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BISMUTH(III) CHLORIDE–MEDIATED, EFFICIENT,
SOLVENT-FREE, MWI-ENHANCED DOEBNER
CONDENSATION FOR THE SYNTHESIS OF
(E)-CINNAMIC ACIDS

Suresh, Dhruva Kumar, and Jagir S. Sandhu
Department of Chemistry, Punjabi University, Patiala, Punjab, India

A bismuth(III) chloride–mediated green process for the production of (E)-cinnamic acid

derivatives using microwave irradiation under solvent-free conditions is described. The

(E)-cinnamic acids are obtained in excellent yields. This protocol is green because it

employs an established environmentally benign procedure, microwave irradiation. Solvent

vapor pollution is not there because it is solvent free, and bismuth(III) chloride is an

established nontoxic catalyst.

Keywords: Bismuth(III) chloride; (E)-cinnamic acids; MWI; solvent free

INTRODUCTION

trans-Cinnamic acids are of current interest because they are useful synthons in
organic chemistry and for several industrial products. Notably these are required in
the production of cosmetics and hair protection agents.[1,2] Because of these signifi-
cant uses in industry as well as organic synthesis, there has been considerable interest
for developing facile efficient processes for their production. The previous proce-
dures employed conventional heating, catalysts such as pyridine and piperidine,[3]

and organic bases. Organic bases are established carcinogenic materials and have
been replaced by several inorganic salts.[4] Several methods have been reported for
synthesis of cinnamic acids, which involve the Claisen–Schmidt condensation of
aldehydes with acetates,[5] the Knoevenagel reaction of aldehydes with malonic
acid,[6] the Wittig reaction of aldehydes with a phosphorus ylide derived from
a-bromoacetate,[7] and more recently the Heck reaction between aryl halides and
acrylates.[8] Evidently, these procedures are not facile and cheap. Considering the
cost of the reagents and ease of operation, especially on a practical, large-scale prep-
aration, herein we report the time-effective synthesis of cinnamic acids in excellent
yield by Doebner condensation of aryl aldehydes and malonic acid. We and others[9]

have been developing bismuth(III) chloride as an efficient nontoxic catalyst in
organic synthesis. Guided by the nontoxic behavior of this salt and our requirement
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for trans-cinnamic acids (we needed this material in the development of enaminone
chemistry of uracils),[10] we disclose an efficient protocol for the production of
(E)-cinnamic acids through Doebner modification as shown in Scheme 1.

RESULTS AND DISCUSSION

We initiated our investigation with pilot experiments using 5mol% BiCl3 in
condensation of anisaldehyde (5mmol) and malonic (5.05mmol) without solvent
under microwaves, which proceed smoothly in a short time, but the obtained yields
of trans-cinnamic acids were not excellent. To optimize the yields, we performed
experiments to quantify the catalyst and established 10mol% BiCl3 catalyst as
enough to have the optimum yields. In a typical procedure, aryl aldehydes, malonic
acid, and BiCl3 (1:1.1:0.1) were mixed properly and treated under microwave
irradiation (MWI) using solvent-free conditions (for times, see Table 1) to obtain
trans-cinnamic acids 3a in 98% yields. To check the efficacy and applicability of this
catalyst, we could successfully obtain a range of desired products in 89–98% yields
(Table 1) in 3–8min. Catalyst more than 5mol% (up to 10mol%) did not
effect any drastic change in reaction time and yields. Electron-withdrawing and

Scheme 1. Doebner condensation of aryl aldehydes and malonic acid.

Table 1. BiCl3-catalyzed synthesis of (E)-cinnamic acids

Entry R1 R2 R3 Producta Time (min) Yield (%)b Mp (lit.[11]) (�C)

1 H H H 3a 3 98 132 (133)

2 MeO H H 3b 4 97 170–171 (172)

3 H H Cl 3c 5 95 209–210 (208–210)

4 Me H H 3d 3.5 97 196–197 (197)

5 Cl H H 3e 6 94 249–251 (248–250)

6 H NO2 H 3f 7.5 92 196–197 (197)

7 Cl H Cl 3g 6.5 89 232–233 (233–235)

8 NO2 H H 3h 7 90 286 (286)

9 OH H H 3i 5 94 213–215 (214–215)

10 H OH H 3k 6.5 89 198 (197–198)

11 OH MeO H 3l 5 93 166–168 (168)

12 Meo MeO H 3m 4 90 181–182 (181–183)

13 Me2N H H 3n 8 91 215–216 (216)

aThe products were characterized by comparison of their melting points and spectral (IR, 1H NMR)

data with those of authentic samples.
bIsolated yields after recrystallization.
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electron-donating substituents on aryl aldehydes did not affect product yields and
reaction rate; clearly the catalyst was effective over a wide range of aryl aldehydes.

CONCLUSION

In summary, the present method employing BiCl3 is a mild, efficient, and envir-
onmentally benign protocol for the synthesis of (E)-cinnamic acids. Products are
obtained in excellent yields in short reaction times. The factor in favor of the present
protocol is that the catalyst used is a cheap, well-known, and nontoxic inorganic salt.
Operational simplicity and easy workup are the other attractive features of this
procedure. These features place this protocol superior to the existing ones. During
aqueous workup, no hazardous, unsafe, or corrosive by-products were formed, as
is the case with strong, metallic, conventional Lewis acids.

EXPERIMENTAL

Melting points were determined in open capillaries and are uncorrected.
Reagent-grade chemicals were purchased from a commercial source and used
without further purification. Infrared (IR) spectra were recorded in KBr discs on
a Perkin-Elmer 240C analyzer. 1H NMR spectra were recorded on a Varian Gemini
300-MHz spectrometer using trimethylsilane (TMS) as internal standard. The
progress of the reaction was monitored by thin-layer chromatography (TLC) using
silica gel G (Merck).

General Procedure for Preparation of trans-Cinnamic Acids

Aryl aldehydes (10mmol), malonic acid (10mmol), and BiCl3 (0.1mmol) were
mixed for 3–4min in an Erlenmeyer flask. This reaction mixture was treated with
MWI for the times given in Table 1 using solvent-free conditions. After completion
of the reaction (monitored via TLC), the crude product was cooled, washed with
water, and filtered, then recrystallized from ethanol.

Representative Spectral Data

Compound 3a. 1H NMR (CDCl3) d 7.70 (d, J¼ 16.0Hz, 1H), 7.55–7.48
(m, 2H), 7.45–7.34 (m, 3H), 6.44 (d, J¼ 16.0Hz, 1H), 3.81 (s, 3H); 13C NMR
(CDCl3) d 167.8 (s), 145.3 (d), 134.8 (s), 130.7 (d), 129.3 (d), 128.5 (d), 118.2 (d),
52.1 (q); IR (KBr) 1720, 1638, 981, 769 cm�1; MS m=z 162 (Mþ).

Compound 3b. 1H NMR (CDCl3) d 7.65 (d, J¼ 16.0Hz, 1H), 7.49–7.45
(m, 2H), 6.92–6.88 (m, 2H), 6.31 (d, J¼ 16.0Hz, 1H), 3.83 (s, 3H), 3.79 (s, 3H);
13C NMR (CDCl3) d 168.1 (s), 161.8 (s), 144.9 (d), 130.1 (d), 127.5 (s), 115.7 (d),
114.7 (d), 55.7 (q), 51.9 (q); IR (KBr) 1718, 1639, 1604, 985, 839, 824 cm�1; MS
m=z 192 (Mþ).

Compound 3c. 1H NMR (CDCl3) d 7.64 (d, J¼ 16.0Hz, 1H), 7.46
(dd, J¼ 6.4, 2.1Hz, 2H), 7.35 (dd, J¼ 6.4, 1.9Hz, 2H), 6.41 (d, J¼ 16.0Hz, 1H),
3.81 (s, 3H); 13C NMR (CDCl3) d 167.6 (s), 143.8 (d), 136.6 (s), 133.3 (s), 129.6
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(d), 129.6 (d), 118.8 (d), 52.2 (q); IR (KBr) 1710, 1635, 1006, 82 cm�1; MS m=z
196 (Mþ).

Compound 3d. 1H NMR (CDCl3) d 7.67 (d, J¼ 16.0Hz, 1H), 7.42
(d, J¼ 8.1Hz, 2H), 7.19 (d, J¼ 8.0Hz, 2H), 6.40 (d, J¼ 16.0Hz, 1H), 3.80 (s,
3H), 2.37 (s, 3H); 13C NMR (CDCl3) d 167.6 (s), 144.9 (d), 140.7 (s), 130.7 (s),
129.6 (d), 128.1 (d), 116.7 (d), 51.6 (q), 21.5 (q); IR (KBr) 1712, 1634, 818 cm�1;
MS m=z 176 (Mþ).
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5. Claisen, L. Zur Darstellung der zimmtsäure und ihrer homologen. Chem. Ber. 1890, 23,
976; (b) Marvel, C. S.; King, W. O. Ethyl cinnamate. Org. Synth. Coll. 1941, 1, 252.

6. Johnson, A. L. Synthesis of the three isomeric ortho-substituted phenylthienyl benzoic
acids. J. Org. Chem. 1976, 41, 1320.

7. Patil, V. J.; Mavers, U. Wittig reactions in the presence of silica gel. Tetrahedron Lett.
1996, 37, 1281; (b) Schiemenz, G. P.; Thobe, J. Aromatische phosphine mit substituenten
zweiter ordnung, III: Eine neue variante der Wittig-Reaktion. Chem. Ber. 1966, 99, 2663.

8. Gruber, A. S.; Pozebon, D.; Monteiro, A. L.; Dupont, J. On the use of phosphine-free
PdCl2(SEt2)2 complex as catalyst precursor for the Heck reaction. Tetrahedron Lett.
2001, 42, 7345.

9. (a) Baruah, B.; Prajapati, D.; Baruah, A.; Sandhu, J. S. BiCl3=CdCl3-catalysed Michael
addition of 1,3-dicarbonyl compounds under microwave irradiations. Tetrahedron
Lett. 1997, 38, 1449; (b) Borah, H. N.; Prajapati, D.; Sandhu, J. S.; Ghosh, A. C.

Bismuth(III)chloride–zinc–promoted selective reduction of aromatic nitro compounds
to azoxy compounds. Tetrahedron Lett. 1994, 35, 3167; (c) Boruah, A.; Baruah, B.;
Prajapati, D.; Sandhu, J. S. Biþ3-catalysed regeneration of carbonyl compounds from
hydrazones under microwave irradiations. Synlett 1997, 1251; (d) Thakur, A. J.; Boruah,
A.; Prajapati, D.; Sandhu, J. S. Microwave-induced bismuth trichloride–catalysed
Beckmann rearrangement of oximes. Synth. Commun. 2000, 30, 2105; (e) Wada, M.; Ohki,
H.; Akiba, K. Y. A Grignard-type addition of allyl unit to aldehydes by using bismuth

and bismuth salt. Bull. Chem. Soc. Jpn. 1990, 63, 1738; (f) Suzuki, H.; Ikegami, T.;

1918 SURESH, D. KUMAR, AND J. S. SANDHU

D
ow

nl
oa

de
d 

by
 [

M
em

or
ia

l U
ni

ve
rs

ity
 o

f 
N

ew
fo

un
dl

an
d]

 a
t 2

3:
36

 3
1 

Ju
ly

 2
01

4 



Matano, Y. Bismuth in organic transformations. Synthesis 1997, 249; (g) Vidal, S.
Bismuth(III) derivatives: New catalysts. Synlett 2001, 1194; (h) De, S. K.; Gibbs, R. A.
An efficient and practical procedure for the synthesis of 4-substituted coumarins.
Synthesis 2005, 1231–1233; (i) Ramalinga, K.; Vijayalakshmi, P.; Kaimal, T. N. B.
Bismuth(III)-catalyzed synthesis of dihydropyrimidinones: Improved protocol conditions
for the Biginelli reaction. Synlett 2001, 863.

10. Bhuyan, P. J.; Boruah, R. C.; Sandhu, J. S. Studies on uracil, a facile one-pot synthesis of
pyrido (2,3-d) and pyrazolo (3,4-d) pyrimidines. J. Org. Chem. 1990, 55, 568.

11. (a) Vogel, A. I. A Textbook of Practical Organic Chemistry, 5th ed.; Addison Wesley
Longman: London, 1998, p. 1041; (b) Aldrich Catalog Handbook of Fine Chemicals;
Aldrich: Delhi, India, 2007–2008.

BiCl3-CATALYZED SYNTHESIS OF (E)-CINNAMIC ACIDS 1919

D
ow

nl
oa

de
d 

by
 [

M
em

or
ia

l U
ni

ve
rs

ity
 o

f 
N

ew
fo

un
dl

an
d]

 a
t 2

3:
36

 3
1 

Ju
ly

 2
01

4 


