
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 29 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

THIOPHENE-CONTAINING MACROCYCLES DERIVED FROM [2 2]
CYCLIZATIONS
Boualem Oussaida; Bernard Garriguesa; Anne-Marie Caminadeb; Jean Pierre Majoralb

a Laboratoire Synthèse, Structure et Réactivité de Molécules Phosphorées, Toulouse Cedex, France b

Laboratoire de Chimie de Coordination du CNRS, Toulouse Cedex, France

To cite this Article Oussaid, Boualem , Garrigues, Bernard , Caminade, Anne-Marie and Majoral, Jean Pierre(1992)
'THIOPHENE-CONTAINING MACROCYCLES DERIVED FROM [2 2] CYCLIZATIONS', Phosphorus, Sulfur, and
Silicon and the Related Elements, 73: 1, 41 — 47
To link to this Article: DOI: 10.1080/10426509208034429
URL: http://dx.doi.org/10.1080/10426509208034429

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509208034429
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus, Sulfur, and Silicon, 1992, Vol. 73, pp. 41-47 
Reprints available directly from the publisher 
Photocopying permitted by license only 

D 1992 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 
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(Received July 28, 1992; in final form September 11, 1992) 

Tetra ester macrocycles 7,  8, carboxamide macrocycles 9a, b and Schiff base macrocycles 10, 12a, b 
containing two or four thiophene moieties are obtained from 2,5-thiophene dicarbonylchloride or various 
aldehydes and esters derived from thiophene. 

Key words: Macrocycle; thiophene. 

INTRODUCTION 

During the past two decades, numerous publications described the synthesis of 
various macrocycles containing thiophene subcyclic units.' However, few of these 
reports dealt with compounds derived from the self-assembling of four units: Fenton 
et al. proposed the preparation of Schiff-base macrocycles from thiophene-2,5- 
dicarboxaldehyde and various primary diamines2 while Potts et al. synthesized 
macrocyclic tetraesters containing four thiophene subcyclic units.3 

We herein report the preparation of seven new macrocycles containing thio- 
phene, obtained by four different types of [2 + 21 cyclizations, none of them 
requiring template reaction or high dilution techniques. In addition, the synthesis 
of three new thiophene containing precursors suitable for these reactions is de- 
scribed. 

RESULTS AND DISCUSSION 

Synthesis of precursors. 2,5-thiophene dicarboxylic acid 1 is a well-known precursor 
for the preparation of numerous difunctional compounds containing the thiophene 
m ~ i e t i e s . ~  For example, 2,5-thiophene dicarbonyl chloride Z4s5 obtained by reaction 
with S0Cl2, was already used for the formation of macrocyclic polyetherdiester 
derivatives." We also tried to use 2 as starting reagent for macrocycles syntheses, 

?Author to whom correspondence should be addressed. 
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42 B.  OUSSAID et al. 

as well as the corresponding methoxy ester.6 In fact, the later compound was 
unreactive toward H2N(CH2),NH2 in refluxing methanol for 10 days, thus we 
decided to synthesize new activated esters 3, 5 and 6. 

Treatment of two equivalents of N,hydroxysuccinimide with 2,5-thiophene di- 
carboxylic acid 1 in suspension in dichloromethane, in the presence of two equiv- 
alents of 1,3 dicyclohexylcarbodiimide led to the ester 3 after two weeks of stirring. 

1 &qc A& ,O-N?J 
0 0  0 0  

3 

An analogous reaction applied to a solution of monocarboxylic acid 4 gave 
monoester 5 after three days. In both cases, the reaction is monitored by lH NMR 
and IR. Another activated ester 6, was obtained by reacting the same monocar- 
boxylic acid with ethyl chloroformate in the presence of triethylamine. 

4 

Synthesis of tetraester rnacrocycles. Reaction of 2,5-dicarbonylchloride 2 with 
1,2-ethane diol and triethylamine for three days in chloroform afforded macrocycle 
7 in 35% yield after work-up. The structural formulae depicted in the following 
scheme for macrocycle 7 was deduced from 'H NMR and IR data, elemental 
analyses and mass spectrometry. The formation of carboxylic ester functions was 
shown by the disappearance of the OH signal on lH NMR spectra and the dis- 
appearance of the v,,(,-,) band at 1750 cm-' on behalf of a vc0(,) band at 1716 
cm-l on IR spectra. The [2 + 21 cyclization was confirmed by mass spectrometry 
(chemical ionization by NH,), which exhibited a peak at m/e = 414, corresponding 
to [7 + NH,]+. 
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. 2 H O - q - W - O H  

4w I 
7 

8 

An analogous reaction carried out with 2,5-dihydroxymethylthiophene’ led to 
macrocycle 8 incorporating four thiophene subunits in the cycle. ‘H NMR spectra 
exhibited two singlets for thiophene at S 6.99 and 7.83 ppm, attributed to the 
- H C k C 4 H 2  and H-C=C4O2 protons, respectively. This attribution was based 
on the values obtained for the thiophenic protons in 2,5-dihydroxymethyl thiophene 
(8 6.74 ppm) and in macrocycle 7 (8 7.76 ppm). 

Synthesis of carboxamide macrocycles. Activated diester 3 reacted for four days 
with 3 equiv. of 1,8-diaminooctane or 1 ,lo-diaminodecane to afford tetracarbox- 
amide macrocycles 9a and 9b, respectively. In this case also we observed a [2 + 
21 cyclization leading to 30- and 34-membered rings, as indicated by mass spec- 
trometry. 

+ c 

Of interest was the reaction of monoesters 5 or 6 when reacted with 1,3-diamino 
propane. According to the preceeding reactions, we expected a [2  + 21 cyclization, 
which could lead to two isomers, namely 10 and lo’. Mass spectrometry confirmed 
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44 B. OUSSAID el al. 

the [2  + 21 cyclization and ‘H NMR showed unambiguously the formation of only 
one isomer, 10: indeed, irradiation of CH2N signals induced the appearance of 
only one singlet at 6 = 1.93 ppm corresponding to C--CH,--C. This demonstrated 
the equivalence of both C--CH2--C groups as depicted in structure 10, which 
possesses a center of symmetry, whereas structure lo’, which possesses a plane of 
symmetry would lead to two singlets (one for each C-CH,-C group) under the 
same irradiation conditions. Furthermore, 13C NMR spectra show the presence of 
nine types of carbon atoms, as expected for compound 10, while compound 10’ 
would present ten signals. 

Synthesis of Schiff base macrocycles. As we have a longstanding interest in the 
synthesis of phosphorus Schiff base macrocycles8 obtained from phosph~dihydrazides~ 
and dialdehydes, we decided to react thiophene 2,5-dicarboxaldehydel0 with phos- 
phodihydrazides l l a ,  b. Cyclization induced the expected upfield shift on 31P NMR 
spectra. 13C NMR and IR spectra showed the formation of C=N bonds and mass 
spectrometry confirmed the [2 + 21 cyclization, leading to 12a, b. 

+ 
2 R-P(O)(NMe-NH& 

l l a , b  

12a : R=Ph 
12b : R = Ph-0 

CONCLUSION 

The use of 2,5-dicarbonyl chloride 2 and esters 3, 5, 6 allowed the preparation of 
new 18-, 20-, 24-, 30- and 34-membered rings possessing two thiophene subcyclic 
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units. Similarly, the addition of phosphodihydrazides lla, b to thiophene 2,5- 
dicarboxaldehyde led to phosphorus macrocycles possessing also two thiophene 
moieties. All these compounds resulted from [2 + 21 cyclocondensation reactions. 
Studies of the complexation properties of these new species are underway. 

EXPERIMENTAL 

Synthesis of diester 3. A suspension of 2,5-thiophene dicarboxylic acid 1 (1.72 g, 10 mmol) in di- 
chloromethane (50 ml), 1,3-dicyclohexylcarbodiimide (4.13 g, 20 mmol) and N-hydroxysuccinimide 
(2.30 g, 20 mmol) is left for two weeks upon stirring. The mixture is then filtered and the resulting 
solution is evaporated to dryness. The powder thus obtained is recrystallized twice in boiling acetonitrile. 

3: white powder. 80% yield. m.p. 221°C. 'H NMR (CDCI,): 6 = 2.89 (s, 8H, CH,); 8.25 (s, 2H, 
CH) ppm. IR(KBr): 1779 and 1736 (ueO) cm-'. Anal. Calcd. for C,,H,,N,O,S: C, 46.68; H,  3.11; 
N, 8.01. Found: C, 45.90; H, 2.75; N, 7.64. 

Synthesis of monoester 5 .  A solution of 5-formylthiophene, 2-carboxylic acid 4 (1.56 g, 10 mmol), 1,3 
dicyclohexylcarbodiimide (2.06 g, 10 mmol) and N-hydroxysuccinimide (1.15 g, 10 mmol) in dichlo- 
romethane (30 ml) is left for three days upon stirring. The precipitate of dicyclohexylurea is filtered 
off and the resulting solution, evaporated to dryness, affords a powder which is crystallized in aceto- 
nitrile. 

5: white powder. 76% yield. 'H NMR(CDC1,): 6 = 2.88 (s, 4H, CH,); 7.79 (d, 'JHH = 3.3 Hz, 1H, 
- H--C=C-CHO); 8.02 (d, ,J,, = 3.3 Hz, lH, H-C=C--CO,); 10.0 (s, lH, CHO) ppm. IR (KBr): 
1779 and 1735 (uG-); 1678 (vbo (CHO)) cm-I. 

Synthesis of monoester 6 .  A solution of triethylamine (1.51 g, 15 mmol) in ether (30 ml) is added 
dropwise to a suspension of 5-formyl thiophene, 2-carboxylic acid 4 (1.56 g, 10 mmol) in ether (20 ml) 
and ethyl chloroformate (1.62 g, 15 mmol). The resulting mixture is stirred for 24 h. Triethylamine 
hydrochloride is filtered off and the solution is evaporated to dryness. 6 is obtained as an oil. 

6: 'H NMR (CDCI,): 6 = 1.37 (t, ,JHH = 7.2 Hz, 3H, CH,); 4.36 (q, 3JHH = 7.2 Hz, 2H, CH,); 
7.72 (d, ,JHH = 3 Hz, 1H, H-C=C); 7.78 (d, ,JH, = 3 Hz, lH, H--C--C); 9.94 (s, lH,  CHO) ppm. 
IR (KBr): 1803 (u~[O--C=O(O)]); 1702 (vbO(C-€==O(0)]); 1667 (vG=[CHO]) cm-'. 

Synthesis ofmacrocycle 7 .  A solution of ethylene glycol (0.62 g, 10 mmol) and triethylamine (3.03 g, 
30 mmol) in chloroform (30 ml) and a solution of 2,5-thiophene dicarbonyl chloride 2 (2.09 g, 10 mmol) 
in chloroform (30 ml) are simultaneously added dropwise to 10 ml of chloroform. The resulting mixture 
is stirred for three days. Triethyl amine hydrochloride is filtered off and the solution is evaporated to 
dryness. The resulting powder is washed with hot water. 

7: white powder. 35% yield. m.p. 140°C. 'H NMR (DMSO-D,): 6 = 4.53 (s, 8H, CH,); 7.76 (s, 
4H, CH) ppm. IR (KBr): 1716 (vL=) cm-'. MS: [M + NH,]' = 414. Anal. Calcd. for C,,H,,O,S,: 
C, 48.47; H, 3.05. Found: C, 48.01; H, 2.96. 

Synthesis of mncrocyle 8. A solution of 2,5-dihydroxymethylthiophene (1.44 g, 10 mmol) and tri- 
ethylamine (3.03 g, 30 mmol) in chloroform (30 ml) and a solution of 2,5-thiophene dicarbonyl chloride 
2 (2.09 g, 10 mmol) in chloroform (30 ml) are simultaneously added dropwise to chloform (10 ml). The 
resulting mixture is stirred for four days, filtered, then evaporated to dryness. The powder thus obtained 
is purified by column chromatography on silicagel, with methanol/chloroform (1/9) as eluent. 

8: white powder. 41% yield. m.p. 252°C. 'H NMR (CDCIJ: 6 = 5.43 (s, 8H, CH,); 6.99 (s, 4H, 
- H-C=C-CH,);  7.83 (s, 4H, H--CSC-C==) ppm. IR (KBr): 1716 (v-) cm-I. MS: [M + HI+ 
= 561 (12.3 %); [M + NH,]' = 578 (100%). Anal. Calcd. for C,,H&$,: C, 51.41; H, 2.87. Found: 
C, 51.20; H, 2.95. 

Synthesb of macrocycles 9a, b. A solution of diester 3 (3.66 g, 10 mmol) in dichloromethane (30 ml) 
and a solution of l&diamino octane (4.33 g, 30 mmol) or 1,lO-diamino decane (5.17 g, 30 mmol) in 
dichloromethane (30 ml) are simultaneously added dropwise to dichloromethane (10 ml). The resulting 
mixture is stirred for four days. The precipitate (salt) is filtered off and the solution evaporated to 
dryness. 

9a: the resulting powder is washed with hot water, then in refluxing methanol. 
9b: the solid obtained after evaporation to dryness is purified by column chromatography on silica 

gel with methanol/chloroform (1/9) as eluent. 
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9a: white powder. 28% yield. m.p. > 260°C. 'H NMR (DMSO-D6): 6 = 1.18-1.81 (m, 24H, 
C--CH,-C); 3.17 (m, 8H, CI3,NH); 7.67 (s, 4H, CH) ppm. IR (KBr): 3324 (vNH); 1627 (veO) cm-'. 
MS: [M + HI+ = 561. Anal. Calcd. for C2RH40N404S2: C, 59.97; H, 7.19; N, 9.99, Found: C, 57.57; 
H, 7.60; N, 10.34. 
9b: white powder. 33% yield. m.p. 169°C. 'HNMR (DMSO-D,): 6 = 1.21-1.95 (m, 32H, C-CHz---C); 

3.42 (m, 8H, CH,-N); 5.9 (br. s, 4H, NH); 7.61 (s, 4H, CH) ppm. IR (KBr): 3375 (vNH); 1636 (vhO) 
cm-'. MS: [M + HI' = 617. 

Synthesis of macrocycle 10. From monoester 5: a solution of monoester 5 (2.53 g, 10 mmol) in 
dichloromethane (30 ml) and a solution of 1,3-diaminopropane (1.48 g, 20 mmol) in dichloromethane 
(30 ml) are simultaneously added dropwise to dichloromethane (10 ml). The resulting mixture is stirred 
for four days, then evaporated to dryness. The solid thus obtained is purified by column chromatography 
on silica gel, with methanol/dichloromethane (119) as eluent. 

From monoester 6: a solution of monoester 6 (2.28 g, 10 mmol) in dichloromethane (30 ml) and a 
solution of 1,3-diaminopropane (0.74 g, 10 mmol) in dichloromethane (30 ml) are simultaneously added 
dropwise to dichloromethane (10 ml). The resulting mixture is stirred for 24 h, then evaporated to 
dryness and purified as above. 

10: white powder. 39% yield. m.p. > 250°C. 'H NMR (CDCI,): 6 = 1.93 (m, 4H, C--CH,-C); 
3.75 (m, 8H, CH2-N); 7.26 (d, ,JHH = 3.8 Hz, 2H, H-C=C-C==N); 7.72 (s, 2H, NH); 7.76 (d, 
3JHH = 3.8 Hz, 2H, H-C-0); 8.37 (t, 4JHH = 1.4 Hz, 2H, H--N) ppm. 13C{1H) NMR 

(s, w 4 - N ) ;  139.4 (s, C-C==N); 143.3 (s, c € O ) ;  155.6 (s, C=N); 161.1 (s, C=O) ppm. 
IR(KBr): 1625 (v-.= and v*N) cm-'. MS: [M + HI' = 389. Anal. Calcd. for ClRH2,,N402SZ: C, 
55.64; H, 5.19; N, 14.42. Found: C, 55.52; H,  5.34; N, 14.54. 

Synthesir of macrocycles 12a, b. A solution of phosphodihydrazide lla (2.14 g, 10 mmol) or l l b  (2.30 
g, 10 mmol) in chloroform (30 ml) and a solution of 2,5-diformylthiophene (1.40 g, 10 mmol) in 
chloroform (30 ml) are simultaneously added dropwise to chloroform (10 ml). The resulting mixture 
is stirred for three days, then evaporated to dryness. Macrocycle 12a or 12b is purified by column 
chromatography on silicagel with methanolkhloroform (1/9) as eluent. 
12a: white powder, 53% yield. m.p. 245°C. ,lP{lH} NMR (CDCI,): 6 = 23.8 (s) ppm. 'H NMR 

(CDCI,): 6 = 2.92 (d, ,JHP = 8.0 Hz, 12H, CH,); 6.7 (s, 4H, H a ) ;  8.1-7.1 (m, 14H, HC=N, 
Arom.) ppm. 13C{lH} NMR (CDCI,): 6 = 31.3 (d, 'JCp = 7.0 Hz, CH,); 127.3 (s, e C - S ) ;  128.0 
(d, 'JCP = 166 Hz, C-P); 128.9 (d, Jcp = 14 Hz, Arom.); 132.2 (s, Arom.); 133.7 (m, C=N and 
Arom.); 141.4 (s, C-S) ppm. IR (nujol): 1635 (veN) cm-I. MS: [M + HI+ = 637. Anal. Calcd. for 
C,,H,oN,02P,S2, 0.8 CH,CO,CH,CH,: C, 52.99; H, 5.19; N, 15.85. Found: C, 52.76; H,  4.98; N, 
15.79. 

12b: white powder. 64% yield. 31P{1H} NMR (CDCI,): 6 = 2.03 (s) ppm. 'H NMR (CDCI,): 6 = 
3.21 (d, ,J,, = 8.0 Hz, 12H, CH,); 6.96 (s, 4H, H e ) ,  7.20 (m, 10H, Arom.); 7.56 (s, 4H, 
H€N) ppm. 'TI1H} NMR (CDCI,): 6 = 32.0 (d, 2JCp = 10.7 Hz, CH,); 121.3 (d, Jcp = 4.7 Hz, 
Arom.); 124.9 (s, Arom.); 127.7 (s, -W-S); 129.6 (s, Arom.); 133.1 (d, ,JCp = 14.5 Hz, C=N); 
141.1 (s, C-S); 150.9 (d, ,JCP = 7.4 Hz, C-0-P) ppm. IR (CHCI,): 1644 (vkN); 1256 (vkO) cm-'. 
MS: [M + HI' = 669. 

(CDCl,): 6 = 29.2 (s, C 4 - 4 ) ;  41.9 (s, C-NH); 62.6 ( s ,  c-N=C); 131.9 (s, w-0); 132.2 
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