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Zinc Promoted One-Pot Three-Component Synthesis of 1,2-Diaryl
Acetates under Solvent-Free Conditions
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Abstract A series of 1,2-diaryl acetates were synthesized by one-pot three-component reaction of aromatic aldehydes, benzyl
bromide and anhydrides promoted by zinc powder under solvent-free conditions. This protocol has advantages of mild condi-
tions, simple operation, high yields, easily available starting materials and fast reaction rate, which provides a convenient and
“green” method for the synthesis of 1,2-diaryl acetates.
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Table 1 Optimization of reaction conditions

O O

Q- 7 e 3
+ _— >
Cl Solvent-free O

Cl

Entry Metal Solvent t/h Yield®/%
1 Mg THF 12 42
2 Zn-Cu THF 12 45
3 Cu THF 12 0
4 Zn THF 12 70
5 Zn None 6 95
6° Fe THF 12 0
7° Co THF 12 0
8¢ Ni THF 12 0
9¢ Mn THF 12 0

10¢ Al THF 12 0

“ All reactions were performed on the following scale: 5.0 mmol of zinc pow-
der, 4.0 mmol of 2-chlorobenzaldehyde 5.0 mmol of benzyl bromide and 5.0
mmol of acetic anhydride at room temperature. ° Yields of isolated products.
€20 mol% TMSCI were added.
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Table 2 One-pot three-component synthesis of benzyl esters
from aromatic aldehydes promoted by zinc powder under sol-
vent-free conditions

(e}
R R!
X M X [ Br 2 (RIC00 (3)
'
X X Solvent-free
1 2

Entry R R! R?>  Product’ Yield/%
1 H H Me 4a 68
2 4-Me H Me 4b 72
3 4-OMe H Me 4c 48
4 4-Cl H Me 4d 82
5 4-Br H Me 4e 88
6 2-OMe H Me 4f 73
7 2-Cl H Me 4g 95
8 2-Br H Me 4h 80
9 3-OMe H Me 4i 75
10 3-Cl H Me 4j 78
11 3-Br H Me 4k 71
12 2,4-Cl, H Me 41 86
13 2,6-Cl, H Me 4m 91
14 (2-C,H;0) H Me 4n 66
15 (2-Ci4H;y) H Me 40 65
16 2-Cl 4-Cl Me 4p 70
17 4-Cl 4-Br Me 4q 73
18 2-Cl 4-Br Me 4r 75
19 4-Cl (2-CoHy) Me 4s 68
20 2-Cl (2-CoHy) Me 4t 64
21 4-Cl H Ph 4u 86
22 4-Br H Ph 4v 75
23 2-Cl H Ph 4w 80
24 3-Br H Ph 4x 72
25 2,4-Cl, H Ph 4y 88
26 2,6-Cl, H Ph 4z 84

“ All reactions were performed on the following scale: 5.0 mmol of zinc pow-
der, 4.0 mmol of aromatic aldehydes, 5.0 mmol of benzyl bromide and 5.0 of
mmol acetic anhydride or benzoic anhydride at room temperature for 3~6 h.
b All products were characterized by 'H NMR, Bc NMR, IR, MS and ele-
mental analysis for all new compounds. ¢ Yields of isolated products.
QP-1000A GC-MS %€, EI Y55 E; t& 08
%[5 Elementar /A & Vario EL III 70E 4 Hr{X. S256 B A
BB T2k, SRt — D aifu st B,
32 WA

FEF R FH) 50 mL B IIA 5.0 mmol £
¥l 4.0 mmol [, R854 BN HIMA 5.0 mmol /&
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SR, TLC FRER IS E B [ B T8 (20 3~6 h). JRBZ5 R
J ) 52 SR H I ON T AN S A B KIS (10 mL)FHE S
min, 285 15 mL ZBEAEHL, 3 B AHIAHE. KA H 2 i
(15 mLX2)ZE U, & HANAE. KA VLA HITEK
MgSO, T, SR 5 kT e 28 22 BRIA T, TR G
BEaith, AWM O OB EVERLR, 18 BAsr=9)
4a~4z.

LR (1,2- — 2K 5E) 2. (42)%: LR AA; 'H
NMR (400 MHz, CDCl3) 6: 7.36~7.09 (m, 10H), 5.96~
5.92 (m, 1H), 3.21~3.17 (m, 1H), 3.08~3.02 (m, 1H),
2.01 (s, 3H); ?C NMR (100 MHz, CDCl) 6: 170.1, 140.0,
137.0, 129.5, 128.3, 128.2, 127.9, 126.6, 126.5, 76.6, 42.9,
21.1; IR (KBr) v: 3456, 3033, 2927, 1739, 1372, 1236,
1025, 758, 700 cm ™ '; EI-MS m/z (%): 180 (M" —60, 13.6),
149 (22.4), 107 (6.5), 91 (19.2), 77 (17.3), 65 (11.8), 43
(100).

LR [1-(4- F 3 H 58)-2- 2K 3 ) L FE (4b)2™: TE i
JRIAK; 'TH NMR (400 MHz, CDCly) 0: 7.37~7.11 (m,
9H), 6.34 (dd, J=8.0, 6.0 Hz, 1H), 3.21~3.00 (m, 2H),
2.44 (s, 3H), 1.99 (s, 3H); *C NMR (CDCl;, 100 MHz) ¢:
170.1, 137.7, 137.1, 137.0, 129.7, 129.5, 129.0, 128.5,
128.3, 128.2, 126.6, 126.5, 76.5, 42.8, 21.2, 21.1; IR (KBr)
v: 3455, 3029, 2925, 1740, 1371, 1237, 1023, 812, 700
cm '; EI-MS m/z (%): 254 (M", 0.1), 194 (4.2), 178 (2.5),
163 (19.6), 121 (81.8), 91 (37.2), 77 (12.8), 65 (19.2), 43
(100).

LIR[1-(4- R IR L )-2- K H ) 2T (4e): ([
14; m.p. 84~85 ‘CCLHAE™™ 82.4~83.0 C); '"H NMR
(400 MHz, CDCLy) §: 7.25~6.81 (m, 9H), 5.90 (dd, J=
7.8, 6.4 Hz, 1H), 3.78 (s, 3H), 3.19 (dd, J=13.6, 8.0 Hz,
1H), 3.03 (dd, J=13.6, 6.4 Hz, 1H), 1.99 (s, 3H); "°C
NMR (CDCls, 100 MHz) ¢: 170.1, 159.3, 137.1, 132.1,
129.5,128.2, 128.0, 126.5, 113.7, 76.3, 55.2, 42.8, 21.2; IR
(KBr) v: 3447, 3017, 2945, 1730, 1372, 1244, 1049, 758,
698 cm'; EI-MS m/z (%): 270 (M", 1.7), 210 (2.3), 179
(32.8), 137 (100), 107 (20.6), 91 (28.7), 77 (14.2), 65
(13.0), 43 (74.5).

LBR[1-(4-F R HE)-2- R L] L (4d): H [ A,
m.p. 90~91 ‘CCCHRER™ 89.2~89.8 ‘C); 'H NMR
(400 MHz, CDCl3) §: 7.28~7.06 (m, 9H), 5.89 (t,
J=6.8 Hz, 1H), 3.17 (dd, J=13.6, 7.2 Hz, 1H), 3.01 (dd,
J=13.6, 6.0 Hz, 1H), 2.02 (s, 3H); *C NMR (CDCls, 100
MHz) §: 170.0, 138.5, 136.5, 133.7, 129.5, 128.5, 128.3,
128.0, 126.7, 75.9, 42.8, 21.1; IR (KBr) v: 3437, 3086,
2921, 1729, 1377, 1242, 1047, 751, 705 cm”'; EI-MS m/z
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(%): 214 (M"—60, 9.5), 183 (18.5), 141 (39.5), 91 (26.1),
77 (13.1), 43 (100).

LR 1-(4-TR K FE)-2- T HE) 2 il (4e)12"): (3 (0 [ 4k
m.p. 90~91 °C; 'H NMR (400 MHz, CDCly) d: 7.44~
7.05 (m, 9H), 5.87 (t, J=7.2 Hz, 1H), 3.20 (dd, J=13.6,
7.6 Hz, 1H), 3.01 (dd, J=13.6, 6.0 Hz, 1H), 2.01 (s, 3H);
C NMR (CDCl;, 100 MHz) d: 170.0, 139.0, 136.5, 131.5,
129.5, 128.3, 128.3, 126.7, 121.9, 76.0, 42.7, 21.1; IR
(KBr) v: 3435, 3031, 2918, 1730, 1487, 1376, 1047, 828,
706 cm™'; EI-MS m/z (%): 260 (M"+2—60, 3.0), 258
(M —60, 3.1), 229 (5.8), 227 (6.0), 187 (10.0), 185 (11.5),
91 (12.1), 77 (6.3), 43 (100).

LRI 1-(2-H A L2 JE)-2- K B LTk (4f): £ il 4k
m.p. 50~52 ‘C; '"H NMR (400 MHz, CDCl;) 6: 7.26~
6.84 (m, 9H), 6.37 (dd, J=8.2, 4.8 Hz, 1H), 3.79 (s, 3H),
3.12 (dd, J=13.6, 4.8 Hz, 1H), 3.01 (dd, J=13.6, 8.4 Hz,
1H), 2.02 (s, 3H) ecm™'; *C NMR (CDCl;, 100 MHz) o:
169.9, 156.0, 137.7, 129.5, 128.9, 128.6, 128.0, 126.1,
126.0, 120.4, 110.4, 71.2, 55.4, 41.8, 21.1; IR (KBr) v:
3441, 3035, 2934, 1731, 1372, 1242, 1032, 746, 703 cm " ';
EI-MS m/z (%): 270 (M™, 1.5), 211 (2.4), 179 (28.8), 137
(100), 91 (18.6), 77 (13.3), 65 (11.3), 43 (53.7). Anal. calcd
for Cy;H 505: C 75.53, H 6.71; found C 75.68; H 6.42.

LTR[1-(2-F K 58)-2- %K 3 ) 4, T8 (4g): TGt IR iR
#4; 'TH NMR (400 MHz, CDCl;) &: 7.35~7.15 (m, 9H),
6.34 (dd, J=8.6, 4.8 Hz, 1H), 3.17 (dd, J=14.0, 4.0 Hz,
1H), 3.02 (dd, J=14.0, 8.4 Hz, 1H), 2.02 (s, 3H); "°C
NMR (CDCls, 100 MHz) d: 169.7, 138.1, 136.9, 135.2,
132.0, 129.5, 129.5, 128.8, 128.2, 127.0, 126.6, 73.2, 41.5,
20.9; IR (KBr) v: 3465, 3029, 2925, 1745, 1371, 1233,
1027, 757, 701 em™'; EI-MS m/z (%): 214 (6.7), 183
(42.3), 141 (17.3), 91 (13.3), 77 (8.3), 43 (100). Anal.
calcd for C;4H5ClO,: C 69.95, H 5.50; found C 69.85, H
5.58.

LPR[1-(2-1R A Fk)-2- 2K B ) £ B (4h): TG R
1&; 'TH NMR (400 MHz, CDCl;) &: 7.55~7.12 (m, 9H),
6.34 (dd, J=8.4, 4.4 Hz, 1H), 3.18~2.96 (m, 2H), 2.02 (s,
3H); “C NMR (CDCls, 100 MHz) : 169.7, 139.8, 136.9,
132.8, 129.5, 129.1, 128.2, 127.5, 127.1, 126.6, 122.6,
75.4, 41.6, 21.0; IR (KBr) v: 3454, 3063, 3029, 1745,
1371, 1231, 1025, 756, 700 cm'; EI-MS m/z (%): 260
M +2—60, 4.1), 258 (M"—60, 4.0), 229 (2.8), 227
(2.8), 187 (8.3), 185 (9.5), 91 (12.6), 77 (6.1), 43 (100).
Anal. caled for C;¢H;sBrO,: C 60.21, H 4.74; found C
59.83, H, 4.60.
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IR[1-(3-H A FE R HE)-2- 2K HE ) 2 BB (4i): T (bR
744 "TH NMR (400 MHz, CDCls) d: 7.26~6.80 (m, 9H),
5.91 (dd, J=8.0, 6.0 Hz), 3.76 (s, 3H), 3.17 (dd, J=13.6,
8.0 Hz, 1H), 3.04 (dd, J=13.6, 5.6 Hz, 1H), 2.00 (s, 3H);
C NMR (CDCl;, 100 MHz) d: 170.1, 159.5, 141.6, 137.0,
129.5,129.4, 128.2, 126.5, 118.8, 113.3, 112.2, 76.4, 55.2,
42,9, 21.1; IR (KBr) v: 3453, 3030, 2939, 1740, 1597,
1491, 1371, 1236, 1038, 701 cm '; EI-MS m/z (%): 270
(M*, 3.9), 210 (5.8), 260 (3.0), 179 (18.5), 137 (52.8), 109
(15.4), 91 (19.4), 77 (10.0), 43 (100). Anal. calcd for
Cy7H,505: C 75.53, H 6.71; found C 75.65, H 6.41.

LR 1-(3-F AR FE)-2- 2K 3 2. R (4))*: iR
WifA; "H NMR (400 MHz, CDCl;) d: 7.28~7.08 (m, 9H),
5.89 (dd, J=6.8, 2.4 Hz, 1H), 3.19~2.99 (m, 2H), 2.03 (s,
3H); *C NMR (CDCl;, 100 MHz) ¢: 170.0, 140.1, 136.5,
1343, 129.6, 129.5, 128.3, 128.1, 126.7, 126.6, 124.8,
75.9, 42.9, 21.1; IR (KBr) v: 3455, 3030, 2926, 1742,
1577, 1371, 1234, 1027, 787, 698 cm '; EI-MS m/z (%):
214 (M"—60, 4.7), 183 (2.9), 141 (3.5), 91 (8.4), 77 (4.1),
43 (100).

LR 1-(3-IR K 3 )-2- 2K 3] 2,16 (k)P TE iR
44 "TH NMR (400 MHz, CDCls) 6: 7.44~7.08 (m, 9H),
5.89 (dd, J=17.6, 6.0 Hz, 1H), 3.17 (dd, J=12.0, 7.6 Hz,
1H), 3.02 (dd, J=13.6, 6.0 Hz, 1H), 2.03 (s, 3H); °C
NMR (CDCl;, 100 MHz) 0: 169.9, 142.3, 136.4, 131.0,
129.9, 129.5, 129.4, 128.3, 126.7, 125.3, 122.5, 75.8, 42.9,
21.1; IR (KBr) v: 3458, 3029, 2926, 1742, 1372, 1234,
1027, 784, 699 cm '; EI-MS m/z (%): 260 (M +2—60,
3.2), 258 (M"—60, 3.2), 229 (2.4), 227 (2.5), 185 (6.7),
157 (2.6), 155 (2.6), 91 (11.2), 77 (7.4), 65 (5.7), 43 (100).

LIR[1-(2,4- G L) 2- 2K LB (aN): (0 a1k,
m.p. 38~39 ‘C; 'H NMR (400 MHz, CDCl;) &: 7.37~
7.11 (m, 8H), 6.27 (dd, J=8.0, 4.8 Hz, 1H), 3.13 (dd, J=
14.0, 4.4 Hz, 1H), 3.01 (dd, J=14.0, 8.4 Hz, 1H), 2.03 (s,
3H); *C NMR (CDCl;, 100 MHz) 6: 169.6, 136.7, 136.4,
133.9, 132.8, 129.5, 129.3, 128.3, 128.0, 127.3, 126.7,
72.7, 41.3, 20.9; IR (KBr) v: 3459, 3028, 2940, 1736,
1372, 1235, 1050, 743, 702 cm '; EI-MS m/z (%): 248
(M"—60, 7.6), 217 (6.2), 175 (15.3), 91 (25.2), 65 (13.1),
43 (100). Anal. caled for C;H4C1,0,: C 62.15, H 4.56;
found C 62.10, H 4.45.

LR[1-(2,6- — 5 R HE)-2- 2K ) 2. T (4m): [ £ ]
f&; mp. 68~69 C; 'H NMR (400 MHz, CDCl;) o:
7.39~7.09 (m, 8H), 6.52 (dd, J=9.2, 6.0 Hz, 1H), 3.47
(dd, J=15.6, 8.8 Hz, 1H), 3.23 (dd, J=13.6, 6.0 Hz, 1H),
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2.02 (s, 3H); C NMR (CDCl;, 100 MHz) 6: 170.2, 136.7,
1343, 129.7, 129.5, 129.2, 128.3, 126.7, 73.6, 38.2, 20.7;
IR (KBr) v: 3448, 3032, 2933, 1734, 1363, 1232, 1018,
756, 702 cm”'; EI-MS (m/z) %: 248 (M"—60, 10.6), 217
(2.7), 175 (16.6), 91 (25.9), 65 (12.1), 43 (100). Anal.
calced for C¢H4C1,0,: C 62.15, H 4.56; found C 62.36, H
4.58.

LR [1-(2- 1R i 52 )-2-FR L ] 16 (4m): TG A R
14; "TH NMR (400 MHz, CDCl;) d: 7.41 (t, J=0.8 Hz, 1H),
7.27~7.13 (m, 5H), 6.31~6.25 (m, 2H), 6.02 (t, J=7.2
Hz, 1H), 3.25 (d, J=7.2 Hz, 2H), 2.00 (s, 3H); *C NMR
(CDCls, 100 MHz) §: 170.0, 151.7, 142.5, 136.6, 129.3,
128.3, 126.7, 110.3, 109.1, 69.3, 39.0, 21.0; IR (KBr) v:
3462, 3030, 2932, 1742, 1271, 1232, 1015, 743 cm™';
EI-MS m/z (%): 230 (M", 2.4), 188 (1.2), 170 (2.6), 171
(2.4), 150 (1.5), 139 (27.3), 97 (100), 91 (18.7), 65 (11.3),
43 (41.4), 39 (9.0). Anal. calcd for C;4,H;405: C 73.03, H
6.13; found C 73.03, H 5.82.

LIR[1-(10- T HE)-2- K 5] 4.6 (do): ¥ 75 €[] £k ;
m.p. 147~148 °C; '"H NMR (400 MHz, CDCl;) J: 7.89~
6.69 (m, 14H), 4.16 (dd, J=8.8, 7.2 Hz, 1H), 2.91 (dd, J=
6.8, 2.8 Hz, 1H), 2.88 (dd, J=7.2, 3.6 Hz, 1H), 2.30 (s,
3H); *C NMR (CDCls;, 100 MHz) §: 167.6, 139.5, 138.7,
138.3, 134.2, 131.9, 131.4, 129.7, 128.2, 128.0, 127.8,
127.7,127.1, 126.8, 126.6, 126.0, 123.7, 119.3, 49.9, 46.4,
21.1; IR (KBr) v: 3460, 3026, 2915, 1756, 1369, 1211,
1088, 772, 699 cm™'; EI-MS m/z (%): 340 (M, 4.5), 249
(16.9), 207 (64.4), 178 (26.3), 91 (48.1), 65 (15.1), 43
(100). Anal. caled for Cy4H,¢0,: C 84.68, H 5.92; found C
84.36, H 5.33.

LFR[1-QQ- AR HE)-2-(4-F AR )] 4T (4p): FI [
f&; m.p. 55~56 C; 'H NMR (400 MHz, CDCl;) o:
7.36~7.06 (m, 8H), 6.30 (dd, J=8.4, 4.0 Hz, 1H), 3.13
(dd, J=14.0, 4.0 Hz, 1H), 3.00 (dd, J=14.0, 8.0 Hz, 1H),
2.04 (s, 3H); *C NMR (CDCl;, 100 MHz) 6: 169.6, 137.7,
135.3, 132.5, 132.0, 130.9, 129.6, 128.9, 128.3, 127.0,
126.9, 72.9, 40.7, 21.0; IR (KBr) v: 3457, 2965, 2929,
1735, 1371, 1238, 1045, 813, 761 cm™'; EI-MS m/z (%):
252 (M"—60, 0.4), 250 (2.4), 248 (3.7), 183 (4.1), 141
(15.8), 125 (5.8), 89 (6.4), 77 (5.3), 43 (100). Anal. calcd
for C1¢H4CLO,: C 62.15, H 4.56; found C 61.96, H 4.41.

LFR[1-(2-F K HE)-2-(4-1RIR )| 46 (4q): A o]
#; m.p. 79~80 ‘C; 'H NMR (400 MHz, CDCl;) &:
7.39~7.01 (m, 8H), 6.30 (dd, J=8.2, 4.4 Hz, 1H), 3.12
(dd, J=14.0, 4.0 Hz, 1H), 2.99 (dd, J=14.4, 8.4 Hz, 1H),
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2.04 (s, 3H); *C NMR (CDCls;, 100 MHz) 6: 169.6, 137.7,
135.8, 132.0, 131.3, 131.3, 129.6, 129.0, 127.0, 126.9,
120.6, 72.8, 40.8, 21.0; IR (KBr) v: 3450, 3032, 2965,
2927, 1730, 1237, 1043, 809, 760 cm™'; EI-MS m/z (%):
294 (M'+2—60, 4.3), 292 (M" —60, 3.2), 183 (5.7), 141
(14.8), 89 (5.9), 77 (3.9), 43 (100). Anal. calcd for
C16H4BrClO,: C 54.34, H 3.99; found C 54.47, H 3.84.

LIR[1-(4-FREL)-2-(4-11 K )| 2 T (4r): L
f&; m.p. 72~73 “C; 'H NMR (400 MHz, CDCl;) o:
7.37~6.92 (m, 8H), 5.85 (t, J=7.2 Hz, 1H), 3.12 (dd,
J=13.8, 7.4 Hz, 1H), 2.96 (dd, J=13.6, 6.4 Hz, 1H), 2.01
(s, 3H); “C NMR (CDCl;, 100 MHz) &: 170.0, 138.1,
135.4,133.9, 131.4, 131.2, 128.6, 128.0, 120.7, 75.6, 42.1,
21.1; IR (KBr) v: 3437, 3085, 2908, 1732, 1487, 1367,
1236, 1007, 789 cm™'; EI-MS m/z (%): 294 (M +2—60,
2.5), 292 (M"-60, 1.8), 260 (3.0), 183 (10.3), 141 (16.5),
89 (6.3), 77 (4.5), 43 (100). Anal. calcd For C;¢H 4BrClO,:
C 54.34, H 3.99; found: C 54.28, H 3.80.

LR 1-(2-FRHE)-2-(2-Z5 )| L TR (4s): 11 €00 [ 44
m.p. 105~106 °C; '"H NMR (400 MHz, CDCl3) 6: 7.83~
7.20 (m, 11H), 6.44 (dd, J=8.6, 4.2 Hz, 1H), 3.34 (dd, J=
14.4, 4.0 Hz, 1H), 3.18 (dd, J=14.4, 8.8 Hz, 1H), 2.01 (s,
3H); *C NMR (CDCl;, 100 MHz) ¢: 169.7, 138.1, 134.5,
133.4, 132.3, 132.1, 129.6, 128.7, 128.1, 127.8, 127.8,
127.6, 127.6, 127.0, 125.9, 125.5, 73.2, 41.6, 21.0; IR
(KBr) v: 3456, 3050, 2921, 2845, 1737, 1367, 1231, 1028,
822, 747 cm™'; EI-MS m/z (%): 324 (M, 0.8), 264 (12.2),
229 (4.8), 184 (3.1), 141 (63.9), 115 (22.4), 77 (11.4), 43
(100). Anal. caled for CyH;7ClO,: C 73.96, H 5.28; found
C 73.56,H 5.37.

LR 1-(4- A HE)-2-(2- 25 25) | £ Tig (46): 1 (] 44
m.p. 79~78 ‘C; 'H NMR (400 MHz, CDCl;) 6: 7.81~
7.72 (m, 3H), 7.45~7.42 (m, 3H), 7.28~7.20 (m, 5H),
6.00 (t, J=7.2 Hz, 1H), 3.35 (dd, J=13.6, 7.2 Hz, 1H),
3.17 (dd, J=13.6, 6.0 Hz, 1H), 2.02 (s, 3H); “C NMR
(CDCls, 100 MHz) ¢6: 170.0, 138.4, 134.0, 133.7, 133.3,
132.3, 128.6, 128.1, 128.0, 127.9, 127.7, 127.6, 127.5,
126.0, 125.6, 75.9, 42.9, 21.1; IR (KBr) v: 3458, 3055,
2926, 2857, 1739, 1371, 1234, 1020, 821. 750 cm
EI-MS (m/z) %: 324 (M", 0.5), 264 (9.5), 229 (1.4), 184
(3.6), 141 (56.7), 115 (21.0), 77 (10.3), 43 (100). Anal.
calcd for C,0H;ClO,: C 73.96, H 5.28; found C 73.41, H
5.12.

IR R [1-(4- F R FE)-2- R FL ] L W6 (4u): A [ 4
m.p. 74~76 ‘C; '"H NMR (400 MHz, CDCly) : 8.05~
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7.11 (m, 14H), 6.13 (t, J=6.8 Hz, 1H), 3.33 (dd, J=13.6,
7.2 Hz, 1H), 3.16 (dd, J=14.4, 6.0 Hz, 1H); °C NMR
(CDCls, 100 MHz) J: 165.5, 138.5, 136.4, 133.7, 133.1,
130.1, 129.6, 128.6, 128.4, 128.3, 127.9, 126.7, 76.6, 43.0;
IR (KBr) v: 3449, 3027, 2953, 1708, 1498, 1270, 1109,
750, 707 cm '; EI-MS m/z (%): 245 (M™—91, 4.3), 214
(3.8), 178 (2.6), 139 (2.1), 105 (100), 91 (10.6), 77 (31.5),
65 (5.6), 51 (12.4). Anal. caled for C,;Hy;ClO,: C 74.89, H
5.09; found C 74.89, H 4.98.

KRR [1-(4-1R K EL)-2- TR IL] 2 BE (4v): HELE K
m.p. 86~87 ‘C; 'H NMR (400 MHz, CDCl3) J: 8.04~
7.11 (m, 14H), 6.11 (t, J=6.4 Hz, 1H), 3.33 (dd, J=13.6,
7.2 Hz, 1H), 3.12 (dd, J=13.6, 6.0 Hz, 1H); “C NMR
(CDCls, 100 MHz) §: 165.5, 139.1, 136.4, 133.1, 131.5,
130.1, 129.6, 128.4, 128.3, 128.3, 126.7, 121.9, 76.6, 42.9;
IR (KBr) v: 3402, 3027, 2951, 1707, 1488, 1270, 1108,
997, 819, 709 cm™'; EI-MS m/z (%): 291 (M*+2—91,
2.3), 289 (M"—91, 2.0), 260 (2.3), 258 (2.4), 178 (3.5),
105 (100), 91 (12.6), 77 (38.1), 51 (19.4). Anal. calcd for
C, H7BrO,: C 66.16, H 4.49; found C 66.28, H 4.38.

K HR[1-(2-FURHE)-2- KB T (dw): B[] 4k
m.p. 63~65 ‘C; '"H NMR (400 MHz, CDCly) J: 8.06~
7.18 (m, 14H), 6.57 (dd, J=8.4, 4.4 Hz, 1H), 3.31 (dd, J=
14.0, 4.4 Hz, 1H), 3.16 (dd, J=14.4, 7.6 Hz, 1H); °C
NMR (CDCls, 100 MHz) 0: 165.3, 138.1, 136.8, 133.1,
132.0, 130.0, 129.6, 128.9, 128.4, 127.0, 126.9, 126.7,
77.6, 74.0, 41.5; IR (KBr) v: 3419, 3067, 3028, 1718,
1437, 1276, 1105, 768, 708 cm '; EI-MS m/z (%): 245
(M*"—91, 2.3), 214 (9.3), 178 (3.2), 139 (1.8), 105 (100),
91 (9.2), 77 (31.4), 65 (5.1), 51 (11.0). Anal. caled for
C,;H,7Cl0O,: C 74.89, H 5.09; found C 75.00, H 4.55.

R FRR[1-(3-IR AR KL )-2- R FE ) L R (4x): TG Bk
#4; '"H NMR (400 MHz, CDCl;) &: 8.07~7.98 (m, 2H),
7.62~7.36 (m, 4H), 7.34~7.13 (m, 8H), 6.11 (dd, J=7.6,
6.4 Hz, 1H), 3.31 (dd, J=13.6, 7.6 Hz, 1H), 3.17 (dd, J=
13.6, 5.6 Hz, 1H); °C NMR (CDCl;, 100 MHz) ¢: 165.5,
142.4, 136.4, 133.1, 131.1, 130.0, 129.6, 129.5, 129.4,
128.4, 128.4, 126.8, 125.2, 122.5, 76.5, 43.1; IR (KBr) v:
3446, 3064, 3030, 1720, 1452, 1267, 1107, 783, 710 cm ™ ';
EI-MS m/z (%): 291 (M"+2—091, 1.4), 289 (M"—91,
1.6), 260 (6.2), 258 (6.5), 178 (4.3), 105 (100), 91 (14.6),
77 (34.9), 65 (6.5), 51 (15.5). Anal. caled for C,;H;;BrO;:
C 66.16, H 4.49; found C 66.18, H 4.41.

HRFFR[1-(2,4- ZF K H)-2- K 5L 4 R (dy): I Ea ]
#; mp. 91~92 ‘C; '"H NMR (400 MHz, CDCl;) o:
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8.04~7.98 (m, 2H), 7.62~7.52 (m, 1H), 7.46~7.30 (m,
6H), 7.28~7.16 (m, 4H), 6.50 (dd, J=7.2, 4.8 Hz, 1H),
3.28 (dd, J=14.0, 4.8 Hz, 1H), 3.16 (dd, J=14.0, 8.0 Hz,
1H); *C NMR (CDCls, 100 MHz) d: 165.2, 136.7, 136.3,
134.0, 133.2, 132.7, 129.8, 129.6, 129.5, 129.4, 128.5,
128.3, 128.0, 127.3, 126.8, 73.5, 41.3; IR (KBr) v: 3446,
3077, 3023, 1715, 1471, 1269, 1105, 742, 703 cm™';
EI-MS m/z (%): 279 (M"—91, 1.3), 248 (4.9), 178 (2.2),
105 (100), 91 (13.6), 77 (34.5), 65 (7.2), 51 (14.1). Anal.
calcd for C,;H;4C1,0,: C 67.94, H 4.34; found C 68.26, H
3.93.

RHER[1-(2,6- SR IE)-2- K I L (4z): HEALH
f&; mp. 91~92 C; 'H NMR (400 MHz, CDCl;) o:
8.09~7.98 (m, 2H), 7.62~7.50 (m, 1H), 7.50~7.38 (m,
2H), 7.38~7.10 (m, 8H), 6.82 (dd, J=8.8, 6.8 Hz, 1H),
3.66 (dd, J=13.6, 8.8 Hz, 1H), 3.39 (dd, J=13.6, 6.0 Hz,
1H); *C NMR (CDClL;, 100 MHz) 6: 165.6, 136.6, 134.2,
133.0, 129.8, 129.5, 129.4, 128.3, 126.7, 74.0, 38.4; IR
(KBr) v: 3445, 3062, 3032, 1713, 1450, 1270, 1105, 758,
697 cm ™ '; EI-MS m/z (%): 279 (M"—91, 0.8), 248 (8.9),
178 (3.4), 105 (100), 91 (12.4), 77 (35.5), 65 (6.2), 51
(13.3). Anal. calcd for C,H;sCL,O,: C 67.94, H 4.34,
found C 68.00, H 3.99.

# Bh#1 Bl (Supporting Information) & =¥/ 'H
NMR & °C NMR 3 &, 324} A] LA 4 2 A 93
(http://sioc- journal.cn/) I T %k,
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