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Abstract - 1-aryl-2-thienyl-substituted pyrroles and 5-arylamino-2,2´-bithiophenes

were synthesized by treatment of arylamino-thieno-oxobutanamides with Lawesson´s

reagent. These in turn were prepared by direct amidation of 4-oxo-(2-thienyl)butanoic

acid through DCC/BtOH mediated reactions.
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Introduction

Thiophene and pyrrole moieties play important roles in natural product chemistry,1-2

non-linear optics,3-4 and supramolecular chemistry.5 The development of new methods

of synthesis of these heterocycles is therefore important. 2-Aryl- and 2-heteroaryl-

substituted pyrroles are also of great interest to the pharmaceutical industry, for

instance, as precursors in the synthesis of chemotherapeutics.1,6-7 Some of these

molecules, in particular the thienylpyrroles, have served as prospective monomers for

non-linear optical materials and organic conductive polymers.8-18

The latter combine high electrical conductivity, with thermal and environmental

stability. The synthesis of thienylpyrroles containing substituents at the nitrogen atom

attracts considerable attention because the substitution makes it possible to modify the

properties of polymers, including the synthesis of chiral conducting polymeric materials

with better properties for NLO. 8,10,18-19
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Generally, pyrroles are synthesized by the condensation of 1,4-dicarbonyl compounds

with primary amines through the Paal-Knorr reaction.1

In view of their importance, there is a continuous interest in developing versatile

synthetic routes.

In this work we wish to report the synthesis of 1-aryl-2-thienyl-substituted pyrrole

derivatives from arylamino-thieno-oxobutanamides through the Lawesson´s reaction.

As far as we can know it is the first time that 1-aryl-2-thienyl-substituted pyrroles are

described via a combination of the Friedel-Crafts and the Lawesson reactions.

Discussion

Recently we described the synthesis of 5-N,N-dialkyl-4-(2´-thienyl)-4-oxobutanamides,

and 5-alkoxy- and 5-N,N-dialkylamino-2,2´-bithiophenes via a combination of the

Friedel-Crafts and the Lawesson´s reaction.20 In continuation of our work20-23 and in

order to obtain new material with potential application in NLO we try to synthesise 5-

arylamino-2,2´-bithiophenes, by treatment of aryl-4-(2´-thienyl)-4-oxobutanamides

with the Lawesson´s reagent. In our study, instead of the expected 5-arylamino-2,2´-

bithiophenes we obtained 1-aryl-2-(2´-thienyl)pyrroles or a mixture of 1-aryl-2-(2´-

thienyl)pyrroles and 5-arylamino-2,2´-bithiophenes, 1-aryl-2-(2´-thienyl)pyrroles being

always the major products.

The synthesis of aryl-4-(2´-thienyl)-4-oxobutanamides 1a-f was achieved by direct

amidation of 4-oxo-(2-thienyl)butanoic acid24 with several commercial arylamines

through DCC-BtOH mediated reactions20 (Scheme 1i). No secondary products were

detected and the yields were fair to good (30-64%) depending on the nucleophilicity of

the arylamine (Table 1). The different effect of substituents in the anilines used is

noteworthy.

The above aryl-4-(2´-thienyl)-4-oxobutanamides 1a-f showed to be good starting

materials for the synthesis of the corresponding pyrrole derivatives 2a-f, by treatment at

reflux with Lawesson´s reagent in toluene (Scheme 1ii). Therefore attempts to convert

the aryl-4-(2´-thienyl)-4-oxobutanamides 1a-f into the corresponding 5-arylamino-2,2´-

bithiophenes 3 gave only the thienylpyrroles 2c (49%), (Table 1, entry 3) or a mixture

of thienylpyrroles 2 (32-58%) and bithiophene derivatives 3 (Table 1, entries 1-2 and 4-

6) in low yields (7-19%), pyrroles being the major compounds (Table 1).
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 Table 1. Yields obtained in the synthesis of amides 1, 1-aryl-(2´-thienyl)pyrroles 2 and

5-arylamino-2,2´-bithiophenes 3.

Entry R Compound

1

Yield
(%)

Compound

2

Yield
(%)

Compound

3

Yield
(%)

1 H 1a 42 2a 58 3a 9

2 2,4-diOMe 1b 6420 2b 32 3b 12

3 3,4,5-

triOMe

1c 49 2c 49 3c ---

4 4-F 1d 41 2d 58 3d 8

5 4-Br 1e 30 2e 34 3e 7

6 4-CN 1f 31 2f 32 3f 19

A plausible mechanism for the formation of pyrroles 2 and bithiophenes 3 from the

secondary amides 1, has already been proposed.25
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1-Aryl-2-(2´-thienyl)pyrroles have been prepared from aryl-4-(2´-thienyl)-4-

oxobutanamides 1a-f as major compounds, through a combination of the Friedel-Crafts

and Lawesson reactions. The corresponding bithiophene derivatives were also obtained

as by-products, generally in low yields.

The conjugated 1-aryl-2-(2´-thienyl)pyrroles 2 and the 5-arylamino-2,2´-bithiophenes 3,
as strong π-electron donor moieties, could be used as precursors in the preparation of

compounds with potential application in NLO.11-15,20

General experimental procedure (example)

Synthesis of 4´´-Cyanophenyl-4-(2´-thienyl)-4-oxobutanamide 1f

Amide 1f was obtained using the experimental method described in ref. 20, by reacting

4-oxo-(2-thienyl)butanoic acid (5.4 mmol) in CH2Cl2 with 1,3-

dicyclohexylcarbodiimide (7.1 mmol) and BtOH (7.1 mmol) and adding 4-cyanoaniline

at rt.

4´´-Cyanophenyl-4-(2´-thienyl)-4-oxobutanamide 1f. Colourless solid (31%). Mp
206.9-208.1 oC (EtOH). IR (Nujol) ν 3341 (NH), 2224 (CN), 1704 (C=O), 1644 (C=O),

cm-1. 1H NMR (CDCl3) δ 2.83 (t, 2H, J=6.3 Hz, CH2), 3.43 (t, 2H, J=6.3 Hz, CH2),

7.16-7.19 (m, 1H, 4´-H), 7.60 (d, 2H, J=8.7 Hz, 2xAr-H), 7.67 (d, 2H, J=8.7 Hz, 2xAr-

H), 7.70 (dd, 1H, J=5.1 and 1.2 Hz, 5´-H), 7.81 (dd, 1H, J=3.5 and 1.2 Hz, 3´-H), 8.14

(br s, 1H, NH). Anal. Calcd for C15H12N2O2S: C, 63.54; H, 4.44; N, 9.78; S, 11.51.

Found: C, 63.35; H, 4.22; N, 9.85; S, 11.26.

Synthesis of 1-(4´´-cyanophenyl)-2-(2´-thienyl)pyrrole 2f and 5-(4´´-cyanoanilino)-

2,2´-bithiophene 3f by treatment of amide 1g with the Lawesson´s reagent

A mixture of the Lawesson reagent (2.3 mmol) and the amide 1f (2.3 mmol) was heated

at reflux in toluene (12 ml) during 15 min.. The reaction mixture was cooled and the

solvent was evaporated under reduced pressure to give the crude mixture of arylpyrrole

2f and bithiophene 3f, which was purified by "flash" chromatography on silica with

increasing amounts of ether in light petroleum as eluent. The first component eluted

was 1-(4´´-cyanophenyl)-2-(2´-thienyl)pyrrole  2f as a beige solid (32 %). Mp 114.2-
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115.5 oC (ether). IR (Nujol) ν 2227 (CN) cm-1. 1H NMR (Acetone-d6) δ 6.38-6.42 (m,

1H, 4-H), 6.52 (dd, 1H, J=3.5 and 1.8 Hz, 3-H), 6.72 (dd, 1H, J=3.6 and 1.2 Hz, 3´-H),

6.97-7.02 (m, 1H, 4´-H), 7.14-7.18 (m, 1H, 5-H), 7.40 (dd, 1H, J=5.1 and 1.2 Hz, 5´-

H), 7.50 (d, 2H, J=8.7 Hz, 2´´ and 6´´-H), 7.88 (d, 2H, J=8.7 Hz, 3´´ and 5´´-H). MS

(EI) m/z (%): 250 (M+, 100), 140 (5), 122 (16), 102 (11). HRMS: m/z  (EI) for:

C15H10N2S; calcd 250.0565; found: 250.0566. The second component eluted was 5-

(4´´-cyanoanilino)-2,2´-bithiophene 3f as a yellow solid (19 %). Mp 139.6-141.1 oC
(ether). IR (Nujol) ν 3272 (NH), 2213 (CN) cm-1. 1H NMR (Acetone-d6) δ 6.83 (d, 1H,

J=3.6 Hz, 4-H), 7.08-7.12 (m, 1H, 4´-H), 7.13 (m, 3H, 3, 2´´ and 6´´-H), 7.24 (dd, 1H,

J=3.6 and 1.2 Hz, 3´-H), 7.43 (dd, 1H, J=5.1 and 1.2 Hz, 5´-H), 7.63 (d, 2H, J=8.7 Hz,

3´´ and 5´´-H), 8.39 (br s, 1H, NH). MS (EI) m/z (%): 282 (M+, 100), 180 (11), 153 (6),

141 (5), 121 (7), 96 (11). HRMS: m/z  (EI) for: C15H10N2S2; calcd 282.0285; found:

282.0288.

 Acknowledgements

Thanks are due to Foundation for Science and Technology (Portugal) for financial

support through IBQF (UM) and through (FEDER, POCTI) (ref.

POCTI/QUI/37816/2001).

References

(1) Sunderberg, R. J. Pyrroles and their Benzo Derivatives: Synthesis and Applications

In Comprehensive Heterocyclic Chemistry; Vol. 4; Katritzky, A. R.; Rees, C. W.,

Eds.; Pergamond: New York, 1984, 313.

(2) Bohlmann, F.; Zdero, C. In The Chemistry of Heterocyclic Compounds, Thiophene

and its Derivatives; Vol. 44; Gronowitz, S., Ed.; Wiley: New York, 1985, 261.

(3) Zyss D. S. In Non linear optical properties of organic molecules and crystals; Vol.

1 and 2; Academic Press: Orlando, 1987.

(4) Brosshard C.; Sutter K.; Petre P.; Hulliger J.; Florsheimer M.; Kaatz M.; Gunter P.

In Organic non-linear optical materials; Gordon and Breach Science Publishers;

Amsterdam, 1995.

(5) Lehn, J.-M. In The Supramolecular Chemistry; Concepts and Perspectives;

Gronowitz, S.; Ed.; Wiley-VCH: Weinheim, 1995.



6

(6) Katritzky, A. R.; Li J.; Gordeev, M. F. Synthesis 1994, 93-96.

(7) Engel, N; Steglich, W. Angew. Chem., Int. Ed. Engl. 1978, 17 , 676.

(8) Roncali, J. Chem. Rev. 1992, 92, 711-732.

(9) Roncali, J. Chem. Rev. 1997, 97, 173-205.

(10) Lucchesini, F. Tetrahedron, 1992, 48 , 9951-9966.

(11) Ogura, K.; Yanay, H.; Miokawa, M.; Akazome, M. Tetrahedron  Lett., 1999, 40,

8887-8891.

(12) Zhao, R.; Akazome M.; Matsumoto, S.; Ogura K. Tetrahedron  2002, 58, 10225-

10231.

(13) Zhao, R.; Matsumoto, S.; Akazome M.; Ogura K. Tetrahedron  2002, 58, 10233-

10241.

(14) Ogura, K.; Zhao, R.; Yanay, H.; Maeda, K.; Tozawa, R.; Matsumoto, S.; Akazome

M. Bull. Chem. Soc. Jpn. 2002, 75, 2359-2370.

(15) Ogura, K.; Zhao, R.; Jiang, M.; Akazome M.; Matsumoto, S.; Yamaguchi, K.

Tetrahedron  Lett., 2003, 44, 3595-3598.

(16) Just, P. E.; Chane-Ching, K. I.; Lacaze, P. C. Tetrahedron  2002, 58, 3467-3472.

(17) Kotkar, D.; Joshi, V.; Ghosh, P. K. J. Chem. Soc. Chem. Commun. 1988, 917-918.

(18) Parakka, J. P.; Joshi, Cava, M.C. Synthetic Met.  1995, 68, 275-279.

(19) McCullough, R. D.; Lowe, R. D.; Jayaraman, M.; Anderson, D. J. Org. Chem.

1993, 58, 904-912.

(20) Raposo, M. M. M.; Kirsch G. Heterocycles  2001, 55, 1487-1498.

(21) Raposo, M. M. M.; Kirsch G. Tetrahedron  2003, 59, 4891-4899.

(22) Raposo, M. M. M.; Fonseca, A. M. C.; Kirsch, G. Tetrahedron, 2004, 60, 4071-

4078.

(23) Batista, R. M. F.; Costa, S. P. G.; Raposo, M. M. M. Tetrahedron Lett. 2004, 45,

2825-2828.

(24) Fieser, L.; Kennelly R. G. J. Am. Chem. Soc. 1935, 57, 1611-1616.

(25) Nischo, T., Helv. Chim. Acta 1998, 81, 1207-1214.




