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SYNTHETIC COMMUNICATIONS, 24(12), 1721-1726 (1994) 

3-ALKYL OR ARYL THIOPHENES FROM 
MALONALDEHYDE DERIVATIVES 

G. Kirsch*, D. Prim 

Laboratoire de Chimie Organique 
Ile du Saulcy 

Universite de METZ 
57045 - METZ-Cedex 

A synthesis of 3-alkyf or aryl thiophenes is described 
starting from malonaldehydes. 

Thiophenes derivatives have always been of great interest to 
the synthetic chemist . We describe herein an easy access to 
thiophenes from substituted malonaldehydes derivatives. 
Different methods of synthesis of substituted thiophenes 
have been described using ring construction or substitution 
and coupling reactionsl. The method described here allows the 
preparation of 3-aryl or-alkyl substituted thiophenes. 

In the synthesis,(scheme 1 ), malonaldehyde derivatives 1 are 
condensed with an alkyl thioglycolate (2-mole-equivalents) in 
presence of a catalytic amount of an acid. 

*To whom correspondence should be addressed 
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Scheme 1 
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The reaction goes through the dithioketal 2, generally not 
isolated, which is cyclised by using an excess (3 times molar) 
of sodium methoxide in methanol. 
Ester a is isolated and purified. Its hydrolysis yields the acid 
4 which is easily decarboxylated by refluxing in quinoline in 
presence of copper bronze. 
The 3-alkyl or aryl thiophenes 5 are purified by distillation or 
recry/stal l izat ion. 
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3-ALKYL OR ARYL THIOPHENES 1723 

The structures of all compounds were confirmed by 
microanalysis and spectroscopic data (Table). The 
malonaldehydes present particular NMR data which were 
discussed elsewhere3. 

EXPERIMENTAL 

S u bs t i t u ted ma lo n aldehydes 1 
Preparation of compounds a and & was made according to 
ARNOLD and SORM4. & and were prepared according to 
J UTZs, the iminium-perchlorate were hydrolysed by refluxing 
in sodium hydroxide solution (25%). 

Synthesis of carbomethoxy thiophenes 3 
A mixture of malonaldehyde (0,051 mole) and 
methylthioglycolate (0,l mole, 10,6g) are heated to 100". One 
drop of concentrated HCI is then added (temperature rises to 
120-130") and heating is maintained 15 minutes. After 
cooling to room temperature, the crude dithioketal 2 is added 
to a stirred solution of sodium (0,15 at.g. 3,6g) in methanol 
(50 mi). Stiring is maintained for 30 minutes. Excess of 
methanol is distilled off under reduced pressure and the 
residue taken in 500 ml of water. The thiophenes a are 
extracted with ether or separated by filtration. 
Purification occurs through distillation or recristallization 
(rnethanol-water). 

Preparation of 3-substituted thiophenes 5 
The esters 3 were hydrolysed by refluxing with sodium 
hydroxide in aqueous methanol. Dilution with water, 
acidification by 50 Yo HCI and filtration yields the acids 4. For 
decarboxylation of 4 : a solution of the acid 4 in quinoline (5 
ml quinoline for 1 g acid) with copper bronze (0, lg for l g  of 
acid) is refluxed for 1 h. After cooling to room temperature, 
the solution is poured into 50% HCI and stirred for one hour. 
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1724 KIRSCH AND PRIM 

TABLE: Maionaldehydes and thiophenes prepared 
Product R Yield mp("C) H1 NMR Gppm/TMS 

% bp("C)/Torr (C DC13) 

l a  nC4Hg- 50 58 0.9(d 3H) 1.35(m 4H) 
(54-55)4 2.2(t 2H) 8 . 2 ( ~  2H) 

10.5(m 1H) 

l b  CsH5CH2- 60 140 3.55(s 2H) 
(1 36-1 37)4 7.2(s 5Harom) 

8.2(s 2H) 9.85(m 1H) 

l c  C6H5- 72 92 7.35(s 5H) 
(92-93)5 8.63(s 2H) 13(m 1H) 

I d  pOMeCsH4- 65 130 3.8(s 3H) 6.85(d 2H) 
7.40(d 2H) 8.35(s 2H) 
10.25(m 1H) 

3a nC4Hg- 40 11W2.5 0.8(d 2H) 1.35(m 4H) 
2.5(t 2H) 3.7(s 3H) 
6.9(d 1H) 7.4(s 1H) 

3b CeH5CH2- 51 55 3.75(s 3H) 
3.88(s 2H) 7.1(m 6H) 
7S(d 1H) 

3c C6H5- 63 94.5 3.8(s 3H) 
7.2-7.4(m 4H+1 H) 
7.95(d 1H) 

3d pOMeCsH4- 72 102 3.8(s 3H) 3.9(s 3H) 
6.9(d 2H) 7S(d 1H) 
7.5(dl H)7.95(d 1 H) 
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3-ALKYL OR ARYL THIOPHENES 1725 

continued 
R 

nC4Hg- 

CsH5CH2- 

C6H5- 

pOMeCsH4- 

nC4Hg- 

ABLE: 
'roduct Yield 

YO 

90 

95 

93 

96 

70 

4a 

, C6H5CH2- 

I 

1 C6H5- 
I 

1 pOMeCsH4- 

4b 

8! 

88 

85 

4c 

4d 

5a 

5b 

5d 

mp("C) 
bp( "C)/Torr 

90 

98 
(1 05)s 

~ 

167 

193 

85/15 
(1 77)7 

174/14 
(109/2.3)6 

89 
(91 -92)8 

127 

HINMR Gppm/TMS 
(CDC13) 

0.9(d 2H) 1.40(m 4H) 
2S(t 2H) 7.1(s 1H) 
7.6(s 1 H) 12.8(s 1 H) 

3.9(s 2H) 7.2(m 6H) 
7.7(s 1 H) 12.4(s 1 H) 

7.27-7.5(m 6H) 
8.l(d 1H) l l . l ( s  1H) 

3.85(s 2H) 6.75(m 2H) 
7.3-7.6(m 3H) 
8.05(d 1H) l l ( s  1H 

0.8(d 2H) 1.35(m 4H) 
7.05(m 1H) 
7.l(m 6H) 

3.85(s 2H) 
6.7(m 2H) 7.1(s 6H 
7.5(d 1H) 

7.1-7.6(m 8H) 

3.8(s 3H) 

7.2(s 2H) 7.27(s 1H) 
6.7( d2H, J =8.7Hz) 

7.4 (d 2 H , J = 8.7 H Z) 
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1726 KIRSCH AND PRIM 

Methylene chloride is added and the two layers system 
filtered with filter aid (celite) under vaccum. The filter is 
rinsed with methylene chloride. The organic layer is then 
separated, washed with water, dried with sodium sulfate and 
concentrated. The compounds 5 are purified by distillation or 
recristallization (petroleum ether). 

ACKNOWLEDGMENTS 

We thank Mrs Veronique PODDIG and Monique WANlOWSKl for 
technical assistance and Mrs FranGoise WUNSCH for typing the 
man uscri pt . 

REFERENCES AND NOTES 

1) S. Gronowitz, vol.1, p.1-214;P. Cagniant, D. Cagniant, D. 
Paquer and G. Kirsch, v01.2, p. 119-1 58 in Thiophenes and its 
derivatives, S .  GRONOWITZ editor, Wiley Interscience, 1985. 
2) Isolation of the dithioketal is possible howerer 
purification is delicate. 
3) G. KIRSCH, J.L. MIELOSZINSKY, D. PAQUER, C.G. ANDRIEU, Rec. 
Trav. Chim. Pays Bas,l983, 102, 489. 
4) Z. ARNOLD, F. SORM, Coll. Czechoslov. Commn.,1958, a, 
452. 
5) C. JUTZ, R. KIRSCHLEHNER, H.J. SEIDEL, Chem. Ber.,1969, 
1Q2, 2301. 
6) M. DOWEL, T. JEFFRIES, J. Org. Chem.,1971, m, 1053. 
7) H. WYNBERG, A. LOGOTHETIS, D. VERLOEG, J. Am. Chern. SOC., 
1957, z, 1972. 
8) M.G. VORONKOV, A.N. PEREFERKOWITCH, Khim. Geterotsikl 
Soedin,l967, 6, 1 133. 
9) J. SCHMITT, A. LESPAGNOL, Bull. SOC. Fr.,1950, m. 

(Received in The Netherlands 17 November 1993) 

D
ow

nl
oa

de
d 

by
 [

N
or

th
 C

ar
ol

in
a 

St
at

e 
U

ni
ve

rs
ity

] 
at

 1
1:

11
 0

9 
D

ec
em

be
r 

20
12

 


