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Palladium-Catalyzed Intermolecular Carboesterification of Alkynoic
Acids with Alkenes

Li, Jianxiao“ Zhang, Zhenming* Li, Chunsheng® Luo, Wei” Yang, Shaorong**
(“ School of Chemistry and Chemical Engineering, South China University of Technology, Guangzhou 510640)
(® Analytical and Testing Center, South China University of Technology, Guangzhou 510640)

Abstract An efficient and mild palladium-catalyzed cascade carboesterification has been developed to afford functionalized
a-methylene-y-lactones in moderate to good yields with high regio- and diastereo-selectivities. Their structures were confirmed
by IR, '"H NMR, "*C NMR and HRMS. Furthermore, this reaction provided a novel and convenient methodology for the

construction of naturally occurring biologically active a-methylene-y-lactones.

Keywords palladium-catalyzed; ionic liquids; alkynoic acids; alkenes; carboesterification

PRy —RARH HE RN N, M ICH e
B BB AT B 2 (0 R S D AU IR DRI,
WEEGHI SRR B T I TR, NRAR G
JRARPE T IR A, thONBR 2 R Ak T M) R e d it
THIME T SN Rk, R R, SR
PRI S S MG B M AL ER A 52 H 56 UE A BB 56 3 1240
SO, HAT, OE RO BE L R
FLALFERUBRAG S, U S RiPT L S A S T XX
S YA { A TANI A N ik
2 N 5 2 o A A AR L v f B R L i R
HOL AP FHRGN R 2R A A
A ] PR AL 2SN ST T DU R R AR, i id i
JEUIH BRAG 20U RERIAL 1. %3R0S REWS I A R
JSRR 2% VA S Rt S5, X Al A B 1 A R BRI

* E-mail: lisryang@scut.edu.cn

Received May 21, 2015; revised June 5, 2015; published online June 16, 2015.

PA(IT)/Pd(0) (I AL G PR ME SZHIL .

FAb, -0 Be-y- T B & — 2R R B 2
JC, JZAFET W2 R Va9 5
Fop DS G R B ST A B BUMR . bidii
Tk DU S A B 2GR M, R, o3 R - T
eI & BROT R A WAL E R SRR, BT, SR
TEALTR 73 1 A W R AN 0 RO R AR, s I A2 ) 50012 485 ) R
BECONE . AT, Een 3R E A LT A e
R EAEX T KRR, AT, s, gk
FBEREAHEEDT Rh #L1H 1L,6-EHR ARtk
SN B A B RE L a- T8 F - T N ESATAESD, IF
JRINSLEL T B AN AR A . s, FRATTIR AL AR
ARAROE T R mRE R SRR AL S B peR S i e
FRIE IR AL S N7, T A IR RE DA T (R i 4 ]

Project supported by the National Natural Science Foundation of China (Nos. 21102047, 31101221) and the China Postdoctoral Science Foundation (No.

2015M572303).

K HRBHFH S (Nos. 21102047, 31101221) A 1 1 5 R 2% 58 4 (No. 2015M572303) B B35 H .

Chin. J. Org. Chem. 2015, 35, 2199~2204

A ©2015 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 2199



BIKE

DA e X IR P 5 1 - T S BRAT AR,

s, FRATURE AL BT AR AR g SR A BT,
BE— 0 LURIR AN R B R, (2B TR Rt s
ENTHE IR RN, S5 5R3RH, LA PdBr, fEAEALH,
CuBr, fFEALH, B FAA[C,0,mim]|Br EIA, =il
FEF e AR 28.(58% ~ 83%) i B o ey b £E 14 & At
FIVE B BIACHT o0 H - T W ERTTZE(1A 1),
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R! [C2,0o,mim]Br, rt. R?
1 2 3
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CuBr; (2 equiv.)
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Figure 1 Pd-catalyzed cascade carboesterification of alkynoic
acids with alkenes in ionic liquid

1 ER5HR
1.1 BRERRRER LR MR SR

AT AFBIRALE SN2, SRR e rh DL P bk
R (12) 5 2K 2.4 (22) N AR ER IBCRR B A0 S B HEAT 1 4R
T, BEET T HARRIME ., AR L A A7)
IR SN B (RS2, BARSE SRR 1 .

B, TARMEFIAELERT, BN REHEIT A U AL

(Entry 1). AP 257 1% SL 56 5 B (Entries 2~8), 4
fEHH PABr, 1E AT, [N HARLFH GC A2 A
EFENEEntry 3), AR A0 TR sR T0 BH S R e
YER, #HfiE PABry MENZAE T I S AR AL,

HE—DHh, AT A% R I (Entries 3, 9~12), 4
ffFH 2 equiv. CuBr, TESALFINT, SBA BT
G m ik B, HoAh AL, #in O,, BQ, DDQ ALK
AgNO;, XL GC FAb 2 AR I A 15 2142 5.

B F AR 25 52 ) B (Entries 3, 13~15), 241 H
[C,0,mim]Br {E¥E AN, RAELFH GC A2 FEE
fo I B M (Bntry  13); HAh B 734k, 41[Bmim]Br,
[Bmim]BF, LA &% [C,OHmim|Br, M) GC #4k ik
PR RA S, MO NIZEME T, [C,0mim]Br A&
BEONAIE TR

W ARt — % %2 B R (Entries 16~18), DMF,
DMSO DL CH;CN Fff A, R GC A3 Fik
PR BN [FIFR S (O PRA. DRI, A0 4 03 A S BT
MR ElR. TRABET, RMEFA 0.5 mL
[C,0,mim]|Br, f#1L7°A 3 mol% PdBr,, &AL N 2
equiv. CuBr,.

1.2 RS
FERAIEAE T, BATHE— P B AR R ERY

F 1 FIHEFERER(12) 57K 205 (2a) 1) S BB ES L SR 1 26 H AL @
Table 1 Optimization of conditions for the cascade carboesterification of 1a with 2a
o}
i . _PPayol Br>=<ici
Ph/OH T Z7eh Solvent  Ph Ph
1a 2a 3a

Entry Cat. [Pd] Oxidant Solvent GC yield/% Z/E?
1 — CuBr, [Bmim]Br — —
2 PdCl, CuBr, [Bmim]Br 56 95/5
3 PdBr, CuBr, [Bmim]Br 67 95/5
4 Pd(OAc), CuBr, [Bmim]Br 34 95/5
5 Pd(PPh;),Cl, CuBr, [Bmim]Br 25 95/5
6 Pd(CH;CN),Cl, CuBr, [Bmim]Br 31 94/6
7 Pd(TFA), CuBr, [Bmim]Br 8 95/5
8 [Pd(5*-C3H;5)Cl], CuBr, [Bmim]Br Trace —
9 PdBr, O, balloon [Bmim]Br 11 92/8
10 PdBr, BQ [Bmim]Br Trace —
11 PdBr, DDQ [[Bmim]Br Trace —
12 PdBr, AgNO; [Bmim]Br 23 94/6
13 PdBr, CuBr, [C,0,mim]Br 86 (78) 96/4
14 PdBr, CuBr, [Bmim]BF, 13 67/33
15 PdBr, CuBr, [C,OHmim]Br 71 96/4
16 PdBr, CuBr, DMF 46 59/41
17 PdBr, CuBr, DMSO 17 58/42
18 PdBr, CuBr, CH;CN 81 55/45

[ 8 24 1a (0.1 mmol), 2a (0.15 mmol), 3 mol%AEHEALF, 2 equiv. LT, BSFWifK(0.5 mL), 4S50 FRBE 12 h; ® GC-MS #isE Z/E L.
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FHIRIRF(le), MNIRESLIM B~ Kb, kit
IR A ERALI 2R, AR IR #4140 FE3R15 RUT Ul
1) BARr=).

HRAE b3 S5 48 R DA K 228 M1 O SCR I, 1% B
AT REMLER 2 758 AT, RSB TR
A IR S BT B AR (AT ROk, e
RUEER N B IE A 4R Y C—Pd B8, [FR, BES
B e iz 16188 R IR R R A5 2 H AR L A .
2, FAMAE NI R AR AR, AT

SE AL IEEE.
1.3 PSRRI

FRSALE IS RIZ IR "H NMR. °C NMR #I
HRMS fiiiE. ZLAMNAREE SR, HArib & 90k 57
3048~3026 cm ' R HRIL IS4 N C=C—H 4R3I
Wi, BBAE 1787~1772 em™' IR IRIE A C=0 (#1435
PRBHI IS, R BAE 1630~1622 em ™" W&y C=C
TZAEHRN . 43 4T B RS LAPI0 'H NMR 0] %1, 6 -
5.36~5.76 AL LI 2 BN o- W0 H - T NS y A1
ME IR ; 0 8 3.44~3.65 F12.90~3.11 kb H FLK)
Z HIEN o-TH - T MBS B A A IS0 7S

2 i

AR F IR BR AN 23 453 B M e N JEEAD), 38k B3 I ik e
1 NiA 3 ZR 4 o F e -p- T N BRATAE D). LSS R
B: 7 3 mol% PdBr;, 2 equiv. CuBr,, 1 mL [C,0,mim]Br,
FEiRFMT, MRS ERITAEYRUH SRR
B2 2R A5 2 H b A4, T H s R 26 30 H 3 1 [X dakae
PRSI ARGE B, A, ZRNAEER, 5T EAE
FHALEE, WA EA - 5= T N BE B 20 R IR P24
ARV 5 16 AR L T E IS 42

2 ORERE I R KRR AL SR

Table 2 Cascade carboesterification of alkynoic acids with alkenes

0 gdgrz (g mol%) Br o
/J\OH " /\RZ u r2(. equiv.) _
R [C20,mim]Br, r.t. R? R2
1 2 3
Entry R! R? Time/h Product Yield®/%
1 Ph (1a) Ph (2a) 12 3a 78
2 Ph (1a) 4-Me-CgH,4 (2b) 12 3b 83
3 Ph (1a) 4-t-Bu-CgHy (2¢) 12 3¢ 82
4 Ph (1a) 4-OMe-CgH, (2d) 12 3d 81
5 Ph (1a) 4-F-C¢Hy (2¢) 16 3e 72
6 Ph (1a) 2-CI-CgHy4 (21) 16 3f 63
7 Ph (1a) 3-Cl-C¢Hy (2g) 16 3g 68
8 Ph (1a) 4-Cl-C¢Hy4 (2h) 16 3h 65
9 Ph (1a) 4-Br-C¢H, (2i) 18 3i 67
10 Ph (1a) 4-NO,-C¢Hy (2j) 24 3j 58
11 Ph (1a) 4-CN-C¢Hy4 (2k) 24 3k 64
12 Ph (1a) 1-Naphthyl (21) 24 31 73
13 Ph (1a) 2-Thienyl (2m) 24 3m 61
14 Ph (1a) COOEt (2n) 24 3n 60
15 Ph (1a) n-Hexyl (20) 12 30 71
16 4-MeCg¢H, (1b) Ph (2a) 12 3p 74
17 4-CIC4H,4 (1¢) Ph (2a) 12 3q 76
18 Me (1d) Ph (2a) 12 3r 79

“ [ R 442 1(0.2 mmol), 2 (0.3 mmol), 3 mol% PdBr,, 2 equiv. CuBr,, 1 mL [C,0,mim]Br, %%/ <5 T £ iR R * 7 B 2.
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3.1 X5

% [H PERKIN-ELIMER 1730 FT-IR Z£L4NGiA%,
KBr JE fi; [ Bruker 237 400 MHz DRX-400 1% # 3t
PRAX, ¥7 CDCl;, WFRTMS; 3£ E LCQ Deca XP MAX
TR €03 R B 1G4 (8 3% B FINNIGAN TRACE DSQ
JREEAX, 70 eV); WA THREER AR X-5 T 85
I BAX.

B RA A E o iral, Rgit—Saith. &1
W & [Bmim]Br'"!, [Bmim]BF,*”, [C,0Hmim]Br?*!,
[C,0,mim]Br 2222 A N SCHR & k.

3.2 ZWHE

25 mL BRI 0.2 mmol FLfZ(1), 0.3 mmol itz
f14M(2), 3 mol% PdBr,, 1 mL & Fi{A[C,0,mim]Br,
AN SRR, TLC IR, RN )E, 145
WA 10 mL R ZB8(10 mL X 3), ZH, HHLZE
ToKBRBR BT, RT3, HENTS 3a~3r.
Hirtb & 44 IR, 'THNMR, “C NMR, MS #1
HRMS HilE.

(2)-3-TR (PR 5E) W -5- 2K 56 - — & -2(3 H)- K i i
(3a): 7% 78%. 'H NMR (400 MHz, CDCl;) J: 7.50~
7.46 (m, 2H), 7.44~7.40 (m, 3H), 7.37 (d, J=7.6 Hz,
2H), 7.32 (t, J=6.4 Hz, 3H), 5.40 (t, J=7.2 Hz, 1H), 3.44
(dd, J=16.8, 7.6 Hz, 1H), 3.05 (dd, J=16.8, 7.2 Hz, 1H);
3C NMR (100 MHz, CDCly) d: 167.2, 140.1, 139.2, 137.7,
130.3, 128.9, 128.7, 128.6, 128.2, 125.3, 122.4, 76.8, 39.9;
IR (KBr) v: 3045, 2926, 1780, 1623, 1505, 1443, 1126
em '; HRMS (ESI) caled for Cy;H;,BrO, [M+H]":
329.0172, found 329.0176.

(2)-3-TR (R F) T H F-5-(4- FF B ) - — S -2(3H)-
IR ER(3b): 77 83%. '"H NMR (400 MHz, CDCLy) o:
7.55~7.49 (m, 2H), 7.47~7.41 (m, 3H), 7.26~7.18 (m,
4H), 5.39 (t, J=7.2 Hz, 1H), 3.44 (dd, J=16.4, 7.2 Hz,
1H), 3.07 (dd, J=16.4, 6.8 Hz, 1H), 2.37 (s, 3H); "°C
NMR (100 MHz, CDCly) d: 167.4, 139.9, 138.6, 137.7,
136.2, 130.3, 129.5, 128.5, 128.1, 125.4, 122.6, 76.9, 40.0,
21.2; IR (KBr) v: 3048, 2930, 1786, 1625, 1500, 1426,
1410, 1142 cm™'; HRMS (ESI) caled for CigH;sBrNaO,
[M-+Na]": 365.0148, found 365.0144.

(2)-3- L (R ) W H L -5-(4- U T R B )- — &L -
2(3H)- Wk W i (3¢): 7% % 82%. 'H NMR (400 MHz,
CDCly) 6: 7.57~7.51 (m, 2H), 7.47~7.42 (m, 5H), 7.29
(d, J=8.0 Hz, 1H), 5.41 (t, J=7.2 Hz, 1H), 3.46 (dd, J=
16.4, 7.2 Hz, 1H), 3.11 (dd, J=16.4, 7.2 Hz, 1H), 1.35 (s,

2202 http://sioc-journal.cn/
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9H); *C NMR (100 MHz, CDCl;) J: 167.4, 151.8, 139.7,
137.6, 136.2, 130.3, 128.6, 128.2, 125.8, 125.2, 122.7,
76.9, 39.9, 34.6, 31.3; IR (KBr) v: 3045, 2936, 1777, 1628,
1503, 1431, 1418, 1124 cm '; HRMS (ESI) caled for
C,;H,,BrNaO, [M+Na]": 407.0617, found 407.0615.

(2)-3- 1R (K F) W H FE-5-(4- FH S LR - —&L-
2(3H)-ME W i 3d): 7% % 81%. 'H NMR (400 MHz,
CDCly) 0: 7.56~7.49 (m, 2H), 7.48~7.41 (m, 3H), 7.25
(d, J=8.0 Hz, 2H), 6.92 (d, J=8.0 Hz, 2H), 5.36 (t, J=7.2
Hz, 1H), 3.82 (s, 3H), 3.41 (dd, J=16.4, 7.2 Hz, 1H), 3.08
(dd, J=16.4, 7.2 Hz, 1H); *C NMR (100 MHz, CDCl;) ¢:
167.3, 159.9, 139.7, 137.6, 131.0, 130.3, 128.5, 128.2,
127.0, 122.8, 114.2, 76.9, 55.4, 40.0; IR (KBr) v: 3040,
2928, 1787, 1629, 1500, 1413, 1141 cm™'; HRMS (ESI)
caled for C;sH;BrO; [M + H] ©: 359.0277, found
359.0274.

(2)-3-TR (A FE) W H FE-5-(4-F 2K 3 ) - & -2(3H)- Wk
B (3e): =% 72%. 'H NMR (400 MHz, CDCls) J:
7.55~7.49 (m, 2H), 7.48~7.41 (m, 3H), 7.35~7.29 (m,
2H), 7.07 (t, J=8.4 Hz, 1H), 5.39 (t, J=7.2 Hz, 1H), 3.45
(dd, J=16.8, 7.2 Hz, 1H), 3.05 (dd, J=16.8, 7.2 Hz, 1H);
C NMR (100 MHz, CDCl3) 6: 167.1, 162.7 (d, J=246.1
Hz), 140.3, 137.6, 135.0 (d, J=3.2 Hz), 130.4, 128.6,
128.2, 127.3 (d, J=8.3 Hz), 122.3, 115.8 (d, J=21.6 Hz),
76.8, 39.9; IR (KBr) v: 3048, 2933, 1778, 1716, 1622,
1508, 1425, 1160 cm '; HRMS (ESI) caled for Ci;Hs-
BrFO, [M+H]": 347.0077, found 347.0072.

(2)-3-TR (FHE) T F 3L -5-(2- G ) - — A -2(3H)- Mk
EH3f): 7% 63%. 'H NMR (400 MHz, CDCl3) 6
7.53~7.47 (m, 3H), 7.46~7.42 (m, 3H), 7.36 (t, J=7.2
Hz, 2H), 7.31 (d, J=6.4 Hz, 1H), 5.76 (t, J=7.2 Hz, 1H),
3.65 (dd, J=16.8, 7.6 Hz, 1H), 2.95 (dd, J=16.8, 6.4 Hz,
1H); *C NMR (100 MHz, CDCly) d: 167.2, 140.8, 137.5,
137.4, 131.2, 130.4, 129.7, 129.6, 128.6, 1282, 127.4,
126.0, 121.6, 73.9, 38.5; IR (KBr) v: 3044, 2936, 1782,
1630, 1510, 1445, 1156 cm '; HRMS (ESI) caled for
Cy7H,,BrCINaO, [M+Na]": 384.9601, found 384.9596.

(2)-3-TR(FH2) T F 3L -5-(3- G K ) - — A -2(3H)- Mk
Il (3g): 7° % 68%. 'H NMR (400 MHz, CDCl;) 6
7.52~7.46 (m, 2H), 7.45~7.40 (m, 3H), 7.35~7.28 (m,
3H), 7.23~7.15 (m, OH), 5.37 (t, J=7.2 Hz, 1H), 3.45
(dd, J=16.8, 7.6 Hz, 1H), 3.02 (dd, J=16.4, 7.2 Hz, 1H);
C NMR (100 MHz, CDCl;) d: 166.9, 141.3, 140.7, 137.6,
1349, 130.4, 130.2, 128.8, 128.6, 128.1, 125.5, 123.4,
121.8, 75.9, 39.7; IR (KBr) v: 3038, 2922, 1783, 1716,
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1618, 1480, 1404, 1137 cm '; HRMS (ESI) caled for
Cy7H,,BrCINaO, [M+Na]*: 384.9601, found 384.9598.

(2)-3-TR (R IL) T H JE-5-(4-E ZK 3 )~ & -2(3H)- Wk
B (3h): 7*% 65%. 'H NMR (400 MHz, CDCl;) o:
7.54~7.48 (m, 2H), 7.46~7.42 (m, 3H), 7.35 (d, J=8.4
Hz, 2H), 7.26 (d, J=8.4 Hz, 2H), 5.38 (t, J=7.2 Hz, 1H),
3.46 (dd, J=16.4, 7.6 Hz, 1H), 3.02 (dd, J=16.4, 7.2 Hz,
1H); *C NMR (100 MHz, CDCl3) §: 167.1, 140.4, 137.8,
137.5, 134.4, 130.5, 129.0, 128.6, 128.2, 126.8, 122.0,
76.1, 39.8; IR (KBr) v: 3040, 2936, 1784, 1628, 1506,
1447, 1416, 1129 cm ~'; HRMS (ESI) caled for
C7H,3BrClO, [M+H]": 362.9782, found 362.9778.

(2)-3-TR (A IE) Y F1 JE-5-(4- TR R I )~ S -2(3H)-Mk
I8 (3i): % 67%. 'H NMR (400 MHz, CDCls) o
7.54~7.47 (m, 4H), 7.46~7.41 (m, 3H), 7.20 (d, J=7.6
Hz, 2H), 5.37 (t, J=7.2 Hz, 1H), 3.46 (dd, J=16.4, 7.2
Hz, 1H), 3.02 (dd, J=16.4, 7.2 Hz, 1H); C NMR (100
MHz, CDCl;) 6: 169.0, 140.5, 138.3, 137.5, 132.0, 130.5,
128.6, 128.2, 127.1, 122.6, 122.0, 76.1, 39.7; IR (KBr) v:
3038, 2925, 1786, 1623, 1507, 1448, 1412, 1146 cm ';
HRMS (ESI) caled for Ci;H3Br,0, [M+H]': 406.9277,
found 406.9273.

(Z)-3-TR(CRIE) T H JE-5-(4- 8 8- — & -2(3H)-
WEER(3)): 723 58%. 'H NMR (400 MHz, CDCl;) o
8.23 (d, J=8.4 Hz, 2H), 7.55~7.47 (m, 4H), 7.46~7.40
(m, 3H), 5.53 (t, J=7.6 Hz, 1H), 3.56 (dd, J=16.4, 7.6
Hz, 1H), 3.03 (dd, J=16.4, 7.2 Hz, 1H); *C NMR (100
MHz, CDCl;) 6: 166.6, 147.9, 146.4, 141.3, 137.4, 130.6,
128.7, 128.1, 126.2, 124.1, 121.1, 75.4, 39.5; IR (KBr) v:
3037, 2930, 1772, 1710, 1628, 1508, 1436, 1405, 1144
cmfl; HRMS (ESI) calcd for C;H,,BrNNaO, [M+Na]+:
395.9842, found 395.9836.

(2)-3-TR (R T H JE-5-(4-F IR ) - S -23H)-
BRI ER(3K): 77 % 64%. '"H NMR (400 MHz, CDCl3) o:
7.66 (d, J=8.0 Hz, 2H), 7.51~7.47 (m, 2H), 7.46~7.41
(m, 5H), 5.48 (t, J=7.2 Hz, 1H), 3.53 (dd, J=16.4, 7.6
Hz, 1H), 3.02 (dd, J=16.4, 7.2 Hz, 1H); C NMR (100
MHz, CDCl;) 6: 166.8, 144.5, 141.0, 137.3, 132.8, 132.7,
130.6, 128.7, 128.1, 126.0, 121.4, 118.3, 112.4, 75.7, 39.4;
IR (KBr) v: 3047, 2938, 1766, 1722, 1626, 1504, 1438,
1414, 1170 cmfl; HRMS (ESI) caled for CgH3BrNO,
[M+H]": 354.0124, found 354.0122.

(2)-3-TR (R IE) T F 8k -5-(1-Z8 58~ S -2(3H)-PR I
BA@3D): 723 73%. 'H NMR (400 MHz, CDCl;) J: 7.87~
7.80 (m, 3H), 7.78 (s, 1H), 7.53~7.46 (m, 4H), 7.44~
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7.38 (m, 3H), 7.37 (dd, J=8.4, 1.6 Hz, 1H), 5.55 (t, J=7.2
Hz, 1H), 3.49 (dd, J=16.4, 7.6 Hz, 1H), 3.11 (dd, J=16.4,
7.2 Hz, 1H); *C NMR (100 MHz, CDCl;) §: 167.3, 140.2,
137.6, 136.6, 133.2, 133.0, 130.3, 129.0, 128.6, 128.2,
128.1, 127.8, 126.7, 126.6, 124.6, 122.7, 122.3, 76.9, 39.9;
IR (KBr) v: 3028, 2926, 1776, 1708, 1628, 1506, 1437,
1400, 1146 cmfl; HRMS (ESI) calcd for C,HsBrO, [M+
H]": 379.0328, found 379.0324.

(2)-3-TR (A FE) W H FE-5-(2-WE Wy 3 ) - & -2(3H)- Wk
I EA(3m): 7% 61%. '"H NMR (400 MHz, CDCl;) ¢: 7.50
(d, J=5.2 Hz, 2H), 7.45~7.41 (m, 3H), 7.31 (d, J=4.8
Hz, 1H), 7.04 (d, J=3.2 Hz, 1H), 6.96 (t, J=4.4 Hz, 1H),
5.61 (t, J=7.2 Hz, 1H), 3.45 (dd, J=16.4, 7.2 Hz, 1H),
3.20 (dd, J=16.4, 6.8 Hz, 1H); “C NMR (100 MHz,
CDCLy) d: 166.6, 141.6, 140.5, 137.6, 130.4, 128.6, 128.1,
127.1, 126.5, 126.1, 122.1, 73.1, 39.8; IR (KBr) v: 3033,
2928, 1780, 1626, 1503, 1425, 1412, 1136 cm'; HRMS
(ESI) caled for C;sH;,BrO,S [M+H]+: 334.9736, found
334.9733.

(2)-4-R(FR L) I 2 -5-(CSAAR DU &AL PR )-2-FR TR .
fiZ(3n): 7% 60%. 'H NMR (400 MHz, CDCLy) 6: 7.53~
7.42 (m, 5H), 4.86 (dd, J=8.8, 4.8 Hz, 1H), 4.33~4.00
(m, 2H), 3.40 (dd, J=17.2, 9.2 Hz, 1H), 3.11 (dd, J=17.2,
4.8 Hz, 1H), 1.28 (t, J=7.2 Hz, 3H); *C NMR (100 MHz,
CDCLy) d: 169.2, 166.2, 141.4, 137.4, 130.5, 128.7, 128.0,
119.8, 71.7, 62.2, 34.4, 14.0; IR (KBr) v: 3044, 2926,
1779, 1706, 1627, 1450, 1432, 1142 cm™'; HRMS (ESI)
caled for C,H,BrO, [M + H] " : 325.0070, found
325.0065.

(2)-3-1R(4-H FE A H) W H 2L -5- O3-S 2B H)- Mk
A (30): 7° % 71%. 'H NMR (400 MHz, CDCl;) 6
7.51~7.49 (m, 2H), 7.46~7.44 (m, 3H), 4.44~4.34 (m,
1H), 3.11 (dd, J=16.4, 7.6 Hz, 1H), 2.71 (dd, J=16.4, 6.8
Hz, 1H), 1.80~1.62 (m, 2H), 1.43-1.19 (m, 8H), 0.88 (t,
J=6.8 Hz, 3H); C NMR (100 MHz, CDCl;) d: 167.5,
139.2, 137.8, 130.1, 128.5, 128.1, 123.1, 76.3, 37.1, 35.8,
31.6, 28.9, 24.8, 22.4, 14.0; IR (KBr) v: 3028, 2926, 1788,
1625, 1436, 1424, 1156 cm '; HRMS (ESI) caled for
Cy7H,,BrNaO, [M+Na]": 359.0617, found 359.0615.

(2)-3-15(4-F B2 2R 5L W7 R L -5 2R - -2 (3 H)- Wk
A (3p): 77 74%. 'H NMR (400 MHz, CDCl;) 4
7.45~7.37 (m, 5H), 7.34 (d, J=7.2 Hz, 2H), 7.25 (d, J=
7.6 Hz, 2H), 5.41 (t, J=7.2 Hz, 1H), 3.48 (dd, J=16.4, 7.6
Hz, 1H), 3.08 (dd, J=16.4, 7.2 Hz, 1H), 2.41 (s, 3H); °C
NMR (100 MHz, CDCly) 0: 167.5, 140.8, 140.3, 139.4,
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134.7,129.2, 128.8, 128.6, 128.2, 125.4, 121.8, 76.8, 40.1,
21.4; IR (KBr) v: 3026, 2926, 1782, 1618, 1459, 1421,
1144 cm™'; HRMS (ESI) caled for CigH;sBrNaO, [M—+
Na]": 365.0148, found 365.0142.

(Z)-3-T(4-F A HE) T F -5 J - — A -2(3 H)-PR I
fi(3q): %% 76%. '"H NMR (400 MHz, CDCl;) 0: 7.47 (d,
J=17.6 Hz, 2H), 7.44~7.34 (m, 5H), 7.32 (d, J=7.2 Hz,
2H), 5.43 (t, J=7.1 Hz, 1H), 3.45 (dd, J=16.4, 7.2 Hz,
1H), 3.06 (dd, J=16.4, 7.2 Hz, 1H); C NMR (100 MHz,
CDCly) d: 167.0, 139.1, 138.6, 136.4, 135.9, 129.6, 128.9,
128.8, 128.7, 125.3, 123.0, 76.8, 39.9; IR (KBr) v: 3028,
2924, 1786, 1614, 1505, 1454, 1145 cm™'; HRMS (ESI)
caled for Cy;H;,BrCINaO, [M+Na]+: 384.9601, found
384.9595.

(2)-3-(1-R . 2, 5%)-5- 78 F— — &-2(3H)- WK IR il (3rr):
P 79%. '"H NMR (400 MHz, CDCl3) 0: 7.43~7.28 (m,
5H), 5.44 (t, J=7.2 Hz, 1H), 3.43 (dd, J=16.4, 8.0 Hz,
1H), 2.90 (dd, J=16.4, 6.4 Hz, 1H), 2.26 (s, 3H); °C
NMR (100 MHz, CDCl;) d: 166.7, 140.2, 139.8, 128.8,
128.6, 125.3, 120.7, 76.2, 37.5, 26.5; IR (KBr) v: 3081,
2923, 1780, 1624, 1500, 1434, 1126 cm '; HRMS (ESI)
caled for C;,H;;BrNaO, [M+Na]+: 288.9835, found
288.9833.

44 Bh#4 8 (Supporting Information) {1t T AT 5 ¥ 1L
&%) "H NMR Fl °C NMR i &, X Sepp LAl LU 9 A
FI 3k (http://sioc-journal.cn/)_E 3.
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