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A method for the synthesis of chalcones
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Abstract In this paper,a new method for catalytic synthesis of chalcones from substituted acetophenone and
substituted benzaldehyde in polyphosphoric acid/concentrated sulfuric acid system was proposed,and the reac-
tion conditions were optimized. The results showed that the optimized reaction conditions were determined as
polyphosphoric acid of 5 equiv. and concentrated sulfuric acid of 20 equiv. ,with 1,4-dioxane as solvent at 90 °C
for 2 h under nitrogen protection. Twelve chalcones were synthesized with good yield. All target compounds
were characterized by IR, HRMS,'H NMR and “C NMR.
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Scheme 1  Synthesis route of chalcones
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Table 1 Appearance,yields,melting points, HRMS and IR data of compounds 3a-31

HRMS, m/z [M+H]*

Compd. Appearance Yield/% mp/°C (caled.) IR(KBr) v, /em™!
3a White solid 96 51-54(54-56!1") 208.112 8(208.088 8) 1648,1585,1563,819,760,720,690
3b Yellow solid 95 92-95(95-96!'") 222.105 6(222.104 4) 1642,1575,1555,810,765,728,693
3c Yellow solid 90 63-64(58-601"?1) 238.146 7(238.099 4) 1667,1560,1 588,849,754,740,686
3d Yellow solid 82 54-55(50-52"3) 242.125 8(242.049 8) 1682,1577,1542,807,752,701,640
3e Light red solid 83 120-122(122-1231141) 285.864 7(285.999 3) 1686,1592,1535,820,778,734,682
3f Yellow solid 86 77-79 240.115 8(240.095 0) 1661,1581,1569,849,780,742,710
3g Yellow solid 80 7578 276.102 4(276.010 8) 1650,1580,1572,818,750,710,688
3h Light red solid 91 60-64(50-511151) 222.148 7(222.104 5) 1653,1574,1562,852,776,740,696
3i Light red solid 91 124-127(128-130!'1) 236.158 8(236.120 1) 1679,1595,1576,855,774,738,712
3j Red oil 92 / 252.164 1(252.1150) 1687,1592,1525,841,777,741,682
3k Light red solid 88 74-176 256.126 6(256.065 4) 1669,1594,1542,852,760,740,668
31 Orange solid 86 79-81(79-801"") 272.108 6(272.060 4) 1622,1590,1560,849,761,725,687
Table 2 'H NMR and "*C NMR data of compounds 3a-31
Compd. '"H NMR (600 MHz,CDCI;) ,8 3C NMR (150 MHz,CDCl;) ,8
3a 8.03(s, 1H,Ph-H) ,8.02(d, J=1.3 Hz, I1H, Ph-H) ,7.82(d, J=15.7 Hz, IH,B-H) , 7.65 190.93,145.21,138.57,135.24,133.14,

3b

3c

3d

3e

3f

3g

3h

3i

(dd, J=6.5,3.0 Hz,2H, a-H, Ph-H) ,7.59(t, J=7.4 Hz, IH, Ph-H) ,7.55(s, 1H, Ph-H) ,
7.52(dd, J=12.4,4.4 Hz,3H,Ph-H),7.43(dd, /J=5.0,1.8 Hz,3H,Ph-H)
8.03(s,1H,Ph-H),8.01(d, J=1.4 Hz,1H,Ph-H),7.80(d, J=15.7 Hz,1H,B8-H) ,7.58(d,
J=7.4 Hz,1H,a-H),7.55(d, J=8.1 Hz,2H,Ph-H) ,7.52-7.50(m,2H, Ph-H) ,7.49(d, J=
4.0 Hz,1H,Ph-H),7.23(d, J=7.9 Hz,2H,Ph-H),2.40(s,3H,-CH,-H)

8.05(d, /J=2.0 Hz, 1H,Ph-H) ,8.04(d, J=2.0 Hz, 1H,Ph-H) ,7.81(d, J=15.7 Hz, 1H,B-
H),7.64(dd, J=7.4,2.0 Hz,2H) ,7.55(d, J=15.7 Hz, 1H,a-H) , 7.42-7.40 (m, 3H, Ph-
H),6.99(d, J=8.9 Hz,2H,Ph-H),3.89(s,3H,-OCH,-H)

8.18(d,J=15.8 Hz,1H,B8-H),8.03(s, 1H,Ph-H),8.01(d,J=1.3 Hz,1H,a-H) ,7.76-7.74
(m, 1H,Ph-H),7.59(t, J=7.4 Hz, 1H, Ph-H) ,7.50(dd, J=9.7,5.7 Hz, 3H, Ph-H) , 7.47
(s,1H,Ph-H),7.45-7.42(m, 1H,Ph-H),7.34-7.30(m,2H, Ph-H)
8.02(s,1H,Ph-H),8.01(d, J=1.3 Hz, 1H,Ph-H) ,7.74(d, J=15.7 Hz, 1H,B-H) , 7.60(t,
J=7.4 Hz, 1H,Ph-H) ,7.55(d, J=8.5 Hz,2H,a-H) ,7.53(d, J=6.2 Hz, 1H, Ph-H) , 7.51
(d,J=2.1 Hz,3H,Ph-H),7.50(s, 1H,Ph-H)

8.05(s,1H,Ph-H),8.04(d, J=1.4 Hz,1H,Ph-H),7.91(d, J=15.9 Hz, 1H,B8-H) ,7.73(d,
J=15.9 Hz,1H,a-H) ,7.59(t, J=7.4 Hz, 1H,Ph-H) ,7.51(t, J=7.6 Hz,2H,Ph-H) ,7.23-
7.21(m, 1H, Ph-H) ,7.03(d, J=7.4 Hz, 1H, Ph-H) , 7.01-6.97 (m, 1H, Ph-H) , 2.50 (s,
3H,-CH,-H)

8.10(d, J=15.8 Hz, 1H,B3-H) , 8.02-8.00(m, 2H, Ph-H) , 7.68(d, J=8.5 Hz, IH,a-H) ,
7.60(t, J=7.4 Hz, 1H, Ph-H) ,7.52(d, J=7.9 Hz,2H, Ph-H),7.49(d, J=6.9 Hz, I1H, Ph-
H),7.46(d,J=2.4 Hz,2H,Ph-H),7.30(dd, J=8.4,2.0 Hz, 1H,Ph-H)

7.95(s, 1H,Ph-H),7.94(s, 1H,Ph-H) ,7.81(d, J=15.7 Hz, 1H,B-H) ,7.65(dd, J=7.2,
2.2 Hz,2H,Ph-H),7.54(d, J=15.7 Hz, 1H,a-H) ,7.42(d, J=2.1 Hz, 1H,Ph-H) ,7.41(d,
J=1.8 Hz,1H,Ph-H),7.31(d, J=8.0 Hz,2H,Ph-H) ,2.44(s,3H ,-CH,-H)
7.95(s,1H,Ph-H) ,7.93(s, 1H,Ph-H) ,7.79(d, J=15.7 Hz, 1H,B8-H) , 7.55(s, 1H, Ph-
H),7.54(s,1H,Ph-H),7.50(d,J=15.7 Hz, 1H,a-H) ,7.30(d, J=7.9 Hz,2H,Ph-H) ,7.22
(d,J=7.9 Hz,2H,Ph-H),2.44(s,3H,-CH;-H),2.39(s,3H,-CH,-H)

130.90,129.32,128.98,128.86, 128.80,
122.46
191.00,145.29,141.43,138.70,133.00,
132.50,130.05,128.93,128.81,121.44,
21.88
189.07,163.78,144.31,135.43,131.44,
131.16,130.67,129.26,128.70,122.24,
114.20,55.84
190.32,140.51,137.81,135.38,133.14,
132.84,131.08,130.19,128.56,128.52,
127.68,126.99,124.69
189.86,142.99,137.63,133.43,132.58,
131.84,129.42,128.31,128.13,124.43,
122.19
190.77,141.01,140.93,138.19,136.00,
133.04,130.66,130.59,128.69,127.30,
127.21,126.56,122.25,114.08,113.93,
20.55

190.24,139.46,137.90,136.60, 136.20,
133.21,131.98,130.27,128.84,128.74,
128.63,127.69,125.15
190.15,144.51,135.76,135.12,130.54,
129.46,129.06,128.78,128.53,122.22,
21.80
190.44,144.81,143.82,141.26,136.10,
132.60,130.01,129.63,128.95,128.76,
121.43,21.99,21.85
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(Continued)
Compd. "H NMR (600 MHz,CDCl,) ,8 BC NMR(150 MHZ,CDCL;) ,0

3j 8.12(d, J=15.9 Hz, 1H,B-H) ,7.94(s, IH,Ph-H),7.93(s, 1H,Ph-H), 7.63(dd, J=13.2,
8.5 Hz,2H, Ph-H, a-H) ,7.37(t, J=8.6 Hz, 1H, Ph-H) , 7.30(d, J=8.0 Hz, 2H, Ph-H) ,
6.99(t, J=7.5 Hz, 1H,Ph-H) ,6.94(d, J=8.3 Hz, 1H,Ph-H),3.91(s,3H,-OCH;-H) ,2.43

(s,3H,-CHy-H)

3k 8.17(d,J=15.8 Hz, 1H,B-H),7.93(d, J=8.2 Hz,2H,Ph-H) ,7.74(dd, J=7.0,2.4 Hz, IH,
Ph-H),7.48(d,J=15.7 Hz, IH,a-H) ,7.43(dd, J=6.8,2.4 Hz, 1H,Ph-H) ,7.31(d, J=4.2

Hz, 1H,Ph-H),7.29(s,2H,Ph-H),2.43(s,3H,-CH;-H)

31 8.16(d, J=15.7 Hz, 1H,B-H) ,8.03(d, J=8.9 Hz,2H,Ph-H) ,7.76-7.73(m, 1H, Ph-H) ,
7.49(d, J=15.7 Hz, 1H,a-H) , 7.43(d, J=7.0 Hz, 1H, Ph-H) , 7.31(d, J=4.3 Hz, 2H, Ph-

H),6.98(d,J=8.9 Hz,2H),3.89(s,3H,-OCH,-H)

190.76,158.89,143.45,140.07,136.06,
131.75,129.37,129.29,128.81,124.18,
123.04,120.85,111.35,77.37,77.16,
76.95,55.66,21.79
190.25,144.21,140.53,135.80,135.72,
133.73,131.43,130.64,129.75,129.15,
128.14,127.44,125.21,22.07
189.60,164.52,140.75,136.35,134.45,
131.81,131.25,128.74,128.01,125.71,
114.87,56.48

T4% 77335459 3a(F 3, Entry 1) o Y AR 5 44
JnE) 20 equiv. B, 725 (R 3, Entry 2) , iff— 2
B B R A, 77 AR (K 3, Entry 3) o S0
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J& PPA I E/INE 5 equiv. B, 72 R IK 3 96% (£
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AR 5 equiv. F120 equiv. . ZJFHET X
07 Y85 JEE R IS 7 i T % 77 S48 0 5 M, ke 728 s o i 32
1N B ] 241 7= SR R (3 3, Entries 7~10) . 24
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TAEOSEE R R, T 90 C RV 2 h K At R
%M.
3.2 RMeGIeRE
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PET, LAAS TR 8 28 2 FAS [R] B 1 2
RIRW , 75 52T AN R HUR X S5 o 7= S5 1 5 i), &5
UL 1 Y B R/ % 2R B 2 R it i T
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Table 3  Optimization of the reaction conditions

Additivel  Additive2

Entry Solvent T/°C t/h Yield/%
© (equiv.) (equiv.)

1 PPA(10) H,S0,(15) 1,4-dioxane 90 2 74
2 PPA(10) H,80,(20) 1,4-dioxane 90 2 86
3 PPA(10) H,80,(25) 1,4-dioxane 90 2 62
4 PPA(2.5) H,80,(20) 1,4-dioxane 90 2 72
5 PPA(5) H,80,(20) 1,4-dioxane 90 2 96
6  PPA(20) 1,80,(20) 1,4-dioxane 90 2 87
7 PPA(5)  H,80,20) 1,4-dioxane 80 2 83
8  PPA(5) H,80,(20) 1,4-dioxane 100 2 85
9  PPA(S) H,80,(20) 1,4-dioxane 90 1 76
10 PPA(S)  H,80,(20) 1,4-dioxane 90 3 80
11 PPA(O)  H,80,(20) 1,4-dioxane 90 2 /
12 PPA(S)  H,80,(0) 1,4-dioxane 90 2 8
13 PPA(5)  HCI(20)  1,4-dioxane 90 2 /
14 PPA(5) H;PO,(20) 1,4-dioxane 90 2 8
15 PPA(S) HNO,(20) 1,4-dioxane 90 2 5
16 PPA(5)  AcOH(20) 1,4-dioxane 90 2 6
17 PPA(5)  H,S0,(20) EtOH 90 2 /
18 PPA(5)  H,S0,(20) THF 90 2 /
19 PPA(5) H,S0,(20) DMSO 90 2 /
20 PPA(5)  H,S0,(20) DMF 90 2 /

THF: Tetrahydrofuran; DMSO: Dimethyl sulfoxide; DMF: N, N-dimethyl-
formamide. Conditions were optimized with acetophenone (la, 1.0
mmol) and benzaldehyde (2a,0. 8 mmol) as the substrate,and the solvent
was 3. 5 mL

W (90%~96%) 15 8 Hirfb G4 . IR R R
LR A W TR, A 3RS H AR =4 (3m) .
O B A O R T O S B IR BB B R
I (3d~3F, 3k 1 31) , 45 51l J2& >4 78 FH 8 1 e F
TR = it — D B (3g) . Bk gE R %
B, R A W T 3R R B AN R 9% 451 4
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