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Abstract

The condensation of hydrazide with benzylideneacetophenone was studied by using phospho-
tungstic acid as catalyst. After a series of reaction conditions, the optimal reaction conditions were
established, and the universality of the substrate was investigated. A series of acylhydrazones
were obtained with the high yields, up to 99%. The reaction was simple and mild, which provided
a new method for the synthesis of chalcone hydrazone.
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Figure 1. Synthesis of hydrazone derivatives of 1,3-diphenylallylidene)benzohydrazide (4a-4p)
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K FIEA 0.0204 g (0.15 mmol), fif§5/2 0.0042 g (0.15 mmol%), 0.5 mL FIfE, 7E=&A 24 h, TLC B &
RGN, SN TEEE SRR, R, SRR E A, 4530 A RGBT VICE TR V2( LR
ZJfg) =1:30, 1:20, 1:10, 1:5). HIRMLAIMRAEIT:

4a: (2)-N'-((E)-1,3-diphenylallylidene) benzohydrazide, White solid; 96% yield; m.p. 154~157°C; H
NMR (400 MHz, CDCly): 5 8.98 (s, 1H), 7.66~7.27 (m, 15H), 6.42 (d, J = 16.4 Hz, 1 H). Anal. Calcd. (%) for
C,,H1sN,0:C, 80.96; H, 5.56; N, 8.59. Found (%): C, 81.07; H, 5.52; N, 8.49.

4b: (2)-N’-((E)-1-(4-chlorophenyl)-3-phenylallylidene)benzohydrazide, Yellow solid; 92% vyield; m.p.
161-163°C; *H NMR (400 MHz, CDCls):5 8.89(s, 1 H), 7.58~7.26 (m, 14 H), 6.38 (d, J = 16.4 Hz, 1 H). Anal.
Calcd. (%) for Cx,H;;CIN,O:C, 73.23; H, 4.75; N, 7.76. Found (%): C, 73.44; H, 4.71; N, 7.69.

4c: (2)-N’"-((E)-1-(4-bromophenyl)-3-phenylallylidene) benzohydrazide, White solid; 94% vyield; m.p.
173-175°C; *H NMR (400 MHz, CDCl,):5 8.89 (s, 1 H), 7.87~7.19 (m, 14 H), 6.37 (d, 1 H, J = 16.8 Hz). Anal.
Calcd. (%) for C,,H;7,BrN,O: C, 65.20; H, 4.23; N, 6.91. Found (%): C, 65.37; H, 4.19; N, 6.84.

4d: (Z)-N'-((E)-3-phenyl-1-(p-tolyl) allylidene) benzohydrazide, Yellow oil; 83% vyield; '"H NMR (400
MHz, CDCly): 6 9.03 (s, 1 H), 7.56 (d, J = 7.2 Hz, 1 H), 7.48~7.38 (m, 10 H ), 7.34~7.27 (m, 2 H), 6.44 (d, J =
16.2 Hz, 1H), 2.49 (s, 3 H). *C NMR (100 MHz, CDCly) &: 163.16, 156.79, 140.25, 138.26, 136.13, 133.21,
131.99, 130.59, 129.16, 129.06, 128.95, 128.79, 128.67, 128.41, 128.10, 127.52, 1227.12, 21.52. Anal. Calcd.
(%) for Cp3H,0N,0: C, 81.15; H, 5.92; N, 8.23. Found (%): C, 81.29; H, 5.83; N, 8.11.

4e: (Z)-N"-((E)-1-(4-methoxyphenyl)-3-phenylallylidene) benzohydrazide, Yellow oil; 90% yield; *H NMR
(400 MHz, CDCls): 4 9.07 (s, 1 H), 7.59-7.57 (m, 2 H), 7.52-7.25 (m, 10 H), 7.15-7.13 (m, 2 H), 6.46 (d, J =
16.4 Hz, 1 H), 3.90 (s, 3 H). Anal. Calcd. (%) for C,3H»N,0,: C, 77.51; H, 5.66; N, 7.86. Found (%): C, 77.75;
H, 5.57; N, 7.73.

4f. (2)-N"-((E)-1-(3-chlorophenyl)-3-phenylallylidene) benzohydrazide, White solid; 75% yield; m.p.
122-124°C; *H NMR (400 MHz, CDCl,): & 8.88 (s, 1 H), 7.99~7.83 (m, 2 H), 7.74~7. 57 (m, 3 H), 7.53~7.26 (m,
8 H), 7.28~7.26 (m, 1 H), 6.40 (d, J = 16 Hz, 1 H). Anal. Calcd. (%) for C»,H;;CIN,O: C, 73.23; H, 4.75; N,
7.76. Found (%): C, 73.38; H, 4.74; N, 7.71.

49: (2)-N’-((E)-3-phenyl-1-(m-tolyl)allylidene) benzohydrazide, Yellow oil; 67% vyield; *H NMR (400
MHz, CDCls): 6 9.01 (s, 1 H), 7.59 (d, J = 7.2 Hz, 1 H), 7.42-7.38 (m, 10 H ), 7.30~7.24 (m, 2 H), 6.42 (d, J =
16.6 Hz, 1 H), 2.42 (s, 3 H). Anal. Calcd. (%) for C,3H»0N,0: C, 81.15; H, 5.92; N, 8.23. Found(%): C, 81.26; H,
5.85; N, 8.17.

4h: (2)-N"-((E)-3-(4-fluorophenyl)-1-phenylallylidene) benzohydrazide, White solid; 85% yield; m.p.
114~116°C; *H NMR (400 MHz, CDCl,): & 8.98 (s, 1 H), 7.98~7.88 (m, 1 H), 7.74~7.27 (m, 9 H), 7.12~6.99 (m,
2 H), 6.38 (d, J = 16.4 Hz, 1 H), 2.42 (s, 3 H). Anal. Calcd.(%) for C,,H;;,FN,O: C, 76.73; H, 4.98; N, 8.13.
Found (%):C, 76.88; H, 4.74; N, 8.21.

4i: (2)-N"-((E)-3-(4-chlorophenyl)-1-phenylallylidene)benzohydrazide A White solid; 87% yield; m.p.
118~121°C; *H NMR (400 MHz, CDCly): & 8.99 (s, 1 H), 8.01~7.94 (m, 1 H), 7.74~7.58 (m, 2 H), 7.53~7.52 (m,
9 H), 6.37 (d, J = 16.4 Hz, 1 H). Anal. Calcd.(%) for C,,H;,CIN,O: C, 73.23; H, 4.75; N, 7.76. Found(%): C,
73.41; H, 4.66; N, 7.62.

4j: (2)-N’"-((E)-3-(4-bromophenyl)-1-phenylallylidene) benzohydrazide, Yellow solid; 65% yield; m.p.
112~114°C; *H NMR (400 MHz, CDCls): & 8.99 (s, 1 H), 7.65-7.62 (m, 3 H), 7.55~7.53 (m, 2 H), 7.50~7.44 (m,
3 H), 7.39-7.33 (m, 4 H), 7.27~7.25 (m, 2 H), 6.35 (d, J = 16.8 Hz, 1 H). Anal. Calcd. (%) for C»H;;BrN,O: C,
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65.20; H, 4.23; N, 6.91. Found (%): C, 65.34; H, 4.12; N, 6.88.

4k: (Z2)-N’-((E)-3-(4-methoxyphenyl)-1-phenylallylidene) benzohydrazide, Yellow solid; 88% yield; m.p.
106~109°C; *H NMR (400 MHz, CDCly): & 8.94 (s, 1 H), 7.65~7.46 (m, 6 H), 7.38~7.27 (m, 6 H), 6.86 (d, J =
8.8 Hz, 2 H), 6.37 (d, J = 16 Hz, 1 H), 3.86 (s, 3H). Anal. Calcd. (%) for Cx3H,N,0,: C, 77.51; H, 5.66; N, 7.86.
Found (%): C, 77.68; H, 5.59; N, 7.78.

41: (E)-N’-((E)-4-(4-methoxyphenyl)but-3-en-2-ylidene)benzohydrazide, White solid; 92% yield; m.p.
202~204°C; "H NMR (400 MHz, CDCl3) &: 9.01 (s, 1 H), 7.85 (s, 2 H), 7.55-7.36 (m, 5 H), 7.16-7.01 (m, 2 H),
6.99~6.88 (M, 2 H), 3.84 (s, 3 H), 2.18 (s, 3 H). **C NMR (100 MHz, CDCls) &: 165.21, 161.20, 153.58, 134.42,
133.04, 129.90, 127.87, 128.49, 127.53, 126.76, 114.47, 55.36, 29.34. MS (ESI m/z) 317.1 [(M + Na’, 100%)].
Anal. Calcd. (%) for C;gH1gN,0O,: C, 73.45; H, 6.16; N, 9.52. Found (%): C, 73.52; H, 6.09; N, 9.39.

4m: (Z)-4-chloro-N -((E)-1,3-diphenylallylidene)benzohydrazide, Yellow solid; 99% yield; m.p. 175~176°C;
'H NMR (400 MHz, CDCl3) &: 8.91 (s, 1 H), 8.02 (s, 1 H), 7.65~7.60 (m, 3 H), 7.46-7.39 (m, 5 H), 9.34~7.26 (m,
5H), 7.23 (s, 1 H), 7.43 (d, J = 16 Hz, 1 H). Anal. Calcd. (%) for C,,H.;CIN,O: C, 73.23; H, 4.75; N, 7.76. Found
(%): C, 73.36; H, 4.68; N, 7.65

4n: (Z)-4-bromo-N -((E)-1,3-diphenylallylidene) benzohydrazide, Yellow solid; 98% yield; m.p. 124~126°C;
'H NMR (400 MHz, CDCl;) &: 8.91 (s, 1 H), 8.02 (s, 1 H), 7.71~7.55 (m, 3 H), 7.53~7.50 (m, 2 H), 7.44~7.27 (m,
8 H), 6.43 (d, J = 16.4 Hz, 1 H). Anal. Calcd. (%) for C»,H;BrN,O: C, 65.20; H, 4.23; N, 6.91. Found (%): C,
65.33; H, 4.18; N, 6.82.

40: (2)-N-((E)-1,3-diphenylallylidene)-4-methoxybenzohydrazide, Yellow solid; 78% yield; m.p. 204~207°C;
'H NMR (400 MHz, CDCl,) &: 8.92 (s, 1 H), 7.66-7.57 (m, 3 H), 7.52-7.49 (m, 2 H), 7.44-7.39 (m, 3 H), 7.35~7.27
(m, 4 H), 6.86 (d, J=6 Hz, 2 H), 6.40 (d, J = 16.4 Hz, 1 H). Anal. Calcd. (%) for CHxN,0,: C, 77.51; H, 5.66; N,
7.86. Found (%): C, 77.61; H, 5.53; N, 7.69.

4p: (2)-2-chloro-N"-((E)-1,3-diphenylallylidene) benzohydrazide, White solid; 86% yield; m.p. 163~165°C;
'H NMR (400 MHz, CDCly) &: 9.26 (s, 1 H), 7.87~7.84 (m, 1 H), 7.60~7.52 (m, 4 H), 7.47~7.36 (m, 3 H),
7.32-7.29 (m, 6 H), 6.91 (d, J = 16.4 Hz, 1 H). Anal. Calcd.(%) for CH;;CIN,O: C, 73.23; H, 4.75; N, 7.76.
Found(%): C, 73.41; H, 4.57; N, 7.59.

4q: (2)-N’-((E)-1,3-diphenylallylidene)-2-methylbenzohydrazide, Yellow oil; 85% yield; *H NMR (400
MHz, CDCI3) 6:8.57 (s, 1 H), 7.60~7.51 (m, 3 H), 7.46~7.24 (m, 9 H), 7.21~7.13 (m, 2 H), 6.40 (d, J = 16.4 Hz,
1 H). Anal. Calcd. (%) for Cx3H,oN,O: C, 81.15; H, 5.92; N, 8.23. Found (%): C, 81.31; H, 5.79; N, 8.12.
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Table 1. Optimization of reaction conditions®

=1 R

0 0 O
_— R e NH, catalyst @YH
O O [: I H solvent, rt N ‘N7 =
o 4a O
Entry Catalyst Solvent (n) chalcone/(n) hydrazide Temperature Time Yield(%)°
1 - CH;OH 1:1.2 R.T. 24 N.RS
2 PWA (0.15 mmol%) CH;OH 1:1.2 R.T. 24 89
3 PMA (0.15 mmol%) CH;0H 1:1.2 R.T. 24 78
4 50 wt% PWA/MCM-41 (0.15 mmol%) CH;0H 1:1.2 R.T. 24 55
5 50 wt% PMA/MCM-41 (0.15 mmol%) CH;0H 1:1.2 R.T. 24 65
6 PWA (0.10 mmol%) CH;0H 1:1.2 R.T. 24 52
7 PWA (0.05 mmol%) CHsOH 1:1.2 R.T. 24 60
8 PWA (0.20 mmol%) CH;0H 1:1.2 R.T. 24 88
9 PWA (0.15 mmol%) CH.Cl, 1:1.2 R.T. 24 60
10 PWA (0.15 mmol%) CH5CN 1:1.2 R.T. 24 52
11 PWA (0.15 mmol%) CH:CoHs 1:1.2 R.T. 24 58
12 PWA (0.15 mmol%) CH;COOEt 1:1.2 R.T. 24 64
13 PWA (0.15 mmol%) THF 1:1.2 R.T. 24 43
14 PWA (0.15 mmol%) CoHsOH 1:1.2 R.T. 24 75
15 PWA (0.15 mmol%) CH;0H 1:1 R.T. 24 75
16 PWA (0.15 mmol%) CH,OH 1:15 R.T. 24 9%
17 PWA (0.15 mmol%) CH;0H 1:2 R.T. 24 80
18 PWA (0.15 mmol%) CH,OH 1:15 R.T. 12 73
19 PWA (0.15 mmol%) CH;0H 1:15 R.T. 18 82
20 PWA (0.15 mmol%) CH;0H 1:15 R.T. 36 83

A RSk AE: ZEAKHER 0.1 mmol, EEAE 0.15 mmol LA 0.15 mmol%7E 0.5 mL FEE SR N 24 ho PHEEHTZ%. °N.R = No Reaction.

FEER 101, 1:1.2, 115, 1.2 ZEhf) FakfT Tk, 2558 0% 1 1) Entries 14-17. WRFTLLER], BEHERE
RGN, FEEART ETE, 7R 115 I, JAF] 96%I1 =R, M4ka Bt R (LB L2)I), FEERA T
B, FTUURA RIS 1016, SEIRTER IR T, X)E T EAR RS AA a5 Ja R s RN ] g
177852, S5RH T4 1IN Entries 17-200 SN, 24 NI TAIREK S 24 hINF, [ 2245 3 = {H 96%,
R AEK R B R], PR b T R SA . I SRR AR IR, e R BTy Z IR L 0.15 mmol%
BEES TR AT, 0.5 mL R J9R, ECAEC L (A /REE 2R ) Ay 1:1.5, Wi 24 he
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Table 2. Substrate scope®

=2 R

Entry Ry R, Rs Product Yield(%)®
1 Ph Ph Ph 4a 96
2 Ph p-CIPh Ph 4b 92
3 Ph p-BrPh Ph 4c 94
4 Ph p-CHsPh Ph 4d 83
5 Ph p-OCHzPh Ph 4e 90
6 Ph m-CIPh Ph 4f 75
7 Ph m-CH3Ph Ph 49 67
8 p-FPh Ph Ph 4h 85
9 p-CIPh Ph Ph 4i 87

10 p-BrPh Ph Ph 4 65
11 p-OCHzPh Ph Ph 4k 88
12 p-OCHsPh CHs; Ph 41 92
13 Ph Ph p-CIPh 4m 99
14 Ph Ph p-BrPh 4n 98
15 Ph Ph p-OCHsPh 40 78
16 Ph Ph o-CIPh 4p 86
17 Ph Ph 0-CH3Ph 4q 85

S RBARME: /KR 0.1 mmol, B 0.15 mmol fi LIy 0.004 g 76 0.5 mL FEZF RS 24 ho PHEENT R,

B A RREURIE IR L BRFIR, Hpe Rt g R KRk, T LR 7 2 3 T Al o
HUAR, 4 Ry, SRR I 177 22 35 2 - L 1) fr BUR (Entries 2, 6), 568 R 32 L ] B 5L 9777 22 26 (Entries 4, 7).
ST RyER UK, BT Br BURE SRR A, U e S B REIA 5 850 1. ZEREIE Ry BRI 0
Ageh, NFFHTT LG H, XA ATAR AL B B MR S T B e R
4, 4Eig

ASCHFT T B RERRIBE O 4 & RS o B RALSEH, IR B T AR R4 . 0.004 g B ES I A
AL, RAIRE L L1 5( R AR ER:EAE), FEENIAR, SR R 24 he TEIRRBIAME T, 87— %
G R B E AR, e Rk F) 090%. A RSB NI AHIR A, AL FURR I 5 R
E&mABE

2% 3 2R L7 5 42 (Nos. 21161026, 21362036)
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