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Abstract A series of homoallyl esters, homopropargyl esters and f-acetoxyl esters were obtained via Barbier reaction from
one pot three component reaction of aldehydes, bromohydrocarbons and anhydrides mediated by zinc copper couple under
non-catalytic and solvent-free conditions. The studies on the reaction conditions and the reaction mechanism were also carried
out. This protocol has advantages of mild conditions, simple work-up, high yield, easily available starting materials and fast
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reaction rate.
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ARG, BRFA R ONERER. A EEE
B —FIEIRIESS, N A ReE L R I EA SR
I BRI PERT, SN AT BRI, B ACLE, I
HAERHE W& IR, S5t R BEE i (S ae

Rt Barbier SN FIREATIEMN. KTk, AR
B R U M e k, WOBTEER BB (2 HE TS ¥ 7RI Barbier
N, FIFHBARE. BEMIREF =205 “—H#ik”
& HORIRIE(Eq. 1).
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RICHO + R%Br+(R%COR0 ———— V. 7 (1)
Solvent-free R" O
a b c
d1~d30

1 GHR5TR
1.1 REIFHER
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LR (10 mmol) [ e B A, 58 T AR 48 (1.0
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Table 1 Comparation of reaction activity among different metal

Metal Zn Zn-Cu Sn® Mg® Pb Fe Ni Al Mn

Time/h 05 05 05 05 120 12.0 12.0 12.0 12.0
Yield% 68 97 74 35 0 0 0 0 0

“ All reactions were carried out at room temperature. Reaction condition:
2,4-dichlorobenzaldehyde (8 mmol), allyl bromide (10 mmol), acetic anhy-
dride (10 mmol), metal (10 mmol); ®20% TMSCI.
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Table 2 Three-component reaction of aldehyde, bromoalkane,
and anhydrides mediated by zinc copper couple

Product R R’ R’ Yield/%
d1 2-MeOC4¢Hy4 Allyl Me 67
d2 2,4-CL,C¢H; Allyl Me 97
d3 C¢Hs Allyl Me 95
d4 3-MeOCgHy Allyl Me 84
ds 2-CIC¢H4 Allyl Me 89
dé 4-MeOCg¢H,4 Allyl Me 75
d7 3-BrCeH, Allyl Me 86
ds CH;(CH,)s Allyl Me 69
d9 4-CIC¢H, Allyl Me 96
d10  3-BrCeH, Allyl Ph 91
dll  3-MeOCgH, Allyl Ph 73
di12  2-CIC¢H,4 Allyl Ph 85
d13  Vinyl Allyl Ph 70
d14  3-MeOC¢H, Propargyl Me 75
d15  3-BrC¢H, Propargyl Me 87
dl6 2-CIC¢H,4 Propargyl Me 82
d17  4-CIC¢H,4 Propargyl Me 93
d18 C¢Hs Propargyl Me 77
d19  Vinyl Propargyl Me 68
d20 2,4-Cl,C¢H; Propargyl Ph 84
d21  Vinyl Propargyl Ph 85
d22  3-BrC¢H, Propargyl Ph 86
d23  2-CIC¢H,4 CH,CO,Et Me 90
d24 2,4-Cl,C¢H; CH,CO,Et Me 98
d25  3-BrCeH, CH,CO,Et Me 98
d26 4-CIC¢H,4 CH,CO,Et Me 96
d27  2,4-Cl,C¢H; CH,CO,Me Me 90
d28 C¢H;s CH,CO,Me Me 83
d29  Vinyl CH,CO,Me Me 78
d30 CH;(CH,)s CH,CO,Me Me 81
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“ All reactions were carried out at room temperature under solvent free condi-
tions: aldehyde (8mmol), bromoalkane (10 mmol), anhydrides (10 mmol), zinc
copper couple (0.8 g).

1.3 RREAE
% [ N A 28 0] REAT 9 e 32 T () S B G R (Scheme

http://sioc-journal.cn/ 713



BIHE

R

1). — RSl B PR, 78 1% 5 B R v R B AT /]
Re i AN EEE RS, BERARRE B e Em e E A R
BUEE, SRIG A HLEE FEE A5 0 R S o7 A BRI R B 46 1,
SR R T 5o A= G HH B2 TR B T A T RE e i f e 1
RN RIS, SR MBS i T
it FEE A R T RE AR SR 1, SRS RER T AE BRI
N TR S S ATLER (P RT REME, BATTE a0 R SEE:
K5 PR FES IRURT A A A 1) B LB, SR N AT 5K
M S TR, o ) IROSIAA 22 9 TR INN £ R T4 310 AH B
) 1 P TR (dS), TN 80%. 1) T 3 IR AN AR AU K
HEE VR A M\ BB R, OSBRI R 31 =
B, RAERRT mE AR, R)E I CIREF
WAFF) 7RI (1) 50 45 T ZE B (dS) = N 88%.

Zn R?ZnBr RICHO (R%c0),0
\fr zn?t
R?Br
OZnBr
w*?z

B 1 A R AR
Scheme 1  Speculation of reaction mechanism
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3.1 X5

B 3ERE1E "H NMR (400 MHz)#1 *C NMR (100
MHz)®% H] Bruker AV 400 #Z#EILHRACI €, BN
CDCl, TMS HNW#H5; £L4MG1EACH Alpha Centauri FI-
IR B4, RAMEE, A QP-1000A GC-MS il
€, EI TS ACGNE; 7TeR S HTHAEE Elementar A ]
Vario EL I JGER T, 52560 AT R A T & 4
aiksn, SRR A b,
3.2 ZWHE
3.2.1 4F51Be9 % &

FHE#(32.5 g, 50 mmol)I 100 mL BN+, i
A 40 mL /KREIZUEHE, SRS 0N 1 mL 3k ShIRVE (LB
#, 5 min JEKE KB, TR 40 mL KBEIZEHE. I
1 mL B EEFR, 5 min J5 /K25 mL X 3)¥eigte by )5 B
1] 50 mL FIBEH AR I 40 mL ZK B ZUFERE. b b 22
BN TR IR ER (1.6 g, 10 mmol), 10 min J&Kf /K 81
. AH/K(25 mLX3). HWEI(10 mLX3). Ik
(10 mL X 2)Peic ey, Wer MmN B2 TR e
100 CHAF T4 3 h. iR =E/GIH Zn-Cu {5
B,
3.2.2  FRERESH9 A Rk

FERCA TRR T H8H 50 mL B A i N B 4 1
0.8 g A1 8 mmol f&, 2 HHIEIIA 10 mmol BR A
10 mmol {RAVEHIREY), IR MEA VIR K E KR
N, FEEE 30 min 5 RP A5 SN Eh AR [ SN N
A (S mL), SRJEIIAIK(S mL)#HEHE 2 min, 4 HAHL
AH. KA ZHEE(15 mL X 2)ZHUS, A AP MgSO,
T, B WIAEBE 28 L RUA R, FRWAEENraith, A
TR 2R CERVEGEIBLR, 15 H AR~ d1~d30.

CIR[1-2- A 2R 38 s M TR TR (D! 3% iR
'H NMR (400 MHz, CDCly) 0: 7.32~6.86 (m, 4H),
6.26~6.23 (m, 1H), 5.81~5.71 (m, 1H), 5.07~5.00 (m,
2H), 3.84 (s, 3H), 2.61~2.49 (m, 2H), 2.07 (s, 3H); °C
NMR (100 MHz, CDCly) 6: 170.5, 156.3, 134.2, 129.1,
128.9, 126.6, 120.7, 117.7, 110.8, 69.9, 55.7, 39.9, 21.5.
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LR [1-(2,4- G K B ) i I TR 1 (a2)1): 3% £ 3l
K. '"H NMR (400 MHz, CDCl;) §: 7.37~7.23 (m, 3H),
6.16~6.13 (m, 1H), 5.78~5.68 (m, 1H), 5.09~5.04 (m,
2H), 2.61~2.51 (m, 2H), 2.09 (s, 3H); *C NMR (100
MHz, CDCl;) 0: 169.8, 136.7, 133.9, 132.8, 132.5, 129.3,
128.1, 127.3, 118.5, 71.3, 39.3, 21.0.

LR (1- A HE w03 )R (d3)PY: gk, 'TH NMR
(400 MHz, CDCLy) 6: 7.37~7.25 (m, 5H), 5.82~5.79 (m,
1H), 5.75~5.66 (m, 1H), 5.10~5.03 (m, 2H), 2.69~2.52
(m, 2H), 2.07 (s, 3H); *C NMR (100 MHz, CDCl;) ¢:
170.2, 140.0, 133.3, 128.4, 127.9, 126.5, 118.0, 75.1, 40.7,
21.2.

CR[1-(3-F AR 2K 38 ) i M TR 1 (d ) 3% iR
'H NMR (400 MHz, CDCly) d: 7.28~7.24 (m, 1H),
6.93~6.81(m, 3H), 5.79~5.65 (m, 2H), 5.10~5.04 (m,
2H), 3.81 (s, 3H), 2.67~2.53 (m, 2H), 2.08 (s, 3H); "°C
NMR (100 MHz, CDCl;) d: 170.2, 159.6, 141.7, 133.3,
129.5,118.8, 118.0, 113.1, 112.2, 75.0, 55.2, 40.7, 21.2.

CIR[1-Q-F A i A EE@s)!™): s aek. 'H
NMR (400 MHz, CDCl3) d: 7.39~7.17 (m, 4H), 6.21~
6.18 (m, 1H), 5.79~5.02 (m, 1H), 5.08~5.02 (m, 2H).
2.64~2.49 (m, 2H), 2.08 (s, 3H); *C NMR (100 MHz,
CDCly) d: 169.9, 138.0, 133.0, 132.1, 129.6, 128.8, 127.1,
126.9, 118.1, 71.7, 39.5, 21.1.

CIR[1-(4-F AR 2R 38 ) s 4 T 1B (d6) ) 3 iR
'H NMR (400 MHz, CDCly) d: 7.29~7.26 (m, 2H),
6.89~6.86 (m, 2H) 5.78~5.63 (m, 2H), 5.10~5.02 (m,
2H), 3.78 (s, 3H), 2.69~2.50 (m, 2H), 2.05 (s, 3H); "°C
NMR (100 MHz, CDCl;) d: 170.3, 159.3, 133.4, 132.1,
128.0, 117.9, 113.7, 74.8, 55.2, 40.5, 21.3.

LR[-G-IR ) & i N 1B (d7): sk, 'H
NMR (400 MHz, CDCl3) d: 7.46~7.17 (m, 4H), 5.74~
5.60 (m, 2H), 5.08~5.03 (m, 2H). 2.63~2.47 (m, 2H),
2.06 (s, 3H); *C NMR (100 MHz, CDCl3) 6: 170.1, 142.4,
132.8, 131.0, 130.0, 129.5, 125.2, 122.5, 118.4, 74.3, 40.7,
21.1; IR (film) v: 3076, 3011, 2980, 1742, 1643, 1571,
1234, 1026, 922, 785 cm™ '; EI-MS m/z: 268 (M, 0.1), 227
(19.9), 185 (29.0), 157 (10.8), 77 (14.5), 43 (100.0). Anal.
calcd for C,H30,Br: C 53.55, H 4.87; found C 53.38, H
4.69.

ZIR(1-1E O3 = 5 TH) B (d8): # @ik, '"H NMR
(400 MHz, CDCLy) : 5.76~5.69 (m, 1H), 5.07~5.02 (m,
2H), 4.91~4.85 (m, 1H), 2.30~2.25 (m, 2H), 2.01 (s,
3H), 1.52~1.50 (m, 2H), 1.27~1.25 (m, 8H), 0.85 (t, J=
6.4 Hz, 3H); *C NMR (100 MHz, CDCl;) §: 170.8, 133.8,
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117.5, 73.3, 38.6, 33.6, 31.7, 29.1, 25.2, 22.6, 21.2, 14.1;
IR (film) v: 3078, 2930, 1739, 1643, 1373, 1241, 1025, 917
em '; EI-MS m/z: 157 (3.1), 138 (1.8), 127 (2.3), 113
(1.2), 97 (31.2), 43 (100.0). Anal. calcd for C;,H»0,: C
72.68, H 11.18; found C 72.35, H 10.82.

LR -(4-F ) m A N R @9)!™: sk, 'H
NMR (400 MHz, CDCl;) d: 7.33~7.25 (m, 4H), 5.77~
5.61 (m, 2H), 5.09~5.04 (m, 2H), 2.66~2.48 (m, 2H),
2.06 (s, 3H); *C NMR (100 MHz, CDCl3) 6: 170.1, 138.5,
133.7,132.8, 128.6, 127.9, 118.4, 74.4, 40.6, 21.1.

FHER[1-G-I2K L) R A B (d10): Bk, 'H
NMR (400 MHz, CDCl;) d: 8.10~7.20 (m, 9H), 6.00~
5.97 (m, 1H), 5.82~5.71 (m, 1H), 5.15~5.07 (m, 2H),
2.81~2.63 (m, 2H); *C NMR (100 MHz, CDCLy) o:
165.6, 142.4, 133.1, 132.7, 131.1, 130.1, 129.6, 129.4,
128.4, 125.1, 122.6, 118.6, 74.9, 40.8; IR (film) v: 3070,
2979, 1720, 1643, 1573, 1268, 1105, 922, 712 cm
EI-MS m/z: 330 (M, 0.01), 289 (2.4), 183 (2.3), 155 (1.2),
105 (100.0), 77 (21.3), 51 (6.8). Anal. caled for Cj;Hs-
0,Br: C 61.65, H 4.56; found C 61.34, H 4.32.

R HER[1-(3-HH AR R iR/ A 1 BR (d11): 35 (iR,
'H NMR (400 MHz, CDCl;) 0: 8.08~6.80 (m, 9H),
6.02~5.98 (m, 1H), 5.82~5.72 (m, 1H), 5.14~5.04 (m,
2H), 3.79 (s, 3H), 2.81~2.64 (m, 2H); *C NMR (100
MHz, CDCly) d: 165.7, 159.6, 141.8, 133.2, 133.0, 129.6,
129.5, 128.3, 118.7, 118.2, 113.0, 112.3, 75.6, 55.2, 40.9;
IR (film) v: 3071, 3005, 2944, 1719, 1643, 1600, 1269,
1107, 921, 709 cm™'; EI-MS m/z: 282 (M, 0.2), 241 (3.3),
160 (3.6), 105 (100.0), 77 (32.3), 51 (10.0). Anal. calcd for
C,sH,505: C 76.57, H 6.43; found C 76.22, H 6.15.

IR [1-2-F 2K I8 ) s T 1R (d12)™): 35 (B Ik
'H NMR (400 MHz, CDCly) 0: 8.09~7.18 (m, 9H),
6.43~6.40 (m, 1H), 5.88~5.78 (m, 1H). 5.14~5.05 (m,
2H), 2.77~2.67 (m, 2H); *C NMR (100 MHz, CDCl) ¢:
165.4, 138.0, 133.1, 132.9, 132.1, 130.1, 129.7, 128.8,
128.4,127.1,127.0, 118.4, 72.5, 39.5.

IR(1- 5w )G (d13): @ik, 'TH NMR
(400 MHz, CDCl;) §: 8.08~8.05 (m, 2H), 7.58~7.54 (m,
1H), 7.47~7.42 (m, 2H), 5.96~5.78 (m, 2H), 5.59~5.54
(m, 1H), 5.54~5.22 (m, 2H), 5.17~5.09 (m, 2H), 2.58~
2.53 (m, 2H); “C NMR (100 MHz, CDCl;) d: 165.7,
135.8, 133.1, 132.9, 129.6, 128.3, 118.1, 116.9, 74.2, 38.9;
IR (film) v: 3078, 2982, 2937, 1720, 1644, 1602, 1271,
1111, 711 em™'; EI-MS m/z: 202 (M, 0.2), 161 (3.7), 105
(100.0), 77 (34.5), 51 (17.5), 41 (12.5). Anal. calcd for
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Cy3H,40,: C 77.20, H 6.98; found C 76.94, H 7.13.

LFR[1-(3- R m R lEd14): E Ok, 'H
NMR (400 MHz, CDCl;) 0: 7.27~6.82 (m, 4H), 5.84 (t,
J=6.4 Hz, 1H), 3.80 (s, 3H), 2.78~2.64 (m, 2H), 2.10 (s,
3H), 1.97 (t, J=2.8 Hz, 1H); *C NMR (100 MHz, CDCl5)
5: 170.0, 159.6, 140.5, 129.5, 118.7, 113.6, 112.3, 79.4,
73.4,70.7, 55.2, 26.5, 21.1; IR (film) v: 3290, 3004, 2943,
1741, 1597, 1235, 1036, 785, 650 cm ™ '; EI-MS m/z: 218
(M", 4.6), 179 (15.6), 158 (30.1), 137 (100.0), 109 (40.2),
77 (13.6), 43 (68.5). Anal. calcd for C;3H;405: C 71.54, H
6.47; found C 71.57, H 6.34.

CPR[1-G-I A F) m A 1l (d15): Bk, 'H
NMR (400 MHz, CDCl;) 0: 7.51~7.19 (m, 4H), 5.81 (t,
J=6.4 Hz, 1H), 2.77~2.63 (m, 2H), 2.11 (s, 3H), 1.97 (t,
J=2.4 Hz, 1H); “C NMR (100 MHz, CDCl;) é: 169.9,
141.1, 131.5, 130.0, 129.5, 125.3, 122.5, 78.5, 72.7, 71.1,
26.4, 21.0; IR (film) v: 3296, 3064, 2920, 1742, 1571,
1232, 1032, 786, 654 cm '; EI-MS m/z: 227 (M+17,
30.14), 185 (23.3), 157 (9.4), 128 (15.2), 77 (12.9), 43
(100.0). Anal. caled for Ci,H;;O,Br: C 53.96, H 4.15;
found C 54.23, H 4.05.

CR[1-QQ-F A5 m R A 1l (d16): #E Mk, 'H
NMR (400 MHz, CDCl3) 0: 7.48~7.21 (m, 4H), 6.28~
6.25 (m, 1H), 2.85~2.67 (m, 2H), 2.15 (s, 3H), 1.96 (t,
J=2.8 Hz, 1H); *C NMR (100 MHz, CDCl;) é: 169.7,
136.6, 132.1, 129.6, 129.3, 127.4, 126.9, 79.0, 70.7, 70.0,
24.9, 21.0; IR (film) v: 3296, 3069, 2919, 2123, 1745,
1576, 1232, 1032, 758, 649 cm '; EI-MS m/z: 222 (M",
0.8), 183 (54.6), 141 (82.7), 111 (9.0), 77 (17.2), 43
(100.0). Anal. calcd for C;,H;;0,Cl: C 64.73, H 4.98;
found C 64.62, H 4.72.

LIR[1-(4-F A5 A 1l (d17): B Ok, 'H
NMR (400 MHz, CDCl;) 0: 7.34~7.25 (m, 4H), 5.83 (t,
J=6.8 Hz, 1H), 2.78~2.64 (m, 2H), 2.09 (s, 3H). 1.98 (t,
J=2.4 Hz, 1H); “C NMR (100 MHz, CDCl;) é: 169.9,
137.4, 134.2, 128.7, 128.0, 79.0, 72.8, 71.0, 26.3, 21.0; IR
(film) v: 3296, 3059, 2941, 2123, 1741, 1597, 1234, 1033,
825, 649 cm ™ '; EI-MS m/z: 222 (M", 1.7), 183 (44.7), 141
(74.0), 111 (12.2), 77 (16.5), 43 (100.0). Anal. calcd for
C1,H,,0,Cl: C 64.73, H 4.98; found C 64.41, H 4.68.

IR (1- R HE bk ) Big(d18)!'): # AR, 'H NMR
(400 MHz, CDCl;) d: 7.37~7.24 (m, 5H), 5.88 (t, J=6.8
Hz, 1H), 2.80~2.66 (m, 2H), 2.10 (s, 3H). 1.95 (m, 1H);
C NMR (100 MHz, CDCL) d: 170.0, 138.9, 128.4, 128.3,
126.5,79.4,73.5, 70.6, 26.4, 21.1.
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CIR(1- 25 e )G (d19): ik, 'TH NMR
(400 MHz, CDCl5) 6: 5.94~5.86 (m, 1H), 5.39~5.25 (m,
3H), 2.64~2.54 (m, 2H), 2.10 (s, 3H), 2.04~2.02 (m,
1H); '*C NMR (100 MHz, CDCly) d: 170.0, 134.6, 117.9,
79.2, 72.1, 70.5, 24.5, 21.1; IR (film) v: 3294, 2926, 1742,
1649, 1372, 1234, 1068, 1026, 728, 644 cm ™ '; EI-MS m/z:
138 (M", 0.1), 99 (17.8), 95 (8.7), 78 (13.5), 43 (100.0), 39
(18.0). Anal. calcd for CgH;0O;: C 69.54, H 7.30; found C
69.74, H 7.31.

R [1-(2,4- — S AR FE) my bR T 116 (d20): 2 {4 3l
JR. 'TH NMR (400 MHz, CDCl;) 6: 8.11~8.08 (m, 1H),
7.60~7.24 (m, 7TH), 6.42 (t, J=5.6 Hz, 1H), 2.99~2.81
(m, 2H), 1.99 (t, J=2.4 Hz, 1H); “C NMR (100 MHz,
CDClLy) d: 165.2, 135.3, 134.6, 133.4, 132.9, 129.8, 129.6,
129.5, 128.6, 128.5, 127.3, 78.5, 71.3, 70.1, 24.9; IR (film)
v: 3301, 3069, 2919, 2123, 1724, 1592, 1267, 1102, 711,
648 cm™'; EI-MS m/z: 279 (1.8), 173 (2.9), 145 (1.0), 105
(100.0), 77 (27.4), 51 (10.1). Anal. calcd for C;7H;,0,Cly:
C 63.97, H 3.79; found C 64.24, H3.51.

AR (1- L0 2 m e ) B (d21): 3% k. 'H
NMR (400 MHz, CDCl3) 0: 8.10~8.07 (m, 2H), 7.60~
7.55 (m, 1H), 7.47~7.43 (m, 2H), 6.07~5.98 (m, 1H),
5.64~5.59 (m, 1H), 5.46~5.30 (m, 2H), 2.70~2.68 (m,
2H), 2.04 (t, J=2.8 Hz, 1H); *C NMR (100 MHz, CDCl5)
d: 165.5, 134.6, 133.1, 130.0, 129.7, 128.4, 118.0, 79.2,
72.6, 70.7, 24.6; IR (film) v: 3298, 3067, 2923, 2122,
1721, 1649, 1602, 1270, 1111, 1070, 1022, 712, 649
em '; EI-MS m/z: 200 (M, 0.1), 161 (1.1), 105 (100.0),
77 (41.0), 51 (21.1), 39 (13.6). Anal. calcd for C;3H;,0,: C
77.98, H 5.71; found C 77.79, H 5.73.

FHER[1-G-I KL R A B (d22): Bk, 'H
NMR (400 MHz, CDCl3) 6: 8.12~8.09 (m, 2H), 7.62~
7.57 (m, 2H), 7.49~7.39 (m, 4H), 7.27~7.23 (m, 1H),
6.07 (t, J=6.4 Hz, 1H), 2.94~2.81 (m, 2H), 2.03~2.01
(m 1H); *C NMR (100 MHz, CDCLy) &: 165.4, 141.2,
133.3, 131.5, 130.1, 129.8, 129.7, 129.5, 128.5, 125.2,
122.6, 78.8, 73.2, 71.3, 26.6; IR (film) v: 3298, 3065,
2937, 2122, 1722, 1574, 1448, 1427, 1267, 1106, 1070,
1025, 998, 786, 711, 653 cm™'; EI-MS m/z: 328 (M™, 0.1),
289 (1.6), 183 (1.6), 155 (1.0), 105 (100.0), 77 (21.8), 51
(9.5). Anal. calcd for C;H,30,Br: C 62.03, H 3.98; found
C 62.15,H3.71.

3-(2-FRIL)-3- LR AL IR SR (d23): B BHIR.
'H NMR (400 MHz, CDCly) d: 7.40~7.23 (m, 4H),
6.52~6.48 (m, 1H), 4.19~4.12 (m, 2H), 2.88~2.78 (m,
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2H). 2.01 (s, 3H), 1.26~1.22 (m, 3H); “C NMR (100
MHz, CDCl;) 0: 169.5, 169.4, 137.1, 132.0, 129.8, 129.2,
127.1, 126.9, 69.2, 60.8, 40.0, 20.9, 14.1; IR (film) v:
3068, 2984, 1742, 1474, 1441, 1230, 1174, 1030, 760
em '3 EI-MS m/z: 270 (M, 0.1), 235 (17.65), 227 (12.6),
139 (57.5), 103 (13.2), 77 (15.6), 43 (100.0). Anal. calcd
for C3H,50,Cl: C 57.68, H 5.59; found C 57.45, H 5.69.

3-(2, 4-ZEREE)-3- AR AR LT (d24): B
K. 'H NMR (400 MHz, CDCls) o: 7.38~7.24 (m, 3H),
6.42 (q, J=5.6 Hz, 1H), 4.18~4.11 (m, 2H), 2.81~2.79
(m, 2H). 2.10 (s, 3H), 1.26~1.22 (m, 3H); *C NMR (100
MHz, CDCl;) 0: 169.3, 169.2, 135.8, 134.4, 132.8, 129.6,
127.9, 127.5, 68.7, 60.9, 39.8, 20.8, 14.1; IR (film) v:
3086, 2984, 1744, 1473, 1373, 1227, 1175, 1030, 874, 779
em '; EI-MS m/z: 304 (M", 0.4), 261 (10.8), 181 (4.26),
173 (27.0), 43 (100.0). Anal. caled for C;3H,40,Cly: C
51.17, H 4.62; found C 51.16, H 4.23.

3-(3-IRORHL)-3- LA L TR 2. TR (d25): 3 k.
'H NMR (400 MHz, CDCl;) 6: 7.49~7.19 (m, 4H),
6.10~6.07 (m, 1H), 4.14~4.08 (m, 2H), 2.93~2.68 (m,
2H). 2.06 (s, 3H), 1.22~1.18 (m, 3H); C NMR (100
MHz, CDCl;) 0: 169.7, 169.4, 141.5, 131.5, 130.2, 129.5,
1252, 122.6, 71.3, 60.9, 41.3, 21.0, 14.1; IR (film) v:
3064, 2983, 1742, 1473, 1429 1373, 1231, 1175, 1029,
887, 788 cm'; EI-MS m/z: 314 (M", 0.8), 271 (17.9),
227 (7.1), 209 (8.5), 200 (7.5), 185 (41.6), 77 (20.5), 43
(100.0). Anal. caled for C3H;s04Br: C 49.54, H 4.80;
found C 49.65, H 4.53.

3-(4-FHIE)-3- LW AL IR 2R (d26) 7 Tk
K. 'TH NMR (400 MHz, CDCl;) §: 7.32~7.26 (m, 4H),
6.12 (dd, J=5.6, 8.8 Hz, 1H), 4.162 (q, J=7.2 Hz, 2H),
2.974 (dd, J=8.8, 15.6 Hz, 1H), 2.73 (dd, J=5.2, 15.6 Hz,
1H), 2.06 (s, 3H), 1.22 (t, J=7.2 Hz, 3H); °*C NMR (100
MHz, CDCls) 0: 169.7, 169.5, 137.7, 134.2, 128.8, 128.0,
71.4,60.9,41.3,21.0, 14.1.

3-(2,4- R ORIEL)-3- WA L TR R (d27): B
K. 'H NMR (400 MHz, CDCls) d: 7.36~7.22 (m, 3H),
6.42~6.38 (m, 1H), 3.68 (s, 3H), 2.81~2.79 (m, 2H).
2.90~2.07 (m, 3H); "C NMR (100 MHz, CDCL) o:
169.7, 169.4, 135.7, 134.5, 132.7, 129.6, 127.9, 127.5,
68.7, 52.0, 39.5, 20.8; IR (film) v: 3088, 2954, 1746, 1473,
1438, 1371, 1228, 1171, 1031, 826, 778 cm " '; EI-MS m/z:
290 (M*, 0.7), 247 (14.7), 217 (4.1), 199 (6.6), 173 (27.7),
43 (100.0). Anal. calcd for Ci,H1,04Cl,y: C 49.51, H 4.15;
found C 49.57, H 3.93.
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3-IKHE-3- AL T R R (d28) "™ Bk, 'H
NMR (400 MHz, CDCl3) d: 7.36~7.24 (m, 5H), 6.16~
6.13 (m, 1H), 3.65 (s, 3H), 2.99~2.72 (m, 2H), 2.04 (s,
3H); *C NMR (100 MHz, CDCly) d: 170.2, 169.8, 139.2,
128.6, 128.4, 126.4, 72.1,51.9, 41.2, 21.1.

3-LJFHE-3- LA L N R G (d29): Bk, 'H
NMR (400 MHz, CDCl;) d: 5.89~5.80 (m, 1H), 5.66~
5.63 (m, 1H), 5.35~5.21 (m, 2H), 3.69 (s, 3H), 2.74~
2.59 (m, 2H), 2.07 (s, 3H); *C NMR (100 MHz, CDCl;) ¢:
170.2, 169.8, 134.9, 117.6, 70.7, 51.8, 39.2, 21.0; IR (film)
v: 3090, 2955, 1744, 1648, 1437, 1372, 1237, 1198, 1025,
994.1 cm™ '; EI-MS m/z: 173 M+17, 0.7), 129 (13.2), 113
(4.5), 97 (8.1), 59 (9.7), 55 (11.4), 43 (100.0). Anal. calcd
for CgH;,04: C 55.81, H 7.02; found C 55.65, H 6.78.

3-Z A IE TR 2B d23)"): FHAR. 'TH NMR
(400 MHz, CDCLy) d: 5.22~5.19 (m, 1H), 3.68 (s, 3H),
2.62~2.51 (m, 2H), 2.05 (s, 3H), 1.64~1.59 (m, 2H),
1.29~1.27 (m, 8H), 0.89~0.86 (m, 3H); *C NMR (100
MHz, CDCl;) d: 170.9, 170.4, 70.5, 51.7, 39.0, 34.0, 31.6,
29.0,25.1,22.5,21.1, 14.0.

%45 Bh A1 %l (Supporting Information) & =¥ 'H
NMR % C NMR B [E]. X St REa] LG 3 A AT 9 3
(http://sioc- journal.cn/)_F N %K.
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