% 4”) qt % DOI: 10.6023/cjoc201401017 ARIEX

Chinese Journal of Organic Chemistry

ARTICLE

BFRIAPEELERK cis-1,2-Z 1K1, 7-FZIHEH R B R

wYE EIE

L ¢

%

g ¥ %

(R TR ST 2B M 510640)
AR ELT RS HTIRR  T M 510640)

WE KR T —FLL PdBr, AfEALF, LABmim]X/HXq AR, x5 5-Cf-1-BEHETA8 UM R N 18 ik, i
S R AT R IR 7 2R (T3% ~94%) B ik T B A cis-1,2- B A-1,7-3 BTN, 0 26 B 68 v 1) IX s ok o R S Ak ¢
PE I HAZARE R N A B ARE. RAMEM, Wb cis-1,2- )BT S W& B gL e s 12

B A, R s 5-CU-1-BE cis-1,2- Z iU R

Synthesis of cis-1,2-Dihalosubstituted 1,7-Octadienes by
Pd-Catalyzed Cross-Coupling Reaction in lonic Liquids
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Abstract A Pd-catalyzed method was developed for cross-coupling reaction of a wide range of haloalkynes with
hex-5-en-1-ol in ionic liquids. In the presence of PdBr,, [Bmim]X and HX,,, the cross-coupling products can be obtained in
moderate to good yields, and the reaction displayed high regio- and stereo-selectivities. Moreover, the reaction is a convenient
and simple path for the synthesis of the cis-1,2-dihalosubstituted alkenes, and tolerates several functional groups on

haloalkynes.

Keywords ionic liquids; palladium-catalyst; haloalkynes; hex-5-en-1-ol; cis-1,2-dihalosubstituted alkenes
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FATTAE HIT W AE 50 I B A8 XA B e N (1) 5 il 2
3949 gt 3B DUR AR s Y, LA 5- -
1-BE 4 JRURL, 763 T AR R E I T e ATH A8 AR B
N 255K, BL PdBr, fEMEALT. & A [Bmim]X
T HX KEBAERR, dhEEh 50 CRE4&IE T ReLLE =
FEH(T3%~94%) i HE . mk RS R cis-1,2-—
KA 1,7-2 IR AV D).

1 ZR5WE

11 ZRABELR EL AR AL
Iy TAEEIRALIO SR 1, 52303 i B3 2. bkt

—X + WOH PdBr2
1 2 Cl

(1a)5 5-CU-1-BE(2) IAS SUARER S N A 8, %8 T 851
WIS AT TR o A Rl 8 50 S R s e, L
G R 1 PR,

HBr F & i 525 % (3R 1, Entries 2~5), >4 HBr
M8 025 mL B, RNAREFFEAE, [FK HBr (1)
R DER L, Entry 4). 56K (K 1, Entries 4,
6~9)K W], MR SE 50 CHF, RNAREFH GC k%
(% 1, Entry 8), Wb R iy 8lC# AARAARI T S B R AT
AP IR SEI0 R W (3K 1, Entries 1, 8, 10~13), 4
] PdBry /E M HEAF, OV EHATEU T GC b2 H
WEFEPE(E 1, Entry 10), #ehfi & PdBr, /F 1% 544 T () %

Br

[Bmim]Br/HBr BN 7

— =

50°C

Cl =

[Bmim]CI/HCI

50°C
4

B &AL AR T 5 5- - -7 (K A2 AR B B b

Figure 1 Pd-catalyzed cross-coupling reaction of haloalkynes with hex-5-en-1-ol in ionic liquids

1 RLPERAa) Y 5-CM-1-RE(2) HIAS SRR S R 25 A HLAE @

Table 1 Optimization of conditions for the cross-coupling reaction of 1a with 2

Br Br
Q%Br 4 NSy et — _
1a 2 Solvent, T
3a

Entry Solvent HBr/mL Pd cat. 7/C GC yield/% Z/E
1 [Bmim]Br 0.10 — r.t. — —
2 [Bmim]Br 0.10 PdCl, r.t. 25 87/13
3 [Bmim]Br 0.20 PdCl, r.t. 41 95/5
4 [Bmim]Br 0.25 PdCl, r.t. 77 98/2
5 [Bmim]Br 0.30 PdCl, r.t. 77 98/2
6 [Bmim]Br 0.25 PdCl, 35 83 98/2
7 [Bmim]Br 0.25 PdCl, 45 87 98/2
8 [Bmim]Br 0.25 PdCl, 50 93 98/2
9 [Bmim]Br 0.25 PdCl, 55 92 98/2
10 [Bmim]Br 0.25 PdBr, 45 97 98/2
11 [Bmim]Br 0.25 Pd(OAc), 45 36 96/4
12 [Bmim]Br 0.25 Pd(PPh;), 45 — —
13 [Bmim]Br 0.25 Pd(PPh;),Cl, 45 21 96/4
14 [Bmim]BF, 0.25 PdBr, 45 67 77/23
15 [Bmim]PFg 0.25 PdBr, 45 62 66/34
16 [BuPy]Br 0.25 PdBr, 45 79 96/4
17 — 0.25 PdBr, 45 88 75/25
18 CH,CN 0.25 PdBr, 45 87 54/46

¢ W 4%AF: 1a (0.5 mmol), 2 (0.6 mmol), B FWM(0.5 mL), ¥4 H F W 12 h. ® GC-MS #i5E Z/E Lefl.
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B WA 224 1, Entries 10, 14~16)&%HL, 4
{8 F[Bmim]Br/HBr,q MG I, RINVARE T GC
b, Hoh B A, Wi[Bmim]BF,. [Bmim]PFg, LA
J[BuPy|Br MW GC HAL K FE LI A T, W
AN IZ SR, [Bmim]Br f& 80 &35 (15 AR, %
FIRRE—0 % 82(F 1, Entries 17, 18)7x, JoIHABKI%
FILA S CH3CN [RSE T, BRARATE Jse B HAT B4 1) GC e 4
B S (Y@ A o bvive 2 s A Y (AP N O 7 A Y = e et L)
SNAA N VA 0.5 mL [Bmim]Br A1 0.25 mL
HBr. [MNIREEHR 50 C, RMNAEAF]A PdBr,.
1.2 EYEEEHAR

TEPACSRAT T 25 GEAN ) e o JEURERT SN R 520,
LA R ISR A S A, I RE LU R e 32
R R H AR A Y. Bln, HIRE R AR,
Be. ZEE. BT IER (La~1d), SN R GENTUR Mt
1T, WRBERIIEAC LA R, RSN %10 i
FIRW; Ak, BRI 5, Lhin 4 7RI
AR HR AR BE SR R R I Ak [RIERE, AN T) B s 7
DA R AN [ o S AR R R R (16~ 1), B A RE
SEIL S BIR TS P R e Ak, E— 2D i, UL
L 1 AR (TR I, s I i S B0 Hp 45 7 R (1) AL
A RS, “HURZREEIGR 10, thReseIls s
RIEA; SN RE— IR T 05 3R E RIS B A
6], SN JUT-BA M. (R4 1E T ey S pu il g

T ARG B B RE 2 2, BELL 73%7= K432 H Arfk
AW 3m; JOVIEPEAE IR 1n), HEESEILH AR
FER AL

AR TR S 25 L DL e 52 A0 SR IR, &% R Y,
PRI RENLELE: 75 & AT, s Ao 4w
R Az pa HAK SN B 6 A v 1] AP0, R ok
5- T - 1-IERR B VR N B SE A0 v (R4 C—Pd
th, FELRHARYI R U R T RO, R &t -
AR T BT R H A &)
1.3 PRI

L S E5 /25 IR, "TH NMR, °C NMR, MS Al
o> HE TSR, 20/ SE R, H AR S g
h3078~3052 cm ' (RIS R I C=C—H 4 i
BRI, BT 1648~1600 cm™ Wl Ky C=C fif
FaPRshlcis. 4T H A &2 "H NMR a4, 5 4
5.82~5.70 kb I % FEIE Ny T-NIR A=A R, Ak,
0 4 5.00~4.92 Kb, B2 FIE, A 2R i Y AN AL AL
Pk
2 4ig

SCHLT LA 5-CU- 1-1 4 J5URE S5 b g (1948 X
LY. — RIS KL 75 PdBr, (3 mol%),

[Bmim]X (0.5mL), HX (0.25mL), [NiJEHR 50 T4
PEF, SRy 5-C6-1-BERERS 13 B 45 KA R 1Y

s
1 2

K2 PR 5O -8 1A SRR SR @

Table 2 Cross-coupling reaction of haloalkynes with hex-5-en-1-ol

PdBr; (3 mol%)

_ >

[Bmim]X/HX, 50°C

X =Cl, Br
Entry Haloalkyne Aryl X Time/h Product Yield®/%
1 la Ph Br 12 3a 91
2 1b 4-MeC¢Hy Br 12 3b 89
3 1c 4-EtCgHy Br 12 3c 93
4 1d 4-t-BuCgHy Br 16 3d 76
5 le 4-PhC¢Hy Br 16 3e 83
6 1f 4-FCeH, Br 12 3f 94
7 1g 4-CICgH, Br 12 3g 86
8 1h 4-BrC¢Hy Br 12 3h 80
9 1i 2-CIC¢H4 Br 18 3i 90
10 1j 2-BrC¢Hy Br 18 3j 81
11 1k 4-MeOC4¢Hy Br 24 3k 77
12 11 2,4-Me,CgHj; Br 24 31 83
13 1m 2-Thienyl Br 24 3m 73
14 In Ph Cl 24 4 78

 J2 N 4442 1 (0.5 mmol), 2 (0.6 mmol), 3 mol% PdBr; (4.8 mg), 0.5 mL [Bmim]X, 0.25 mL HX, %5 4UH F 50 CJ; » 4585 %,
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RIDE =28, T HLSC N 2R B HH A 2 1) X 3 88 2 A4 10k
PPk Ao, SR AR, 5 THEAERLIE, A
cis-1,2- — p IR FEAT AP I 1 00 5 e it 1 — S M 4
(1igAz.
3 ZBES
3.1 UFEHHF

% [H PERKIN-ELIMER 1730 FT-IR £L4MGiA%,
KBr HJv; 4[5 Bruker 22\ 400 MHz DRX-400 %1 1
PRI, ¥77 CDCL, WARTMS; ZEH LCQ Deca XP MAX
TEOH 10 3% - ST I FH A% (236 [ FINNIGAN TRACE DSQ
A, 70 eV); A THAEH R AR X-5 T8 WM
P4 s AN

A RF i dral, Radt—Daith. 31
WK ((Bmim]Br'”!, [Bmim]BF,'®, [Bmim]PF4!'"),
[BuPy]Br!'*) Z25AH W SCHR A5 K.
32 ZWAHE

25 mL A IMA 0.5 mmol 4 Xi(1a~1n), 0.6
mmol 5- L 4%-1-E£(2), 3 mol% PdBr, (4.8 mg), 0.5 mL £
FWARA 025 mL HX, =5 E N 50 CHESHi+E,
TLC BREE. RNEEW G, HEwH A 10 mL L/ L
(10 mLX3), ZH, AHUZTKRBRYE T, e+
ML, FEENTS 3a~3m 1 4. AL &Y E
IR, '"H NMR, *C NMR, MS il HRMS #fiiif. %4h, &1
AR EIRAE T B 528 W] AL AR R T AR A 3
UM SR BEAT W PR, M S 4 R, BTk
R FIRE L HOWREERE, HisL&EM ZE W
FNBCZ S5 I S BRAIG, A0 PR O M &) HX I,
SN AR 5 TR AR A e PR R AT PR R R 1

(2)-(1,2- L-1,7-3¢ M) K (3a): BEOAK, =%
91%. "H NMR (400 MHz, CDCL3) 6: 7.40~7.30 (m, 5H),
5.78~5.68 (m, 1H), 4.95~4.91 (m, 2H), 2.44 (t, J=7.6
Hz, 2H), 1.95 (dd, J=14.2, 7.0 Hz, 2H), 1.64~1.56 (m,
2H), 1.29 (dt, J=14.4, 7.2 Hz, 2H); *C NMR (100 MHz,
CDCly) 6: 138.4, 137.6, 130.9, 128.9, 128.7, 128.6, 127.6,
114.7, 37.8, 33.2, 28.3, 27.6; IR (KBr) v: 3078, 2983,
1600, 1455, 1420, 720 cm ™ '; MS (EI) m/z: 102, 129, 131,
174, 183, 211, 254, 298, 342; HRMS (EI) caled for
C4H¢Br, 341.9619, found 341.9613.

(2)-1-(1,2- Z1R-1,7- ZJd)-4- B 2K (3b): 2 A
&, 77% 89%. 'H NMR (400 MHz CDCL3) d: 7.24~7.14
(m, 5H), 5.79~5.69 (m, 1H), 4.96~4.93 (m, 2H), 2.44 (t,
J=6.8 Hz, 2H), 2.37 (s, 3H), 1.96 (d, J=6.8 Hz, 2H),
1.61~1.58 (m, 2H), 1.31~1.26 (m, 2H); *C NMR (100
MHz, CDCls) 0: 138.9, 138.4, 134.6, 131.0, 129.2, 128.5,
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127.2,37.8, 33.3, 28.3, 27.6, 21.3; IR (KBr) v: 3064, 2985,
1616, 1454, 1423, 726 cm™'; MS (EI) m/z: 105, 115, 129,
155, 176, 207, 233, 279, 312, 356; HRMS (EI) calcd for
CysH,sBr, 355.9775, found 355.9770.

(Z2)-1-(1,2-3R-1,7-2F 4 )-4- LK K (3e): (A
%, 772 93%. "H NMR (400 MHz, CDCls) d: 7.24~7.19
(m, 4H), 5.79~5.69 (m, 1H), 4.95~4.91 (m, 2H), 2.67 (q,
J=17.6 Hz, 2H), 2.46~2.43 (m, 2H), 1.96 (q, J=7.2 Hz,
2H), 1.46~1.58 (m, 2H), 1.34~1.28 (m, 2H), 1.25 (t, J=
7.2 Hz, 3H); *C NMR (100 MHz, CDCl5) §: 145.1, 138.4,
134.8, 131.1, 128.6, 128.0, 127.2, 114.6, 37.8, 33.3, 28.6,
28.3, 27.6, 15.3; IR (KBr) v: 3056, 2983, 1610, 1504,
1458, 1400, 728 cm '; MS (EI) m/z: 115, 128, 155, 176,
233, 257, 279, 312, 342, 370; HRMS (EI) calcd for
C16H0Br, 369.9932, found 369.9928.

(2)-1-(GBUT H5)-4-(1,2- = R-1,7-2F Z45) K (3d): 3%
AR, 77% 76%. '"H NMR (400 MHz, CDCLy) J: 7.38
(d, J=8.0 Hz, 2H), 7.25 (d, J=10.0 Hz, 2H), 5.79~5.69
(m, 1H), 4.95~4.91 (m, 2H), 2.46 (t, J=7.2 Hz, 2H), 1.96
(q, J=6.8 Hz, 2H), 1.65~1.59 (m, 2H), 1.37~1.29 (m,
11H); *C NMR (100 MHz, CDCl5) 6: 152.0, 138.4, 134.5,
131.1, 127.3, 125.5, 114.6, 37.8, 34.7, 33.3, 31.2, 28.3,
27.6; IR (KBr) v: 3052, 2984, 1604, 1500, 1451, 1410, 726
cm '; MS (EI) m/z: 115, 141, 155, 207, 259, 298, 339, 354,
398; HRMS (EI) calcd for CigHpBr, 398.0245, found
398.0243.

(2)-4-(1,2--1,7-2F 45)-1,1- B K (3e): 75 (A [#]
&, P2% 83%. mp. 157.4~158.6 C; 'H NMR (400
MHz, CDCl;) d: 7.61~7.56 (m, 4H), 7.47~7.36 (m, 5H),
5.79~5.69 (m, 1H), 4.96~4.92 (m, 2H), 2.50 (t, J=7.6
Hz, 2H), 1.97 (q, J=6.8 Hz, 2H), 1.67~1.60 (m, 2H),
1.36~1.28 (m, 2H); “C NMR (100 MHz, CDCl;) §:
141.7, 140.2, 138.4, 136.4, 130.7, 129.1, 128.9, 127.8,
1272, 127.1, 114.7, 37.9, 33.3, 28.4, 27.6; IR (KBr) v:
3056, 2983, 1618, 1500, 1445, 1406, 745 cm™'; MS (EI)
m/z: 115, 173, 207, 248, 326, 384, 418; HRMS (EI) caled
for CaoH0Br, 417.9932, found 417.9927.

(Z2)-1-(1,2- 2 R-1,7-2F T 45)-4-5 28 (30): Lk,
FEE 94%. "H NMR (400 MHz, CDCl3) 6: 7.31~7.28 (m,
2H), 7.09~7.05 (m, 2H), 5.78~5.68 (m, 1H), 4.96~4.92
(m, 2H), 2.42 (t, J=7.2 Hz, 2H), 1.96 (q, J=6.8 Hz, 2H),
1.63~1.56 (m, 2H), 1.33~1.26 (m, 2H); *C NMR (100
MHz, CDCl3) 8: 163.7 (d, J=248.0 Hz), 138.3, 133.5 (d,
J=3.5 Hz), 130.6 (d, J=8.3 Hz), 129.8, 127.9, 115.7 (d,
J=21.7 Hz), 37.8, 33.2, 28.2, 27.6; IR (KBr) v: 3056,

http://sioc-journal.cn/ 1151
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2980, 1608, 1508, 1450, 1400, 729 cm™'; MS (EI) m/z:
109, 133, 159, 170, 237, 249, 293, 316, 360; HRMS (EI)
caled for C,4H;sBr,F 359.9525, found 359.9525.
(Z)-1-50-4-(1,2- ¥8-1,7-F ZH5) % (3g): LAk,
F7 % 86%. '"H NMR (400 MHz, CDCl3) d: 7.52 (d, J=8.0
Hz, 2H), 7.19 (d, J=8.4 Hz, 2H), 5.79~5.69 (m, 1H),
4.97~4.92 (m, 2H), 2.37~2.33 (m, 2H), 1.97 (q, J=6.8
Hz, 2H), 1.63~1.56 (m, 2H), 1.34~1.28 (m, 2H); "*C
NMR (100 MHz, CDCl3) d: 138.3, 136.2, 134.8, 131.8,
130.5, 126.9, 123.1, 114.8, 35.8, 33.2, 27.7, 27.3; IR (KBr)
v: 3058, 2983, 1601, 1515, 1450, 1401, 724 cm™'; MS (EI)
m/z: 115, 138, 167, 207, 246, 285, 316, 344, 376; HRMS
(EI) caled for C14H,sBr,Cl 375.9229, found 375.9224.
(2)-1-1R-4-(1,2- " 3R-1,7-F —Ji) K (3h): B (A4,
77 80%. "H NMR (400 MHz, CDCl3) d: 7.51 (d, J=8.0
Hz, 2H), 7.19 (d, J=8.0 Hz, 2H), 5.79~5.69 (m, 1H),
4.96~4.92 (m, 2H), 2.44~2.40 (m, 2H), 1.97 (q, J=7.2
Hz, 2H), 1.63~1.55 (m, 2H), 1.33~1.26 (m, 2H); "°C
NMR (100 MHz, CDCl3) d: 138.3, 136.4, 131.8, 129.7,
1282, 123.1, 114.8, 37.9, 33.3, 28.3, 27.6; IR (KBr) v:
3053, 2980, 1622, 1509, 1453, 1426, 728 cm™'; MS (EI)
miz: 115, 149, 185, 207, 264, 308, 342, 420; HRMS (EI)
calcd for C,4H,sBrs 419.8724, found 419.8719.
(Z)-1-3-2-(1,2- - R-1,7-2F 05) K (3i): 2 A4,
P 90%. '"H NMR (400 MHz, CDCl3) d: 7.44 (d, J=7.6
Hz, 2H), 7.32~7.28 (m, 2H), 5.77~5.67 (m, 1H), 4.94~
4.89 (m, 2H), 2.36~2.22 (m, 2H), 1.96~1.91 (m, 2H),
1.63~1.49 (m, 2H), 1.31~1.23 (m, 2H); *C NMR (100
MHz, CDCLy) 6: 138.3, 136.2, 133.2, 130.7, 130.4, 130.0,
129.4, 127.5, 127.1, 114.6, 37.7, 33.2, 27.7, 27.6; IR (KBr)
v: 3058, 2982, 1617, 1543, 1450, 1408, 728 cm™'; MS (EI)
mlz: 115, 149, 175, 217, 253, 297, 332, 376; HRMS (EI)
caled for C,4H;sBr,Cl 375.9229, found 375.9228.
(D)-1-1-2-(1,2-R-1,7-2F J8) 2K(3j): # ik,
P 81%. "H NMR (400 MHz, CDCl3) d: 7.63 (d, J=8.0
Hz, 1H), 7.63 (d, J=8.0 Hz, 1H), 7.25~7.22 (m, 2H),
5.77~5.67 (m, 1H), 4.94~4.89 (m, 2H), 2.35~2.22 (m,
2H), 1.96~1.91 (m, 2H), 1.64~1.49 (m, 2H), 1.31~1.22
(m, 2H); *C NMR (100 MHz, CDCl;) §: 138.3, 138.2,
133.3, 130.7, 130.5, 129.4, 129.2, 127.7, 123.1, 114.6,
37.7,33.3,27.7, 27.6; IR (KBr) v: 3055, 2982, 1610, 1547,
1425, 1400, 744 cm ™ '; MS (EI) m/z: 115, 141, 149, 162,
182, 218, 262, 297, 343, 376, 420; HRMS (EI) calcd for
Cy4H,sBr; 419.8724, found 419.8719.
(2)-1-(1,2- ZR-1,7- 4f)-4- A FE R 3k):
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WA, 77% 77%. '"H NMR (400 MHz, CDCL3) d: 7.25 (d,
J=8.8 Hz, 2H), 6.89 (d, J=8.0 Hz, 2H), 5.79~5.69 (m,
1H), 4.96~4.92 (m, 2H), 3.83 (s, 3H), 2.44 (t, J=7.2 Hz,
2H), 1.96 (q, J=6.8 Hz, 2H), 1.63~1.56 (m, 2H), 1.34~
1.26 (m, 2H); “C NMR (100 MHz, CDCl;) 6: 159.8,
138.4, 130.9, 130.0, 129.8, 127.1, 114.6, 113.9, 55.3, 37.9,
33.3, 28.3, 27.6; IR (KBr) v: 3064, 2924, 1640, 1500,
1450, 1410, 738 cm ™ '; MS (EI) m/z: 102, 115, 131, 185,
249, 277, 328, 372; HRMS (EI) calcd for C;sH;sBr,0
371.9724, found 371.9721.

(2)-1-(1,2-Z9R-1,7- 0)-2,4- LR GI): #th
Witk, 772 83%. '"H NMR (400 MHz, CDCL3) 6: 7.04 (d,
J=17.2 Hz, 2H), 7.00 (d, J=8.0 Hz, 1H), 5.77~5.67 (m,
1H), 4.94~4.89 (m, 2H), 2.33 (s, 3H), 2.29~2.23 (m,
5H), 1.93 (q, J=7.0 Hz, 2H), 1.57~1.49 (m, 2H), 1.29~
1.24 (m, 2H); “C NMR (100 MHz, CDCly) §: 139.1,
138.4, 136.1, 134.0, 131.3, 130.3, 128.9, 127.8, 127.4,
114.6, 37.6, 33.3, 27.9, 27.6, 21.2, 19.2; IR (KBr) v: 3055,
2983, 1617, 1540, 1422, 1400, 726 cm'; MS (EI) m/z:
115, 128, 141, 162, 197, 233, 245, 285, 312, 370; HRMS
(EI) caled for C16H,0Br, 369.9932, found 369.9927.

(2)-2-(1,2- 3R -1,7-2 0 ) HE Wy 3m): 3 (LA,
7% 73%. '"H NMR (400 MHz, CDCl;) §: 7.38 (d, J=5.2
Hz, 1H), 7.10 (d, J=3.6 Hz, 1H), 7.00~6.98 (m, 1H),
5.82~5.72 (m, 1H), 5.00~4.94 (m, 2H), 2.64 (t, J=7.2
Hz, 2H), 2.02 (q, J=7.2 Hz, 2H), 1.69~1.62 (m, 2H),
1.43~1.36 (m, 2H); *C NMR (100 MHz, CDCly) ¢:
138.4, 129.9, 128.5, 127.4, 126.7, 124.1, 114.7, 38.5, 33.3,
28.4, 27.8; IR (KBr) v: 3063, 2924, 1648, 1500, 1450,
1418, 736 cm™'; MS (EI) m/z: 121, 165, 191, 207, 278,
282,313, 348; HRMS (EI) calcd for C1,H4Br,S 347.9183,
found 347.9181.

(2)-(1,2- Z5-17-F ) K (4): sk, /=%
78%. "H NMR (400 MHz, CDCL3) 6: 7.39~7.34 (m, 3H),
7.32~7.30 (m, 2H), 5.77~5.67 (m, 1H), 4.95~4.90 (m,
2H), 2.42 (t, J=7.2 Hz, 2H), 1.93 (q, J=6.8 Hz, 2H),
1.63~1.56 (m, 2H), 1.33~1.25 (m, 2H); >C NMR (100
MHz, CDCly) 6: 138.3, 137.5, 130.9, 128.8, 128.7, 128.6,
127.5, 114.7, 37.8, 33.2, 28.2, 27.6; IR (KBr) v: 3068,
2986, 1615, 1450, 1410, 729 cm™'; MS (EI) m/z: 115, 127,
135, 174, 189, 207, 254; HRMS (EI) calcd for C;4H;4Cl,
254.0629, found 254.0624.

48 Bh A4 &l (Supporting Information) &4t T A5 #i 1L
RS TH NMR FTBC NMR 3 &, X 864k a] DL b 2%

Chin. J. Org. Chem. 2014, 34, 1148~1153
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