Chinese Journal of Organic Chemistry

% 4”) qt % DOI: 10.6023/cjoc202003037

C-ZHERFHEHITEYN AR EAMSEERR

= X % & M X =mHEE xIHE
(EWASE SR RAF=oFc S FIMLA TR LR S 443002)

WE OE 7 L-FEHE SR IBRE Au(DREA N IE 7 7 R R IR 1,31 A BT R Ferrier HHFSRMS, ST C-40
FERAREEAT A, WL FEMER O ARid St IRIE T C-HEHLEE. P4 i A2 X 426 AT St Wi .
HIEMEEE(MTT)VENTIT 1A I TR s, 45 2R o™ 3i 6 N AR B I8 4 HGC-27 B R4F RMHIE L, 1Cso B9
18.29 pmoleL ™. Z VAR HRAEFI A, ARX WL e rE . ROM AR AHE R SR A

BRI Ferrier B HE; B, MMEIETE dExmiksE

Synthesis and Cytotoxic Activity of C-Vinyl-rhamnopyranoside
Derivatives

Ji, Yu Yao, Hui Liu, Yi Huang, Nianyu* Liu, Mingguo™
(Key Laboratory of Natural Products Research and Development, College of Biological and Pharmaceutical Sciences,
China Three Gorges University, Yichang, Hubei 443002)

Abstract A novel gold(I)-catalyzed glycosylation method was described to synthesize C-vinyl-rhamnopyranoside derivatives
using stable propargylic carboxylates and 3,4-di-O-acetyl-L-rhamnal as starting materials, based on the tandem intermolecular
1,3-acyloxy migration/Ferrier rearrangement. The C-glycosylation process has been verified by O'® isotopic labeling experi-
ment, and the absolute configuration of synthesized products was determined by X-ray single crystal diffraction. The cytotoxic
activity was investigated by methyl thiazolyl tetrazolium (MTT). It indicates that product 3i has strong inhibitory effect on
human gastric cancer cells HGC-27 with ICs, 18.29 pmoleL™'. The described synthetic method was outstanding with
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easy-to-operate, high diastereoselectivity, and mild reaction condition.
Keywords Ferrier rearrangement; rhamnopyranoside; cytotoxic activity; diastereoselectivity
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Table 1 Optimization of reaction conditions for the model reac-
tion

., O OAc

J/\J +/L Catalyst ",
AcO” Y = "Pr  Solvent, r.t.

OAc Ph AcO
1a 2a

Entry Catalyst Solvent  Time/h Yield”/%
1 Au0; CH,Cl, 24 N.D.
2 TiCly CH,Cl, 24 N.D.
3 Ni(CO), CH,Cl, 24 N.D.
4  PdCl, CH,Cl, 24 N.D.
5  AgCOs CH,Cl, 24 N.D.
6 AuCl CH,CL, 6 21
7 AuBr; CH,Cl, 6 12
8 AuCl CH,Cl, 6 31
9  Ph;PAuCl CH,Cl, 24 N.D.
10 AgSbFq CH,Cl, 24 N.D.
11 Au(CO)CI/AgSbF, CH,Cl, 6 24
12 Ph;PAuCl/AgSbF, CH,Cl, 6 58
13 Ph;PAUNTE/AgSbF,  CH,CL, 6 42
14  Ph;PAuCl/AgNO; CH,Cl, 6 28
15  Ph;PAuCl/CH3CO,Ag CH,Cl, 6 37
16 Ph;PAuCl/Ag,CO; CH,Cl, 6 45
17  PhyPAuCl/Ag;PO, CH,Cl, 6 48
18  (CsHsN)AuCly/AgSbFs CH,Cl, 6 46
19  Ph;PAuCl/AgSbF, DMF 6 N.D.
20  Ph3PAuCl/AgSbF, CHCl; 6 36
21 Ph;PAuCl/AgSbFg Toluene 6 25
22 Ph3PAuCl/AgSbF, CH;NO, 6 78
23 Ph;PAuCl/AgSbF, CH;CN 6 12
24 Ph;PAuCl/AgSbF, EtOAc 6 N.D.

“General conditions: catalyst (5 mol%) was added into the mixture of 1a (107
mg, 0.5 mmol) and 2a (113 mg, 0.5 mmol) in corresponding solvent (5 mL).
®Isolated yield. N.D.=not detected.
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Figure 1 X-ray single crystal structure of 3g
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Table 2  Substrate scope for C-vinyl-rhamnopyranoside derivatives

,, O OAc
S :
AcO M + 4 R
R? 2

OAc
1a

PhsPAUCI (5% mol) RL_O
AgSbFg (5% mol) //C)I/ R2
AcO Z

CH3N02, rt.

Ph o)

Ph__O Ph._O Ph._O Ph._O
”;C)JI\/"PT II;(OJL/HBU ";(OJL/IBU "fji\/ipr "f)LtBu
AcO” AcO” F AcO” AcO” N AcO”

3a, 78% 3b,78%

Me

AcO AcO

"Bu MeO

AcO AcO

3q, 86% 3r, 84%
"Bu__0O "Oct_O
“;QOJI\/ Me I/CJI\/ Me
AcO” N AcO”
3u, 68% 3v, 81% 3w, 74% 3x, 76%

AcO AcO

3y, 76%

(Scheme 1). fEJRNIEFEF, S HEAFIAM AT LIAE itk
DR, (AR A Ferrier EHA AR E T C, 1
REVE IR B A AR T ML AR R A, BEJR R AR 13-
FT R AR B, HETIXN C KA, #3631
REARE C-CMFERFPET E.

N TR R ML PR BRI S AR, it T E
P FRAFICSES. R L- AN 1a 55 PO ARic IR AT B
2a-POUE IR AT FHEAT B, M 3a-"*0 ) °C NMR
WA LA R B 10 FRIC I BREEBRTE 6 198.76 Kb
5 Y, HRMS E5 T 3.0 (077 (€. &4
RICTUEWIBR A BEAE S NS FE R 2E T 13- B R
(Eq. 2).
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Table 3  Substrate expansion of C-vinyl-thamnopyranoside
derivatives
7, O
o oac  PhaPAUC (5 mol%)
I \ AgSbFg (5 mol%)
+ _—
o = "R? CH3NO,, rt.

18,
Q' PhyPAUCI(5 mol%)

J/\OJ )J\o AgSbF4(5 mol%)  ,
+ A A
CH3CN, r.t.

AcO n
Pr)\ AcO

1a 6Ac 22180 Ph
R4 HIRLEYWIA R

Table 4 Cytotoxic activity of target compounds
ICs fE/(umolsL™")

3a-180, 79%

Entry R' (1) R? Yield/% (4)
1 Ph (1b) Et 76 (4ba)
2 Ph (1b) ‘Bu 73 (4bb)
3 2-CIC¢H, (1¢) Bu 74 (4ca)
4 3-CIC¢H, (1d) Bu 75 (4da)
5 2-FC¢H, (1e) ‘Bu 76 (4ea)
6 4-FC¢H, (1f) ‘Bu 78 (4fa)
RL_O

R' PhsPAUCI (5 mol%)

@ I AgSbFs (5mol%) , 0. s R?
+ - (1
ACO\\\“ CH3N02, r.t. . P

AcO™
5a, 96%

-Acon o PhsPAUCI oA
R1 +‘1[k A ¢
o) gSbFg
= 2
o N =z R
\_R? ACO™ AgCIR?
ACO™ C PhsPAUSbF
D
T R2__OAc )\
n,, OY R 0”0
P N_C < "
AcO I, = R
c R’ R\ Al
Ph3PAuCIT-ACO_ BH, ° [Aul
AgSbFg R A
"". O Y_gl
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OAc
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Scheme 1 Possible reaction mechanism
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EM = i
8 EL I e N L
3a~3h >100 >100 >100 >100
3i 18.29 >100 >100 >100
3j~3o0 >100 >100 >100 >100
3p 82.91 >100 >100 >100
3q~3y >100 >100 >100 >100
4ba >100 >100 >100 >100
4bb 90.21 >100 >100 >100
4ca~4fa >100 >100 >100 >100
5a~5b >100 >100 >100 >100
80 Inhibition against HGC-27
704
X
3 60
S 50d
c
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Figure 2 Cytotoxities against HGC-27 cells of compound 3i
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(107 mg, 0.5 mmol), HAHEE 2 (0.5 mmol), CH;NO, (5
mL), EHEHFE 10 min J5, BFMA PhyPAuCl (12.3
mg, 5 mol%)Fl AgSbFg (6.5 mg, 5 mol%). =& N 6
h, 2GS (TLO)R I B 584, AP R i g,k
JE e o 25 0. i I A s PR (8 15 CF T K SR &
Bis, V1 V=20 DAiikRY), 53 C-L MR R4
fiTtED) 3.

(2S,3R,6R)-2- F 3£ -6-((2)-1-F F:-2- & #-1- B )-3,6-
TR 2H-ME-3-5E 2 B ER(3a): LIDIR, 128 mg, FAE
78%. '"H NMR (CDCls, 400 MHz) 6: 7.93~7.90 (m, 2H),
7.61~7.56 (m, 1H), 7.50~7.46 (m, 2H), 5.98 (ddd, J=
10.3, 3.0, 1.6 Hz, 1H), 5.91~5.87 (m, 2H), 5.08 (br, 1H),
5.00 (dq, J=7.6, 2.2 Hz, 1H), 3.85~3.79 (m, 1H), 2.09 (s,
3H), 1.93~1.86 (m, 2H), 1.42~1.33 (m, 2H), 1.10 (d, J=
6.4 Hz, 3H), 0.81 (t, J=7.4 Hz, 3H); °C NMR (CDCl; ,
100 MHz) §: 198.9, 170.6, 138.5, 137.5, 135.3, 133.4,
130.0, 129.3, 128.7, 126.6, 73.1, 70.4, 66.9, 31.7, 22.4,
21.2, 17.5, 13.7. HRMS calcd for C,0H,40,Na [M+Na]"
351.1567, found 351.1565.

(2S,3R,6R)-2- F 3 -6-((2)-1-F5 F: -2- Pi F:-1- ) )-3,6-
T 2H-ME N -3-3E Z R R (3b): IR, 133 mg, 72
% 78%. '"H NMR (CDCl;, 400 MHz) 6: 7.93~7.90 (m,
2H), 7.60~7.56 (m, 1H), 7.49~7.45 (m, 2H), 5.98 (ddd,
J=10.3, 3.0, 1.6 Hz, 1H), 5.91~5.87 (m, 2H), 5.08 (br,
1H), 5.00 (dq, J=7.6, 2.2 Hz, 1H), 3.85~3.79 (m, 1H),
2.09 (s, 3H), 1.97~1.86 (m, 2H), 1.34~1.29 (m, 2H),
1.22~1.16 (m, 2H), 1.11 (d, J=6.3 Hz, 3H), 0.78 (t, J=
7.3 Hz, 3H); *C NMR (CDCls, 100 MHz) J: 198.9, 170.6,
138.4, 137.5, 135.5, 133.4, 130.1, 129.2, 128.6, 126.6,
73.1, 70.4, 66.9, 31.3, 29.5, 222, 21.2, 17.5, 13.8. HRMS
caled for C,H,O4Na [M + Na] = 365.1723, found
365.1724.

(25,3R,6R)-2- F 3 -6-((2)-5- F FL -1- A Fe 2- LI - 1-
fii)-3,6- & -2H-ML IR -3-FE Z R R (3¢): Jo iR, 130
mg, & 76%. '"H NMR (CDCls, 400 MHz) d: 7.75~7.73
(m, 2H), 7.56~7.52 (m, 1H), 7.46~7.42 (m, 2H), 6.42 (t,
J=17.6 Hz, 1H), 6.06 (dd, J=10.2, 1.9 Hz, 1H), 5.89 (ddd,
J=10.3, 4.8, 2.6 Hz, 1H), 5.40~5.38 (m, 1H), 4.88~4.86
(m, 1H), 4.16 (qd, J=6.8, 2.4 Hz, 1H), 2.47 (t, J=7.2
Hz, 2H), 2.09 (s, 3H), 1.74~1.67 (m, 1H), 1.32 (d, J=6.8
Hz, 3H), 0.95 (d, J=6.6 Hz, 3H), 0.91 (d, J=6.6 Hz, 3H);
C NMR (CDCl;, 100 MHz) d: 197.6, 170.8, 149.5, 138.7,
138.1, 133.7, 132.0, 129.6, 128.1, 120.6, 71.0, 68.4, 66.0,
37.3, 28.7, 227, 22.6, 212, 16.0. HRMS calcd for
C,H,04Na [M+Na]™ 365.1723, found 365.1724.
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(25,3R,6R)-2- F 3£ -6-((Z)-4- F k- 1-FF F 2- TR fis-1-
fill)-3,6- & -2H-ML IR -3-3E 2 BR K (3d): To iR, 118
mg, =& 72%. '"H NMR (CDCly, 400 MHz) §: 7.94~7.91
(m, 2H), 7.60~7.56 (m, 1H), 7.50~7.46 (m, 2H), 5.97
(ddd, J=10.3, 2.9, 1.6 Hz, 1H), 5.90~5.87 (m, 1H), 5.67
(dd, J=10.6, 1.2 Hz, 1H), 5.05~5.03 (m, 1H), 4.99 (dq,
J=17.6, 2.2 Hz, 1H), 3.83~3.77 (m, 1H), 2.28~2.19 (m,
1H), 2.08 (s, 3H), 1.11 (d, J=6.4 Hz, 3H), 0.94 (d, J=6.6
Hz, 3H), 0.90 (d, J=6.6 Hz, 3H); *C NMR (CDCl;, 100
MHz) 6: 198.7, 170.5, 141.5, 137.5, 136.2, 133.4, 130.0,
129.2, 128.6, 126.6, 73.1, 70.4, 66.9, 29.0, 22.7, 22.4, 21.2,
17.5. HRMS caled for Cy0H»,0,Na [M+Na]" 351.1567,
found 351.1566.

(28,3R,6R)-2- H 3t -6-((2)-4,4- — F Je-1-F K 2- 1%
W5~ 1-F)-3,6- 5 -2H-ML G -3-3E Z IR FE (3e): oA iHPIR,
111 mg, 7*% 65%. '"H NMR (CDCls, 400 MHz) J: 7.98~
7.96 (m, 2H), 7.59~7.56 (m, 1H), 7.49~7.46 (m, 2H),
5.96 (ddd, J=10.3, 2.9, 1.6 Hz, 1H), 5.86 (dt, J=10.4, 2.1
Hz, 1H), 5.73 (d, J=1.1 Hz, 1H), 4.94 (dq, J=7.3, 2.2 Hz,
1H), 4.85 (br, 1H), 3.78~3.71 (m, 1H), 2.05 (s, 3H), 1.08
(d, J=6.4 Hz, 3H), 1.01 (s, 9H); *C NMR (CDCl, 100
MHz) 6: 199.4, 170.6, 143.3, 137.5, 135.1, 133.3, 130.2,
129.6, 128.5, 126.3, 74.4, 70.3, 67.0, 34.1, 30.2, 21.1, 17.4.
HRMS calcd for C,H04Na [M+Na]® 365.1723, found
365.1736.

(28,3R,6R)-2- W J& -6-((2)-1,5- — & F -2- IR &% -1-
fill)-3,6- — & -2H-ME I -3- 3% 2[R iR (3): ¥ (i IR, 144
mg, =& 74%. '"H NMR (CDCl;, 400 MHz) J: 7.79 (d,
J=17.5 Hz, 2H), 7.58~7.54 (m, 1H), 7.44~7.41 (m, 2H),
7.26~7.15 (m, 3H), 7.01 (d, J=7.2 Hz, 2H), 5.96~5.87
(m, 3H), 5.04 (br, 1H), 5.00 (dd, J=7.6, 1.2 Hz, 1H),
3.82~3.75 (m, 1H), 2.66 (t, J=7.6 Hz, 2H), 2.27~2.21
(m, 2H), 2.10 (s, 3H), 1.09 (d, J=6.3 Hz, 3H); *C NMR
(CDCls, 100 MHz) ¢6: 198.7, 170.5, 140.8, 139.1, 137.3,
134.2, 133.5, 129.9, 129.2, 128.7, 128.5, 128.4, 126.8,
126.2, 126.1, 73.1, 70.4, 66.8, 35.4, 35.2, 31.6, 21.2, 17.6.
HRMS caled for C,H,;04 [M+H]" 391.1904, found
391.1910.

(28,3R,6R)-2-H H-6-((Z)-1-(Ff F 2 3E)-5- 4 3 -2- 1%
I5-1-H)-3,6- & -2H-ML I -3-3E 2R BK(3g): TCEHNIR,
131 mg, 7% 65%. '"H NMR (CDCls, 400 MHz) §: 7.72~
7.70 (m, 2H), 7.24~7.15 (m, 5H), 7.03~7.00 (m, 2H),
5.94 (ddd, J=10.3, 2.8, 1.5 Hz, 1H), 5.91~5.85 (m, 2H),
5.03 (br, 1H), 4.99 (dq, J=7.6, 2.0 Hz, 1H), 3.80~3.76
(m, 1H), 2.65 (t, J=7.6 Hz, 2H), 2.41 (s, 3H), 2.27~
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2.21(m, 2H), 2.10 (s, 3H), 1.09 (d, J=6.3 Hz, 3H); "°C
NMR (CDCls, 100 MHz) o: 196.9, 170.5, 147.9, 147.5,
140.9, 138.2, 134.9, 133.3, 129.6, 128.1, 128.1, 127.9,
125.8, 120.3, 70.7, 68.0, 65.9, 35.3, 34.9, 33.0, 30.0, 22.0,
20.6, 20.5, 15.6, 13.6. HRMS calcd for CasHps0,Na [M+
Na]" 427.1880, found 427.1870.

(28,3R,6R)-2- 1 3 -6-((2)-1-(4- ] F HE HE)-5- T FE2-
XM - 1-))-3,6- — Z-2H- LR -3- 35 2 FR 6 (3h): it
AR, 147 mg, %% 66%. 'H NMR (CDCl;, 400 MHz) o:
7.66~7.63 (m, 2H), 7.30~7.26 (m, 3H), 7.22~7.18 (m,
4H), 6.41 (t, J=7.5 Hz, 1H), 5.98 (dd, J=10.2, 1.4 Hz,
1H), 5.89 (ddd, J=10.2, 4.1, 2.1 Hz, 1H), 5.35~5.34 (m,
1H), 4.84~4.82 (m, 1H), 4.14 (qd, J=6.6, 2.3 Hz, 1H),
2.98~2.83 (m, 2H), 2.80~2.69 (m, 2H), 2.66 (t, J=7.7
Hz, 2H), 1.83 (s, 3H), 1.66~1.60 (m, 2H), 1.40~1.34 (m,
2H), 1.30 (d, J=6.8 Hz, 3H), 0.94 (t, J=7.3 Hz, 3H); °C
NMR (CDCls, 100 MHz) 0: 197.2, 170.9, 148.2, 147.8,
1412, 138.5, 135.2, 133.6, 129.9, 128.5, 128.4, 1282,
126.1, 120.6, 71.0, 68.4, 66.3, 35.7, 35.3, 33.3, 30.2, 22.4,
20.9, 15.9, 13.9. HRMS calcd for C,0H34,0,Na [M+Na]®
469.2349, found 469.2351.

(2S,3R,6R)-2- H 3 -6-((2)-1-(4- FH A FE 2 Hk)-5- K k-
2- S M- 1-H)-3,6- — -2 H-ME R -3-38 £ TR ER (31): L thim
AR, 109 mg, =% 52%. 'H NMR (CDCls;, 400 MHz) 6:
7.72~7.68 (m, 2H), 7.31~7.28 (m, 2H), 7.22~7.18 (m,
3H), 6.91~6.87 (m, 2H), 6.32 (t, J=7.4 Hz, 1H), 5.98
(dd, J=10.3, 1.3 Hz, 1H), 5.87 (ddd, J=10.2, 4.6, 2.4 Hz,
1H), 5.30~5.29 (m, 1H), 4.85~4.82 (m, 1H), 4.11 (qd,
J=6.7, 2.5 Hz, 1H), 3.87 (s, 3H), 2.96~2.82 (m, 2H),
2.81~2.71 (m, 2H) 1.85 (s, 3H), 1.28 (d, J=6.8 Hz, 3H);
C NMR (CDCl;, 100 MHz) d: 196.3, 170.9, 163.1, 146.7,
1412, 138.5, 133.6, 1322, 130.2, 128.5, 128.5, 126.1,
120.8, 113.4, 70.9, 68.4, 66.6, 55.5, 35.3, 30.1, 20.9, 16.0.
HRMS calcd for CsHsOsNa [M+Na]® 443.1829, found
443.1844.

(2S,3R,6R)-2- F 5-6-((2)-1-(4- F 52 38)-2- IR Hii-1-
fiil)-3,6- — & -2H-ME W -3- 3 Z R R (3)): o iR, 112
mg, =& 68%. 'H NMR (CDCl;, 400 MHz) d: 7.83~7.82
(m, 2H), 7.28~7.26 (m, 2H), 5.98 (ddd, J=10.3, 3.0, 1.6
Hz, 1H), 5.90~5.82 (m, 2H), 5.07~5.06 (m, 1H), 4.12
(qd, J=4.1, 2.1 Hz, 1H), 3.85~3.79 (m, 1H), 2.43 (s, 3H),
2.09 (s, 3H), 1.96~1.88 (m, 2H), 1.11 (d, J=6.4 Hz, 3H),
0.93 (t, J=7.5 Hz, 3H); *C NMR (CDCl;, 100 MHz) ¢:
197.5, 171.0, 150.8, 149.2, 137.8, 135.6, 133.8, 130.2,
127.8, 120.9, 70.9, 68.7, 66.6, 29.1, 22.0, 21.3, 16.2, 15.4,
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13.6. HRMS calcd for Cy0Hay- O4Na [M+Na]* 351.1567,
found 351.1569.

(28,3R,6R)-2- F! 3 -6-((2)-1-(4- . 3t HE)-2- TR 6 - 1-
fiil)-3,6- & -2H-ML IR -3-3E MR B8 (3K): To iR, 118
mg, & 69%. '"H NMR (CDCly, 400 MHz) §: 7.71~7.68
(m, 2H), 7.27 (s, 1H), 7.25 (s, 1H), 6.35 (t, J=7.7 Hz, 1H),
6.06 (dd, J=10.2, 1.2 Hz, 1H), 5.88 (ddd, J/=10.2, 4.6, 2.4
Hz, 1H), 5.38~5.36 (m, 1H), 4.88~4.85 (m, 1H), 4.13
(qd, J=6.8, 2.8 Hz, 1H), 2.71 (q, J=7.6 Hz, 2H), 2.61~
2.53 (s, 3H), 1.30 (d, J=6.8 Hz, 3H), 1.25 (d, J=2.6 Hz,
3H), 1.04 (t, J=7.5 Hz, 3H); *C NMR (CDCl;, 100 MHz)
d: 197.5, 171.0, 150.8, 149.2, 137.8, 135.6, 133.8, 130.2,
127.8, 120.9, 70.9, 68.7, 66.6, 29.1, 22.0, 21.3, 16.2, 15.4,
13.6. HRMS calcd for C,H,sOsNa [M—|—Na]+ 365.1723,
found 365.1725.

(285,3R,6R)-2- i J£-6-((2)-1-(4- T FL K HE)-2- 11 Ji-1-
fill)-3,6- — & -2H-ME G -3-3E Z TR ER (31): To ik, 135
mg, =% 73%. '"H NMR (CDCls, 400 MHz) d: 7.69~7.67
(m, 2H), 7.27~7.23 (m, 2H), 6.36 (t, J=7.6 Hz, 1H), 6.06
(dd, J=10.2, 1.3 Hz, 1H), 5.89 (ddd, J=10.2, 4.5, 2.5 Hz,
1H), 5.38~5.36 (m, 1H), 4.88~4.86 (m, 1H), 4.14 (qd,
J=6.7, 3.0 Hz, 1H), 2.67 (t, J=7.6 Hz, 2H), 2.61~2.54
(m, 2H), 2.08 (s, 3H), 1.64~1.60 (m, 2H), 1.42~1.34 (m,
2H), 1.30 (d, J=6.8 Hz, 3H), 1.05 (t, J=7.5 Hz, 3H), 0.94
(t, J=7.4 Hz, 3H); >C NMR (CDCl;, 100 MHz) 0: 197.4,
170.8, 150.7, 150.7, 147.8, 137.7, 135.4, 133.7, 130.0,
128.2, 120.7, 70.8, 68.6, 66.5, 35.7, 33.3, 22.4, 21.9, 21.2,
16.1, 14.0, 13.5. HRMS calcd for Cy3H3,04Na [M—i—Na]+
393.2036, found 393.2038.

(28,3R,6R)-2- 1 3 -6-((2)-1-(4- F AE FE HE FE)-2- TR IS -
1-iil)-3,6- & -2H-M g -3-FE . R B (3m): G (o y IR,
110 mg, /% 64%. '"H NMR (CDCl, 400 MHz) J: 7.80~
7.77 (m, 2H), 6.94~6.90 (m, 2H), 6.26 (t, J=7.6 Hz, 1H),
6.06 (dd, J=10.2, 1.2 Hz, 1H), 5.87 (ddd, J=10.3, 4.1,2.3
Hz, 1H), 5.32~5.31 (m, 1H), 4.87~4.85 (m, 1H), 4.10
(qd, J=6.5, 3.1 Hz, 1H), 3.86 (s, 3H), 2.58~2.51 (m, 2H),
2.06 (s, 3H), 1.28 (d, J=6.8 Hz, 3H), 1.04 (t, J=7.5 Hz,
3H); *C NMR (CDCls, 100 MHz) 6: 196.5, 170.8, 163.0,
148.9, 137.7, 133.5, 132.2, 130.4, 121.0, 113.4, 70.6, 68.7,
66.8, 55.5, 21.8, 212, 16.2, 13.6. HRMS calcd for
C,oH,4,0sNa [M+Na]™ 367.1516, found 367.1531.

(25,3R,6R)-2- Fi 3£-6-((2)-1-(4- FF JL 2K 58)-2- 1R )i -1-
fiid)-3,6- & -2H-ML I -3-FE 2 TR g (3n): 35 (LHR, 108
mg, =% 63%. 'H NMR (CDCls, 400 MHz) §: 7.68~7.65
(m, 2H), 7.25~7.23 (m, 2H), 6.12~6.10 (m, 1H), 6.07
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(dd, J/=10.2, 1.3 Hz, 1H), 5.88 (ddd, J=10.2, 4.3, 2.5 Hz,
1H), 5.36~5.34 (m, 1H), 4.88~4.85 (m, 1H), 4.12 (qd,
J=6.8, 3.0 Hz, 1H), 3.42~3.33 (m, 1H), 2.42 (s, 3H),
2.07 (s, 3H), 1.29 (d, J=6.8 Hz, 3H), 1.07 (d, J=6.5 Hz,
3H), 0.98 (d, J=6.6 Hz, 3H); *C NMR (CDCl;, 100 MHz)
9: 197.5, 170.8, 155.3, 142.9, 135.8, 135.2, 133.8, 130.1,
128.9, 120.7, 70.6, 68.6, 66.7, 27.5, 22.5, 22.2, 21.6, 21.2,
16.1. HRMS calcd for C,H,,04Na [M—}—Na]+ 365.1723,
found 365.1725.

(2S,3R,6R)-2- F 5:-6-((2)-1-(4- £ FE 7 FE)-5- F 5L -2-
O -1-1)-3,6- — S -2 H-ME W -3- 2% 2 TR T (30): 75 AL 3
AR, 133 mg, %% 72%. 'H NMR (CDCl;, 400 MHz) 6:
7.84 (d, J=8.1 Hz, 2H), 7.29 (d, J=8.1 Hz, 2H), 5.98
(ddd, J/=10.3, 3.2, 1.8 Hz, 1H), 5.91~5.86 (m, 2H), 5.07
(br, 1H), 5.00 (dd, J=7.7, 1.8 Hz, 1H), 3.86~3.79 (m,
1H), 2.72 (q, J=7.6 Hz, 2H), 2.09 (s, 3H), 1.91~1.77 (m,
2H), 1.68~1.61 (m, 1H), 1.27 (t, J=7.6 Hz, 3H), 1.11 (d,
J=6.2 Hz, 3H), 0.82 (t, J=6.7 Hz, 6H); *C NMR (CDCl;,
100 MHz) J: 198.5, 170.6, 150.4, 139.2, 135.0, 133.7,
130.0, 129.5 128.1, 126.5, 73.2, 70.4, 66.7, 38.5, 29.0,
28.5,22.4,22.1, 17.5, 15.1. HRMS calcd for C,3H;3,04Na
[M+Na]" 393.2036, found 393.2034.

(28,3R,6R)-2- F1 3 -6-((2)-1-(4- ] Fk E HE)-5- F 3L -2-
O -1-)-3,6- — & -2 H-ME IR -3- 2% 2 R 6 (3p): o il
AR, 139 mg, %% 70%. '"H NMR (CDCl;, 400 MHz) o:
7.70~7.68 (m, 2H), 7.25~7.23 (m, 2H), 6.39 (t, J=7.6
Hz, 1H), 6.06 (dd, J=10.3, 1.2 Hz, 1H), 5.88 (ddd, J=
10.2, 4.2, 2.5 Hz, 1H), 5.37~5.35 (m, 1H), 4.88~4.86 (m,
1H), 4.14 (qd, J=6.7, 2.7 Hz, 1H), 2.66 (t, J=7.7 Hz,
2H), 2.46 (t, J=7.2 Hz, 2H), 2.08 (s, 3H), 1.76~1.68 (m,
1H), 1.64~1.59 (m, 2H), 1.42~1.34 (m, 2H), 1.31 (d, J=
6.8 Hz, 3H), 0.96~0.91 (m, 9H); *C NMR (CDCls, 100
MHz) 6: 197.4, 170.8, 148.6, 147.8, 138.6, 135.4, 133.8,
129.9, 128.2, 120.5, 70.9, 68.5, 66.2, 37.2, 35.6, 33.3, 28.6,
22.7, 22.6, 223, 212, 16.0, 13.9. HRMS calcd for
Ca3H3004Na [M+Na]" 421.2349, found 421.2351 .

(28,3R,6R)-2- F 3 -6-((2)-4- F H-1-(3- T K H6)-2- 1K
§75-1-H)-3,6- & -2H-MEI-3-3% 2R 8 (3q): BE L HPIR,
149 mg, 7% 86%. 'H NMR (CDCls;, 400 MHz) §: 7.71
(dt, J=7.7, 1.2 Hz, 1H), 7.61 (ddd, J=9.3, 2.6, 1.5 Hz,
1H), 7.49~7.44 (m, 1H), 7.31~7.26 (m, 1H), 5.97 (ddd,
J=10.3, 2.8, 1.5 Hz, 1H), 5.90 (dt, J=10.3, 2.0 Hz, 1H),
5.68 (dd, J=10.7, 1.2 Hz, 1H), 5.03~5.01 (m, 1H), 4.99
(dq, J=7.3, 3.7, 2.2 Hz, 1H), 3.82~3.75 (m, 1H), 2.27~
2.15 (m, 1H), 2.08 (m, 3H), 1.12 (d, J=6.4 Hz, 3H), 0.95
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(d, J=6.5 Hz, 3H), 0.91 (d, J=6.6 Hz, 3H); “C NMR
(CDCls, 100 MHz) d: 197.4, 170.5, 162.8 (d, Jo—p=247.0
Hz), 142.1, 139.7 (d, J—=6.0 Hz), 135.9, 130.19 (d,
Je—r=8.0 Hz), 129.8, 126.6, 125.0, 120.5, 120.6, 120.3
115.7 (d, J—r=22.0 Hz), 72.9, 70.2, 67.0, 29.1, 22.6, 22.4,
21.1, 17.4. HRMS caled for CyH,sFO, [M + H]*
347.1653, found 347.1650.

(25,3R,6R)-2- Fi 3£-6-((2)-4- Fi JE-1-(4- K FE)-2- 1]
§5-1-l)-3,6- — S -2H-ME g -3-5& 2 TR R (3r): ¥ (BiIR,
145 mg, /=% 84%. '"H NMR (CDCls, 400 MHz) J: 7.82~
7.77 (m, 2H), 7.15~7.09 (m, 2H), 6.10~6.04 (m, 2H),
5.89 (ddd, J=10.0, 4.4, 2.4 Hz, 1H), 5.34~5.32 (m, 1H),
4.87~4.85 (m, 1H), 4.11 (qd, J=6.7, 2.9 Hz, 1H),
3.42~3.32 (m, 1H), 2.07 (s, 3H), 1.19 (d, J=6.8 Hz, 3H),
1.08 (d, J=6.6 Hz, 3H), 0.99 (d, J=6.6 Hz, 3H); "°C
NMR (CDCl;, 100 MHz) 6: 196.6, 171.1, 165.5 (d, Je—p=
252.0 Hz), 155.7, 136.0, 134.4 (d, Jo—r=3.0 Hz), 133.9,
132.6 (d, Jo—r=9.0 Hz), 121.1, 115.6 (d, Jo—r=22.0 Hz),
71.0, 68.7, 66.8, 27.8, 22.8, 22.5, 21.5, 16.3. HRMS calcd
for CooH,3FO,Na [M+Na]" 369.1473, found 369.1478.

(2S,3R,6R)-2- H! 3t -6-((2)-4- H F£ -1-(3,5- —
F)-2- IR M- 1-B)-3,6- & -2H-ME IR -3-FE 2R TR (3s): G
PR, 168 mg, 773 92%. '"H NMR (CDCl;, 400 MHz)
5: 7.46~7.40 (m, 2H), 7.06~7.01 (m, 1H), 5.98~5.89
(m, 2H), 5.70 (dd, J=10.7, 1.2 Hz, 1H), 5.00~4.96 (m,
2H), 3.80~3.74 (m, 1H), 2.22~2.16 (m, 1H), 2.08 (s,
3H), 1.13 (d, J=6.4 Hz, 3H), 0.96 (d, J=6.5 Hz, 3H), 0.92
(d, J=6.6 Hz, 3H); *C NMR (CDCl;, 100 MHz) ¢: 196.1,
170.5, 163.1 (dd, J—r=249.0, 10.0 Hz), 140.7 (t, Jo—p=
7.0 Hz), 135.6, 129.6, 126.7, 115.3 (dd, Jo—¢=19.0, 7.0
Hz), 111.95, 108.6 (t, Jo—r=26.0 Hz), 72.7, 70.0, 67.1,
29.2, 22.6, 22.3, 21.1, 182, 17.3. HRMS calcd for
CaoHa3F,04 [M+H]" 365.1559, found 365.1567.

(25,3R,6R)-2- Fi 3£-6-((2)-4- FF J£-1-(4- T K FL)-2- &
§i5-1-M)-3,6- — & -2H-ML IR -3- 2% TR g (3t): Ttk
148 mg, /=% 82%. '"H NMR (CDCls, 400 MHz) J: 7.82~
7.77 (m, 2H), 7.14~7.09 (m, 2H), 6.35 (t, J=7.6Hz, 1H),
6.04 (dd, J=10.3, 1.2 Hz, 1H), 5.89 (ddd, J=10.0, 4.4, 2.2
Hz, 1H), 5.35~5.33 (m, 1H), 4.88~4.85 (m, 1H), 4.13
(qd, J=6.8, 2.8 Hz, 1H), 2.47~2.44 (m, 2H), 2.08 (s, 3H),
1.76~1.66 (m, 1H), 1.31 (d, J=6.8 Hz, 3H), 0.95 (d, J=
6.7 Hz, 3H), 0.92 (d, J=6.6 Hz, 3H); °*C NMR (CDCl,,
100 MHz) 0: 196.1, 170.8, 1652 (d, Jo—r=253.0 Hz),
148.4, 138.8, 134.2 (d, Jo—=3.0 Hz), 133.5, 132.2 (d,
Je—r=9.0 Hz), 120.9, 115.3 (d, J—r=22.0 Hz), 71.0, 68.4,
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66.2, 37.3, 28.7, 22.7, 22.6, 21.2, 16.0. HRMS calcd for
C,H,sFO,Na [M+Na]"™ 383.1629, found 383.1628.

(2S,3R,6R)-2- H 3 -6-((Z)-1-(3- & 18 Wy )-2- . #is -1-
fifl)-3,6- — & -2H-ML i -3-3E 2 FR R Bu): iR, 114
mg, & 68%. 'H NMR (CDCls, 400 MHz) J: 8.01 (dd,
J=29, 12 Hz, 1H), 7.55 (dd, J=5.1, 1.2 Hz, 1H), 7.33
(dd, J=5.1, 3.0 Hz,1H), 5.97 (ddd, J=10.3, 2.9, 1.6 Hz,
1H), 5.88 (dt, J/=10.3, 2.1 Hz, 1H), 5.85~5.81 (m, 1H),
5.06 (br, 1H), 5.00 (dq, J=7.5, 2.2 Hz, 1H), 3.83~3.76
(m, 1H), 2.08 (s, 3H) 2.02~1.92 (m, 2H), 1.44~1.34 (m,
2H), 1.10 (d, J=6.4 Hz, 3H), 0.84 (t, J=7.4 Hz, 3H); "°C
NMR (CDCls, 100 MHz) o: 192.5, 170.6, 142.9, 139.6,
134.7, 134.3, 130.0, 127.2, 126.6, 126.5, 73.0, 70.4, 66.9,
31.8, 22.5, 21.2, 17.5, 13.7. HRMS calcd for C sH304S
[M+H]" 357.1132, found 357.1132.

(2S,3R,6R)-2-F %£-6-((Z)-2-F W-4-H)-3,6- & -2H-
MR -3-3E ZBRER(3v): PR, 113 mg, 7% 81%. 'H
NMR (CDCl;, 400 MHz) J: 5.94~5.83 (m, 3H), 5.00~
4.97 (m, 2H), 3.76~3.70 (m, 1H), 2.71~2.55 (m, 2H),
2.08 (s, 3H), 1.85 (dd, J=7.2, 1.1 Hz, 3H), 1.65~1.57 (m,
2H), 1.40~1.31 (m, 2H), 1.18 (d, J=6.4 Hz, 3H), 0.92 (t,
J=7.3 Hz, 3H); *C NMR (CDCl;, 100 MHz) J: 206.1,
170.6, 141.0, 133.2, 130.4, 126.2, 71.7, 70.2, 66.8, 42.3,
2577, 22.4, 21.1, 17.6, 15.3, 13.9. HRMS calcd for
Ci6Ha504 [M+H]" 281.1747, found 281.1751.

(28,3R,6R)-2- H 3:-6-((2)-2-+ — i -4-)-3,6- —4-
2H-WL I -3-3E Z FR g 3w): LR, 124 mg, 7%
74%. "H NMR (CDCl;, 400 MHz) §: 5.94~5.81 (m, 3H),
5.00~4.97 (m, 2H), 3.76~3.69 (m, 1H), 2.70~2.54 (m,
2H), 2.08 (s, 3H), 1.85 (dd, J=7.2, 1.0 Hz, 3H), 1.66~
1.58 (m, 2H), 1.32~1.24 (m, 10H), 1.18 (d, J=6.4 Hz,
3H), 0.89~0.86 (m, 3H); *C NMR (CDCls, 100 MHz) ¢:
206.1, 170.5, 141.0, 133.2, 130.4, 126.2, 71.7, 70.3, 66.7,
42.6, 31.8, 29.4, 29.3, 29.2, 23.6, 22.6, 21.1, 17.6, 15.3,
14.1. HRMS caled for C,Hs304 [M+H]" 337.2373,
found 337.2378.

(2S,3R,6R)-2- F! 3£ -6-((2)-2- H % -3- T #i5-5- 1 )-3,6-
A -2H-ME I -3-5E ZFRIR(3x): B IR, 117 mg, FEER
76%. '"H NMR (CDCls, 400 MHz) J: 5.94~5.86 (m, 2H),
547 (dd, J=10.2, 1.1 Hz, 1H), 5.00~4.94 (m, 2H),
3.75~3.69 (m, 1H), 2.70~2.53 (m, 3H), 2.08 (s, 3H),
1.64~1.56 (m, 3H), 1.39~1.32 (m, 2H), 1.18 (d, J=6.4
Hz, 3H), 1.05 (d, J=6.6 Hz, 3H), 0.97 (d, J=6.6 Hz, 3H),
0.92 (t, J=7.3 Hz, 3H); *C NMR (CDCl;, 100 MHz) ¢:
206.8, 170.9, 144.5, 138.5, 130.7, 126.5, 72.2, 70.5, 67.0,
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43.0, 28.9, 26.0, 23.3, 23.2, 22.7, 21.4, 17.9, 14.2. HRMS
caled for CigHa004 [M+H]" 309.2060, found 309.2063.

(28,3R,6R)-2- F! J-6-((2)-1-(4- 1 3 2 J)-1- B4 -3-
fill)-3,6- & -2H-ML IR -3-% LR R (3y): 25 iR, 116
mg, =& 65%. '"H NMR (CDCls, 400 MHz) d: 7.14~7.09
(m, 4H), 6.69 (s, 1H), 6.01 (ddd, J=10.3, 2.9, 1.5 Hz,1H),
5.95 (dt, J/=10.3, 2.0 Hz, 1H), 5.14~5.12 (m, 1H), 5.04
(dq, J=7.2, 2.4 Hz, 1H), 3.88~3.81 (m, 1H), 2.35 (s, 3H),
2.33~2.23 (m, 2H), 2.12 (s, 3H), 1.59~1.55 (m, 2H),
1.54~1.42 (m, 2H), 1.22 (d, J=6.3 Hz, 3H), 0.79 (t, J=
7.3 Hz, 3H); °C NMR (CDCls, 100 MHz) J: 209.4, 170.5,
1413, 138.6, 132.4, 132.4, 130.2, 129.2, 128.6, 126.6,
73.1, 70.4, 67.0, 43.3, 25.7, 22.0, 21.3, 21.2, 17.7, 13.8.
HRMS caled for C,HyOs [M+H]" 357.2060, found
357.2066.

322 i 4 696k

£ 25 mL ] Schlenk & A, MKIXIIA L-BR 2=/ 55 1
(0.5 mmol), JRFHEE 2 (0.5 mmol), CH;NO, (5 mL), =ik
i 10 min J&, I I PhsPAuCI (12.3 mg, 5 mol%)
FIl AgSbFs (6.5 mg, 5 mol%). FE iR it 6 h, TLC &l
R4, FARD R S g, o W4 bk 25850, TR
P LAY /R OB, VD V=10 : DZAbiER
W), 13 C- W B R AR E AT 4.

(25,3R,6R)-2- F1 3 -6-((Z)-1- 2 FE -2- X I -1- i )-3,6-
TA-2H-ME -3 2 TR T (4ba): TG IR, 143 mg,
P& 76%. 'H NMR (CDCls, 400 MHz) J: 8.05~8.03 (m,
2H), 7.97~7.94 (m, 2H), 7.61~7.56 (m, 2H), 7.51~7.44
(m, 4H), 6.04~6.03 (m, 1H), 5.92 (td, J=7.7, 1.2 Hz,
1H), 5.27~5.24 (m, 1H), 5.13 (br, 1H), 4.03~3.97 (m,
1H), 3.49 (d, J=5.4 Hz, 1H), 2.05~1.88 (m, 2H), 1.19 (d,
J=6.3 Hz, 3H), 0.96 (t, J=7.4 Hz, 3H); °C NMR (CDCl;,
100 MHz) J: 198.8, 166.1, 137.9, 137.5, 136.7, 133.5,
133.2, 130.3, 130.1, 129.7, 129.3, 128.7, 128.4, 126.5,
73.1, 70.8, 67.2, 23.3, 17.6, 13.7. HRMS calcd for
Ca4Hp40,Na [M+Na]" 399.1567, found 399.1566.

(285,3R,6R)-2- F1 3 -6-((Z)-5- F Jk - 1-ZK JE 2- L fdii-1-
il )-3,6- — & -2 H- ML IR -3- 2K & 2 B IiK (4bb): TGt IR,
148 mg, 7“& 73%. '"H NMR (CDCls, 400 MHz) §: 8.05~
8.02 (m, 2H), 7.96~7.93 (m, 2H), 7.61~7.56 (m, 2H),
7.50~7.43 (m, 4H), 6.07~6.03 (m, 2H), 5.97 (td, J=7.0,
1.2 Hz, 1H), 5.27~5.24 (m, 1H), 5.13 (br, 1H), 4.03~
3.97 (m, 1H), 1.93~1.77 (m, 2H), 1.72~1.65 (m, 1H),
1.19 (d, J=6.3 Hz, 3H), 0.84 (t, J=6.9 Hz, 6H); *C NMR
(CDCl;, 100 MHz) ¢6: 198.9, 166.1, 139.2, 137.4, 134.4,
133.4, 133.2, 130.3, 130.1, 129.7, 129.3, 128.7, 128.4,
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126.5,73.2,70.8, 67.1, 38.5, 28.6, 22.4, 22.2, 17.6. HRMS
caled for C,sH,30, Na [M—|—Na]+ 427.1880, found
427.1881.

(25,3R,6R)-2- F 3 -6-((2)-5- F 2L -1-H FHe2- U ) - 1-
fif])-3,6- — & -2H-ML W -3-(2- K 52 )- £ FR e (4ea): LR
PR, 162 mg, 2% 74%. '"H NMR (CDCls, 400 MHz) o:
7.93~7.91 (m, 2H), 7.78 (dd, J=7.7, 1.5 Hz, 1H), 7.60~
7.55 (m, 1H), 7.49~7.41 (m, 4H), 7.35~7.29 (m, 1H),
6.08~6.03 (m, 2H), 5.95 (td, J=7.1, 1.3 Hz, 1H), 5.28~
5.26 (m, 1H), 5.13 (br, 1H), 4.04~3.97 (m, 1H), 1.90~
1.75 (m, 2H), 1.69~1.63 (m, 1H), 1.22 (d, J=6.3 Hz,
3H), 0.82 (t, J=6.4 Hz, 6H); *C NMR (CDCl;, 100 MHz)
5: 198.8, 165.4, 139.1, 137.4, 134.5, 133.7, 133.4, 132.7,
131.4, 131.1, 130.7, 130.1, 129.3, 128.7, 126.6, 126.0,
73.1, 71.5, 67.0, 38.5, 28.5, 22.4, 22.2, 17.7. HRMS calcd
for Co6H,7Cl04Na [M+Na]" 461.1490, found 461.1491.

(25,3R,6R)-2- F 3 -6-((2)-5- F FL -1- A Fe 2- LI - 1-
fiil)-3,6- — & -2H-ME IR -3-(3- 7 3L )- L TR I (4da): Lo
R, 164 mg, 7% 75%. '"H NMR (CDCl;, 400 MHz) o:
8.04 (t, J=1.9 Hz, 1H), 7.95 (dt, J=7.8, 1.4 Hz, 1H),
7.78~7.76 (m, 2H), 7.56~7.52 (m, 2H), 7.46~7.42 (m,
2H), 7.37 (t, J=7.9 Hz, 1H), 6.42 (t, J=7.4 Hz, 1H), 6.15
(dd, J=10.2, 1.8 Hz 1H), 6.01 (ddd, J=10.2, 4.7, 2.5 Hz,
1H), 5.46~5.44 (m, 1H), 5.12~5.10 (m, 1H), 4.31 (qd,
J=7.1, 2.4 Hz, 1H), 2.57~2.44 (m, 2H), 1.76~1.69 (m,
1H), 1.39 (d, J=6.8 Hz, 3H), 0.88 (t, J=7.2 Hz, 6H); 1°C
NMR (CDCls, 100 MHz) 0: 197.6, 165.2, 149.2, 138.7,
138.0, 134.5, 133.1, 132.2, 131.9, 129.8, 129.7, 129.7,
128.2, 128.0, 120.4, 71.2, 69.4, 66.0, 37.3, 28.7, 22.6, 22.5,
16.0. HRMS calcd for CyH,,ClOsNa [M + Na] -
461.1490, found 461.1491.

(2S,3R,6R)-2- F 3 -6-((2)-5- F F-1- 5 FE-2- O 4 - 1-
fifl)-3,6- — & -2 H-ML W -3-(2- 5 K 52 )- £ PR e (dea): LR
PR, 160 mg, 2% 76%. '"H NMR (CDCls, 400 MHz) o:
7.94~7.89 (m, 3H), 7.60~7.53 (m, 2H), 7.50~7.49 (m,
2H), 7.22~7.13 (m, 2H), 6.07~6.01 (m, 2H), 5.96 (td,
J=17.0, 1.2 Hz, 1H), 5.27~5.24 (m, 1H), 5.13 (br, 1H),
4.03~3.97 (m, 1H), 1.92~1.75 (m, 2H), 1.69~1.62 (m,
1H), 1.20 (d, J=6.4 Hz, 3H), 0.83 (m, J=6.4 Hz, 6H); "°C
NMR (CDCls, 100 MHz) &: 198.9, 164.0, 164.0, 162.0 (d,
Je—r=259.0 Hz), 139.1, 137.4, 134.7 (d, Jo—r=9.0 Hz),
134.5, 133.4, 132.1, 130.4, 129.3, 128.7, 126.4, 124.0 (d,
Je—r=4.0 Hz), 118.8, 118.7, 117.0 (d, J—r=22.0 Hz),
73.2, 71.4, 66.9, 38.5, 28.6, 22.4, 22.2, 17.6. HRMS calcd
for C,¢H,,FO,Na [M+Na]" 445.1786, found 445.1784.
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(25,3R,6R)-2- F1 3 -6-((Z)-5- F Jk - 1- 2K JE 2- L fdi-1-
fiil)-3,6- — & -2 H-ME R -3-(4- 3 7 3 )- L TR i (4fa): L8
MR, 165 mg, 2% 78%. 'H NMR (CDCls, 400 MHz) o:
8.09~8.06 (m, 2H), 7.78~7.76 (m, 2H), 7.56~7.52 (m,
1H), 7.46~7.42 (m, 2H), 7.12~7.6 (m, 2H), 6.40 (t, J=
7.4 Hz, 1H), 6.14 (dd, J=10.3, 1.9 Hz, 1H), 6.01 (ddd, J=
10.3, 4.8, 2.5 Hz, 1H), 5.45~5.44 (m, 1H), 5.11~5.09 (m,
1H), 4.30 (qd, J=6.8, 2.4 Hz, 1H), 2.57~2.43 (m, 2H),
1.75~1.66 (m, 1H), 1.39 (d, J=6.8 Hz, 3H), 0.88 (t, J=
6.8 Hz, 6H); '>*C NMR (CDCl;, 100 MHz) J: 197.6, 165.8
(d, J—r=253.0 Hz), 165.4, 148.8, 138.8, 138.1, 134.2,
132.4 (d, Jo-r=9.0 Hz), 132.2, 129.7, 128.2, 126.3 (d,
Je—r=3.0 Hz), 120.7, 115.5 (d, J—r=22.0 Hz), 71.2, 69.1,
66.0, 37.3, 28.7, 22.6, 22.5, 16.1. HRMS calcd for CysHy-
FO,Na [M+Na]" 445.1786, found 445.1784.

3.2.3 &4 5a~5b 494 Ak

£ 25 mL [J Schlenk & P, fKIKIMIAN L5 F#IEHE 1g
(107 mg, 0.5 mmol), RAEE 2 (0.5 mmol)LL & CH;NO,
(5 mL). ZEEHEFE 10 min J5, TEIA PhsPAuCl (12.3
mg, 5 mol%)Fl AgSbF, (6.5 mg, 5 mol%). =i Ntk 6
h, TLC #ill je oi 58 4. RPN IRk, b i 4k 2%
V). RERPUE (B EE(PE ¢ EtOAc, V& V=20 : 14tk
BRARW, 183 C- LI E FENEET A 5.

(25,38,6R)-2- F1 3 -6-((2)-1- 7K I -2- [ 455 -1- i )-3,6-
TA2H-ME I -3-3 2 FR TR (5a): IR, 151 mg, PEER
96%. '"H NMR (CDCls, 400 MHz) d: 7.91~7.88 (m, 2H),
7.61~7.57 (m, 1H), 7.50~7.46 (m, 2H), 6.17~6.07 (m,
2H), 5.80 (td, J=7.7, 1.3 Hz, 1H), 5.20~5.19 (m, 1H),
5.00 (dd, J=4.8, 2.4 Hz, 1H), 4.06 (qd, J=6.5, 2.4 Hz,
1H), 2.09 (s, 3H), 1.98~1.90 (m, 2H) 1.08 (d, J=6.6 Hz,
3H), 0.94 (t, J=7.4 Hz, 3H); *C NMR (CDCl;, 100 MHz)
8: 198.7, 170.9, 137.5, 137.4, 136.7, 133.4, 132.1, 129.1,
128.7, 124.7, 73.7, 66.2, 66.0, 23.2, 20.9, 16.0, 13.7.
HRMS calcd for CoH»,0,Na [M+Na]" 337.1410, found
337.1412.

(25,3S,6R)-2- F J-6-((2)-5- FH Jk-1-(4- T B4 3 )-2-
Ci-1-1)-3,6- & -2 H-ME IR -3-25 2 FR 5 (Sb): TG i i
IR, 183 mg, 7% 92%. 'H NMR (CDCl;, 400 MHz) o:
7.73~7.71 (m, 2H), 7.26~7.24 (m, 2H), 6.17 (t, J=7.5
Hz, 1H), 6.09 (dd, J=10.1, 2.9 Hz, 1H), 5.95 (ddd, J=
10.2, 4.6, 2.4 Hz, 1H), 5.39 (br, 1H), 5.14~5.12 (m, 1H),
422 (qd, J=6.6, 3.1 Hz, 1H), 2.67 (t, J=17.7 Hz, 2H), 2.34
(t, J=7.2 Hz, 2H), 1.77~1.70 (m, 1H), 1.66~1.60 (m,
2H), 1.42~1.32 (m, 2H), 1.16 (d, J=6.5 Hz, 3H), 0.96~
0.92 (m, 9H); “C NMR (CDCl;, 100 MHz) ¢6: 197.3,
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170.8, 148.4, 144.5, 139.5, 135.5, 132.6, 130.1, 128.4,
122.7, 69.0, 68.0, 66.8, 37.3, 35.7, 33.3, 29.7, 28.6, 22.6,
22.5,22.4,21.0, 15.5, 13.9. HRMS calcd for C,sH3,04Na
[M+Na]" 421.2349, found 421.2341.

324 1Lb4h 3a-%0 094k

£ 25 mL [ Schlenk & W, KA L-FR 2=/ 0 1a
(54 mg, 0.25 mmol), FPfE 2a-"*0 (54 mg, 0.25 mmol),
PR CH3;NO, (3 mL). =iHiHE 10 min 5, PUgEmA
Ph;PAuCI (6 mg, 5 mol%)F! AgSbF, (3 mg, 5 mol%). %
B4R 6 hy TLC Rl [ B 58 4. AP S g,
JEIRAEBR 25157, 8 e R P € i Ca B R 2
fig, V. V=20 DALLITRRY), 133 C-L0f%E RN
iAW 3a-"%0.

(2S,3R,6R)-2- H % -6-((2)-1- 7K & -2- & 4 -1-( T -
180))-3,6- & -2H-MEIR-3-3E 2. B2 fig (3a-"%0): TR,
65 mg, & 79%. '"H NMR (CDCl;, 400 MHz) d: 7.93~
7.90 (m, 2H), 7.60~7.56 (m, 1H), 7.49~7.46 (m, 2H),
5.98 (ddd, J=10.3, 2.9, 1.6 Hz, 1H), 5.91~5.87 (m, 2H),
5.08 (br, 1H), 5.00 (dq, J=7.6, 2.2 Hz, 1H), 3.85~3.79
(m, 1H), 2.09 (s, 3H), 1.95~1.86 (m, 2H), 1.42~1.34 (m,
2H), 1.11 (d, J=6.3 Hz, 3H), 0.81 (t, J=7.4 Hz, 3H); °C
NMR (CDCls, 100 MHz) 0: 198.8, 198.8, 170.5, 138.6,
137.5, 135.2, 133.4, 130.1, 129.2, 128.6, 126.6, 73.1, 70.4,
66.9, 31.7, 29.7, 22.4, 21.2, 17.5, 13.7. HRMS calcd for
CHp40;'*0ONa  [M+Na]" 353.1609, found 353.1610.

¥ Bh# &L (Supporting Information) L5473, 4, 5 1%
WEIEE, L&Y 3g (CCDC 1965665) 1 5. i 45 F B .
X L L AT DL B 3% A Y 33 (http://sioc-journal.cn/) |
Tk
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