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Convenient Cobalt-Catalyzed Stereoselective Synthesis of
B-D-Thioglucosides
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(Hubei Key Laboratory of Natural Products Research and Development, College of Biological and Pharmaceutical
Sciences, China Three Gorges University, Yichang, Hubei 443002)

Abstract A method of stereoselective synthesis of f-D-thioglycosides from glucosyl-3-pyridinate donor and thiophenols/
thiols catalyzed by Co(BF4)2 was reported. The chemical structures of the target compounds were confirmed by nuclear mag-
netic resonance, high-resolution mass spectrometry and single crystal X-ray diffraction. The reaction has good functional
group compatibility with all kinds of mercaptans and thiophenols, and can tolerate active sulfur nucleophiles including ester
group, phenol/alcohol hydroxyl group, amino group and acetylamino group. It can also be used for the efficient synthesis of
thioglycopeptides, which provides a new way for the rapid preparation of thioglycosides.
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HoG B DX 58/ 25 /A 0 At g 436 P 4 o) R eG4 3 6L 47 2L
ARG PR, B, SRR RS =
FSCTE KA 25 R = 24 0 i 4 B A = B R X

Ferrier i W A1 Ik I 45 1 A0 A5 106 I B 2 1 7
RACKHEE A RUR1R). Ferrier = HE N A4 R 2 7K
fi 1) 35 25 IR AVE AL TR, PTAS I 208 o BB T,
B-TRFEE IR IBARME S ). Liu S8 ] HR(OTA)4 7EEAL
A, A= BRI AR O-. S-SRAZ AL AR
MBS, YL I N, o 2 p=6 1 1, T HJE
VIVEFEHE 7 (Scheme 1, a). B IR &8 AL AR
UK R, ok U 4R A AR IR S e R A A B BRI
ECEBE WP, XA RS AHHRE T Pd L
T I W -3- ML IE IR B 5 W 52 A4 e AR e R P b5 i B-
ARET, B a>40 1 1. 7ERL B b, XS EERIE
TAEH Pd b - ANERIRER I NE 5 S-2- 12180 A B B-
T, LAATH Co ALY FLBEIRER R/ 5 -5 t%
WAL 3 SARACHE(Scheme 1, b). {HARSZHL BRI
(1) Co HEALTTIE B -BbETT. A TAETE 2 B IR L i
ESRHL T Co AL & HE-3-IEIE IR IR 5 S-2R A7) A
B p-1-BAKEE, AR T R SR, BF
B R A3 R DA R A R 1) DX 3R 4 22 3% B A% (Scheme
1, ¢).
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6 FIANRI I BESE ALK 1a~ 14152101 DL Co(acac); TEMEALT,

1E T3 (1-& R B (CataCXium A ALK, SF B
Iy B AR AT B IR N, R 1 FToR, 24 3 54
TRAPEEN R RIS 35 BAR W AE (R 1, Entry 1).
1E 3 S5 NHERE R BRI A T H AR =) 3a, ;%
55%, B a8 1(# 1, Entry 2). ZfE 3 ShHL5I A
ACE R, S50 e R IR AT L, = SR R 1 AT PR
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W F, H7= R e P B RGR 1, Entry 4). 25, X
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D). BRMNHREMN 80 CTHHE| 100 C, F=RA fiftm,
WPV B PRRGE 2, Entry 2). B, ik 1 ASE A7
H, f$E CoBry. CoClyw Co(acac) Co(PPhs),Cly K
Co(BF4),, RILLL Co(BF4), AT Ak 850K i,
FEEN 65%, B - a N 8 1 1(3R 2, Entries 3~7), {HFEE
ff)7& CoBr, 1 CoCly 1535 H & 2 A AH I i) (R
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(a) Synthesis of thioglycosides by Ferrier rearrangement
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Scheme 1 Synthesis of thioglycosides
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Table 1 Screening directing groups

0 . !

0 Co(acac)s, Zn, CataCXium A ) :
R S oo RS s
oL

3a !

K CH,CN
sH CataCXi A
1a ~ 1f 2 ata ium
Entry? Donor R-group 7/C Yield”/% Lot
(o]
1 1a J\© 1204 — —
0
2 b I AN 80 55 8:1
%
0
3 1c I AN 80 50 6:1
2
(o]
4 1d I AN 80 40 3:1
%
5 1e 80 57 701
(@] (IDI .
6 1f Eoh, 80 40 4:1

4Unless otherwise specified, all reactions were carried out with 0.1 mmol of intermediate 1a~1f, 0.11 mmol of p-toluenethiophenol, 10 mol% Zinc dust, 10 mol%
Co catalyst and 15 mol% P-ligand in 2 mL of solvent, which was stirred at 80 ‘C for 4 h under N, atmosphere. ? Isolated yield. ¢ Separation ratio. “ No target product
was observed even though the reaction was heated to 120 C.

R2 SHEEACRMBIIFFAL

Table 2 Conditions optimization for the S-glycosylation reaction

0
o 0
sco &?\ . Lol Hscom&i\(s
0 Solvent \©\
N= SH H

\ Y 1b 2 3a
Entry® [Co] L Solvent 7/°C Yield®/% Ba
1 Co(acac)s CataCXium A CH;CN 60 25 71
2 Co(acac)s CataCXium A CH;CN 100 59 5:1
3 CoBr2 CataCXium A CH3CN 80 20 1:3
4 CoClz CataCXium A CH3CN 80 32 1:2
5 Co(PPh3)2Cl2 CataCXium A CH;CN 80 35 4:1
6 Co(acac)2 CataCXium A CH;CN 80 50 6:1
7 Co(BF4)2 CataCXium A CH;CN 80 65 8:1
8 Co(BF4)2 Xantphos CH;CN 80 45 1:1
9 Co(BF4) DPPE CH:CN 80 66 6:1
10 Co(BFa)2 (R)-(—)-DTBM-SEGPHOS CH:CN 80 53 701
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Bk
Entry? [Co] L Solvent T/C Yield®/% B:oc
11 Co(BF4)2 PhsP CH3CN 80 40 41
12 Co(BF1) (S,5)-Chiraphos CH:CN 80 60 811
13 Co(BF4)2 DPPF CH3CN 80 71% 7:1
14 Co(BF1) (R)-(++)-BINAP CH:CN 80 80% 10:1
15 Co(BF1) (S)-(—)-BINAP CH:CN 80 50% 2:1
16 Co(BF1) (R)-(++)-BINAP DMF 80 - -
17 Co(BF1) (R)-(+)-BINAP THF 80 47% 5:1

4Unless otherwise specified, all reactions were carried out with 0.1 mmol of intermediate 1b, 0.11 mmol of p-toluenethiophenol, 10 mol% zinc dust, 10 mol% Co

catalyst and 15 mol% P-ligand in 2 mL of solvent, which was stirred at 80 ‘C for 4 h under N, atmosphere. ?Isolated yield. ¢ Separation ratio.

0: 1(3% 2, Entries 8~14). B J5 2 LAS)-(—)-1,1'-Hk

28-2,2'- W KR [(S)-(—)-BINAPI AL AA, 5 2 4K IH
A& B BN GRS =, T IR R R
BRAK, XL B(S)-(—)-BINAP FHEFA A2 SE7 4
UM R e BEPE(F 2, Entry 15). 2448 ] N,N- I
Bt i (DMF) PR ¥ 7B, RAF B H AR 2 (R 2, Entry
16). 4 H VU ERRE(THE) U ISR, 72 30k
Pk U] BRI (R 2, Entry 17). SZH5E MIPEE AL SN
(61N, 1E Zn B3A77E T, Co(BEa), YEMEAL T, (R)-(+)-
BINAP ERCAE, ZJE1EER, HEAEAR 1b AT FE B 2
1E 80 ‘C RN 4 h.
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ZRBR Iy b PR A R TE IR R AEAR S TR XA AR AT
PLE SR b NS BIAH R OB 7 3a~3e,
PR 66%~80%, B a BN 10 1 1. X AT IRE I A
o AT AR I A A P 3 [ G S N B S S, 3
ATLLS 1b R B AR 3d~3e, FEE 62%~76%,
B o101 ALBHECKT) 2-ZEmE SR LA 1b 2E
BRI E BR=4 38 7= R A FTBEAK, R 58%, (HIHLEFEE
HHHE, B a1 11 XFomi 7R 0 CFs, 3
X LB = 3g WP SR R E B, 7R
HN60%, Bia N9 1. TFSWREFU1 F Al Br X%
b BB AR AT 5, Tu%%ﬁﬁW1b$&mﬁ%
FFETE 3h~31, P25 HN 69%~79%, B * a ¥JN 10 :

R3TTEBBEE R R

Table 3 Substrate expansion of arylthioglycoside derivatives

0(BF )2, Zn, (R)-(+)-BINAP

£v<jrff§:) (;

@ﬂ

CH3CN, 80°C, 4 h

O
0
3

p-Me, 80%, ﬂa= 101 3a
m-Me, 70%, f:a=10:1, 3b
o-Me, 66%, f.a=10:1,3c

X-ray of 3a

76%, fa=10:1, 3d

woo L% &/\( @\ Hsco@/v %)( e @Aﬁ @\

67%, o= 101, 3e

~OVR ey

p-E, 75%, fia=10:1, 3h
m-F, 73%, fa=10:1, 3i
o-F, 69%, /= 10:1, 3j

58%, fa=11:1, 3f

p-Br, 79%, f.a=10:1, 3k
m-Br, 74%, p.a=10:1, 3l

60%, fa=9:1, 3g

X-ray of 3k

Chin. J. Org. Chem. 2022, 42, 2140~2154

© 2022 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 2143



BIKE

MRILX

TEXS 75 ST T AT P Ja, W e SR kAT
YIthRE. Wk 4 Pos, EehEN2 MRy, X
TR EE AU F SRS, 2R DU SRR A 1b SO
AR H AR 4a~4b, FEF T7%~80%, 1 o N 10 1 1.
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EHPTNRE, MIEBEERE T, 7PN 60%~73%,
Blo N 9l1~11:1; %R, HET SEEEMNRE,
BFESIE BT HiE O OERMS LI R P lE, 1
ATCAS WA b A2 B B D BRBE P24 4h~4j, 7=
B 62%~T2%, B - o 910 1 1. BRILZ AN, SRR
SRR I R R DL T SR AN Sk B MR AR R H AR 4k,
FREA 75%. B TAABREESR R, SR EE R R ) ik
1T TR, BRI RRE LA O i, ¥0] DL B2
ik 1b mLARIEFEVE LA BE ) 4l~4m, FEER
67%~71%; &, *F TALFHAEK BT milE, HHix
FEY) 4n FIPE R BLREK, F2E0N 56%, Bia N 11 L.
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A 6-H LA, MEANFERIME, AR5
AN 6 3.83 il 4.30. FARYE 'H-"H COSY i JH)8 1-H~
5-H A%, R4 HSQC i U= J& AH R (1) Bk il 6 2
. fxJaWELE] NOESY Jib i) 1-H #1 5-H HAH
KAz, R 1-H A 5-H FHEFRPFEM, WERAEY
R BIEY, 5 X AT AT ) SR A 3a A1 3k 4 2
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R4 EVIRHEE IR

Table 4 Substrate expansion of thioglycoside derivatives

0o
o) 0 Co(BFy), Zn, (R)-(+)-BINAP
H3CO/®4& P (BF4), (R)-(+)
Ny o

E)ﬁ 2

CH3CN, 80°C, 4 h

(©]
o
cho@ﬁ%ys\
R

H
4

(©)
(e}
H

77%, fior = 10:1, 4a
73%, B =10:1, 4d

(©]
Hscom%\(s
et
H

60%, pa =111, 49

71%, fa=10:1,4m

75%, p.a=10:1,4k

0
/®/%o o HiCO /@/vo%g\/s NHAC
HaCO 9 5 ! \/7/ o
Y 7< J \/\

56%, fia= 11:1, 4n

O /@4 0
H,CO o
SCO/O/VO/%/ OCHj, 3 — S\/

80%, S =10:1,4b

(©)
(0]
Hsco/Q/%/k\/S\k
H

70%, S =10:1, 4e

O
o 0o
H3CO/®/%%/ 3\/14
H o~

72%, p:ac =10:1,4h

65%, S =9:1, 4c

©)
Hscom@\(s
H
63%, fia =10:1, 4f

O
Hscomﬂs\/fz
H 0\

66%, f:a=10:1, 4i

(¢]
(0]

7

/@40
Y VZ/O\ HaCO o&ﬁrs@ ! \O

67%, fa=10:1, 4l

73%, f.a=10:1, 4o
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TEXT B2 EAT IR IR I, 20 Al S A 47 0 ik
MRYESCHR G5, BB T 4, 6 SALRY IRER A4
1g~1i"2. % 5 Fiow, 244, 6 SHAHEE . 2Rl
SRR LRI, $0T DL 2-ZR B M DL R BRI S B AR
FSCHH B IR BE T Sa~51, P25 62%~72%; 54, 6 5
AL AR R R I A L, P R B AR A
PLil, XA 4, 6 5 11 2 ) {57 PEL KR SE 1 e o7 JE A 5%

. BEJE, ST RGN e ERER 1), RES
2-ZET Y LA OE T BB SN A2 BOMH B B AR EF Sg~5h,

Fop= 2R VR AR BT BRI, X AT B8 - ZL ) -3- 1k
WE PR T AN T T8 it e R I AN AR AL 77, DL SUER ) L
Wi, 28 EATR, Z7i3 A T2 R BE AN A2 1.
1.3 ZFMRN

TEBAE 1A RO FE R, 38 5 A2 4 5 AN R 1 v
TR REAT E  OB, WA T T TR B A
4. 40 Scheme 2 Firzw, B 50 R A 3-8 K F R LR 72
BSSERRME. R R %A, 23] 1 TR
HHHRF=Y) 6a, 72N 79%, B a N 10 1 1. [FEFER,

K5 AFEERALABURE RV R
Table 5 Scope of thiosugars from different glycal donors

RO
o] Co(BFy),, Zn, (R)-(+)-BINAP
Ro& + R—SH (BF4)2 (R)-(+)

CH3CN, 80°C,6h

N (6]

=

\ ,
7 Ag~1] 2

RBO o

H

ﬁu %,YJ@

65%, fta=9:1, 5a 69%ﬁa 9:1, 5b

L

@ﬂp

62%, fa= 101 5d

ﬁu

70%, pa=10:1, 5¢

72%, B.a=10:1, Se 63%, B.a=10:1, 5f

56%, fa=8:1, 59 57%, p:a=8:1, 5h

Co(BF,),, Zn, P-ligand

@ A,

CH4CN, 80 °C, 3 h

OH

79%, f:o=10:1, 6a

Co(BFy4),, Zn, P-ligand
H3CO/®4£ . HS**/OH 4)2, 9

CH3CN, 80 °C, 3 h

| 1b

Co(BF4)2

, Zn, P-ligand

/@40 o)
H,CO O\~ SH/\
H 5 OH

70%, p:a=10:1,,6b

/@4 NH,
(©)
0 (0]
HyCO c&» @\
| Ny o SH
= 1b

CH3CN, 80°C, 3 h

Co(BFy4)2

®)
(0]
Hscom&)(s
H

75%, .= 10:1, 6¢c

)

/®/V NHAc
(@]
0 O
N\ o
| SH
= 1b

, Zn, P-ligand /Q/%o o
CH4CN, 80 °C, 3 h HsCO =~ )-S
H
80%, o= 10:1, 6d NHAC
B2 S5t
Scheme 2 Competitive reaction
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14 BOREEEHIRF

AR A SCRR T8 Ik 18 5 VAT T — S XU D RE AL
R340 Scheme 3 flizx, AEFGEHET 3f 0] LR
(88%) IR JiF BB 7a. HbAL, AULFIGLHE T
3 T DL 0 (86%) IR RN AR A Th.

p-TsNHNH ,, NaOAc

1.5 REZHLEEHEM

TR O HRIE L Pd 1086 %1 05 05 -3 - g IR s &
JSEECH /B BA S Co AL~ 7L B Bk R 196 A7 Bl 5 1l 3-Art 4K
PR 1) S SATL OO 127 S5 B AT RE LIRS Co(1D)
HEACTIZE BERC AR FNEE M AFAE R AR T Co(DILE YD A,
W /5 55 A B b ) R A R T e A A R XUBRE [ I RS
AR TR By 2ROk, e ER IR R A R A T Co-nt-
MNEIR R C, BEJG, S-SRAIZIRAG 5 4 T A7 28 1 A itk iE
FRES A AR Dy e, I ST P SEAZ N R R
133 p-EAHE T, RN, SECEY A #HT A, BT
X NAEFA(Scheme 4).

mmACDK%g§§%$‘dF'

DME/H,0, 80 °C, 10 h

4 mol% OsOy4, 50% ag. NMO

Boiaase

Hﬁ¢<:fﬁﬁ§:%$‘dpb

Acetone, r.t.,, 12 h

88%, 7a
(0]
86%, 7b

B3 AAIBE AT A

Scheme 3 Derivatization of unsaturated thioglycosides

0
0
H3CO/®/TO/h/SR

Co(BF4)2

L, Zn

]
O Sy
A
L,XCo---SHR 0w s
/Q/VO |o> N
H3CO o /@ (IZOXL,,
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B
X
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LXCo™ T\
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Scheme 4 Possible reaction mechanism
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2 Zhig

TE BN B AT R R, R P 60 0 05 W 11 3tk g
FRHE 5 M 5, SR/ REE LRI ST B-D-F 4
JEBRBRER, EARP IR0 B R IE B 56%~80%, Stk
BRIISIARIE B S T 10 0 1. A7 @ T % 25005
T I DA K 5 T 2 Ak e L v VR I, LA i — 1k 2
JEFEPE. AN TN T BN LS P A
IR BIE PR SR AE EAT .

3 EES
3.1 UHFES5HF

JiiA ) '"H NMR Al 3C NMR H1 Bruker AVANCE III
400 MHz #ZRFLHRACE, H TMS fEANFs; H X-4
BN S ACIRANE &S B Waters Q-TOF Premier TM J&
AR AT A PR AR T 5 B (HRMS); R
Bruker SMART APEX I1 ZY 5 X S 2847 S 0GHEAT 5
GERIOY T, T2 AE2(TLC)f F GFase IRERCHR. T T
e F R B B 2 FE IR A = (R E B, B
DA IR . BT A RN I E B R AT,
SNV 35 5 2 bR e T AT TR A Ak, (AW
la~1j 7% CHR[8, 10, 1217713 THI%. CRILEY
AR 5 SOk T 7 bR, WfR T — 2.

3.2 ZLWAHE
3.2.1 a4 3a~31 894 A%

£ 5 mL [ Schlenk & 4, K IN0N T % J b -3- ML B
F2ME 1b (36.9 mg, 0.1 mmol). Co(BF.), (2.3 mg, 10
mol%)+ Zn #5(0.6 mg, 10 mol%)LL X (R)-(+)-BINAP (9.3
mg, 15 mol%), #FE 15 min, fE%S FIIA 2 mL ]2,
i AIZER ) (0.11 mmol). £ 80 ‘C N <M 4 h, TLC Ml
SN 5843, B2 mL R NaHCOs VAR K [ B, — 4%,
T ZEBUKAR(S mLX3), & IFAMNIAE, JoK NaSOs T
fe, VR S IR AR AR R, A E TR CA T
FFBE, VL V=2 DALIF RS EEREET 3a~31

(2R,4aR,68,8a8)-2-(4- H1 % & 2R & )-6-( % FH 2K B
H)-4,40,6,8a- 1 S [3,2-d][1,3] W& 5% (3a): (1 ([
1, 29.6 mg, =% 80%. m.p. 141~142 C; [a]s +69.7
(¢ 1.0, CHCl); 'H NMR (CDCls, 400 MHz) 6: 7.50~7.38
(m, 4H), 7.19~7.12 (m, 2H), 6.94~6.87 (m, 2H), 6.01 (d,
J=10.2 Hz, 1H), 5.80 (dd, J=10.2, 2.3 Hz, 1H), 5.66 (dd,
J=3.1, 2.1 Hz, 1H), 5.51 (s, 1H), 4.33 (dd, J=10.3, 4.7
Hz, 1H), 4.01~3.97 (m, 1H), 3.85 (d, J/=10.3 Hz, 1H),
3.82 (s, 3H), 3.67 (ddd, J=8.3, 5.7, 3.6 Hz, 1H), 2.38 (s,
3H); 3C NMR (CDCls, 100 MHz) 6: 160.2, 138.5, 134.1,
129.8, 129.7, 129.5, 128.3, 128.1, 127.5, 113.7, 101.9,
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82.9, 74.3, 71.8, 69.2, 55.3, 21.3; HRMS calcd for CaHas-
04SH [M+H]" 371.1312, found 371.1309.

(2R, 4aR,6S,8a8)-2-(4- H 48 FE 2R 58 )-6- (18] H 2K Mt 2% )-
4,4a,6,8a- U S M M [3,2-d][1,3] —- W B (3b): [ {0 [ 44,
259 mg, /=% 70%. m.p. 140~141 C; [a]} +84.6 (c
1.0, CHCl;); 'H NMR (CDCls, 400 MHz) §: 7.43~7.37
(m, 2H), 7.34 (d, J=6.5 2H), 7.24~7.18 (m, 1H), 7.12 (d,
J=17.5 Hz, 1H), 6.95~6.83 (m, 2H), 6.01 (d, J=10.2 Hz,
1H), 5.79 (dd, J=10.2, 2.3 Hz, 1H), 5.71 (dd, J=3.2, 2.0
Hz, 1H), 5.50 (s, 1H), 4.32 (dd, J=10.3, 4.6 Hz, 1H),
4.05~4.01 (m, 1H), 3.84 (d, J=10.4 Hz, 1H), 3.79 (s,
3H), 3.67 (ddd, J=8.3, 5.6, 3.6 Hz, 1H), 2.35 (s, 3H); 13C
NMR (CDCl;, 100 MHz) 6: 160.2, 138.5, 133.8, 132.1,
130.2, 129.8, 129.8, 1289, 128.6, 127.9, 127.5, 113.7,
101.9, 82.9, 74.3, 71.8, 69.3, 55.3, 21.3; HRMS calcd for
C21H204SH [M+H]" 371.1312, found 371.1310.

(2R,4aR,685,8a5)-2-(4- H 4 & 7K 3 )-6-( 48 H 2K B
$£)-4,4a,6,8a- VU S ML IR [3,2-d][1,3] - HEHE(3e): A
1A, 24.4 mg, P23 66%. m.p. 138~139 C; [a]} +69.6
(c 1.0, CHCls); 'TH NMR (CDCl3, 400 MHz) 6: 7.64~7.54
(m, 1H), 7.44~7.35 (m, 2H), 7.25~7.11 (m, 3H), 6.97~
6.81 (m, 2H), 6.02 (d, J=10.2, 1H), 5.81 (dd, J=10.2, 2.3
Hz, 1H), 5.71 (dd, J=5.0, 2.4 Hz, 1H), 5.50 (s, 1H), 4.31
(dd, J=10.3, 4.6 Hz, 1H), 4.05~4.01 (m, 1H), 3.82 (d,
J=10.3 Hz, 1H), 3.79 (s, 3H), 3.65 (ddd, J=8.3, 5.7, 3.6
Hz, 1H), 2.44 (s, 3H); *C NMR (CDCl;, 100 MHz) ¢:
160.2, 140.4, 133.6, 131.9, 130.3, 129.9, 129.8, 128.2,
127.7, 127.5, 126.3, 113.7, 101.9, 82.6, 74.3, 71.8, 69.2,
55.3, 21.2; HRMS caled for CyH»;048Na [M+Na]*
393.1131, found 393.1136.

(2R.,4aR,6S,8a8)-2-(4- F 48 25 R 5 )-6-((4- H B 26 K
o)t %2 )-4,4a,6,8a- VU A LI [3,2-d][1,3] —WE5E(3d): M
tafE Ak, 28.1 mg, 753 76%. m.p. 122~123 C; [a]y +
100.1 (¢ 1.0, CHCL); '"H NMR (CDCls, 400 MHz) ¢:
7.55~7.46 (m, 2H), 7.45~7.36 (m, 2H), 6.93~6.85 (m,
4H), 5.97 (d, J=10.2 Hz, 1H), 5.78 (dd, J=10.2, 2.3 Hz,
1H), 5.59 (dd, J=3.2, 2.1 Hz, 1H), 5.48 (s, 1H), 4.32 (dd,
J=10.3, 4.6 Hz, 1H), 3.90~3.86 (m , 1H), 3.85 (s, 3H),
3.81 (s, 3H), 3.79 (d, J=10.3 Hz, 1H), 3.64 (ddd, J=8.3,
5.6, 3.6 Hz, 1H); 3C NMR (CDCls, 100 MHz) ¢: 160.2,
160.2, 136.6, 129.8, 129.6, 128.1, 127.5, 121.8, 114.2,
113.7, 101.8, 82.9, 74.2, 71.7, 69.2, 55.3, 55.3; HRMS
caled for CyH»OsSNa [M + Na] " 409.1080, found
409.1081.

(2R,4aR,6S,8a8)-6-((4-(FUT 2) 2K 1) B /8)-2-(4- H
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AL IR IE)-4,4a,6,8a- VU A ML IR [3,2-d][1,3] —FET(3e):
sk, 27.6 mg, 7% 67%. m.p. 132~133 C; [a]p +
124.1 (¢ 1.0, CHCL;); '"H NMR (CDCl;, 400 MHz) ¢:
7.54~7.46 (m, 2H), 7.46~7.33 (m, 4H), 6.97~6.86 (m,
2H), 6.03 (d, J=10.2 Hz, 1H), 5.82 (dd, J=10.2, 2.3 Hz,
1H), 5.70 (dd, J=3.1, 2.1 Hz, 1H), 5.52 (s, 1H), 4.33 (dd,
J=10.3, 4.6 Hz, 1H), 4.05~4.01 (m, 1H), 3.86 (d, J=
10.3 Hz, 1H), 3.82 (s, 3H), 3.67 (ddd, J=8.4, 5.6, 3.6 Hz,
1H), 1.35 (s, 9H); 3C NMR (CDCl;, 100 MHz) 6: 160.2,
151.5, 133.3, 129.8, 128.8, 127.9, 127.5, 125.8, 113.7,
101.9, 83.1, 74.3, 71.8, 69.2, 55.3, 34.6, 31.3; HRMS calcd
for Ca4Hy204SNa [M+Na]" 435.1600, found 435.1603.

(2R,4aR,65,8a8)-2-(4- F 58 5 2K 3 )-6-( 25 -2- T 2 )-
4,4a,6,8a- U & M W [3,2-d[1,3] — M 95 (3f): [ {0 & 44,
23.6 mg, =& 58%. m.p. 152~153 C; [a]} +82.5 (c
1.0, CHCls); 'H NMR (CDCl;, 400 MHz) J: 8.12~8.05
(m, 1H), 7.91~7.81 (m, 3H), 7.66~7.74 (m, 1H), 7.59~
7.52 (m, 2H), 7.45~7.39 (m, 2H), 6.94~6.88 (m, 2H),
6.03 (d, J=10.0 Hz, 1H), 5.88 (dd, J=10.1, 2.3 Hz, 1H),
5.84 (dd, J=3.2, 2.1 Hz, 1H), 5.51 (s, 1H), 4.38 (dd, J=
10.2, 4.6 Hz, 1H), 4.08~4.04 (m, 1H), 3.89 (d, J=10.3
Hz, 1H), 3.83 (s, 3H), 3.73 (ddd, J=8.3, 5.7, 3.6 Hz, 1H);
13C NMR (CDCl;, 100 MHz) d: 160.2, 133.4, 132.8, 132.6,
130.5, 130.1, 129.7, 129.6, 128.3, 127.8, 127.7, 127.7,
127.5, 126.6, 113.7, 101.9, 82.9, 74.3, 71.9, 69.3, 55.3;
HRMS caled for CyH2»0s;SNa [M+ Na]' 429.1131,
429.1132.

(2R,4aR,68,8aS)-2-(4- F A H IR JE)-6-((4-( = U 5%)
7R 3 ) i 1R)-4,4a,6,8a- VU S I [3,2-d][1,3] - HE 3£ (3g):
H &, 254 mg, 723 60%. m.p. 125~126 C; [a]>
+83.6 (¢ 1.0, CHCl;); 'H NMR (CDCl;, 400 MHz) o:
7.68~7.56 (m, 4H), 7.47~7.40 (m, 2H), 6.95~6.86 (m,
2H), 6.14~6.06 (m, 1H), 5.85~5.79 (m, 2H), 5.55 (s,
1H), 4.35 (dd, J=10.3, 4.6 Hz, 1H), 4.18~4.13 (m, 1H),
3.86 (t, J=10.3 Hz, 1H), 3.82 (s, 3H), 3.73 (ddd, J=8.3,
5.7, 3.6 Hz, 1H); '*C NMR (CDCls;, 100 MHz) 6: 160.2,
131.7, 130.7, 129.6, 127.5, 127.1, 125.6, 125.6, 125.5,
125.5, 113.7, 101.9, 82.2, 74.2, 71.9, 69.1, 55.3; HRMS
caled for CyHioF304- SNa [M+Na]" 447.0848, found
447.0852.

(2R,4aR,65,8a8)-6-((4- 5 A ) B AR)-2-(4- H A K
F£)-4,4a,6,8a- PU S IR [3,2-d][1,3] ~ME DL (3h): HE
1k, 28.1 mg, 723 75%. m.p. 112~113 C; [a]} +103.4
(¢ 1.0, CHCl3); 'H NMR (CDCls, 400 MHz) 6: 7.65~7.50
(m, 2H), 7.50~7.37 (m, 2H), 7.16~7.00 (m, 2H), 7.00~
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6.84 (m, 2H), 6.03 (d, J=10.2 Hz, 1H), 5.80 (dd, J=10.2,
2.4 Hz, 1H), 5.72~5.60 (m, 1H), 5.51 (s, 1H), 4.35 (dd,
J=10.3, 4.6 Hz, 1H), 3.98~3.90 (m, 1H), 3.84 (s, 3H),
3.82 (d, J=10.3 Hz, 1H), 3.68 (ddd, J=8.3, 5.7, 3.6 Hz,
1H); '*C NMR (CDCls, 100 MHz) 6: 163.2 (d, Jer=247.1
Hz), 160.2, 136.5 (d, Jor=8.2 Hz),130.1, 129.7, 127.8,
127.5, 126.7 (d, Jer=3.2 Hz), 115.8 (d, Jcr=21.6 Hz),
113.7,101.9, 82.7, 74.2, 71.8, 69.2, 55.3; HRMS calcd for
CaoH19FO4SNa [M+Na]" 397.0080, found 397.0084.
(2R4aR,6S,8a5)-6~((3- A FE ) i AX)-2-(4- F AL B R
F£)-4,42,6,8a-PU S [ 3,2-d][1,3] - MEHE(3i): A ELE 1A,
27.3 mg, FF 73%. mp. 111~112 C; [a]Z +552 (c
1.0, CHCLs); 'H NMR (CDCls, 400 MHz) &: 7.49~7.39
(m, 2H), 7.37~7.31 (m, 3H), 7.07~7.02 (m, 1H), 6.98~
6.88 (m, 2H), 6.08 (d, J=10.2, 1H), 5.82 (dd, J=10.1, 2.3
Hz, 1H), 5.79 (dd, J=4.1, 2.1 Hz, 1H), 5.56 (s, 1H), 4.37
(dd, J=10.3, 4.6 Hz, 1H), 4.17~4.09 (m, 1H), 3.88 (t, J=
10.3 Hz, 1H), 3.84 (s, 3H), 3.73 (ddd, J=8.3, 5.7, 3.6 Hz,
1H); '*C NMR (CDCls, 100 MHz) 6: 162.4 (d, Jer=246.7
Hz), 160.2, 134.7 (d, Jor=8.0 Hz), 130.5, 130.0 (d, Jor=
8.2 Hz), 129.7, 128.2 (d, Jcr=3.0 Hz), 127.5, 127.4, 119.4
(d, Jer=22.3 Hz), 115.0 (d, Jer=21 Hz), 113.7, 101.9,
82.5, 74.2, 71.9, 69.2, 55.3; HRMS calcd for CyoH 9FOs-
SNa [M+Na]" 397.0880, found 397.0876.
(2R,4aR,6S,8aS)-6-((2- F 7% & ) B AX)-2-(4- 48 k2
$£)-4,4a,6,8a- P4 S I [3,2-d][1,3] - HE 5L (3j): A o [H]
1A, 25.8 mg, P& 69%. m.p. 113~114 C; [a]} +90.4
(¢ 1.0, CHCl3); 'H NMR (CDCls, 400 MHz) 6: 7.67~7.62
(m, 1H), 7.49~7.34 (m, 3H), 7.25~7.11 (m, 2H), 7.00~
6.85 (m, 2H), 6.05 (d, J=10.0, 1H), 5.87 (dd, J=10.2, 2.3
Hz, 1H), 5.75 (dd, J=3.1, 2.1 Hz, 1H), 5.51 (s, 1H), 4.34
(dd, J=10.3, 4.6 Hz, 1H), 3.97~3.93 (m, 1H), 3.84 (s,
3H), 3.81 (d, J/=10.3 Hz, 1H), 3.67 (ddd, J=8.3, 5.7, 3.6
Hz, 1H); *C NMR (CDCls, 100 MHz) §: 163.4 (d, Jor=
245.6 Hz), 160.2, 136.6, 130.8 (d, Je.r=8.0 Hz), 130.2,
129.7, 127.5, 124.3 (d, Jcr=3.8 Hz), 118.7 (d, Jer=18.1
Hz), 115.8 (d, Jer=23.1 Hz), 113.7, 101.9, 82.1, 82.1,
74.1, 71.8, 69.2, 55.3; HRMS calcd for Cy0H19FO4SNa
[M+Na]" 397.0880, found 397.0877.
(2R.,4aR,6S,8a8)-6-((4- 1R R ) B AR)-2-(4- F AR FE R
$£)-4.,4a,6,8a- VU S M [3,2-d][1,3] - ME DL (3k): M [
&, 34.3 mg, =& 79%. m.p. 147~148 C; [a]5 +67.8
(¢ 1.0, CHCls); 'H NMR (CDCls, 400 MHz) 6: 7.51~7.36
(m, 6H), 6.94~6.85 (m, 2H), 6.02 (d, J=10.2 Hz, 1H),
5.76 (dd, J=10.2, 2.3 Hz, 1H), 5.67 (dd, J=2.3 Hz, 1H),
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5.50 (s, 1H), 4.31 (dd, J=10.3, 4.6 Hz, 1H), 4.05~3.93
(m, J=7.4, 2.4 Hz, 1H), 3.82 (d, J=10.3 Hz, 1H), 3.80 (s,
3H), 3.66 (ddd, J=8.4, 5.8, 3.7 Hz, 1H); '3C NMR
(CDCls;, 100 MHz) 0: 160.2, 135.1, 131.8, 131.2, 130.3,
129.7, 127.5, 127.5, 122.7, 113.7, 101.9, 82.5, 74.2, 71.9,
69.2, 55.3; HRMS calcd for CaH;oBrOsSNa [M+Na]"
457.0080, found 457.0067.

(2R,4aR,65,8a8)-6-((3-1R K HE ) it 1R)-2-(4- F | L R
3)-4,4a,6,8a-DU ML 3,2-4][1,3] - FEHE3D): A (A E 14,
32.2 mg, 75K 74%. mp. 146~147 C; [a]> +68.2 (c
1.0, CHCls); 'H NMR (CDCl;, 400 MHz) 0: 7.71 (t, J=1.8
Hz, 1H), 7.52~7.33 (m, 4H), 7.18 (d, J=7.9 Hz, 1H),
6.93~6.82 (m, 2H), 6.03 (d, J=10.2, 1H), 5.76 (dd, J=
10.1, 2.3 Hz, 1H), 5.72 (dd, J=3.2, 2.1 Hz, 1H), 5.51 (s,
1H), 4.33 (dd, J=10.3, 4.6 Hz, 1H), 4.07~3.97 (m, 1H),
3.83 (d, J=10.3 Hz, 1H), 3.80 (s, 3H), 3.68 (ddd, J=8.3,
5.7, 3.6 Hz, 1H); '3C NMR (CDCls, 100 MHz) J: 160.2,
135.6, 134.5, 131.6, 1312, 130.4, 130.1, 129.7, 127.5,
127.4, 122.3, 113.7, 101.9, 82.5, 74.2, 71.9, 69.2, 55.3;
HRMS caled for CyH;9BrOsSNa [M+Na]® 457.0080,
found 457.0081.

322 ik 4a—4do 194 %

£ 5 mL [¥] Schlenk & P, MR %] b -3 -1k i
FRHE(1b, 36.9 mg, 0.1 mmol). Co(BFs), (2.3 mg, 10
mol%)~ Zn #}(0.6 mg, 10 mol%) LA} (R)-(+)-BINAP (9.3
mg, 15 mol%), HifiE 15 min, ZEZ/SF, A 2 mL K
ZJEFIBEE0.11 mmol). 7£ 80 ‘C N5 4 h, TLC Wil
SN 54, B2 mL AR NaHCO: VETE K [ B, — &,
T ZEHUKAR(S mLX3), &IHAHIAE, JoK NaxSOs T
B, VRS RAR AT B, IR IR JE AT (R
ARLE, V=2 /)4, BEIENEEE 4a~4do.

(2R,4aR,65,8a8)-6-( “F B 5 )-2-(4- FH 4 AL 2K FE)-
4,4a,6,8a- VU S ML [3,2-d][1,3] - (4a): - EOHDIRY,
28.5 mg, ;7% 77%. [a]; +2.8 (c 1.0, CHCl3); '"H NMR
(CDCls, 400 MHz) §: 7.47~7.38 (m, 2H), 7.37~7.28 (m,
4H), 6.95~6.84 (m, 2H), 6.09 (d, J=10.2 Hz, 1H), 5.72
(dd, J=10.3, 2.3 Hz, 1H), 5.55 (s, 1H), 5.40 (dd, J=3.6,
2.2 Hz, 1H), 4.31 (dd, J=10.3, 4.6 Hz, 1H), 4.27~4.19
(m, 1H), 3.93 (d, J=10.3 Hz, 1H), 3.84~3.79 (m, 5H),
3.63 (ddd, J=8.3, 5.6, 3.6, 1H); '3C NMR (CDCls, 100
MHz) 6: 160.2, 137.6, 129.8, 129.7, 129.1, 128.5, 128.1,
127.5, 127.1, 113.7, 101.9, 79.4, 74.5, 71.7, 69.2, 55.3,
33.5; HRMS calcd for C;H204SNa [M+Na]® 393.1131,
found 393.1132.

(2R ,4aR,68,8a8)-6-((4- F 48 5 4% 25 ) it AX)-2-(4- F 4

Chin. J. Org. Chem. 2022, 42, 2140~2154

© 2022 Chinese Chemical Society & SIOC, CAS

IR FE)-4,4a,6,8a- VU S MEIR[3,2-d][1,3] -FETL(4b): Tofh
HARY, 32 mg, FEE 80%. [a]) —11.7 (c 1.0, CHCL);
'H NMR (CDCl;, 400 MHz) J: 7.48~7.41 (m, 2H),
7.30~7.28 (m, 1H), 7.28~7.26 (m, 1H), 6.95~6.85 (m,
4H), 6.11 (d, J=10.4 Hz, 1H), 5.74 (dd, J=10.3, 2.3 Hz,
1H), 5.58 (s, 1H), 5.41 (dd, J=4.0, 2.2 Hz, 1H), 4.34 (dd,
J=10.3, 4.6 Hz, 1H), 4.30~4.26 (m, 1H), 3.91 (d, J=
12.9 Hz, 1H), 3.87 (d, J=10.4 Hz, 1H), 3.83 (s, 6H), 3.80
(d, J=12.9 Hz, 1H), 3.67 (ddd, J=8.3, 5.6, 3.6 Hz, 1H);
13C NMR (CDCls, 100 MHz) §: 160.2, 158.7, 130.2, 129.8,
129.6, 129.3, 128.2, 127.5, 113.9, 113.7, 101.9, 79.4, 74.6,
71.6, 69.2, 55.3, 55.3, 32.9; HRMS calcd for Cp,H240sSNa
[M+Na]" 423.1236, found 423.1238.

(2R.,4aR,6S,8a8)-6-( £, B % )-2-(4- F 480 2k R AL )-
4,4a,6,8a- VU ML [3,2-d][1,3] —FEDE(4e): TR,
20.1 mg, P23 65%. [a]? +70.6 (¢ 1.0, CHCl;); 'H NMR
(CDCls, 400 MHz) 6: 7.47~7.42 (m, 2H), 6.95~6.88 (m,
2H), 6.12 (d, J=10.3 Hz, 1H), 5.78 (dd, J=10.2, 2.2 Hz,
1H), 5.58 (s, 1H), 5.52 (dd, J=4.2, 2.2 Hz, 1H), 4.32 (dd,
J=10.4, 47 Hz, 1H), 4.30~4.26 (m, 1H), 3.87 (d, J=
10.3 Hz, 1H), 3.82 (s, 3H), 3.68 (ddd, J=8.0, 5.6, 3.6 Hz,
1H), 2.81~2.61 (m, 2H), 1.32 (t, J=7.5 Hz, 3H); 3C
NMR (CDCls, 100 MHz) 6: 160.2, 129.7, 129.3, 128.6,
127.5, 113.7, 101.9, 80.2, 74.5, 71.7, 69.2, 55.3, 23.4, 15.1;
HRMS caled for Ci6Hz004SNa [M+ Na] ™ 331.0974,
found 331.0982.

(2R 4aR,6S,8a8)-6-( T Tt % )-2-(4- H AL 2k K 5L )-
4,4a,6,8a- VU S ML [3,2-d][1,3] —"E L (4d): TSR,
243 mg, 7% 73%. [a]? +51.3 (¢ 1.0, CHCls); '"H NMR
(CDCls, 400 MHz) 6: 7.49~7.37 (m, 2H), 6.95~6.82 (m,
2H), 6.09 (d, J=10.3 Hz, 1H), 5.76 (dd, J=10.3, 2.3 Hz,
1H), 5.56 (s, 1H), 5.48 (dd, J=4.0, 2.3 Hz, 1H), 4.30 (dd,
J=10.3, 4.7 Hz, 1H), 4.27~4.22 (m, 1H), 3.84 (d, J=
10.4 Hz, 1H), 3.80 (s, 3H), 3.65 (ddd, J=8.3, 5.8, 3.7 Hz,
1H), 2.76~2.54 (m, 2H), 1.66~1.60 (m, 2H), 1.49~1.36
(m, 2H), 0.92 (t, J=7.3 Hz, 3H); 3C NMR (CDCls, 100
MHz) §: 160.2, 129.8, 129.3, 128.7, 127.5, 113.7, 101.9,
80.3, 74.6, 71.8, 69.2, 55.3, 31.9, 28.8, 22.1, 13.7; HRMS
caled for CisH2404SNa [M -+ Na]© 359.1288, found
359.1283.

(2R,4aR,65,8a5)-6-( ¢ T il 45 )-2-(4- H 40 2k O 5 )-
4,4a,6,8a- VY LI [3,2-d][1,3] ~WETi(de): To i RY,
23.5mg, %% 70%. [a]? +60.1 (c 1.0, CHCls); '"H NMR
(CDCls, 400 MHz) 6: 7.43~7.39 (m, 2H), 6.90~6.87 (m,
2H), 6.08 (d, J=10.1 Hz, 1H), 5.75 (dd, J=10.3, 2.3 Hz,
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1H), 5.56 (s, 1H), 5.46 (dd, J=3.3, 2.1 Hz, 1H), 4.30 (dd,
J=10.3, 4.7, 1H), 4.25~4.22 (m, 1H), 3.84 (d, J=10.3
Hz, 1H), 3.80 (s, 3H), 3.65 (ddd, J=8.3, 5.6, 3.5 Hz, 1H),
2.58~2.46 (m, 2H), 1.89~1.79 (m, 1H), 1.00~0.98 (m,
6H); 3C NMR (CDCl;, 100 MHz) d: 160.2, 129.8, 129.3,
128.7, 127.5, 113.7, 101.9, 80.4, 74.6, 71.8, 69.2, 55.3,
38.0, 28.9, 22.3, 22.1; HRMS caled for CisH2404SNa
[M+Na]" 359.1288, found 359.1285.

(2R, 4aR,65,8aS)-6~(1- F fini 5= )-2-(4- %8 J OR 5k )-
4,4a,6,8a- WU S ML IR [3,2-d][ 1,3] - ME L (4f): o PRy,
24.7 mg, 773 63%. [a]} +52.1 (c 1.0, CHCl3); '"H NMR
(CDCls, 400 MHz) §: 7.64~7.40 (m, 2H), 7.07~6.83 (m,
2H), 6.13 (d, J=10.3 Hz, 1H), 5.80 (dd, J=10.2, 2.3 Hz,
1H), 5.60 (s, 1H), 5.52 (dd, J=3.3, 2.1 Hz, 1H), 4.34 (dd,
J=10.3, 4.6 Hz, 1H), 4.32~4.25 (m, 1H), 3.88 (d, J=
10.3 Hz, 1H), 3.85 (s, 3H), 3.70 (ddd, J=8.3, 5.6, 3.6 Hz,
1H), 2.80~2.58 (m, 2H), 1.70~1.63 (m, 2H), 1.47~1.38
(m, 2H), 1.35~1.29 (m, 8H), 0.96~0.89 (m, 3H); 1*C
NMR (CDCls, 100 MHz) 0: 160.2, 129.8, 129.3, 128.7,
127.5, 113.7,101.9, 80.3, 74.6, 71.8, 69.2, 55.3, 31.8, 29.9,
29.2, 29.2, 29.1, 23.4, 22.6, 14.1; HRMS caled for
C2H3,04S8Na [M+Na]™ 415.1913, found 415.1914.

(2R,4aR,65,8a8)-6-( 1+ it 5 )-2-(4- H 4 2 K 3L )-
4,4a,6,8a- VU S I [3,2-d][1,3] T (4g): To MRy,
26.9 mg, 73 60%. [a]} +34.7 (c 1.0, CHCl3); '"H NMR
(CDCls, 400 MHz) §: 7.50~7.41 (m, 2H), 6.99~6.84 (m,
2H), 6.11 (d, J=10.3 Hz, 1H), 5.78 (dd, J=10.2, 2.3 Hz,
1H), 5.58 (s, 1H), 5.50 (dd, J=3.4, 2.4 Hz, 1H), 4.32 (dd,
J=10.3, 4.6 Hz, 1H), 4.28~4.25 (m, 1H), 3.86 (d, J=
10.3 Hz, 1H), 3.82 (s, 3H), 3.68 (ddd, J=8.3, 5.7, 3.6 Hz,
1H), 2.78~2.54 (m, 2H), 1.69~1.62 (m, 2H), 1.41~1.38
(m, 2H), 1.29 (d, J=3.5 Hz, 16H), 0.90 (t, J=6.7 Hz, 3H);
13C NMR (CDCl;, 100 MHz) d: 160.2, 129.8, 129.3, 128.7,
127.5, 113.7, 101.9, 80.3, 74.6, 71.7, 69.2, 55.3, 31.9, 29.9,
29.6, 29.6, 29.6, 29.5, 29.4, 29.2, 29.1, 22.7, 14.1; HRMS
caled for CyHs0O4SNa [M + Na] * 471.2539, found
471.2543.

((2R,4aR,68,8aS)-2-(4- H 4 JE 2K Jik )-4,4a,6,8a- 4 &
MEE[3,2-d][1,3] — K8 5-6-FifX) LR B (4h): Jo ik
Y, 253 mg, F7HF 72%. [a]} +44.1 (c 1.0, CHClL); 'H
NMR (CDCl;, 400 MHz) d: 7.49~7.39 (m, 2H), 6.97~
6.87 (m, 2H), 6.19 (d, J=10.2 Hz, 1H), 5.75 (dd, J=10.3,
2.3 Hz, 1H), 5.60 (dd, J=3.3, 2.1 Hz, 1H), 5.59 (s, 1H),
435~426 (m, 2H), 3.83 (s, 3H), 3.80~3.77 (m, 4H),
3.75~3.62 (m, 1H), 3.47 (d, J=15.3 Hz, 1H), 3.32 (d, J=
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153 Hz, 1H); *C NMR (CDCl;, 100 MHz) ¢: 170.8,
160.2, 130.7, 129.7, 127.5, 127.3, 113.7, 102.0, 79.5, 74.1,
71.7, 68.9, 55.3, 52.6, 30.4; HRMS calcd for C17H2006S
Na [M-+Na]® 375.0873, found 375.0869.
((2R,4aR,6S,8a5)-2-(4- H 4 2 X % )-4,4a,6,8a- VU &
MR [3,2-d][1,3] —HE e -6-FiAR) L1 £ B (41): Tota itk
Y, 24.9 mg, FEF 66%. [a]} +42.5 (¢ 1.0, CHCly); 'H
NMR (CDCls, 400 MHz) : 7.41 (d, J=8.5 Hz, 2H), 6.89
(d, J=8.4 Hz, 2H), 6.16 (d, J=10.2 Hz, 1H), 5.74 (dd, J=
10.1, 2.4 Hz, 1H), 5.59 (dd, J=5.3, 2.6 Hz, 1H), 5.56 (s,
1H), 4.30~4.27 (m, 2H), 4.21 (q, J=7.1 Hz, 2H), 3.81~
3.76 (m, 4H), 3.65 (ddd, J=8.3, 5.6, 3.6 Hz, 1H), 3.43 (d,
J=15.2 Hz, 1H), 3.29 (d, J=15.3 Hz, 1H), 1.31 (t, J="7.1
Hz, 3H); 3C NMR (CDCl;, 100 MHz) §: 170.3, 160.2,
130.6, 129.7, 127.5, 127.5, 113.7, 101.9, 79.5, 74.2, 71.8,
69.1, 61.5, 55.3, 30.7, 14.2; HRMS calcd for C1sH2,06SNa
[M+Na]™ 389.1029, found 389.1028.
((2R.4aR,6S,8a5)-2-(4- 1 4 Jk X %5 )-4,4a,6,8a- VU &
ML [3,2-d][1,3] — B8 T -6-TriAQ) TN R FH IR (4j): o itk
¥, 22.3 mg, 77F 62%. [a]} +51.5 (c 1.0, CHCly); 'H
NMR (CDCl;, 400 MHz) d: 7.48~7.39 (m, 2H), 6.97~
6.87 (m, 2H), 6.15 (d, J=10.2 Hz, 1H), 5.77 (dd, J=10.3,
2.3 Hz, 1H), 5.58 (s, 1H), 5.53 (dd, J=3.3, 2.1 Hz, 1H),
4.34~4.26 (m, 2H), 3.86~3.81 (m, 4H), 3.73 (s, 3H),
3.68 (ddd, J=8.4, 5.7, 3.7 Hz, 1H), 3.00~2.84 (m, 2H),
2.71 (t, J=7.4 Hz, 2H); '3C NMR (CDCls, 100 MHz) ¢:
172.3, 160.2, 129.9, 129.7, 128.2, 127.5, 113.7, 101.9,
80.4, 74.4, 71.8, 69.2, 55.3, 51.9, 35.3, 24.3; HRMS calcd
for C1sH2,06SNa [M+Na]" 389.1029, found 389.1028.
(2R, 4aR,68,8aS)-6-((Wk IR -2- 3 F 36 ) B R)-2-(4- F 48
I FE)-4,4a,6,8a- U S MEIR[3,2-d][1,3] -FETL(4k): Tofh
HARY, 27.0 mg, F2F 75%. [a]5 —6.1 (¢ 1.0, CHCL);
'H NMR (CDCl;, 400 MHz) J: 7.48~7.42 (m, 2H),
7.41~7.37 (m, 1H), 6.95~6.88 (m, 2H), 6.35 (dd, J=3.2,
1.9 Hz, 1H), 6.27~6.21 (m, 1H), 6.13 (d, J=10.3 Hz,
1H), 5.76 (dd, J=10.3, 2.3 Hz, 1H), 5.58 (s, 1H), 5.52 (dd,
J=3.4, 2.0 Hz, 1H), 4.37~4.26 (m, 2H), 4.04~3.96 (m,
1H), 3.86~3.80 (m, 5H), 3.68 (ddd, J=8.3, 5.7, 3.7 Hz,
1H); '*C NMR (CDCl;, 100 MHz) d: 160.2, 150.9, 142.2,
129.9, 129.7, 127.8, 127.5, 113.7, 110.5, 107.9, 101.9,
79.5, 74.5, 71.7, 69.2, 55.3, 25.7; HRMS caled for
C19oH200sSNa [M+Na]* 383.0923, found 383.0928.
(2R.,4aR,65,8a8)-6-( I [& i J& )-2-(4- HH 480 2 R 0k )-
4,4a,6,8a- VU ML IR [3,2-d][1,3] - HE 5 (41): T (i R4,
233 mg, %% 67%. [a]; +22.3 (¢ 1.0, CHCLs); '"H NMR
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(CDCls, 400 MHz) 0: 7.49~7.41 (m, 2H), 6.96~6.87 (m,
2H), 6.08 (d, J=10.2 Hz, 1H), 5.81 (dd, J=10.3, 2.3 Hz,
1H), 5.58 (s, 1H), 5.54 (dd, J=3.2, 2.2 Hz, 1H), 4.34~
4.29 (m, 2H), 3.88~3.82 (m, 4H), 3.68 (ddd, J=8.3, 5.6,
3.6 Hz, 1H), 3.37~3.30 (m, 1H), 2.16~1.97 (m, 2H),
1.78~1.76 (m, 2H), 1.68~1.62 (m, 2H), 1.56 (d, J=5.5
Hz, 2H); '3C NMR (CDCl;, 100 MHz) §: 160.2, 129.8,
128.9, 128.9, 127.5, 113.7, 101.9, 80.6, 74.5, 71.8, 69.3,
55.3, 42.5, 34.8, 34.1, 24.8, 24.7; HRMS caled for
CioH2404SNa [M+Na]* 371.1287, found 371.1288.

(2R,4aR,65,8a8)-6-( ¥ O it 5 )-2-(4- H 48 2L K 3L )-
4,4a,6,8a- VU MR [3,2-d][1,3] 55 (4m): TS EOHRY),
25.7mg, 7% 71%. [a]} +62.6 (c 1.0, CHCl3); '"H NMR
(CDCls, 400 MHz) ¢: 7.52~7.32 (m, 2H), 6.97~6.74 (m,
2H), 6.06 (d, J=10.2, 1H), 5.76 (dd, J=10.3, 2.2 Hz, 1H),
5.65~5.47 (m, 2H), 4.37~4.21 (m, 2H), 3.91~3.77 (m,
4H), 3.65 (ddd, J=8.3, 5.7, 3.6 Hz, 1H), 3.04~2.87 (m,
1H), 2.11~1.91 (m, 2H), 1.83~1.69 (m, 2H), 1.49~1.18
(m, 6H); *C NMR (CDCls, 100 MHz) J: 160.2, 129.8,
129.1, 128.8, 127.5, 113.7, 101.9, 79.9, 74.6, 71.8, 69.3,
55.3, 42.9, 34.5, 34.2, 26.2, 26.1, 25.7; HRMS calcd for
Ca0Ha604SNa [M+Na]" 385.1444, found 385.1449.

(2R,4aR,65,8a8)-6-(F T fit 5 )-2-(4- H1 48 Jik % 0k )-
4,4a,6,8a- VY ZMEIH[3,2-d][1,3] & 95 (4n): Jo AR,
18.8 mg, %3 56%. [a]} +21.2 (c 1.0, CHCL3); '"H NMR
(CDCls, 400 MHz) 6: 7.50~7.40 (m, 2H), 6.96~6.87 (m,
2H), 6.05 (d, J=10.1 Hz, 1H), 5.76 (dd, J=10.2, 2.3 Hz,
1H), 5.67 (dd, J=4.3, 2.3 Hz, 1H), 5.57 (s, 1H), 4.36~
4.32(m, 1H), 4.29 (dd, J=10.3, 4.6 Hz, 1H), 3.88 (t, J=
10.3 Hz, 1H), 3.82 (s, 3H), 3.69 (ddd, J=8.3, 5.6, 3.5 Hz,
1H), 1.43 (s, 9H); 3C NMR (CDCl;, 100 MHz) 6: 160.2,
129.8, 128.9, 128.7, 127.5, 113.7, 101.9, 79.1, 74.5, 71.7,
69.2, 55.3, 44.5, 31.6; HRMS caled for CisH2404SNa
[M+Na]" 359.1287, found 359.1287.

N- Z. Bt % -((2R,4aR,6S,8a8)-2-(4- F 48 it 7K 5 )-
4,4a,6,8a- WU S ML I [3,2-d][1,3] =" JE-6-BAR)-L-F B &
% 1E A e (do): LEMHIRY, 32.9 mg, 77% 73%. [al) +
13.8 (¢ 1.0, CHCls); 'H NMR (CDCl;, 400 MHz) d: 7.43
(d, J=8.6 Hz, 2H), 6.97~6.88 (m, 2H), 6.45 (d, J=7.4
Hz, 1H), 6.17 (d, J=10.1 Hz, 1H), 5.72 (dd, J=10.2, 2.4
Hz, 1H), 5.58 (s, 1H), 5.50 (dd, J=5.6, 2.6 Hz, 1H),
4.89~4.79 (m, 1H), 4.33 (dd, J=10.2, 4.6 Hz, 1H), 4.28
(d, J=8.6 Hz, 1H), 4.20~4.10 (m, 2H), 3.85 (d, J=10.4
Hz, 1H), 3.83 (s, 3H), 3.73~3.66 (m, 1H), 3.19~3.07 (m,
2H), 2.10 (s, 3H), 1.74~1.70 (m, 2H), 0.98 (t, J=7.4 Hz,
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3H); 3C NMR (CDCl;, 100 MHz) d: 170.6, 169.9, 130.5,
129.6, 127.9, 127.5, 113.7, 102.1, 74.2, 72.1, 68.9, 67.4,
55.3,51.9, 31.1, 23.3, 21.9, 10.4; HRMS calcd for Cy,Ho-
NO;SNa [M+Na]" 474.1557, found 474.1567.

3.23 {44 5a~5h 694 %

fE£ 5 mL ) Schlenk B, MKIKIMAMNE 1g~1j
(36.9 mg, 0.1 mmol). Co(BF4): (2.3 mg, 10 mol%). Zn ¥
(0.6 mg, 10 mol%) LA & (R)-(+ )-BINAP (9.3 mg, 15
mol%), fiFiE 15 min, AEZS NI 2 mL B 2 Fm
Fi B R AR 9 (0.11 mmol). 7E 80 ‘C XM 6 h, TLC il
KM 5E4, F 2 mL (A NaHCOs VW KON, 5
FIGEZEEUKAH(S mLX3), &IFANAH, JoK Na,SOs T
W, VRS R AR A R, I AT E AT CA TR
SHBE, VI Vv=1 " Dgith, 15265 Sa~5h.

(4aR,68,8a8)-2,2- — H1 H-6-(Z5-2-1i 5 )-4,4a,6,8a- /U
SMEI[3,2-d][1,3] HE5E(5a): AEEA, 21.3 mg, F2&K
65%. m.p. 127~128 C; [a]5 +54.1 (¢ 1.0, CHCL); 'H
NMR (CDCl;, 400 MHz) ¢6: 8.05 (d, J=1.7 Hz, 1H),
7.90~7.77 (m, 3H), 7.61 (dd, J=8.6, 1.8 Hz, 1H), 7.57~
7.48 (m, 2H), 5.91~5.86 (m, 1H), 5.86~5.76 (m, 2H),
4.08~4.01 (m, 1H), 3.97 (dd, J=10.6, 5.0 Hz, 1H), 3.85
(t, J=10.6 Hz, 1H), 3.53 (ddd, J=8.6, 5.0, 3.6 Hz, 1H),
1.42 (d, J=7.9 Hz, 6H); 3C NMR (CDCls, 100 MHz) §:
133.4, 132.7, 132.5, 130.7, 130.4, 130.1, 129.8, 128.3,
128.1, 127.7, 127.6, 127.5, 126.5, 126.5, 99.7, 82.9, 72.9,
66.7, 62.9, 29.7, 29.1, 18.8; HRMS calcd for CioH003SNa
[M+Na]" 351.1025, found 351.1036.

(4aR,6S,8a8)-6-(“F i £ )-2,2- — F %k -4,4a,6,8a- T &
MEIG[3,2-d][1,3] —REDHE(Sb): TRy, 20.1 mg, F=&
69%. [a]} —14.8 (¢ 1.0, CHCL); '"H NMR (CDCls, 400
MHz) d: 7.39~7.29 (m, 4H), 7.28~7.24 (m, 1H), 5.98
(dd, J=10.2, 1.9 Hz, 1H), 5.70 (dd, J=10.3, 2.3 Hz, 1H),
5.38 (dd, J=3.4, 2.1 Hz, 1H), 4.35~4.24 (m, 1H), 4.02~
3.88 (m, 2H), 3.87~3.74 (m, 2H), 3.47 (ddd, J=8.8, 5.6,
3.6 Hz, 1H), 1.53 (s, 3H), 1.44 (s, 3H); 3C NMR (CDCl;,
100 MHz) d: 137.6, 130.4, 129.1, 128.5, 127.8, 127.1,
99.8,79.3, 72.7, 67.1, 62.8, 33.5, 29.2, 19.1; HRMS calcd
for C16H2003SNa [M+Na]" 314.1025, found 314.1029.

(42'R,6'S,82'S)-6'-( 2% -2- i 4k )-4' 42',6',8a'- VY S HE 31
[ C e -1,2'- Bk [3,2-d][1,3] W 52 (5¢): A (0 ] 44,
25.8 mg, “F 70%. m.p. 133~134 C; [a]> +58.9 (c
1.0, CHCls); '"H NMR (CDCls, 400 MHz) §: 8.05 (d, J=
1.7 Hz, 1H), 7.88~7.78 (m, 3H), 7.61 (dd, J=8.5, 1.8 Hz,
1H), 7.56~7.47 (m, 2H), 5.94~5.88 (m, 1H), 5.85~5.76
(m, 2H), 4.05~3.98 (m, 1H), 3.95 (dd, J=10.6, 5.1 Hz,
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1H), 3.84 (t, J=10.5 Hz, 1H), 3.52 (ddd, J=8.4, 5.2, 3.2
Hz, 1H), 1.91~1.70 (m, 2H), 1.63 (s, 2H), 1.59 (t, J=4.3
Hz, 2H), 1.45~1.36 (m, 4H); '3C NMR (CDCls, 100
MHz) 6: 133.4, 132.7, 132.6, 131.1, 130.5, 129.7, 128.1,
127.7, 127.6, 127.3, 126.5, 99.9, 82.8, 73.1, 65.7, 62.2,
37.9, 29.7, 27.5, 25.6, 22.7, 22.5; HRMS calcd for
CH2403SNa [M+Na]* 391.1338, found 391.1331.

(42'R,6'S,82'S)-6'-( "1 il 3k )-4',4a',6',8a'- VU S MR IA [ 3£
Ot -1,2'- M T [3,2-d][1,3] — " 2 (5d): ¢t IR 47,
20.6 mg, F7F 62%. [a]> —5.8 (c 1.0, CHCls); '"H NMR
(CDCls, 400 MHz) : 7.38~7.30 (m, 4H), 7.28~7.24 (m,
1H), 6.00 (dd, J=10.3, 1.9 Hz, 1H), 5.70 (dd, J=10.2, 2.3
Hz, 1H), 5.39 (dd, J=3.3, 2.0 Hz, 1H), 4.40~4.26 (m,
1H), 4.01~3.88 (m, 2H), 3.88~3.78 (m, 2H), 3.48 (ddd,
J=8.8, 5.6, 3.6 Hz, 1H), 1.95 (d, J=6.2 Hz, 2H), 1.65~
1.63 (m, 2H), 1.61~1,59 (m, 2H), 1.53~1.43 (m, 4H);
13C NMR (CDCls, 100 MHz) d: 137.6, 130.7, 129.1, 128.5,
127.7,127.1,100.1, 72.9, 66.1, 62.2, 38.1, 33.5, 27.7, 25.6,
22.8, 22.5; HRMS calcd for C;9H2403SNa [M+Na] "
355.1338, found 355.1337.

(2R, 4aR,685,8a8)-6-( %% -2-ifi % )-2- 4 % -4,4a,6,8a-
SHIE[3,2-d][1,3] - FEDE(Se): (I, 27.1 mg, FEF
72%. m.p. 136~137 C; [a]} +26.6 (¢ 1.0, CHCL); 'H
NMR (CDCl;, 400 MHz) 6: 8.07 (d, J=1.7 Hz, 1H),
7.88~7.80 (m, 3H), 7.63 (dd, J=8.6, 1.8 Hz, 1H), 7.57~
7.50 (m, 2H), 7.50~7.45 (m, 2H), 7.41~7.34 (m, 3H),
6.02 (d, J=10.1 Hz, 1H), 5.87 (dd, J=10.1, 2.3 Hz, 1H),
5.82 (dd, J=3.2, 2.0 Hz, 1H), 5.53 (s, 1H), 4.38 (dd, J=
10.3, 4.6 Hz, 1H), 4.09~4.02 (m, J=8.3, 2.8, 1.4 Hz, 1H),
3.89 (t, J=10.3 Hz, 1H), 3.73 (ddd, J=8.4, 6.0, 3.6 Hz,
1H); 3C NMR (CDCls, 100 MHz) 6: 137.2, 133.4, 132.8,
132.7, 130.5, 129.9, 129.5, 129.2, 128.3, 128.2, 127.9,
127.7, 127.6, 126.6, 126.5, 126.2, 101.9, 82.9, 74.3, 71.9,
69.3; HRMS calcd for C53H2003SNa [M+Na]" 399.1025,
found 399.1029.

(2R,4aR,65,8a8)-6-(“F il %5 )-2- K -4,4a,6,8a- PU &
MEIE[3,2-d][1,3] —HEHE(5E): LEaHRY, 20.4 mg, P
63%. [a]> —3.8 (¢ 1.0, CHCL); '"H NMR (CDCl;, 400
MHz) 6: 7.58~7.47 (m, 2H), 7.43~7.28 (m, 8H), 6.13 (d,
J=10.2 Hz, 1H), 5.75 (dd, J=10.2, 2.3 Hz, 1H), 5.62 (s,
1H), 5.43 (dd, J=5.2, 2.3 Hz, 1H), 4.36 (dd, J=10.3, 4.6
Hz, 1H), 4.32~4.25 (m, 1H), 3.96 (d, J/=10.3 Hz, 1H),
3.91~3.80 (m, 2H), 3.68 (ddd, J=8.4, 6.0, 4.0 Hz, 1H);
13C NMR (CDCl3, 100 MHz) d: 137.5, 137.2, 129.6, 129.2,
129.1, 128.5, 128.4, 128.2, 127.2, 126.2, 102.1, 79.4, 74.6,
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71.6, 69.2, 33.5; HRMS calcd for CaH03SNa [M+Na]*
363.1025, found 363.1030.

(2R,4aR,6S,8aR)-2-(4- H 4 3 K K )-6-( 25 -2- B
$£)-4,4a,6,8a- VU S ML IR [3,2-d][1,3] ~HETE(5g): AT
1A, 22.7 mg, F2E 56%. m.p. 128~129 C; [a]} +51.2
(¢ 1.0, CHCI3); 'H NMR (CDCls, 400 MHz) §: 8.21~8.13
(m, 1H), 7.77~7.74 (m, 2H), 7.66 (d, J=8.6 Hz, 1H),
7.57 (d, J=8.1 Hz, 1H), 7.52~7.40 (m, 3H), 7.36 (ddd,
J=8.1, 6.8, 1.3 Hz, 1H), 6.97~6.88 (m, 2H), 6.07 (dd,
J=10.0, 1.4 Hz, 1H), 6.00 (dd, /=10.0, 2.1 Hz, 1H), 5.68
(dd, J=3.7, 1.8 Hz, 1H), 5.58 (s, 1H), 4.55~4.46 (m, 1H),
4.27~4.18 (m, 2H), 3.87 (s, 3H), 3.60 (s, 1H); 3C NMR
(CDCls, 100 MHz) §: 160.1, 133.4, 133.1, 132.4, 131.4,
130.7, 130.1, 129.7, 127.9, 127.8, 127.7, 127.5, 126.2,
126.1, 125.9, 113.6, 100.8, 81.5, 70.1, 69.5, 67.5, 55.4;
HRMS caled for CyH20sSNa [M+ Na] ™ 429.1131,
found 429.1134.

(2R,4aR,6S,8aR)-6-( ] fi & )-2-(4- FH A 2 O 2L )-
4,4a,6,8a- VU Z LR [3,2-d][1,3] B HE(Sh): 6 (DR,
19.2 mg, 73 57%. [a]> —12.8 (¢ 1.0, CHCl;); '"H NMR
(CDCls, 400 MHz) §: 7.52~7.37 (m, 2H), 6.97~6.83 (m,
2H), 6.17~6.04 (m, 2H), 5.54 (s, 1H), 5.38 (dd, J=3.8,
2.0 Hz, 1H), 4.40 (dd, J=12.8, 1.2 Hz, 1H), 4.22 (dd, J=
5.6, 1.9 Hz, 1H), 4.16 (dd, J=12.8, 2.4 Hz, 1H), 3.82 (s,
3H), 3.51 (d, J/=1.9 Hz, 1H), 2.85 (ddd, J=12.6, 8.8, 6.1
Hz, 1H), 2.68 (ddd, J=12.6, 8.7, 6.6 Hz, 1H), 1.82~1.64
(m, 2H), 1.49~1.36 (m, 2H), 0.91 (t, J=7.3 Hz, 3H); 1*C
NMR (CDCls, 100 MHz) 6: 160.1, 134.0, 130.7, 127.7,
125.3, 113.6, 101.1, 78.7, 70.2, 68.8, 67.8, 55.3, 32.2, 27.6,
222, 13.7; HRMS caled for Ci;sH»04SNa [M+Na]”®
359.1288, found 359.1295.

324 bk 6a~6d # 4Rk

£ 5 mL ] Schlenk & P, RN %1 5 15 -3- 1k g
FREE(1b, 36.9 mg, 0.1 mmol). Co(BFs); (2.3 mg, 10
mol%)~ Zn #}(0.6 mg, 10 mol%) LA M (R)-(+)-BINAP (9.3
mg, 15 mol%), #ifJE 15 min, £ FIA 2 mL K14
R A B By BEAR B2.(0.11 mmol). 76 80 ‘C KN 3 h,
TLC Ml R 584, F 2 mL I NaHCO; WK %K
KB, TRFERERBUKAG mLX3), AIFEHME, Tk
Na,SO4 T8, 1985 IR 415 PR o, IF @ dE B ik
(B Wk, v v=1: 8)4litk, HFIFFET 6a~
6d.

3-(((2R.4aR,6S,3aS)-2-(4- H %8 Jk 7% 3k )-4,4a,6,8a- U
MR [3,2-d][1,3] —FE 9 -6-J5 ) Bt 25 ) K Wy (6a): [ €7 [i]
&, 29.4 mg, 7&K 79%. m.p. 148~149 C; [a] +48.6
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(c 1.0, CHCl;); 'H NMR (CDCls, 400 MHz) 6: 7.48~7.37
(m, 2H), 7.21 (t, J=7.9 Hz, 1H), 7.14~7.07 (m, 1H), 7.05
(t, J=2.1 Hz, 1H), 6.95~6.87 (m, 2H), 6.79 (ddd, J=
8.1, 2.6, 1.0 Hz, 1H), 6.06 (d, J=10.1 Hz, 1H), 5.81 (dd,
J=10.2, 2.3 Hz, 1H), 5.75 (dd, J=4.4, 2.1 Hz, 1H), 5.54
(s, 1H), 5.39 (s, 1H), 4.34 (dd, J=10.3, 4.6 Hz, 1H),
4.19~4.07 (m, 1H), 3.86 (t, J=10.3 Hz, 1H), 3.82 (s, 3H),
3.75~3.67 (m, 1H); *C NMR (CDCls;, 100 MHz) ¢:
160.2, 155.6, 133.9, 130.1, 129.7, 129.7, 127.6, 127.5,
1249, 119.4, 115.1, 113.7, 101.9, 82.7, 71.8, 69.2, 55.3;
HRMS calcd for CaH»OsSNa [M +Na]® 395.0923,
found 395.0917.

6-(((2R,4aR,68,8a5)-2-(4- H 45 3 7K %t )-4,4a,6,8a- I
S [3,2-d][1,3] Mg -6-F5) i %) O 3E-1-FE (6b): &
R Y, 26.6 mg, 2FE 70%. [a]; +44.8 (¢ 1.0,
CHCl;); '"H NMR (CDCls, 400 MHz) o: 7.47~7.41 (m,
2H), 6.95~6.89 (m, 2H), 6.11 (dd, J=10.3, 1.9 Hz, 1H),
5.77 (dd, J=10.2, 2.2 Hz, 1H), 5.58 (s, 1H), 5.50 (dd, J=
3.3, 2.2 Hz, 1H), 4.32 (dd, J=10.3, 4.7 Hz, 1H), 4.30~
425 (m, 1H), 3.86 (d, J=10.3 Hz, 1H), 3.82 (s, 3H),
3.71~3.63 (m, 3H), 2.76~2.58 (m, 2H), 1.67~1.57 (m,
4H), 1.47~1.38 (m, 4H); *C NMR (CDCls, 100 MHz) :
160.2, 129.7, 129.4, 128.6, 127.5, 113.7, 101.9, 80.3, 74.5,
71.7, 69.2, 62.9, 55.3, 32.6, 29.8, 29.7, 29.1, 28.7, 25.4;
HRMS caled for CyHOsSNa [M + Na] ™ 403.1549,
found 403.1554.

3-(((2R,4aR,68,8a8)-2-(4- F 45 3 7K % )-4,4a,6,8a- Il
ML IR [3,2-d][1,3] B 9 -6- 3% ) Bt 35 ) A (6¢): 1 L]
1k, 27.8 mg, 2% 75%. m.p. 137~138 C; [a] +58.2
(c 1.0, CHCls); 'TH NMR (CDCl3, 400 MHz) 6: 7.45~7.36
(m, 2H), 7.10 (t, J=7.9 Hz, 1H), 6.94~6.85 (m, 4H), 6.62
(ddd, J=8.0, 2.4, 1.0 Hz, 1H), 6.03 (d, J=10.0 Hz, 1H),
5.80 (dd, J=10.2, 2.3 Hz, 1H), 5.72 (dd, J=3.3, 2.2 Hz,
1H), 5.52 (s, 1H), 4.32 (dd, J=10.3, 4.6 Hz, 1H), 4.18~
4.09 (m, 1H), 3.84 (t, J=10.3 Hz, 1H), 3.80 (s, 3H),
3.70~3.64 (m, 1H); *C NMR (CDCls;, 100 MHz) ¢:
160.2, 146.6, 129.8, 129.5, 127.8, 127.5, 122.8, 119.1,
114.8, 113.7, 101.9, 82.9, 71.8, 69.2, 55.3; HRMS calcd
for CaoH2NO4sSNa [M+Na]* 394.1083, found 394.1078.

N-(4-(((2R,4aR,65,8aS)-2-(4- H 5 F£ 7K 2 )-4,4a,6,8a-
VY S g [3,2-d][1,3] — B T -6- ) B AX) A8 Bk ) & 1t fix
(6d): FEE, 33.1 mg, F=% 80%. m.p. 124~125 C;
[a]g +52.3 (¢ 1.0, CHCL); '"H NMR (CDCls, 400 MHz)
5: 7.51 (s, 4H), 7.44~7.38 (m, 2H), 7.27 (s, 1H), 6.93~
6.87 (m, 2H), 5.99 (d, J=10.2 Hz, 1H), 5.78 (dd, J=10.3,
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2.3 Hz, 1H), 5.64 (dd, J=4.8, 2.4 Hz, 1H), 5.50 (s, 1H),
432 (dd, J=10.4, 4.6 Hz, 1H), 4.02~3.91 (m, 1H), 3.83
(d, J=10.2 Hz, 1H), 3.81 (s, 3H), 3.66 (ddd, J=8.4, 5.6,
3.6 Hz, 1H), 2.22 (s, 3H); '*C NMR (CDCls, 100 MHz) ¢:
168.3, 160.1, 138.3, 1352, 129.9, 129.7, 127.9, 127.5,
126.5, 119.6, 113.7, 101.8, 82.8, 74.2, 71.8, 69.2, 55.3,
24.8; HRMS caled for CyH»:NOsSNa [M + Na] *
436.1189, found 436.1180.

3.2.4 A4 Ta~Tb 84 k.

% 3f (40.6 mg, 0.1 mmol)H 4 mL 2 % - FF
(DME)H TR, TN CERENII/KIEW (160 mg ZTRHN
A4 mL 7K), FIIAKTH 2R BEE(186.0 mg, 1 mmol),
7E 80 C 4R A BRI 10 h. TLC M s B 58 4,
F 2 mL BHLRT NaxSOs i G5 I SR, 5 mL ) PR &
BRAEHUKAR 3 IR, G IFA N, Jo/K NapSOs T, e
R YE SR IR AR BURLS, BRI A E TR A TN Y 2R
LR, Vi v=10 . D4itk, 152](2R 4aR,685,8a5)-2-(4- H
AR R R )-6- (55 -2-F it 2k ) /S AL R [3,2-d][ 1,3] — B
(7a), LEIHCRYI, 359 mg, F=% 88%. [al +46.8 (c
1.0, CHCls); '"H NMR (CDCls, 400 MHz) §: 7.99 (d, J=
1.8 Hz, 1H), 7.83 (m, J=9.2, 3.6 Hz, 3H), 7.59 (dd, J=
8.6, 1.8 Hz, 1H), 7.56~7.48 (m, 2H), 7.45~7.39 (m, 2H),
6.94~6.88 (m, 2H), 5.55 (s, 1H), 5.03 (dd, J=11.6, 2.2
Hz, 1H), 4.32 (dd, J=10.6, 4.8 Hz, 1H), 3.84 (d, J=10.4
Hz, 1H), 3.82~3.79 (m, 3H), 3.68~3.60 (m, 1H), 3.58~
3.50 (m, 1H), 2.30~2.15 (m, 2H), 2.00~1.81 (m, 2H);
13C NMR (CDCls, 100 MHz) §: 160.1, 133.5, 132.4, 131.1,
130.4, 129.9, 129.1, 128.5, 127.7, 127.5, 127.8, 126.6,
126.3, 113.7, 101.8, 84.8, 77.2, 74.1, 69.2, 55.3, 31.2, 29.5;
HRMS caled for CqH»0,SNa [M+ Na] ™ 431.1287,
found 431.1280.

1£ 25 mL NIEH I 3g (40.6 mg, 0.1 mmol),
50% N- FH 2 gk - V- 45040 7 (NMO) ¥ 7 (23.4 mg, 0.2
mmol), FFIIA 4 mol% OsOs (2.5 mg), HSEIA 3 mL
PR, 7200 R M 12 h, TLC W s zise4s, B2 mL
VAN NaxCOs VPG R N, L8 LBEREHUKFH(S
mL X3), &HAHAH, ToK NaSOs T4, L85 k4615
FURL A, B R EATECHEY 2R S, VI V=111)
gk, 19 % (2R,4aR,6S,7R,8S,8a8)-2-(4- I 48, %k 7 Ik )-6-
(ZE-2-FE A ) /N AL R [3,2-d][1,3] P HE-7,8- - (7b),
TR, 37.8 mg, F7F 86%. [alh +41.2 (c 1.0,
CHCLs); 'H NMR (CDCls, 400 MHz) o: 8.10~8.05 (m,
1H), 7.90~7.79 (m, 3H), 7.64 (dd, J=8.6, 1.8 Hz, 1H),
7.57~7.50 (m, 2H), 7.46~7.39 (m, 2H), 6.94~6.88 (m,
2H), 5.54 (s, 1H), 5.05 (d, J=9.8 Hz, 1H), 4.48~4.38 (m,
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2H), 4.08 (td, J=10.0, 5.0 Hz, 1H), 3.82 (s, 3H), 3.77 (4,
J=10.4 Hz, 1H), 3.61~3.53 (m, 2H), 2.87 (s, 1H), 2.66
(s, 1H); 3C NMR (CDCl;, 100 MHz) J: 160.3, 133.5,
132.8, 132.3, 130.1, 129.4, 128.9, 128.6, 127.7, 127.6,
127.5, 126.7, 126.7, 113.7, 101.9, 86.1, 78.5, 69.4, 69.1,
68.6, 66.3, 55.3; HRMS calcd for CosH2406SNa [M+Na]*
463.1186, found 463.1193.

B A %L (Supporting Information) £ A4 3a (CCDC
2018149)A1 3k (CCDC 2023845) 1 5 S %04, L&
3a~3l. 4a~40. 5a~5h. 6a~6d. 7a~7b f{] '"H NMR
A BC NMR B3, DLRALEY) da 1) 4ERE. X Leb Rl
a] LA 2 AT B (http://sioc-journal.cn/)_E T %K.
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