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7] (7}=, NaOH, KOH, BaO, MgO, NaHCOs;, KHCOs;, Na;COs, Ba(OH), =¥ 2,6-FE|Y) = o (718, YEF EY
ZHo|E) Y AgEo FF=slE {7 dFE] tEdE § ).

Ax A oA, g2 AJeFe] 23] A& MR gd &) dojdtt. JME, QEVIwAavhd, B4 X3
L= A X378 xgste 77 StES WA, Add 71 Ak, o& W, 97] (7}, NaOH, KOH, BaO,
MgO, NaHCOg,, KHCOg, N32C03, BB(OH)Q BE’E‘ 2,6“?“2?‘_)94 ?‘fzﬂoﬂ/ﬂ ‘g‘UH, dﬂ% "é‘\_, O]’*ﬂ% "Hoﬂ/ﬂ T(}_,‘Jj_@’ §]’

3 WS, Az W VI oo, EFromsal @ A9hom, Frte] e-xy stRel WHn F
o A

, AEA 7 Ak, e =W, 971 (7F8, NaOH, KOH, BaO, MgO, NaHCO;,
KHCOs, Na,COs, Ba(OH), = 2,6-FE W) o] EAolA -3 shet=3 vhg-drt. A5 FAldelA, 3 HA wk

SonnE F7 %o AR, F7 AR Tgoosel He WeHn, Talw A FAd6N, &%
I AHE A F UA BN 28 S ok AR FACNA, 7 wAE §E U TS, elw
oF §ulE FUASNAL, Ei Aold 4 Atk 74, R WA wAE dgeclA dejua, v WA wA
= opAEGA Qold itk AR AN, 7 w@AlE Aol emeld FaE 4+ vk A4, A WA
@A W FE, 0TR)S B Tdeta, W F oA g F9 exdd dad & v

Ao, wed Fujgdolrt. 718, o < e 1 9 vnke] 2-x9k gk, o
. o=k 90%, ek 80%, wheF 70%, ek 60%, theF 50 mol%, wHEF 40 mol%, the=F 30 mol%, Wi=F 20 mol%
& 10 mol%e] &-XF spES ¥, - FAeA, g2 o= 10 mol% vwIvke] -3 59t

=l

Aol A, EF0=238 9hgS 13 AAA A 2AHE {7 sFEAA FdEn. &0 1y AH
A” = sgtEe] &2, 2, AA, =& 3848 g HdElAd (chemical reaction selectivity)< 8°|3lA 317]
h= e 3]
= =

pellet), Y22 (disk), Af (fiber), A (gel), =¥ YA (particle), olE EH, AEZES
2 A=, gEAd-fE vl=, AR A, gujdulals ded o stu-dAdya LEjddd SeE g o
= A% ZEagd b=, Eel-oia o= nl=, gEs vj= | NN'-H|2-oad 2 oddl topnlak A
gxog 7hu-AZ4d fedoladoetr|e HE | A5y FRAR IYE fre 9AF, e G e v

Zbi= Bdo] x3dth, o8 1y A A= MEdor 5], dF B9, olun, IE=FA], JlEE
Al, BE &2 7|5 zta (FZF: Obrecht, D. and Villalgrodo, J.M., Solid-Supported Combinatorial and
Parallel Synthesis of Small-Molecular-Weight Compound Libraries, Pergamon-Elsevier Science Limited
(1998)), 18jaL oj7ldll= "£& 3 " e "HE" 4 e, A &A9- Ve, aga =Y Vs
I e Vel F83 AEo] ErAY (3F=: Czarnik, AW., Curr. Opin. Chem. Bio., (1997) 1, 60).

A% FAelA, eErbeiEht, Ba A EE A WS TFets HEEe Tre=se TRes
s f7] FEe) HPAA T/ DA Lol A TAdelN, EFo=s Efemsiy 47 4%
2o FAYoIA AT dAelr,

AR FAANA, oG WG o Fel, W EFE (1Y, TFe=sy 471 HFE)9 st olde e
Whg EFBEYE AR 98 pAdeld, EReEsE §7] SR A A AdA Y AzviEa
dlel ola) AL, A¥ FANN, EFe2sE 7] HHBE oy wEF ErhEasd] o8 FA1E
o.

& AN EFe a5k 7] stes e Wl VlsEn. A8 FAlddA, EFeEstd 7] 39
B2 Hol= U 60% (715, o= W 65%, 70%, 75%, 80%, 85%, 90% i 95%)2] FEAlA e Assh
£ ATEdRyE AEEd
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Ea#¥E 0.3-0.5 bar &l &Ae] A E (forced flow)S ©o]83o], Dynamic Adsorbents 227}
A 40-63 mm YA 7] = Whatman A7 A 60 m YA IA7)A FHEA[G. A Sle] FEE 25-30TC 9
A Ads ShEoA Fd Fde o AT, AAE FFEL 2 HIF (0.01-0.05 Torr) 3ol ©< A

z99ch, NR 29 EAL Varian Nercury 400 (HS 7ol 400 Miz, €2 7ol 100 Mz, "Fe] 7ol 375
MHz, 223 P 2S¢ Aol 126 MHz). Unity/Inova 500 (HS] 796l 500 MHz, C =0 7Aoo 125 MHz),

= Unity/Inova 600 CH 8=9) Ao 600 Miz) 2ZANA 71250k, C NR ~HEHe =25 | A=
2 ~#Edgoltt, 'F MR 2HEHL =28 | B ~FEHo|th, 83814 0% (chemical shift)e Svj &
WS U5 7]& (internal standard)o alo] ppmo® Bl HolEE ofgiel o] HuHth: s = vl
(singlet), d = ©]%3% (doublet), t = 253 (triplet), q = A& (quartet), h = AZF3I (heptet , m =
538 (multiplet), br = H5; Hz2& 2% 4 (coupling constant) A&7k (integration). H2-F¥%s 4

=
ZF ~HETL Harvard University Mass Spectrometry Facilities©llA] Jeol AX-505 HEi= SX-102 f%ﬁloﬂf\i g
SEHAT. AU EFS Mallinckrodt chemicalsZ4-H ?O‘Qoqil FA14] 3AE EMD chemicalsZH-E ¢
HaL, z2E]al Aol kA wASHAl EAE I 130TCellA sHERFESE AXREAT. HEERE[1,1-H]A(HAEdx
29 )-HZ24] ZgE(]) "EE2dg F7HE 2 & AgES Streme2HEH FYHJGY. -E22dE-

4-ZF 0 21 4-TolZYoHAE2[2.2.2] 58 HA(HEHZFLE-F4HA), v~ ‘14*‘3}5)‘4&%, (1,5-
AEZEE ) (HEAD o5 (1) oA, 5-H2EJATE, 4-(dudopi ) I ™, Y-rert-F2 HEA,
NBoc-5-BE2RSE -BREIASAH, p-ReYdf, tert-5FEdE, d3lo|AZT2InadE EﬂEFJﬁV\(EE]

Adxa)dety, dstesE, 4-(Huden )9 gd, t-terr-5F49 TR, Eﬂa‘—‘—?&éﬂ]%@% T,
yd, HA(EYRER), FAVER, JduEE, 2,4,6-FFd, N- ﬂ]‘éﬂ]*(Eﬂ-ES’_E”ﬂ%“i

HEZE S2E41e, EFdEAIAR, HZ(OMHEYER) (], 5-AZ2ZEHE2R(D) HE
2kl 2 olAE (CHROMASOLV® Plus, HPLCE $3}e], > 99.9%)< Aldrichi—rﬁ TFAEHGSY. - EFA v
A ~HEZ+& Alfa Aesar2F-E FJEATH. vl A Y-S ZF2E )Y 22 Frontier ScientificZHEH T
Ak, 522 Aldrich, Alfar, Frontier Scientific, Beta Pharma, Matrix Scientific, Boron Molecular,
L= CombiPhos CatalystsZHH FYH L F3HE 2di2 o] &HArt. A= §’rzﬂ’u4 MR 374 dlolE =

AAgk FAaedlol A AlTd del"el gttt dedit Egedolnl e FastdgoA FREJT. & Ef
ZHo]E+= Aldrich & StremlZHEH FUHAY. 1-F22HE4-ZF22-1 4—13101—}_1401—317\]*2‘&[2.2.2]
Sek HA(HEZSZSF22549)2 Aldrich & Alfa AesarZ5-EH THEH2 #3489 IgR o] &HAr), odn
F OIAEFLEQN 2 A EDRYEL Alfa AesarZ2H-EH FYEHIL FHE 202 o] &HATh. FPHom
7HEEE ot AT (AEEHAEAET, p-EHENEALT, 4-SREALENEAA, p-rEA AL EY]
A EAAT, 4-EEZFovdudEEAAE, dY 4-EoEAddNz, 2-(3-Ed B4 d)-
13-t IFUZHESAAT S ARl dA SRl o8 BAHJT. TAE FHES] MR 324
dolel= Adg FawdelA Algd dHeleo] 4s3t. Az Axd ofdigdy -EFRrmd-4-2F22-
1 4-tlotxyo A S 2[2.2.2] 58 AIA(FALEF . 2Q14e]) o] &7 2231 whgol o] &=t

AAd 1. 28 wedA FH 2(1) 99 &4

"BuzSn F-TEDA-BF, (1) F.
es L
Ph o Ph

s1 4

T2 714k el obAE (0.4 me)olA 4-(vla) EFFE2ebd (S1) (8.9 mg, 0.020 mmol, 1.0 FZ)el 23
S 9 (0.040 mmol, 2.0 B%) ¥ 1-F2EWY-4-ZF Q2 2-1 4-to}x Yol A|FE[2.2.2] (
Z2oaRAd) (1) (8.5 mg, 0.024 mmol, 1.2 B&F)o] A7), WS ZIE L 23T A 20
k. wks E3EO] -yUEZZFe=dwAl (2.00 w, 0.0188 mmol)o] HZFHATE. FE 4-ZF e =Y
F NMR (375 MHz, obMIE, 23C) &He] HEg 9 -UEZZF2wAl (-112.0 ppm) 9] A&
AHAJTE. S % 1o BRud,

o Jo
off
rO
El
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[0175]
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[0177]
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[0180]
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F 1
HA 2(1) €9 g«

< 4 & [%] L 4 & [%]

19 19

(F NMR) (F NMR)
AgF 51 AgCl 0
AgOAc 20 AgOBz 1
Ag(TFA) 0 AgOTf 63
AgBF, 40 AgPF 55
AgCl10, 49 AgSbF 5
AgNO; 11 AgNO, 29
AgZCOS 9 Ag3P04 27
AgCN 4 S ey 0

AAY 2. 1-222rE-4-ZF 2 2-1 4-TolF YA EZ[2.2.2] 28 H|A(AAZEL2Q44) (2)9 A

/\CI NH4PFg /\CI
BF, PFs
4 o T I
BF,4 o PFs
1 - 2
10 (9.0 mp)olA 1-SEEHEY-4-FF22-1 d-tJofRHAZR[2.2.2]1 58 HE(HEHEFL2 )

(1) (1.06 g, 3.00 mmol, 1.00 =
2ol H7EAT. 147 FoF ik

\/
=2,
)
Y

TolA, drE FNZFTo =049 (2.93 g, 18.0 mmol, 6.00 &
, detle A5 10 (5 x 5 ml) 2 Et.0 (10 m)E M- = o] 1.43 g9
A shgtEo] FA aA (A=A &) EA A FH AT

MR 39 HNR (400 Miz, oPAEUEZ-a3, 23°C, §): 5.27 (s, 2H), 4.70 (dt, Jy = 7.6 Hz, 7.2 Hz,
6H), 4.24 (t, J = 7.2, 6H). C NMR (125 MHz, SMAIEUEZ-d6, 23T, 6): 70.08, 58.18 (d, Jo = 15.3
Hz), 54.67. 'F NWR (375 MHz, oMIEUEZ-d3, 23T, §): 47.61 (s, 1F), ~72.89 (d, Jw = 710 Hz, 6F).
"PONNR (162 Mz, SPMIEUEZ-g3, 23T, 6): -143.5 (h, Jyp = 710 Hz). A EAH: HRUS-FIA (m/2): [M

— PFy1' ol tlate] AAFE ., 325.04659. FHEE . 325.04664.

AA 6] 3. (4-vAY)EGRG 2T (S)e] A

"Buli
"BuaSnCl

Br "BusSn
— -
\Q\ THF
Ph Ph

-TB°C
S1

99%

THE (20 me)ol Al 4-B2Rulsd (2.00 g, 8.58 mmol, 1.00 @)l -78°ColA, BuLi (SN4telAl 2.5 M, 3.43
ne, 8.6 mmol, 1.0 F=)7} A7kEIich. W EFEE -78TCA 308 S wE I, o]F BuSnCl (2.79 g,

8.58 mmol, 1.00 F&)o] H7IH Ak, -78TolA 1.0A7F Tt wwke whg E9ES 23CR 7F2%a, a8
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[0182]

[0183]

[0184]

[0185]

[0186]

[0187]

[0188]

[0189]
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71 &i7h Aol A AAFAT. FFaS 20 me] Et00 SaHa T4 EFvve] e aE F8 o9l
o e dgel F55] 3.76 g0 #Al Bghzol FA 2 (9% FE)=A AlFH AT
Re = 0.58 (3141). MR 23¥: 'H NIR (600 Miz, CDCls, 23°C, 8): 7.61 (d, J = 8.4 Hz, 2H), 7.58-7.51
(m, 4H), 7.44 (dd, J=7.8 Hz, 7.8 Hz, 2H), 7.34 (t, J = 8.4 Hz, 1H), 1.62-1.54 (m, 6H), 1.38-1.32 (m,

6H), 1.15-1.03 (m, 6H), 0.91 (t, J = 6.0 Hz, 9H). C NMR (100 MHz, CDCls, 237, §): 141.31, 140.76,
136.89, 128.71, 127.14, 127.08, 126.96, 126.63, 29.16, 27.44, 13.71, 9.62.

AAd 4. EFRE - ESAAY) 20 (82)9] A

"Buli
Br "BugSnCl "BuaSn
\Q\O H Et;O \©\ OH
69% 52

Et:0 (10 m)ollA 4-H2HRFAE (346 mg, 2.00 mmol, 1.00 B=F)oll -78CeA, 'BuLi (At A 1.7 M, 3.65

ne, 6.2 mmol, 3.1 D)7} A7), wke RS 78TO 2.047F Hob Wk ar, o] "Bu,SnCl (780

mg, 2.40 mmol, 1.20 Z&H)o] H7FE ATt -78CellAM 2.0A17F F¢t ks wkg ZE L 23CE 7MLy ¥
st A4 NHCL (10 me) 2 A=A, A (phase)> w8l %ar, 283l 4 AL Et.0 (3 x 10 m) 2 FEF
ATk, Eokxl 7] A2 dF (30 m)E AFHEH I AE2HATE (NaS0y) . AFHNLS FeA FFH5, 183 £
FE2 d4HEOAc 19:1 (v/v)E &8ss A7t A Aolld ARrE S
gto] FA 909 (69% T&)EA AFHUC.

Y

Re = 0.68 (32H/EtOAc 3:1 (v/v)). NMR 53 : 'H MR (600 MHz, CDCly, 23°C, 8): 7.32 (d, J = 7.8 Hz,
2H), 6.83 (d, J = 7.8 Hz, 2H), 4.62 (s, 1H), 1.56-1.46 (m, 6H), 1.36-1.28 (m, 6H), 1.08-0.96 (m, 6H),
0.88 (t, J = 6.0 Hz, 91). C NMR (125 MHz, CDCl;, 237, 6): 155.67, 137.65, 132.06, 115.29, 29.07,
27.35, 13.57, 9.58.

A 5. (4-HSA D) EGHE T (S3)9 FA

Briig MezSnCl MesSn
—
O, o L
Ofde 60 *C Ohla
80% 53
THF (50 m)el A GslEWEE (1.71 g, 8.58 mmol, 1.00 Bl 23TCAAA], 4-HEA A In}1l% HESE
(THFel A1 0.50 M, 34.3 m¢, 17 mmol, 2.0 W&)o] H7IEHT. 60TAA 1.0A1F & wrke, Hkg E3tE2

0C= 7%, ¥3hd 4 NICL (50 mp)= HAH I, 7285l B0 (50 me)7h H7h v, 42 e a
aEla 4 e B0 (2 x 50 )R FEHATG. RHopd {7] A4S 45 (100 mO)E AAH L Az AT
(NayS0,) . e HgolA sHE1, 28 FFed 28 Sl o3 gAso] 1.86 g9 %A shetEe] F

Re = 0.14 (4. MR 334! I NMR (600 MHz, CDCls, 23C, &§): 7.47 (d, J = 8.4 Hz, 2H), 6.98 (d, J =

8.4 Hz, 2H), 3.85 (s, 3H), 0.38-0.29 (m, 9H). C NMR (100 MHz, CDCls, 23T, &): 159.86, 136.85,
132.34, 113.97, 55.00, -9.54.
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[0195]

[0196]

[0197]
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A 6. EZFHE(Q,4,6-ErEdd)2dd (4)9] §4

ey
BiMg BusSnCl — ngy, an
——
THF

a0 54

THF (30 mé)olA 2,4, 6-EdWEddrtavlg BE3E (THFlA 1.0 M, 10.0 m¢, 10 mmol, 1.0 F=)el| -78T
I

ol A, "Bu:SnCl (3.25 g, 10.0 mmol, 1.00 yol 7 EQdtl. 23°ColA 1.0417F Bt wuks  Aby] gmj= A

i

TolM AAS L, 2P e
A AlsE A

i Sl osl FAlEo] 3.68 g #A| spgHEo] FA A (90% TE)E

Rf = 0.76 (F4H). MR #+39: I NIR (500 MHz, CDCls, 23T, &§): 6.88 (s, 2H), 2.37 (s, 6H), 2.31 (s,

3H), 1.55-1.46 (m, 6H), 1.39-1.30 (m, 6H), 1.11-1.07 (m, 6H), 0.92 (t. J = 6.0 Hz, 9H). C NMMR (125
Hz, CDCls, 23, 6): 145.18, 138.32, 137.83, 127.59, 29.18, 27.44. 25.54, 20.91, 13.62, 12.49.

AAd 7. EFRE(-EF20d) 2w (S5)9 §A
"Buli
Et\@ "BuzSnCl "BusSn \@\
E Et;O e, F
98% 55

Et,0 (25 m)olA 1-BEE2R-4-ZF =2l (1.75 g, 10.0 mmol, 1.00 HaF)ol] -78C A ‘BuLi (slErel A 1.7

M, 11.8 mé, 20 mmol, 2.0 FF)7} H7lEAct. g EFELS -78ToA 308 o wwkEar, ©]F BuySnCl

e

=

(3.26 g, 10.0 mmol, 1.00 W&ol A=Y, HHg E3HEL 23CE 7F25H a3l 1.0A1ZF &< uytsar, o]
A dFrge 2 s B AAFAFHAUY. AdFgae AFoM FFHHO 3.76 g9 A 3FgEo] A <
(98% &)= AFEAC.

Ry = 0.63 (312b). NMR 234: H NWR (600 MHz, CDCls, 23°C. &§): 7.41 (dd, J = 8.4 Hz, 6.6 Hz, 2H),
7.04 (dd, J = 9.6 Hz, 8.4 Hz, 2H), 1.59-1.46 (m, 6H), 1.36-1.30 (m, 6H), 1.11-1.09 (m, 6H), 0.89 (t, J
6.0 Hz, 9H). C NMR (100 MHz, CDCly, 23°C.&): 163.24 (d, J = 245 Hz), 137.83 (d, J = 6.9 Hz),

136.65 (d, J = 4.6 Hz), 115.11 (d, J = 19.0 Hz), 29.07, 27.38, 13.66, 9.65. “F NMR (375 MHz, CDCl;, 23
T,6): -114.1.

AAd 8. EFEYU-A ol d)AENT (S6)9] A

'PrivigCl
| "BuSnCl "BusSn
T, .,
a0% 56

THF (30 mé)ol A 4-2e=WIZUEH (2.29 g, 10.0 mmol, 1.00 B=)e] -40CNA iPngCl (Et 014 2.0 M,

5.50 m¢, 11 mmol, 1.1 @ek)e] A7FHUTF. WS EFEL —40TCoA 1.0A17F E9F wuks s, o] 3 "Bu,SnCl
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[0206]

[0207]

[0208]

[0209]
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(3.91 g, 12.0 mmol, 1.20 G&)o] H7IEAUTE. -40ToA 1.0A1%F F<¢F wwks wke E320 23T E 7125
, 23" 44 NHCL (30 mO) 2 FAAFT, a3 Et,0 (20 me)7F JA7ME Gk A 3, Zaga 44

K

14
rlo
e
i)
i

A B0 (2 x 20 m)E FEHAUT. Bohd f7] 4L A5 (50 ) AHNHT AEAAG NasS0). o3l
e AFAA BEHR, 2en ARES Guow §ese At A A AzchE gl o5 Aol
3.4 g9 A SRS B4 09 (806 F)EA AT

Re = 0.25 (EAHEtOAc 50:1 (v/v)). NMR +&33H: I NR (500 MHz, CDCl;, 23C, &): 7.56-7.55 (m, 4H),

1.57-1.49 (m, 6H), 1.34-1.30 (m, 6H), 1.11-1.07 (m, 6H), 0.89 (t, J = 6.0 Hz, 9H). C NMR (125 Mz,
CDCl,, 23T, §): 150.27. 136.83, 130.65, 119.17, 111.51, 28.92, 27.24, 13.53. 9.68.

AN 9. EFRE@-E2Dsd)2vd (S7)9 §4

Pd(PPhs),

Br ("BusSn) "BugSn
Q,, =
CHO “100°C CHO
s7
71%

2o (10 m) oA 4-BErwl=dds = (185 mg, 1.00 mmol, 1.00 @) 23ColA, HEIA(EFIAIE
) ZeHF (58.0 mg, 0.0500 mmol, 5.00 mol%) ¥ H]A(Eg-p-F€¥€) (1.01 me, 2. oo mmol, 2.00 @)ool
A7 ATE. 100Col A 2447 BoF aukSs | wkg 38tE2 03T R W4y AFgod sFHAY. FHFES 9
Ao g gElate Azt A AdellA JEH}EZWAOH o3&l Aol 280 mge] EA 5}%% | A ed (71% &
H)B2A ATEHA.

R = 0.50 (ZAH/EtOAc 9:1 (v/v)). NMR £339: H NMR (600 MHz, CDCly, 23°C, &): 9.99 (s, 1H), 7.79 (d,
J=7.8Hz, 2H), 7.66 (d, J = 7.8 Hz, 2H), 1.58-1.42 (m, 6H), 1.36-1.26 (m, 6H), 1.12-0.98 (m, 6H),
0.88 (t. J = 6.0 Hz, 9H). "C NMR (100 MHz, CDCls, 23, &): 192.89, 152.61, 136.94, 135.87. 128.45,

29.00, 27.30, 13.63, 9.69.

AAld 10, EFFL{(4-dudopr=)ud}dd]aad (S8)9 A4

"Buli
Br BusSnCl  npy,qn
S eV
\@\JN\ EtO M.
TS S8

Et,0 (25 mo)oll A (4-Baewd)gueolal (2.14 g, 10.0 mmol, 1.00 Fek)o] 23TColA, "BuLi (ZAkelA 2.4

M, 4.17 m¢, 10 mmol, 1.0 B=H)7F H7FHATE. ¥ EFES 23CE 7F>H 3 2.0A1%F B wwks s, o+
-78C oA nBugSnCl (3.25 g, 10.0 mmol, 1.00 B&)o] H7t=EYch. 23TAA 1.0A7F Bk wHksE nkg 53}

5L AFod HFHJY. AFEL A/Et0Ac 1:1 (v/v)E &dsls Agst A oA azntEadyd ¢
3 A= 3.35 gA FA4 3lgtEo] FA 0 (79% &) EA AFTH AT

Ri = 0.20 (MNAH/EtOAc 1:1 (v/v)). NMR E33: HONMR (500 MHz, CDCls, 23C, 6): 7.42 (d, J = 6.5 Hz,
2H), 7.27 (d, J=6.5Hz, 2H), 3.41 (s, 2H), 2.26 (s, 6H), 1.64-1.48 (m, 6H), 1.40-1.30 (m, 6H), 1.15-
0.99 (m, 6H), 0.90 (t, J = 6.0 Hz, 9H). C NMR (100 MHz. CDCls, 23°C.&): 140.30, 138.40, 136.36,
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[0214]

[0215]

[0216]

[0217]
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128.72, 64.40, 45.36, 29.07, 27.35, 13.64, 9.52. &A= AW HRMS-FIA (m/z): [M + ' o tiste] A,
426.21772. BEE | 426.21651.

A 11, EgFE{(4-HHdolr=)dd s d | 28d -3 (89)9] ¥4

MNaHCOy
"BusSn AcCOH "Bu,Sn
_—
| + |
\©\, N - CH2C|2 h‘.l -
T3% O
S8 59

CHCly (1.0 m)ollA EFE[{4-tideolr|ire [Hd |28 (S8) (42.4 mg, 0.100 mmol, 1.00 F=F)e] 0

TolA, YEF Fe1 (16.8 mg, 0.200 mmol, 2.00 B%) = oA EA (21 0 wh, 32 wt. 3A% oA EAL
ol %, 0.10 mmol, 1.0 F=)o] M7=t vk EFEL 23CE 7F2Hal 108 59 ks o, o] F 7|4
d2uve] F 25 F3 AGEHAY. AJHdL AFA FFHH CHzClz/MeOH 9:1 (v/v)2 &8l dH] TLC

of elal Aol 32.9 mge] FA shgHEo] W2 QAA M A (73% FE)2A AT HUA.

K

R = 0.15 (CH,Clo/MeOH 9:1 (v/v)). MMR %-3%: 'H NWR (500 MHz, CDCly, 23°C, &): 7.50 (d, J = 7.5 Hz,
oH), 7.39 (d, J=7.5Hz, 2H), 4.38 (s, 2H), 3.11 (s, 6H), 1.58-1.42 (m, 6H), 1.36-1.27 (m, 6H), 1.12-
0.97 (m, 6H), 0.86 (t, J = 6.0 Hz, 9H). C NMR (100 MHz, CDCls, 23°C,&): 144.77, 136.84, 131.20,

130.06, 76.76, 57.72, 28.97, 27.27, 13.60, 9.56. &= EAIH: HRMS-FIA (m/z): [M + ' o tiste] A,
442 .21264. TEHE | 442.21307.

AA e 12, N-Boc-5-HZEAE (S10)2] A

Br DMAP Br
T 2, 0D
N M
H MeCN Boc
99y, 510

OMHNEUEZ (2.0 ml)ollA 5-HE2RE (196 mg, 1.00 mmol, 1.00 F&)oll 23T, t-tert-F& v]etaltyd
(276 m¢, 1.20 mmol, 1.20 F=F) % 4 ol =gl (12.0 mg, 0.100 mmol, 10.0 mol%)o] A7}= AT},
23CA 302 &<t wRky, 9§ TdE2 IFdA FFHAT. AFES P/EtOAc 30:1 (v/v)E &83=
A7t A oA AmmtETF ol o] FAIFo] 293 mgo] ZAl FFEo] A LA (99% FE)EA ATEHA
}.

[
o
=)

Ry = 0.35 (32H/EtOAc 30:1 (v/v)). MR %3%: 'H NMR (400 MHz, CDCls, 23C. &): 8.02 (d, J = 8.8 Hz,
). 7.69 (d, J=2.0 Hz, 1H), 7.58 (d, J = 3.6 Hz, 1H), 7.39 (dd, J = 8.8 Hz, 2.0 Hz, 1H), 6.50 (d, J
= 3.6 Hz, 1), 1.67 (s, 9H). C NMR (100 MHz, CDCls, 23°C, §): 149.40, 133.90, 132.22, 127.00, 123.51,

116.54, 115.94, 106.45, 84.12, 28.14. (F9]: olnlx, 27) 379 A3 AHoz <lste] W= 1071¢ T =
Tk A ).
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[0219]
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[0221]

[0222]
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A Al 13. N-Boc-5-(Eg|FE2gd)QE (S11)9 #A4

Pd(PPhs),
Br ("BugSn), "BuzSn
N N
Boc gsat Boc
s10 100 °C st

77%
o] 22k (2.5 ml)ollA] N-Boc-5-H.ZHSIE (S10) (285 mg, 0.962 mmol, 1.00 @&)e] 23T+, d3ta]F (203

mg, 4.81 mmol, 5.00 F%), HEZH/|=(EHAIE~¥)ZetE (55.6 mg, 0.0481 mmol, 5.00 mol%) % H]Z
(Eg-n-5-9¥) (0.972 me, 1.92 mmol, 2.00 EPB*)O] A7 ek, 100TCo A 6.0A1%F F¢F wwks wkg st

5L 23CE Yy 10 14 5. FFES 10 m Pakol] &35 Celited Z2YIE %oﬁ o 7= ¢
of. e FFoA & 11, zau AFEL SAA/EtOAc 50:1 (v/v)E 888 Ag7t A oA a=2u}
Eale] ofs) A 101 376 mge] ®A &l FA oA (77% &) 2A AFEHJG.

Re = 0.22 (F2F/EtOAc 50:1 (v/v)). NMR +&34: ' NMR (500 MHz, CDCls;, 23C, §): 8.15 (d, J = 7.0 Hz,
), 7.70 (s, 1H), 7.60 (d, J = 3.5 Hz, 1H), 7.44 (d, J = 8.0 Hz, 1H), 6.59 (d, J = 3.5 Hz, 1H), 1.70
(s, 9H), 1.67-1.55 (m, 6H), 1.43-1.35 (m, 6H), 1.20-1.06 (m, 6H) 0.96 (t, J = 6.0 Hz, 9H). 13C NMR (125
MHz, CDCls, 23T, &6): 149.84, 135.24, 134.56, 131.88, 130.68, 129.00, 125.38, 114.77, 107.09, 83.48,

99.12, 28.18, 27.38, 13.67, 9.66. Ak EA1wl: HRMS-FIA (n/z): [M + H]'o] thate] AA®, 508.22320.
29 508.22257.

}

s

AN 14, 5-(EgFEagrd)olAlE (S12)9] A4

Pd(PPh3)4

0] 0]
I ( BU3Sn)2 nBU3Sn
o LiCl o
N > N
H Cse H
100 °C $12
67%

o2k (10 me)olA 5-2 9 E=0lAFEl (273 mg, 1.00 mmol, 1.00 B&H)d] 23CAdA, A38EF (212 mg, 5.00
mmol, 5.00 BF), HIEZI|~(EYAIE2I)ZEE (58.0 mg, 0.0500 mmol, 5.00 mol%) % W=(EZ]-n-H
gE) (1.01 ml, 2. oo mmol, 2.00 B)o] A =), 100TA 5A17F B¢k mukd uke F3Eo 93T 4
ZE a1 AF A =AU, FHFELS FA/Et0Ac 4:1 (v/v)E f¥eE A7t A AoA I EnE 183 o
o8 A= 289 mg4 FA 3gEo] A oA (67% F8)2A ATt

R = 0.73 (812H/EtOAc 1:1 (v/v)). NNR 238: 'H NWR (500 MHz, CDCly, 23°C, 6): 9.10 (s br, 1H), 7.67
(s, W), 7.63 (d, J = 7.5 Hz, 1), 6.97 (d, J = 7.5 Hz, 1H), 1.58-1.42 (m, 6H), 1.36-1.26 (m, 6H),
1.12-0.98 (m, 6H), 0.88 (t, J = 6.0 Hz, 9H). C NMR (125 MHz, CDCls, 23C, §): 183.85, 159.82, 149.35,
146.72, 137.41, 133.00, 117.81, 112.48, 29.02, 27.26, 13.60, 9.73. AF E-x9: HRMS-FIA (m/z): [M +
H) ol thate] 7A1AbE, 438.14495. TEE, 438.14536.
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[0228]

[0229]

[0230]

[0231]

[0232]

[0233]
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AAle 15, 6-(As D EHFE2TT (S13)9] FA

Pd(PPh3),4
("BuzSn),

TfO "BusSn
- [ — - -
N N

Cl=24At

100 °C s13

66%

T2k (10 m)ollA 6-FA=ed ETZFo a2 erdZ29 (277 mg, 1.00 mmol, 1.00 ZeF)o] 23TA, ¢sle
F (212 mg, 5.00 mmol, 5.00 B=), HEIIA(EgddEAa)ZeE (58.0 mg, 0.0500 mmol, 5.00 mol%)
2 W A(Eg-p-5d¥) (1.01 m¢, 2.00 mmol, 2.00 F3)o] H7I=Ac}. 100TCNA 543 5k P?, sy
TEELS 23TE YA4Hn AFolA sFHAT. FHFE2 AA/EtOAc 9:1 (v/v)E &8t A7t A oA
AzntEaFol o] A Eo] 275 mg] FA =] T od (66% TE)EA AT HAG.

Rf = 0.61 (AAH/EtOAc 1:1 (v/v)). NMR &23: I NIR (500 MHz, CDCls, 23T, &§): 8.89 (d, J = 4.0 Hz,

1H), 8.12 (d, J = 8.0 Hz, 1H), 8.06 (d, J = 8.0 Hz, 1H), 7.91 (s, 1H), 7.81 (d, J = 8.0 Hz, 1H), 7.38
(dd, J = 8.0 Hz, 4.0 Hz, 1H), 1.66-1.50 (m, 6H), 1.42-1.28 (m, 6H), 1.22-1.06 (m, 6H), 0.90 (t, J =

6.0 Hz, 9H). T NIR (125 MHz, CDCls, 23T, &): 150.46, 148.51, 141.45, 137.06, 136.52, 135.91, 128.45,

128.34, 121.18, 29.38, 27.60, 13.91, 10.00. A=k FAH: HRMS-FIA (m/z): [M + H]+°ﬂ 3te] A,
420.17077. #=% | 420.17191.

AN 16, 3-(EFZSFL=WSMIY)2EE (S14)9 §A

Tf,0
EfaN

S14

CHCly (19 me)ollA] o A~EZ (1.00 g, 3.70 mmol, 1.00 WEF)d] 0ColA, Ego|golql (1.03 m¢, 7.40 mmol,

2.00 3F) 4 EYEIFoE2WBEE F5E (684 wl, 4.07 mmol, 1.10 =)ol A7, ®EE & C

o Al 208 o wukear, o] ¥alE A NalC0; (20 me)o] F7FEAt. Ae Beda, gl 54 A4S
A 7] e A (40 m) 2 AFF T A=A (NapS0,) . o Fae

AENM FFHL, a8 ZAFEL dA/Et0Ac 4:1 (v/v)E &8sls Agot A Ao azntedyd ¢

d AAEO 1.34 go] ®A FFEo] FA 2d (90% &) 2ZA AT A

R = 0.60 (AH/EtOAc 7:3 (v/v)). NR 233: 'H NR (500 Mz, CDCls, 23°C. 6): 7.34 (d, J = 9.0 Hz,

1), 7.03 (dd, J = 9.0 Hz, 2.5 Hz, 1H), 6.99 (d, J = 2.5 Hz, 1H), 2.97-2.92 (m, 2H), 2.51 (dd, J =
19.0 Hz, 8.5 Hz, 1H), 2.43-2.37 (m, 1H), 2.33-2.26 (m, 1H), 2.20-1.95 (m, 4H), 1.68-1.42 (m, 6H), 0.92

(s, 3H). C NMR (125 MHz, CDCls, 23°C. &): 220.59, 147.83, 140.53, 139.55, 127.43, 121.47, 118.99 (q,

J =320 Hz), 118.53, 50.63, 48.09, 44.34, 38.00, 36.03, 31.73, 29.62, 26.33, 25.92, 21.80, 14.03. “F

NMR (375 MHz, CDCl;, &6): -73.36.
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[0237]

[0238]

[0239]
[0240]

[0241]

[0242]

ZIHSd 10-2011-0095898

AA 17, 3-USA-3-(EFH2EH)J2EE (S15)9] A

Pd(PPhg),
("BusSn),
LiCl
—_ e
=&
100 °C

"Bu3Sn

514 89% 815

24k (10 m) oA 3-(EFEZEFo2degdEd)o| ~EE (S14) (402 mg, 1.00 mmol, 1.00 E&)ol 23CoA,
d38]E (212 mg, 5.00 mmol, 5.00 ¥), HEDI|A(EFADZA)ZeE (58.0 mg, 0.0500 mmol, 5.00
mol%) 2 HA(Eg-pHEE) (1.01 mé, 2.00 mmol, 2.00 BF=F)o] H7IEATt. 100CAA 14A17F F<t
WRES D RES E3E2 23CR WAHL JAFdA sFEHAY. ARES AA/EOAc 1911 (v/iv)E &5t A
g7t A oA ARutEIY I o AHAA o] 484 mge] FA SF=Eo] FA 2d (89 FTE)EA
A& = At

Ry = 0.48 (312H/EtOAc 19:1 (v/v)). MR 23%: 'H MR (600 Mz, CDCls, 23T, &§): 7.30-7.12 (m, 3H),
2.94-2.90 (m, 2H), 2.52 (dd, J = 19.0 Hz, 8.5 Hz, 1H), 2.45-2.40 (m, 1H), 2.36-2.30 (m, 1H), 2.18-1.95

(m, 4H), 1.68-1.42 (m, 12H), 1.38-1.28 (m, 6H), 1.06-0.96 (m, 6H), 0.95-0.87 (m, 12H). C NMR (125
MHz, CDCls, 23°C. §): 220.84, 139.47, 138.70, 137.30, 135.88, 133.95. 124.82, 50.56, 47.98, 44.47,

38.07, 35.82, 31.61. 29.35, 29.08, 27.38, 26.55, 25.50. 21.55. 13.82, 13.65, 9.48. A=k HAH: HRNS-
FIA (n/z): [M + H]'o] thate] ZA120%, 545.27999. B2 545.28035.

AAd 18. 6-(EEZZEMBAHEY)-§-EFHAE (S16)9] 34

Tt .
_malg
CH,Ch
1 H
99% 816
CHCly (10 me)ol A §-E=ZFHZ (805 mg, 2.00 mmol, 1.00 BF)o] 0CAA], T (484 g, 6.00 mmol, 3.00

) R EFZEoawadE T5E (404 10, 2.40 mmol, 1.20 BEk)o] A7 QAT WS EIELS )ColA
ZskE 44 NallCO; (10 me)o] H7FEdvh. A& ®el=a, a2la 4 AL CHCl,
7] e A (20 m)E AHEIL AXRHAT (NaS0,) . o el X1 F ol A

[e)
o
, aYa JFee Ater gt At A ZeA AmvtEIIC] o) AAEo] 1.06 gof &

_1

Ri = 0.75 (312F/EtOAc 9:1 (v/v)). NMR E3¥: 'H NMR (600 MHz, CDCl,, 23°C, §): 6.85 (d, J = 3.0 Hz,
), 6.81 (d, J = 3.0 Hz, 1H), 2.80-2.70 (m, 2H), 2.16 (s, 3H), 1.84-1.72 (m, 2H), 1.60-0.80 (m, 36H).
“C MR (100 MHz, CDCly, 23°C, &§): 151.68, 141.46, 128.36, 121.67, 120.72, 119.06, 118.77 (q, J = 319
Hz), 76.82, 40.12, 39.38, 37.44, 37.39, 37.37, 37.28, 32.80, 32.66, 30.63, 27.98, 24.81, 24.44, 24.12,
92.70, 22.61, 22.41, 20.91, 19.73, 19.62, 16.16. F NMR (375 MHz, CDCls, 23°C, §): -73.45. Ak ¥4

W HRMS-FIA (m/2): [M + Nal'ol thabe] 712k, 557.28829. ¥H23 557.28842.

Al 19. 6-HSA-6-(ESFE2RE)-6-ERAE (S17)9 &4
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Pud{ PP |y
(Busny
e . Licl Bussn i i
THF L
&5 °C

516
517
24

THF (4.3 m)elA EfEFe2vatdyd-§-EF7E (S16) (230 mg, 0.430 mmol, 1.00 F&)ell 23TolA,
Aste]lH (91.1 mg, 2.15 mmol, 5.00 BF), HEZIA(EgALdzAA)Ze+EF (24.9 mg, 0.0215 mmol, 5.00
mol%) g H]/\(Eﬂ—n—l‘i—%?‘_) (434 0, 0.860 mmol, 2.00 B)o] H7IE . 65TAA 21A17F S wuks

A5 AFAA FEHAT. FFEL NelN (3 mo)oll &= A4k (3 x 3 m)Oo=2
%%ﬂi’iﬂr. EO}XJ Aok e gl A FFE I RFe] vA(EY-rFEr)oel T/ (50 Torr, 170T)el <3|
AAFAT., TFES AL/ELN 19:1 (v/v)elA &alHaL 714 EFrvte] Ze e 3=t o Fe

AZolA FwFH5o 210 mge] 3EA &l T4 oY (72% T&)2ZA AT HAU.

A7t A Aol M Al BfatEe] Bobgyom <lale] e R g 915, MR E4: H NR (600 Miz, CDCls,
23, §): 7.00 (s, 1), 6.94 (s, 1), 2.80-2.70 (m, 2H), 2.17 (s, 3H), 1.87-1.81 (m, 1H), 1.79-1.73
(m, 1H), 1.60-0.84 (m, 36H). C NMR (100 Mz, CDCl;, 23, &): 152.49, 136.20, 135.13, 129.52,
125.91, 120.31, 75.91, 40.45, 39.37, 37.44, 37.27, 32.79, 32.70, 31.18, 30.63, 29.13, 27.97, 27.44,
9480, 24.44, 24.37, 22.72, 22.63, 22.22, 21.00, 19.74, 19.65, 16.05, 13.69, 9.53.

A FAH D HRMS-FIA (m/z): [M + Na o st AlAHE, 699.44973. ¥EE, 699.44992.

AN 20, 10-(ExZZeavadxdSA)AZEHA (S18)9] §A

PHINTF, TG

Et;N

DMF
50 °C

97% — OH D

DMF (5.0 ml)olA 10-3|=2AIZZEH A (200 mg, 0.549 mmol, 1.00 @&F)ol] 23TColA, Edo|dolsl (153
@, 1.10 mmol, 2.00 H&) = N-dHdu]|A(EYZSFadHedEoln=) (294 mg, 0.824 mmol, 1.50 B&)7}

HA7bE 3, aE)a wke BIES 504 3417 Hob mubE Ytk vhe EIEC 23T WzbE 1 A Fo|A &
ZHAt. FFELS SAEtOAc 3:7 (v/v)E &EletE AEgt A oA AzntEagyd os AAlwe] 265
mge] A EEo] FA 1A (97% T&)EA ATHSIAT.

Ry = 0.25 (2F/EtOAc 3:7 (v/v)). NMR #39: ' ONMR (400 MHz, CDCls, 23C, &): 8.44 (s, 1H), 8.33 (d,

J=9.6Hz, 1), 7.86 (d, J= 2.4 Hz, 1H), 7.71 (s, 1H), 7.70 (dd, J = 9.6 Hz, 2.4 Hz, 1H), 5.74 (d, J
= 16.8 Hz, 1H), 5.33 (s, 2H), 5.31 (d, J = 16.8 Hz, 1H), 3.94 (s, 1H), 2.00-1.81 (m, 2H), 1.04 (t, J =

7.6 Hz, 3H). C NMR (125 MHz, CDCls, 23°C. §): 173.72, 157.48, 153.96, 150.10, 147.79, 147.59.
145.54, 132.63, 131.17, 129.99, 128.12, 124.25, 119.58, 119.56, 118.73 (q, J = 319 Hz), 98.70, 72.69,
66.25, 49.97, 31.61, 7.79. F MR (375 MHz, CDCly, 23°C, &): -72.99.
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AN 21, 10-(EgFd2ehd) AT EEA (S19)9 A

Pd(PPhs)s
TfO N o ("BusSn), BuaSn N o
LN LiCl N
VN, Tame Yy
100°C
53%
oAk (6.8 m)ollA 10-(EZEF=2dadxdSANTZEH A (S18) (170 mg, 0.342 mmol, 1.00 ©&F)el
23TCoA, dstelHF (72.0 mg, 1.71 mmol, 5.00 B%), HEZHZ|~(EIALdE=3)ZeF (20.0 mg, 0.0171
mmol, 5.00 mol%) & WIA(Eg]-n-FE¥) (346 0, 0.685 mmol, 2.00 F&)o] H7IE Ak, 100TA 24417+
S whE ) Wk ERES 23T E WAL TN sFHAT. AFES EtOAc/FAE 101 (viv)E &85
A7t A Aol azntEH Il o5 AA|Eo] 115 mgo] FA stFEo] W A A (53% FEIEA A
TE ATt
R = 0.77 (EtOAc). NMR E3%: 'H MR (500 MHz, CDCly, 23T, §): 8.34 (s, 1H), 8.18 (d, J = 8.5 Hz,

1), 8.00 (s, 1H), 7.90 (d, J = 8.5 Hz, 1H), 7.73 (s, 1H), 5.73 (d, J = 16.0 Hz, 1H), 5.30 (d, J =
16.0 Hz, 1H), 5.29 (s, 2H), 4.05 (s, 1H), 1.97-1.82 (m, 2H), 1.66-1.50 (m, 6H), 1.40-1.09 (m, 12H),

1.03 (t, J=7.0 Hz, 3H), 0.90 (t, J=7.0 Hz, 9H). C NMR (100 MHz, CDCls, 23°C, &): 173.83, 157.64,
151.97, 150.16, 148.83, 146.41, 143.91, 137.88, 136.37, 130.59, 128.36, 128.28, 127.63, 118.53, 98.26,

72.84, 66.21, 50.06, 31.55, 29.03, 27.29, 13.62, 9.79, 7.77. A=k BAH: HRMS-FIA (m/z): [M + H]'o] )
ate] AabE | 639.22393. FAE | 639.22374.

AN 22, FZHA (S20)9 A

MaH, EtsH
DMiF
9%

520

Nall (vjul]Zk @ YollAl 60%, 800 mg, 20.0 mmol, 10.0 BH) & oz A3, HxHa, 223 DMF (20
m) el A e AFE g Ao 0TalA, STEE (2.96 m¢, 40.0 mmol, 20.0 FZF)o] 5l AA W&
e HrtE e, Bk EIELS 23CA 10% Bk wEkEaL, o] DMF (10 m)elA AW (649 mg, 2.00
mmol, 1.00 B&)o] H7k=a 100TA 13A1F &<k B Wk vy, vk £35S 23CE WZ4E 1 4 1IN
HCI2 ZF3EAch. AL By, a8 4 AL CHCl, (3 x 30 m)E FEHAT. Rl #7] A2

(50 m)Z AHEL AZFAJG (KL03). AHHL AFo A FFHE, 222 FFES Et,02 5] 580 mg

o] %A 3gFEo] FA 1A (930 &) 2A ATEHAT.

o

® o

PN
a5

Re = 0.25 (CHClo/MeOH 9:1 (v/v)). NMR #349: ' ONMR (500 MHz, CDsOD, 23T, &): 8.56 (d, J = 4.5 Hz,

1), 7.88 (d, J=9.0 Hz, 1H), 7.60 (d, J = 5.0 Hz, 1H), 7.32 (d, J = 9.0 Hz, 1H), 7.28 (s, 1H), 5.72-
5.67 (m, 1H), 5.53 (d, J = 2.5 Hz, 1H), 4.95 (d, J = 17.0 Hz, 1H), 4.86 (d, J = 10.0 Hz, 1H), 3.70 (s
br, 1H), 3.09-3.02 (m, 2H), 2.73-2.61 (m, 2H), 2.31 (s br, 1H), 1.90-1.80 (m, 2H), 1.75 (s br, 1H),

1.55 (s br, 1H), 1.46-1.37 (m, 1H). lSC NMR (125 MHz, CDsOD, 23, §&): 158.10, 149.70, 147.33,

143.88, 142.52, 131.42, 128.37, 123.43, 119.78, 115.01, 105.13, 72.05, 60.90, 57.47, 44.20, 40.78,
29.16, 28.04, 21.62.
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AN 23, 6-(EZFoavadxd)FZ A (S21)9 &4

2,4,6-22Y
" DMAP
Tf,NPh

40 °C

79%
520 . s

CH,LL, (5 me)ol A FZ#1 (S20) (310 mg, 1.00 mmol, 1.00 B&F)ell 23CelA, 2,4,6-F&< (132 w0, 1.00

mmol, 1.00 B%), 4-(dvdolu=)d &y (14.6 mg, 0.120 mmol, 0.120 B&) % N-HEH|A(EFZF o 21
B Eolm =) (357 mg, 1.00 mmol, 1.00 BeF)7} A7lsx, a8]m vbe EFEL 40Co|A 24A17F SoF wut
9T}, W EREL ATolA FEFET, 17T FFELS CLCL/MeOH 47:3 (v/v) o2 sk A7 A 4

oA ARvtE Il ofs) HAE o] 350 mgo] HA| Spetme] FA Al (79% F&)EA AT E AT

)«

Rf = 0.25 (EtOAc/MeOH 9:1 (v/v)). NMR %%%%QiilH NMR (500 MHz, CDsOD, 23C, &): 8.90 (d, J = 4.5 Hz,

1H), 8.36 (d, J = 3.0 Hz, 1H), 8.19 (d, J = 9.5 Hz, 1H), 7.77 (d, J = 4.5 Hz, 1H), 7.74 (dd, J = 9.5
Hz, 3.0 Hz, 1H), 5.82-5.74 (m, 1H), 5.45 (d, J = 5.0 Hz, 1H), 4.96 (d, J = 17.0 Hz, 1H), 4.91 (d, J =
10.0 Hz, 1H), 3.51 (s br, 1H), 3.13 (s br, 1H), 3.03 (dd, J = 14.0 Hz, 11.0 Hz, 1H), 2.67-2.59 (m,

9H), 2.32 (s br, 1H), 1.87-1.77 (m, 3H), 1.63-1.53 (m., 2H). C NMR (125 MHz, CDOD, 23C. 6&):

152.54, 148.54, 148.00, 142.66, 133.19, 127.47, 124.14, 121.66, 120.26 (q, J = 319 Hz),
114.90, 73.27, 61.88, 57.32, 43.63, 40.82, 29.11, 28.22, 23.15. (F9]: olulx, 27) 979 A3 HHo

2 23sle] oA 19719 avk #FETH). F NMR (375 MHz, CDsOD, 23, 6): -74.90. A= B2 HRMS-

FIA (m/z): [M + H1 ol tisle] AAbE ., 443.12469. #2% . 443.12970.

AAd 24, 6-HH|EA-6-(EFE2R)FAd (522)9] &4

PA(PPhs),
("Bu3Sn);
LiCl
——
Clsak
100 °C

s21 50% s22
g2k (5.0 mO)olA 6-(EdIEFeaverdyd)F2eel (S21) (221 mg, 0.500 mmol, 1.00 =)l
23ColA, dgtelFE (106 mg, 2.50 mmol, 5.00 F%), HIEZH7|2(EdAdx2d)-Z2F (29.0 mg, 0.0250
mmol, 5.00 mol%) % ®|~(EZ-p-Hd¥l) (504 w0, 1m)mm 2.00 9ol H7IE At 100CNA 2447+
ek wHke wkE EFEL 23TE WAHI IFdA FFHATE. HFELS EtOAc/MeOH 19:1 (v/v)E &3}k
= At A ol aRvtEadyel os] Ao 146 mgA TA sHEe] FA oA (50% &)EA AlF
=] ATt

Rf = 0.25 (EtOAc/MeOH 9:1 (v/v)). NMR #39: HONMR (500 Mz, CDCls, 23°C, 6): 8.86 (d, J = 4.5 Hz,

1H), 8.07 (s, 1H), 8.05 (d, J = 8.0 Hz, 1H), 7.83 (d, J =8.0 Hz, 1H), 7.66 (d, J = 4.5 Hz, 1H), 6.26
(s br, 1H), 5.62-5.53 (m, 1H), 5.03 (d, J = 17.0 Hz, 1H), 5.01 (d, J = 10.0 Hz, 1H), 4.27 (s br, 1H),
3.54-3.45 (m, 2H), 3.20 (dd, J = 10.0 Hz, 10.0 Hz, 1H), 3.10 (d, J = 13 Hz, 1H), 2.65 (s br, 1H),
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[0271]

[0272]

[0273]

[0274]

[0275]

[0276]
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2.10-1.97 (m, 3H), 1.80 (s br, 1H), 1.66-1.47 (m, 6H), 1.44-1.12 (m, 13H), 0.87 (t, J = 6.0 Hz, 9H).
FCOMR (125 MHz, ODCls, 23°C, §): 149.87, 148.03, 144.62, 143.43, 137.94, 136.88, 130.22, 129.02,
124.47, 118.43, 117.01, 68.14, 60.84, 55. 61, 44.72, 37.69, 29.09, 27.28, 26.83, 25.01, 19.67, 13.65,
9.86. A= EAM: HRMS-FIA (m/z): [M + HI ol tishe] AlXtg, 585.28669. ¥2H 585.28610.

AAd 25, g8 4-(EEE2s )Wz (S61)

Pd(PPh3),

| (nBU3SH)2 SnBu3
/©/ LiCl
EtO,C EtO,C

L=, 100°C
B 85% S61

oA (10 me) A g 4—;‘15’_w Wz (275 mg, 1.00 mmol, 1.00 F=)ol 23TColA, |3elEF (210 mg,
5.00 mmol, 5.00 ¥%), HEH7|A(EgAdEzA23)Z 5 (57.8 mg, 0.0500 mmol, 5.00 mol%) Z H]|A~(Eg-
p5EE) (1.01 me, 2.00 mmol, 2.00 @EH)o] HIEALE. 100ToA 2147 S0k wukdE we Fg=o 23
CTE Y4930 AFqA 9. FFELS IA/Et0Ac 20:1 (v/v)E &88tE Ag7 A oA az2vE
ool olaf] A= 374 mge] FA 3HgHEo] FA 92U (85% &) 2 AFEH AT
Ry = 0.20 (3121). NMR 3%: 'H NMR (500 MHz, CDCls, 23°C. &): 7.96 (d, J = 8.0 Hz, 2H), 7.54 (d, J =
8.0 Hz, 2H), 4.37 (q, J = 6.0 Hz, 2H), 1.58-1.50 (m, 6H), 1.40-1.30 (m, 9H), 1.10-1.06 (m, 6H), 0.88
(t, J=7.3Hz, 9H). "C NMR (125 MHz, CDCls, 23°C, §):167.06, 149.45, 136.36, 129.92, 128.33, 60.79,

29.02, 27.31, 14.34, 13.64, 9.64.

AA 26. U-HEAFHDEFEAEG (S62)

/@,MQEF "BuySnc /©/SHBIJ3
Mel THF, 60°C MeO

BO%

S62

THE (2 mb)olA G3EaFEE (652 mg, 2.00 mmol, 1.00 B&F)ol 23T A], 4-HlEAHdnl1vF LEIE
(THFel A1 0.50 M, 8.0 m¢, 4.0 mmol, 2.0 F&)o] A7, 60TAA 1.0A1F & wrke, Hkg E3tE2
0CZ WY 3, 38 44 NILCl (10 m)E AASFR, 283 Et,0 (10 m)7F A7E90. 4L 2aya,

a2an e 32 Et0 (2 x 10 mO) 2 FFHAT. Hopxl 7] A g (10 m) = AFH L AxzE v
(NasS0,) . o3}l oA sHxa, a2da JFFad 28 SFol o8 gaAlso] 637 mgel ®A sehEe]
A e (80% &) =A AlFH AT

Re = 0.20 (S14H), NWR % 'H MR (500 MHz, CDCls, 23°C, 6): 7.37 (d, J = 7.0 Hz, 2H), 6.90 (d, J =
7.0 Hz, 2H), 3.80 (s, 3H), 1.56-1.50 (m, 6H), 1.35-1.31 (m, 6H), 1.04-1.00 (m, 6H), 0.89 (t, J = 6.0

Hz, 9H). C MMR (100 MHz, CDCls, 23°C. &): 159.67, 137.47, 132.00, 113.89, 54.94. 29.09, 27.37,
13.67. 9.58.

AAd 27, -B2RII)EHEEH AT (S63)

"BuLi

EnBuy
,©,E" "BuzSnCl /@’
—
Br Br

THF, -78°C
B81% 863
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THF (10 mé)ol M p-olEZ%wlal (932 mg, 4.00 mmol, 1.00 FeF)ol] -78CollA, BuLi (Aateld 2.5 M , 1.6
me, 4.0 mmol, 1.0 B 7} A7 ). ube 2o 78CoA] 308 EoF wwrsEa, o]F "Bu,SnCl (1.30 g,

4.00 mmol, 1.00 F3F)o] H7= ek, 78Tl 1 Sl; 3 aL
A7] &7l Aol AALHJGY. AHFELE B ZFo o AAH 1.45 go EA 3gEo] FA
(81% +&)=A ﬂ]%fé]‘}iv}.

Re = 0.50 (814, NMR *3: 'H NMR (500 MHz, CDCls, 23°C, §): 7.46 (d, J = 7.0 Hz, 2), 7.32 (d, J =

7.0 Hz, 2H), 1.56-1.50 (m, 6H), 1.35-1.31 (m, 6H), 1.08-1.04 (m, 6H), 0.89 (t, J = 7.5 Hz, 9H). 13C NMR
(125 MHz, CDCls, 23C, &): 140.62, 137.89, 130.97, 122.75, 29.01, 27.32. 13.65, 9.62.

AAld 28. N-Boc-4-(Eg|EFe v atd ¥y d)-[-fdgahd Hd 22 (S64)

PhNTY,

DMAP CO-Me
/@/YCOZME Et;N /@/\r 2
NHB
HO NHBoc CH,Cl, TfO oc
96%
aalrt) S64
CH,Cl, (2.0 me)oll A N-Boc-L-E]ZAl "€l o] ~H|Z (295 mg, 1.00 mmol, 1.00 B3)ol] 23ColA, Egoldo}ql

(418 0, 3.00 mmol, 3.00 F=F), DMAP (12 mg, 0.10 mmol, 0.10 B) % N-H IR A(EYZFL2W e Eo]
" =) (535 mg, 1.50 mmol, 1.50 F=)7F M7Fsar, 18]al ¥Eg EEL 23TolA 3A17F &t wutEde). vt
£ BIEO FgA FE2HAT. IFELS FA/EOAc 311 (v/v)E &5t At A AA ZARulE T
glof eJzf FA o] 410 mgA FA 3gEo] A 1A (96% F&)2A AlTH At

Re = 0.25 (A2H/EtOAc 3:1 (v/v)). NMR &¥H: HONR (500 MHz, CDCls, 23C, &): 7.23-7.20 (m, 4H),

5.08-5.05 (m, 1H), 4.60 (m, 1H), 3.72 (s, 3H), 3.20-3.01 (m, 2H), 1.40 (s, 9H). lSC NMR (125 MHz,
CDCls, 23C, &): 171.88, 154.93, 148.57, 136.92, 131.09, 121.29, 80.16, 54.18, 52.33, 37.85, 28.19.

“F NMR (375 MHz, CDCls, 23T, &): -74.90. A% AW HRMS-FIA (n/z): [M + Nal'el tiste] 7Axts,
450.0805. ##ZE, 450.0806.

AAo 29. N-Boc-4-(EFE2etd)-L-ddd=td oE 28 (S65)

Pd(PPh3),

co,Me  ("BugSn); CO,Me
/@Ar el ms
TfO NFBoc BusSn oe

C1=4H, 100°C
85% S65

o=2A (5 ml)oll A N-Boc-4-(EgEFo2Herd yd)-L-dddaid mE o 2~g=2 (214 mg, 0.500 mmol, 1.00
gEhol 23T, d3telE (105 mg, 2.50 mmol, 5.00 F), HEI|A(EHAIEAA)ZeHE (29 ng,
0.025 mmol, 5.00 mol%) % H]*(Eﬁ]—n—t’g ) (0.51 m¢, 0.10 mmol, 2.0 B=H)o] H7F= A}, 100T A 5
AlZE Eeh wdke ) wEE ERMEL 23CE WAH I HFodA FHHUTG. FES AL/E0Ac 411 (v/v)E &
ot AgFt A AelA EU}E:’—EHJ}OH ols] BAIEo] 242 mge] TA stFEol FA 2 (85% FE&)EA
A5 ¥ At

Rf = 0.50 (AAH/EtOAc 3:1 (v/v)). NMR &3 I NIR (500 MHz, CDCls, 23T, §&§): 7.38 (d, J = 7.5 Hz,

2H), 7.08 (d, J =7.5Hz, 2H), 4.97 (d, J = 8.0 Hz, 1H), 4.60-5.57 (m, 1H), 3.71 (s, 3H), 3.09-3.02
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(m, 2H), 1.56-1.50 (m, 6H), 1.41 (s, 9H), 1.36-1.29 (m, 6H), 1.05-0.98 (m, 6H), 0.89 (t, J = 7.3 Hz,
9H). 13C NMR (125 MHz, CDCls, 23C, §&): 172.42, 155.07, 140.30, 136.62, 135.54, 128.86, 79.83, 54.34,

52.13, 38.31, 29.04, 28.26, 27.33, 13.63, 9.51.

AAd 30. 4 -(EgZFeavadxd)Zgul= (366)

OH  prwTr, OTi
DAP O
EtyH o
B =)
CH,Cly, 1t Q
95%
n]

566

CH.CLy (2.0 me)ellA 4 -3|=EAZgul= (240 mg, 1.00 mmol, 1.00 @)ool 23To|A], Ego|dolql (418
@, 3.00 mmol, 3.00 @), DMAP (12 mg, 0.10 mmol, 0.10 F=F) % N—Tﬂ]‘ét’]/\(‘zﬂ;‘eoEUﬂE}H;‘—O]U]C)

(535 mg, 1.50 mmol 1.50 ﬂa)ﬂ A7k, e whg EFES 23ColA 3AIZF E9F wytE At vk
Fe2 AolA sFHHAG. B2 9 P/EtOAc 10:1 (v/v)2 &8st Agat A elA iiu}EJEHJM]
ol A=l 353 ng A §Jr?§a of FA Al (95% &) EA AT H A

Rf = 0.5 (S4H/EtOAc 10:1 (v/v)). NMR +&33H: I NMR (500 MHz, CDCls, 23°C, &§): 7.94 (dd, J = 8.0 Hz,

—

.5 Hz, 1), 7.60 (dd, J = 7.0 Hz, 2.5 Hz, 2H), 7.56-7.52 (m, 1H), 7.36 (dd, J = 7.0 Hz, 2.0 Hz, 2H),
.11-7.06 (m, 2H), 5.52 (dd, J = 13.0 Hz, 3.0 Hz, 1H), 3.04 (dd, J = 17.0 Hz, 3.5 Hz, 1H), 2.92 (dd, J

17.0 Hz, 3.5 Hz, 1H). C NMR (125 MHz, CDCls, 23°C, &): 191.07, 161.09, 149.42, 139.34, 136.40,

-

127.99, 127.15, 122.02, 121.86, 120.87, 118.04, 78.44, 44.68. “F MR (375 MHz, CDCls, 23T, §):

ad

~75.05. Aok HAW: HRMS-FIA (n/z): [M + H]'o] thafo] 713b®, 373.0352. ¥2%, 373.0354.

AAd 31, 4 -(EgrEagd)Ednke (S67)

OTf  Pd(PPha)s SnBug
C] ("Bu3Sn); O
O o LiCl O °
Cisd, 100°C
0 80% o
S67

g2t (5 m)dlA 4-(Eg]EFe2verd i d)Z e (200 mg, 0.538 mmol, 1.00 F&)ol 23TNA, stz
F (113 mg, 2.69 mmol, 5.00 B%), HEIVIA(EgALEHA)ZetEF (31 mg, 0.027 mmol, 5.00 mol% ) 2
H A (Ed]-p-2"E) (0.55 ml, 0.11 mmol, 2.0 Be)o] H7tE At 100CHA 3AIZF S wukd, J
B2 23CE Y4Ha AFolA H5HAT. FFELS FA4H/E0Ac 20:1 (v/v)E & ste A &
zutEefulel] o3 FAlE o] 222 mge] EA| spRHEo] FA 9 (80% &) EA AFTHUC.

2 olo

Ry = 0.3 (&2H/EtOAc 10:1 (v/v)). NMR #339: HNMR (500 MHz, CDCls, 23C, 6): 7.94 (dd, J = 8.5 Hz,

1.5 Hz, 1H), 7.56-7.50 (m, 3H), 7.45 (dd, J = 7.5 Hz, 3.5 Hz, 2H), 7.08-7.05 (m, 2H), 5.47 (dd, J =
138.5 Hz, 3.0 Hz, 1H), 3.13 (dd, J = 17.0 Hz, 3.0 Hz, 1H), 2.91 (dd, J = 17.0 Hz, 3.0 Hz, 1H), 1.59-

1.53 (m, 6H), 1.39-1.32 (m, 6H), 1.10-1.03 (m, 6H), 0.91 (d, J = 7.3 Hz, 9H). 13(3 NMR (125 MHz, CDCls,
23T, &): 192.11, 161.64, 143.19, 138.18, 136.89, 136.15, 127.03, 125.61, 121.54, 120.94, 118.13,

79.75, 44.53, 29.05, 27.36, 13.65, 9.59. AeF EAW: HRMS-FIA (m/z): [M + HI'o] ciste] A4k,
515.1966. ##Z¥, 515.1978.
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AAd 32, 4-(EFEZ2oa2vgdIxd)ulZ2A (S68)
* PRNTT
. DMAP
,@?@ Et:N /@AV{LH/Q
HO & CHaCIz T
Ia

CH,Cly (1.0 me)ollA wFZFEA (100 mg, 0.384 mmol, 1.00 Bl 23TolA, Egddoelwl (0.16 m¢, 1.2

mmol, 3.0 2¥), DMAP (4.7 mg, 0.038 mmol, 0.10 3F) = N-mldu|A(EygE
mg, 0.576 mmol, 1.50 F&)7} H7t=3, 2] WHg E3E2 23TollA] 323 3t
2 AFA FFEHJT. THFEL EtOAc/MeOH 10:1 (v/v)ZE &8t A7l A OPOHH ﬂiu}ila]uw o]3
gAIE o] 138 mge] A spREo] A LA (92% &) =A AlEEH AT

Ri = 0.5 (EtOAc/MeOH 10:1 (v/v)). NMR #3%: H MR (500 MHz, CDCls, 23T, &): 7.38-7.36 (m, 2H),
7.28-7.24 (m, 2H), 6.29 (br s, 1H), 4.32 (dd, J = 8.0 Hz, 3.0 Hz, 1H), 4.07 (t, J = 8.0 Hz, 1H), 2.34-
2.31 (m, 1H), 2.02-1.99 (m, 1H), 1.94-1.88 (m, 2H). 13(3 NMR (125 MHz, CDCls, 23°C, &): 169.52, 164.45,

148.74, 136.75, 131.28, 121.81, 59.06, 56.15, 45.39, 36.15, 28.34, 22.38. “FNIR (375 MHz, CDCls,

93°C, §): -76.44. AF AW HRUS-FIA (n/z): [M + H]'oll tiake] A2bEl, 393.0727. T3, 393.0738.

A 33. 4-(Eg|FEaebd)nZ24 (S69)

Pd(PPhz), o
(nBU3SH)2
LICI N
_C|=4F, 100 °C BusSn HN |5|
75% 0]

S69

Ak (2 m)olA 4-(EgjEFeaverd¥xd)nZF 24 (100 mg, 0.255 mmol, 1.00 Bl 23CeA, 3lg
F (53.5 mg, 1.28 mmol, 5.00 T%), HEZZIA(EgAd ) FeF (14.7 mg, 0.0127 mmol, 5.00 mol%)
2w (Eg-p-FE¥") (0.26 ml, 0. 51 mmol, 2.0 ©ek)o] H7bE k. 100CAA 2447 ZoF muld ukS
EFEL 23CE W4H AFos FFHAT. FFES Et0Ac/CHCL; 3:1 (v/v)E &3k Ayt 2 Agoﬂﬁ

AzvtEdevlel] ojs) FAEe] 102 mgel #A sgtEe] FA oA (80% &) EA AT H AT

Re = 0.3 (EtOAc/CHCl; 3:1 (v/v)). NMR +&34: R (500 MHz, CDCl;, 23C, §): 7.39-7.38 (m, 2H),

7.17-7.15 (m, 2H), 6.51 (dd, J = 10.0 Hz, 3.5 Hz, 1H), 4.23-4.20 (m, 1H), 3.64-3.58 (m, 1H), 3.41-
3.36 (m, 1H), 3.11 (dd, J = 14.0 Hz, 7.0 Hz, 1H), 3.03 (dd, J = 14.0 Hz, 4.0 Hz, 1H), 2.86 (dd, J =
10.5 Hz, 6.5 Hz, 1H), 2.15-2.11 (m, 1H), 1.94-1.91 (m, 1H), 1.83-1.75 (m, 1H), 1.66-1.61 (m, 1H),

1.56-1.44 (m, 6H), 1.35-1.25 (m, 6H), 1.10-0.97 (m, 6H), 0.88 (d, J = 7.3 Hz, 9H). 13C NMR (125 MHz,
CDCls, 23C, &): 169.29, 164.84, 140.98, 136.77, 134.75, 129.47, 59.06, 57.69, 45.06, 40.44, 29.01,

98.85, 27.27, 21.68, 13.61, 9.52. A=k AWM HRMS-FIA (n/z): [M + H]'ol thate] A2bw, 535.2341. B2
= 535.2347.

AA e 34. -(EgEFa2Madxd)-B-d2EZT] S (S70)
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MaBH,
_—
MeCQHTHF

0 "G
95%

MeOH/THF (2.0 ml, v/v 1/1)olA 3—(EZZFLEYEE T L) AEE (402 mg, 1.00 mmol, 1.00 F&F)o] 07
oA, FAaFRAYEF (76 mg, 2.0 mmol, 2.0 B&F)o] ArtEx, aglxm ¥he TIEL 0CA 0.547F 5
werE AT, S ESE e ¥ 44 NHCL (10 mO)E AAFEHI EtOAc (10 m)7F A7FEAL. A&
BalEm, a8z 4 AL EtOAc (2 x 10 m)E FEHYh. Zolzl §7] A& 94 (10 m)E AFEz, A
ZE 3 (NapS0y), Zgla JFoA FFHIY., FFELS AM/Et0Ac 3:1 (v/v)E &8ss A7 A gelA
A2utE g 93] AAE ] 384 mge] xA SHFHEo] T 1A (95% FE)ZA AT

o & 3

Re = 0.25 (2H/EtOAc 3:1 (v/v)). NMR %%%%%iZ]H NMR (500 MHz, CDCl;, 23T, 6): 7.33 (d, J = 8.5 Hz,

1), 7.02 (dd, J = 8.5 Hz, 2.5 Hz, 1H), 6.96 (d, J = 3.0 Hz, 1H), 3.74 (t, J = 8.5 Hz, 1H), 2.89 (dd,
J =9.0 Hz, 4.0 Hz, 2H), 2.35-2.30 (m, 1H), 2.25-2.20 (m, 1H), 2.15-2.11 (m, 1H), 1.99-1.89 (m, 2H),

1.74-1.69 (m, 1H), 1.54-1.17 (m, 8H), 0.79 (s, 3H). C NMMR (125 MHz. CDCls, 23°C., &): 147.43, 140.85,
139.49, 127.12, 121.09, 118.07, 81.71, 50.00, 44.05, 43.13, 38.19, 36.55, 30.51, 29.47, 26.74, 26.05,
93.06. F NMR (375 MHz, CDCls, 23°C, &): -73.39.

AAd 35, 3-(EfEFa2MadEd)-p-d2EFT2-B-Fe-zId-FELQ A (S71)

Ezﬂ

DBI
we OH

' THSO-TI UB:
; ' CI‘C\H/D\MﬁHJ CHLL, li."‘\hdb t HEU e
@ﬁ @ e @e -
o
T

T4 CHCly (5 ml)ollA 82 3-(EgEFaveErd ¥ d)-3-o| ~2EZ -2 (202 mg, 0.500 mmol, 1.00
), A2 4 (909 mg, 0.750 mmol, 1.50 BeF), 8]l B2 4 A BEXAY EIEL Ar ol r.t.oA 1A
7 = wwrE AT, TMSOTE (4.5 wf, 0.025 mmol, 0.050 B&)7F H7bE A, AAAE EEL 1A47F B¢k
HEE ik, EtgNol A7, aga AdE EFEL o3y A3 sFHAY. dRES F4H/E0Ae 31
(v/v)2 &8st At 2 oA A=ZnfEag I o8] HAHo] 655 mge FA FFFEo] WA AF (90%
FE)OZA AFHAT.

o8

Re = 0.3 (F4HEtOAc 3:1 (v/v)). NMR +&33: H MR (500 MHz, CDCls, 23T, &): 8.02-7.96 (m, 10H),

7.91 (dd, J = 8.5 Hz, 1.0 Hz, 21), 7.73 (dd, J = 8.5 Hz, 1.0 Hz, 2H), 7.63-7.30 (m, 18H), 7.22 (dd, J
= 8.5 Hz, 7.5 Hz, 2H), 7.17 (dd, J = 8.5 Hz, 7.5 Hz, 2H), 6.97 (dd, J = 8.5 Hz, 2.5 Hz, 1H), 6.92-6.91
(m, 1), 5.81 (dd, J = 9.5 Hz, 9.5 Hz, 1H), 5.74-5.71 (m, 2H), 5.47 (dd, J = 9.5 Hz, 8.0 Hz, 1H),
5.38 (dd, J = 10.5 Hz, 3.5 Hz, 1H), 4.89 (d, J = 8.0 Hz, 1H), 4.75 (d, J = 8.5 Hz, 1H), 4.63-4.60 (m,
1), 4.49 (dd, J = 12.0 Hz, 5.0 Hz, 1H), 4.23 (dd, J = 9.5 Hz, 9.5 Hz, 1H), 3.91 (dd, J = 7.0 Hz, 6.5
Hz, 1H), 3.84-3.82 (m, 1H), 3.75 (dd, J = 11.0 Hz, 6.5 Hz, 1H), 3.69 (dd, J = 11.0 Hz, 6.5 Hz, 1H),
3.58 (dd, J = 9.0 Hz, 8.0 Hz, 1H), 2.83-2.81 (m, 2H), 2.11-2.01 (m, 2H), 1.98-1.88 (m, 1H), 1.82-1.78

(m. 1H), 1.68-1.51 (m, 3H), 1.31-1.21 (m, 4H), 1.18-1.10 (m, 2H). 0.58 (s. 3H). C NMR (125 MHz,
CDCly, 23°C. &): 165.81, 165.57, 165.41, 165.39, 165.20, 165.11, 164.78, 147.40, 140.65, 139.40,
133.52, 133.38, 133.34, 133.30, 133.24, 133.15, 133.12, 129.99, 129.74, 129.71, 129.67, 129.63,

129.59, 129.49, 129.41, 128.86, 128.71, 128.62, 128.56, 128.49, 128.31, 128.23, 127.09, 121.06,
118.03, 101.83, 100.99, 89.95, 76.32, 73.00, 72.94, 71.94, 71.74, 71.40, 69.93, 67.53, 62.55, 61.12,
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49.61, 43.91, 43.07, 37.78, 37.05, 29.42, 28.67, 26.62, 25.77, 22.96, 11.32. 'F NMR (375 MHz, CDCls,

| %))

(= =)

g

23C, §): -73.38. A BAM: HRMS-FIA (n/z): [M + NH1'o) thale] A12bEl, 1474.4498.

¢

1474 .4486.

AR 36. 3-(EFRE2TL)-B-A2EHHE-B-FAe-HZU-FE A (§72)

Bz0, B20, Bz0 B20

0Bz OBz
\Bﬁjos\zﬁoaz e e O%M
G’ B20 Bz II_J:!C In)z G . Bz0 o] 0Bz
0 =4, 100°C e i
TIO 70% BusSn

Ok (2 m)oA 3-(EfZFoededzd)-p-diEdr]-p-Fe-Axd-EQ ~ (200 mg, 0.137
mmol, 1.00 =)o) 23TelA, A3a]F (28.7 mg, 0.683 mmol, 5.00 F=F), HEHI~(EddE~0)Zz}
F (7.9 mg, 0.069 mmol, 5.00 mol%) % B|~(Eg-p-F2¥) (0.14 m¢, 0.27 mmol, 2.0 FH)o] H7}= AL},
100Cel A 21A12F B¢ Wke | wbg E3E2 23CE YZ4H 1 AFdA sFHJh. FE2 A4H/Et0Ac 4:1
(v/v)Z &gste At A oA azetEagvlel oa] FAlEo] 154 mgol A stgHEo] FA oA (70%
FE)EA A FH AT

5§72

Ri = 0.3 (Z4H/EtOAc 4:1 (v/v)). NMR ++33: HONR (500 MHz, CDCls, 23C, &): 8.04-7.97 (m, 10H),

7.93 (dd, J = 8.0 Hz, 1.0 Hz, 2H), 7.74 (dd, J = 8.0 Hz, 1.0 Hz, 2H), 7.66-7.31 (m, 18H), 7.22 (dd, J
= 8.5 Hz, 8.5 Hz, 2H), 7.18-7.14 (m, 4H), 5.82 (dd, J = 10.0 Hz, 9.0 Hz, 1H), 5.77-5.73 (m, 2H), 5.49
(dd, J=10.0 Hz, 8.0 Hz, 1H), 5.40 (dd, J = 10.0 Hz, 3.0 Hz, 1H), 4.90 (d, J = 8.0 Hz, 1H), 4.78 (d,
J=28.01Hz, 1H), 4.64-4.61 (m, 1H), 4.51 (dd, J = 12.0 Hz, 5.0 Hz, 1H), 4.24 (dd, J = 9.5 Hz, 9.5 Hz,
1), 3.93 (dd, J = 7.0 Hz, 6.5 Hz, 1H), 3.86-3.84 (m, 1H), 3.78 (dd, J = 11.5 Hz, 6.5 Hz, 1H), 3.71
(dd, J = 11.5 Hz, 6.5 Hz, 1H), 3.60 (dd, J = 9.0 Hz, 8.0 Hz, 1H), 2.83-2.80 (m, 2H), 2.13-2.01 (m,
2H), 1.98-1.92 (m, 1H), 1.83-1.84 (m, 1H), 1.75-1.49 (m, 9H), 1.37-1.24 (m, 10H), 1.18-0.97 (m, 8H),

0.91 (t, J = 7.3 Hz, 9H), 0.57 (s, 3H). 13C NMR (125 MHz, CDCl;, 23C, &): 165.81, 165.55, 165.42,
165.37, 165.19, 165.11, 164.77, 139.88, 138.31, 137.25, 136.04, 133.71, 133.50, 133.36, 133.28,
133.21, 133.11, 133.08, 129.98, 129.71, 129.65, 129.61, 129.58, 129.48, 129.39, 128.83, 128.68,
128.61, 128.54, 128.47, 128.27, 128.21, 124.79, 101.78, 100.95, 90.04, 76.33, 72.97, 71.92, 71.74,

71.39, 69.91, 67.54, 62.59, 61.14, 49.78, 44.29, 43.16, 38.11, 37.29, 29.41, 29.05, 28.65, 27.37,
27.0, 25.62, 22.94, 13.63, 11.32, 9.45.

AAle] 37. N-Boc-4-(Eg|FE2gd)-L-ddded-L-sddetd dd o =eH= (S73)

NH"" ~CO;Me
BusSn NHBoc NHyHCl  CH,Cl, o°C\ it mc i
80%  BusSn
873

CHCly (30 me)oll A N-Boc—4-(EgF-e=vhd)-L-#ddaebd (1.67 g, 3.00 mmol, 1.00 B%) H L-#dgaid

2
Hg o 2~H 2 4k (647 mg, 3.00 mmol, 1.00 =)ol 0CelA, EDCI (1.15 g, 6.00 mmol, 2.00 %
HOBt (810 mg, 6.00 mmol, 2.00 B=F), n,n-tlo|ATEHoE o}yl (1.56 m¢, 9.00 mmol, 3.00 FaF) & 4-(
HEotn ) A2 (36 mg, 0.30 mmol, 0.10 @F)o] H7IEHATt. 0ToNA 1AF &t wwrd whg &3t
12A12F BoF Ao mtE el g EFES B (20 mO)E IAFEI CHLl, (10 me)7F H = Ak, A

g, 28a 4 A4S CHCl, (2 x 10 )2 FEHAT. Bold #7] 42 ¢4 (10 mO= AHEL, Adx
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Ha (NaS0,), 283 JFA H=HAT., FHFES AA/EOAc 3:1 (v/v)E |dst= Aggt A Ada 3
ZulEgge] old] A 1.72 g9 XA shgEo] WA AF (80% FE)ILEZA AFTHAG.

Rf = 0.30 (3AHEtOAc 3:1 (v/v)). NMR +&33H: I NMR (500 MHz, CDCls, 23C, &§): 7.39 (d, J = 8.0 Hz,

oH), 7.23-7.21 (m, 30), 7.15 (d, J = 7.5 Hz, 2H), 6.97 (dd, J = 7.5 Hz, 2.0 Hz, 2H), 6.38 (d, J = 7.5
Hz, 1H), 4.90 (br s, 1H), 4.80 (br s, 1H), 4.35 (br s, 1H), 3.68 (s, 3M), 3.09-2.99 (m, 4H), 1.55-1.50
(m, 6H), 1.38 (s, 9H), 1.36-1.29 (m, 6H), 1.05-1.01 (m, 6I), 0.87 (t, J = 7.3 Hz, 9H). C NMR (125
Hz, CDCls, 23°C, §): 171.38, 170.83, 155.27, 140.29, 136.74, 136.06, 135.64, 129.19, 128.99, 128.49,
127.06, 80.12, 55.47, 53.21, 52.20, 37.92, 29.03, 28.18, 27.33, 13.61, 9.50. Az EAH: HRMS-FIA

(m/z): [M + Na off tiste] AAkE, 739.3103. ¥, 739.3069.

AA|e] 38. N-Boc-2 A e A-L-vlddatd dld o =HZ (S74)

EDCI, HOBt
GOMe _ DIPEA, DMAP DMAP

o]
H
N
BOCHN/\([)]/ OH + NHHCI THF, 0%C.= 1t BocHN/\n’N\/U\ OMe

93%

THF (10.0 me)ol Al N-Boc-=&] A=Al (696 mg, 3.00 mmol, 1.00 F=)ol 0CelA, EDCI (1.15 g, 6.00 mmol,
2.00 &), HOBt (810 mg, 6.00 mmol, 2.00 &%), n,n-tjolAZ =Y o}ql (1.56 ml, 9.00 mmol, 3.00 &
), 4-(de ol )& (36 mg, 0.030 mmol, 0.10 F&F) 2 L-dddebd wE o~ Z (647 mg, 3.00
mmol, 1.00 F=)7F FH7MEHATE. ¥ EES 0CeA 1A St wwke s Aeoa  124]3F F2t

WHEH Y. HES E3HES oE ofAlHolER s|AHL, B2 MFHY M, gl dFRHJAY (NapS0,). o Foi
AFgolA s, 28] JFFES DCOM/MeOH 10:1 (v/v) 2 83 Aggt A oA IzZutE o] os)
AA =] 1.10 gJ XA 3] ¥4 oY (93% TE)EA ATHAG.

Re = 0.50 (DCM/MeOH 10:1 (v/v)). NMR +%33H: H MR (500 MHz, CDCl;, 23T, &): 7.29-7.21 (m, 2H),

7.13-7.11 (m, 2H), 7.02 (d, J = 8.0 Hz, 1H), 5.46 (br s, 1H), 4.82 (dd, J = 14.0 Hz, 6.5 Hz, 1), 3.94
(dd, J = 16.5 Hz, 5.5 Hz, 1H), 3.88 (dd, J = 16.5 Hz, 6.0 Hz, 1H), 3.80 (d, J = 5.0 Hz, 2H), 3.69 (s,

3H), 3.13 (dd, J = 14.0 Hz, 6.0 Hz, 1H), 3.04 (dd, J = 14.0 Hz, 7.0 Hz, 1), 1.45 (s, 9H). C NMR (125
MHz, CDCls, 23°C. &§): 171.79, 170.07. 168.53, 156.07, 135.78, 129.15. 128.49, 127.05, 80.16, 53.36,

52.30, 44.01, 42.75, 37.71, 28.24.

AAl¢] 39. N-Boc-=E| A ST A-L-dld g d-L-F4A wE 2" = (875)

. 1) LIOH, THF/H,0

2) H,N
o
H CO,Me H
N OMe 2 N
N
B°°HN/\([3]/ Ho EDCI, HOBY B°°HN/\H/
DIPEA, DMAP COZM“-
THF, 0°C =~ rt 875
88%

THF (4.0 m0)$F & (2 ml)ol A N-Boc-=g| e d-L-Alddebd we o] ~HZ (786 mg, 2.00 mmol, 1.00
2ol 0CAlAl, LiOH (96 mg, 4.00 mmol, 2.00 W&)7} HA7FE ;. WES E3EL OToA] 247 B wlk
Ak, Hg EFELS od olAMEoER 3AF 1, 2|3 pHE HCl (IN)S o]88o2X pl 2-302 A
o T2 2EHR, a8 4 T2 dd ofAHolER FEH I AXEHAT (NaS0,). oS g A
=)o) 7tEE A &8 A&l A|F-EH ATt

THE (10.0 mé)ollA o]eldt 7}aE %] e AM&d] 0TolA, EDCI (764 g, 4.00 mmol, 2.00 %), HOBt (540

o 32 1 of

ygﬂl
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mg, 4.00 mmol, 2.00 @), n,n-vlelxZZAed ofgl (1.00 me, 6.00 mmol, 3.00 FF), 4-(t]mdolr]x)
29l (24 mg, 0.020 mmol, 0.10 FF) 2 L-F4 W =82 (544 mg, 3.00 mol, 1.50 FZH) 7+ H7+H 9
o Wb ERELS 0CelAM 1A7E Sk wuksa AolA 12213F Fob wkE it vk EFEE oY opAH
oER HAFI B A, i AXFHAT (NaS0). ol@ele AFolM wHwa, e AFES
DOM/MeOH 10:1 (v/v) & &2late A2zt A 2olx azrtzae)se] ofa) galso] 880 mge] EA shgHgo] )
A LA (88% &) =A AT E AT

R = 0.50 (DCM/MeOH 10:1 (v/v)). NMR %%: 'H NWR (500 MHz, CDCly, 23, ) 7.40 (br s, 1), 7.27-

7.12 (m, 7H), 5.57 (br s, 1H), 4.95-4.93 (m, 1H), 4.59-4.54 (m, 1H), 3.96-3.85 (m, 4H), 3.70 (s, 3H),
3.11 (dd, J = 13.5 Hz, 5.5 Hz, 1H), 2.98 (dd, J = 13.5 Hz, 7.0 Hz, 1H), 1.63-1.51 (m, 3H), 1.45 (s,

9H), 0.89 (d, J = 6.0 Hz, 6H). C NMR (125 MHz, CDCly, 23, &): 172.95, 170.78, 169.74, 168.41,
156.13, 136.36. 129.37, 128.42. 126.87. 80.05, 54.15, 52.21, 50.83, 43.89. 42.99, 41.05, 38.71, 28.34,

24.77, 22.69, 21.86. A HAW: [RMS-FIA (n/z): [M + Nal'e]l whate] #A2b®, 529.2633. #aH,
529.2630.

AAle] 40. N-Boc-4-(EgFE28d)-L-dddetd-Sg A S d-L-vd gatd-L-7FA HWE d2H= (S76)

1) TFA, CH,Cly

$ 2) mcozH

NHBoc e H @ it

BusSn

N\)L 3 N N

BocHN N N

Y T <X cocirom /@ﬁ)ﬁﬁr i O
2 DIPEA, DMAP BuySn

THF, 0 °C i 1t §76
72%

CH,Cl, (2.0 me)ellA N-Boc-=d A I A-L-dldgetd-L-F4 #lE o ~eH= (101 mg, 0.200 mmol, 1.00 2

ol 0T, EFZEFEolAELR (0.2 m)o]l H AT, whe EFE 0TA 243§ wuke e},
&AM FFEo ThEHA @e ab=o] AT EH A

THF (10.0 me)ollA o]eldt 7Fa-w x| & Ab&o] 0TolA, EDCI (76.7 mg, 0.400 mmol, 2.00 Z&), HOBt (54
mg, 0.40 mmol, 2.0 B), n,prjolAZ2HE o}7l (0.20 m¢, 0.60 mmol, 3.0 F3F), 4-(tjrEolr]i)y]
g9 (2.4 mg, 0.020 mmol, 0.10 BF) B N-Boc-4-(EgFExebd)-L-Ad&ebd (111 mg, 0.200 mmol, 1.00
Fek)o] HA7E YT, B EIEL 0CoA 1A1ZF B9 wHkEa AL2oA 12A417F 9k wEkE T, Whe E3)
52 old ofAHolER A, 22 MHEL, g AXHAT (NapsSoy). AFHS FAFoA s5¥ 1

83 ZHFELS DOM/MeOH 10:1 (v/v)2 83+ A7t A Ao aznfEadigleo] &) A=l 135 mgd
BA SgHEoel WA 3 A (72% &) 2EA AT EHAT

K

=
i

Rf = 0.50 (DCM/MeOH 10:1 (v/v)). NMR &34 : I NIR (500 MHz, CDCls, 23C, §): 7.52 (br s, 1H), 7.38

(d, J=8.0Hz, 20), 7.24-7.13 (m, 8H), 7.01 (br s, 1H), 5.29 (br s, 1H), 4.91-4.89 (m, 1H), 4.58-4.54
(m, 1H), 4.37-4.35 (m, 1H), 3.98-3.85 (m, 4H), 3.69 (s, 3H), 3.18-3.03 (m, 3H), 2.95-2.90 (m, 1H),

1.62-1.48 (m, 9H), 1.40 (s, 9H), 1.39-1.28 (m, 6H), 1.05-1.01 (m, 6H), 0.89-0.86 (m, 15H). C NMR (125
Hz, CDCls, 23°C. 6): 173.03, 172.37. 170.76, 168.89, 168.24, 155.68, 139.90, 136.52, 136.42, 129.56,

128.96, 128.21, 126.62, 79.73, 55.38, 53.98, 52.15, 50.81, 43.06, 41.11, 39.23, 38.74, 29.01, 28.27,

97.32, 24.74, 22.74, 22.05, 13.61, 9.47. A= EAW: HRUS-FIA (m/z): [M + Nal'o] tizte] #2kg
966.4373. ¥, 966.4386.

A 41, (EgEFadadXd)dAEvE (S77)
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PhNTF,
Dk AP
EfyM
—_ =
CHaClg, 1t

- "
- il
95% F d \@
877 E

CHCl, (2.0 mb)oll Al SlAEw B (205 mg, 0.500 mmol, 1.00 Tl 23TColA, Eglddolwl (209 xl, 1.50

mmol, 3.00 =), DMAP (6.0 mg, 0.05 mmol, 0.10 @) % N-#Hdu|A~(EFZ
mg, 0.550 mmol, 1.10 F&)7} H7i=x, a8]x Whs 35S 23ColA] 343t s b
S AFoA 5FHAJY, ZAFEL AA/Et0Ac 2:1 (v/v)E &8st Agst A Ao azetEayd o3|
AA =0} 258 mge] #A| sHtEel FA 1A (95% TE)EA AlFH AT

Re = 0.2 (4H/Et0Ac 2:1 (v/v)). NR 234: 'H NR (500 MHz, CDCls, 23C. &): 7.43-7.40 (m, 2H),
7.31-7.28 (m, 4H), 7.21-7.19 (m, 2H), 7.03-6.94 (m, 4H), 4.72 (dd, J = 6.5 Hz, 6.0 Hz, 1H), 4.68 (d,

J=25Hz, ), 3.07 (dt, J = 7.5 Hz, 2.0 Hz, 1), 2.63 (br s, 1H), 2.04-1.89 (m, 4H). C MR (125
Hz, CDCls, 23°C. &): 166.89, 162.15 (d. J = 244 Hz), 159.12 (d, J = 243 Hz), 149.31, 139.92, 138.18.

133.36, 127.65, 127.31 (d, J = 8.3 Hz), 122.31, 118.25 (d, J = 8.3 Hz), 115.99 (d, J = 22.8 Hz),
115.31 (d, J = 21.0 Hz), 72.99, 60.45, 60.29, 36.44, 24.99. “F NIR (375 MHz, CDCls, 23T, 6): -73.25,
-115.14, -117.72.

AAle] 42, (EgFd2gd)dAE R HE (S78)

Pd(PPhs)4
OH ("BusSn),
Licl
N _Cis4, 100°C
F o 50% F
F s78 F

gLt (1 m)olM (Eg)EFoavetdzd)oAEn 2 (54.1 mg, 0.100 mmol, 1.00 F&)ol 23TellA, A3l
5 (21.0 mg, 0.500 mmol, 5.00 @), HEHINA(EFuIdE2a)ZF (5.8 mg, 0.0050 mmol, 5.0 mol%)
2 W)~ (EF-p2EE) (0.10 m¢, 0.20 mmol, 2.0 Z=)o] H7IEYTE. 100CAA 12417 59 wHks  dkS
TgEE 202 Wy ABIA FFHULG. LS IA/EON 31 (V)R Belske ez A oA
A=ntE T o3 AA| o] 34 mg4 XA slstEoe] FA oY (50% &) =A AT H AT

Re = 0.3 (A2H/EtOAc 3:1 (v/v)). NMR &34: ' NR (500 MHz, CDCls, 23C, 6): 7.47 (d, J = 8.0 Hz,

2H), 7.32-7.24 (m, 6H), 7.03 (dt, J = 9.0 Hz, 2.0 Hz, 2H), 6.94 (dt, J = 9.0 Hz, 2.0 Hz, 2H), 4.74
(dd, J = 6.5 Hz, 6.0 Hz, 1H), 4.60 (d, J = 2.5 Hz, 1H), 3.12 (dt, J = 7.5 Hz, 2.0 Hz, 1H), 2.36 (br s,
1H), 2.04-1.91 (m, 4H), 1.59-1.53 (m, 6H), 1.39-1.30 (m, 6H), 1.13-1.03 (m, 6H), 0.89 (d, J = 7.5 Hz,

o). “C NWMR (125 MHz. CDCls, 23°C. &): 167.61, 162.17 (d, J = 244 Hz), 158.97 (d, J

241 Hz),

142.99, 140.05 (d, J = 2.8 Hz), 137.21, 136.98, 133.91 (d, J = 2.6 Hz), 127.37 (d, J = 8.1 Hz),
125.25, 118.39 (d, J = 8.1 Hz), 115.79 (d, J = 22.8 Hz), 115.32 (d, J = 21.9 Hz), 73.05, 61.48, 60.18,

36.59, 29.03, 27.32, 25.04, 13.63, 9.59. “FNIR (375 MHz, CDCls, 23TC, 6): -115.32, -118.50. &A% i

A9 HRMS-FIA (m/z): [M + K1'o ti3he] 7A12bg, 722.2228. #2% . 722.2204.
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AAle] 43, (EFL28E)DOPA (S79)

Pd(PPhg),
BocO CO,Me (nME?éﬁ“)Z Boco:@f\rCOZMe
i 1
> NHBoc
BocomBoc IS4, 100°C BocO SnMe,
50%

§79

oA (5 ml)ollA] 89 =-DOPA (319 mg, 0.500 mmol, 1.00 HaF)o] 23TColA, A3ta]E (105 mg, 2.50 mmol,

5.00 93), HlEDVIA(EYAdEAA)ZgE (17.3 mg, 0.150 mmol, 5.00 mol%) = H]A(EF-WEE) (329

mg, 1.00 mmol, 2.00 @Z)o] HZFHATE. 100TelA 24A3F F¢F wybe kg 23452 23CE W24HL 3T

oA EEHUT. FFEL FAA/E0Ac 3:1 (v/v)E fEdtE Ayt A AdA azntE e o5 AA
_1'4

3
o] 168 mge] FA| sgEo] FA oA (50% &) =AM AlEE AT

=
=
Ry = 0.5 (3AH/EtOAc 3:1 (v/v)). NMR %339 : 'H NWR (500 MHz, CDCls, 23C. 6): 7.27 (br s, 1H), 7.09
(br s, 1H), 4.90 (d, J = 8.0 Hz, 1H), 4.52-4.51 (m, 1H), 3.71 (s, 3H), 3.11-3.04 (m, 2H), 1.55 (s,
9H), 1.54 (s, 9H), 1.40 (s, 9H), 0.36 (s, 9H). C MMR (125 MHz, CDCl,, 23C, &): 172.50, 155.06,
150.78. 150.60. 142.57. 141.54, 141.36, 140.81, 130.21, 123.25. 83.59, 80.67. 54.31, 52.29. 40.26,
98.18, 27.58, 27.59, -7.91. A= AW HRMS-FIA (n/z): [M + H]'o] thate] AX®, 676.2138. #2H,
676.2139.

AAo 44, gato]Al § F=A (S80)

EDCI, HOBt
DIPEA, DMAP
THF,0°Cw 1t

70%

THE (1.0 m@)olA gsbulo]lAl S (139 mg, 0.200 mmol, 1.00 B&E)ol 0T, EDCI (76.7 mg, 0.400 mmol,
2.00 F), n,pvolAZzFE o}dl (0.20 m¢, 0.60 mmol, 3.0 F=), 4-(drEoln =) (2.4 ng,
0.020 mmol, 0.10 B%) % 4-(EgRExebd)MlzAF (124 mg, 0.300 mmol, 1.50 B&)o] H7rHAct. #hS-
EFEL 0ColA 1AZE St wnks] o Ao A 12A12F E2b wikE Aok, vk EFELS o E ofAHo|ER 3
MEa, 22 AFEL, 2ga dxEAT (NapS0y) . o #e 2FolA sFE i, 28a FRr=2 I4HEt0AC
2:1 (v/v)= gelste Az A AeA azutEadsd] ofs) FAEe] 153 mge] xA| shHEo] WAl a1z
(70% FE)ZA AF=H AT,

Ri = 0.30 (AAH/EtOAc 2:1 (v/v)). NMR 33 ' NIR (500 MHz, CDCls, 23C, §): 8.26 (s, 1H), 8.18-

8.16 (m, 2H), 7.80 (s, 1H), 7.67 (d, J = 8.0 Hz, 2H), 6.28-6.15 (m, 3H), 5.89 (dd, J = 15.5 Hz, 7.0
Hz, 1), 5.14 (dd, J = 12.5 Hz, 7.0 Hz, 1), 4.70 (d, J = 10.5 Hz, 1H), 3.71 (d, J = 5.0 Hz, 1H), 3.61
(d, J=10.0 Hz, 1H), 3.40-3.37 (m, 2H), 3.12 (s, 3H), 3.05-3.02 (m, 1H), 2.34 (s, 3H), 2.32-2.29 (m,
1), 2.04 (s, 3H), 1.95 (s, 3H), 1.81-1.80 (m, 1H), 1.77 (s, 3H), 1.69-1.67 (m, 1H), 1.61-1.53 (m,
6H), 1.39-1.32 (m, 6H), 1.09-1.01 (m, 9H), 0.91 (t, J = 7.5 Hz, 9H), 0.84 (d, J = 7.0 Hz, 3H), 0.68

(d, J =17.0 Hz, 3H), 0.18 (d, J = 7.0 Hz, 3H). 13C NMR (125 MHz, CDCls, 23C, §&): 192.47, 182.12,

177.67, 173.29, 172.95, 169.43, 164.59, 156.01, 151.97, 144.31, 141.81, 139.93, 136.79, 136.68,
133.54, 132.24, 130.66, 129.35, 127.65, 124.06, 118.61, 116.36, 115.86, 114.63, 108.65, 81.12, 73.50,
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73.21, 56.98, 38.82, 37.39, 37.34, 32.81, 29.01, 27.33, 21.91, 21.04, 19.94, 16.97, 13.65, 11.44,

11.11, 9.72, 8.84, 8.36. A= BEAW: HRVS-FIA (n/z): [M + HI'ol thate] A4bE, 1090.4333. #2%
1090.4289.

)

A Ao 45, F-TEDA-BF, & oldxehgde] 2o =3}

"BuaSn F-TEDA-BF, (1) F
Ph - Ph

OtHIE
$1 70% 4
OFAE (2.0 ml)olA 4-(MEd)EFFE AT (S1) (44.3 mg, 0.100 mmol, 1.00 Z)el 23CelA, & EY
ZolE (51.4 mg, 0.0400 mmol, 2.00 B&F) E 1-F22HE-4-ZFQ 2-1 4-T]o}Z oA ZFE[2.2.2] &
HA(EgZZF22829]) (1) (42.5 mg, 0.120 mmol, 1.20 B)o] H7IE U}, vk EELS 23T A 208
B wREE G, o]F XFoA wFHEHIT. FES Ao gEste oH] TLC o3 AFAIEe] 12.0 mg
XA sgEol FA uA (70% &)2ZA AFTH UG

A Al 46. F-TEDA-PF. 0.2 ofd2®yltel EF Q23]

a) 10.0 mol%%] AgOTf=

"BugSn F-TEDA-PF (2) F
\©\ AgGOTT (10.0 mol%) \©\
Ph >
OHHIE Fn
$1 36% 4

OlAIE (2.0 m)olA 4-(HFED)EHFE ARG (S1) (44.3 mg, 0.100 mmol, 1.00 F&)el 23CelA, & E
Z#o]E (2.57 mg, 0.0100 mmol, 10.0 mol%) % 1-FEZ2HEH-4-ZFQ 2-1 4-tJo}Z oA E&E[2.2.2] =%
H 2 (FAZ 20 2014ked) (2) (56.5 mg, 0.120 mmol, 1.20 @)o] H7tHUch. ks EFE-S 23°ColA 244
b wHbEGY, ¥kE E3E] FUEZSFo2WlAl (10.0 w0, 0.0939 mmol)o] HI7MEHATH. FE2 45
FoEnAd (-118.1 ppm)¢] F NWR (375 Mz, o}ME-d6, 23C) FWe| ARgk 2 3-UERZZTFo=

112.0 ppm) 9] A& Hlwsto @M 36%90 Ao = 913 ).

Al (-

b) 1.00 3o} AgOTf=

"BugSn F-TEDA-PFs(2)  F
\©\ AGOTH (1.00 Er2(eq.)) \©\
Ph . -
e a
s1 68% 4

OlAE (2.0 m)olA 4-(HED)EHFE G (S1) (44.3 mg, 0.100 mmol, 1.00 F&)el 23CelA, & E
ZY°lE (25.7 mg, 0.100 mmol, 1.00 F&F) %L 1-F22WE-4-ZF Q2 2-1 4-T]o}Z YoM A FR[2.2.2]5E
H 2= (FAFZ 20 2o1aked) (2) (56.5 mg, 0.120 mmol, 1.20 @&)o] H7 7wk, whs EFE-S 23CoA 124
b wHbEGY, ¥bE E3E FUEZZFoEWlAl (10.0 0, 0.0939 mmol)o] HI7MEHATH. FE2 45
FoEnAd (-118.1 ppm)®] F NWR (375 Mz, o}ME-d6, 23C) FWe| ARgk 2 3-UERZZTFo=

112.0 ppm)9] A& Hlwsto 2 M 68%Q1 Ao = 913 ATt

Al (-
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¢) NaOTfe] &3}

F-TEDA-PF; (2)

BuaSn AgOTf (10 mol%) F
\©\ NaOTf \©\
Ph o Ph

_OtHIE
s1 4
olAE (0.6 mb)olA 4-(HHd)EYFE gt (Sl) (8.9 mg, 0.020 mmol, 1.0 W&ol 23T, & EFE
dolE (0.51 mg, 0.0020 mmol, 10 mol%), YEF ETZUCIE E 1-F22HEHA4-ZF02-1 4~ \’40]— Yol}H]

°|E
%
T

éHU

[2.2.2] 58 Hl*(a‘*}ieoéﬂ*}‘ﬂ) (2) (11 mg, 0.024 mmol, 1.2 F=F)o] H7IH A}, ¥Hg EF=2
A 24X 7F Bk wrEQth, Whe E3Eo] -UERZZ o =WAl (2.00 «0, 0.0188 mmol)o] H7FEATE.
4-ZF 2 2Z4Hd (-118.1 ppm) 2] “FNIR (375 Miz, o}ME-d6, 23C) ¥He A&a 2 FYHERZF
A (-112.0 ppm) &) AL vjwg oz AAHAJT. =& F 20 BRuP),

o oo >
U nfo
2 o

* 2
NaOTf¢] &3}

NaOTf & [%]

(19F NMR)
Hen 36
2.0 Gk 50
5.0 G 49
10 = 43

d) oHExvive] =d Hrte] a3

F-TEDA-PFg (2)

"BuzSn AgOTF (10 mol%) F
NaOT¥ \©\
Ph o Ph

OLAMIE

$1 4

OlAIE (0.6 ml)ollA & EZ#o]E (0.51 mg, 0.0020 mmol, 10 mol%), Y EF EZZHlE (6.9 mg, 0.020
mmol, 2.0 &%) 2 1-FEavd-4-ZFQ=-] 4-T]o}R Lo HAIZFZ([2.2.2] 28 H|A(IAZFo=
(2) (11 mg, 0.024 mmol, 1.2 Bl 23CelA, 4-(v#d)EFd2ehd (S1) (8.9 mg, 0.020 mmol, 1.0

o] H7bE T WS EIFES 23ToA] 24A7F B wHrE QT ¥R EEEo] 3-UERIZ 20 2wl

AxEA)
s
{

(2.00 u, 0.0188 mmol)e] A7 H AT, F&2 4-Z=o znlslld (-118.1 ppm)e F NWR (375 Mz, ohH|E-d6,
23C) &% A& 2L -yUERZFo=wA (-112.0 ppm) e AL vlugo =z AAFFHJT, £ 1 39
Bugd,
* 3
=g H"rtel a¥
A7} WA & [%]
19
("F NMR)
g o] 50
10% v} 0.1 T 53
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e) AgOTi7} fle W4 Wk

"Bu3Sn F-TEDA-PFs (2) F
\©\ NaOTf @\
Ph - Ph

OHNIE

olAE (0.6 mi)olA 4-(MHAD)EgFE et (S1) (8.9 mg, 0.020 mmol, 1.0 F)oll 23TolA, 1-F2 =0
EH-4-ZF 2 2-1 4-tolZ Yo A ZF2[2.2.2] 2% HA(FALEF22044) (2) (11 mg, 0.024 mmol, 1.2 T
F) 2 UEF EfZHlEVF HUIEACE. v E3ELS 23ToAA 2447 S gk, vhg 16%011

UEZEF2dAd (2.00 x0, 0.0188 mmol)o] FH7}+

l

il

32

. 8o 4-Z=ozndd (-118.1 ppn)e 'F NIR

(375 MHz, oFME-d6, 23T) ¥He ARz 2@ -UERZZo e (-112.0 ppm) ] AL HlwFozn AAL
AT, FEL T 4o BRuHT).
F 4
AgOT{7F §l& w4 W&
NaOTf & [%]
(19F NMR)
S 0
2.0 I 0

AAd 47, obEAvrte di¥ HAsHE A, A M} A: LA S5ES By

"BusSn F-TEDA-PF¢ (2) E
\© AgOTf \©

R _OtHIE R

obAIE (2.0 ml)olA oFHAERG (0.100 mmol, 1.00 W) 23TelA, & EFZHIE (51.4 mg, 0.200
mmol, 2.00 F%) % 1-FZ2HE-4-ZFQ 21 4-Yo}lxUoRA|SFZ[2.2.2] &8 HA(IAEF2214HT)
(2) (56.5 mg, 0.120 mmol, 1.20 B=F)o] H7IEAT). vhE EEL 23TolA 204 &t wHks 1, zaﬁ I3

o E=o) -UERZZo=ulal (10.0 4, 0.0939 mmol)e] H7FEQITh, F8& oldZZzo=s e F NR
(375 MHz, oFAIE-d6, 23TC) FHe AEg € 3-yHEZZF2WAl (-112.0 ppm) ] AS vluwsto 2 x A

Ak, FE&E i 5o Hagnh,

l

£ 5
sy ol TR o mstue] HA

F3tebg o8 & 8]

C'F NIR)
H -115.3 ppm 82
4-CN -105.0 ppm 76
4-F -121.6 ppm 73
4-0Me -126.8 ppm 76
2.4,6-E4jH g -129.7 ppm 73
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Ao 48, obEuhvte] digk HAste 3, dwhzel

"BugSn F-TEDA-PF; (2) F
@ AgOTf \©
CLMIE

R e R

At B wl-3A SghEel A4S

obAE (2.0 m)ollA oFFzERd (0.100 mmol, 1.00 Z&)ol 23CeA, & EfZye
mmol, 2.00 W) % 1-F22gd-4-ZF 9 =] 4-tjo}xUolr|A|F2[2.2.2] 2 al 0]

(2) (56.5 mg, 0.120 mmol, 1.20 B&)7} H7l=E At W EFEL 23TCoA 208 5oF mHkEa, ol F
NA FHEHAY. HFES ATt A oA AZvELH I = oH] TLCA o3 AF A=A,

AAd 49, 4~ EGRE2de] YR EF223]

nBLIaSﬂ AgOTT, Et20, 0°C;
QL
Ph

Y
d
3

OLHIE, AgOTf
F-TEDA-PFg (2)
s1 4
78%
Et,0 (25 me)ol Al 4-(H)HD)EFRE et (S1) (2.22 g, 5.00 mmol, 1.00 BeF)d] 0CAA, & EgZHolE
(2.57 g, 10.0 mmol, 2.00 F)7} H7lE At kg ZIELS 0Tl 1.0A3F FoF wwtyar, o]% 27le &)

2F (100 me)o] HZFEAY. HAELS oAFEL 27k A4t (3 x 30 )= AHEHATY. A nAH = ofME
(50 m)ollA] & EFZHolE (643 mg, 2.50 mmol, 0.500 B&) % 1-F22ZHE-4-ZF 2 2-1 4-T]o} ] o}H]
AlE2[2.2.2] 26 B A(AZF Q2204+ (2.47 g, 5.25 mmol, 1.05 F&)o

oA ALt 23ToA 307 FF wWREE, WS EFELS AFAA FHHJT. AHFES @
Celite®] &Hel15 Sl O%ﬁrf:]‘}iv} e 2 JFoM FFEa, g JFFES o

A oA AmvtEIHAe] o8] AW 671 mgd 4-FFe=2nujdde] FA 1A (78% FE)EA
A|E =] At

o
i
;9

AAle] 50, ofFxEhde
4-Z22o=n3Y (4)

L
Ph

F8&: 14.3 mg (83%). Rf =

0.60 (SAL/EtOAC 19:1 (v/v)). NWR ¥##: H NWR (500 MHz, CDCly, 23T, &):
7.60-7.54 (m, 4H), 7.47 (dd, J = 7.5 Hz, 7.0 Hz, 2H), 7.36 (t,

7.5 Hz, 2H).

J=17.5Hz, 1H), 7.14 (dd, J = 8.0 Hz,
13C NMR (125 MHz, CDCls, 23T, &): 162.44 (d, J = 244 Hz), 140.24, 137.30, 129.0, 128.75

(d, J=18.5Hz), 127.24, 127.00, 115.59 (d, J = 21 Hz). F NMR (375 MHz, CDCls;, 23C, &§): -116.2.

& 8.1 mg (72%). Ry = 0.60 (ZMAH/EtOAc 19:1 (v/v)). NMR #3'H I NMR (500 MHz, CDCls, 23C, §):
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6.95-6.95 (dd, J = 8.0 Hz, 7.5 Hz, 2H), 6.80-6.76 (m, 2H), 5.41 (s, 1H). 13C NMR (125 MHz, CDCl;, 237,

§): 157.32 (d, J = 237 Hz), 151.17, 116.25 (d, J = 8.0 Hz), 116.01 (d, J = 21 Hz). F NMR (375 Miz,
CDCls, 23C. §):-124.3.

4-Z2 9 2= A 3= (10)
QL
cHO

1 9.6 mg (77%). Ry = 0.77 (B2F/EtOAc 7:3 (v/v)). NMR £39H: HONR (500 MHz, CDCls, 23C, &)

-

3

9.95 (s, 1H), 7.92-7.88 (m, 2H), 7.22-7.18 (dd, J = 8.0 Hz, 7.5 Hz, 2H). “C MR (125 MHz, CDCl;, 23T,

§): 190.43, 166.42 (d, J = 255 Hz), 132.89, 132.14 (d, J = 9.9 Hz), 116.25 (d, J = 22 Hz). “F MR
(375 MHz, CDCl;, 23C, &): -102.9.

(-Z2o=wa)rrgol Ve (11)

E
+|
\©\/’$\

O

& 10.6 mg (63%). Rf = 0.05 (CH,Clo/MeOH 9:1 (v/v)). NMR #+39: I NMR (400 MHz, CDCl;, 23T, &6):

7.50 (dd, J = 7.2 Hz, 6.4 Hz, 2H), 7.08 (dd, J = 8.4 Hz, 7.2 Hz, 2H), 4.34 (s, 2H), 3.10 (s, 6H). 'C
MR (125 MHz, CDCls, 23°C. §): 163.56 (d, J = 249 Hz), 133.94 (d, J = 8.1 Hz), 126.49 (d, J = 2.9

Hz), 115.74 (d, J = 22 Hz). 74.95, 58.03. 'F NMR (375 MHz, CDCls, 23°C., 6): -111.5. Dk 2w

HRMS-FIA (m/z): [M + Nal'ol thafe] 714b=, 192.07951. 2=, 192.07923.

o
g
ro
i

N-Boc-5- (12)

i
Hi

k2

S8 17.6 mg (75%). Ry = 0.75 (S2H/EtOAc 7:3 (v/v)). NMR ¥39: 1 NR (500 MHz, CDCly, 23C, §):
8.08 (br, 1), 7.62 (d, J = 4.0 Hz, 1), 7.20 (dd, J = 6.5 Hz, 2.0 lz, 1), 7.03 (ddd, J = 7.0 Hz, 6.5
Hz, 2.0 Hz, 1H), 6.52 (d, J = 4.0 Hz, 1), 1.68 (s, 9H). C NMR (125 MHz, CDCls, 23°C, &): 159.27 (d,
J =238 Hz), 149.51, 131.60, 131.38 (d, J = 10 Hz), 127.51, 116.08 (d, J = 9.1 Ilz), 112.00 (d, J = 24
liz), 107.01, 106.27 (d, J = 24 llz), 83.9, 28.2. F NMR (375 MHz, CDCls, 23°C, §):-121.7.

5-EF Qe 2oAlY (13)

F
0
M
H
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& 11.9 mg (72%). Ry = 0.55 (HAH/EtOAc 7:3 (v/v)). NMR #39: HONR (600 MHz, ©}AE-d6, 23T,
§): 10.01 (br, 1H), 7.03 (ddd, J = 9.0 Hz, 9.0 Hz, 3.0 Hz, 1H), 7.31 (dd, J = 6.6 Hz, 2.4 Hz, 1H),

7.20 (dd, J = 9.0 Hz, 3.0 Hz, 1H). 13C NMR (100 MHz, ©}MIE-d6, 23°C, &): 184.18, 159.68, 159.49 (d, J
241 Hz), 147.66, 125.26 (d, J = 24 Hz), 119.41 (d, J = 6.8 Hz), 114.33 (d, J = 6.8 Hz), 111.74 (d, J

24 Hz). “F NNR (375 MHz, oMM E-d6, 23°C., §):-122.1. ©]= R-HA dolE:= Alfa Aesar 25E 749

A Ao Agel g,

-EFo=dEd (1)
N’

& 11.6 mg (79%). R = 0.47 (EtOAc). NMR +&33'H: I NIR (500 MHz, CDCl;, 23T, &): 8.91 (dd, J =

4.5 Hz, 1.5 Hz, 1H), 8.18 (d, J = 8.0 Hz, 1H), 8.15 (dd, J = 9.0 Hz, J = 5.5 Hz, 1H), 7.53 (ddd, J =
9.0 Hiz, 8.5 llz, 2.0 Hz, 1), 7.50-7.45 (m, 2H). C NMR (100 MHz, CDCl;, 23°C, &): 160.43 (d, J = 247
Hiz), 149.56, 145.11, 135.70 (d, J = 5.3 Hz), 131.80 (d, J = 9.1 lz), 128.86, 121.79, 119.94 (d, J = 26
Hz), 110.74 (d, J = 21 Hz). 'F NMR (375 MHz, CDCl;, 23°C, §):-113.0.

3FHUEA-3-ZFL B 2EE (15)

T8 23.2 mg (85%). Ry = 0.33 (FAH/EtOAc 9:1 (v/v)). NMR #3334 ' NMR (600 MHz, CDCls, 23T, §):

7.23 (dd, J = 8.4 Hz, J = 6.0 Hz, 1H, H-5), 6.83 (ddd, J = 9.6 Hz, 8.4 Hz, 3.0 Hz, 1H, H-7), 7.03
(dd, J = 9.6 Hz, 3.0 Hz, 1H, H-6), 2.92-2.88 (m, 2H, H-14), 2.51 (dd, J = 19.2 Hz, 8.4 Hz, 1H, H-12a),
2.42-2.38 (m, 1H, H-16a), 2.29-2.23 (m, 1H, H-10), 2.18-1.94 (m, 4H, H-12b, H-17a, H-15a, H-13a),

1.67-1.41 (m, 6H, H-17b, H-11, H-8, H-16b, H-15b, H-13b), 0.91 (s, 3H, H-18). 13C NMR (125 MHz, CDCls,

23T, &): 220.67 (C-1), 161.01 (d, J = 243 Hz, C-2), 138.65 (d, J = 6.4 Hz, C-3), 135.33 (C-4),
126.78 (d, J = 8.3 Hz, C-5), 115.11 (d, J = 20 Hz, C-6), 112.48 (d, J = 20 Hz, C-7), 50.39 (C-8),
47.92 (C-9), 43.99 (C-10), 38.11 (C-11), 35.82 (C-12), 31.53 (C-13), 29.45 (C-14), 26.30 (C-15), 25.89

(C-16), 21.57 (C-17), 13.81 (C-18). 'F NMR (375 MHz, CDCls, 23°C. &):-118.5.

6-tlA-6-E202-§-ETWE (16)

20, 21 &= 22
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F&: 27.9 mg (69%). Ry = 0.46 (F2H). NMR %%%%%iZ]H NMR (600 MHz, CDCls;, 23C, §): 6.67 (dd, J = 9.0

Hz, 1.8 Hz, 1H, B-5), 6.59 (dd, J = 9.0 Hz, J= 1.8 Hz, 1H, H-6), 2.77-2.66 (m, 2H, H-20, 21 it 22),
2.14 (s, 3H, H-26), 1.82-1.70 (m, 2H, H-15), 1.60-0.83 (m, 36H). (39]: HA] FHHo=Z QAslo], ¢ o]

o] Aol olF¥Lrh). “C MR (100 Mz, CDCls, 23C., &): 155.73 (d, J = 235 Hz, C-1), 147.88 (C-2),

127.71 (d, J = 8.1 Hz, C-3), 121.32 (d, J = 7.2 Hz, C-4), 114.84 (d, J = 23 Hz, C-5), 112.21 (d, J =
23 Hz, C-6), 75.91 (C-7), 39.90 (C-8), 39.36 (C-9), 37.43 (C-10), 37.40 (C-11), 37.27 (C-12), 32.79
(C-13), 32.65 (C-14), 31.07 (C-15), 27.97 (C-16), 24.79 (C-17), 24.43 (C-18), 24.07 (C-19), 22.71 (C-

20), 22.61 (C-21), 22.54 (C-22), 20.92 (C-23), 19.74 (C-24), 19.64 (C-25), 16.11 (C-26). F MR (375

1,

i

Mz, CDCls, 23°C, 6):-126.9. A=k B4 HRUS-FIA (m/z): [M + H]'ol tha}e] A2bE, 404.34544.
40434647 .

10-ZF AT EHA (17)

& 25.6 mg (70%). Rf = 0.35 (EtOAc). NMR +&33'H: I NIR (600 MHz, CDCl;, 23T, &6): 8.35 (s, 1H,

H-9), 8.24 (dd, J = 9.0 Hz, 4.8 Hz, 1H, H-8), 7.66 (s, 1H, H-15), 7.61 (ddd, J = 7.6 Hz, 6.4 Hz, 3.0
Hz, 1H, H-12), 7.56 (dd, J = 9.0 Hz, 3.0 Hz, 1H, H-14), 5.75 (d, J = 16.2 Hz, 1H, H-17a), 5.31 (d, J =
16.2 Hz, 1H, H-17b), 5.30 (s, 2H, H-18), 3.73 (s, 1H, OH), 1.96-1.84 (m, 2H, H-19), 1.05 (t, J = 7.2

Hz, 3H, H-20). "C NMR (100 MHz, CDCly, 23°C., &): 173.88 (C-1), 161.29 (d, J = 240 Hz, C-2), 157.58

(C-3), 152.10 (C-4), 150.11 (C-5), 146.15 (C-6), 146.03 (C-7), 132.34 (d, J = 9.1 Hz, C-8), 130.31 (d,
J=6.0 Hz, C-9), 129.37 (C-10), 128.85 (d, J = 9.9 Hz, C-11), 121.09 (d, J = 26 Hz, C-12), 118.77 (C-
13), 111.23 (d, J = 23 Hz, C-14), 97.98 (C-15), 72.71 (C-16), 66.33 (C-17), 49.99 (C-18), 31.59 (C-

19). 7.80 (C-20). “F NMR (375 MHz. CDCls, 23°C., &):-110.7.

e SA-6-SFe=27d (18)

& 22.8 mg (73%). Rf = 0.40 (CH,Clo/MeOH 9:1 (v/v)). NMR #+39: I NMR (600 MHz, CDyiCN, 23T, &6):

8.85 (d, J = 4.2 Hz, 1H, H-2), 8.10 (dd, J = 9.0 Hz, 5.4 Hz, 1H, H-6), 7.97 (dd, J = 9.0 Hz, 3.0 Hz,
1H, H-11), 7.65 (d, J = 4.2 Hz, 1H, H-8), 7.54 (ddd, J = 9.0 Hz, 9.0 Hz, 3.0 Hz, 1H, H-9), 5.83 (d, J
= 3.0 Hz, 1H, H-12), 5.78-5.72 (m, 1H, H-5), 5.06 (d, J = 17.4 Hz, 1H, H-10a), 4.99 (d, J = 10.2 Hz,
1H, H-10b), 3.92-3.86 (m, 1H, H-15a), 3.48-3.43 (m, 1H, H-13), 3.35 (dd, J = 13.2 Hz, 7.2 Hz, 1H, H-
14a), 3.06-3.00 (m, 2H, H-14b, H-15b), 2.68 (s br, 1H, H-16), 2.05-1.99 (m, 3H, H-17, H-18a, H-19a),

1.84-1.78 (m, 1H, H-18b), 1.65-1.58 (m, 1H, H-19b). C NMR (100 MHz, CD« N, 23°C, &): 161.48 (d, J =

244 Hz, C-1), 150.63 (C-2), 146.83 (d, J = 6.1 Hz, C-3), 146.45 (C-4), 139.78 (C-5), 133.81 (d, J =
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9.9 Hz, C-6), 126.76 (d, J = 9.9 Hz, C-7), 120.78 (C-8), 120.18 (d, J = 26 Hz, C-9), 116.68 (C-10),
108.25 (d, J = 24 Hz, C-11), 68.99 (C-12), 61.30 (C-13), 55.61 (C-14), 44.78 (C-15), 38.38 (C-16),

27.87 (C-17), 25.32 (C-18), 20.44 (C-19). “F NIR (375 MHz, CDCN, 23T, &):-113.6. 2= =A% : HRMS-

FIA (n/z): [M + H]'o] tiate] 7Z120%, 313.17162. #2= 313.17160.

AAd 51 HEA-SFe2rlalE (19)9 ¥4

=)

A -3} Ag—ElEE‘rﬁlEiﬂLPHl%ﬂ Az 7)1E wde] Ao met @4E 4 Q. 4-olazRud-1-vE A
FRIA-2-w (824)9] Az AN dd Ady=z vz &9 god gady=s d9H (H)-d
dl 2ksbE (S23)9] A & dAE £ Atk H0,E A5 Aks, 1 o]l AlA= ks AHE S24E AT
sho} (RES-2) 5)
1. PH.Se» (1.05 eq.)
NaBHs (2.1 eq.)
EtOH, rt, 013 32 &It
2h 8&7 OH
o 2. H0: (10 eq., 35%), THF, 1h rt,
. 2h 8%, 12hrt
H 52%(1 Y
P A
(+)-2IDH AR (S23) S24
cis®t transSl 282
98% ee
HES-4 50 2 B4 S249] Az

SeA=BE] AlZHaled, THCO) FZ o] AAE 2uHE (S25)% A e
Wik B, - Btno2 HEE A-HEZS=27HE (526)S 7 S84 Hdudom Azat. $E 27

of wAelA ZujeF pTsOHE EAF &9 AL Azlehd, A-fEHS=2hjs (525)0] MElgow A

BF4*Et;0 (1 mol%),
MgSO,, DCM, 0°C, 1.5 h

31%M
OH HO. OH
E CsH
A 511
S24 2oy = (S25) p-TsOH (12 mol%),
e HE, S5, 20 1
49%F1

AB-THC (827}
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WA 6 a9 AHESS ER e A

4-olA B2 Fd-1-HEAr T2 ~-0-o= (524)
A EtOH (7 me)oll Al (PhSe)s (2.15 g, 6.90 mmol, 1.05 eq.)d] &AL N9 7] sl 0CE WYZ= .
AE gl

oMol NaBH, (521 mg, 13.8 mmol, 2.10 eq.)”} H7l=3, Z2lxz AAE &9 MzZo] Algkd w7x]
HE ok, (4)-gl=2dl 2SR (S23) (1.10 ml, 6.56 mmol, 1 eg.)o]
e A7ME Y. AAE EFEe 243 Bot %L%i 7= AT, vkg
o aga AAE EFES EtOAc (2 x 30 m)E FEHAT. Rolxl §7] FHEL Z3lE NaHCo,
N (10 me), B (10 m¢) 2 A< (10 mO)E AFFY. §7] =& By a, T4 NgSooa Az, o
=, agla AFgold FFHEA.
A ke AFES THF (70 ml)ol] £3=a, 28 QA" fae
2 35% H,0, (5.62 ml, 65.6 mmol, 10 eq.)”7} A7t ). A

WHEE AL, o] 5 2413 FF SFHIT. AdE EEES d2oR
= Robxl

op |0
X,
o
)
Rl

N
)
1> ol

o &

o2

(70 m)= AAZ 3 EtOAc (3 x 70 M) 2 F=T T},
AAE L, Felear, MgSoelA Axsar, oftdar, i 72¢F
e FEvtEady] (EtOAc-Hex; 1:10 WA 2:3)e o8] AAFHAT. &L A oA (519 mg, 52%
)EA FEEHA.

e o
o

=S
Y

4 e
o

A-HETS =27 (526)

-4 DAM (20 mO)elA Z2HlE (S25) (591 mg, 3.28 mmol, 1 eq.)  4-o]AEZ a2 d-1-HEAFZ) A
2-oll%= (S24) (500 mg, 3.28 mmol, 1 eq.)d] &=l Noo F7] soll, F=4 NgS0s (500 mg)7F H7F=E A
et 0CZ JZEar BFy - Et,0 (4 ¢, 0.033 mmol, 1 mol%)7} H7FE et AW ETE2L 0T A7)
5ol FAE) A 1.5A1%F FF ankE L, o] F=d NaHC0; (1 g)o] H7bear, a8a whg EFES Az
o] Atgtd wi7hA] uwkE ik, whE- %@%% oA@e]ar, zEar A7) &zt zet sl AAHJT. A
B2 AES 29 A=2nEY T (EtOAc-Hex; 0:100 W1A] 2:98)el 93] A= AHE (310 mg, 31% F&)°]
g5t

A Ege = 2] (527)

WAl (35 me)olA SHHE (S25) (591 mg, 3.28 mmol, 1 eq.) B 4-olAZT R I-1-HYAN SR A-2-0 %
(S24) (500 mg, 3.28 mmol, 1 eq.)9 & p-TsOH - H,0 (75 mg, 0.39 mmol, 12 mol%)7} A7}, 18]

AEE ETFES 2A3t st FRE ALEAT. g el E3hE NaHCO; &< (25 me)e] H7FHUAT. A

2 EtOAc (3 x 25 mO) & FZEFAT. Hold F7] FE2EL F (20 m)F ¥4 (20 m) =2 AFHF
MgSOol A AzxFa, oA7sa, gla 7 o FFHAT. 7FEHA 22 A8 723 3=2eeEgy

=
(EtOAc-Hex; 0:100 W] 2:98)0 2l& AAlE o] =423 A& (505 mg, LHE 49% +=H)o] FE5EI.

AE &
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[0430]

[0431]

[0432]

[0433]

[0434]

[0435]

[0436]

[0437]

ZIHSd 10-2011-0095898

TO (1.2 eq),
2.6-2EI¢ (1.2 80.),
DCM, 0°C, 30 mini

—— -

90%
S28
(Sn"Bug); (2 eq.),
75% | PA(PPhg)4 (5 mol%),
LiCl (5eq.), C|=4F, 100C, 24h
AgOTT (2 eq.)
Selectfluor {1 eq.
OMﬂ%( q) H Sn"Bus
70%
$29
B4 7: TS A-ET e 2vkels (19)9] F4.

(6aR,10aR)-6.6.9-Eg]H €1-3-#HE1-6a,7.8,10a-HE &3 =2 -6H- M Z[c]AZ2W-1-A EFZTFQ S v eHdFEAA
S28

Ag—EﬂEﬂ-ﬁlEiﬂ'L}H]% (§26) (314 mg, 1 mmol, 1 eq.)°] Noo &7] 3}oll F<4=4 DCM (10 me)eol] &3
aeal 2,6 FEY (140 0, 1.2 mmol, 1.2 eq.)o] H7FHATH. A &= 0CE P24 T,0 (202 L,
1.2 mmol, 1.2 eq.)7} W&we A 2| &

A3 DM (2 x 10 ml) o= %%E]Oiv}. 2ol 7] FEELS 45 (5 m)E AHE AL, NgSool AxEar

olgte| 3, s st dtell FHEHATH bEEA ¥ RS 29 ARetEad g (EtOAc-Hex: 5:95)¢ o3
A= o] $28 (402 mg, 90% 58 )

Eg X e ((6aR.10aR)-6.6.9-E v &-3-31E-6a.7.8.10a-H EHS =2 -6H- X [c]TEZH-1-Y) ~ e (529)

(6aR,10aR)-6,6,9-E| W €l-3-3E-6a,7,8,10a-H EGS| = 2-6H-HFZ[c]TE2H-1-4 EFZFO 2 etdZEAY
(528) (250 mg, 0.56 mmol, 1 eq.)2 FA U2k (5 ml)ol 3%, zg]al LiCl (119 mg, 2.8 mmol, 5

eq.), Pd(PPhy), (32.4 mg, 0.028 mmol, 5 mol%) 2 (Sn'Busy), (566 xf, 1.12 mmol, 2 eq.)”} A7}E o]t}

AE EFEL 2447F FoF 100CE 7194 Aotk wkg E9E-e 74 ol w5 u 2y A=vtEay]
(EtOAc-Hex; 0:100 WA 1:9)o] F4 5 o] S297F A|&= Ao|t}.

(6aR,10aR)-1-Z=F 2 2-6.6.9-Eg| v €-3-31E€-6a.7.8.10a-H E&s = 2-6H-¥lX[c] =4 (19)

EFE((6aR,10aR)-6,6,9-E&| v E-3-91d-6a,7,8,10a-H EZ}3]| =2 -6H-HZ[c] T2 w-1-Y ) ~Fhd (S29)
(100 mg, 0.17 mmol, 1 eq.)< oFAE (3.5 m)ol &=, 22]ar AgOTf (87.4 mg, 0.34 mmol, 2 eq.) %
Selectfluor® (71 mg, 0.20 mmol, 1.2 eq.)7} A2o|x H7tE Aot} AAFE EIFEL Ao 208 59
WREE AL, o] % \:OL sto] s52 Foltt. A 2y A2vETY (EtOAc-Hex; 0:100 WA 5:95)0 &<
wo] 197} Al F= Ao},
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[0438]

[0439]

[0440]

[0441]

[0442]

[0443]

[0444]

ZIHSd 10-2011-0095898

TH0 (3 eq.).

2.6-2€/2 (3 eq.),
DCM, 0°C, 1h

4%
ABTHC (S27) S30
PdCldppf (0.2 ea.), -
92%| WUE-2% (3 eq.)
l 1. NaCH (1.2 eq.), MeOH, rt, 30 min TEA (6 eq.), DCE, 80°C, 11h
2. AgOTf (3 eq.), 0°C, 15 min

3. Bl BY (O%MI%EE x BY)
4, FTDEA-BF. (1.1eg.), WS 3A,
0T - rt, OhH\%, 30 min

59%

20 §31

8

Wga 8. 1t 8- 1-ERe At Eg e m R s (2008 4.

(6aR,10aR)-6,6,9-E 2| W¥l-3-31¥l-6a,7,10,10a-H E&s| =2 -6H-MZ[c|T29-1-U EZF 0 e A
(S30)

w224 CHCl, (100 m)eld A°-THC (960 mg, 3.05 mmol, 1 Zeh)el, Ny 7] dte] 2,6-FE9 (1.1 ml,
9.15 mmol, 3 F)o] FAH HAHUJ. Tf,0 (1.54 m¢, 9.15 mmol, 3 F#)7F ¥ HA7F=EATE. AA
B EFELS 0Tl 1AZF ok wkE A, B0 (50 m) 7 FAZFEAC. 7] S8 BEldga, ada 4
< CHClLy (100 m) 2 FEHAT. Rolx #7] T2 A (50 nO) = AHFH L AX=HAT (MgS0,). oL
TN FHEH, g FRES WA/ 1/9 (v/v)E &8ss Aegr A A AzetEae] o3
AR 1,01 go) BAl SEo] £ 0 (74% 5= AFHAL. Ry = 0.61 (AN 3:7 (v/v). i

of\i

rﬁ

il

NMR (400 MHz, CDCls, 22°C, &): 6.68 (d, J =2 Hz, 1H) 6.61 (d, J =2 Hz, 1H) 5.45 (brd, J = 4 Hz, 1H)

2.93 (brdd, J =4 Hz, J=16 Hz, 1H) 2.84 (dt, J =5 Hz, J =11 Hz, 1H) 2.53 (t, J = 8 Hz, 2H) 2.17
(brd, J =14 Hz, 1H) 1.84-1.94 (m, 2H) 1.78 (dt, J =4 Hz, J = 11Hz, 1H) 1.71 (s, 3H) 1.59 (p, J = 8

Hz, 2) 1.40 (s, 3H) 1.26-1.36 (m, 41) 1.12 (s, 3H) 0.90 (t, J = 7 Hz, 3H). "C NMR (100 MHz, CDCl;,
922°C, §): 155.1, 148.5, 143.5, 133.9, 119.4, 118.6 (q, J = 321 Hz), 117.6, 116.9, 113.5, 77.5, 44.6,
35.7, 35.3, 31.8, 31.3, 30.4, 27.6, 27.3, 23.3, 22.5, 18.3, 14.0. "F NMR (282 Mz, CDCls, 22°C, &)
~74.2. A FAH: HRMS-FIA (m/z): [CoolloF30,S + HIoll tisle] AlAbg, 447.18114. #Hz¥ 447.18084.

4.4.5 5-HEZ}HE-2-((6aR.10aR)-6.6.9-E W E-3-7E-6a.7.10.10a-H| ES} S| = 2 -6H-M Z[c | T 2 wl-1-Y)-
1.3.2-t2ALR =2 (S31)

T4 fgFER9E (20 me)olA  (6aR,10aR)-6,6,9-Eg W €-3-312-6a,7,10, 10a-E| EF3] =2 -6H-H1 % [c] =
2u-1-d EfZZ o Zu|ebd ZEAY (S30) (410 mg, 0.92 mmol, 1 ©eF)e] £He 208 <k NyolA obdd &

o=z g7y, AAdE fM PdCl.dppf - CH,Cl, (113 mg, 0.19 mmol, 0.2 B=), 4.4,5 5-HEgHE-

=
1,3,2-tZAEE2 (400 u¢, 2.76 mmol, 3 BFH) L EFo|dolwl (770 b, 5.52 mmol, 6 TE)o
ZFE ek, A" ZES N9 F7] skl 11A17F B¢k 80CE 79 EAe). v EFEL ALo7 Yriyy

AF ] HZFY. FHFEL WA/ 4/6 (v/v)oz L85t At A Ao I2uleaddd o3 A
AE o] 373 mge] A BHEFEo] WAl w-3H (92% ) ZA AETHA. Ry = 0.32 (AA/3A 1:1 (v/v). H
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[0445]

[0446]

[0447]

[0448]

[0449]

ZIHSd 10-2011-0095898

NMR (600 MHz, CDClz, 20°C, 6): 7.09 (d, J =2 Hz, 1H) 6.71 (d, J =2 Hz, 1H) 5.44 (bd, J = 4 Hz, 1H)
2.99 (dt, J=5Hz, J=11Hz, 1H) 2.60 (bdd, J =5 Hz, J = 15 Hz, 1H) 2.49-2.52 (m, 2H) 2.10-2.17 (m,
1H) 1.83-1.90 (m, 2H) 1.74 (dt, J =5 Hz, J =12 Hz, 1H), 1.68 (s, 3H) 1.59 (p, J = 8 Hz, 2H) 1.38 (s,
3H) 1.36 (s, 6H) 1.34 (s, 6H) 1.28-1.33 (m, 4H) 1.14 (s, 3H) 0.88 (t, J =7 Hz, 3H) 13C NMR (100 MHz,
CDCls, 22°C, &6): 152.9, 141.4, 134.5, 128.5, 128.1, 120.0, 119.9, 83.5, 76.1, 45.5, 40.4, 35.4, 33.5,

31.7, 30.9, 28.2, 27.5, 25.1, 24.6, 23.2, 22.6, 18.5, 14.0 (C-B #=%= <) "B NMR (96 MHz, CDCI3,
22°C, 6§): 29.9. #H=F EAW: HRMS-FIA (m/z): [CyHyBO; + Hlol oHale] AAE, 425.32215. w2y,

)

425.32224.

(6aR.10aR)-1-EF2 26,6 . 9-E& W Y-3-#E-6a.7.10,10a-H E&}3s]| =2 -6H-HIZ[c] T = (20)

4,4,5,5-H E&H| &-2-((6aR, 10aR)-6,6,9-E] | d-3-7E-6a,7,10, 10a-H EF3| = 2-6H-H %X [c] A2 H-1-)-
1,3,2-t] AR ET (S31) (50.0 mg, 0.118 mmol, 1 =)ol MeOH (1.18 ml) % NaOH (MeOHOlAl 0.12 M, 0.142
mmol, 1.2 F&) o] H7IEAt. AAE EFEL Ao 308 FoF wutxa, o3 0C= YZEAT. 0
TollA AgOTf (91 mg, 0,354 mmol, 3 Z)7} EWH‘HOH A7lE 3, g3 AAE E3ES 15E ok wwkE g
o (2 A &) A7) &l 0TeA JFolA AAEL, F4A obME (1.2 m)o] H7kEa, a8 3
oA AAFATG (2x). FFE] 0ToAA, fx}xﬂ 3A (60 mg) @ FFA olAE (1.2 mi)o] H7FH AT}
FTEDA-BF, (46 mg, 0.130 mmol, 1.1 B&)7} st M| Hrtea, a8l A" EFES 308 =k wvkE A

A3 Ao mgaigint. v EREL Celite® ] =g Foted oA olqE (2x 2 nO) R AHHA
o ool Al sEHHa, 2ea AFEe WAl/EA 1/9 (viv)E Selshs delgh A el AmvtE
ool oal] FAHo] 22 mge] FA spehEol B2 2 (5% FE)EA AlFHAG. Ry = 0.45 (Al 4k
1:9 (v/v)). MR %3%: H NWR (600 MHz, CDCls, 20T, §): 6.4 (brs, 1H) 6.41 (dd, J = 2 Hz, J = 12

Hz, 1H))) dddd 5.43 (brs, 1H) 2.93 (brd, J = 17 Hz, 1H) 2.76 (dt, J =5 Hz, J = 11 Hz, 1H) 2.49 (dt,
J=3Hz, J=28Hz, 20) 2.15 (brd, J = 15 Hz, 1H) 1.94 (brt, J = 15 Hz, 1H) 1.78-1.86 (m, 1H) 1.76 (dt,
J = 11Hz, 1) 1.71 (s, 3H) 1.58 (p, J = 8 Hz, 2H) 1.38 (s, 3H) 1.27-1.35 (m, 4H) 1.12 (s, 3H) 0.89

(¢, ] =7Hz 3H). "C MR (100 Mz, CDCls, 22°C. 6): 162.2 (d, J = 245 Hz, C) 154.6 (d, J = 9 Hz, C)

143.2 (d, J =10 Hz, C) 134.3 (C) 119.3 (CH) 112.8 (d, J = 3 Hz, CH) 111.0 (d, J = 19 Hz, C) 107.2 (d,
J =23 Hz, CH) 77.1 (C) 43.9 (CH) 36.1 (d, J =9 Hz, CH,) 35.4 (d, J =2 Hz, CHy) 31.5 (CH2) 30.9 (CH)

30.5 (CH2) 27.5 (2x, CH, and CH;) 23.4 (CH;) 22.5 (CH,) 18.6 (CH;) 14.0 (CHs). 19F NMR (282 MHz, CDCls,
22C, &) -113.1. A= EAW: HRMS-FIA (m/z): [CyHFO + Hlel thsle] AR, 317.22752. ###
317.22768.

)

AN 52. Ez2-ZF0=2A=2EZDA (2137 22)9 A

H!NHMG H/NHMB

(B)-HE 4-H P E-3-ooo]E (532)
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[0450]

[0451]

[0452]

[0453]

[0454]

[0455]

[0456]

[0457]

[0458]

[0459]

[0460]

ZIHSd 10-2011-0095898

COzMe

4-F R E-3-of| .= 2bE opAEoll &8 F L, Csy00:00 H7bE AL, o] Mel7d H7b= ek, AN aF#ukser
FEAT. Et.08F @57F Arbe A, g o] B EHAT. 74 T B0 33 AAHEHJT. Hekxl f{7] F
2 MgSOell A Az, Z2ela 7] &7k 21gelx] SEEATH (H)-HE 4-HdFE-3-c =0 o] E (S32)7}
A ed (dFH)RA g5HAT. R (FAF/EtOAc 8:1) = 0.28.

~H

riet

to

ol

e (F)-2-t]obx-4-3d-3- L Ec =0 o] E ($33)

N,

WC 02 Me

0C= YZhe CHCNAA (B)-WlE 4-HdHE-3-o| oo E (S32) 2 p-ABSA (p-ABSAS] Azl djsle] 7]
%)o] myksl golo] DBUZH A ATk, wg EFBE TAZ] AR Aeow e, oF xs
B OCHOR QAR 54 58 Deld v 33 FERa, den meld §7 F& 9
T NaSOI A AZHUT. 7] Sl e ol AAR R, TP AFEE A

o By, A4® AL d¥¥m, o
2oy (Si0,, Agh:d oElE (15:1)e] <8 FAFo] BAl FFE (S33)] 68% FEolA LS HA 3

A&A AleEaL, o= AR wW7kA] -10TAlA skl BaE

ek 2F s} 2gAe 0T fAe FAY] HZE Eg 247k AA,

4-Hd-3-F-Eo o o] E (833)9] §doz g AFAY. AHdE EFEL 3R wity
3, aga ZPA ZAReEIHT (Si0,, A/ AE ol oE (20:1))9] 93

4)o] 73% & WA DA ZA AFTEHAT.

(IR.29)-(E)-1-7t2E2-1-vw|EA 72 R d-2-HHA| FZZ 27 (S35)

CO,H
. CO;Me

H
EollA Nal0,9] TFELS Kn0,= AEHaL F9 %04 0.5A%F 5ot awtE ), AT HEerle K,C05, ¢~
BuOH, 223 (-BuOHo|A] 22l (S34)9] Sdo g £apr oz A HQUL. =712 3A7F o wukd: Jdd =
g o] Hr7lEla kel AFAE Hdly] sk 1Az Fob wwrE A, A HAEHS 1 N HCIE pH 471K
A BLE AL EtOAcE FEEH AT MgSool X Az, &%, Zglar dzkde olMEH ol EolH EAF (100:10:1)S

o] g3t WY ARMEIHY (4 mm ZEE)E 3 Al Ydle AHE (S35)S 83% oA WA uA=

A AZsA.
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[0461]

[0462]

[0463]

[0464]

[0465]

[0466]

[0467]
[0468]

[0469]
[0470]

ZIHS3d 10-2011-0095898

(-1 1-HA-(MEANFNERD)-2-AINEZZ 27 (536)

CO,Me
. CO,Me

H

oL E (B0 o E2RE A= FFE)AA K03 7F2544F S350 HE AL Me,S0, (M2 SHE)Z AHEEL 3

A7 B wwEY. AR ERELS 09 Bl Rolnn, eli f7] & B, NgSoelA
Azdn, $HAU. abold opAlHelE (10:1)F SUARA ol &8 WA A=ekEaey] (4 m S0l
E)E T3 AAe d3te e (S36)S 97% FEolA WA aA2A AFsEiT).
Frelo]E Alokel] g AFEA FA
| |
S04, iBuzMH,
PhMe, B0 *C
80% Cl
H H
=2 ANHTG. EF, 1 o) Fd U-oli-Holyloe] of=it se| A7bH i, el

| AL T0C7A 7HEE AT SOZC127P 3] FAE AL

oF WHtE YT}, o] o]%, WZE 1, Et, 02 AF I, 28] 54 NalC0; (sat) 22 13], 44 NaCl (sat)Z
0% 13] AHEAT. 7] S NgSoollA A=A 5, 7] &ols g sl AAHAGT. 7He = A

2 e g olEl 2o A AgaiHar, dej7t Al A8¥a, aea Fdg fE ol &

o] &2, AAle Qe AHES 90% ol WA uA =AM ATt

1. 2,6-REIE! (2.5eq), -30 °C, 15 min

Cl 2. Tf,0(1.2eq), RT,45h cl

1. 2,6-FElEl (2.5eq),-30 °C, 15 min

OH 2 TRO(1.2eq),RT,45h oTf
Cl Cl

471 =2 ol Aol et fdd Aot
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[0471]

[0472]

[0473]

[0474]

[0475]

[0476]

[0477]

[0478]

ZIHSd 10-2011-0095898

S37 == 838/] B‘T—/H

COEM&
. CO,Me ArsCulLi;CN
H

836

8IT X, =ClL X QTf
S38: X, = OTf. %, = CI
(TL, 1994 a5, 5373]

Et, 00l A o] 32 o}l g or=3lE 7|2 fgMo —78CE WZH i, ¢-Buli (SMEkolA 1.77 ¥ £ E A7

i, s IAZE Sk wakE ot} A& w3 ol F2 Et,00A wEA wikEE Al AlekskE
= E

3 =2YFI, FY 2 wWaA /ey, 83 1558 F9 whkso] Fx g o]
Akl FE Zolth, AME EHFEL E0A $369 gdom Aeym, wn

ok Ao}, WhES o]F NHCI (sat aq soln)® FAF I, 1A Bt vty sl 283l Et,09F & 7kl

23e Aot} F7] =& MgSOold AZRH, AAFE 1, F=H1u, 28 AW I2ntEady (4 m Z9

1. 4, 6N HCI
—_——

2. CISOH
CH,Cl,

S3T: X, =CL X, = OTi 539: %, = T
§38: X, = OTf, X, = Cl S40:X, = DTf 5& =Cl

thrl 10 & 22 S37 i S38L 6 NHCIE AgHa dFoa] 2042 B¢t 71Ed A 3
WZtEla olel2¢F 1 N NaOHoll H7k= Rolt}. 44 %% AFRE (A"d2), 283 Adstd Aotk
HC1). CHCl2 &, MgSo, 0ol A%, g1 3L Q3= AL 7123 Ao

E’Lﬁ/ 2: E}Zﬂ li‘l‘?‘rﬂ }‘\l-% CHzClzoﬂ %Sﬁﬂj—
olel= R AE 4 NallCozoll H7hd Aelth. 7] 5& MgSOellM Az i, §5¥ i

AECIE (20:1 WA 10:1)E5 F2A=A &

S AME ARvESHTE (4 mm SHolE)E S A uy
AA7E AsE Aok, HEZEZS] A €=

enantiomeric purity)® HPLC #Alo] s 2H= Ao},

~

S41 T S429] A
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1. TiCls, MeNH
Et
—_—
2. Hz, Raney Mi
MeOH
53*35)(1ff;\.}{2=_07f g:; Xq =Gl fX . = OTF
[0479] S540: ¥, = OTf, ¥: = Cl Xy = OTf, ¥z =0l
[0480] g 10 3H3E S39 e 40£ o} < 3poll 7149 Schlenk Eeh2~= Wjell wix|E Ao|tl. T4 AdEHZ7F M7}t
Ha, aga vy Fekaa T2 97td Aotk §5% wdelvle] AwdE B3 =Y=L, 1 o]Fd
TiCl,7F 7k Aol J% %EL%% AA3] Aoz Jpsa e wwkd Aot whg EFHELS
Celited] = Fofo] oishslam ofel=m ARY Holth, Holxl ofstole sHuo] dsh o] A¥d A
ot}
[0481] g 2: dA 125 E o7l vg-go] 8353 Raney-NiolA 43t Aolt}, o|wlo] AEE wl (TLCO <]t
AE), 47 Svle AF4E, 283 W F8E Aok, AREL Ayt A aZetEa g o A
AE o] (H-AZELDHEZZHOE ($41 = S42)7) A2 Aot}
[0482] S$43 =& S449] A
1 NHMe 1y NHMe
LiCl, PAd{PPh3)a,
(SﬂnBUg,)Q
—————
Cl=at
X2 XZ
S41: X, =Cl, X, = OTf 843: X4 =Cl, X, = 8SnBuy
S42. X1 = QTf, X2 =Cl S44; X-1 = SnBU3. X2 =Cl
[0483]
[0484] S41 E=E= 42 (250 mg)E FFA YAk (5 me)o] fsi¥a, z8]x LiCl (119 mg, 2.8 mmol), Pd(PPhs),

(32.4 mg, 0.028 mmol) = (Sn'Buy)s (566 f, 1.12 mmol)7} F7FE Aolt}. AAH TEL 2447 EoF 100

ek st wHEa Ay ARmEI] HEEo] A e S48

==

N

Ky

rlo
ol

C td Rolth.
S447F Algd Aol

olo
(ot
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[0485]

[0486]
[0487]

[0488]

[0489]
[0490]

[0491]

[0492]

[0493]

[0494]
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21 & 229 A

4 NHMe

AgOTH, Selecifluor

OtHIE
X2
§43: X4 = Cl, X; = SnBus; 21: X, =Cl, X;=F
S44: X1 = SnBUS, X2 = Cl 22: X'] =F Xz =Cl

$43 T S44 (100 mg) = oFAE (3.5 ml)oll &ai=ar, 1e]al AgOTf (87.4 mg, 0.34 mmol)
(71 mg, 0.20 mmol, 1.2 eq.)7} A&dA H7ld Holth, YAH ETIFEL ALoA 208 ot
St Shol HHAG. wEAe 2 TzopEese] Aguo} XA HE 21 w= 227F AT Aol

AAd] 53, o}dFAte] TF o=

F-TEDA-BF, (2)

(HO),B AgOTf (2.1 eq) F
mes \©

23°C- 0°C

MeOH (1.0 me)ellA o}bHE4F (0.100 mmol, 1.00 @)l 23T, mA&+A ol NaOH (0.0105 mmol, 1.05

FE)7L A7rE I 1A7E Sk wwtE e, whg ESHE-S 0CE W E I AgOTf (0.210 mmol, 2.10 BE)ol] &

ZhE k. 0ColA 308 FoF ke WS EFEo 0CoA FoA FHE, 2ga 0ColA olAlE (1.0

m x 2)CE T %%5101 Zko] MeOH7} XME]?M FHFEl MS3A (50 mg) 2t obAlE (1.0 me)o] H7b=ar, 1

il 208 FoF uuk 1.05 F&) 7 vk E3Ee] H7lEa 3048 wet wwt
],

=o] el el

931, 71 o] F A

AAle] 54, U-EF 227 )L (23)

MalH, MeOH;

(OH)B._ AgOTE, 0°C g MaCM Ag.
L AQOTR, — = @
F F 0°c F

x

MeOH (1.0 mé)olA] NaOH (40.0 mg, 1.00 mmol, 1

mmol, 1.00 F&)o] A7 H ATt 23CAA 164 &t wwks, ®bE Z3E2 0CE W24sa AgOTf (514 mg,
2.00 mmol, 2.00 &)l HZFHAT. 0CAA 308 &< wrks, 7§ EFEof Et,0 (5 m)eF A (10 me)o]
7o) ofde HAVE HAHEAT. ol HAELS uhkd ko] AgOTfE EEsta, Igla ofHe
(E) AgOT Hl&LS AFHA et webd JFAEL s ar MeCN (2 x 2 m)Z A& = o] AgOTf7F A A=
I, o]% 0Tl Et,0 (2 x 2 mO)E AIHEe] 101 mg®] BA stg=o] F4 1A (50% F&)=A ATHACE.

ColA, 4-ZFe=29d-54F (140 mg, 1.00

R=)
S
ofl
off
=
)
Y
a

MR 39! I NIR (400 MHz, CDCls, -10C, &): 7.76 (dd, J = 7.6 Hz, 7.6 Hz, 2H), 7.00 (dd, J = 7.6

Hz, 7.6 Hz, 2H). 'F NMR (375 MHz, CDCls, -10°C, &): -107.75 (s br). BFa &%

Qlste], #A SFELS WHW 548 EvFss.

)

4 =L em
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A Ao 55. NMBoc-5-EEREIT}IE (S45)

Br . Br
Boc, O, DMAF
N Semoowe N,
N MeCh N

H Boc

MeCN (4.0 m@)ol A 5-H2ZRIt}E (394 mg, 2.00 mmol, 1.00 F=)ell 23TCoA, Boc0 (436 mg, 2.00 mmol,
1.00 23) 2 4-(dudotr ) el (24.4 mg, 0.200 mmol, 0.100 Z)o] H7FHAtt. 23TolA 158 &<t
WALE, WS EFERe ATl FHHAG. ARBL GA/E0A 7:3 () O gEshE devt A Fela
£ S8l o3l 588 mge] #A| sHehEol gl A oA (99% FE)EA AT E AT

Re = 0.65 (314F/EtOAc 7:3 (v/v)). NMR ¥4 'H NMR (500 Mz, CDCls, 23°C, §): 8.57 (s, 1), 8.11 (s,
M), 8.09 (d, J=19.0 Hz, 1H), 7.88 (s, 1), 7.81 (s, 1H), 7.667.60 (m, 1H,, 1H), 7.36 (d, J = 9.0
Hz, 1Hp) 1.72 (s, 9Hy, 9Hp). (591 NMR 3R 7] 4HE©] MBoc HoJoJE] F=9lol 2719 3]7dold A A
(rotamer)®] Z3E1S THaAT. sdo]ddA ] v&LS 1 U] 0.701U}. t=F o] ddAe} &A% o] ddA
o) WA= 7z, AAF Ask B2 EAIETH. C MMR (125 MHz, CDCly, 23T, 6): 148.96, 148.85, 147.80,
138.47, 138.35, 132.69, 131.88, 127.31, 123.67, 123.55, 123.04, 122.71, 120.89, 117.60, 116.79,

115.95, 87.11, 85.33, 28.09, 27.83. Az EA¥: HRMS-FIA (m/z): [M + Nal' o] thale] A4FE, 319.00526.
oz 319.00530.

AA e 56. NBoc-QlthE-5-24t, VT o AHE (S46)

o 0
IB—B\

Br PdCl,(dppf)-CH,Cl,
N N KOAc
’ \ N
gl = N
oc “90°C Boc

gk (100 mb)olA  MBoc-5-EZHEITE  (845) (594 mg, 2.00 mmol, 1.00 &)l 23TeA,
PAC1,(dppf)CH,.Cl, (163 mg, 0.200 mmol, 0.100 B=F), ¥ A(IUZZE)YERE (497 mg, 2.20 mmol, 1.10

e, 283 KOAc (392 mg, 4.00 mmol, 2.00 )7} A7rE Ak, 90Tl 9.0A17F EoF wykE wkg Eat
5L 23CE YZ4HE: AT FHAT. FFES CHCLOl E3lEa Celited ZH1E E3) OME]%M.

CHClo9] AAZ, ZFELS AX/EtOAc 9:1 (v/v)E &8ss A7t A ol azntEaw el osf AHA = o

500 mge] ®A 3}3Eo] FA Q9 (73% F&)EA AFH AL}

e
rlo

Rf = 0.55 (2F/EtOAc 7:3 (v/v)). NMR #44: ' NMR (600 MHz, CDCls, 237C, §): 8.23 (s, 1H), 8.17 (d,

J=8.4Hz, 1H), 8.16 (s, 1H), 7.95 (d, J = 8.4 Hz, 1H), 1.73 (s, 9H), 1.37 (s, 12H). 13C NMR (125 MHz,
CDCls, 23T, 6): 149.09, 141.27, 139.83, 134.67, 128.66, 125.56, 124.16 (br), 113.71, 84.80, 83.90,

98.07, 24.80. Ak BAM: HRMS-FIA (m/z): [M + Nal'o] thabe] 712bl, 3677.17996. B2, 367.18018.
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A A e 57. NMBoc-QIthE-5-2A4F (S47)

0]
\ NH4OAc
O’B N NalO, (HO),B N
/N > IN
N OHHI =- HgO N
Boc — Boc

OFAIE/H0 (5.0 mé/5.0 ml)ollAl NBoc-thE-5-5A4F FhE o ~HZ (S46) (390 mg, 1.13 mmol, 1.00
2F)oll 23TCol A, NH,0Ac (436 mg, 5.65 mmol, 5.00 B=F) 2 NalO, (1.21 g, 5.65 mmol, 5.00 F)7} 715

o8

ATk, 23TCoA 48A1ZF &9F WWFE | WS E3ES FFAdA FFHO ofAlEo]l AAHAL. FH LA
EtOAc (5 me)7F H7Fs 3, Tegla 4L BeHAT. 4 42 EtOAc (2 x 5 m) 2 FEH AT DO]—X 71 &
< A9 (10 m)E AFEL AXEAT (NaS0,) . o #FAL AFoA sFHa, 183 FFES Et0= #45

o] 200 mge] A Bheol FA A (68% &) =AM AT H AT
Re = 0.20 (SAH/EtOAc 7:3 (v/v)). NWR 23 : H MR (400 Miz, DMSO-d6, 23, &): 8.42 (s, 1H), 8.29

(s, 1), 8.18 (s, 2H), 8.03 (d, J = 8.0 Hz, 1H), 7.98 (d, J = 8.0 Hz, 1H), 1.64 (s, 9H). C NMR (100
MHz, DMSO-d6. 237, 8): 148.60. 140.28. 140.13, 134.57, 129.38 (br). 128.06, 125.45, 112.88, 84.38,

97.69. Ak EAW: HRS-FIA (n/z): [M + Nal'ol thato] A4bg, 285.10171. #2=, 285.10191.

AAle] 58. NBoc-QlE-5-84t, veALITeF o=HE (548)

o O
><: BB, :><
o O

Br N\ PdCly(dppf)-CH,Cl, Cé)
KOA N~
N i > ° )
Boc A_EE_Q . N
90 °C Boc

o] 22k (10 ml) oA MBoc-5-BE2RAE (592 mg, 2.00 mmol, 1.00 B)e] 23T, PdCl.(dppf)CH.Cl, (163
mg, 0.200 mmol, 0.100 B=), H]A(VeAdZYZHIE)URE (497 mg, 2.20 mmol, 1.10 F&F), 183l KOAc
(392 mg, 4.00 mmol, 2.00 B&)7} H7FE ATt 90TCAA] 6.0A7F H¢F wukE Wl ZaEo 23C=E Yziy

;ﬂ%oﬂjﬂ %%E]?j\]:]' ‘l‘l’ﬁu__ CHZCIZOH OOHE]L Cellte«] %3‘11—2‘ %EH 0:1‘1’}-&])%]:]'. CH,C1 2/] Zﬂ7i“r‘, ;ﬂ“rr
& #MA/EtOAc 97:3 (v/v) o2 falsle A7t A oA ZzutEadged o) AR 609 mge] TA 3}
Fo| FA 1A (92% F&)EA AT}

oo o

Ri = 0.45 (S12H/EtOAc 9:1 (v/v)). NMR 233¥: H NMR (500 MHz, CDCls, 23C, §): 8.16 (d, J = 7.5 Hz,
1), 8.08 (s, 1), 7.80 (d, J=8.5Hz, 1), 7.59 (d, J=3.5Hz, 1H), 6.60 (d, J = 3.5 Hz, 1H), 3.81
(s, 4H), 1.69 (s, 9H), 1.05 (s, 6H). C NVR (125 MHz, CDCls, 23°C, §): 149.69, 136.96, 130.09, 129.72,
127.17, 126.10 (br), 125.61, 114.22, 107.59, 83.50, 72.25, 31.83, 28.11, 21.83. A= F2I%: HRMS-FIA
(m/z): [M + H]'o] ohake] A14ts, 330.18712. #23, 330.18650.
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A A9 59. NBoc-QlE-5-84AF (549)

O

3 NH,4OACc
N OtHIE- N
Boc HAIE -0 Boc

OFAIE/M0 (5.0 me/5.0 ml)olA MBoc-AE-5-a4F TUE o ~HZ (172 mg, 0.500 mmol, 1.00 F)ol 23T
ol A, NH0Ac (193 mg, 2.50 mmol, 5.00 @) % NalO, (535 mg, 2.00 mmol, 4.00 B&)7} H7tE A, 23T
o A 24A13F Fot ke whg ERHEL F A FFH o] ofAEe] AAFYUT. FF 86l EtOAc (5 me)7}
A7 o, aga AL BEEdu. A4 A EtOAc (2 x 5 mO)E FEEJY. 2ok F7] A A4 (10
m) 2 AHET AZHATF (Nap,S0,) . odFde AFoA FFHHa, 283 FFaE IAA/EtOAc 101 (v/iv)=
&

Seste Aoyt A ZeA AzmvtED § A= 70.0 mge] A spetEe] A4 A (54% FE)=
A ASE AT

H
Lo

Ry = 0.50 (&4F/EtOAc 1:1 (v/v)). NMR E39: ' ONR (500 MHz, CDCl;, 23T, §): 8.56 (s, 1H), 8.31-

8.23 (m, 2H), 7.67 (d, J = 3.0 Hz, 1H), 6.75 (d, J = 3.5 Hz, 1H), 1.72 (s, 9H). 13C NMR (125 MHz,
CDCls, 23T, &): 149.71, 138.05, 131.31, 130.42, 129.41, 126.19, 124.31 (br), 114.69, 107.76, 83.91,

28.21. Ak AW HRMS-FIA (n/z): [M + Nal'o thabe] 7A12bsl, 284.10646. T2, 284.10767.

A 60. 6-FAXEA B4k, T J2H= (S50)

o 0
/B—B\
0 (0]
Br N  PdClydppf)CH;Cly
\C[ j KOAGC
s
N ]

o2k (10 me)olA] 6-HEEZR A=Ak (418 mg, 2.00 mmol, 1.00 Bl 23Col|A], PdCl.(dppf)CH,Cl, (163
mg, 0.200 mmol, 0.100 B&), BHIA(IUYZTE)YHE (610 mg, 2.40 mmol, 1.20 BF), 22]a KOAc (392
mg, 4.00 mmol, 2.00 W=F)7} A7 E Tt 90ColA 1.5A1%F 5o wwts  wke 3k=o 23 T2 Yzhe o XLO
Oﬂ/ﬂ %%E]?j\]:]' ‘ITEL_ CHzclzoﬂ %‘EHE]:]I CellteQ] %E']»j-% %H O%T’}E] T;]' CH}C )’] z%]7']#‘ 1_ ’8_‘
AA/EtOAC 4:1 (v/v)E &8sk AT A Aol ZZetEag g 93] AHAFo 500 mge] #A F}HFHE
FA A (98% G- ) 2 A AlFE ATt

Rf = 0.45 (FAH/EtOAc 1:1 (v/v)). NMR #44: H MR (500 MHz, CDCls, 23T, &): 8.86-8.82 (m, 2H),

8.59 (s, 1H), 8.12 (dd, J = 8.0 Hz, 2.0 Hz, 1H), 8.06 (d, J = 8.0 Hz, 1H), 1.37 (s, 12H). 13C NMR (125
MHz, CDCls, 23TC, &): 145.53, 145.03, 144.37, 142.41, 137.31, 134.75, 131.90 (br), 128.44, 84.36,

24.86. Az EAW: HRMS-FIA (m/z): [M + H]'oll thafo] AAb%, 257.14558. 2, 257.14440.

AAd 61, 6-F=Ad A (S51)
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h Y
Q‘;{; o N, Malty (HORB M,
() e »
= N/ THF-H;O N,

THE (2.0 me)olA 6-FA=AH B 92 o A~ Z (S50) (256 mg, 1.00 mmol, 1.00 B#)ol 23TelA, HO0

(8.0 m) 2 NalO, (321 mg, 1.50 mmol, 1.50 )7} A7t 23CoA 1.0A7F EoF ks uke a3
S IN HCl ag (20 mo)oll H7FE3 1.0A17F E9F 2 wwtE g}, WS &3] EtOAc (20 me)7F H7bEa, =
2l AL EFAT. A 2L EtOAc (2 x 20 ml) = %iﬂomr FolzA §7] AL 94 (20 m) 2 MAH

AZEAG (NapS0,). oI JAFolM FFHEa, g B2 Et,02 5o 121 mge] ®A &

A 313 (70% FE)EA ATHAC
Re = 0.10 (34F/EtOAc 1:1 (v/v)). NNR %3: 'H MR (500 Miz, DMSO-d6, 23, &): 8.96-8.93 (m, 2H),

8.55 (s, 1H), 8.47 (s, 2H), 8.18 (d, J = 8.0 Hz, 1H), 8.04 (d, J = 8.0 Hz, 1H). C NVR (125 MHz, DMSO-
d6, 23°C.§): 146. 08, 145.66, 143.21, 141.73, 136.61 (br), 135.82, 134.73, 127.77. A= B HRNS-

FIA (w/z): [M + H off tiste] AAE, 175.06733. #EE, 176.06705.

AAld 62. 3-vEA 2R Y-5-HEd F4F (S52)

I COD)OMe)lx COM
@,cozw [bpv thm (HORB COoMe

NalQs, HyO Me

THE (6.0 mO)AA mEFAF W o 2~82 (451 mg, 3.00 mmol, 1.00 F=F)ol 23T, [1r(COD)(OMe)], (10

mg, 0.015 mmol, 0.50 mol%), dtbpy (8.0 mg, 0.030 mmol, 1.0 mol%) %= H|2=(IIZHE)TEE (610 mg,
2.40 mmol, 0.800 F&)o] H7IEAth. 80ToA 24412+ FoF wnkd wkbg EFEL H0 (6.0 m¢) 2 NalO,

(3.21 g, 15.0 mmol, 5.00 B&)el H7F=STE. 23Tl 8.0A1%F &<t W, wWhg Z3E2 IN HCl aq (10
m)ell H7rEan 1.0A17F 5 g wukEdoh. vk EFE) EtOAc (20 me)7F H7Fs A, )il g2 22
Ak, A4 42 EtOAc (2 x 20 n) 2 FEEAT. Fokd {7 AL ¢ (20 m)E AHHL ARFHJG
(NaoS0,) . e AFolx FHsa, a2la ZFFES d2/Et0Ac 7:3 (v/v) oz &8sk A7t A Aol A

AzvtE vl os) FAlE ] 466 mgel FA spgtEo] FA A (80% ) EA AT H AT

n:

Ri = 0.15 (FAH/EtOAc 7:3 (v/v)). NMR 33 HONR (500 MHz, DMSO-d6, 23°C, &): 8.21 (s, 1H), 8.19

(s, 2H), 7.84 (s, 1H), 7.79 (s, 1H), 3.83 (s, 3H), 2.35 (s, 3H). 13(3 NMR (125 MHz, DMSO-d6, 23T, §):
166.71, 139.65, 136.97, 134.70 (br), 132.24, 131.14, 128.83, 51.99, 20.82.

AA 63, 4-vlFdEAe] YR EF 0 =3]

a) NaOH, MeOH,;

(OH);B AgOTf, 0 °C; F
Ph ' > Ph

b) F-TEDA-BF,
MS3A, otMIE

MeOH (20 m¢)ollA] NaOH (480 mg, 12.0 mmol, 1.20 BF&)ol 23TCeolA, 4-vlzld54F (1.98 g, 10.0 mmol, 1.00
FEF)ol A7 E AT, 23TAA 16 FF WS whg Z3ES 0CE W7y AgOTf (7.71 g, 30.0 mmol,
3.00 F=H)ell H7E Ak, 0Tl 308 H<F |l = ocoﬂH 7t atell AA=, 2Ear o
MeOH®= oFAE (20 me x 2)39] FA-Fwo] & &dstA AA= UL Eo] olHE (50 me), MS3A (5.0
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g), i 1-E22EME-4-EF e 2-1 4-HolRYoHAFR([2.2.2] 5T HA(EYEFo2644) (1) (3 72
g, 10.5 mmol, 1.05 F&)o] H7i=ar, 283 vkg E3E-2 308 B¢ wutE I AT A F5HF At
= CHClyol &3l¥aL Celited] 22|25 Sl oA, CHCL AAF, ARl H0 (30 me)et EtZO (30
n¢)7F A7k A, o e BeEdu. 4 32 B0 (2 x 20 m) 2 FEH AT, Kopxl
(30 m)Z AA= AZFHAT (NaS0,). oJzle AFol| e sH=a, aga 7
g7h A AolA AmviEedol] oa] HAHo] 1.62 g9 4-ZFe2H|Fdo] F2
At

A 64. bESE Fo] NaOHS} AgOTIE EF 223}

a) NaOH, MeOH;

(OH)ZB\©\ AgOTf, 0 OC, F\@\
S
Ph Ph

b) F-TEDA-BF,
MS3A, orhiE

MeOH (0.50 m¢)ol Al NaOH (1.01.5 @&)el 23ColA], 4-v]#dE2F (19.8 mg, 0.100 mmol, 1.00 @EF)o] H7}
Hh. 23ColA] 158 B wukE whg TIEO 0CE YZhE I AgOTf (03.0 Fe)ol H7MH AT, 0T A
304 B wHkE, 7] gul= 0CellA At kel AR, 18] ko] MeOHE oFAIE (0.5 me x 2)3%9] &
A=kl 2] Jdol AAFGAT. ZFE ok E-d6 (0.5 ml), MS3A (50 mg), 2l 1-F22Wd-4-ZF
o 2-1 4-tJo}FYoRIA E2[2.2.2] %8 HA(EYZFQEEAA) (1) (37.2 mg, 0.105 mmol, 1.05 F&)o]

A7 o, a s 1. b WAHE|QITE, Fel ofdZT 2o g Ee] F NIR (375 Miz, o}
E-46, 23C) 399 4-&& 9 3- HE Fo=2dAl (-112.0 ppm) 9 RS v ozH AAEJT. AF=
% 69 oomn}

i 4m

o
_>“,

A

mlm ot
o

¥ 6
theFst oko] NaOH®} AgOTf®E ZF 9 =3}
AEF |AgOTf (F=%) NaOH (33&) F& %)
1 0 1.0 0
2 1.0 1.0 43
3 2.0 1.0 82
4 2.0 1.2 78
5 2.0 1.5 63
6 3.0 1.0 90
7 3.0 1.2 95
8 3.0 1.5 83
AAd 65, EEZ 23 F=EA BAS A2 HW
OR a) NaOH, MeOH,;
| =] -
B Ai(ﬂ'f,o C; E
N b) F- TEDA-BF4 N
Boc MS3A, OLHIE Boc
MeOH (0.50 mé)ell 4] NaOH (4.2 mg, 0.12 mmol, 1.2 @=)e| 23TCelA, a4t F=A] (0.100 mmol, 1.00 F=F)7}F
A7 EATE. 23Co|A 158 w¢F Wby wke 320 0C2 Wzhyal AgOTf (77.1 mg, 0.300 mmol, 3.00 %
2ol H7FEACE. 0TAA 308 St Wk, ] &= 0ColA 7t sl AlAR, 283 o] NeOHE
olME (0.5 m¢ x 2)F] FA-FHo] o8] WA AAFAYG. FFEo| ofAE-d6 (0.5 ml), MS3A (50
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mg), 183l 1-F2 =g %$£§—1,4—\’40}5140}HIA1§§[2.2.2]%% H| 2 (E
mg, 0.105 mmol, 1.05 B=)o] &
g2 F NMR (375 Mz, oFHME-d6, 23°C) BHe] AR 2 3-UERZ 2o el (-112.0 ppm)e] AL H)w
stog ] AAETE, Ayes X 7o 2FFH T},

£ 7
ZFQ 25 FEolA At dAEHE9 v
714 F& (%)
OH 97
8
HO™ t :E\‘:
Boc

)(\? 81
S ’
Q

AN 66. oFR B E2o25 - dudY A%
vkl AR A: 2.0 FFF AOTfOA NR &

a) NaOH, MeOH,;
(OH);B AgOTY, 0 °C; F
s
3 3
b) F-TEDA-BF,
R MS3A, OtHl= R

1.0 B&)ell 23TCollA], B4t (0.100 mmol, 1.00 F&)o] H7ty

1,
k. 23 coﬂﬁ 158 &< ﬂ&?, b EFES 0CE YZhEar AgOTf (51.4 mg, 0.200 mmol, 2.00 ZsF)el
A7 = ATE. 0CAlA 308 B9t Wity Ay & OCOM 7t Stoll AA= AL, 2E]lar 7ol NeOHE oFH&E
(0.5 ml x 2)72] FA|-Fatol| 2l&] ¢dsHA ﬂl ALQTE, AFE oFHE-d6 (0.5 ml), MS3A (50 mg), 1T

3 1-ERENY-4-FF 21 d-tloly oA FR[2.2. ]iﬂ HA(EEFeeRd) (1) (37.2 g,
0.105 mmol, 1.05 B=H)o] H7t= 1, e wke EFELS 1.0A17F B¢ e, 88 oldZF o 235

o] F NIR (375 Mz, o}AlE-d6, 23C) &9 HEzk 2 3-UEzZ20 2wl (-112.0 ppm)9] AL HlwFo
M AAEAJC. 23] FAFe A &S ¥ 8o K

A9l M} B: 3.0 B AgOTiolA NMR 8

a) NaOH, MeOH;

(OH),B AgOTf, 0 °C; F.
S

——— ol

b) F-TEDA-BF,
R MS3A, oy R

MeOH (1.0 me)ollA] NaOH (4.80 mg, 0.120 mmol, 1.20 F&)ol] 23TCeolA, BAF (0.100 mmol, 1.00 F=H)o] H7}
ATk, 23CoA 158 FoF whkE dHkS E35° 0CE2 YZ4war AgOTf (77.1 mg, 0.300 mmol, 3.00 )
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of A7FEATE. 0ColA 308 Bt wwks, A7) Guji= 0Tl et st AAS L, T1gar ko] MeOH= ofAl
E39] A= (0.5 ml x 2)°] 93] HA AAFHAG. FFE oFHE-d6 (0.5 mfz) MS3A (50 mg), L
2laL 1—%iiuﬂ%—4— FO2-1 4-YolZYoHHAE2[2.2.2] 88 HXA(EYPZFLEFAYE) (1) (37.2 mg,
0.105 mmol, 1.05 ¥&)e] A7, gl vbg E3ELS 1.0A17F &QF b= i), g—"— ol EZFQ 235
o] “F MR (375 MHz, o}M|E-d6, 237C) 5% ARz 2 3-UE2I20 =4l (-112.0 ppn)e] RS Hlwdo
24 AAHA. 23] el WF £ ¥ 8o HuET (3o % 8A ATH F NR 83E o]Ee
Aldrich, Alfa, T=¥ TCIEZHH Fd9 A Az A T F4d3s FausddA ATd delgoel
g3 .

X 8
Z2o 2319 NMR 5
R LM E-d o) A 2.0 3% 3.0 3%
¢ ) AgOTf ol A AgOTE A
F #84 olF s s
MR & [%] MR & [%]
[ppm]
il -115.3 83 95
4-Ph -118.1 82 95
4-0H -128.2 58 70
4-'By -120.8 82 90
4-0Me -126.8 84 98
2.4,6-Eg Mg -129.7 73 73
4-F -121.6 85 91
4-CO.Me -109.5 76 92
4~CN -105.0 61 77
4-CHO -105.9 71 71
4-Br -117.4 73 93
4-NHAc -114.4 79 89
4~CF, -109.5 67 86
3,5-t g -117.6 78 88
1-1pxel -125.9 36 95
MNBoc-5-¢1t}&€ -120.0 74 95
N-Boc-5-¢1& -123.2 81 97
6-FA=AEd -107.1 65 79
6-F e -113.8 63 80
3-3Jgd -125.6 59 72
trans-2-¥d¥v)d -132.2 74 90
trans=1-2€-1-3 -132.4 85 92
1-A|Z 232 -102.5 65 83
Auka 9l A} C: 2.0 FF AgOTfIAAN uHHE ¢
a) NaOH, MeOH;
(OH).B AgOTf, 0 °C; F
=d}-
=20 - -
b) F-TEDA-BF,4
R MS3A, otNIE R
MeOH (2.5 me)oll4] NaOH (20.0 mg, 0.500 mmol, 1.00 B=)ell 23TCeolA, &AF (0.500 mmol, 1.00 F=F)o] M7}
Ak, 23CoA 158 F¢F wylks ke 2350 0C=2 JZ4w a1 AgOTf (257 mg, 1.00 mmol, 2.00 =)ol
A7 E YT, 0ColA 308 Sof *i? 7] &ull= 0ColA 7HeE shol AAS L, 18]lal e MeOHE oFAlE

(2.5 me x 2)32] FA-T2ol osf bdstA AAEAT. el opAlE (5.0 me), MS3A (250 mg), —12]iL
-2 RRE-4-ZF 21 4-tox oA S22 ([2.2.2]5E HIA(EEF2E44) (1) (186 mg, 0.525
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mmol, 1.05 @F&)o] H7IFHAL. ¥b-g E3HELS 1.0A17F &<t wwtE 1 A-Fo|q FFFHAT. FFELS CHLClLol
L35 Celite? Ze1E Ea) AJFHUT. CHCLY AAZE, FAFELS HO (5 ml)S EtOAc (5 me)ol] H71H

3, a8 AL B2EYAT. A4 4L EtOAc (2 x 3 m)E FZHYT. Hold {7 AL A4 (5 )R AA
Hi AzHAT (NaS0y). AFHE AFeA sFHa, 18i pass A7t A oA Z=2rtETa o

LukH 9 A3l D: 3.0 T AgOTfAAN nHH &

a) NaOH, MeOH,;
(OH),B AgOTf, 0 °C; F

=gk
o =0

b) F-TEDA-BF,
MS3A, olNIE

Y

R R

MeOH (2.5 mé)ell 4] NaOH (24.0 mg, 0.600 mmol, 1.20 @&)oll 23ColAl, HAF (0.500 mmol, 1.00 F&F)o] H7}

. 23TCoA 158 H¢F wyks dHke 5388 0CTE WZ4sE AgOTf (385 mg, 1.50 mmol, 3.00 BeF)ol
H7HASAT. 0TolA 308 St witks, g7) & H—; 0CellA 7t ahell AARIL, 223 o] NeOH= oFAIE

(2.5 m x 2)T}e] ZA|-Zubol| 93] ¢ SHA 1 ALt ZAHFZo ofHE (5.0 ml), MS3A (250 mg), 181

1-222Wg-4-Z2 Q9 a1 4-tjo}RL oA EZ([2.2.2] 28 nA(EgZRe=224) (1) (186 mg, 0.525

mmol, 1.05 F&)o] A HAct. wg E&Ee 1.0437F & R 3 A Fol A FFEJY. FFELS CHLLOl

I Celited EHE Bdl AU, Lo AASF, FFEZ 0 (5 m)eF EtOAc (5 me)oll 715

, 2gan e Ak, Told R AL @4 (5 m)E Al

Hal AZHAT (NaS0y) . oA AFolA sHsa, aga FFELS A7t 4 Folx Z2utE g
ol&] AA =Tt

&3l =]

=

A 67, o} BAte] ERo=3
4-ZZ = FYd (24)

L
Ph

(gukAel dxF C) =& 70.6 mg (82%). Ry = 0.60 (AXH/EtOAc 19:1 (v/v)). NMR E34H: HONMR (500 Mz,

CDCly, 23°C, §): 7.60-7.54 (m, 4H), 7.47 (dd, J = 7.5 Hz, 7.0 Hz, 2H), 7.36 (t, J = 7.5 Hz, 1H),
7.14 (dd, J = 8.0 Hz, 7.5 Hz, 2H). C NMR (125 MHz, CDCls, 23°C., §): 162.44 (d, J = 244 Hz), 140.24,

137.30, 129.0, 128.75 (d, J = 8.5 Hz), 127.24, 127.00, 115.59 (d, J = 21 Hz). F NMR (375 MHz, CDCls,

23T, &§): -116.2.

(dur#el AxF D) 8 39.0 mg (70%). Ry = 0.58 (FAH/EtOAc 7:3 (v/v)). NMR E3H: H MR (500 MHz,

CDCls, 23°C, 6): 6.95-6.95 (dd, J = 8.0 Hz, 7.5 Hz, 2H), 6.80-6.76 (m, 2H), 5.41 (s, 1H). C NMR (125
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MHz, CDCls, 23C, 6): 157.32 (d, J = 237 Hz), 151.17, 116.25 (d, J = 8.0 Hz), 116.01 (d, J = 21 Hz).

“F NMR (375 Mz, CDCls, 23T, 6):-124.3.

g 4-Z2 Wl (26)
F
\@COQN'E

(QurAol Azl 0) 48 58.6 mg (76%). Ry = 0.85 (AH/EtOAc 7:3 (v/v)). MR 53: H MR (400 MHz,

CDbCl;, 23T, &): 8.05 (dd, J = 8.8 Hz, 6.4 Hz, 2H), 7.11 (dd, J = 8.8 Hz, 8.8 Hz, 2H), 3.91 (s, 3H).
13(3 NMR (125 MHz, CDCls, 23T, 6): 166.13, 165.74 (d, J = 253 Hz), 132.09 (d, J = 9.1 Hz), 126.41,

115.49 (d, J =22 Hz), 52.2. 'F NMR (375 MHz, CDCls, 23°C, &): -106.2.

4-Z 2 2= I = (27)
QL
CHO

(dur#el Axk C) 4+8: 37.8 mg (61%). Ry = 0.77 (FAH/EtOAc 7:3 (v/v)). NMR E3H: H MR (500 MHz,

CDCls, 23°C, 6): 9.95 (s, 1H), 7.92-7.88 (m, 2H), 7.22-7.18 (dd, J = 8.0 Hz, 7.5 Hz, 2H). C NMR (125
MHz, CDCls, 23°C. 6): 190.43, 166.42 (d, J = 255 Hz), 132.89, 132.14 (d. J = 9.9 Hz). 116.25 (d, J =

92 Hz). "F NMR (375 MHz, CDCly, 23°C., 6): -102.9.

4-ZFe 2oHAEd = (28)
F
\©\NHAC

(drzlel A=t C) 8 59.0 mg (77%). Ry = 0.25 (&2F/EtOAc 1:1 (v/v)). NMR #39: HONR (500 Mz,

CDCls, 23C, &): 7.51 (br s, 1H), 7.44 (dd, J = 9.5 Hz, 5.0 Hz, 2H), 6.99 (dd, J = 8.0 Hz, 7.5 Hz,
2H), 2.15 (s, 3H). 13(3 NMR (100 MHz, CDCls, 23C, &): 168.43, 159.34 (d, J = 243 Hz), 133.84, 121.80

(d, J=7.3Hz), 115.56 (d, J = 23 Hz), 24.33. 'F NMR (375 MHz, CDCly, 23, &): -118.4.

1-Z2eavusgd (29)

ot

(durAel AxF C) & 60.0 mg (82%). Ry = 0.50 (AL, NMR &3 'H MR (400 MHz, CDCls, 23T, &):
8.148.09 (m, 1H), 7.897.84 (m, 1H), 7.63 (d, J = 8.0 Hz, 1H), 7.587.52 (m, 2H), 7.40 (ddd, J = 8.8 Hz,
8.8 Hz, 4.8 Hz, 1H), 7.15 (dd, J = 11.2 Hz. 8.0 Hz, 1H). C NMR (125 Mz, CDCls, 23, &): 158.78 (d,
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J =250 Hz), 134.87, 127.51 (d, J = 3.6 Hz), 126.81, 126.15, 125.58 (d, J = 8.3 Hz), 123.68 (d, J = 18
Hz), 123.64, 120.53 (d, J = 5.5 Hz), 109.39 (d, J = 20 Hz). “FONR (375 MHz, CDCl;, 23T, §&):
-123.8.

MBoc-5-ZF 2 221t= (30)

(duk#el AxF C) 4+8: 88.6 mg (75%). Ry = 0.60 (FAH/EtOAc 7:3 (v/v)). NMR E3H: HONMR (400 MHz,

CDCls, 23T, &6): 8.15 (dd, J = 8.8 Hz, 4.0 Hz, 1H), 8.12 (s, 1H), 7.35 (dd, J = 8.4 Hz, 3.0 Hz, 1H),

7.97 (ddd, J = 11.2 Hz, 8.8 Hz, 2.0 Hz, 1H), 1.72 (s, 9H). C NMR (100 MHz, CDCly, 23°C, &): 159.20
(d, J = 240 Hz), 148.96, 138.91, 136.44, 126.24 (d, J = 10 Hz), 117.72 (d, J = 26 Hz), 115.81 (d, J
9.1 Hz), 105.66 (d, J = 24 Hz), 85.12, 28.10. 'F NVR (375 MHz, CDCls, 23°C., §):-119.6. A Bxm:

HRMS-FIA (m/z): [M + Nal'ol thafe] 714b=, 259.08533. 2=, 259.08550.

MNBoc-5-&

o
g
ro
i

(31)

Hil

(QurAel A3} 0) 58 88.2 mg (75%). Ry = 0.75 (MAH/EtOAc 7:3 (v/v)). NR F3¥: T NMR (500 Miz,
CDCls, 23°C, §): 8.08 (br, 1H), 7.62 (d, J = 4.0 Hz, 1H), 7.20 (dd, J = 6.5 Hz, 2.0 Hz, 1H), 7.03
(ddd, J = 7.0 Hz, 6.5 Hz, 2.0 Hz, 1H), 6.52 (d, J = 4.0 Hz, 1H), 1.68 (s, 9H). C NWR (125 MHz, CDCl,,
23, 6): 159.27 (d, J = 238 Hz), 149.51, 131.60, 131.38 (d, J = 10 Hz), 127.51, 116.08 (d, J = 9.1
Hz), 112.00 (d, J = 24 Hz), 107.01, 106.27 (d, J = 24 Hz), 83.9, 28.2. 'F NMR (375 Mz, CDCls, 23C,
§):-121.7.

(a9l M} D) 48 52.6 mg (71%). MR S29: H MR (400 Miz, CDCls, 23C, §): 8.84 (d, J = 4.0
Hz, 1), 8.81 (d, J = 4.0 Hz, 1), 8.11 (dd, J = 9.2 Hz, 6.0 Hz, 1), 7.72 (dd, J = 9.2 Hz, 3.5 Hz,
), 7.56 (ddd, J = 9.2 Hz, 6.0 Hz, 1H). C NMR (100 MHz, CDCls, 23, &): 163.00 (d, J = 249 Hz),
145.98, 145.25 (d, J = 6.4 Hz), 144.57, 144.10 (d, J = 14 Hz), 131.96 (d, J = 10 Hz), 120.93 (d, J =
26 Hz), 113.27 (d, J = 21 Hz). "F NWR (375 MHz, CDCls, 23°C, &):-121.7.
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F —
e

(AubH9l Az} D) 4% 55.2 mg (75%). Ry = 0.47 (EtOAc). MR £3¥: H NR (500 Miz, CDCl;, 23T,
§): 8.91 (dd, J = 4.5 Hz, 1.5 Hz, 1), 8.18 (d, J = 8.0 Hz, 1), 8.15 (dd, J = 9.0 Hz, J = 5.5 Hz,
1), 7.53 (ddd, J = 9.0 Hz, 8.5 Hz, 2.0 Hz, 11), 7.50-7.45 (m, 2H). C NMR (100 Mz, CDCl, 23°C, §):
160.43 (d, J = 247 Hz), 149.56, 145.11, 135.70 (d J = 5.3 Hz), 131.80 (d, J = 9.1 Hz), 128.86,
121.79, 119.94 (d, J = 26 Hz), 110.74 (d, J =21 Hz). F NMR (375 MHz, CDCls, 23, &):-113.0.

g 3-EF 0= 5-wEMEAA (34)

F\[;rcozrue

Me

(dukAel xF D) 8 60.5 mg (72%). Ry = 0.70 (FAH/EtOAc 7:3 (v/v)). NMR E34H: H ONMR (400 MHz,

CDCly, 23T, §): 7.65 (s, 1H), 7.51 (d, J = 8.8 Hz, 1H), 7.07 (d, J = 8.8 Hz, 1), 3.91 (s, 3H), 2.39
(s, 3). “C NMR (100 MHz, CDCls, 23, §): 166.14, 162.46 (d, J = 245 Hz), 140.60 (d, J = 7.3 Hz),
131.84 (d, J = 8.0 Hz), 125.96 (d, J = 2.9 Hz), 120.53 (d, J = 21 Hz), 113.50 (d, J = 23 Hz), 52.28,
21.19. "F NMR (375 MHz, CDCl;, 23°C, §):-114.0. A% FAH: HRMS-FIA (m/z): (M + H]'oll thate] A+,
169.06938. 2+, 169.06993.

AAe] 68. FdotAEAY G §7] EFE3 FAA T

a) NaOH, MeOH;
AgOTf, 0 °G;

_ HBpin - Bpin =dr; 2 F

C © 100°C ©/\/ b) F-TEDA-BF, ©/\/
MS3A, OFME

23CoA FdotAe#a (35) (10.2 mg, 0.100 mmol, 1.00 WH)e] ItZEZH (32.0 mg, 0.250 mmol, 2.50 %
ol HZFEAT. W £FES 100CE 7FEHT 36A1%F 59 Wity s, o]F 23T2 WAHAT. FFEo|
MeOH (0.50 m¢)ell A NaOH (4.8 mg, 0.12 mmol, 1.2 B=)7} H7lE AL}, 23coﬂA1 157 FoF WWky | Wkg &
SHEe 0CE WYzbEar AgOTf (77.1 mg, 0.300 mmol, 3.00 BeF)ol H7F=Edvt. 0CelA 308 HoF wwks A
7] 1= 0ColA 7 ol AAH L, 283l Fo] MeOHE oFAE (0.5 mb x 2)39] EA|-Zwbo]] o3 28}
A AALH}UT. ZFEo] olHE-d6 (0.5 mb), MS3A (50 mg), 2Pl 1-F22rE-4-ZF2 2-1 4-t]o}xYo}
HAIZ2[2.2.2] 88 B A(EgZFo2829) (1) (37.2 mg, 0.105 mmol, 1.05 @)o] Hrtea, zga v
S BFBO 1047 Bt wEATY. £ ofdTRe 28R F NR (375 Miz, oFHE-d6, 23T) F99
ARz 9 3 ERZZ o =ulAl (-112.0 ppm) e AL Blwdo =R 76%0) Aoz FolwQ}

_76_



[0589]

[0590]
[0591]

[0592]

[0593]

[0594]

[0595]

ZIHSd 10-2011-0095898

AAle] 69. A BhEEAM HFH £(1) F9 &9

Si(OEt)s [ s/\m 1 E
N</5 BF 2.00 &2
F .
2.00 && 2(1)
oh OLHIE, 90°C, 2h L

36

ObAE (0.4 mh)A 4-(MEIDHEHAEALT (6.32 mg, 0.0200 mmol, 1.00 BZ)el] 23CoNA, & <4
(0.0400 mmol, 2.00 B&) 2 1-F22HEd-4-ZF ¢ 2-1 4-t]o}Zx oA ZE[2.2.2] 2 H|A(HEZZFS
224¢91) (1) (14.2 mg, 0.0400 mmol, 2.00 @&)o] HI/IHYY. g 22 1%% ulo] 2 el A 90Tl
A 2AIZE Sob wRkE A, o]F 23TE WZAHJU. W EE -UERZFeoEwlAl (2.00 xe, 0.0188
mol)o] A FHTH. g 4-ZFo=nHY (-118.1 ppm)© F NMR (375 Miz, oFAlE-d6, 23C) &we] #
i R FHERSFeEMA (-112.0 ppm) o] A& wwde = AQHAG. &S & 99 HiuHn.

F9
Ak Bk Bl A 2 (D) del ol
o9 & [%] L9 & [%]
19, 19,
('F NMR) ('F NMR)
AgF 21 AgOCN 0
AgOAc 12 AgSCN 0
AgBF, 11 AgOTf 6
AgCl10, 5 AgPF 10
AgNOs 0 AgSbFg 0
AggCO;g 5 AgZO 69
AgCN 0 S 0
A 70, (A-vE)EANEA LS (S53)
/©/Mgl3r Si(OEt)4 Si(OEt)s
Ph o .~ Ph
: ~-30°C = 23 °C
S53
80%
20 mle] THFOlA HE#Z Y 2 2E2 (6.70 ml, 30.0 mmol, 3.00 B&E)el -30ColA], vHlHInt1dss BE
35 g (THFelA 0.50 M, 20 m¢, 10 mmol, 1.0 ©&)o] 108 WS HrtE QY. -30°CAlA 1A
Tl wHtE  whg FIEL 23CE 7l 1247F ok iyl ke Z3E0 100 me] FEko] Folx
I, E (3 x 20 m)E 33 MHFZ, 283 Na,S0.l A o, outE Ay g 7kel &l

AAEATG. dE-dB

A As

(bulb-to-bulb) =¥#

Hz, 2H), 7.62-7.60 (m, 4H), 7.45 (d, J = 7.5 Hz, 2H), 7.36 (t,
CDCl3,

6H), 1.27 (¢, J = 7.0 Hz, 9H).

128.76, 127.50, 127.17, 126.56, 58.76, 18.23.

(125,
Ak, Ry = 0.50 ()2b). NMR &34

“CONIR (125 Mz,
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AAd 71. -B2aAY)EFAEANT (S54)

| [Rhicod{MeCN)]BF, SIIOEt),
/©/ HSi(OEt)s, EtaN /©/ i
Br Br

DMF, 80 %C

B0% 554

[Rh(cod) (MeCN)21BF, (22.0 mg, 0.0600 mmol, 0.0300 B%) % 1-H2H-4-2=wlxl (563 mg, 2.00 mmol,

1.00 @82 1F AHoz A7 20 mt vtold ol AYPHATE. 7] vpo]d2 njXa dA= Al QYA
th. o]# 3k ulo]dol, DNF (8 m), Eolgolsl (0.830 ml, 6.00 mmol, 3.00 BF) ¥ Ego|EAAZ (0.730

=
m¢, 4.00 mmol, 2.00 F&H)o] HA7IEAT}. ¥ EFE2 80TolA 2A17F FoF wHtE 1, o] 23T 2 Y4EA
oh. AAE EIAEL EHEZ (100 m)E 3AHI, & (3 x 40 m)E 33 AHEI, Na,S0,0lA AxE 3z, o3}
3 g et ol EEHUTE. AFHFELS Kugelrohr ZHo| o] AA|Eo] 508 mge EA 3}etEo] A

2 (80% FE&)EA AFTHAGY. Ry = 0.63 (2F). NMR E33%: HONR (500 Mz, CDCly, 23C, &): 7.53-

K

7.52 (m, 4H), 3.85 (q, J = 7.0 Hz, 6H), 1.24 (t, J = 7.0 Hz, 9H). 13C NMR (125 MHz, CDCls, 23

T, 6):136.34, 131.04, 129.86, 125.33, 58.77, 18.16.

AX 72, (2, 4, 6-EWEHA D EGJEAAF (S55)

MgBr Si(OEt)4 Si(OEt),
THF
-30°C - 60 °C.

0,
62% S55

10 mee] THFelA BlEgod S ZEF4ked (3.30 m¢, 15.0 mmol, 3.00 B&k)el] -30CoNA, 2,4,6-EgudddAd
ul v HE2SE g (THFIIA 1.0 M, 5.0 m¢, 5.0 mmol, 1.0 B&F)o] 1084 A wewe 3
30Tl 1A3F FoF wuke | wke EFELS 23T E 7F2¥ 3 12417 o gL awkEQ. wg EFEES
100 mee] #eho] Hojxlxm, gl & (3 x 20 mb) 2 33 M= Na,SOol A A=Y, o345 4 =
A y (125C, 0.5 Torr)+ 0.87 g9 A 3FES F4 2 (

H-HH =3
4 (32D, NR 338: H NR (500 MHz, CDCls, 23C, &): 6.80 (s, 2H), 3.83 (q, J =

[e)

7.0 Hz, 6H), 2.51 (s, 6H), 2.26 (s, 3H), 1.24 (t, J=7.0 Hz, 9 H). 13C NMR (125 MHz, CDCls, 23T, §):

145.92, 139.79, 128.81, 124.99, 58.10, 23.73, 21.08, 18.15.

AA 73, 4-(EFASAAI)HIANZALYG (S56)

o | Rh{cod)Ci; o Si(OEtk
HSI{OEt)y, EtyN @'
S eomen - f
DMF, 80 °C
7O, 556

[Rh(cod)Cl], (15.0 mg, 0.0300 mmol, 0.0300 B&) % 4-ge=dd WA (323 mg, 1.00 mmol, 1.00
T 1F Aoz A 10 m wold el AYHT. Y] mlolde HYX L AAE oAl AYHTE o]
23k blojdo], DMF (4 ml), Edoldoldl (0.420 m¢, 3.00 mmol, 3.00 BF) L EgoEAA2 (0.360 m,
2.00 mmol, 2.00 H&)o] H7IHATt. wHE ETFELS 30Tl 2A17F FoF wtEa, o]F 23CE WZE ).
ARE 2IEL gEHZ (50 )2 FAHL, B (3 x 20 m)Z 33 AHEa, Na,SO oA AxE, o7y,
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a2l 7Rt slell FEFAT. FFELS Kugelrohr S0l 93] AA= O] 252 mge] TAl &l 74 2
(70% &)= AFE AT,

Re = 0.30 (FAHEtOAc 1:1 (v/v)). NMR #+3H: MR (500 MHz, CDCls, 23T, &): 8.24-8.21 (m, 2H),
7.78-7.75 (m, 2H), 7.68-7.64 (m, 1H), 7.56-7.52 (m, 2H), 7.28-7.25 (m, 2H), 3.90 (q, J = 7.0 Hz, 6H),
1.27 (¢, J = 7.0 Hz, 9H). “C MR (125 MHz, CDCls;, 23T, &): 164.93, 152.82, 136.25, 133.63, 130.19,

129.52, 128.63, 128.58, 121.22, 58.78. 18.22. Ak AW HRMS-FIA (n/z): [M + Nal'ol thate] 714t
378.17313. ¥#&=, 378.17314.

Ao 74, 4-(EAEAL)NZHE= (S57)

| [Rhicod){MeCN}IBF, —
ﬁ HSKOEL, EtoN
o )
DME, 80 °C
h

Ph

80% 8§57

H,

[Rh(cod) (MeCN)5IBF, (11.0 mg, 0.0300 mmol, 0.0300 T&) % 4-Q0=Wl%
)L aF Aoz AR 10 m vleld el APFHE. A7) wlo]de H| 442 gl PR, ol
3k dlo|ge], DMF (4 me), Egoldolsl (0.420 m¢, 3.00 mmol, 3.00 % Ego| 52| (0.360 me,
2.00 mmol, 2.00 Y=ol H7IHATF. ®ES EFE2 80TAA 22417 &< 3, o]& 23C=E WAH ).
AR EEL JE= (50 m)E 3AFa, B (3 x 20 m)E 33] AHFar, NaSOolA Az, oJasar,
a8 g st FH5EAT. AFES Kugelrohr SR o] AA= 275 mge] A 33FEo] 74 od
(80% &)= AFEAT.

J+= (307 mg, 1.00 mmol, 1.00 %

z] Z)

)
0

gul

Bl ol o
iﬂxEH

Ri = 0.45 (12H/EtOAc 3:1 (v/v)). MR %3%: 'H NMMR (500 MHz, CDCls, 23C., §): 7.82-7.77 (m. 6H),
7.59 (t, J=7.5Hz, 1), 7.48 (dd, J = 7.5 Hz, 7.5 Hz, 2H), 3.90 (q, J = 7.0 Hz, 6H), 1.27 (t, J =
7.0 Hz, 9H). "C NMR (125 MHz, CDCls, 23°C,5): 196.84, 139.05, 137.29, 136.34, 134.66, 132.54, 130.11,

129.00, 128.28, 58.91, 18.21. #= FAH: HRMS-FIA (m/z): [M + Nafoﬂ st AR, 367.13361.
w2 367.13347.

AA 75, 6-(FAzeDEFIEA|AH (S58)

o oTf [Rh{cod)Cll = S'LDEU!
. HSI[OEt),. TBAI, Et;M E’j@/
N ey
DMF, 80 °C M
5% 558

[Rh(cod)C1], (15.0 mg, 0.0300 mmol, 0.0300 BF), 6- (= EYESFL2r e ENE (307 mg, 1.00
mmol, 1.00 %) % HEf-r-HEdEy Q035 (369 mg, 1.00 mmol, 1.00 ¥3)& 17 Avo=r g
710 me¢ wpelet ule]l AP AT, F7] bloldE HYA L AR Tl ALY, o] gt ulo]de], DMF (4 m),
Eglogoldl (0.420 mé, 3.00 mmol, 3.00 T&) = EgoEAAZ (0.360 m¢, 2.00 mmol, 2.00 BaF)o] 7}
Yo, WS EIEL 0T 2417 EoF WHFE I, o] 23T E WZAEHYU. AAE TIELS JHE (50
n)E AL, E (3 x 20 w)E 33 AHLa, NaSOold AxHar, oxex, agla 73eE sl
F5YAT. JFF=2 Kugelrohr Z79l 23] AAE o] 218 mge] ZA s}3hEo] F4 oY (75% F8)2A AT
=},

Ry = 0.50 (12F/EtOAc 3:1 (v/v)). MR 5-3%: 'H NMR (500 MHz, CDCls, 23°C., 6): 8.94 (dd, J = 4.0, J =
1.5 Hz, 1H), 8.19-8.18 (m, 2H), 8.10 (d, J = 8.5 Hz, 1), 7.95 (d, J = 8.5 Hz, 1H), 7.41 (dd, J = 8.5,
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4.5 Hz, 1 H), 3.92 (q, J=7.0Hz, 6H), 1.27 (t, J = 7.0 Hz, 9H). 13C NMR (125 MHz, CDCl;, 23T, &):

151.26, 149.18, 136.46, 136.18, 134.11, 129.87, 128.67, 127.69, 121.21, 58.91. 18.23.

A 76. 4-(EAEA AL )IAEH = (S59)

| [Rh{cod){MeCN}:]EF . SHOEs
5 ﬂ HSI(OEt), EtN ﬁ .
), 0
DMF, 80 °C

Me '- ) Me
0% 559

[Rh(cod) (MeCN)21BF; (11.0 mg, 0.0300 mmol, 0.0300 F&) T 4-Q ol EH = (246 mg, 1.00 mmol, 1.00

)L L Ao A7 10 me vkold el AR TE. A7) wpolde HIAL AAhR Al AR o]
2|3t mloldo], DMF (4 m¢), Egoleolql (0.420 ml, 3.00 mmol, 3.00 FaF) = EdEAAZ (0.360 ml,
2.00 mmol, 2.00 @)ool H7FHAJTE. ¥k ZFEL 30Tl 2417 Tt wRtE 3, o]F 23C=2 Y4}
AR EEe dE= (50 m)E A, B (3 x 20 m)E 33] AHFar, NaSOolA Az, oJusar,

ag]a At shell wEH Y. E2 Kugelrohr Sl &3] Ao 197 mge] 3®A| 33hEe] F4 o
(70% =&)2AM AFEAC.

R, = 0.56 (312H). NMR 33%: 'H NMR (500 MHz, CDCls, 23C., 6): 7.93 (dd, J = 6.5, J = 1.5 Hz, 2H),
7.78 (dd, J=6.5, J = 1.5 Hz, 2H), 3.88 (q, J = 7.0 Hz, 6H), 2.61 (s, 3H), 1.25 (t, J = 7.0 Hz, 9H).
PCONMR (125 MHz, CDCls, 23°C, 6): 198.37, 138.33, 137.32, 135.02, 127.28, 58.88, 26.68, 18.19.

AAd 77. 4-(EFEAALH) oM EITE = (S60)

[Rhicod | {MaCN);]BF,

| SICEL,
/jJL O/ HEI(OEY,, ElN j @/
M

H DMF, 80 9C H
B

[Rh(cod) (MeCN),]BF; (11.0 mg, 0.0300 mmol, 0.0300 W&F) @ 4-Qeroldeldd]= (260 mg, 1.00 mmol,
1.00 G5 & 1F AHoz A7 10 mt vtold ol AYPATE. 7] vo]d2 nj$Ixa diA= Al QA
t}. o]# 3k ufo]dol, DNF (4 m), Eoldoldl (0.420 me, 3.00 mmol, 3.00 BF) © Ego|EAA= (0.360
me, 2.00 mmol, 2.00 @=F)o] A7}t vk EFELS 80TolA 2417 B¢ wukE 1, o]%F 23T E Wzt ¢]
o AAE EIEL JgEHZ (50 )R SAET, B (3 x 20 m)E 33 A E 2, Na2504olw AzEa, o3
3, agla gt sk EHAT. AFELS Kugelrohr 5o o8] FA o] 238 mge] ZA| F3tEo] T
Q (80% T&)=A AFTH AT

al

)

Ri = 0.25 (MNAH/EtOAc 1:1 (v/v)). NMR E33: HONR (500 Mz, CDCls, 23C, &6): 7.69 (d, J = 8.0 Hz,
2H), 7.59 (d, J = 8.5 Hz, 2H), 7.42 (br s, 1H), 3.85 (q, J = 7.0 Hz, 6H), 2.17 (s, 3H), 1.23 (t, J =
7.0 Hz, 9H). C NMR (125 MHz, CDCls, 23°C.8): 168.39, 139.79. 135.77. 126.28, 118.89, 53.69. 24.66,

18.18.
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A Ao 78, F-TEDA-BF,Z o}& o] T2 =3}

T—ci

1
[NJZ BFe 2 00 Tre

Ph 2.00 9B AgO, 1.10 22 8al Ph/©

OHMIE, 90T, 2 h
2 ‘ 3
83%

OFHIE (2.0 m)ollA 4-(vlH ) Eg] o &4 (2) (31.6 mg, 0.100 mmol, 1.00 F=)ell 23ToNA, &

(46.4 mg, 0.200 mmol, 2.00 ¥&), wHF AH3HE (17.2 mg, 0.110 mmol, 1.10 ¥3) % 1-F==2vEd4-ZF
S2ol 4-tlok o HIA B 22,2, 2] S 7 W A(HEFET L2849 (1) (70.8 ng, 0.200 mwol, 2.0

o] H7tEATH. g EFES LEHE wiold oA 90TolA 2417 FoF wkE Lk Wb EFES 23CE
WS, gz 7t sl HEHAT. IHFE0 CHLl, (10 m)7F 37 81, a8z gAY 322 CHLl,
2 283 Celited T=E E39 o7EQr). oJgae 7ok Jo HEx 3, agu F5
goh= gt A el AzvtEag e o AAlHo] 14.3 mge] FA| speh=o] WA a1z
Al F = AT

2
rlo
J

1.00 324 Ag, 0

/\CI

[N\72 BF@ 2 OO CI~E|=

/@SI(OEt)g F
Ph 1.00 9% Ag0, 1.10 2 Bad ph/©

OLMIE, 90C, 2h
2 o 3
63%

OFAE (2.0 me)ellA 4-(MF)ER]o| 52 (2) (31.6 mg, 0.100 mmol, 1.00 B&)ell 23TelA, &
(23.2 mg, 0.100 mmol, 1.00 B=), vH§ AEE (17.2 mg, 0.110 mmol, 1.10 @) 2 I-F22ve-4-=
Q2-1,4-v 0]-§L]0]-H]/\]3§ 2.2.2]15% HA(HEHEFL2849) (1) (70.8 mg, 0.200 mmol, 2.00 F%)
o] A7HEAY. W EFELS UaE wpoldk oA 90Tl 247 B¢ wukE AL, o]F 23CE WZH I
HhE B UERIZIFoZWlAl (2.00 40, 0.0188 mmol)o] H7FE AT F& 4-FF2=HAY (-118.1
ppm)® F NWR (375 MHz, o}ME-d6, 23°C) We] AEz @ 3UERZZo 2 (-112.0 ppn) o] AL Wil
gromM 63% Aoz 1Tt

Ag.07t S1E WA W

/\CI

[NJZ BFe 2 00 ciaf

Ph Ph

1.10 &2 Ba0
2 OLMIE, 90T, 2 h

3

OFAIE (0.40 me)ell A 4-(v]Hd) Ego| &4
32 2 -EFR2EdE-4-ZF Q9 E-1,4-t)o}
mg, 0.0200 mmol, 2.00 F&)o] H7tE vt 3!
3, o]F 23TE YA, whE EFEY FHUERE

2 (2) (6.32 mg, 0.0200 mmol, 1.00 Z&)o] 23ToA, v-F A

2158 HA(HEZHEFL254) (D) (14.2
& ug nlolek Yo A 90TCAA 2417 FoF nnly
c=wAl (2.00 x0, 0.0188 mmol)o] H7IE AT, &

A
=
x=

[
[

=
=
>
rmm
g

Do

Do
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A~Z2 o zndld (-118.1 ppm) e F NIR (375 MHz, o}HIE-d6, 23C) BHe] AE7 2 - EzZ2o=
A (-112.0 ppm) 9] AS vjugo 2 AAHAJTH, &2 F 100 RaEr),

= o

¥ 10
Ag,07F Sl B Hk%-
Ba0 T& [%]
(°F NMR)
s 0
1.1 I 0

ARk A A (FEA S§EY 4)

NZ Cl

[K@z BFe 2 OO cretr

_~_-Si(OEt);  _F
Ia-f;\ I I?'T;\ |
2.00 & Ag:0, 1.10 & Bal

OtMIE, 90T, 2 h

OFAE (2.0 molA oFFAZ (0.100 mmol, 1.00 BE)ol 23ColA, & A3}tE (46.4 mg, 0.200 mmol, 2.00

&), vE AHEE (15.6 mg, 0.100 mmol, 1.00 B&) F 1-FZ2UH-4-ZTFQ2-1 4-TJo}ZLoH|AEZ
[2.2.2]5E B A(HEGZFo2829) (1) (70.8 mg, 0.200 mmol, 2.00 HeF)o] H7lw . wks &3& o
B wlo]d YolA] 90TolA 2A17F &9 wRkE L, o] % 23T 2 YZ4HTh, ¥hg E3¢Ed F-HEZZFL

=2dA (10.0 g, 0.0939 mmol 1 A7E Q. Sl ojdZ 2o s Ee] F NMR (375 Miz, ohE-d6, 23°C)
T AP 4 -UERZEFoEdAl (-112.0 ppm) Y] AE Hl stozy AAFAJY. &2 F 110 »ad
=
¥ 11

CREEEES R ER

R F shatx ol & [
(F NMR)

4-Br (37) -117.1 ppm 85

H (38) -115.3 ppm 90

2.4,6-E8]4d (39) -129.7 ppm 73

3-(1,3-t%&eh) (40) -115.1 ppm 74

4-Me (41) -120.5 ppm 79

4-OMe (42) -126.8 ppm 76

ARk HAF B (M]-F2A 33tEe] F9)

NZ Cl

®
Si(OEt), [NJZ BFY 2.00 ge F

R [
= D00 9 AgO, 1.10 &% Ba0 T= SEE X

OtHdIE, 90T, 2 h

OFME (2.0 m)ollA ofF A (0.100 mmol, 1.00 FF)ell 23TColA, & AstE (46.4 mg, 0.200 mmol, 2.00
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of

), ¥HE AFsE (17.2 mg, 0.110 mmol, 1.10 B%) H 2,6-FEW (12.8 x4, 0.110 mmol, 1.10 F3) 2
2EWEA-ZFQ 2] 4-TolZYoMAIEFZ [2.2.2]SF Hl*(EﬂEE}z%&E%APOﬂ) (1) (70.8 mg,
.200 mmol, 2.00 F&)o] H7IHAT. wE EFES

IS B8-S 23CE Wa4Ea 4 stel HF5HU
CHCL 2 &3l Celited] FW=E F3le] o2= A
A Aol A ARutETHT EE v TLCY 93] A A

U ot

T O©
2o

oo

o oIl e 7t dlo] wEH I, 1En FFES At

m
g

UREAQ dA C (BEl=8d s3HEe] A9)

&)

N2 Cl
- [NJ !
_~_Si(OEt)3 2BF; 2.00 98 ~F
R—\| Rt |
3.00 %%t Ag:0, 1.10 &8 Bad X

OtHIE, 90T, 2 h

69.6 mg, 0.300 mmol, 3.00

ﬁ
E

olAE (2.0 mi)olA ofFAe (0.100 mmol, 1.00 F=F)o 23TolA, & A3}E (6

3=, vbE AFsE (17.2 mg, 0.110 mmol, 1.10 B%) % 1-E2ZWE-4-FF L 2-1 4-tjolxolH] A
[2.2.2]158 HIA(HEGEZF 2844 (1) (70.8 mg, 0.200 mmol, 2.00 @)o] HI7FEUL. ws EFEL
a3 ol UlelA 90TolA 2A17F &<t wRFEATE, Wk EFEL 23TE ¥2H L, Celited] Ao &
Ha, aga 72 sl FEHEAT. FFEe CHCl, (20 me) 2 NalHCO; (20 me)<] ¢§}E1 £ golo] Hrlw

Ak, F71 &L FE AL, NaS0,ell A Ay, ofahsar, T2l et stell sHEAT. AFe-e ¢yl TLCel
A A= AT

3z
=

4-(HFD) EASA A& 5-mmol-TTE SF=235}

CJa/\CI

1
[NJz BED 2.00 22

QSKOE% S— J@FF
Ph 2.00 && Ag0, 1.10 E& Bal Ph

OHMIE, 90T, 2 h
83%

36

OlAIE (100 me)ol A 4-(WHd)EFo S a e (1.58 g, 5.00 mmol, 1.00 F&F)ol] 23TelA,
g, 10.0 mmol, 2.00 BF), BFF A3E (0.780 g, 5.00 mmol, 1.10 F&F) B 1-F22HE-4-ZF9 =] 4-r]
O}ZQO}HWE [2.2.2]-2% HA(EZZSF252) (1) (3.54 g, 10.0 mmol, 2.00 FF)o] H7I= At
s MHe2 350 mt da¥ vio]d uiellA] 90TCellA 2A1%E &<t wukE ATt g E3HES 23CE Y2hH o,

& Bt FFHAT. AFE CHCL7F H7FE L, a28a AE EFES CHLlLE &8sk Celite
Eote] ABEHJT. AFANL S St wFHHA, 2Fa IFES GAAoR &Hsie Ayt A A
A ARetEaTe] o5 FAE 714 mge] A FFEo] WA 1A (83% FE)EA AT EUTT.

AskE (2,32

[e)
s
-=

=

i)

N
M oo F
K ot
U?i

I:

ﬂlﬂl

2
éé

A A o] 79. F-TEDA-BF,Z o}F e Z2o =3

4-Z2 0 =2v9Y (36)

o
Ph
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8 14.3 mg (83%). Ry = 0.60 (AXH/EtOAc 19:1 (v/v)). NMR #3H: ' NMR (500 MHz, CDCls, 23T, §):
7.60-7.54 (m, 4H), 7.47 (dd, J = 7.5 Hz, 7.0 Hz, 2H), 7.36 (t, J = 7.5 Hz, 1H), 7.14 (dd, J = 8.0 Hz,
7.5 Hz, 2H). 13C NMR (125 MHz, CDCls, 23T, &): 162.44 (d, J = 244 Hz), 140.25, 137.30, 128.80, 128.75

(d, J=8.51Hz), 127.24, 127.00, 115.59 (d, J = 21 Hz). 'F NMR (375 MHz, CDCl;, 23C, §): -117.2. ©]

i
e
x‘_i‘
4
x

JolEl = oA Rag dolgel A&},
1-Z2eo =zl (43)
F

& 10.9 mg (75%). Ry = 0.40 (A2H/EtOAc 3:1 (v/v)). NMR +239H: I NMR (500 MHz, CDCls, 23T, §):

8.13-8.11 (m, 1H), 7.88-7.86 (m, M), 7.63 (d, J = 8.5 Hz, 1), 7.56-7.53 (m, 1), 7.43-7.38 (m, 1I),
7.17-7.13 (m, 1H). C NWR (125 MHz, CDCls, 23°C, 8): 158.78 (d, J = 250 Hz), 134.87 (d, J = 4.5 Hz),
127.50 (d, J = 3.6 Hz), 126.80, 126.15 (d, J = 1.9 Hz), 125.58 (d, J = 9.1 Hz), 123.76, 123.62 (d, J =
3.6 Hz), 120.53 (d, J = 5.5 Hz), 109.39 (d, J = 20 Hz). 'F NMR (375 MHz, CDCls, 23, §):-125.6. o]=

BguA folgE oA By do]ge] Ag3sir),

4-ZZo=dd WEAY (44)

& 16.9 mg (78%). Ry = 0.20 (A2H/EtOAc 3:1 (v/v)). NMR +239H: I NMR (500 MHz, CDCls, 23C, §):

8.21-8.18 (m, 2H), 7.66-7.63 (m, 1H), 7.54-7.51 (m, 2H), 7.20-7.17 (m, 2H), 7.13-7.09 (m, 2H). C NMR
(125 MHz, CDCls, 23T, 6): 165.19, 160.30 (d, J = 242 Hz), 146.75 (d, J = 2.8 Hz), 133.71, 130.17,

129.29, 128.61, 123.10 (d, J = 9.0 Hz), 116.14 (d, J = 24 Hz). F NMR (375 MHz, CDCls, 23T, &):-

119.2. o5 ¥ 3EA dolg= UA Ry do]Ed ASac),

& 17.0 mg (85%). Ry = 0.50 (AAF/EtOAc 3:1 (v/v)). NMR +239: I NMR (500 MHz, CDCl;, 23C, §):

7.86-7.84 (m, 2H), 7.78-7.76 (m, 2H), 7.61-7.58 (m, 1H), 7.51-7.48 (m, 2H), 7.18-7.15 (m, 2H). C NMR
(125 MHz, CDCl;, 23C, &): 195.27, 165.39 (d, J = 252 Hz), 137.51, 133.79, 132.66 (d, J = 9.1 Hz),

132.45, 129.87, 128.35, 115.45 (d, J = 22 Hz). F NMR (375 MHz, CDCls, 23C, §):-108.7. o5 &34
[o1B]= oA ®Hargl dHolHol e

_84_



[0659]

[0660]

[0661]

[0662]

[0663]

[0664]

[0665]

[0666]

[0667]

[0668]

[0669]

[0670]

ZIHSd 10-2011-0095898

S8 8.8 mg (60%). Ry = 0.47 (EtOAc). NWR 3: H MR (500 Miz, CDCly, 23°C, 6): 8.91 (dd, J =
4.5 Hz, 1.5 Hz, 1H), 8.18 (d, J = 8.0 Hz, 1H), 8.15 (dd, J = 9.0 Hz, J = 5.5 Hz, 1H), 7.53 (ddd, J =
9.0 Hz, 8.5 Hz, 2.0 llz, 1), 7.50-7.45 (m, 21). C NMR (125 MHz, CDCls, 23°C, &): 160.43 (d, J = 247
Hz), 149.56, 145.11, 135.70 (d, J = 5.3 Hz), 131.80 (d, J = 9.1 Hz), 128.86, 121.79, 119.94 (d, J = 26
Hz), 110.74 (d, J = 21 Hz). 'F NMR (375 Milz, CDCls, 23°C, §):-113.0. o5 H4%4 golgE oA 1

| dlolEol 57t

8 14.3 mg (85%). Ry = 0.30 (AH/EtOAc 3:1 (v/v)). NWR 23%: 'H NR (500 Miz, CDCly, 23T, §):
8.06 (dd, J = 9.0 Hz, J=5.5Hz, 2H), 7.10 (dd, J = 9.0 Hz, J = 8.5 Hz, 2H), 4.37 (q, J = 7.0 Hz,
OH), 1.39 (t, J = 9.0 Hz, 30). C NMR (125 MHz, CDCly, 23, &): 165.68 (d, J = 252 Hz), 165.65,

132.04 (d, J = 10 Hz), 126.72, 115.42 (d, J = 22 Hz). 61.07, 14.30. F NMR (375 MHz, CDCls, 23C,
§):-108.4. o5 #3374 dolHE A By do|gd gt}

4-SFQ B EFH = (48)

O

Me

Z8: 11.3 mg (82%). Ry = 0.30 (AH/EtOAc 3:1 (v/v)). NIR 239: 'H NR (500 Mz, CDCly, 23C. 6):
7.99-7.96 (m, 2H), 7.14-7.11 (m, 2H), 2.58 (s, 3H). C NMR (125 MHz, CDCly, 23°C. &): 196.68, 165.99

(d, J =253 Hz), 133.84, 131.16 (d, J = 9.1 Hz), 115.88 (d, J = 22 Hz), 26.75. “F NIR (375 MHz, CDCls,
23C, §):-108.4. o]& ¥4 dlolE+= oA By do|g o] &gt

4-ZFR 2 EH = (49)

o8
HN

(8]

& 10.7 mg (70%). Ry = 0.30 (AAF/EtOAc 3:1 (v/v)). NMR #33H: HONMR (500 MHz, CDCls, 23T, &):
7.99-7.96 (m, 2H), 7.14-7.11 (m, 2H), 2.58 (s, 3H). C NMR (125 MHz, CDCly, 23°C. &): 168.43, 159.35

(d, J = 242 Hz), 133.83, 121.81 (d, J = 7.3 Hz), 115.56 (d, J = 23 Hz), 24.32. "F NMR (375 MHz, CDCls,
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23C, §):-121.4. ol F3&A deolHE A BHad dolgd gttt
A4 80. Ag,02] A
@
NZTC
[sz BFS 2.00 §®
Si(OEf), F - F i+ 2 ans=
/@’ 1.10 2 Ba0 /©/ —
Ph OtMIE, 90T, 2 h Ph
2.00 98 Ag0 36
80% 1 1) HNOs ‘
2) NaOH

(232 mg, 1.00 mmol, 2.00 F=F), vbF 2ks}E (86.0 mg, 0.550 mmol, 1.10 F&) % 1-F22WE-4-ZFQ

-1, 4-tjofzYoH A =

7 Ak wkg EdE
]_

I, a28a 1

OlME (10.0 m)olA 4-(HH)EZANEA A (158 mg, 0.500 mmol, 1.00 F&F)ol 23TolA, & AtsE
=
)

2[2.2.2]-S% HA(HEHGZSFL2549) (1) (354 mg, 0.200 mmol, 2.00 F&F)o]

S ABE vpoled WolA 90TolA 2417+ ot wukE e}, wHE EFHELS 23TCE Y7ty
ob aloll HFHHEAJT. FHFELS CHLCl, (3 x 20 m) 2 AFHE L, 22ar AAE 1A= 50 ml HNO;
(10%, H001A4 v/v)ol &=k, 23TolA 30 & wwk$, wbg EFEL o=t oo NaOH
(10%, H001A v/v, 50 ml)7} 7=t AAdE dgANe ofuyy, T2y 3134 FFES E (3 x 20 )=
AlF =0} 188 mg Ag,0 (81%)7} 24 B2 A A3 H At

OlAIE (2.0 m)olA 4-(HFDEHANEALT (31.6 g, 0.100 mmol, 1.00 Z&)el 23TA, AAE & A3}
= (46 4 mg, 0.200 mmol, 2.00 @), ®vlF AFEE (17.2 mg, 0.110 mmol, 1.10 ¥) L 1-F2=2vE-4-=
FRE-1,4-otzYomAIZF2[2.2.2]-5% B A(HEHZFLE2F4A) (1) (70.8 mg, 0.200 mmol, 2.00 F
Zol H7rE AT vk EES EEE vtold el A 90TelA 2A17F SF wukEaL, o] % 23T E W¥ZAE )

Z] (

T1 = O
kS Z3Eo) 3-yERZZF =W

e

A (2.00 w0, 0.0188 mmol)e] A7IHATH, F&L 4-ZTF 0 2n|Hd
=

118.1 ppm) e F NWR (375 MHz, obM|E-d6, 23°C) FHe] ARz @ 3~ ERIZ0
S vlugto 2 80%¢l Ao R Felw ),

WAl (-112.0 ppm) e A

A 81. olEAvhdTte] Ag-FvllE EFQ 23] vkgdX F7]9 a3

@/\CI 2

[N\72 F’F 1 5 et

/©/S”BU3 = = S @/F

2.0 et 27|

S1 OLHIE, 90°C, 2 h 4
obAIE (0.4 ml)ollA 4-(r]H D) EgFE et (S1) (8.9 mg, 0.020 mmol, 1.0 F&)o] 23TCoA, & 2H3}&E
(0.46 mg, 0.002 mmol, 0.10 B%), 1-F22HE-4-ZF 9 2-1 4-T]o}ZYoMAFZ([2.2.2] & B A (A=
Fo2902kd) (2) (14.1 mg, 0.0300 mmol, 1.50 F&) L 7] (0.040 mmol, 2.0 FF)7} H7IE A, Wk
E3E2 ded vlold WolA 90TAA 2A17F B9 wRkE L, o] % 23TE WZtE ). wbg E£3EC 3-UE

rlo

ZZFo=MA (2.00 «, 0.0188 mmol)o] H7}= A}, "%
Hz, oFA|E-d6, 23C) 3% A € -UERZF e =2H
FES T 120 RauF),

4-Z2ozusd (-118.1 ppme F NMR (375
(-112.0 ppm)-% AL vudo gy AAEYL.

r__):t_"

S|
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ohArgdate] Ag-Frie EF 23 wgolA 971 fs)

7] & [%] 7] & [%]

C’F NIR) C'F NIR)
e 38 Ba(OH), 48
NallCO; 85 NayCOs 5
KHCO, 17 K4CO; 0
NaOH 0 Cs2C0;3 0
KOH 21 KsP0, 0

oo

Ag:07F §l= vi7d b

(‘@/\CI 2

[NJZ PF 1 5 ek

/©/ SnBug BRETN <= S /©/ F
Ph OMIE, 90T, 2 h Ph

S$1 4

obAIE (0.4 me)olA 4-(MAID)EFF-E ekt (S1) (8.9 mg, 0.020 mmol, 1.0 F&)ol 23TolA, 1-F22
Y-4-Z 20 @] 4-T]o}Z LU olRA| FE[2.2. 2]%15} H 2 (FIAZ 20 220akdd) (2) (14.1 mg, 0.0300 mmol,
1.50 F&)ol H7FEAY. RS E3}ES UEE vhold ulolA 90T A 2AI1F T wukE 3, o]F 23CE
ZE ek, ke E3HEo] FUERZZo=MA (2.00 x0, 0.0188 mmol)o] HZIHYT. FES 4-ZF o 24
d (-118.1 ppm)¢] 'F NWR (375 MHz, ohAlE-d6, 23C) 9o A%zt 2 3-UEZZTFo =4l (-112.0 ppn)
o] AL wugrozH AT, F&S & 130 Higr,

* 13
Ag07F §l&E Wil Wb
NaHCO:; ‘}l:'% [%]
19
(F NMR)
N 1
2.0 G 4
A Ae] 82. NaHC0,¢] &3
@
NZCl 2

SnBu : : o F
Ph 5 mol% Ag.0 Ph

NaHCQ,
1 OLMIE, 90%C, 2 h

o= (0.4 mi)olA 4-(Rl¥ ) Eg]Fdwd (S1) (8.9 mg, 0.020 mmol, 1.0 B&H)el 23T, & AtskE
(0.23 mg, 0.0010 mmol, 0.050 FF), 1-F22W|D-4-ZFQ 21 4-t]o}xU oA Z2[2.2.2] %8 H] A (A}
ZFQ2214¢d) (2) (14.1 mg, 0.0300 mmol, 1.50 FF) L YEF FTeatgio]l A7 HAT. whs 2
T kel el A 90Tl A 2A413E Fob wNks L, o]F 23T W¥AHAT. kg %ﬂ o -HEREFE=

A (2.00 x0, 0.0188 mmol)o] AZFHATh. e 4-Z20 2uwd (-118.1 ppm)] F NIR (375 Miz, oAl

l

=,
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[0687]

[0688]

[0689]
[0690]

T
v
lu

©-d6, 23C) &8 Ae 2

¥ 140 RiET,

2Zz2ozdA (-112.0 ppm) e RS

ZIHSd 10-2011-0095898

H] gk o 2

¥ 14
NaHC0;¢] & 3}
NaHCO; =& [%]
19
(F NMR)
0.5 9= 59
1.0 & 70
0 J=F 85
(Merck=3-¥])
2.0 I 86
(Mallinckrodt 25-€)
2.0 I 86
(oA ESZ AHHE )
5.0 J&F 85
¥ 15
OhE SAFRZAE NaHC0;9) &8
A E+E 42 Y Merck Mallinckrodt
25 (NaHC03) 99.7-100. 3% 100.0%
=8 =4 0.015% <0.003%
A3 E 0.003% <0.003%
Q4 0.001% <0.001%
3 3gHE (71, S0 0.003% <0.003%
a4 (14, Pb) 5 ppm <0.0005%
Ry 5 ppm <0.0005%
e 0.02% <0.02%
A 0.001% <0.001%
g 0.005% <0.005%

23} gk H7HE a3

\cl

2
[NJ 2PFy 1.5 S&

AAo 83. olF2eh Ao Ag-FujE FFQ
5 mol% Ag0

/©/Sn8u3
Ph
2.0 €& NaHCO3,

S1 OMIE, 90T, 2 h

OFAE (0.4 m)olA 4-(vHd)Eg e e
(0.23 mg, 0.001 mmol, 0.050 F=),
_%‘Q‘EOV\}@) (2) (14.1 mg, 0.0300 mmol,
=)

= Qe we 1?&5011 sUERZsos
(-
A&

oﬂ ﬂlllii

H)Fd (-118.1 ppm)e F NWR (375 Mz,
ppm) ] Hagto 2 AAHAJY. &

1-2=2=2vg-4- %—

L A7 A, B EREe

o} A -

w (S1) (8.9 mg,

1.50 9=),
5% ufo
Al

H* 16

_88_

4

0.020 mmol,

YEF T

ZEpALS

SR N = |

Ph

EOHAl

19 el A 65Cell A 5A1%F &< aRte] o, o] &
HAL (2.00 p€, 0.0188 mmol)o] H7FHATH. F&E 4-FFC

d6, 23C) el ARk ¥ 3-UERETEO (-
& 3F 160 Hargn

1.0 @30l 23TollA, & A3tE
921 d-tjoba o Al 2 [2.2.2] S E 1] (A
(3.36 mg, 0.0400 mmol,

-

2.0
3%

(e}

[N}
e

=Rl

LS

112.

(e}
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A7 & [%] A7+E & [%]
(1 =) F NIR) (°F NIR)
e 76 3A MS 15
FEY 44 NaOTf (0.5 9&) 81
LiCl 0 NaOTf (1.0 =) 89
Ba0 78 NaOTf (2.0 @) 86

AAld 84, Ag-FvjE STFe =35} wtgox ZFnj H3te] g3}

@/\CI 2

[NJZ PF 1.5 Crak

SnBuj 15gg /©/F
ph/©/ 2.0 ©2F NaHCOs, 1.0 & NaOTf Ph

OtAi=

olME (0.4 ml)oA 4-(MHd)EgFE gt (S1) (8.9 mg, 0.020 mmol, 1.0 B=)oll 23TolA], & A,
FREWE-4-FF Q21 4-tolxUoA F2[2.2.2] 8 HA(IAEFE4H) (2) (14.1 mg, 0.0300
mmol, 1.50 @) ¥ UYEF Fedd (3.4 mg, 0.040 mmol, 2.0 BF)o] HIEUT. ¥vhs e o
upolok oAl wwkE Gl o] 23CE WZEATH. whE %ﬂ%oﬂ FUEZEZF o =ulAl
mol)o] A7E QT F&e 4-Z2oznwHy (-118.1 ppm)e F MR (375 Mz, o}AE-d6, 23T)
a2 FUERZFo 2wl (-112.0 ppm) o] AS Hlugo 2 AAHJY. FES E 174 RIFT}.

¥ 17
Ag-ZrEl ZF o =38 whSolA Zuf H3le] m}
Ag (mol%) 25 AzE (h) & [%]
(°F NIR)
Ag:0 (5 mol%) 65 5 85
Ag:0 (2 mol%) 65 12 80
Ag:0 (1 mol%) 65 12 70
Ag:0 (1 mol%) 90 12 85

AAd 85. Ag0] EAAA otEAgrte EFQ 235

AurA Q) At A (A B A4S

N
5 mol% Ag0, 1.5 && \7
SnBuy 2PF
40 = —— R
R_‘ R_
X 2.0 =H2F NaHCOs, 1.0 &2F NaOTf AN
OtHIE, 65T, 5h

6 mg, 0.00500 mmol,
B ZEALS (17.2 mg,
B A (FAZFE 0 =209

olAIE (2.0 ml)olA olFAEhd (0.100 mmol, 1.00 Z&)el 23TolA, & AH3E (1.
0.05 ¥%), YEF ek (16.8 mg, 0.200 mmol, 2.00 B%), YEF EE]%—EFFL
0.100 mmol, 1.00 B&) 2 1-Z2awgd-4-ZTFQ=-] 4-T]o}xYo}H 2.2
Aked) (1) (70.5 mg, 0.150 mmol, 1.50 )0l U7}E1°*E} sy i’%%% Uz "ol oA 65TelA 5
A7 Fel e o]F 23CE YZAHYY. WS B -UERZZZo 2wl (10.0 w0, 0.0939 mmol)e]

E
Hﬂ
rﬂéH
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A7, Fee ofAZT= o =slmel F NIR (375 Mz, obHE-d6, 23C) ¥HWe AR 2 -UERZ=o
o Z2M AAEUT. &2 E 189 HiHErT),

¥ 18
3] ol Z R 23lE o A
A O
R F B84 0% &
('F NMR)
4-CN (50) -105.0 ppm 86
4-Br (51) -117.1 ppm 72
2.4,6-Eg|WE  (52) -129.7 ppm 76
4-0Me  (53) -126.8 ppm 73
4-ZF0 217 (2)
)
/\Cl

5 ﬂo,,',%,ﬂggpz 1.5 &&

— { \72 PF

@,SHBU3 B /©/F
Crat Cref
Ph 2.0 NaHCOs, 1.0 TEF NaOTf ~ Ph

OIMIE, 85T, 5h .
85%

OMAIE (2.0 m)olA (4-PFD)EFREAERT (44.4 mg, 0.100 mmol, 1.00 W)el 23TeA], & AstE
(1.16 mg, 0.00500 mmol, 0.05 F&), YEF FT&A (16.8 mg, 0.200 mmol, 2.00 F=), YEF EIZFQ
2o EARE (17.2 mg, 0.100 mmol, 1.00 BF) % 1-F2Z2HEA4-ZFFL2-1 4-Tolx oA &R
[2.2.2] %8 H]A(FAEZF 2 =24H¢]) (2) (70.5 mg, 0.150 mmol, 1.50 Z&)o] H7rHATE. w-$ %?&L%
A5 ol WlellA 65CellA SAIZE &k wytE L, o]% 23T E Y¥ZH L FdA s5HAT. TF
2H/EtOAC 19:1 (v/v)S o] &3k ofH] TLCo| <3 XWEM 14.6 mg®] ¥A 3FEo ‘ﬂ*ﬂ A (
A= AT

Jl (85% Tg)iﬁ

Rf = 0.60 (FA4H/EtOAc 19:1 (v/v)). NMR +&33H: I NMR (500 MHz, CDCls, 23C, &§): 7.60-7.54 (m, 4H),

7.47 (dd, J=7.5Hz, 7.0 Hz, 2H), 7.36 (t, J = 7.5 Hz, 1H), 7.14 (dd, J = 8.0 Hz, 7.5 Hz, 2H). C NMR
(125 MHz. CDCls, 23C. 6): 162.44 (d. J = 244 Hz). 140.25. 137.30. 128.80. 128.75 (d. J = 8.5 Hz),

127.24, 127.00, 115.59 (d, J = 21 Hz). "F NMR (375 MHz, CDCls, 23, §): -117.2. o]= B2 dlo]g

= A Bag ol Adsdtt

K3
)
o
fu{i
Ht
to
il
=2
BN
>
R
=

/\CI

5 .mol% Ag0, 1.5 2 [NJ2PF

/@SﬂBUg ’ F
et 1.0 S NaOTf /©/
EO,C 2.0 NaHC0s, EO,C

OH\'NE 65°C 5h
_—————- —_— 47

olAlE (2.0 ml)ollA oE 4-(EFFE22ehh)wlZA (44.0 mg, 0.100 mmol, 1.00 =)ol 23CeA, & 4t
& (1.16 mg, 0.00500 mmol, 0.05 W), JEF Fe2kad (16.8 mg, 0.200 mmol, 2.00 ), YEF EF
ZFo 2 e EAY (17.2 mg, 0.100 mmol, 1.00 ¥%) % 1-F22WE-4-ZF 2 2-1 4-t]o}ZX oA E =2

_90_



[0708]

[0709]

[0710]
[0711]

[0712]

[0713]

[0714]
[0715]

ZIHSd 10-2011-0095898

—

ofi
S
et

N

N
.
32

)

rE

N, oo

d

2.2.2]58 HA(IAEZTF o 20049) (2) (70.5 mg, 0.150 mmol, 1.50
N5-5 wlold Woll A 65Tl 5A17F BoF mwty|ar, o3 23C= W¥Zhea il
AH/EtOAc 3:1 (v/v)S o] &3k o] TLCo| <3l A= 15.1 mge] A sHgFEo] WA 1A (90% T&)=2A Al
TEH A}

Rf = 0.30 (FA4H/EtOAc 3:1 (v/v)). NMR +&33H: I NMR (500 MHz, CDCls, 23C, &§): 8.06 (dd, J = 9.0 Hz,

5.5 Hz, 2H), 7.10 (dd, J = 9.0 Hz, 8.5 Hz, 2H), 4.37 (q, J = 7.0 Hz, 2H), 1.39 (t, J = 9.0 Hz, 30). C
MR (125 MHz, CDCls, 23°C. 6): 165.68 (d. J = 252 Hz). 165.65, 132.04 (d, J = 10 Hz), 126.72, 115.42

(d, J =22 Hz), 61.07, 14.30. "F NMR (375 MHz, CDCls, 23, §):-108.4. o]= REA o]z ok 1

agl HolEel &3t

U A-3-ZFQ B AEE (15)

‘ N@‘)/\Cl
5 moi% AwD, 1.5 58 NS/, o0
AN g
2.0 S NaHCOs, 1.0 THEF NaOTf
OIMIE, 65T, Bn o

BLI3SI'I

81%

OLAE (2.0 m)A 3-TISA-3-(Eg]FE A8 d)o| ~EE (54.4 mg, 0.100 mmol, 1.00 WeF)ell 23CelA],
2bshE (1.16 mg, 0.00500 mmol, 0.05 B%), YEF FTEAIY (16.8 mg, 0.200 mmol, 2.00 F%F), YEH

ZFo=medEZA (17.2 mg, 0.100 mmol, 1.00 B&) 2L 1-FR2E2WE-4-ZFQ 2-1 4-tolxL]oln] A &
2[2.2.2]%8 v A(FAZF 2 =24H) (2) (70.5 mg, 0.150 mmol, 1.50 @3)o] A rHAc). w3 E3H&
A5 vpold Yol A 65TelA 5AIZE FF wytE i, o]% 23T & WZEIL ZAFoA FF5HAT. AR
AH/EtOAc 9:1 (v/v)& o] &3 on] TLCol &l AA=o] 22.0 mge] ZA| stg&Eo] WA 1A (81% F&)=EA
SE ATt

2 1% o oy (M rlo

Ry = 0.33 (12H/EtOAc 9:1 (v/v)). MR 53%: 'H NMR (500 MHz, CDCls, 23°C. 6): 7.23 (dd, J = 8.0 Hz,
6.0 Hz, 1H), 6.85-6.77 (m, 2H), 2.92-2.88 (m, 2H), 2.51 (dd, J = 19.0 Hz, 9.0 Hz, 1H), 2.42-2.38 (m,
M), 2.29-2.23 (n, 1H), 2.18-1.94 (m, 4H), 1.67-1.41 (m, 6H,), 0.91 (s, 3H). C NMR (125 MHz, CDCl,,

23C, 6): 220.69, 160.99 (d, J = 242 Hz), 138.65 (d, J = 7.3 Hz), 135.31, 126.76 (d, J = 7.3 Hz),
115.10 (d, J = 20 Hz), 112.48 (d, J = 20 Hz), 50.38, 47.92, 43.98, 38.10, 35.82, 31.52, 29.45, 26.30,

95.88, 21.56, 13.81. F NMR (375 MHz. CDCls, 23°C. §):-118.5. o]= BEA dgolg= oA wugd do|

N-Boc-4-(ZF e 2)-L-sd el g o ~H= (50)

@/\CI

N
5mol% Agd, 1.5 g2 /N®/. o
2 LN

' COMe — 2FFg /@/\r002Me
Bu33nm5°° 2.0 92 NaHC0s, 1.0 2 NaOTf F NHEBoc

OtME, 85C. 50
85%

olME (2.0 ml)ollA N-Boc-4-(EzZ|FExebd)-L-dld<deld wE ogx="H=2 (56.9 mg, 0.100 mmol, 1.00
o] 23CoA, & AEE (1.16 mg, 0.00500 mmol, 0.05 @), YEF Fei4d (16.8 mg, 0.200 mmol,
2.00 3%, YEH EfZZRoavaddEAY (17.2 mg, 0.100 mmol, 1.00 @) 2 1-FE2vd-4-ZF 0=
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-1,4-tolz Yo A Z2[2.2.2] &8 M A (FAEF2LE4Y) (2) (70.5 mg, 0.150 mmol, 1.50 F&)o] H7}
HAgh, ¥vbg EtES WEE vlold oA 65T A BAIF FoF wHkE 3, o] % 23T =2 ”o*ﬂﬂ 2 g0l A
FEHAY. AFELS dX/EtOAc 5:1 (v/v)S o]&3F onH] TLCo| <8l XﬂEloi 25.2 mg® A 3}gtE-o] wAY
A (85% F&)ZA AT EHATE.

Ry = 0.30 (12H/EtOAc 5:1 (v/v)). MR 53%: 'H NMR (500 MHz, CDCls, 23°C. 6): 7.08 (dd, J = 8.5 Hz,
5.5 Hz, 2H), 6.98-6.96 (m, 2H), 4.98 (d, J = 7.5 Hz, 1H), 4.57-4.54 (n, 1H), 3.70 (s, 3H), 3.09 (dd, J
= 14.0 Hz, 5.5 Hz, 1H), 3.00 (dd, J = 14.0 Hz, 5.5 Hz, 1H), 1.41 (s, 9H). C NMR (125 MHz, CDCls,
93C. §): 172.16, 161.97 (d, J = 243 Hz), 154.99, 131.75. 130.75 (d. J = 8.1 Hz), 115.35 (d, J = 21
Hz), 80.00, 54.40, 52.23, 37.61, 28.25. F NMR (375 MHz. CDCly, 23C, §):-118.5. o]Z %33 d¢o]E
= U4 BaE dolgo A3t

4 —(ZFe=)Zetuhe= (51)

5 mol% AgD, 1.5 oHe

SnBu; S ~—»[N\72p[: O F
0

2.0 SY2F NaH00s, 1.0 =B NaOTf O
OLKIZ, 65T, 5h -
o 90% o

OMME (2.0 mO)olA 4 —(Eg|EZFo2verdyd)Z vl (51.4 mg, 0.100 mmol, 1.00 F&F)el 23TelA,
S ABIE (1.16 mg, 0.00500 mmol, 0.05 @), YEF =2 (16.8 mg, 0.200 mmol, 2.00 ¥), YEH
EYZFo2vebdZAY (17.2 mg, 0.100 mmol, 1.00 ©¥&) 2D 1-F22W|gd-4-ZF 9 2-] 4-t]o}x1]o}H]A]
F2[2.2.2]F% HA(FALEF 2 202044) (2) (70.5 mg, 0.150 mmol, 1.50 @&)o] H7IEA. We E3&
< HEd wlold yo A 65THA bAIZE St wHkE AL, o] % 23T R YZ4H 1 IFdA #F5HAT. dFE
AH/EtOAC 5:1 (v/v)& o] &3k ofn] TLCAl 93l A= o] 21.8 mge] EA shtEo] WA 3] (90% &)= A
A& = At

Ry = 0.50 (12F/EtOAc 5:1 (v/v)). MR 5-3%: 'H NMR (500 MHz, CDCls, 23°C. 6): 7.93 (dd, J = 8.0 Hz,
1.5 Hz, 1), 7.53-7.46 (m, 3H), 7.14-7.04 (m, 4H), 5.87 (dd, J = 13.0 Hz, 2.5Hz, 1H), 3.06 (dd, J =
16.5 Hz, 2.5Hz, 1), 2.88 (dd, J = 16.5 Hz, 3.5Hz, 1H). C NMR (125 MHz, CDCls, 23C. &): 191.68,
162.79 (d, J = 247 Hz), 161.37, 136.25, 134.57 (d, J = 3.6 Hz) 128.01 (d, J = 9.1 Hz), 127.06, 121.74,
120.87, 118.06, 115.78 (d, J = 22 Hz), 78.90, 44.64. "F NMR (375 MHz, CDCls, 23C. &):-115.5. o]= &

FEA dolE e A Ry dolEe Aggt.

4~(EFe 22 Al (52)

@
NZCl ) o
Q 5 mol% Ag0, 1.5 BB [N@ZPFG
mol% Ag0, 1.5 E& /) S
N F 2 N
HN.__* HN__*
Bu;Sn z 2.0 &2 NaHCOs, 1:0 S NaOTf F i
oH OHMIE, 65T, 5h )
78%
OFAE (1.4 m)olA 4-(EgRE~ed)ntZF 24 (37.3 mg, 0.0698 mmol, 1.00 @&F)ol 23T, & A3}
(0.81 mg, 0.0035 mmol, 0.050 B=), YEF T &4 (11.8 mg, 0.140 mmol, 2.00 BH), YEH EZF2
2oghdE4d (119 mg, 0.0698 mmol, 1.00 %) B 1-ZE2RWH-4-FF 21 4-tJolx Yol A2
[2.2.2] %€ H|A(AXZF 2 2204H9]) (2) (49.3 mg, 0.105 mmol, 1.50 BF&)o] H7t¥Act. whe E3hEo
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UB-H ufo]d Ul A 65TA 5AIZF BQF wwkE A, o]% 23TE Wy AFoA sFHHJUY. ARES
DCM/MeOH 10:1 (v/v)& o] &3k ofju] TLCo| oJ3l A= 14.3 mge] #A 3sitEo] T4 2 (78% &)= A
AT A

Ry = 0.30 (DCM/MeOH 10:1 (v/v)). NWR 23: H MR (500 MHz, CDCly, 23, &): 7.18 (dd, J = 8.0 Hz,
5.5 Hz, 1H), 7.01 (t, J = 9.0 Hz, 2H), 6.18 (m, 1H), 4.21-4.18 (m, 1H), 3.67-3.61 (m, 1H), 3.42-3.37

(m, 1), 3.14-3.02 (m, 3H), 2.25-2.20 (m, 1H), 1.98-1.92 (m, 1H), 1.86-1.69 (m, 2H). C NMR (125 Mz,
CDCly, 23°C. §): 168.93. 164.55. 162.31 (d, J = 246 Hz), 131.38 (d, J = 8.3 Hz) 130.94 (d, J = 3.6

Hz), 115.74 (d, J = 22 Hz), 59.03, 57.82, 45.23, 39.70, 28.78, 21.66. “F MR (375 MHz, CDCl;, 23T,

§):-117.5. o] EFEA dolEHE UM HaE do]gd Ag3lit),

° .
820 B0 _F 0
0 2.0 S8 NaHCa; 1.0 & NaoTf
Oa H OLHIE, 65C, 5h ] A
BusSn' L s ———F

obAlE (0.66 m)ellA 3-(EZFE28hd)-p-o|~2Edt] &--FE-Hlxd-2E Q2 ~ (53.3 mg, 0.0333 mmol,
1.00 ZaF)ol] 23ColA, & 235 (0.38 mg, 0.0017 mmol, 0.050 F3F), YEF T4 (5.54 mg, 0.0666
mmol, 2.00 B%), YEF EJZFLE2WEEENYE (5.67 mg, 0.0333 mmol, 1.00 BF) H 1-SF=Z=2dd-
ZFLE-1 4-YorxYoHA S 2[2.2.2] 58 HA(IAEF L 2R14H) (2) (23.5 mg, 0.0500 mmol, 1.50
F)ol H7FE AT, vhg E}ES WEE wfold ulelA 65TCoA 5A17F EF wyhE I, o] % 23T E W7t
AN s&5FHAYG. FFELS FA/EOAc 3:1 (v/v)S o] &3 on] TLCo| <& A= o] 35.0 mge] A
Eo] T4 92 (80% &) =AM AFEHAH.

S~

Ly ot

st

Re = 0.3 (F4HEtOAc 3:1 (v/v)). NMR +&33H: H MR (500 MHz, CDCls, 23T, &): 8.02-7.96 (m, 10H),

7.91 (dd, J = 8.0 Hz, 1.0 Hz, 2H), 7.73 (dd, J = 8.0 Hz, 1.0 Hz, 2H), 7.65-7.30 (m, 18H), 7.22 (dd, J
= 8.5 Hz, 7.5 Hz, 2H), 7.16-7.11 (m, 3H), 6.80-6.78 (m, 1H), 6.72 (dd, J = 10.0 Hz, 2.5 Hz, 1H), 5.81
(dd, J = 9.5 Hz, 9.0 Hz, 1), 5.75-5.71 (m, 2H), 5.47 (dd, J = 10.0 Hz, 8.5 Hz, 1H), 5.38 (dd, J =
10.0 Hz, 3.5 Hz, 1H), 4.88 (d, J = 8.0 Hz, 1H), 4.76 (d, J = 8.0 Hz, 1H), 4.62-4.60 (m, 1H), 4.50 (dd,
J=11.5Hz, 5.0 Hz, 1H), 4.23 (dd, J = 10.0 Hz, 9.0 Hz, 1H), 3.91 (dd, J = 6.5 Hz, 6.5 Hz, 1H), 3.84-
3.82 (m, 1M), 3.75 (dd, J = 11.5 Hz, 7.0 Hz, 1H), 3.69 (dd, J = 11.5 Hz, 7.0 Hz, 1H), 3.58 (dd, J =
9.0 Hz, 8.0 Hz, 1H), 2.79-2.77 (m, 2H), 2.06-2.03 (m, 2H), 1.98-1.92 (m, 1H), 1.83-1.78 (m, 1H), 1.68-

13 .
1.54 (m, 4H), 1.30-1.22 (m, 4H), 1.15-1.01 (m, 2H), 0.57 (s, 3H). C NMR (125 MHz, CDCls;, 23T, §&):

165.82, 165.57, 165.43, 165.39, 165.20, 165.12, 164.79, 160.84 (d, J = 242 Hz), 138.78 (d, J = 7.3
Hz), 135.71, 133.52, 133.37, 133.34, 133.29, 133.23, 133.14, 133.09, 129.99, 129.74, 129.73, 129.71,
129.66, 129.63, 129.59, 129.49, 129.40, 128.84, 128.69, 128.62, 128.56, 128.49, 128.29, 128.22, 126.68
(d, J=28.1Hz), 114.98 (d, J = 20 Hz), 112.20 (d, J = 21 Hz), 101.81, 100.98, 90.02, 76.32, 72.98,
72.96, 71.94, 71.74, 71.39, 69.92, 67.54, 62.57, 61.13, 49.60, 43.79, 43.11, 38.15, 37.16, 29.50,

28.67, 26.85, 25.99, 22.96, 11.33. “FNIR (375 MHz, CDCls, 23T, &6): -120.5. Az FAH: HRMS-FIA

(n/z): [N+ N1 ol thabe] AAFE, 1344.4963. ¥, 1344.4962.
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[0733]
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N-Boc=4-(ZF e 2)-L-sd srepd-[-sd orepd wel o~ = (54)

@

e
5 mol% AgO, 1.5 BE [,@72 s
0 r o
NH™ "COMe 2.0 2% NaHCla, 1.0 T2 NaOTf NH™" "COzMe
NHBoc OIMIE, 85T, sh - NHBoc
BugSn = F

92%

OFAE (40 mo)oll A MBoc-4-(EfFEAd)-L-ddgetd-L-aAldgetd e o]~ = (1.43 g, 2.00 mmol,
1.00 F&)oll 23T, & A}i}% (23.2 mg, 0.100 mmol, 0.050 ¥&), YEF w4t (336 mg, 4.00 mmol,
2.00 9%), YEF EZFoevedEZAY (342 mg, 1.00 mmol, 1.00 @) 2 I-FEE2vd4-ZFo2-
1,4-tlotxYolu A EF2[2.2. ] B B A(EXAEZFZ 0 2914H9) (2) (1.41 g, 3.00 mmol, 1.50 @ek)o] H7tH
Ak, wH-g —E;%L“—S— Uad vlo]d oA 65TollA 5AIZE Ft wukE[a1, o]F 23CE Yz}l FofA &
ZH At FES A4/EOAe 2:1 (v/v)S o83 on] TLCol| oJ&f A= o] 817 mge] A sgEo] WA 1
A (92% F&)2A ATHAL.

Re = 0.30 (312H/EtOAc 2:1 (v/v)). MMR %3%: 'H NMMR (500 MHz. CDCls, 23, §): 7.28-7.22 (m, 3H),
7.16-7.13 (m, 2H), 7.03-7.93 (m, 4H), 6.38 (d, J = 6.5 Hz, 1), 5.06 (br s, 1), 4.78 (br s, 1H), 4.32
(br s, 1H), 3.68 (s, 3H), 3.09-2.99 (m, 4H), 1.41 (s, 9H). C NVMR (125 MHz, CDCl,, 23C, &): 171.32,

170.61, 161.82 (d, J = 244 Hz), 155.17, 135.52, 132.19, 130.79 (d, J = 7.3 Hz), 129.12, 128.49,

127.08, 115.59 (d, J = 21 Hz), 80.13, 55.60, 53.17, 52.22, 37.85, 37.48, 28.17. “FONIR (375 MHz,
CDCls, 23C, &): -118.8.

®
NZ Cl

13 HE 2PFY
 F o2

2.0 S8F NaHCOs, 1.0 SHEF NaOTF
__9@1%, 85C, 5h

70%

obAE (1 m)oNA 6-TlHMEA-6-(EFFL )T (29.2 mg, 0.0500 mmol, 1.00 Ze)el] 23CA], &
3= (2.32 mg, 0.0100 mmol, 0.200 F%), YEF T&4AYE (8.4 mg, 1.0 mmol, 2.0 T%), HEF EFF
Q=wWEbdEAS (8.5 mg, 1.0 mmol, 1.0 %) B 1-F2a20d-4-ZF0 21 4-t]o}lxL oA FE[2.2.2]%
B H A (AR e 20144) (2) (35.3 mg, 0.075 mmol, 1.50 F&)o] H7FE ek, vk Z3HEL Di-y njo)
o el A 65Tl 5A1%F SoF nwtEa, o]F 23TE WZ4H i WFdA sFHHAT. FHFE 5Cl./MeOH

9:1 (v/v)& o] g3t ou] TLCA 93 AAHo] 10.9 mge] XA 33FEo] WA 1A (70% 58)2A AT UL},

o

KeX
'l__

KeX
'l__

Re = 0.40 (CH.Clo/MeOH 9:1 (v/v)). NMR #349: ' NMR (500 MHz, CDyCN, 23T, &): 8.85 (d, J = 4.2 Hz,

1), 8.10 (dd, J = 9.0 Hz, 5.4 Hz, 1), 7.97 (dd, J = 9.0 Hz, 3.0 Hz, 1H,), 7.65 (d, J = 4.2 Hz, 1H),
7.54 (ddd, J = 9.0 Hz, 9.0 Hz, 3.0 Hz, 1H), 5.83 (d, J = 3.0 Hz, 1H), 5.78-5.72 (m, 1H), 5.06 (d, J =
17.4 Hz, 1H), 4.99 (d, J = 10.2 Hz, 1H), 3.92-3.86 (m, 1H), 3.48-3.43 (m, 1H), 3.35 (dd, J = 13.2 Hz,
7.2 Hz, 1H), 3.06-3.00 (m, 2H), 2.68 (s br, 1H), 2.05-1.99 (m, 3H), 1.84-1.78 (m, 1H), 1.65-1.58 (m,

1H). 13C NMR (125 MHz, CDsCN, 23C, &): 161.48 d, J = 244 Hz), 150.63, 146.83 (d, J = 6.1 Hz), 146.45,
139.78, 133.81 (d, J = 9.9 Hz), 126.76 (d, J = 9.9 Hz), 120.78, 120.18 (d, J = 26 Hz), 116.68, 108.25
(d, J = 24 Hz), 68.99, 61.30, 55.61, 4.78, 38.38, 27.87, 25.32, 20.44. 19F NMR (375 MHz, CDi«CN, 237,
§):-113.6.
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5 mol% Ag0, 1.5 %g[n@zpp

& Z
H H F Q H Q W
NN N N N
/g\,ﬁ;ﬁ/\g/ N Y X 20 22 v, 1.0 Ba v /©/\I)LJ'§/Y Y
BuzSn CoMe o y= g5C, 5h £ NHB:

83%

=
2 (18.9 mg, 0.0200 mmol, 1.00 ZF&)ol 23ToNA, & ArsE (0.23 mg, 0.0010 mmol, 0.050 FH), YEFH
2o Zweld EALY] (3.42 mg, 0.0200 mmol, 1.00

a

OFAIE (0.40 me)olA N-Boc-4-(E|F-Exud)-L-dlddetd-2g A S A-L-dd detd-L-F4 v o2k
0.
=

ZebArY (3.36 mg, 0.0400 mmol, 2.00 =), YEF EfZ
) 2 1-EFREZUE-4-EFQE-1 4ol YA FR[2.2.2] 5% HA(IAEFLE%E) (2) (14.1
mg, 0.0300 mmol, 1.50 ﬂr&)ol A7 E Ak, RES EFES WEE mlold UlodlA 65TollA 5AIE EF myty
a1, o] F 23TE WA AFoA FFHHJTH. FFES DCOM/MeOH 10:1 (v/v)S o]-&3k o] TLCol| 2]3] A
wo] 11.2 mgo| A 3= 1 LLEL uﬂ (83% F&)2A A=A},

rlo

Rf = 0.40 (DCM/MeOH 10:1 (v/v)). NMR %%?%QiilH NMR (500 MHz, CDCl;, 23C, 6): 7.86 (br s, 1H), 7.60

(br s, 1H), 7.50 (br s, 1H), 7.23-7.15 (m, 5H), 7.07-7.04 (m, 2H), 6.92-6.88 (m, 2H), 5.77 (br s, 1H),
5.07 (br s, 1H), 4.63-4.58 (m, 2H), 4.18-4.00 (m, 4H), 3.70 (s, 3H), 3.14-3.10 (m, 1H), 3.03-2.99 (m,

2H), 2.92-2.88 (m, 1H), 1.58-1.51 (m, 3H), 1.40 (s, 9H), 0.88 (d, J = 6.0 Hz, 6H). 13C NMR (125 MHz,
CDClsy, 23C, &): 173.02, 171.99, 170.72, 168.79, 168.28, 161.82 (d, J = 243 Hz), 155.76, 136.49,

132.33, 130.82 (d, J = 8.1 Hz), 129.52, 128.34, 126.78, 115.22 (d, J = 21 Hz), 80.05, 55.50, 54.16,
52.18, 50.81, 43.07, 41.18, 39.0, 38.13, 29.68, 28.33, 24.77, 22.71, 22.03. “F NIR (375 MHz, CDCls, 23

T, &) -118.5. &% EAH: HRMS-FIA (m/z): [M + H off tiste] AlAHE, 672.3403.

)

F2E | 672.3397.

¢

(14-ZF 2 =) AEn B (57)

SnBu
* fe~ci
5 mol% AgD, 1.5 S [N@7
A= 2PFY
22
23
2.0 S NaHCOs, 1.0 SHE NaOTf K
D\ OHMIE, 65C, 5h o
90%

F

olAlE (0.6 m)olA (EgFdzebd)oAEm B (19.8 mg, 0.0290 mmol, 1.00 FaF)ol] 23ToA, & A3
(0.34 mg, 0.0015 mmol, 0.050 ¥=), HEF FEAA (4.87 mg, 0.0580 mmol, 2.00 T%), HEF Ed
L=vErdEAS (4.96 mg, 0.0290 mmol, 1.00 B%) % 1-FE2EZH|E-4-ZF 2 2-1 4-T]o}F1]o}H]A|
[2.2.2]&E B A(AALZZ 2 29149) (2) (20.5 mg, 0.0436 mmol, 1.50 F&F)o] H7 ATk, #HE- ‘z;;L
AEE vold ulell Al 65CHlA] 5AIZE B9t wykE 3, o]% 23T R WZtEiL ZFoA FFEHAY. JHFRES
2H/EtOAC 2:1 (v/v)& o] &%k oH] TLCO <J3l A A 101 10.7 mge] XA sh3hEo] WA 1A (90% T )EH
FE AT

MU mm e o

2 1% o KUt g

Ri = 0.3 (AAH/EtOAc 2:1 (v/v)). NMR 33 ' NMR (500 MHz, CDCls, 23C, §): 7.31-7.28 (m, 4H, H-12,

H-16, H-21, H-25), 7.22-7.20 (m, 2H, H-6, H-10), 7.08-7.00 (m, 4H, H-13, H-15, H-22, H-24), 6.95-6.92
(m, 2H, H-7, H-9), 4.72 (m, 1H, H-19), 4.61 (d, J = 2.0 Hz, 1H, H-2), 3.07-3.05 (m, 1H, H-3), 2.17 (br

s, 1H, OH), 2.03-1.89 (m, 4H, H-17, H-18). 13C NMR (125 MHz, CDCls, 23T, &): 167.25 (C-4), 162.75 (d,

J = 246 Hz, C-23), 162.23 (d, J = 244 Hz, C-14), 159.04 (d, J = 241 Hz, C-8), 139.97 (C-11), 133.66
(C-5), 133.30 (C-20), 127.55 (d, J = 8.7 Hz, C-12, C-16), 127.36 (d, J = 7.4 Hz, C-21, C-25), 118.32
(d, J=17.4Hz, C-6, C-10), 116.32 (d, J = 22 Hz, C-22, C-24), 115.89 (d, J = 23 Hz, C-7, C-9), 115.38

19
(d, J=21Hz, C-13, C-15), 73.16 (C-19), 60.77 (C-2), 60.48 (C-3), 36.56 (C-18), 25.07 (C-17). F NMR
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[0749]

[0750]
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(375 MHz, CDCls, 23°C. 6): -115.71, -118.20, -120.62. A=k EA1W: HRMS-FIA (n/z): [M + Nal'ol dis}<]

AALE | 434.1338. TR, 434.1344.

(5-=F2 =)DOPA (58)

fe~ci
5 noi% Agd, 1.5 @t [N@l72,>,=8 3 S O

BOCOﬁYCOZ e — 19 011702 8_COMe
NHE
BocO Sniles © 2.0 B NaHODs, 1.0 & NaOTF QFO ) OJC(\{ 0

OLKIE, B5¢, G FocacF 13\0F3
70% 2 O 1s§ﬂ4
S

OLAE (1.6 ml)ollA] (EzFd2ed)DOPA (54 mg, 0.0800 mmol, 1.00 Bk)el 23ToA, & AkstE (0
mg, 0.0040 mmol, 0.050 F&), YEF T4k (13.4 mg, 0.160 mmol, 2.00 BF), YEF EfZFo =21
AEAS (13.7 mg, 0.0800 mmol, 1.00 @&) @ 1-F2au|d-4-ZFQ -1 4-T]o}xL o H|A|FZ[
H A (FAZZ 0 =214ked) (2) (56.4 mg, 0.120 mmol, 1.50 @)ool H7tHE AT, Whe E3Eo UE‘O 2
ol A 65TCellA 5A17F B muksar, o]F 23CE WZt=a AFdA sFHAT. FFES I1H/E0Ac 2:1
(v/v)& o] &% dn] TLCol oJal AA|Eo] 29.7 mg®] A FEe] WA 1A (70% &) 24 AT = AT

R = 0.3 (3A/EtOAc 2:1 (v/v)). NMR 23%: 'H MR (500 MHz, CDCl,, 23°C, §): 7.05 (d, J = 7.0 Hz,

1, H-1), 7.01 (d, J = 9.5 Hz, 1H, H-4), 5.08 (d, J = 7.5 Hz, 1H, NH), 4.56-4.55 (m, 1H, H-8), 3.71
(s, 3H, H-10), 3.15-3.06 (m, 2H, H-7), 1.54 (s, 18H, H-17, H-18, H-19, H-20, H-21, H-22), 1.41 (s,

OH, H-23, H24, H-25). C NMR (125 MHz, CDCls, 23°C, &): 171.85 (C-9), 158.05 (d, J = 244 Hz, C-5),

154.97 (C-13), 150.62 (C-11), 150.21 (C-12), 141.94 (C-3), 138.48 (C-2), 125.18 (C-1), 121.31 (d, J =
17 Hz, C-6), 110.66 (d, J = 27 Hz, C-4), 84.20 (C-14), 83.91 (C-15), 80.04 (C-16), 53.38 (C-8), 52.43

(C-10), 31.48 (C-7), 28.22 (C-23, C-24, C-25), 27.57 (C-17, C-18, C-19, C-20, C-21, C-22). “F NMR (375
MHz, CDCls, 23°C, 6): -120.11. Hz #2149 : HRMS-FIA (m/z): [M + Na of tisle] AL, 552.2216. ¥z

H, 552.2215.

€]
«OMe NS Cl

20 moi% AQUTF, 1.2 2 [N\72 PES

. 2.0 ©2F NaHCOz, 2.0 €& NaOTf
Me  piyE, 55, 5h
63%

olAE (0.6 m)olA #ImfolAl S F=A] (32.7 mg, 0.0300 mmol, 1.00 FF)eoll 23TolA, & EZHolE
(1.54 mg, 0.00600 mmol, 0.200 %), YEF T&AY (5.04 mg, 0.0600 mmol, 2.00 B%), YEF E&EF
L2veEdEM (10.3 mg, 0.0600 mmol, 2.00 B%) P 1-FZZHE-4-FF L 2-1 4-tjo}x oA E2
[2.2.2]&E BA(AALZRQ22129) (2) (16.9 mg, 0.0360 mmol, 1.20 FF)o] A7 AT, WhE &gtz
Az vold ulell A 55CelA] BAIZE FF wytE 3, o]% 23T R YZE i AFdA F#FHAUG. HFES
2H/EtOAC 2:1 (v/v)& o] &%k oH] TLCO <J3l A A 101 15.4 mge] ®A| sHEo] A 1A (63% 7&)ZEA Al

S H AT

Ri = 0.20 (AAH/EtOAc 2:1 (v/v)). NMR #33H: ' NMR (500 MHz, CDCls, 23°C, §): 8.31 (dd, J = 8.5 Hz,
5.0 Hz, 2H), 8.23 (s, 1H), 7.80 (s, 1H), 7.26-7.22 (m, 2H), 6.25-6.17 (m, 3H), 5.89 (dd, J = 15.5 Hz,
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6.5 Hz, 1H), 5.13 (dd, J = 12.5 Hz, 7.5 Hz, 1H), 4.64 (d, J = 10.5 Hz, 1H), 3.70 (d, J = 4.5 Hz, 1H),
3.59 (d, J=10.0 Hz, 1H), 3.38-3.37 (m, 2H), 3.12 (s, 3H), 3.05-3.02 (m, 1H), 2.34 (s, 3H), 2.32-2.29
(m, 1H), 2.04 (s, 3H), 1.97 (s, 3H), 1.81-1.80 (m, 1H), 1.77 (s, 3H), 1.69-1.67 (m, 1H), 1.08 (d, J =

7.0 Hz, 38H), 0.84 (d, J = 7.0 Hz, 3H), 0.68 (d, J=7.0 Hz, 3H), 0.18 (d, J = 7.0 Hz, 3H). 13C NMR (125
MHz, CDCls, 23C, &): 192.37, 182.00, 177.77, 173.28, 173.11, 168.47 (d, J = 229 Hz), 165.52, 163.22,

155.61, 144.76, 141.89, 139.94, 133.51 (d, J = 9.1 Hz), 132.22, 130.78, 124.67, 124.12, 124.01,
118.47, 116.14, 115.88 (d, J = 20 Hz), 114.81, 108.83, 81.53, 73.48, 73.14, 60.37, 56.89, 39.02,

37.38, 37.27, 32.76, 22.03, 21.06, 21.02, 19.99, 16.93, 14.18, 11.75, 11.18, 8.84, 8.79. F MR (375
MHz, CDCls, 23C. &): ~-106.55. A=k EAwW: HRMS-FIA (m/z): [M + H]'el wiste] #A2+e, 818.3183.

wzkE | 818.3164.
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