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Open-Air Stereoselective Synthesis of C-Aryl
Fucosides/Arabinosides

Lai, Mengnan' Wang, Qiuyuan’ Hua, Min Huang, Nianyu* Yao, Hui*
(Key Laboratory of Natural Products Research and Development, Key Laboratory of Functional Yeast (China National Light
Industry), College of Biological and Pharmaceutical Sciences, China Three Gorges University, Yichang, Hubei 443002)

Abstract An open-air stereoselective preparation of C-aryl fucosides and arabinosides was reported using 3,4-O-carbonate
glycals and arylboronicic acids based on a palladium-catalyzed decarboxylative allylation at ambient conditions and the
configurations of products were determined by NMR, HRMS and X-ray single crystal diffraction analysis. Competitive
reactions indicated that this approach has good compatibility with amino and alcoholic/phenolic hydroxyl groups. Further
functionlization of unsaturated C-glycosides can be used to prepare a variety of C-glycosides. This mild method is simple in
operation, wide application in substrate range, which provides a new idea for the rapid construction of carbohydrate library.
Keywords 3,4-O-carbonate glycal; stereoselectivity; C-fucoside; C-arabinoside; C-glycosylation
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apigenin-6,8-bis-C-a-L-arabinopyranoside (C)

B0 (Scheme 1, a)F|FH ZFRAAEMEALT, SCIR T JabE
5B LA IEBENE A K C-Ferrier 24 757 Bk = 4.
Heck AR E A0 S Wt 5 T — 28 BA R AR 14 4y
FHIE L, MhE R XS5 M—Ar KRG, 15314
(BRI 4h 8 R A B-EAHFREL B-2 S5 1T BT BIAN [F] 1Y
BRE =Y, T 3 SR B B AR, — MR &2k

OH

apigenin-6-C-a-L-arabinopyranosyl-8-C-/-L-arabinopyranoside (D)

Bl ACRYERIR IR =K

Figure 1 Chemical structures of selected nature products

(a) Stereoselective preparation of C-arylglycosides using peracetylated glycals as donor

(?H OAc
B
" TOH AcO o)
AcO’& O/ _ Pd(OAc), ACO—N
AcO /\R MeCN
=
tri-O-acetyl-D-glucal \%R

(b) Synthesis C-arylglycosides based on a palladium-catalyzed decarboxylative Heck coupling reaction

Pd(OAc),
AngO3, PPh3

R

glycal

DMSO/DMF (V:V = 1:20)
80°C, 2 ~ 48 h

(c) Our previous work: C-glycosylatlon via White catalyst under mild conditions

O _OPG
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(‘)H
N B\OH
s -

3,4-0O-carbonate-D-galactal

THF, open-air, r.t.

OHOPG
o ‘ (OAc)
= . Ph—S " S—Ph
- d\Jo
Z 1
-—R ' White catalyst
A :

(d) This work: further studies on C-glycosylation with various 3,4- O-carbonate fucal and arabinal

HO

T

O/ “OH
X White catalyst
R

A,

o L

7z White catalyst
TR MeCN MeCN
DS open air, r.t. open air, r.t.
C-arabinosides C-fucosides
3 vl WV ST E S E 7y RE R DY
Scheme 1 Stereoselective synthesis of C-glycosides
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B o- R B0 2011 4, ) S AR ER A 3 IRGE T 4
AT J7 FR R A BE IR Heck B B(Scheme
1, b), APPSR G R T C-05 JEREF =4, 2020 4F, &
TR MR IE T A 3,4-0-BR BRI 70 6 A0 55 JL 0 e
£ White AL ST HERAT T, SLARIE M o
e 5 BEREE I 7, PPEREMRR, mEIETIE 95%
(Scheme 1, ¢). HIT 2 HTHATH TAE £ ZHF S 2 3
WE I 5 SEREEF 1 B, T 0T B R A7 HR R 5 5 i o
I TR D BT AN A OBE B AN ) (1) S B 38036 DA S
FENEF R LA R B, AR Ak S A A 3R AT B
P AFTRE AN SRR BT ()5 B K.

1 &R511R

BL 3,4-O-Ti B o e i B (a) PR D B (1A, M)
R (2a)(E A ARIEAT R AT (R 1), & Yok F DUk
(THE)E¥ I, AR AL FIREAT T ik, A I 2 {
IO AR AR, ARSI 2] H bRtk &%) (Entries 1~3).
R CE R SN AR @
Table 1 Optimization of C-fucosylation condition

HO
0
Mew OH
\
60 ©/B\OH Catalyst, ligand ~ Me™\_°
\< Solvent

O
1a 2a 3
Entry Catalyst Solvent Ligand  Yield’/%

1 Pdadbas THF N.D.
2 Pdxdbaz*CHCl;  THF N.D.
3 Pd(PPhs3)4 THF N.D.
4 Pd(acac)2 THF 47

5 PdClz THF 40
6 Pd(cod)Cl THF 52
7 Pd(MeCN):Cl.  THF 43

8 Pd(OAc) THF 56
9 White catalyst THF 89
10 White catalyst Et.0 65
11 White catalyst 1,4-Dioxane 67
12 White catalyst MeCN 95
13 White catalyst CH:CLz Trace
14 White catalyst CHCI3 Trace
15 White catalyst Toluene 32
16 White catalyst DMF 77
17 White catalyst DMSO 75
18 White catalyst MeCN tbxphos 43
19 White catalyst MeCN xantphos 61
20 White catalyst MeCN dppf N.D.
21 White catalyst MeCN P(Cy)s N.D.

4 Unless otherwise specified, all reactions were carried out with 0.2 mmol of
1a, 0.3 mmol of boronic acid, 10 mol% Pd catalyst and 15 mol% P ligand in 2
mL of solvent at room temperature under open-air condition. » Isolated yield
and single isomer (>20 : 1 by 'H NMR). N.D.=not desired products.
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SR, 2448 FH AL 4L 57 (Entries 4~9), R4 E
FH White catalyst I}, 2 (8 LA 89%US A ik H An b &4
3. B, NIRRT T & (Entries 10~17), 45
FW], MeCNEE A, SR ATHET 22 95%. Bl Ja XA
FIFIRCAREEAT T i (Entries 18~21), KILINAFCAER 5
AR MR, B, e RN RESRMSE: Lo
¥, White catalyst AHE], 2% 8 h.

TES AT, K S5 Fofbfle S5 (LA RN 2 A TR AR R 11
IR AT T RSB FU(R 2). H %, DL 3.4-0-TRIR
P -L- 75 PRI B s B A, RIS R EA A F 73K
ISE (R R 0 B AR U 3 FHZ 5 7. XA 45 3
Han 4- L (4) 4-RATES) 4- A S (6)IT, LA
R HE(91%~94%) G2 Hbrtb &4, FEH, 3,4-—H
AFETHAELL 90% 7= A ik FE 75 2 H bR 4.
BEAL, N2 B K 4 H 7 S A R e, A8 DA
84% = RGBT Y 8. I AW E K
W — R E B 2 DhRe A LA AR T ARDS) X 4- R AN
4- L TR FEZRRER 7 9\ AT P 5T I 53 7] LA 90% K1 93%
7= BN R A B B AR LAY 9 A1 10. [FIEF, 24
HUARIE N 4-50. 4- =5 F R RN 3-S50 FE T JE [ 1,
T DA R 2577 2(83%~ 88%) 45 21 HARL &4 11,12 A1 13.

BT IR 2 NS VO, R AR R
BRI AEAT TR 3). H¥BL 6-0-FU T - H
FE R I -3,4-O- B BR 6 -D- 2= 7L BB (1b) 1 b 3 fib A4, T
DASEARIE B HSRAFAE o M B (1) 22008 C-1 14, HUK
FK[IE 93%. [Fl, 6 SAERIERY TR 2 A E T
FERICREE 10N T EBI(C B R 1d, T ERE
le, FFRMEEE 105, FAHE LR K 107~ 2615 20 A R BipE
L&Y 15~18. )5, txd L-FIhifakdiEg)idtir 1
5.\, L 3,4-O-BRERHS-L-B R4 1 E e ih SR
Rh, 2-F R 3-H RN IRAE N AR, 5 BILL 91%F0
89% X1 7= A IR E AL A0 19 A1 20, [FI, B-FRFE-L-Fi
FAABEF QO BELL 90% 7= 2 IF| 15 2. 4- 53 A FE A0
A-FKIEN N RS PR AR, IR RS E HL LA 89%11)
PRGBS B ) 22 0 23, AZERIER LA EUR
Bl 2-FEIE. 3-FIEIEE 4- A, BRI
N 86%~91%, 3,4- W EE, 4-F NAEFEM 4- 38 2
SEEUAR R R th T A O R AT ) AR B L A )
27. 28 F129, [}, B-IREREE-L-BiT R0 Bk Er (29) 4
R E I S ARRT R B E. A, BRI A T
FEPI, 4-ERREIRTF(30). 3-IRAIEBAF G 4-1R 7K
FERRF(32) M BELL 80%~84% 1) R UF WS e ST A ik Hh 5
).

ZOTIE R RYVE T, B SREA R
(B BRI /M F2 058 (1) 05 FE W RR AN 6 51 TC AR 1)
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Table 2  Substrate scope of aromatic boronic acids using L-focal donors

o OH ! Pd(OAC),
" ; o~z [ e g s

PN . o Phe _

OO . R{;/ OH White cat. = N U R CS/ \b

Me '
\'« MeCN, rL ! White catalyst

0 1a bronic acid a-C-glycosides

R OMe
=
oz L)y L oy (0o rez3 L How
—~ Ve Me Me OMe =
Me

p-'Pr, 94%, 4
p-O'Pr, 91%, 5

O b s 7 s
0 HO Q HO 0
HOWH HOWMG = ~ NO,
= Me Me Me

Me R = Cl, 83%, 11
9, 90% 10,93% R = OCF3, 85%, 12 13, 88%

3, 95% 6, 93% 7, 90% 8, 84%

K3 TRTRAREHE GG 57 SR R AL R VE AT 7T

Table 3 Substrate scope of C-glycosides with different arabinal donors and aromatic boronic acids

o 0 QH Pd(OAc),
ﬁ/ R B White cat. Ph—S ~ S—Ph
-0 * X TOH ———
o& YA R P MeCN, rt. d\Jo
White catalyst
glycals bronic acid

OHOR

0 — .
— R = TBS, 93%, 14 HON O o HOU@@
R = Bn, 89%, 15 ¢ HOU@ ]

R = Ac, 93%, 16 Me
R =Boc, 87%, 17 o-Me, 91%, 19 21, 90% 22, 89%
R = Piv, 95%, 18 m-Me, 89%, 20
OPh
— OMe
(0] O )
HO@Q% HOS |\ ¢ HOX.O2 HOUQO'PF
OMe
0, OMe o,
231 89% 0-OMe, 88 A), 24 27‘ 85% 28, 82%

m-OMe, 86%, 25
P-OMe. 91%. 26

3 =

c;/ﬁl{‘ o
MO () i & o MO ¢
OPh TR S HON O . Br
m-Br, 80%, 31
29, 86% X-ray of 29 30, 83% p-Br, 84%, 32

Wi L{A(Scheme 2). B, 2-F2 IR IRR(2b) F1 3-F2 2 AL AR C-HET(35), HRAEMHE O-FEH =M. <
KINR(2¢) 535 3,4-O-BkBRE-L-4 A E (1a) ) BEAY J&, H 6-0-fUT 3 —H IR -3,4-0- R IR B -D- - FL bk
AR C-FEEF 33 F1 34, A O-FEEF~LE Rk, I+ H Ak (L) TE N HE AR S HAG TR I A 3-Z 52K 2 (2e)
HW 34 SIARMRIZ X SRR AT TR e, [H RN, RIABA N-FEE P29 AE .

B, 6 SALTCLRY B FLBERBE 1h F 4- 2R 2RI R (2d) AR C-FEE =R C(2)—CR)YNL & B XUk,
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ZRVERES R AN AL RIIR A2 Rl N, A
A C-FEE =B ER AL T 264, @ik A C-HEF
1 & WAT A A B2 B (Scheme 3), W% S A v P E
1T THRIC. X C-WEE AL & 3 14T S84 S L A 85% 7~
KA 2,3- N EBEF(37). X C-HEFAL G 6 34T XL
FRIEALDI R, P 86% I AT H] 2,3- ¥R FEBHE
(38). )&, FIH PA/CUIN C-HEE L EW 6 FIXUEE AT
W, FHLL 99%[1) 7= 243 5] 2,3- [Tt A hbE 1(39).

T I [ AH 56 SCHRU S 1815 45 A s B SEBRAR 5, HEM)
i Scheme 4 Fi7n IR RE M ALEE. 1556, White catalyst
R AL R AN 5 B R 3R AT & B A e B B [ AR T R

B(OH),O0Ac. #R/5, WM 1 X} 3,4-O-BRERFE-L-4 Bk
B (1) B BB AT = sV L, | 12 a0 o7 B 1) 1
ARV IR I, S 15 B(OH).0Ac K 475
SR BRI AN I A Pd-mlic &4 T, FiC &4 TI 7 H,0
HIVE R A B — 4 TR T i (144 TV, A [alfk IV
KA IR RN B — 7 F COL AL H AR o-B0 1Y,
AR AL 7] White catalyst 372 N HTIAE IR,

2 g

LA 3,4-O-BR BRI A HE AN 55 ZER R 9 S i, AETT T
SEAF N White catalyst (EALF, SARIZEREEI & T

(0]
Me / ?H o
I . B on White cat. HO =
e
\ﬁ) { I oo MeON.rt Hom,d
1a 2b 33,87%
[¢]
Me g\;/ HO EH i
d + “OH White cat. o o
0\& MeCN, r.t. =
Me
© 1a 2 34, 89%
HO OH
o =
oi/o OF:D . B o _
5 -~ White cat. no other glycosylation products
PhO MeCN, r.t.
OPh
1h 2d 35, 83%
HO OTBDPS HO OTBDPS
. o 0}
0-_O _OTBDPS oH White cat. g ké%
ﬁ/ + HN B. -
Y 0} \©/ OH MeCN, r.t. HN R
NH, \©/
1i 2e 36, 80% not observed
BRI 2 Vo 5 4 1 S ST 5
Scheme 2 Competitive experiments with reactive groups
HO@/@ 30% H,0,, KHCO, HO °
Me MeCN y Me
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0 ' OH OPh
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= HO
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Scheme 3 Functionalization of unsaturated C-glycosides
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Pd(OAC),

HO O A
c0, + HOTRI A PhoS
Me d\—
a-C-glycosides ] HO
OH White catalyst \
_B—OAc
Ar OJ\

S—Ph Ar—B(OH),
N\

HO
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LS o &
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\/\ O s, Ar
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Scheme 4 Possible reaction mechanism

HEHEANRT BB R 207 R RS
AL, TG T8 SRR L BT L B A A - 3L
W WS RS LA, R AT 4 ol 1 ORI SRR LT £
I T IRIAR, HUCRYREIA I AL, S5k
AT SR, 25 TR RENE A7 2 SR B B AR T AT A
BRI BRfe /M e dt). AHARRE 20 & sE L
S AR B A BAT T2 K R A E.

3 X
3.1 5

S LI 2 IR AE T VAT 44k, SRR
Bruker AVANCE III 400 MHz % JLARACGIIE; 5 5 HF
JF 1% K A Waters Q-TOF premier™ ZY it it {3 52 ; et
JE I 52 K Anton Paar MCP 5100 Jig 6% (589 nm #45¢
K1), B XS ZRAT S 73 K F Oxford diffraction Gemini
E HBYER ST AR AR B AR GG JFOR R IR T AR 1)
LA TR L-BTRLARERD D-"F- 2008, STARM I Cf e,
HR AR 1a~ 10 225 S0k 7 v 4. oAb Al e
aify E AL
3.2 ZWIHE
32,1 P EMK 1a~1i 894K

HlEE 1a~1i 2% SCER[14, 19177756 K.

3,4-O-TR IR MG-L- 5 BRI BE (La): @Ry, 7
% 56%. [a +44.6 (¢ 1.0, CHCL)[SCHREN: [o]
+44.7 (¢ 1.0, CHCl;)]; 'H NMR (400 MHz, CDCl3) ¢:
6.69 (d, J=6.3 Hz, 1H), 5.19 (dd, J=7.8, 3.2 Hz, 1H),
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4.94 (ddd, J=6.4, 3.2, 1.2 Hz, 1H), 4.73 (d, J=7.8 Hz,
1H), 4.04 (qd, J=6.8, 1.4 Hz, 1H), 1.49 (d, J=6.8 Hz,
3H); '3C NMR (100 MHz, CDCl;) §: 154.2, 149.8, 97.4,
76.3,70.0, 69.4, 16.7.

6-O-(RUT 5 — H 1 56)-3,4-O- Tk BR g -D-F- FL A
WEFE(b): LR, 77 F 86%. [al) —37.5 (¢ 1.0,
CHCIL)[SCHRHE: [a]} —37.6 (c 1.0, CHCI3)]; '"H NMR
(400 MHz, CDCl3) d: 6.62 (d, J=6.3 Hz, 1H), 5.21 (dd,
J=17., 3.3 Hz, 1H), 4.98~4.85 (m, 2H), 3.95~3.79 (m,
3H), 1.21 (s, 1H), 0.86 (s, 9H), 0.06 (d, J=2.0 Hz, 6H);
13C NMR (100 MHz, CDCLy) J: 154.2, 149.2, 98.1, 74.2,
73.0, 69.1, 61.3, 26.0, 18.6, —5.2, —5.3.

6-0-"F3-3 4-O- T R -D- K- FLBH b (1c): LI
R, 7% 95%. [aly —75.8 (¢ 1.0, CHCL); '"H NMR
(400 MHz, CDCLy) 0: 7.42~7.31 (m, 5H), 6.71 (d, J=6.2
Hz, 1H), 5.18 (dd, J=7.7, 3.2 Hz, 1H), 4.98 (ddd, J=6.2,
3.2, 1.3 Hz, 1H), 4.95 (d, J=7.8 Hz, 1H), 4.62 (s, 2H),
4.11 (ddd, J=8.3, 6.1, 1.5 Hz, 1H), 3.85 (dd, J=9.7, 6.5
Hz, 1H), 3.79 (dd, J=9.6, 6.9 Hz, 1H); '*C NMR (100
MHz, CDCls) 0: 154.0, 149.2, 137.2, 128.6, 128.1, 127.9,
98.1, 73.8, 73.2, 72.5, 68.8, 68.0.

6-0- .9 45-3,4-O- TR TE-D-F:- FLFE M BB (1d): 8
A, P2 95%. mp. 43~44 C; [a]} —72.4 (c 1.0,
CHCL); 'H NMR (400 MHz, CDCl3) d: 6.73 (d, J=6.2
Hz, 1H), 5.23 (dd, J=17.8, 3.0 Hz, 1H), 5.02 (ddd, J=6.2,
3.0, 1.6 Hz, 1H), 4.91 (d, J=7.8 Hz, 1H), 4.46~4.31 (m,
2H), 4.20~4.09 (m, 1H), 2.13 (s, 3H); '3C NMR (100
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MHz, CDCl;) d: 170.4, 153.7, 149.1, 98.2, 73.1, 71.6, 68.8,
62.4,20.7.

6-O-(FU T AR IE)-3,4-O- Ik FR g -D- - LA s i (1e):
HE AR, 7232 88%. mp. 94~95 C; [aly —59.9 (c
1.0, CHCls); 'H NMR (400 MHz, CDCls) 6: 6.72 (d, J=
6.2 Hz, 1H), 5.20 (dd, J=7.8, 3.5 Hz, 1H), 5.01 (ddd, J=
6.2, 3.5, 1.2 Hz, 1H), 4.92 (d, J=7.8 Hz, 1H), 4.48~4.32
(m, 2H), 4.23~4.13 (m, 1H), 1.50 (s, 9H); 3C NMR (100
MHz, CDCl) J: 149.3, 98.2, 83.5, 73.0, 71.5, 68.8, 64.8,
29.9,27.9.

6-O-15 I 55-3,4-O- Tk R B -D-F- FLBE M BB (16): &
A, 7% 95%. mp. 51~52 C; [a]} —50.7 (c 1.0,
CHCl); '"H NMR (400 MHz, CDCls) d: 6.72 (d, J=6.2
Hz, 1H), 5.21 (dd, J=7.8, 3.5 Hz, 1H), 5.01 (ddd, J=6.2,
3.3, 1.2 Hz, 1H), 4.88 (d, J=7.8 Hz, 1H), 4.46~4.39 (m,
1H), 4.38~4.30 (m, 1H), 420~4.10 (m, 1H), 1.23 (s,
9H); '3C NMR (100 MHz, CDCls) §: 178.0, 153.7, 149.0,
98.1,73.2,71.6, 68.8, 62.7, 38.9, 27.1.

3,4-O-Tk BR 6 -L- B B A B I B (1g): 1 Ak, 7
R 67%. m.p. 60~61 C; [a]} —20.9 (¢ 1.0, CHCl;); 'H
NMR (400 MHz, CDCL3) ¢: 6.70 (d, J=6.3 Hz, 1H), 5.13
(dd, J=7.8, 3.2 Hz, 1H), 5.11 (ddd, J=6.4, 3.2, 1.1 Hz,
1H), 4.98~4.80 (m, 1H), 4.25 (dd, J=12.4, 4.6 Hz, 1H),
4.06 (dd, J=12.4, 3.2 Hz, 1H); 3C NMR (100 MHz,
CDCls) d: 154.0, 150.1,97.3, 72.1, 70.1, 63.2.

6-F255-3,4-O-Bk IR G -D-F- AL FE M B (1h): Jo PR
Y, 7% 88%. '"H NMR (400 MHz, CDCL3) d: 6.75 (d, J=
6.3 Hz, 1H), 5.25 (dd, J=7.8, 3.2 Hz, 1H), 5.03 (ddd, J=
6.4,3.2, 1.1 Hz, 1H), 4.98~4.91 (m, 1H), 4.11~4.00 (m,
2H), 3.95 (d, J=9.6 Hz, 1H), 2.24 (s, 1H); 3C NMR (100
MHz, CDCls) d: 154.0, 149.1, 98.1, 74.0, 73.1, 69.0, 61.5,
29.7.

6-0-(GFUT 3 IR B REJE)-3,4-0-BR IR 5 -D- 2 7L
W) TRy, 77F 73%. [aly —29.7 (¢ 1.0,
CHCL)[SCHRE:T [a]y —29.8 (¢ 1.0, CHCl)]; '"H NMR
(400 MHz, CDCls) 8: 7.74~7.65 (m, 4H), 7.50~7.37 (m,
6H), 6.62 (d, J=6.5 Hz, 1H), 5.21 (dd, J=7.5, 3.3 Hz,
1H), 5.05 (dd, J=7.5, 1.3 Hz, 1H), 4.95 (ddd, J=6.5, 3.3,
1.2 Hz, 1H), 4.07~3.95 (m, 3H), 1.11 (s, 9H); '*C NMR
(100 MHz, CDCl3) 0: 154.2, 149.1, 135.4, 135.3, 132.9,
132.5, 130.0, 130.0, 128.1, 128.0, 128.0, 97.9, 73.4, 68.8,
62.0,29.5,27.0,19.2.

3.22 b4 3~36 4946 &

1E 5 mL MM N, RN 3,4-0-15 R Bs 1 b

(0.2 mmol). 7% ZEMFER(0.3 mmol). MeCN (2 mL)#! White
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catalyst (0.02 mmol), =i FHi+E 8 h, #/ZMAiE(TLC)
R s L 5E 4. NN HoO K RN, BtOAce REEL M i
(3 mLX3), AN, To7K NaSOs FH, LS.
T 3 A M R e v A B Al AK, 15 B R R A — 1 O B
PEEL A

(25,38,6R)-2- H1 5 -6- 7K 2 -3,6- — & -2 H- Mt IR -3- i
(3): AL, 23 95%. m.p. 44~45 C; [a]} +296.9
(¢ 1.0, CHCl3); 'H NMR (400 MHz, CDCls) 6: 7.43~7.32
(m, 5H), 6.30 (ddd, J=10.0, 4.8, 1.6 Hz, 1H), 6.25 (dd,
J=10.0, 3.2 Hz, 1H), 5.32 (dd, J=3.2, 1.6 Hz, 1H), 3.76
(qd, J=6.4, 2.0 Hz, 1H), 3.71 (brs, 1H), 2.06 (dd, J=18.4,
9.6 Hz, 1H), 1.26 (d, J=6.8 Hz, 3H); '*C NMR (100 MHz,
CDCl;) 6: 139.1, 130.8, 128.5, 128.4, 127.9, 74.2, 67.9,
64.6, 16.4; HRMS caled for C;pH;40.Na [M + Na] *
213.0886, found 213.0883.

(25,38,6R)-6-(4- 7 A ik 7R 5k )-2- F Bk -3,6- — &(-2H-
nE g -3-BE(4): HEEAK, 723 94%. mp. 53~54 C;
[a]? +225.9 (¢ 1.0, CHCl3); 'H NMR (400 MHz, CDCls)
0:7.30 (d, J=8.4 Hz, 2H), 7.22 (d, J=8.4 Hz, 2H), 6.25
(ddd, J=10.0, 4.8, 1.6 Hz ,1H), 6.21 (dd, J=10.0, 3.2 Hz,
1H), 5.26 (d, J=2.4 Hz, 1H), 3.75 (qd, J=6.5, 2.2 Hz,
1H), 3.67 (dd, J=4.8, 2.0 Hz, 1H), 2.96~2.86 (m, 1H),
1.25 (d, J=6.8 Hz, 6H), 1.23 (d, J=6.4 Hz, 3H); "*C
NMR (100 MHz, CDCly) o: 148.7, 136.5, 131.1, 131.1,
128.3, 128.3, 128.0, 126.4, 74.1, 67.8, 67.8, 64.7, 33.9,
24.0, 24.0, 16.4; HRMS calcd for CisH0,Na [M+Na]®
255.1356, found 255.1355.

(285,3S,6R)-6-(4- 57 A S 2k R 5L )-2- A AL -3,6- &L -
2H-MEIR-3-BE(5): TLEmRY, 7% 91%. [afy +218.5
(¢ 1.0, CHCI3); 'H NMR (400 MHz, CDCl3) d: 7.29~7.25
(m, 2H), 6.87 (dt, J=9.6, 3.2 Hz, 2H), 6.25 (ddd, J=10.4,
4.8, 2.0 Hz,1H), 6.17 (dd, J=10.0, 3.2 Hz, 1H), 5.22 (dd,
J=4.0, 1.6 Hz, 1H), 4.55 (q, J=6.0 Hz, 1H), 3.73 (qd, J=
6.4, 2.0 Hz, 1H), 3.67 (brs, 1H), 1.77 (d, J=9.6 Hz, 1H),
1.34 (d, J=6.0 Hz, 6H), 1.20 (d, J=6.4 Hz, 3H); "*C
NMR (100 MHz, CDCly) o: 157.7, 131.2, 130.8, 129.4,
128.3, 115.4, 73.9, 69.8, 67.3, 64.7, 22.0, 16.3; HRMS
caled for CjsH»OsNa [M + Na] = 271.1305, found
271.1308.

(25,38,6R)-2- Ff! ik -6-(4- % S k2R )-3,6- — &(-2H-
ML ARG -3-F(6): It [ 1A, 722 93%. m.p. 87~88 C;
[a]? +287.2 (c 1.0, CHCl3); 'H NMR (400 MHz, CDCls)
0: 7.41~7.37 (m, 4H), 7.18~7.14 (m, 1H), 7.06~7.02
(m, 4H), 6.31 (ddd, J=10.0, 4.8, 2.0 Hz, 1H), 6.24 (dd,
J=10.0, 3.6 Hz, 1H), 5.30 (dd, J=3.2, 1.6 Hz, 1H), 3.79
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(qd, J=6.8, 2.4 Hz, 1H), 3.74 (s, 1H), 1.75 (s, 1H), 1.28
(d, J=6.4 Hz, 3H); *C NMR (100 MHz, CDCl3) 0: 157.2,
156.9, 133.9, 130.9, 129.8, 129.5, 128.6, 123.5, 119.1,
118.4, 73.8, 67.7, 64.7, 16.4, 16.3; HRMS calcd for
CisH150:Na [M+Na]™ 305.1148, found 305.1149.

(28,3S,6R)-6-(3,4- — F SR JE < 3L )-2- F 3E-3,6- & -
2H-MER-3-[(7): TR, 773 90%. [al; +103.1
(c 1.0, CHCl3); 'TH NMR (400 MHz, CDCl3) d: 6.95 (d, J=
1.6 Hz, 1H), 6.98 (dd, J=8.4, 2.0 Hz, 1H), 6.83 (d, J=8.4
Hz, 1H), 6.27 (ddd, J=10.4, 4.8, 2.0 Hz ,1H), 6.20 (dd,
J=10.0, 3.6 Hz, 1H), 5.23 (dd, J=3.6, 1.6 Hz, 1H), 3.74
(qd, J=6.4, 2.0 Hz, 1H), 3.69 (d, J=5.2 Hz, 1H), 1.22 (d,
J=6.4 Hz, 3H); 3C NMR (100 MHz, CDCl;) 6: 149.0,
148.8, 131.7, 130.9, 128.5, 120.4, 111.4, 110.5, 74.1, 67.6,
64.7, 55.9, 16.4; HRMS calcd for Ci4H;30;Na [M+Na]"
273.1097, found 273.1099.

(25,38,6R)-6-(4-(9H-H: 4 -9-FE ) Z5 JE)-2- FH 3£ -3,6-
A -2H-ME IR -3-FE(8): TR, 7% 84%. [all +
116.5 (c 1.0, CHCls); '"H NMR (400 MHz, CDCL3) ¢: 8.15
(d, J=7.6 Hz, 2H), 7.63~7.56 (m, 4H), 7.44~7.38 (m,
4H), 7.31~7.21 (m, 2H), 6.36~6.29 (m, 2H), 5.40 (d, J=
2.4 Hz, 1H), 3.87 (qd, J=6.4, 2.4 Hz, 1H), 3.78 (brs, 1H),
1.32 (d, J=6.0 Hz, 3H); 3C NMR (100 MHz, CDCl;) ¢:
140.8, 138.5, 137.4, 130.6, 129.3, 128.8, 126.9, 125.9,
123.4, 120.3, 120.0, 109.7, 73.8, 68.2, 64.6, 16.3; HRMS
caled for CpHyNO;Na [M + Na] " 378.1465, found
378.1472.

(2S,35,6R)-6-(4- I i Jik 7% ik )-2- F Bk -3,6- — &(-2H-
HEPR-3-5(9): ToUHPIRY, 72 % 90%. [alfy +222.3 (c
1.0, CHCLs); 'H NMR (400 MHz, CDCl;) 6: 10.03 (brs,
1H), 7.89 (d, J=8.4 Hz, 2H), 7.56 (d, J=8.0 Hz, 2H),
6.33~6.25 (m, 2H), 5.34 (d, J=2.4 Hz, 1H), 3.74~3.67
(m, 2H), 1.92 (brs, 1H), 1.27 (d, J=6.0 Hz, 3H); 3C NMR
(100 MHz, CDCls) J: 191.9, 146.6, 136.2, 129.9, 129.1,
128.2, 73.6, 68.6, 64.4, 16.3; HRMS calcd for Ci3H;403Na
[M+Na]" 241.0835, found 241.0833.

(28,38,6R)-6-(4- £, 1 5= 7 Kk )-2- 1 Jk -3,6- — & -2H-
nEiEg-3-BE(10): HEFE A, 722 93%. mp. 85~86 C;
[a]g +73.3 (¢ 1.0, CHCL3); '"H NMR (400 MHz, CDCl3)
9: 7.96 (dt, J=8.4, 2.2 Hz, 2H), 7.48 (d, J=7.6 Hz, 2H),
6.29 (ddd, J=10.0, 4.4, 1.2 Hz, 1H), 6.25 (dd, J=10.0, 2.8
Hz, 1H), 5.31 (d, J=3.6 Hz, 1H), 3.71~3.66 (m, 2H),
2.61 (s, 3H), 1.25 (d, J=6.4 Hz, 3H); *C NMR (100 MHz,
CDCls) : 197.8, 144.7, 136.6, 130.1, 129.0, 128.5, 127.8,
73.7, 68.4, 64.5, 26.7, 16.3; HRMS calcd for Ci4H;c03Na
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[M+Na]" 255.0992, found 255.0991.

(25,38,6R)-6-(4- S A F5)-2- F 3-3,6- — S -2H- M IR -
3-FE(L): BEHCRY), 77% 83%. [al +114.1 (c 1.0,
CHCl;); '"H NMR (400 MHz, CDCL3) 6: 7.35~7.29 (m,
4H), 6.27 (ddd, J=10.4, 4.4, 1.6 Hz, 1H), 6.19 (dd, J=
9.6, 2.8 Hz, 1H), 5.24 (dd, J=3.6, 2.0 Hz, 1H), 3.70~3.64
(m, 2H), 1.22 (d, J=5.6 Hz, 3H); 3C NMR (100 MHz,
CDCly) o: 137.7, 133.8, 130.3, 129.3, 128.8, 128.5, 73.5,
67.9, 64.5, 16.3; HRMS calcd for C;,H;30;CINa [M—+
Na]" 247.0496, found 247.0499.

(25,3S,6R)-2- F 3 -6-(4-( = 6 FH 8 F5 ) K 3k )-3,6- —
A -2H-ME W -3-FE(12): LEHERY, 7% 73%. [a])
+200.9 (¢ 1.0, CHCl;); '"H NMR (400 MHz, CDCl;) §:
7.42~7.39 (m, 2H), 7.22~7.20 (m, 2H), 6.29 (ddd, J=
10.4, 5.2, 1.6 Hz, 1H), 6.21 (dd, J=10.4, 3.6 Hz, 1H), 5.27
(dd, J=4.4, 2.0 Hz, 1H), 3.72~3.67 (m, 2H), 1.80 (brs,
1H), 1.24 (d, J=6.4 Hz, 3H); 3C NMR (100 MHz, CDCl5)
5: 148.9, 148.8, 138.0, 129.3, 129.0, 121.7, 120.8, 119.2,
73.4, 68.0, 64.5, 16.3; HRMS calcd for C;3H;305F;Na
[M+Na]" 297.0709, found 297.0707.

(28,3S,6R)-2- H1 Jik -6-(3- i 2 K Jik )-3,6- — & -2H- Mk
W -3-BE (13): L ETHARY), =% 88%. [a]p +128.7 (c
1.0, CHCLs); 'H NMR (400 MHz, CDCls) d: 8.24~8.17
(m, 2H), 7.77~7.73 (m, 1H), 7.56 (t, J=7.8 Hz, 1H), 6.35
(ddd, J=10.0, 5.2, 2.0 Hz, 1H), 6.26 (dd, J=10.4, 3.2 Hz,
1H), 5.35~5.33 (m, 1H), 3.74 (brs, 1H), 3.67 (qd, J=6.4,
2.0 Hz, 1H), 1.26 (d, J=6.4 Hz, 3H); '*C NMR (100 MHz,
CDCls) J: 141.8, 133.8, 129.7, 129.5, 129.4, 123.0, 122.9,
122.5, 73.1, 68.4, 64.3, 16.1; HRMS calcd for C;,H;3N-
OsNa [M+Na]" 258.0737, found 258.0738.

(2R,3R,68)-2-((FUT F — HA Ak 3 ) A 2% ) R 3k )-6-(4-
AT IL)-3,6- A 2H-M I -3-FE (14): TRy,
P22 93%. [a]> —103.3 (c 1.0, CHCl;); '"H NMR (400
MHz, CDCls) 0: 7.41~7.36 (m, 4H), 7.18~7.13 (m, 1H),
7.07~7.01 (m, 4H), 6.33~6.26 (m, 2H), 5.36 (d, J=2.0
Hz, 1H), 3.99 (brs, 1H), 3.90 (dd, J=10.4, 6.0 Hz, 1H),
3.81 (dd, J=10.4, 6.0 Hz, 1H), 3.70 (ddd, J=7.6, 5.6, 2.4
Hz, 1H), 2.28 (d, J=8.4 Hz, 1H), 0.91 (s, 9H), 0.09 (d, J=
2.8 Hz, 6H); 3C NMR (100 MHz, CDCl3) 6: 157.1, 157.0,
133.7, 131.2, 129.8, 129.5, 128.0, 123.4, 119.0, 118.6,
77.4,77.1,76.8,73.7,72.1,63.0, 62.4, 182, —5.4, —5.4;
HRMS caled for CH304SiNa [M+Na] '™ 435.1962,
found 435.1961.

(2R3R,68)-2-((F 435 F 25 )-6-(4- TR S JE 2K 3 )-3,6-
TA-2H-ME W -3-FE(15): BEMRYY, FEE 89%. [al)
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—200.4 (¢ 1.0, CHCl3); '"H NMR (400 MHz, CDCl;) J:
7.41~7.29 (m, 9H), 7.18~7.11 (m, 1H), 7.07~6.98 (m,
4H), 6.32~6.24 (m, 2H), 5.35 (d, J=2.0 Hz, 1H), 4.55 (s,
1H), 3.98 (brs, 1H), 3.86 (ddd, J=7.6, 5.6, 2.0 Hz, 1H),
3.78 (dd, J=10.0, 5.6 Hz, 1H), 3.71 (dd, J=10.0, 6.4 Hz,
1H), 2.15 (brs, 1H); '3C NMR (100 MHz, CDCl3) §: 157.2,
156.9, 138.0, 133.4, 131.2, 129.8, 129.5, 128.4, 127.8,
127.7, 127.6, 123.5, 119.1, 118.5, 73.8, 73.4, 70.5, 69.8,
62.7; HRMS calcd for CpsHp4O4Na [M+Na]'™ 411.1567,
found 411.1579.

(2R,3R,65)-2-(( £ Tt S 5= ) H Jik )-6-(4- 4 A Jk 2R 5 )-
3,6- & -2H-MEIR-3-BE(16): IR, 7% 93%. m.p.
95~96 C; [a]} —54.6 (¢ 1.0, CHCL); '"H NMR (400
MHz, CDCls) d: 7.37~7.32 (m, 4H), 7.14~7.10 (m, 1H),
7.03~6.98 (m, 4H), 6.30~6.23 (m, 2H), 5.33 (d, J=2.4
Hz, 1H), 4.34 (dd, J=11.6, 5,2 Hz, 1H), 4.23 (dd, J=11.6,
7.2 Hz, 1H), 3.89 (brs, 1H), 3.77 (ddd, J=8.0, 4.8, 2.0 Hz,
1H), 2.01 (s, 3H); *C NMR (100 MHz, CDCl3) 6: 170.9,
157.2, 156.9, 133.2, 131.3, 129.8, 129.3, 127.6, 123.5,
119.0, 118.5, 73.6, 70.0, 63.6, 62.1, 20.8; HRMS calcd for
C0H2005Na [M+Na]" 363.1203, found 363.1206.

(2R,3R,68)-2-((HU T A Bk ) 2 F 5L )-6-(4- R S B
A HE)-3,6- A -2H-ME R -3-BE (17): TRy, 7=
87%. [a]5 —135.1 (c 1.0, CHCl;); '"H NMR (400 MHz,
CDCly) d: 7.37~7.32 (m, 4H), 7.14~7.10 (m, 1H),
7.03~6.99 (m, 4H), 6.28~6.22 (m, 2H), 5.33 (d, J=2.5
Hz, 1H), 4.33 (dd, J=11.6, 5.6 Hz, 1H), 4.21 (dd, J=11.2,
6.8 Hz, 1H), 3.91 (d, J=9.6 Hz, 1H), 3.82 (ddd, J=7.2,
5.6, 2.4 Hz, 1H), 2.08 (d, J=9.6 Hz, 1H), 1.44 (s, 9H); 1*C
NMR (100 MHz, CDCls) 6: 157.3, 156.9, 153.6, 133.1,
131.4,129.8, 129.5, 127.5, 123.6, 119.2, 118.5, 82.4, 73.7,
70.0, 65.9, 62.1, 27.8; HRMS calcd for C23H206Na [M+
Na]" 421.1622, found 421.1629.

(2R,3R,68)-2-((FF I ok 55 ) S J25 ) F 5 )-6-(4- 2R Sl R oK
5)-3,6- & -2H-MEIR-3-IE(18): TTERY), 753 95%.
[a]5 —107.5 (¢ 1.0, CHCl5); '"H NMR (400 MHz, CDCls)
d: 741~7.36 (m, 4H), 7.18~7.14 (m, 1H), 7.05~7.01
(m, 4H), 6.31~6.30 (m, 2H), 5.37 (d, J=1.6 Hz, 1H),
4.42 (dd, J=11.6, 4.4 Hz, 1H), 4.23 (dd, J=11.6, 7.6 Hz,
1H), 3.91 (d, J=10.0 Hz, 1H), 3.80 (ddd, J=7.6, 4.4, 2.0
Hz, 1H), 2.09 (d, J=9.6 Hz, 1H), 1.16 (s, 9H); *C NMR
(100 MHz, CDCls) d: 178.5, 157.3, 157.0, 133.2, 131.4,
129.8, 129.6, 127.7, 123.5, 119.0, 118.6, 73.8, 70.3, 64.0,
62.4, 38.7, 27.1; HRMS calcd for Cy3H,0sNa [M+Na]"
405.1673, found 405.1679.
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(3R,6S)-6-(2- F FE 75 FE)-3,6- — A -2 H-ME IR -3-[E(19):
TEHIRY), 7% 91%. [a]5 —89.7 (c 1.0, CHCL); 'H
NMR (400 MHz, CDCl;) d: 7.28~7.13 (m, 4H), 6.15
(ddd, J=10.3, 3.6, 2.3 Hz, 1H), 6.00 (ddd, J=10.3, 2.8,
1.2 Hz, 1H), 5.37 (d, J=2.3 Hz, 1H), 4.17 (s, 1H), 3.93
(dd, J=11.7, 4.0 Hz, 1H), 3.59 (dd, J=11.7, 4.9 Hz, 1H),
2.44 (s, 3H), 2.23 (s, 1H); 3C NMR (100 MHz, CDCl;) ¢:
137.4, 136.6, 131.3, 130.9, 128.7, 128.4, 128.1, 125.6,
72.5, 67.7, 62.7, 19.1; HRMS calcd for C2H;40:Na [M+
Na]" 213.0886, found 213.0889.

(3R,6S)-6-(3- F H: 75 FE)-3,6- — -2 H-ML IR -3- [1%(20):
TR, 7% 89%. [a]5 —123.5 (¢ 1.0, CHCLy); 'H
NMR (400 MHz, CDCl3) 0: 7.29~7.20 (m, 1H), 7.19~
7.09 (m, 3H), 6.09 (ddd, J=10.3, 3.2, 2.2 Hz, 1H), 6.01
(ddd, J=10.3, 2.5, 1.2 Hz, 1H), 5.12 (d, J=2.2 Hz, 1H),
420 (s, 1H), 4.01 (dd, J=11.5, 4.3 Hz, 1H), 3.59 (dd, J=
11.5, 5.6 Hz, 1H), 2.36 (s, 3H); 3C NMR (100 MHz,
CDCls) d: 139.3, 138.2, 131.3, 128.9, 128.4, 128.3, 124.8,
75.3, 68.0, 62.6, 21.4; HRMS calcd for C1,H;4O,Na [M+
Na]" 213.0886, found 213.0890.

(3R,65)-6- 7K 3£-3,6- A -2H-MLNE-3-F%(21): I
R, 72F 90%. [a]5 —36.1 (¢ 1.0, CHCL); '"H NMR
(400 MHz, CDCls) d: 7.43~7.28 (m, 5H), 6.10 (ddd, J=
10.3, 3.3, 2.2 Hz, 1H), 6.03 (ddd, J=10.3, 2.5, 1.1 Hz,
1H), 5.16 (d, J=2.2 Hz, 1H), 4.20 (s, 1H), 4.00 (dd, J=
11.5, 42 Hz, 1H), 3.60 (dd, J=11.5, 5.5 Hz, 1H); '3C
NMR (100 MHz, CDCl:) 0: 139.4, 131.4, 128.5, 128.5,
128.2, 127.7, 75.2, 68.0, 62.6; HRMS calcd for C1H,0,-
Na [M+Na]” 199.07230, found 199.0727.

(3R,65)-6-(4- 5 T4 2 K 5£)-3,6- — & -2 H- Mk R -3- i
(22): EHRY, 72% 89%. [a]y —156.9 (c 1.0,
CHCl;); '"H NMR (400 MHz, CDCls) 6: 7.29~7.26 (m,
2H), 7.22 (d, J=8.2 Hz, 2H), 6.10 (ddd, J=10.3, 3.4, 2.1
Hz, 1H), 6.03 (ddd, J=10.3, 2.5, 1.1 Hz, 1H), 5.13 (d, J=
2.2 Hz, 1H), 4.18 (s, 1H), 3.99 (dd, J=11.5, 4.2 Hz, 1H),
3.59 (dd, J=11.5, 5.4 Hz, 1H), 2.96~2.89 (m, 1H), 1.33
(d, J=6.0 Hz, 6H); *C NMR (100 MHz, CDCl;s) ¢: 149.0,
136.7, 131.4, 128.4, 127.8, 126.5, 75.0, 67.9, 62.6, 33.8,
23.9; HRMS calcd for Ci4H;30,Na [M+Na]"™ 241.1199,
found 241.1200.

(3R,6S)-6-([1,1'-Bx 75 1)-3,6- — & -2 H- M IR -3- 1§ (23):
F AR, 7223 89%. m.p. 152~153 C; [a]5 —83.3 (c
1.0, CHCL;); 'H NMR (400 MHz, CDCly) J: 7.62~7.55
(m, 4H), 7.47~7.32 (m, 5H), 6.12 (ddd, J=10.3, 3.2, 2.1
Hz, 1H), 6.06 (ddd, J=10.3, 2.4, 1.1 Hz, 1H), 5.20 (d, J=
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2.1 Hz, 1H), 4.22 (s, 1H), 4.03 (dd, J=11.5, 4.2 Hz, 1H),
3.63 (dd, J=11.5, 5.5 Hz, 1H), 2.12 (s, 1H); 3C NMR
(100 MHz, CDCls) J: 141.2, 140.8, 138.4, 131.2, 128.8,
128.7, 128.2, 127.5, 127.3, 127.2, 75.0, 68.1, 62.6; HRMS
caled for Ci7H;sOoNa [M + Na] © 275.1043, found
275.1042.

(3R,68)-6-(2- H1 58 3 7K 52 )-3,6- — & -2 H- M g -3- i
(24): LRy, 72%R 88%. [all —110.6 (¢ 1.0,
CHCL3); 'H NMR (400 MHz, CDCl;) o: 7.33~7.27 (m,
2H), 6.96~6.90 (m, 2H), 6.09 (ddd, J=10.3, 3.5, 2.4 Hz,
1H), 5.96 (ddd, J=10.3, 2.7, 1.2 Hz, 1H), 5.60 (d, J=2.3
Hz, 1H), 4.18 (s, 1H), 4.02 (dd, J=11.5, 4.1 Hz, 1H), 3.87
(s, 3H), 3.62 (dd, J=11.5, 5.2 Hz, 1H); *C NMR (100
MHz, CDCly) 0: 157.2, 131.4, 129.4, 128.4, 128.3, 127.0,
1202, 110.7, 69.5, 67.9, 62.7, 55.6; HRMS calcd for
C12H1403Na [M+Na]" 229.0835, found 229.0835.

(3R,6S)-6-(3- H1 58 3 7K 52 )-3,6- — & -2H- M g -3- i
(25): AHEREE, 72K 86%. mp. 94~95 C; [a]}
—168.5 (¢ 1.0, CHCl3); 'H NMR (400 MHz, CDCl3) ¢:
7.32~7.23 (m, 1H), 7.13~6.76 (m, 3H), 6.09 (ddd, J=
10.3, 3.3, 2.2 Hz, 1H), 6.02 (ddd, J=10.3, 2.5, 1.1 Hz,
1H), 5.13 (d, J=2.2 Hz, 1H), 4.18 (s, 1H), 4.00 (dd, J=
11.5, 4.2 Hz, 1H), 3.81 (s, 3H), 3.60 (dd, J=11.5, 5.5 Hz,
1H), 2.18 (s, 1H); '3C NMR (100 MHz, CDCl3) §: 159.8,
141.0, 131.2, 129.5, 128.5, 120.0, 113.7, 113.3, 75.1, 68.1,
62.6, 55.3; HRMS caled for Cj;H;4OsNa [M + Na]*
229.0835, found 229.0829.

(3R,68)-6-(4- 1 48 JE 7R 3 )-3,6- — & -2 H- M MR -3- [
(26): AEEA, PE 91%. mp. 82~83 C; [a]}
—36.7 (¢ 1.0, CHCl;); 'H NMR (400 MHz, CDCl;) o:
7.32~7.16 (m, 2H), 6.98~6.81 (m, 2H), 6.09 (ddd, J=
10.3, 3.4, 2.2 Hz, 1H), 6.00 (ddd, J=10.3, 2.6, 1.2 Hz,
1H), 5.11 (d, J=2.2 Hz, 1H), 4.17 (s, 1H), 3.96 (dd, J=
11.5, 4.1 Hz, 1H), 3.80 (s, 3H), 3.58 (dd, J=11.5, 5.3 Hz,
1H), 2.21 (s, 1H); '*C NMR (100 MHz, CDCls) §: 159.5,
131.5, 131.4, 129.3, 128.5, 113.9, 74.8, 67.8, 62.6, 55.3;
HRMS calcd for C1oHi403Na [M+Na]" 229.0835, found
229.0835.

(3R,68)-6-(3,5- — HI 4 J: 2R Jik)-3,6- — A -2 H-ME Wi -3-
fE(27): KR, 72F 85%. [a]l —78.6 (c 1.0,
CHCL3); 'H NMR (400 MHz, CDCL3) d: 6.51 (d, J=2.3
Hz, 2H), 6.45~6.39 (m, 1H), 6.08 (ddd, J=10.3, 3.3, 2.2
Hz, 1H), 6.01 (ddd, J=10.3, 2.5, 1.1 Hz, 1H), 5.08 (d, J=
2.2 Hz, 1H), 4.19 (s, 1H), 4.01 (dd, J=11.5, 4.2 Hz, 1H),
3.79 (s, 6H), 3.60 (dd, J=11.5, 5.4 Hz, 1H), 2.04 (d, J=
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7.3 Hz, 1H); 3C NMR (100 MHz, CDCl5) §: 160.9, 141.8,
131.2, 128.5, 105.7, 100.0, 75.1, 68.1, 62.6, 55.4; HRMS
caled for Cp;3HjO4Na [M + Na] = 259.0941, found
259.0943.

(3R,65)-6-(4- ¢ TN A e 42 5E)-3,6- — S -2 H-PHk e -3
(28): AEE A, 2F 82%. mp. 86~87 C; [a]}
—78.6 (¢ 1.0, CHCL;); 'H NMR (400 MHz, CDCl3) §:
7.26~7.22 (m, 2H), 6.89~6.84 (m, 2H), 6.09 (ddd, J=
10.3, 3.4, 2.2 Hz, 1H), 6.01 (ddd, J=10.3, 2.6, 1.2 Hz,
1H), 5.10 (d, J=2.3 Hz, 1H), 4.62~4.48 (m, 1H), 4.18 (s,
1H), 3.98 (dd, J=11.5, 4.1 Hz, 1H), 3.58 (dd, J=11.5, 5.3
Hz, 1H), 1.33 (d, J=6.0 Hz, 6H), 1.90 (s, 1H); '3C NMR
(100 MHz, CDCLy) 8: 157.9, 131.6, 131.2, 129.2, 128.4,
115.8, 74.8, 69.9, 67.8, 62.7, 22.0; HRMS calcd for
C1sH503Na [M+Na]" 257.1148, found 257.1148.

(3R,68)-6-(4- 7% 58 kK 3k )-3,6- — & -2H- L 1 -3- [
(29): AEA, 725 86%. m.p. 89~90 C; [a]} —72.3
(¢ 1.0, CHCI3); 'H NMR (400 MHz, CDCl3) d: 7.41~7.28
(m, 4H), 7.20~7.06 (m, 1H), 7.05~6.94 (m, 4H), 6.10
(ddd, J=10.3, 3.3, 2.2 Hz, 1H), 6.02 (ddd, J=10.3, 2.5,
1.2 Hz, 1H), 5.14 (d, J=2.2 Hz, 1H), 4.21 (s, 1H), 4.01
(dd, J=11.5, 4.3 Hz, 1H), 3.60 (dd, J=11.5, 5.6 Hz, 1H),
1.94 (d, J=7.5 Hz, 1H); *C NMR (100 MHz, CDCl) §:
1572, 157.0, 134.2, 1312, 129.7, 129.3, 128.6, 123.4,
119.0, 118.7, 74.7, 68.0, 62.6; HRMS calcd for Ci7H)e-
O3;Na [M+Na]" 291.0992, found 291.0992.

(3R,6S)-6-(4- 5 7 3£ )-3,6- — & -2 H- I 1 -3- % (30):
F AR, 723 83%. m.p. 81~82 C; [a]5 —137.3 (c
1.0, CHCLs); 'H NMR (400 MHz, CDCls) §: 7.37~7.24
(m, 4H), 6.10 (dd, J=10.3, 2.8 Hz, 1H), 5.98 (ddd, J=
10.3, 2.6, 1.3 Hz, 1H), 5.12 (d, J=2.3 Hz, 1H), 4.20 (s,
1H), 3.97 (dd, J=11.5, 4.3 Hz, 1H), 3.59 (dd, J=11.5, 5.6
Hz, 1H); 3C NMR (100 MHz, CDCls) §: 138.0, 134.0,
130.8, 129.1, 129.0, 128.7, 74.5, 68.1, 62.5; HRMS calcd
for C;1H;1C10,Na [M+Na]" 233.0340, found 233.0340.

(3R,65)-6-(3- 1R 7K F£)-3,6- — & -2.H- M I -3- I (31):
TR, 723K 80%. [a]s —54.7 (¢ 1.0, CHCL); 'H
NMR (400 MHz, CDCL3) 6: 7.50 (d, J=1.8 Hz, 1H), 7.44
(d, J=7.8 Hz, 1H), 7.29~7.19 (m, 2H), 6.11 (dd, J=10.3,
2.8 Hz, 1H), 5.99 (ddd, J=10.3, 2.6, 1.3 Hz, 1H), 5.12 (d,
J=2.3 Hz, 1H), 4.21 (s, 1H), 3.98 (dd, J=11.5, 4.3 Hz,
1H), 3.60 (dd, J=11.5, 5.6 Hz, 1H), 2.04 (s, 1H); '3C
NMR (100 MHz, CDCly) d: 141.9, 131.2, 130.7, 130.6,
130.1, 129.1, 126.3, 122.7, 74.5, 68.1, 62.4; HRMS calcd
for C;1H;BrO;Na [M+Na]" 276.9835, found 276.9835.
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(3R,6S)-6-(4- TR 7% 3£ )-3,6- — S -2H- ML i -3- % (32):
TEMIRY), 7% 84%. [a]5 —62.5 (c 1.0, CHCly); 'H
NMR (400 MHz, CDCl;) d: 7.53~7.46 (m, 2H), 7.26~
7.24 (m, 2H), 6.13 (dd, J=10.3, 2.8 Hz, 1H), 6.01 (ddd,
J=10.3, 2.6, 1.2 Hz, 1H), 5.13 (dd, J=4.6, 2.4 Hz, 1H),
4.23 (brs, 1H), 4.00 (dd, J=11.5, 4.3 Hz, 1H), 3.62 (dd,
J=11.5, 5.5 Hz, 1H), 1.88 (brs, 1H); 3C NMR (100 MHz,
CDCls) d: 138.53, 131.63, 130.77, 129.39, 128.92, 122.18,
74.54, 68.03, 62.48; HRMS calcd for C;H;1BrO,Na [M+
Na]" 276.9835, found 276.9836.

(25,38,6R)-6-(2-(F2 H1 55) A Jik)-2- HH 5E-3,6- — &(-2H-
nEiEg-3-KE(33): HEREE, 22 87%. mp. 68~69 C;
[a]g +209.9 (¢ 1.0, CHCl;); '"H NMR (400 MHz, CDCl)
5: 7.47~7.45 (m, 1H), 7.39~7.35 (m, 1H), 7.32-7.28 (m,
2H), 6.38 (ddd, J=10.4, 5.2, 2.0 Hz ,1H), 6.16 (dd, J=
10.4, 3.6 Hz, 1H), 5.63 (dd, J=4.0, 2.0 Hz, 1H), 4.97 (d,
J=12.4 Hz, 1H), 4.54 (d, J=12.8 Hz, 1H), 3.67~3.74 (m,
2H), 1.16 (d, J=5.6 Hz, 3H); 3C NMR (100 MHz, CDCl5)
5: 141.2, 136.1, 130.6, 130.1, 129.3, 129.2, 129.0, 127.4,
72.2, 67.8, 64.6, 63.9, 16.3; HRMS calcd for C13H;605Na
[M-+Na]" 243.0992, found 243.0994.

(285,38,6R)-6-(3-F& 3 R 3 )-2- 1 5:-3,6- & -2H-Tt
W -3- (34): F AR, 723 89%. mp. 93~94 C;
[a]? 4+115.5 (c 1.0, CHCl;); '"H NMR (400 MHz, CDCls)
5: 7.26~7.22 (m, 1H), 6.92~6.89 (m, 1H), 6.81 (dd, J=
7.6, 2.4 Hz, 1H), 6.27~6.19 (m, 2H), 5.25 (d, J=2.8 Hz,
1H), 3.78 (qd, J=6.4, 2.0 Hz, 1H), 3.70 (d, J=2.4 Hz,
1H), 2.48 (brs, 1H), 1.25 (d, J=6.4 Hz, 3H); 3C NMR
(100 MHz, CDCls) J: 156.1, 140.8, 130.9, 129.5, 128.4,
120.0, 115.1, 114.9, 74.0, 68.2, 64.6, 16.3; HRMS calcd
for C1,H1405Na [M+Na]® 229.0835, found 229.0834.

(2R,3R,6S)-2- % /1 ik -6-(4- F S HE KL )-3,6- —AL-
2H-ME g -3-I(35): H AE &, =2 83%. m.p. 106~
107 C; [a]y —166.0 (¢ 0.5, CHCL); 'H NMR (400
MHz, CDCls) d: 7.41~7.32 (m, 4H), 7.18~7.12 (m, 1H),
7.08~6.98 (m, 4H), 6.33~6.24 (m, 2H), 5.37 (d, J=2.4
Hz, 1H), 4.00 (brs, 1H), 3.90 (dd, J=11.6, 6.4 Hz, 1H),
3.81 (dd, J=11.6, 4.8 Hz, 1H), 3.70 (ddd, J=6.4, 4.8, 2.0
Hz, 1H), 2.11 (brs, 1H); *C NMR (100 MHz, CDCl;) &:
157.5, 156.8, 133.0, 131.4, 129.8, 129.6, 127.7, 123.6,
119.2, 118.4, 73.8, 71.3, 63.3, 63.0; HRMS calcd for
C1sH1304Na [M+Na]" 321.1097, found 321.1105.

(2R,3R,68)-2-((HUT i R FE Ak Bk ) S k) HH 6 )-6-(4-
I RL)-3,6- A -2H-ME I -3-BE(36): (O HIRY,
P23 80%. [a]r —100.9 (¢ 0.5, CHCl3); '"H NMR (400
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MHz, CDCl;) d: 7.70~7.67 (m, 4H), 7.47~7.36 (m, 6H),
6.80 (d, J=7.6 Hz, 1H), 6.76 (brs, 1H), 6.66 (dd, J=8.0,
3.2 Hz, 1H), 6.31 (dd, J=10.0, 3.2 Hz, 1H), 6.25 (ddd, J=
10.0, 4.8, 1.6 Hz, 1H), 5.29 (d, J=4.0 Hz, 1H), 3.96 (dd,
J=438, 2.4 Hz, 1H), 3.92 (d, J=5.6 Hz, 2H), 3.79 (ddd,
J=8.0, 5.6, 2.4 Hz, 1H), 1.08 (s, 9H); 3C NMR (100
MHz, CDCl:) 0: 146.5, 140.3, 135.7, 135.6, 133.4, 131.5,
129.7, 129.7, 129.3, 127.7, 127.5, 117.9, 114.5, 114.3,
74.0, 72.4, 63.8, 62.5, 26.9, 19.2; HRMS calcd for
CasH33NO3SiNa [M+Na]" 482.2122, found 482.2131.
322 fubdh 37 894 %

16 5 mL I, ARUOIINAN AN 55 Bt ik
A% 3 (0.2 mmol). MeCN (2 mL). KHCO; (0.05 mmol)
1 H,0, (18 uL), ZiRFEFE 6 h 5, TIAEFT NayS,05 3%
WK R B, EtOAC ZEHUR R (3 mL X 3), & A HLAH,
To/K NaSOs T4, EMRSR. ekl PRs iy &
W/ LR R, Vi V=10 )5 &E4ifk, 53] 2,3- A%
BHEF 37.

(2S,35,4R,5R,6S)-2- F! 3 -4 5- I 55 -6-(4- 4 3 ) U & -
2H-MEWE-3-BE(37): H A AR, 2% 85%. mp. 88~
89 C; [a]5 +53.4 (c 1.0, (CH;),CO); 'H NMR (400
MHz, (CD;),CO) §: 7.51~7.48 (m, 2H), 7.44~7.40 (m,
2H), 7.37~7.33 (m, 1H), 5.07 (brs, 1H), 3.79~3.73 (m,
1H), 3.67~3.64 (m, 2H), 3.47 (qd, J=6.5, 3.1 Hz, 1H),
3.14 (d, J=10.6 Hz, 1H), 1.05 (d, J=6.5 Hz, 3H); 13C
NMR (100 MHz, (CD5),CO) J: 139.07, 129.37, 128.82,
128.71, 72.75, 67.76, 64.83, 54.50, 54.28, 15.68; HRMS
caled for CpH;4O3Na [M + Na] = 229.0835, found
229.0845.

323 a4 38 bk

76 5 mL WA N, ARUOIINAN AN 557 B bt Ak
A% 6 (0.2 mmol). OsO4 (0.02 equiv., 3.24 pL). N-F%E
e ik -N- 52 AL ) (NMO) (0 =50% aq, 50 pL)A1P5 R (1
mL), EiRHFE 8 h 5. MM NaySOs R A K XN,
EtOAc B M (3 mL X 3), &IFEHAM, LK
Na,SO4 TH, T HRYE. HE e PR € il vk (o T b/ 2R
CEE, ViVv=1:110p 5k, 183 2,3- R AmbEE
38.

(25,35,45,5S,68)-2- H 3 -6-(4- 2K 5 HE K HE ) DU A -2 H-
MLIg-3,4,5-—1(38): HEEAE, =% 86%. mp. 167~
168 °C; [a]s —11.2 (¢ 0.5, (CH;),CO); 'H NMR (400
MHz, (CD;),CO) o: 7.47~7.45 (m, 2H), 7.41~7.37 (m,
2H), 7.15~7.11 (m, 1H), 7.02~6.94 (m, 4H), 4.89 (brs,
1H), 4.32~4.25 (m, 1H), 4.08~4.04 (m, 2H), 4.00~3.98
(m, 1H), 3.84 (dd, J=9.4, 3.4 Hz, 1H), 3.77 (brs, 1H), 3.50
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(d, J=4.6 Hz, 1H), 1.31~1.29 (m, 4H); 3C NMR (100
MHz, Acetone-ds) o: 157.65, 15592, 135.47, 129.78,
128.49, 123.02, 118.43, 118.01, 72.86, 72.45, 72.05, 70.72,
68.41, 10.71; HRMS caled for C;;Hi¢O4 [M + Na]*
339.1203, found 339.1210.
322 b4k 39 6948

£ 5 mL I RPE A, HKUOIIANAN AN J5 bk Ak
&% 6 (0.2 mmol). MeOH (5 mL)Fl 5% Pd/C (0.02
mmol), MEZTJE, MRBMEFEHES 10 min, FLREF
ARG EIEBERE S h )5, TLC R [ N 5 4x. i kb
YEVE, PR IRARIEA. RER PR k(AR R/ LR
LB, VIV=10: 1)/ Baitb18 2](2R,3R,65)-2- H H-6-
(4- A TR DY A -2 H-IEE g -3-F.(39), TC Bk, 7=
# 99%. [a]y —17.6 (¢ 1.0, CHCL;); '"H NMR (400 MHz,
CDCly) d: 7.40~7.33 (m, 2H), 7.15~7.09 (m, 1H),
7.08~6.99 (m, 4H), 4.85 (t, J=5.1 Hz, 1H), 3.95 (qd, J=
6.5, 3.2 Hz, 1H), 3.79 (dd, J=9.2, 3.2 Hz, 1H), 2.23~2.10
(m, 1H), 1.98~1.82 (m, 4H), 1.30 (d, J=6.8 Hz, 3H); 1*C
NMR (100 MHz, CDCls) 6: 157.2, 156.4, 135.8, 129.8,
127.9, 123.3, 118.8, 71.5, 70.4, 68.1, 26.9, 26.3, 14.3;
HRMS calcd for CigH03Na [M+Na]® 307.1305, found
307.1307.

B A &L (Supporting Information) {£&4) 29 (CCDC
1965656)11 34 (CCDC 1965660) 1 5. ik 45 4 K4l LA Ktk
A4 3~39 () 'H NMR 1 3C NMR [, X 8ed4 R a] L
G 9l AT 9 328 (http://sioc-journal.cn/)_F R %K.
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