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An Efficient Synthesis of 2-Vinyl Furans/Thiophenes: Oxidative Heck
Coupling under High-Speed Ball-Milling Conditions

Jia, Kanyan“ Jiang, Zhijiang” Yu, Jingbo” Hong, Zikun” Su, Weike*“”
(“ College of Pharmaceutical Sciences, Zhejiang University of Technology, Hangzhou 310014)
(® Collaborative Innovation Center of Yangtze River Delta Region Green Pharmaceuticals,

Zhejiang University of Technology, Hangzhou 310014)

Abstract An efficient synthesis of 2-vinyl furans and thiophenes through oxidative Heck reaction has been explored under
solvent-less high-speed ball-milling conditions. This Pd-catalyzed oxidative Heck reaction proceeded well with both acrylates
and styrenes, which afford desired product in 45 min, with moderate to high yields.

Keywords high-speed ball-milling; oxidative Heck coupling; furan; thiophene

2- L HE WK I /ey A N — R E E 4497 B AL &
YIRENS T 4% — R 50 & A EE R shae =t X
FH 5 A DNIEH K FH 4 LY Wittig 1 Heck S il &
SRR EDSR AR . MEMES S Wittig R R A A
TR H 2- s AR /ME S 78 PA(I AL T S kA
BEE. BRIk BAREOR R, (H RN R &5 R,
Gy R, HUROS AR, R Lk — 20 B
Ji2.

AESR, B C—H WS &N R PE KR, Eik
Heck BIRIEN—F#i M) C—C 8w @ 5 g
U T 28t Wittig A1 Heck S8 ECNAT 78 34 B 45 4
Fujiwara 213408 D) B TR B BT AR 4577, PA(OAc), M
], 1,4-ZK08 (p-BQ) 5 AU T He i S Ak & v A Ak A AE
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90 ‘C%M R4 12~15h RNA R T — &5 A Heck
RBP4, Zhao ZEBILL N, N-— HIJE HI i (DMF) A
7, PA(OAc), AT, BEERH AT, MEmE NN
FIFE 120 CHAF T RN 12 h 153 T 220 2-% FE ki /g
Wy2KAk &9, T, Le Bras PERRZHME RE AR . WEMy
A B YINIEY), PA(OAC), AMEALF], — I JE TR
(DMSO) R, A NANFER I TR 24~48 h
ST 2-M B A T A &, TR R S ALEREAT IR
NHAE.

SR, TERIIIRAB SR N AR LA R, Wi
PEFF ORI S 8 G B D PR BN AUV SR AR A A
A WU DL ZE BRI 090 300 A4 T 2% O )L T T BR R
(HSBM)AE Sy — Fh B B (LA AL 27 S B 5 3K, TR 3 e
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FAEA BRI O A I N T 2 A B
AT L R NEL H Ak, BT s EREAE C—H
TR IS S A BT A5 BRI 78 3 PR 1O R AR R T 0 RO A
F" N T A R I EREE A C—H TR B
(IR, AR A VT i 770 i B RO AU PT B85 5 AR 1
F ARG UEVINE Heck [, MITTHEGE. machik
13— R4 2-Jf LRI MEW AT AP (Eq. 1).

H

H
Pd(OAc),/Cu(OAc),-H,O
/f N g\ (OAc),/Cu(OAC)y Hy % »
— R HOACc (LAG)/Silica gel X R2
X=0,S Ball-milling, 30 Hz, 45 min yield up to 92%

1 SRS
1.1 REEHH

B, L 2-FEEERIR(1a, 0.5 mmol)Fl P4 /7 B2 2.1
(2a, 0.5 mmol) W KB, PA(OAc), (10 mol%)H
A7, AT MnO, (1 mmol) % ALF, i HOAC
(30 L) AHHBITEFILE 30 Hz AR N AT WL BE, [
45 min J5 315 B AR BB, WA 65%(3 1, Entry 1).
N DR TR NCR, ST SRR R
FRBATIA. IR 1R, ASFE PAAD AL
PR R AN (R 1, Entries 1~5), 7E PdCl, fl
PdI, A AT B8 & BT AR TS 4508 A0 B,B- X0k
MR P 0 B T = ). ELBE N 2- R SRR (1a) O HE R (R
1, Entry 6), NABREF=AE B,B-RULKIR R 4 BRI, Bt i,
X AN B AL FIEAT (R 1, Entries 7~11), RILE
WlL&JE T Cu(OAC) H,0 I M RUR fefE, SRk
93%, 111 B 2 AR, G 2R R (BQ) A — G — U R iR
(DDQ), FFARAG A iR N —FE R I R4 1R R
ROR. deabh, I T A EER A, Hh HOAe
51584k Heck MU (3R 1, Entries 13~16). i
— BRI AR R SE A B, R USR8 B
NF#(F 1, Entries 17~20). R, 1% FIHUER BE I B
%AF N PA(OAc), (5 mol%), Cu(OAc),*H,O (1.0 equiv.),
HOAc (7=0.16 mL/mg).
1.2 [RERMMR

BT BRI Ak A, itk — 2 T G R B
(HSBM) 264 T IR HIE G FI(FR 2). 2- HY WA 5 74
A5 TR T S B2 RE A% DA s USC 28 SR A5 AH B I AR B 7= 4 3aa,
3ab, MAMEBNE 2¢ Z5MREL, PR A EEAE,
XA RE S MR IR R B A O, Bl JE, 2R
DL R AR R P AR e 1 e 22 LI M AR I 95 20 N R
P 3R RO HE . SR R, FEWFES A E R A%
SRR AT, DL & B 4 m s i 415 21— R 51
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Table 1 Optimization of reaction conditions

CO,Et
H .
H Catalyst/oxidant X
- AN
<L * LAG additive/Silica gel o
CO,Et Ball-milling, 30 Hz, 45 min _
1a 2a
3aa

Entry  Catalyst Oxidant Additive  Yield"/%

1 Pd(OAc), MnO, HOAc 65¢
2 None MnO, HOAc N.d.
3 Pd(TFA), MnO, HOAc 63
4 PdCl, MnO, HOAc 56
5 Pdl, MnO, HOAc 60
6  Pdl, MnO, HOAc 61
7 Pd(OAc), None HOAc 8
8 Pd(OAc), BQ HOAc 22
9 Pd(OAc), DDQ HOAc 15
10  Pd(OAc), AgOAc HOAc 80
11 Pd(OAc), CuO HOAc 72
12 Pd(OAc), Cu(OAc),*H,O HOAc 93
13 Pd(OAc), Cu(OAc),*H,O None 68
14 Pd(OAc), Cu(OAc),*H,0 TFA 82
15 Pd(OAc), Cu(OAc),*H,O DMSO 75
16  Pd(OAc), Cu(OAc),*H,0 DMF 81
17 Pd(OAc),* Cu(OAc),*H,0O HOAc 92
18  Pd(OAc)/ Cu(OAc),*H,0 HOAc 87
19  Pd(OAc),* Cu(OAc),*H,0? HOAc 92
20  Pd(OAc),’ Cu(OAc),*H,0" HOAc 83

© 2017 Chinese Chemical Society & SIOC, CAS

“ Reaction condition: 1a (0.5 mmol), 2a (0.5 mmol), catalyst (10 mol%), oxi-
dant (1 mmol), LAG additive (liquid-assisted grinding additive, 30 pL, n=
V(liquid, mL)/m(sample, mg)=0.16), and silica gel (0.45 g) were added to the
50 mL stainless-steel vessel with two stainless-steel balls (¢=1.4 cm). Ball
milling condition: 45 min at 30 Hz. ° Yield based on 1a. ¢ Z-isomers cannot be
detected. “ 1a : 2a=1 mmol : 0.5 mmol. ¢ 5 mol% were used.’ 3 mol% were

used. ¢ 0.5 mmol were used. " 0.4 mmol were used.

BEC=Y) 3ad~3al, H =Mt FE KA HEREERS
BIF=MIRL. #52805 ZWGIRYI, SR 206
2h~21 RPCRENF; SHEETREIK LM 2e~2g
N PERSE R S 4k, DRI 1b AR S EYIN, 15
B IR IR AW 3ba, KW 2,5- “WEIEEEE =
Bl BRAb, WENy SR R BE A 0 70 A 3% 10 S B 261 R R
UFHISE R N, (EAF— 422, DL 2-TRMEW) N MR A)
i, AN 4L S Heck MBI 4.

1.3 REHIEMZ RIFT

BT EE RN EAL Heck S SIALER AT 87 DA AL
X bR S 4 SRR S A BT, U K g/ T A E L
PRER BE 2641 T 1A Heck (R0 M ATLEE(Scheme 1). &
Je, WIE SR PAADIE N 2-F FEMRGH) 2 A2 C—H #E
AT FRCEDL bEJE, ERERIRE TS5 T, Mg
5 PA(IDEHATECAL R B A4 1L, FE4 B HANS B-H ¥4
i NAS 2] HFRP2) 3aa, R PA(0). )5, PA(0)TE
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Table 2 Palladium-catalyzed oxidative Heck reaction

Pd(OAC), (5 mol%)

SN Cu(OAG),-H,0 (0.5 mmol) SN
. (1 R WP
< ~H HOAc (77 = 0.16), Silica gel (0.45 g) Ny R
Ball-milling, 30 Hz, 45 min
3

o
\

CO,Et /(j\/\cozsut '\O 5
' 74
3aa, 92% 3ab, 90% 3ac, 52% : %
, A . S CO,Et
A Co,Et CO,Et

ﬁ

3da, 85% 3dd, 73%
O

5

o 3di, 76%

3ba, 67% 3ca, 77% 3ad, 79%
/
A CO,Et
P 3ea, 72%
3ae, 68% 3af, 71% 3ag, 59% Me 5 @j\/\ Br«%
' S CO,Et S CO,Et

5

J E

o \ Br 3fa, 64% 3ga, 88% (8%°)
3ah, 75% 3ai, 81% 3aj, 79% E

/] !

0
3ak, 65% 3al, 85%

“Reaction condition: 1 (0.5 mmol), 2 (0.5 mmol), Pd(OAc), (5 mol%), Cu(OAc),*H,0O (0.5 mmol), HOAc (30 pL), and silica gel (0.45 g) were added to the 50 mL
stainless-steel vessel with two stainless-steel balls (¢=1.4 cm). Ball milling condition: 45 min at 30 Hz. ® Yield based on 1. ¢ Cu(OAc),*H,0 was not added.

Cu(OAc)*H,O HIfEF T B H AL PA(ID), TERRBLAEA 2 £E3p

A T — PR GO 7R B BR BEE S A T B m REAL

__G00Et Heck fBIESE, P T4 51 245 S0 MR A7 4.
e ST 208 G, T T M AL ER VB R, LR
//)/ — / 1709 (45 min) B T L4 B4 07 36 345 S R A BB, 1%
pH eimination RBTHE— 3 i T BRI AR 7E C—H 3 4 R B 1)
\<§v/mm PR . 4 2R S PR 2 SEALER H R A B AT H
on TEAEREAT .
= OEt
M0 P - 3 SIS
| \@;aD\

o T 31 LBSHHA
\ , ' 8 FH R 20 VR & BR BE 4. MM 400 (Retsch GmbH,
P-insertion

(0]

olefin

FIOOG__ complexation /> COOE Hann, Germany)#E{T 282, 50 mL A54R AT BS fE Ay =
P ZE8 REMBTERREA 12 mm. 5FH AOUR S,

AcO” O/ p Buchi B-540; #fi4t4E 'H NMR /% °C NMR ()4 2 A
54 Varian 400 BYRZRLILARAL, 435K H 400 MHz K&

I 100 MHz #17, TMS AWHE, CDCLAE#EH];, Bk MS

B 1 ATALH S LI (ESI, EI)7E Finnigan Trace DSQ R B4 Ll ze; =%
Scheme 1 Proposed mechanism e it (HRMS)7E Agilent 6210 TOF LC/MS T i it 4 _E
WsE. Fra s, wEARERYH, BATE, REL
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MMM, R GFasy(F e T ) 53R
R4 R HI(CMC) B il R A 8 2 R AR, i A S A8 A
AR R E T B, JESTEEREY 100~200 H
I (F Bl L),
32 EMIMAERTE

B 1 (0.5 mmol), 2 (0.5 mmol), Cu(OAc),*H,0
(0.5 mmol), Pd(OAc), (5 mol%), HOAc (30 pL)FNfi:fke
(0.45 o) — MM AMNFANEREFE+, FIIA 2 BiER 1.4
cm AEEINEK, SR 5K o R ER B G E T EREE AL AT
BUBRHIT B . [ SL5EHE, K BRSO v 1) BT A4 1,
fB#T 50 mL ATk 18 CTeHh. eI ihiE, BRIA
WA 25 mL WBAIE KB, 2 IEEA VAR, KAEH
IR R TIEREHL 3 Ik, BRR 20 mL, FREEERIA HULH
G, HIKRERT R, AE A VAR T, B
EMT S AT VOE k) @ (R ZHE)=40 :
DA E) B AR~

(E)-2-F3E-5- 2 SR IE 2075 5 Wk I (3aa)Y: k3 €A
ifk, 82.8 mg, W 92%. '"H NMR (400 MHz, CDCl5) 6:
7.33 (d, J=16.0 Hz, 1H), 6.47 (d, J=4.0 Hz, 1H), 6.21 (d,
J=16.0 Hz, 1H), 6.05 (d, J=4.0 Hz, 1H), 4.22 (q, J=7.2
Hz, 2H), 2.33 (s, 3H), 1.31 (t, J=7.2 Hz, 3H); *C NMR
(100 MHz, CDCl;) 6: 166.5, 154.6, 148.9, 130.5, 115.9,
113.7, 108.4, 60.4, 14.9, 14.4; MS (ESI) m/z: 181.0 ((M+
H]Y).

(E)-2-F 3e-5-T S B Ik 2075 Wk (3ab)™: T (3
1, 93.6 mg, YZ 90%. 'H NMR (400 MHz, CDCl3) o:
7.24 (d, J=16.0 Hz, 1H), 6.43 (d, J=2.8 Hz, 1H), 6.15 (d,
J=16.0 Hz, 1H), 6.03 (d, J=3.2 Hz, 1H), 2.32 (s, 3H),
1.50 (s, 9H); *C NMR (100 MHz, CDCl3) 6: 165.8, 154.2,
149.0, 129.6, 115.8, 115.3, 108.3, 80.0, 28.6, 14.3; MS
(ESI) m/z: 209.3 ((IM+H]").

(E)-2-FHE-5-WRUE H s 2075 HE R (Bac): TR 28 Al
1%, 57.3 mg, Y%K 52%. 'H NMR (400 MHz, CDCl) o:
7.39, 7.36 (d, J=15.0, 15.0 Hz, 1H), 6.72, 6.62 (d, J=
15.0, 15.0 Hz, 1H), 6.42~6.38 (m, 1H), 6.04~6.01 (m,
1H), 3.71~3.35 (m, 4H), 2.33 (s, 3H), 1.69~1.56 (m,
3H), 1.30~1.12 (m, 4H); *C NMR (100 MHz, CDCl,) ¢:
164.8, 153.8, 150.0, 129.0, 114.6, 112.9, 108.2, 46.7, 43.2,
26.6, 25.6, 24.6, 13.7; IR (KBr) v: 3000, 2936, 2855, 1648,
1607, 1429, 1254, 1212, 1180, 1020, 967 cm™'; HMRS
(ESI) caled for C;3H;;NO, (IM+H]") 220.1332, found
220.1335.

(E)-2- 8Pk 207 50 R (3ba)! ") TE A, 56.1
mg, N 67%. '"H NMR (400 MHz, CDCl;) d: 7.50~7.43
[m, 2H, including 7.41 (d, J=16.0 Hz, 1H)], 6.58 (d, J=
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3.2 Hz, 1H), 6.44 (s, 1H), 6.30 (d, J=16.0 Hz, 1H), 4.23
(q, J=7.2 Hz, 2H), 1.31 (t, J=7.2 Hz, 3H); *C NMR (100
MHz, CDCLy) d: 166.7, 150.7, 144.4, 130.7, 115.8, 114.4,
112.0, 60.3, 14.3; MS (ESI) m/z: 166.9 ((M+H]").

(E)-2- LA HE 20 B2 R 1 Wi (3ea): 1 £ it Ak,
83.3 mg, I 77%. m.p. 72~74 C (lit'"". 78~79 C);
'H NMR (400 MHz, CDCl;) d: 7.89~7.81 (m, 2H), 7.77
(d, J=16.0 Hz, 1H), 7.52 (d, J=8.0 Hz, 1H), 7.40~7.29
(m, 2H), 4.28 (q, J=7.2 Hz, 2H), 1.36 (t, J=7.2 Hz, 3H);
C NMR (100 MHz, CDCl5) d: 166.2, 155.4, 147.0, 133.8,
124.9, 123.3, 120.6, 118.1, 111.7, 60.6, 14.9; MS (ESI)
m/z: 217.0 (M+H]").

(E)-2- W 3-5- 20 He i (3ad): [ (7 dm Ak, 72.8
mg, YK 79%. mp. 57~58 C (lit*". 59~61 C); 'H
NMR (400 MHz, CDCLy) 6: 7.42 (d, J=8.0 Hz, 2H), 7.30
(t, J=8.0 Hz, 2H), 7.20 (d, J=8.0 Hz, 1H), 6.94 (d, J=
16.0 Hz, 1H), 6.81 (d, J=16.0 Hz, 1H), 6.21 (s, 1H), 5.99
(s, 1H), 2.34 (s, 3H); *C NMR (100 MHz, CDCl;) o:
151.6, 151.0, 136.8, 128.1, 126.7, 125.7, 125.0, 116.3,
109.6, 107.5, 14.3; MS (ESI) m/z: 185.2 ((M+H]").

(E)-2-F 2 -5-(4- 1 2L 0K 205 2 ) WK I (Bae): [ 2L
&, 67.7 mg, WE 68%. mp. 76~78 C (lit"™). 75~
77 C); '"H NMR (400 MHz, CDCl;) 6: 7.31 (d, J=8.0 Hz,
2H), 7.10 (d, J=8.0 Hz, 2H), 6.91 (d, J=16.0 Hz, 1H),
6.75 (d, J=16.0 Hz, 1H), 6.18 (d, J=4.0 Hz, 1H), 5.97 (s,
1H), 2.33 (s, 3H); *C NMR (100 MHz, CDCl3) J: 151.8,
136.9, 134.4, 129.2 (2C), 128.5, 125.9 (2C), 125.3, 115.7,
109.3, 107.6, 21.3, 13.9; MS (ESI) m/z: 199.2 ((M+H]").

(E)-2-H e -5-(3- H L 2K 2, 0 55 ) WK IR (3af): &3 £
pfk, 70.5 mg, YE 71%. mp. 69~70 C (lit*". 69~
70 C); '"H NMR (400 MHz, CDCl;) 6: 7.32 (d, J=8.0 Hz,
2H), 7.11 (d, J=8.0 Hz, 2H), 6.91 (d, J=16.0 Hz, 1H),
6.76 (d, J=16.0 Hz, 1H), 6.19 (d, J=4.0 Hz, 1H), 5.98 (s,
1H), 2.34 (s, 3H); “C NMR (100 MHz, CDCl;) o
151.8,151.7, 136.9, 134.4, 129.2 (2C), 125.9 (2C), 125.3,
115.7, 109.3, 107.6, 21.3, 13.9; MS (ESI) m/z: 199.1 (M
+H]").

(E)-2- F 8 -5-(4- F A B R 205 35 ) PR I (3ag): VR %
IR, 63.5 mg, YE 59%. "H NMR (400 MHz, CDCl;)
0: 7.28 (d, J=8.0 Hz, 2H), 6.87~6.73 [m, 3H, including
6.78 (d, J=16.0 Hz, 1H)], 6.60 (d, J=16.0 Hz, 1H), 6.09
(d, J=4.0 Hz, 1H), 5.90 (d, J=4.0 Hz, 1H), 3.72 (s, 3H),
2.26 (s, 3H); *C NMR (100 MHz, CDCl3) 6: 158.8, 151.8,
151.6, 130.0, 127.2 (2C), 125.0, 114.8, 114.0 (2C), 108.9,
107.6, 55.3, 13.9; IR (KBr) v: 3033, 2963, 2933, 1604,
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1506, 1462, 1245, 1032, 956, 810 cm™'; HRMS (ESI)
caled for C4H;4O,Na ([M+Na]+) 237.0886, found
237.0879.

(E)-2- /1 3-5-(4- 52 297525 WL I (3ah) ) 15 5
1, 82.4 mg, WE 75%. mp. 91~93 C (1t 89~
91 ‘C); "H NMR (400 MHz, CDCl;) : 7.32 (d, J=8.0 Hz,
2H), 7.25 (d, J=8.0 Hz, 2H), 6.86 (d, J=16.0 Hz, 1H),
6.75 (d, J=16.0 Hz, 1H), 6.22 (d, J=4.0 Hz, 1H), 5.99 (d,
J=4.0 Hz, 1H), 2.33 (s, 3H); >*C NMR (100 MHz, CDCl;)
o 152.3, 151.2, 135.7, 132.5, 128.6 (2C), 127.1 (20),
123.9, 117.1, 110.3, 107.8, 13.9; MS (ESI) m/z: 219.2 ([M
+H]).

(E)-2-F B -5-(4- 12K 207 55 ) Wk e (3ai) ') ¥R 35 (0
HifAk, 106.7 mg, WK 81%. 'H NMR (400 MHz, CDCl;)
5: 7.41 (d, J=8.0 Hz, 2H), 7.26 (d, J=8.0 Hz, 2H), 7.09
(d, J=16.0 Hz, 1H), 6.83 (d, J=4.0 Hz, 1H), 6.67 (d, J=
16.0 Hz, 1H), 6.64~6.60 (m, 1H), 2.47 (s, 3H); °*C NMR
(100 MHz, CDCly) d: 140.2, 139.5, 136.0, 131.5 (2C),
127.4 (2C), 126.7, 125.7, 125.5, 122.7, 120.7, 15.8; MS
(ESI) m/z: 295.2 ((M+Na]").

(E)-2-F5E-5-(3- 1R K & ) 5 ) W IR (3a): 138 T
1A, 104.2 mg, YR 79%. 'H NMR (400 MHz, CDCl;) 6:
7.57 (s, 1H), 7.35~7.28 (m, 2H), 7.16 (t, J=8.0 Hz, 1H),
6.85 (d, J=16.0 Hz, 1H), 6.79 (d, J=16.0 Hz, 1H), 6.25
(s, 1H), 6.00 (s, 1H), 2.35 (s, 3H); °C NMR (100 MHz,
CDCly) 6: 151.1, 139.4, 129.9, 129.8 (2C), 128.7, 124.6
(2C), 123.6, 117.8, 110.8, 107.9, 13.9; IR (KBr) v: 3057,
2921, 2852, 1590, 1636, 1475, 1020, 953, 886, 782 cm ';
HMRS (ESI) caled for C;3H;BrNaO ([M + Na] ")
284.9885, found 284.9896.

(E)-2-F BE-5-(2- 2K £ ) 52 ) PR I (3ak): 7% 38
14, 85.3 mg, WF 65%. 'H NMR (400 MHz, CDCl3) 6:
7.54 (t, J=8.0 Hz, 2H), 7.31~7.16 [m, 3H, including
(7.26, d, J=16.0 Hz, 1H)], 7.09~7.00 (m, 1H), 6.75 (d,
J=16.0 Hz, 1H), 6.28 (d, J=4.0 Hz, 1H), 6.00 (s, 1H),
2.35 (s, 3H); *C NMR (100 MHz, CDCl3) 6: 152.7, 151.4,
143.5, 137.5, 137.1, 133.0, 128.2, 127.3, 126.0, 123.9,
119.2, 110.8, 107.9, 13.9; IR (KBr) v: 3056, 2920, 2851,
1632, 1588, 1462, 1021, 954, 748 cm™'; HRMS (ESI)
caled for C;3H;BrNaO ([M—|—Na]+) 284.9885, found
284.9880.

(E)-2-Fi JE-5-(4-F L L0 L )W IR (3al): (€ 5
14, 89.1 mg, W& 85%. m.p. 97~98 C; 'H NMR (400
MHz, CDCl;) 0: 7.58 (d, J=8.0 Hz, 2H), 7.48 (d, J=8.0
Hz, 2H), 6.97~6.83 (brm, 2H), 6.33 (d, J=2.8 Hz, 1H),

Chin. J. Org. Chem. 2017, 37, 1473~1478
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6.04 (d, J=2.8 Hz, 1H), 2.36 (s, 3H); *C NMR (100 MHz,
CDCly) o: 153.4, 150.9, 141.9, 132.3 (2C), 126.3 (20),
123.3, 119.8, 118.9, 112.1, 110.1, 108.2, 13.9; IR (KBr) v:
3053, 2922, 2224, 1634, 1600, 1497, 1274, 961, 819 cm ';
HRMS (ESI) caled for C;H; ;NNaO ([M + Na] ")
232.0733, found 232.0740.

(E)-2-H 5:-5- LSt 203 ey (3da): et
RY, 83.4 mg, Y 85%. "H NMR (400 MHz, CDCl5) 6:
7.67 (d, J=16.0 Hz, 1H), 7.03 (d, J=4.0 Hz, 1H), 6.69 (d,
J=4.0 Hz, 1H), 6.08 (d, J=16.0 Hz, 1H), 4.22 (q, J=7.2
Hz, 2H), 2.49 (s, 3H), 1.31 (t, J=7.2 Hz, 3H); "C NMR
(100 MHz, CDCLy) 0: 166.2, 143.2, 137.0, 136.8, 131.0,
126.0, 115.2, 60.4, 16.3, 14.9; MS (ESI) m/z: 197.1 ((M+
H]Y).

(E)-2- F 3 -5- 2K 2,05 5E e wy 3dd)!™): (1 €8 it A,
73.4 mg, W 73%. m.p. 85~86 C; 'H NMR (400 MHz,
CDCly) d: 7.41 (d, J=8.0 Hz, 2H), 7.30 (t, J=8.0 Hz, 2H),
7.22~7.17 (m, 1H), 7.12 (d, J=16.0 Hz, 1H), 6.82 (d, J=
3.2 Hz, 1H), 6.76 (d, J=16.0 Hz, 1H), 6.62 (d, J=3.2 Hz,
1H), 2.47 (s, 3H); *C NMR (100 MHz, CDCl3) J: 140.4,
138.7, 136.7, 128.1, 126.8, 126.6, 125.9, 125.7, 125.3,
121.7, 16.1; MS (ESI) m/z: 201.1 ((M—+H]").

(E)-2- F JE-5-(4- TR % 05 k) ey (3di) ) & ik e
ik, 106.2 mg, WF 76%. 'H NMR (400 MHz, CDCl;)
8: 7.42 (d, J=8.0 Hz, 2H), 7.28 (d, J=8.0 Hz, 2H), 6.86
(d, J=16.0 Hz, 1H), 6.78 (d, J/=16.0 Hz, 1H), 6.24 (d, J=
4.0 Hz, 1H), 6.03~5.96 (m, 1H), 2.34 (s, 3H); °C NMR
(100 MHz, CDCly) d: 152.3, 151.2, 136.1, 131.5 (20),
127.4 (2C), 123.9 (2C), 120.6, 117.1, 110.4, 107.8, 13.9;
MS (ESI) m/z: 279.0 (M+H]").

(E)-2- LA PIE 200 FE ey (3ea)'™: MK, 65.3
mg, K 72%. 'H NMR (400 MHz, CDCLy) d: 7.76 (d,
J=16.0 Hz, 1H), 7.34 (d, J=4.8 Hz, 1H), 7.23 (d, J=3.6
Hz, 1H), 7.06~7.00 (m, 1H), 4.24 (q, J=7.2 Hz, 2H),
1.33 (t, J=7.2 Hz, 3H); *C NMR (100 MHz, CDCl;) ¢:
166.6, 139.4, 136.8,130.6, 128.2, 127.9,117.0, 60.5, 14.5;
MS (ESI) m/z: 183.0 (M+H]").

(E)-2- &8 HE 208 H 2R HF g wy (3fa): [ €4 df Ak,
74.5 mg, YWF 64%. m.p. 51~52 C (lit!"). 48~50 C);
'H NMR (400 MHz, CDCl3) d: 7.84 (d, J=16.0 Hz, 1H),
7.42 (s, 1H), 7.37~7.28 (m, 2H), 6.28 (d, J=16.0 Hz,
1H), 4.26 (q, J=8.0 Hz, 2H), 1.34 (t, J=8.0 Hz, 3H); "°C
NMR(100 MHz, CDCly) §: 166.2, 140.0, 139.4, 137.4,
136.1, 128.4, 126.0, 124.2, 122.3, 119.4, 60.7, 14.4; MS
(ESI) m/z: 233.1 ((M+H]").
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(E)-2-1R-5- LS8 AL 200 ey (3ga)' ) ¥R B (il
1A, 115.1 mg, Y= 88%. 'H NMR (400 MHz, CDCl;) 6:
7.62 (d, J=16.0 Hz, 1H), 7.02~6.93 (m, 2H), 6.10 (d, J=
16.0 Hz, 1H), 4.23 (q, J=7.2 Hz, 2H), 1.32 (t, J=7.2 Hz,
3H); *C NMR (100 MHz, CDCl5) §: 165.6, 140.5, 135.5,
130.5 (2C), 117.0, 115.4, 60.7, 14.8; MS (ESI) m/z: 261.9
(IM+H]").

% Bh# &l (Supporting Information) FT & BRI
3aa~3da 5 20 MLEPI RIS S i i K. XLk
PPRRAT PA B 9% DA 1] I 325 (hittp://sioc-journal.cn/) | T %K.
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