
INTRODUCTION

α-Hydroxyketones are important building blocks for the

synthesis of several drugs and natural products1-12. For

this reason, many chemical methods for their synthesis are

described in literature13-21. The cyanide ion-catalyzed conden-

sation of aromatic aldehydes to the corresponding benzoins

has great synthetic utility. According to a well documented

classical benzoin condensation mechanism, cyanide ion

catalyzed generation of acyl anion is the key step in this trans-

formation22,23. Many improvements have been made for the

symmetrical benzoin condensation utilizing thiazolium and

triazolium salts24-35 but synthesis of unsymmetrical benzoins,

under traditional conditions, have problems associated with

the formation of four possible benzoins, two of them being

isomeric36-39. Furthermore, some of the reported methods

suffer from drawbacks such as longer reaction time, lower

yields, expensive catalysts, harsh conditions or complexity of

work-up. So the development of a milder, simpler, greener

and more efficient procedure for the synthesis of symmetrical

and unsymmetrical benzoins is highly desirable. Ultrasound

irradiation has been considered as a clean and useful protocol

in organic synthesis in the last two decades, compared with

traditional methods, the procedure is more convenient. A large

number of organic reactions can be carried out in higher yield,

shorter reaction time or milder conditions under ultrasonic

irradiation40. Herein, we wish to report a general, efficient and

eco-friendly method for the synthesis of symmetrical and

unsymmetrical benzoin derivatives using potassium cyanide

in dimethyl sulfoxide under argon gas and ultrasound

(Scheme-I).

An Eco-friendly Method for Synthesis of Symmetrical and

Unsymmetrical Benzoin Derivatives

JAVAD SAFARI
*, NAIMEH MOSHTAEL ARANI and ANOUSHEH RAMEZAN ISFAHANI

Research Labratorary of Organic Chemistry, Department of Organic Chemistry, Faculty of Chemistry, University of Kashan, Kashan, I.R. Iran

*Corresponding author: Fax: +98 361 5912397; Tel: +98 361 5912320; E-mail: safari_jav@yahoo.com

Asian Journal of Chemistry;   Vol. 23, No. 2 (2011), 495-498

(Received: 17 August 2009; Accepted: 17 September 2010) AJC-9092

A rapid, highly efficient and mild green synthesis of symmetrical and unsymmetrical benzoin derivatives was achieved from the reaction

of benzaldehyde derivatives with potassium cyanide in dimethyl sulfoxide under argon gas and ultrasound. This simple method affords

benzoin derivatives at room temperature in short reaction times with high yield and purity.
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Scheme-I: Synthesis of benzoins in DMSO under argon gas and

ultrasound

EXPERIMENTAL

In a typical procedure chemicals were purchased from

Merck chemical company. 1H NMR (500 MHz) and 13C NMR

(125 MHz) spectra were recorded by Bruker DRX-500 Avance

spectrometer. Tetramethyl silane (TMS) was used as an internal

reference. A Magna-550 Nicolet recorded IR spectra. Vibra-

tional transition frequencies were reported as wave numbers

(cm-1). A mass spectrum was recorded by QP-1100EX

Shimadzu spectrometer. Sonication was performed in a UP

400S ultrasonic processor equipped with a 3 mm wide and

140 mm long probe, which was immersed directly into the

reaction mixture. The operating frequency was 24 kHz and

the output power was 0-400 Watt through manual adjustment.

UV spectra were recorded on a Hitachi 200-20 spectrometer

using spectrophotometric grade ethanol (Baker). Melting

points were obtained with an electrothermal micro melting

point apparatus and are uncorrected.

General procedure for synthesis of 2a-f: To synthesize

the symmetrical benzoins, a solution of 2 mmol of benzaldehyde

derivatives in 10 mL of DMSO is mixed with 1 g of KCN (96-

98 %). This reaction was completed under argon gas and ultra-

sound for a few minutes. The instantaneous crystallization of

the product observed with benzoin is unusual. Purification



generally can be accomplished by recrystallization from ethanol

and evaporation of the solvent.

General procedure for synthesis of 2e-j: To synthesize

the unsymmetrical benzoins, 2 mmol of donor benzaldehyde,

10 mmol of acceptor benzaldehyde, 10 mL of DMSO and 1.08 g

of potassium cyanide were used. This reaction was completed

under argon gas and ultrasound for a few minutes. The instan-

taneous crystallization of the product observed with benzoin

is unusual. Purification generally can be accomplished by

recrystallization from ethanol and evaporation of the solvent.

The structure of these compounds has been investigated

using different methods of spectroscopy and spectrometry: UV,
1H NMR, 13C NMR, IR and MS.

Compound (a), benzoin: UV (CH3OH) λmax: 230 nm; 1H

NMR (500 MHz, CDCl3) δ: 4.56 (1H, s, OH), 5.71 (1H, s,

CH), 7.23-7.68 (10H, m, CH); 13C NMR (125 MHz, CDCl3)

δ: 68.41 (CH), 125.27 (2CH), 128.12 (CH), 129.67 (2CH),

131.05 (2CH), 131.27 (2CH), 133.42 (C), 138.61 (C), 197.10

(CO); IR (KBr, νmax, cm-1): 3250-3500 (OH, m), 1670 (CO, s),

1450, 1600 (C=C, m), 690, 750 (=C-H, s).

Compound (b), 4,4'-dimethylbenzoin: UV (CH3OH)

λmax: 238 nm; 1H NMR (500 MHz, CDCl3) δ: 2.23 (3H, s,

CH3), 2.35 (3H, s, CH3), 4.62 (1H, s, OH), 5.90 (1H, s, CH),

7.23 (4H, d, CH), 7.64 (4H, d, CH); 13C NMR (125 MHz,

CDCl3) δ: 19.47 (CH3), 20.29 (CH3), 69.17 (CH), 126.17

(2CH), 127.42 (2CH), 127.55 (2CH), 128.02 (2CH), 134.19

(C), 135.24 (C), 137.67 (C), 139.08 (C), 196.31 (CO); IR (KBr,

νmax, cm-1): 3200-3450 (OH, m), 1675 (CO, s), 1450, 1600

(C=C, m), 830 (=C-H, s).

Compound (c), 3,3'-dimethylbenzoin: UV (CH3OH)

λmax: 239 nm; 1H NMR (500 MHz, CDCl3) δ: 2.27 (3H, s,

CH3), 2.31 (3H, s, CH3), 4.56 (1H, s, OH), 5.88 (1H, s, CH),

6.90-7.63 (8H, m, CH); 13C NMR (125 MHz, CDCl3) δ: 19.39

(CH3), 20.17 (CH3), 69.21 (CH), 124.41 (CH), 126.91 (CH),

127.22 (CH), 128.03 (CH), 128.87 (CH), 129.15 (CH), 130.56

(CH), 131.37 (CH), 135.71 (C), 138.03 (C), 140.49 (C), 142.13

(C), 196.24 (CO); IR (KBr, νmax, cm-1): 3220-3550 (OH, m),

1685 (CO, s), 1480, 1620 (C=C, m), 690, 780 (=C-H, s).

Compound (d), 3,3'-dichlorobenzoin: UV (CH3OH)

λmax: 234 nm; 1H NMR (500 MHz, CDCl3) δ: 4.32 (1H, s,

OH), 5.94 (1H, s, CH), 7.26-8.12 (8H, m, CH); 13C NMR (125

MHz, CDCl3) δ: 71.18 (CH), 125.03 (CH), 126.21 (CH),

126.97 (CH), 128.46 (CH), 129.59 (CH), 130.92 (CH), 131.38

(CH), 132.73 (CH), 134.41 (C), 135.10 (C), 135.68 (C), 136.73

(C), 195.47 (CO); IR (KBr, νmax, cm-1): 3200-3500 (OH, m),

1650 (CO, s), 1440, 1620 (C=C, m), 700, 780 (=C-H, s).

Compound (e), 3,3'-dinitrobenzoin: UV (CH3OH) λmax:

248 nm; 1H NMR (500 MHz, CDCl3) δ: 4.45 (1H, s, OH),

5.73 (1H, s, CH), 7.26-8.12 (8H, m, CH); 13C NMR (125 MHz,

CDCl3) δ: 72.45 (CH), 124.39 (CH), 124.88 (CH), 125.70

(CH), 126.57 (CH), 132.09 (CH), 132.96 (CH), 133.41 (C),

134.10 (C), 134.68 (CH), 135.18 (CH), 151.69 (C), 152.12

(C), 193.33 (CO); IR (KBr, νmax, cm-1): 3150-3550 (OH, m),

1650 (CO, s), 1460, 1580 (C=C, m), 1330, 1540 (NO2, s),

700, 775 (=C-H, s); m/z: 302 (M+), 152, 150, 77.

Compound (f), 2,2'-dinitrobenzoin: UV (CH3OH) λmax:

240 nm; 1H NMR (500 MHz, CDCl3) δ: 3.66 (1H, s, OH),

4.87 (1H, s, CH), 7.45-8.19 (8H, m, CH); 13C NMR (125 MHz,

CDCl3) δ: 71.79 (CH), 124.78 (CH), 125.06 (CH), 126.46

(CH), 128.98 (CH), 129.61 (CH), 130.17 (CH), 131.66 (CH),

133.82 (CH), 135.74 (C), 138.37 (C), 145.03 (C), 146.51 (C),

187.63 (CO); IR (KBr, νmax, cm-1): 3200-3500 (OH, m), 1630

(CO, s), 1430, 1575 (C=C, m), 1350, 1550 (NO2, s), 750 (=C-

H, s).

Compound (g), 4-methylbenzoin: UV (CH3OH) λmax:

232 nm; 1H NMR (500 MHz, CDCl3) δ: 2.34 (3H, s, CH3),

4.56 (1H, s, OH), 5.94 (1H, s, CH), 7.19-7.84 (9H, m, CH);
13C NMR (125 MHz, CDCl3) δ: 21.66 (CH3), 67.02 (CH),

127.73 (2CH), 128.44 (CH), 129.04 (2CH), 129.26 (2CH),

129.36 (2CH), 130.95 (C), 139.32(C), 144.94 (C), 198.47

(CO); IR (KBr, νmax, cm-1): 3150-3500 (OH, m), 1675 (CO, s),

1430, 1575 (C=C, m), 780, 830 (=C-H, s); m/z: 226 (M+),

119, 107, 77.

Compound (h), 4-methoxybenzoin: UV (CH3OH) λmax:

238 nm; 1H NMR (500 MHz, CDCl3) δ: 3.78 (3H, s, OCH3),

4.68 (1H, s, OH), 5.97 (1H, s, CH), 6.85 (2H, d, CH), 7.26-

7.31 (3H, m, CH), 7.33 (2H, d, CH), 7.91 (2H, d, CH); 13C

NMR (125 MHz, CDCl3) δ: 55.43 (CH3), 75.77 (CH), 113.92

(2CH), 126.26 (C), 127.69 (2CH), 128.41 (CH), 129.04 (2CH),

131.54 (2CH), 139.61 (C), 164.04 (C), 197.18 (CO); IR (KBr,

νmax, cm-1): 3230-3520 (OH, m), 1685 (CO, s), 1420, 1580

(C=C, m), 1120, 1300 (C-O, s), 770, 830 (=C-H, s); m/z: 242

(M+), 135, 107, 77.

Compound (i), 3'-bromo-4-methoxybenzoin: UV

(CH3OH) λmax: 232 nm; 1H NMR (500 MHz, CDCl3) δ: 3.76

(3H, s, OCH3), 4.55 (1H, s, OH), 5.78 (1H, s, CH), 6.58-7.32

(6H, m, CH), 7.78 (2H, d, CH); 13C NMR (125 MHz, CDCl3)

δ: 54.79 (CH3), 77.68 (CH), 115.34 (2CH), 122.50 (C), 126.49

(CH), 128.02 (CH), 129.43 (CH), 130.17 (CH), 132.96 (2CH),

133.27 (C), 138.13 (C), 164.69 (C), 196.01 (CO); IR (KBr,

νmax, cm-1): 3160-3470 (OH, m), 1700 (CO, s), 1470, 1630

(C=C, m), 1100, 1280 (C-O, s), 780, 840 (=C-H, s); m/z: 322

(M++2), 320 (M+), 185, 135, 77.

Compound (j), 4-dimethylaminobenzoin: UV (CH3OH)

λmax: 236 nm; 1H NMR (500 MHz, CDCl3) δ: 2.97 (6H, s,

CH3), 4.59 (1H, s, OH), 5.76 (1H, s, CH), 6.36 (2H, d, CH),

7.15 (5H, m, CH), 7.91 (2H, d, CH); 13C NMR (125 MHz,

CDCl3) δ: 41.18 (CH3), 76.90 (CH), 112.54 (2CH), 124.83

(2CH), 127.49 (2CH), 128.32 (C), 131.93 (2CH), 138.66 (C),

157.52 (C), 195.70 (CO); IR (KBr, νmax, cm-1): 3200-3490 (OH,

m), 1640 (CO, s), 1430, 1590 (C=C, m), 780, 830 (=C-H, s);

m/z: 255 (M+), 148, 107, 77.

RESULTS AND DISCUSSION

The benzoin condensation consists in the treatment of an

aromatic aldehyde with potassium cyanide or sodium cyanide,

usually in aqueous ethanolic solution. By the use of one mole

of each of two different aromatic aldehydes, it is possible to

prepare many unsymmetrical benzoins. The reaction is not

applicable to all aromatic aldehydes. The condensation is

affected greatly by the nature of the substituents in the aromatic

nucleus. Many substituted benzaldehydes either do not react

or yield products other than benzoins. In order that an aldehyde

may form a symmetrical benzoin it must possess not only a

relatively unsaturated carbonyl group but also a mobile

hydrogen atom. Two aldehydes, neither of which forms a

symmetrical benzoin, may form an unsymmetrical benzoin if

one aldehyde is an acceptor and the other a donor of a hydrogen
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atom. Benzaldehyde, which is both an acceptor and a donor,

readily forms a benzoin. For instance, 4-dimethylaminobenzal-

dehyde does not form a symmetrical benzoin. However, it

condenses with benzaldehyde, acting as a donor, to yield an

unsymmetrical benzoin (2j). Benzaldehyde by contrast usually

acts as an acceptor when it reacts with other aldehyde to form

unsymmetrical benzoins. Two different aldehydes might be

expected to yield a mixture of two symmetrical benzoins and

unsymmetrical benzoins, but only a single unsymmetrical

benzoin usually is isolable. The second unsymmetrical

benzoin may be formed when the reactivity of the two aldehydes

is similar41,42. In this work, symmetrical and unsymmetrical

benzoins are obtained in high yield from the reaction of benzal-

dehyde derivatives in the presence of potassium cyanide and

DMSO under argon gas and ultrasound. In an initial study, for

examination of the solvent effect in this condensation,

benzaldehyde derivatives was first reacted with KCN in the

presence of ethanol (95 %) under ultrasound. The results are

shown in Table-1. These first results indicate the shorter times

of reaction to the conventional heating method. Also the yields

of reaction are relatively increased in this way.

TABLE-1 
SYNTHESIS OF BENZOIN DERIVATIVES IN  

ETHANOL (95 %) UNDER ULTRASOUND 

Entry R1 R2 Time (min) Yield (%) 

a H H 5 92 

b 4-CH3 4-CH3 35 65 

c 3-CH3 3-CH3 45 58 

d 4-Cl 4-Cl 10 72 

e 3-NO2 3-NO2 7 78 

f 2-NO2 2-NO2 15 43 

g 4-CH3 H 40 55 

h 4-OCH3 H 45 52 

i 4-OCH3 3-Br 30 78 

j 4-N(CH3)2 H 20 67 

 
In order to optimize the reaction conditions, we used

DMSO and argon gas. DMSO was used as a solvent instead

of ethanol (Table-2). The yields of reaction increased in the

presence of DMSO which reflects to ability of DMSO to

solvate the metal cation and not the cyanide anion thus

increasing it activity for better nucleophilic attack. On the other

side, some aldehydes such as benzaldehyde is easily oxidized

to benzoic acid under O2 which can impede the desired reaction,

so freshly distilled benzaldehyde is used. We also used argon

TABLE-2 
SYNTHESIS OF BENZOIN DERIVATIVES IN  

DMSO UNDER ARGON GAS AND ULTRASOUND 

E
n

tr
y

 

R1 R2 
Time 
(min) 

m.p.rep/m.p.lit 
(ºC) 

Yield 
(%) 

a 

b 

c 

d 

e 

f 

g 

h 

i 

j 

H 

4-CH3 

3-CH3 

4-Cl 

3-NO2 

2-NO2 

4-CH3 

4-OCH3 

4-OCH3 

4-N(CH3)2 

H 

4-CH3 

3-CH3 

4-Cl 

3-NO2 

2-NO2 

H 

H 

3-Br 

H 

3 

15 

20 

6 

3 

7 

15 

20 

15 

8 

133-135/134[43] 

88-90/86-88[44] 

Liquid[43] 

86-88/88[43] 

178-180/---- 

153-155/168-169[43] 

108-110/107-108[45] 

106-108/106-106.5[45] 

87-89/88[37] 

161-163/163.5-164.5[45] 

98 

87 

91 

94 

96 

67 

82 

74 

93 

97 

 

 

gas to create an inert atmosphere in reaction surrounding. In

the presence of argon gas, the beautiful crystals of benzoic

derivatives were formed, too.

Conclusion

This work demonstrates an expedient and highly efficient

methodology for the synthesis of symmetrical and unsymme-

trical benzoin derivatives using potassium cyanide in dimethyl

sulfoxide under argon gas and ultrasound. In addition of

efficiency and simplicity, this protocol provides a very fast,

"green" and low cost procedure for the synthesis of benzoin

derivatives. In total, a general method is used to constitute

both electron-withdrawing and electron-donating constitutens.
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