (%) STV FF—8BFE (ee) (%)
R 1ICAR UL,

[%&1]
R TI/BAEES  EEWI]IRE (%) ] ee(%)

et ool 2= )VFI_ ] 1 96 93
= o, s | RPN EEETS

REFI2 R TIAF AT FOU g 1b 88 97
3K AF I T2 fIgH 1c 95 41
=4 470 NP2 1d 92 93
eSS AJTFI a4 g le 90 91
Ehefle] AFILFAIFIL 2FAZ I 1f 91 82

EEY¥II b : RUT) R-3- (4- (RyINFAFXY) Jx=)) -2- (
(tert-F hF>AHIARZI) (XMFEIXFI) FI/) -2-7)b4070O0

IN) T— B
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[0115]

[0116]

[0117]

[0118]

[1613]

B O
\QXL
BOC\

l\ll CO2Bn
MOM

1b

White solid; 97% ee; [ ]12%= 32.8 (¢=1.00, CHCl;); IR(neat) cm': 2979,
1775, 1720, 1611, 1511, 1455, 1368, 1294, 1245, 1218, 1175, 1107, 10
74, 1052, 1025, 911, 856, 833, 751, 697; 'H-NMR (400 MHz, CDCly) & : 1.
44 (s, 9H), 3.27 (dd, J=33.0, 14,2 Hz, 1H), 3.40 (s, 3H), 3.60 (dd, J
=14,2, 13.5 Hz, 1H), 4.89-5.05 (m, 5H), 5.13 (m, TH), 6.79-6.96 (m, 2
H), 7.01-7.19 (m, 4H), 7.28-7.45 (m, 8H), ppm; '3C-NMR (100 MHz, CDClL,)
§:28.0, 40.1 (split by C-F coupling, 24.0 Hz), 55.4, 67.5, 69.9, 74
.9, 77.2, 83.3, 100.1(split by C-F coupling, J=221.4 Hz), 114.6, 125.
0, 127.5, 128.0, 128.3, 128.4, 128.5, 128.6, 131.6, 134.8, 137.0, 154
.0, 158.3, 167.1 (split by C-F coupling, J=34.5 Hz) ppm; '®F-NMR (376
MHz, CDCl;) & : -122.9 ppm; HRMS (FAB): m/z [M+Na]* = calcd for 546.2268
[C,H,FNO,Na]*, found 546,2271; LRMS (FAB): m/z [M+Na]* = 546; HPLC cond
ition: Chiralcel IA column, flow late: 1.0 mL/min, 10% IPA-hexane, 6.

9 min (minor) and 7.5 min (major)

a1 c : RUTI R)-2-((tert-T bFTHIKR=N) (X bFIX
FN) PRJ) -2-7)FRTO/N/T—h
[114]

Me F

Boc X

N” COBn
MOM
1c

84% ee;[a]2= 7.17 (c=1.00, CHCL;); IR(neat) cm': 2976, 1769, 1721, 1
371, 1294, 1124, 913; 'H-NMR (400 MHz, CDCl;) & :1.42 (s, 9H), 1.80 (d,
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[0119]

[0120]

[0121]

J =19.2 Hz, 3H), 3.32 (s, 3H), 4.84 (d, J = 11,9 Hz, 1H), 5.04 (d,
J=11.9 Hz, TH), 5.20 (d, J = 12.4 Hz, 1H), 5.26 (d, J = 12,4 Hz, TH
), 7.35 (m, 5H) ppm; 3C-NMR (100 MHz, CDCL;) & : 22.1 (split by C-F cou
pling, 26 Hz), 28.1, 55.4, 67.8, 75.2, 83.3, 97.0, 98.1 (split by C-F

coupling, 212.1 Hz), 128.6, 135.2, 154.0, 169.0 (split by C-F coupli
ng, 34.3 Hz) ppm; "F-NMR (376 MHz, CDCl;) & : -150.02; HRMS (FAB): m/z

[M+Na]* = calcd for [C;;H,,FNO;Na]*364. 1536, found 364.1538; LRMS (FAB):
m/z [M+Na]* = 364; HPLC condition: Chiralcel IA column, flow late: 1.0

mL/min, 1% IPA-hexane, 9.1 min (miner) and 11.0 min (major)

W1 d - RVI) R-2- ( (tert-TbFIHIKRZI) (A bF

XFN) PE/) -2-FNAOA-3-AFNTH/T—F

[1615]
=
Boc.

N“COzBn
MOM

1d

Colorless oil; 92% ee; [ ]1%= 15.7 (¢=0.81, CHCLl;); IR(neat) cm': 297
9, 1762, 1721, 1365, 1295, 1258, 1173, 1089, 1049, 1021; 'H-NMR (400 M
Hz, CDCl;) &: 0.96 (d, J = 6.9 Hz, 3H), 1.02 (d, J = 6.9 Hz, 3H), 1.4
5 (s, 9H), 2.66 (sext, J =6.9 Hz, 1H), 3.33 (s, 3H), 4.76 (d, J =12
.0 Hz, 1H), 5.15 (d, J = 12.0 Hz, 1H), 5.21 (s, 2H), 7.35 (m, 5H) ppm
: BC-NMR (100 MHz, CDCly) & : 17.0 (split by C-F coupling, 5.7 Hz), 17.
8 (split by C-F coupling, 5.7 Hz), 31.8 (split by C-F coupling, 24.8
Hz), 55.6, 67.3, 75.4, 83.0, 98.1 (split by C-F coupling, 217.4 Hz),
128.3, 128.4, 128.7, 135.1, 154.7, 166.2 (split by C-F coupling, 33.4
Hz) ppm: 'F-NMR (376 MHz, CDCl;) & : -122.7 ppm; HRMS (FAB): m/z [M+Na
1t = calcd for [CygH,sFNOsNa]*392, 1849, found 392, 1848
; LRMS (FAB): m/z [M+Na]*= 392
: HPLC condition: Chiralcel IA column, flow late: 1.0 mL/min, 1% IPA-
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[0122]

[0123]

[0124]

[0125]

[0126]

hexane, 10.3 min (minor) and 12.3 min (major)
&1 e : RV R)-2- (((tert-FT hEFTAHIARZIL) (X RFD
XFII) PI)) -2-FINAO-4-AFIRVEI /) T—|

[1b16]
-~
Boc.,

N"COzBn
MOM

1e

Colorless oil 90% yield; 91% ee; [ ]2%= 25.7 (c=1.00, CHCL;); IR(neat
) cm': 2960, 1770, 1720, 1456, 1367, 1294, 1222, 1139, 1109, 1078, 10
13, 944, 911, 855, 752, 698; 'H-NMR (400 MHz, CDCl;) &6 : 0.83 (d, J = 6
.6 Hz, 3H), 0.98 (d, J = 6.4 Hz ppm, 3H), 1.44 (s, 9 H), 1.91-2.08 (m
, 2 H), 3.31 (s, 3H), 4.87 (d, J =11,9 Hz, 2 H), 5.04 (d, J =11.9, 2
H), 5.15-5.30 (m, 2 H), 7.29-7.39 (m, 5H) ppm; BC-NMR (100 MHz, CDClL,)
8§: 23.0 (split by C-F coupling, 3.8 Hz), 24.4 (split by C-F coupling
, 28.6 Hz), 28.1, 42.8 (split by C-F coupling, 22.8 Hz), 55.4, 67.8,
74.9, 83.3, 100.5 (split by C-F coupling, 218.3 Hz), 128.5, 128.6, 12
8.7, 135.2, 154,2, 167.8 (split by C-F coupling, 35.3 Hz) ppm; '*F-NMR

(376 MHz, CDCl;) & : -122,15 ppm; HRMS (FAB): m/z [M+H]*= calcd for 38
4,2186 [CyHsFNOs]*, found 384.2190; LRMS (FAB): m/z [M+H]* = 384; HPLC
condition: Chiralcel IA column, flow late: 1.0 mL/min, 1% IPA-hexane,
6.4 min (major) and 7.0 min (minor)

a1 £ RV R)-2- ((tert-T bFHIKRZJ) (X BRFD
XFN) PRJ) -2-F)F0-4- GAFNFA) TH/ T+t
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[1617]

s

Y
Boc., X

l\ll CO2Bn
MOM

1f

[0127] Colorless oil 91% yield; 82% ee; [a12= (c=1.00, CHCLl;); IR(neat) cm
'; TH-NMR (400 MHz, CDCLls;) & : 1.45 (s, 9H), 1.98 (s, 3H), 2.16-2,22(m,
2H), 2.55-2,58 (m, 2H), 3.31 (s, 3H), 4.85 (d, J=11.9 Hz, 1H) 5,13 (d
, 11.9 Hz), 5.23 (s, 2H), 7.34-7.39 (m, 5H) ppm; 'C-NMR (100 MHz, CDC
;) §: 16.7, 27.6, 27.7, 28.2, 35.0 (split by C-F coupling, 24.8 Hz),
55.5, 67.9, 75.1, 83.6, 99.3 (split by C-F coupling, 217.3 Hz), 128.8
, 129.0, 135.1, 154.1, 167.2 (split by C-F coupling, 35.3 Hz) ppm; 'F
-NMR (376 MHz, CDCLl;) 8 : -123.8 ppm; HRMS (FAB): m/z [M+Na]* = calcd fo
r 424, 1543[C,H,FNO,Na]*, found 424, 1564; HPLC condition: Chiralcel IA ¢
olumn, flow late: 1.0 mL/min, 1% IPA-hexane, 14.7 min (minor) and 17.
6 min (major)

17 E¥11 g &S
[0128] [{k18]

BnO

NFSI (3.0 eq.) BnO E
Boc )\ KHMDS(1.1 eq) o X
N7 ~CO,Bn b COan
MOM THF/DMF(4:1)
-78 °C
2g 19

[0129] {b&¥29 (RT=RUYINFAFIAFIE RVIIEEETZ ) VI
) ) a—70A07 I/ BESEOEEFTREAE (43 mg, 0.10 mmol) & N-—
InAaRVYEVRIVT A VA IR (95 mg, 0.30 mmol) OF ~ZEROT
S (0.56 mL) EVAFIRILLTIR (0.20 L) ORESEBICH L. B
VOLANFHAFIIOOSVROT NS ROT S VAR (0.50 M, 0.24 mL
, 0,12 mmol) ZF7IITVFEBESKT. —78 CIZTMA. FERICTOREEIR®EL
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[0130]

[0131]

[0132]

[0133]
[0134]

foo TDH. TORBRICEEMT7 VEZD LKAREMA. BFERT F )L THi
H U7, MEBEHREEKBERST M) DAL TERIELE, BRL. BHRERTE
Lo BONEREEZSY AL IONI ST 1 —[EEERIFIL : AFHY
(BELL) =9 :101ICtT 52 &Ik Y. 1&g (40.2 mg, 90%, 80% ee
) BB,

bEW1g: RYII R)-3- RUIUNFFY) -2- ((tert-FT bF
AINRZI) (AbFIAFII) PRJ) -2-7)04070/8/IT—F

[1619]

BOC‘N CO,BN
MOM

19
Colorless oil 90% yield; 80% ee; [ ]2%= 17.2 (c=1.00, CHCL;); IR(neat
) cm': 2979, 1934, 1779, 1723, 1455, 1368, 1296, 1256, 1159, 1105, 10
49, 965, 912, 853, 740, 698; 'H-NMR (400 MHz, CDCl;) & : 1.44 (s, 9H),
3.29 (s, 3H), 4.00 (m, 1H), 4.11 (m, 1H), 4.48 (d, J=12.3 Hz, 1H), 4.
63 (d, J=12,3 Hz, 1H), 4.84 (d, J=11.9, 1H), 4.98 (d, J=11.9, 1H), 5.
24 (m, 2H), 7.21-7.35(m, 10H) ppm; 3C-NMR (100 MHz, CDCl;) §: 28.1, 55
.5, 67.9, 70.6 (split by C-F coupling, 27.7 Hz), 74.0, 75.5, 83.6, 98
.4, 100.6, 127.9, 128.0, 128.5, 128.6, 128.7, 135.2, 137.1, 153.8, 16
f6.6(split by C-F coupling, 235.3 Hz) ppm; '"9F-NMR (376 MHz, CDCLl;) & :
-126.3 ppm; HRMS (FAB): m/z [M+Nal* = calcd for 470.1955 [C,H,FNO;Na]t,
found 470. 1954
; LRMS (FAB): m/z [M+Nal* = 470; HPLC condition: Chiralcel XX column,
flow late: 1.0 mL/min, 1% IPA-hexane, 10.1 min (minor) and 11.6 min (
major)

EiEf8 (bE¥1 b DHGE)
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[1b20]
BnO
NFSI (3.0eq) BNO recrystal.
KHMDS (1.2 eq.) Hex/EtOAc
S F —_—»  >09%ee
. N 0, i
Boc.. THF/DMF (4:1) Bocs COLBn 90% yield
N™ "CO,Bn -78°C MOM
MOM 92% yield, 96% ee
2b 1b

[0135] ZEmEfI2ICEVWT, BEETHSLEW2b. RURBAEZFDOEEZERL
TIEEMT b DERZTV. BRaRICIYEEMI bERE L, AUV L
EX (FRUXFILTIIN) PEROFTISEROT7S VAR (0.50 M, 0.24
mL, 0.12 mmol) IC. FhSEROTZSY (11.6 mL) (BRI (LS
(a-7)07407 =2 /BESAOEEFERA) (1.01 g, 2.00 mmol) %= F7IL
TVFEKIT-78CICTMA. 109BE#H L, JOBRIC. A FILRIL
LT7IR (4al) ICBEBIELN-OLAORVYEYRILEVSL IR (1.89 g
, 6.00 mmol) ZINA. FLRICTORREER L, 0%, ZORERICEIF
TUVEZDLKBREMA., BT FIILTHIH L7, R % BKREE S ~
) LTEIREI %R BEL. BRZEELL. BonEREEZY ) AT
WoaR c 7274 —[BBBITFIL : ~AFH Y (FE) =90:101ICHT 3
ZEITEY, {bEYIb (964.3 mg, 1.84 mmol, 96% ee) Zf5/, ZD&. b
E¥1b (964.3 mg, 1.84 mmol, 96% ee) AAFH U BT FILDEESAR
KB L, -20CICTHEBIT DI THREEZRL, SOoNRR%EZ2WT %
Z&ET. 1bE&H1b (865.2 mg, 1.65 mmol, 99% ee) &#157-,

[0136] ZEMEHIO~12 (LEYWT h~1 k DEE)
FERT7I/BEEMICBIT3T7 I /BAIK (RY) 2 TFRER2ICBEHDT I
JEEAISH (RT) ICRXLMSME. R 1 ERAROHFET, a—7)b40O7
I/BIEEY (1) 28E L, WK (%) &I FVFFT—BEIE (ee)
(%) #FR2ITR L,

[0137]
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[3R2]
| L&Y | IR ee
R & ] (%) (%)
RiEH | NOUALAFLALT | AUULEERTEFAY | 03 %
8 L ]
=16hl | Nt-T FE AR Boc TRESNT= n 62 I
9 W3-+ Y EAJILAFIL FJT DT A
gl | w0 T N Boo UNON TR |,
o | BEMNARFLAT Sty o I N N
L) TSI TFIL = )
_ E RO ILEA
*f"‘f"”“ 4-T— ERVUL SR TERENT: 1] 88 95
F O fAIHE
%f’fgﬁ“ Sz=)L - 1k 95 94
[0138] 1L&¥1 h :
[0139] [{k21]
Boc—N
F
CO,Bn

MOM
[0140] Colorless oil; 80% ee; [ 1= 16.9 (c=1.00, CHCLl;); IR(neat) cm': 297
9, 2937, 1727, 1454, 1368, 1296, 1258, 1158, 1090, 858, 749; 'H-NMR (4
00 MHz, CDCly) &6 : 1.44 (s, 9H), 1.63 (s, 9H), 3.42 (s, 3H), 3.49 (d, J
= 14,6 Hz, 1H), 3.57 (d, J = 14,6 Hz, 1H), 3.72 (dd, J = 13.8 Hz, 1H
), 479 (d, J =12.0 Hz, 1H), 4.88 (d, J = 12,0 Hz, 1H), 5.02 (d, J =
12.1 Hz, 1H), 5.18 (d, J = 12,1 Hz, 1H), 7.19 -7.20 (m, 1H), 7.21
- 7.25 (m, 5H), 7.27 -7.32 (m, 1H), 7.47 - 7.53 (m, 2H), 8.06 -8,
15 (m, 1H). ppm; 3C-NMR (100 MHz, CDCl,) &: 28.2, 28.4, 30.9 (split by
C-F coupling, J = 26.0 Hz), 55.7, 67.9, 75.3, 83.5, 83.8, 100.0 (spl
it by C-F coupling, J = 221.2 Hz), 111.9, 115.4, 119.4, 122.7, 124.6,
126.1, 130.5, 134,7, 135.4, 149.6, 154.1, 167.4 (split by C-F coupli
ng, J = 35.1 Hz) ppm; "F-NMR (376 MHz, CDCl;) & : -120.5 ppm; HRMS (ESI
): m/z [MNa]* = calcd for 579.2477 [C4Hs;FNO,Nalt, found 579.2465; HPLC



WO 2016/140189 34 PCT/JP2016/056064

[0141]
[0142]

[0143]

[0144]
[0145]

[0146]

condition: Chiralcel AD-H column, flow late: 1.0 mL/min, 1% IPA-hexa
ne, 24.8 min (minor) and 27.4 min (major)

el i :
[1£22]

Boc
MOM-N
F

N~ CO,Bn
MOM

Boc.

Colorless oil; 94% ee; [al®= 10.5 (¢=0.96, CHCl;); IR(neat) cm': ; !
H-NMR (400 MHz, CDCLl;) §: 0.94 -1.10 (m, TH), 1,38 - 1.50 (m, 3H), 1
.44 (s, 9H), 1.45 (s, 9H), 1.81 -2.12 (m, 1H), 2.15 - 2.30 (m, 1H),
3.05 -3.17 (m, 2H), 3.25 (s, 3H), 3.31 (s, 3H), 4.57 - 4,70 (m, 2H
), 4.84 (d, J =11.8 Hz, 1H), 5.05 (d, J = 11.8 Hz, 1H), 5.12 -5.29
(m, 2H), 7.30 - 7.41 (m, 5H). ppm; 3C-NMR (100 MHz, CDCl;) & : 20.8, 2
8.1, 28.4, 29.0, 34.5 (split by C-F coupling, J = 27.3 Hz), 46.0, 55.
4, 55.5, 74.9, 78.7, 79.2, 80.2, 83.3, 99.9 (split by C-F coupling, J
= 217.2 Hz), 128.6, 128.9, 129.6, 135.2, 154,1, 154,1 167.5 (split b
y C-F coupling, J = 32.7 Hz) ppm; "F-NMR (376 MHz, CDCLl;) & : -124.70 p
pm; HRMS (FAB): m/z [M+Na]* = calcd for 565.2901 [C,H,FN,0:Nal*, found
565.2905; LRMS (FAB): m/z [M+Nalt = 565; HPLC condition: Chiralcel IB
column, flow late: 1.0 mL/min, 1% IPA-hexane, 13.3 min (major) and 13
.9 min (minor)
i=xy/ I
[1623]

|
\QX\F
BOC\ X

N“COz8n
MOM

White solid; 88% yield ; 95% ee; [ ]%= 35.2 (c=1.00, CHCL;); IR(neat
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[0147]
[0148]

[0149]

) om': 2979, 1775, 1721, 1482, 1401, 1367, 1294, 1175, 1105, 1053, 10
27, 963, 911, 855, 752, 698; 'H-NMR (400 MHz, CDCLl;) §: 1.44 (s, 9H),
3.22 (dd, J = 13.6 Hz, 32.8 Hz, 1H), 3.39 (s, 3H), 3.58 (dd, J = 13.3
, 13.6, 1H), 4.95 (m, 3H), 5.14 (dd, J = 1.6 Hz, 10.1 Hz, 1H), 6.86 (
d, J =7.8Hz, 2H), 7.08-7.10 (m, 2H), 7.33-7.34 (m, 3H), 7.51 (d, J
= 8.2 Hz, 2H) ppm; BC-NMR (100 MHz, CDCl;) & : 28.1, 40.6 (split by C-F
coupling, 23.9 Hz), 55.6, 68.8, 75.2, 83.6, 93.7, 100.0 (split by C-
F coupling, 221.2 Hz), 128.7, 128.7, 128.7, 128.9, 132.6, 134.6, 137,
5, 154.0, 167.0 (split by C-F coupling, 33.4 Hz) ppm ; '"F-NMR (376 MH
z, CDCLly) 8 : -122.6 ppm; HRMS (FAB): m/z [M+Nal* = calcd for 566.0816
[CosHosFNOsNalt, found 566.0810; LRMS (FAB): m/z [M+Nal*= 566; HPLC cond
ition: Chiralcel IB column, flow late: 1.0 mL/min, 1% IPA-hexane, 9.3
min (major) and 10.5 min (minor)

Q\F
BOC\

[1b24]
N ) CO,Bn

MOM

Colorless oil; 94% ee; [a]®= 39.7 (c=1.14, CHCl;); IR(neat) cm': 297
9, 1766, 1723, 1454, 1407, 1363, 1299, 1262, 1170, 1092, 1028,757, 69
7; 'H-NMR (400 MHz, CDCly) 8 : 1.49 (s, 9H), 3.17 (s, 3H), 4.34 (dd, J
= 11.1, 0.9 Hz, TH), 4.77 (dd, J = 11.1, 2,4 Hz, 1H), 5.17 (d, J = 12
.4 Hz, 1H), 5.20 (s, 1H), 7.23 -7.28 (m, 2H), 7.28 - 7.31 (m, 3H),
7.34 -7.39 (m, 3H), 7.62 - 7.66 (m, 2H) ppm; C-NMR (100 MHz, CDCL,)
5:28.1, 55.7, 68.1, 76.5, 76.5, 83.4, 100.3 (split by C-F coupling,
J =221.7 Hz), 126.9, 127.0, 128.4, 128.5, 128.5, 128.5, 128.6, 129,
9, 133.36 (split by C-F coupling, J = 26.7 Hz), 135.1, 154,7, 154.8,
167.11 (split by C-F coupling, J = 35.2 Hz) ppm; ®F-NMR (376 MHz, CDC
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l3) §: -126.21 ppm; HRMS (FAB): m/z [M+Nal*= 426.1693 calcd for [CyHuy
FNOsNa]*, found 426.1692; LRMS (FAB): m/z [M+Nalt*= 426; HPLC condition

: Chiralcel IA column, flow late: 1.0 mL/min, 1% IPA-hexane, 5.7 min

(major) and 6.0 min (minor)

Ex O AN
AHEBE, HBFELa—TLFOT I/ BIEENRIETOEOFHR L

[0150]
BHETHY., BT, RARICZERETET7I/BENMS. BEIC. AO2EV

HEME T — 7N AT /BRIEAYRETORERET 2 ENTES

(o)
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[55KIA1]

5 R D E
— = (1)
[161]

O R!'F
4
R* N” “COOR?
R3 (1)

[R#. R'. R2, RU'R3F, A—XIEEL>T, HRELIRIR
ROTINFIVE, SHRELSRBBROTZILIZVE, HIRE LSRR
ROTZIVFZNWE, 7YV—IE XBEAFTO7Y—-ILVEETRT, &R
. RZRURBIBIFBITFZIFIVE, PILTZILE, PIFZIVE,
T7)—IWE, RUAFOFY—ILER, E4BHREZBELTVWTHL
Wo R4GE. E—XIFER>T, HRELLBERROT7ILFILE, $H
RELCIRBRROTV T ZIVE, SHRELSRBRROTILFZIVE,
FU—ILE AFOF7Y—JLE, ORSE, SReHE, NIINR7RS
BaRT, ZRUCBITZTILFIVE, ZILTGZIVE, PILFZILE
CTU—LE AFOF7Y—ILE, ORSE, SReE, XIEINR7R
SEIE, BEABHREZAELTVWTH L,
(ZZT. R5 R& RIRURSE, B—XIEEA->T. KERF
HERELCRBROTIVFIVE, SHIRE L CIBRROT IV ZILE
HERELCEBROTZILFZLE, 7YU—LE XEA~AFOF7Y—
WE%ERT, %R5 Ré, RTRURSIHIFBTILFIVE, TI7T
ZIVE, TILFZLE, TUV—IWE RUATFOTYY—LER, &4
BHREZBLTVWTE LV, )
RTE, RIEHIHEELT, BBEZHHRLTWTELWL,
¥, PERKRETT, |
TRINDHIZEFE e —TN0A0O7
ETH->T.

JBALEMXITEDRORIET
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[553K1R2]

[553KIR3]

[553K1R4]

[E53KIR5]

[E53KIR6]

[553KIR7]

—f&= (2)
[162]

0O R
R4/U\l}1)<COOR2
3

R (2)

(XA, R, R2, R3, RARU*. #IEEEBEL, )
TRINDT7I/BEAEYMXIETOE., RUKREFHY vHRbH %,
EET7INMAYOEETTRIGIE D I &AM ET 5. BiEAE
AIEER*A. BMREZBLTVWTHLIVWEROTILAFTETH S,
BEORIE 1 ICRERDOHER %,

AIEER3D, BHREZBELTVWTHIWVWHROTILFILETH S, &
RIE 1 Xid 2 DfAhHh—IEICEEHOEE %,

AIEER 2D, BHMEZBLTVWTHIWVWHROTILFILETH S, &
RIE 1~ 3 DAhH—IRICEEHOEEFZE,

AIECERB 7 I FMMEEaMD,. ZILAYEET I MMeEMXET7ILAY £
HEBET7 I NMEYWTHS, BKRE1 ~4 DA —IRICEHOEE
Hie

RIESREBFH 7 v RIEFD, BREZBELTVWTHLIWN—T)LADO
—IRVEVRIVRVA I RTHD, FKRKE1~5DANMN—IRICE
BHOHIERE,

TEe—m (1 A) XE—%&=X (18B)
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[53K1R8]

[553KIR9]

[1£3]
O R'F O R'F
R“JLN)\COORz R4J\N/<COOR2
R3 R3

(1A) (1B)

[X#. R'. R2, RU'R3F, A—XIEELR>T, HRELCIRIR
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T7)—IWE, RUAFOFY—ILER, E4BHREZBELTVWTHL
W RAGE, B—XIFER>T, HRELLBERROT7ILFILE, 5
RELCIRBRROTV T ZIVE, SHRELSRBRROTILFZIVE,
FU—ILE AFOF7Y—JLE, ORSE, SReHE, NIINR7RS
BaRT, ZRUCBITZTILFIVE, ZILTGZIVE, PILFZILE
CTU—LE AFOF7Y—ILE, ORSE, SReE, XIEINR7R
SEIE, BEABHREZAELTVWTH L,
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ZIVE, TILFZLE, TUV—IWE RUATFOTYY—LER, &4
BHREZBLTVWTE LV, )
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