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A n u m b e r  of th ioes t e r s  of th ienylacry l ic  acid were  obtained by the condensation of 2 - f o r m y l -  
thiophene and 5 -b romo-2 - fo rmy l th iophene  with acetylenic  th ioe thers  in the p r e sence  of boron 
t r i f luor ide  e the ra te .  The react ion  of the condensation products  with hydraz ine  hydra te  is ac -  
companied  by i n t r amolecu l a r  cycl izat ion to fo rm the cor responding  pyrazo l ines .  The IR 
s p e c t r a  of the synthes ized compounds a re  d i scussed .  

The condensation of acetylenic  e the r s  and th ioe thers  with al iphatic and a roma t i c  aldehydes is one of 
the mos t  convenient  methods  for  the synthes is  of a ,  fl -unsa tu ra t ed  e s t e r s  [1,2]. In this study, the diff icult-  
to-obta in  th ioes t e r s  of th ienylacry l ic  acid were  obtained by the condensation of 2- formyl th iophene  and 5- 
b romo-2 - fo rmy l th iophene  with acetylenic  th ioe thers  in the p r e sence  of a ca ta lys t  - boron t r i f luor ide  e t h e r -  
a te .  The reac t ion  was accompl ished  under  mild  conditions with cooling (to -10  ~ in a solution of d ry  diethyl 
e the r  in 1 h. The vinyl ketones obtained were  isola ted by vacuum dist i l lat ion and were  yellow, viscous  oils 
that  sol idif ied in the cold.  

The m e c h a n i s m  of this reac t ion  can be r ep re sen t ed  as follows: 

BFo l 

I R=H, R'=CH3; 11 R=H, R'=C2Hs; Il l  R=H, R'=C3Hz; IV R=H,R'=C4Hg; 
V R=H, R'=C~H/3; VI R=Br, R'=C_oHs; VII R=H, R'=C6||5;VII| R=Br, R'~GSH s 

R - - ~  c .=cn-c-sa ,  
0 

l-VIII 

TABLE 1. Th ioes t e r s  of 2 -Thieny lac ry l ic  Acid 

d~ Mop Empirical 
formula 

Found, % 

C tt S 

Calc. % 

C H s 

I 

II 
III 
IV 
V 

VI 
VII 

VIII 

HI CHa 126--t28(2) 34 35 CsHsOS~ 152,5514,41 34,57 52,t7 4,35 
H I C . H s ] 1 1 6 - - t I 8 ( t  ) Z C9H100S2 54,7415,07 32,t8154,55 5,05 
H C~H~ t 127--t28(1) C1oHr20S~ 56,73 / 5,71 30,20 1 56,60 I 5,66 

- 58 ,70,618 28,37  5841 HH I C~HgcsHla/] 139--14t(1)_ CnH,4OSzc~aHlsOS~ 61,39 t 7,18 25,37 ] 6t,42 
Br C~H~ t45--t47(t) 73----75 CgH~BrOSza ' 23,3i[ -- 
H C.H~ i -- ClaH]0OS.z = [ 14~7 co., 94-96 cl . n os  k 6 28 5 2   5,s0/63,41 

- -  - -  - -  t 9 , 5 3  | - -  

aFound: Br  28.69%. Calculated: B r  28.880/o. 
bFoun& Br  24.81%. Calculated: B r  24.62% 

34,78 153 
32,32 ]63 
30,19 148 
28,32 150 
25,20 ~38 
23,t0 14S 
26,02 ]44 
t9,69 172 

Inst i tute  of Organic  C h e m i s t r y ,  Siber ian Branch,  Academy of Sciences  of the USSR, I rkutsk .  T r a n s -  
la ted f rom Khimiya  Gete ro t s ik l ichesk ikh  Soedinenii,  No. 10, pp. 1348-1349, October ,  1971. Original  a r t i c l e  
submit ted  March  10, 1971. 

0 1974 Consultants Bureau, a division of  Plenum Publishing Corporation, 227 g'est 17th Street, New York, N. Y. 10011. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A 
copy of this article is available from the publisher for $15.00. 

125 9 



Secondary  thioacetylenic  alcohols,  which, under  the influence of an acid ca ta lys t  (BF3) , undergo allylic 
i somer i za t i on  with 1 ,3 -migra t ion  of the oxygen atom, a re  probably  init ial ly fo rmed  as a r e su l t  of the con-  
densation of 2- formyl th iophene  with acetylenic  th ioe thers .  A s i m i l a r  type of i somer iza t ion  was prev ious ly  
obse rved  in phenylethynylcarbinol  under  the influence of sulfur ic  acid [3]. 

To p rove  the s t r u c t u r e  of the synthes ized compounds,  I I - IV were  subjected to alkaline hydro lys i s ,  as 
a r e su l t  of which 2- th ieny lacry l ic  acid was isolated;  the unpleasant  odor indicated the p resence  of m e r c a p -  
t ans .  

~H=CH--CO--SR KOH ~ CII~CH-COOH '-l- R$ H ~ 
I I - I V  

The th ioes t e r s  of th ienylacry l ic  acid readi ly  r eac t  with hydraz ine  hydra te  in aqueous methanol ,  t h e r e -  
by undergoing i n t r am o l ecu l a r  cycl izat ion to f o r m  5- (2- th ienyl ) -3-a lky l th iopyrazol ines  (IX-XI). 

~ '-CH=CH--CO--$R N~H4 ~ S R  

IX-XI 

IX R=CH3; X R=C2Hs; XI R=C3H 7 

The IR spectra of I-VIII contain absorption bands at 1660-1672 and 1598-1603 cm -I, which correspond 
to a conjugated carbonyl group and a double bond. The absorption band at 600-605 cm -I corresponds to the 
C-S bond. The absorption band at 965 cm -i indicates a trans orientation of the hydrogen atoms attached to 

the double bond of I-VIII. 

The IR spectra of IX-XI contain absorption bands at 3200-3210 cm -I from the associated N-H bond 
and at 1660 crn -! from the C ~N bond. 

E X P E R I M E N T A L  

1 - ( 2 - T h i e n y l ) - 3 - m e t h y l t h i o - 2 - p r o p e n - 3 - o n e  (I). A 1.77-g (0.0125 mole) sample  of boron t r i f luor ide  
e the ra te  in absolute  e the r  and 0.9 g (0.125 mole) of methyl th ioacety lene  were  added at -10  ~ to a solution of 
2.8 g (0.025 mole)  of 2 - formyl th iophene  in 10 ml  of absolute e ther ,  and the mix tu re  was s t i r r e d  for  1 h. It 
was then decomposed  with 15% sodium aceta te  and ex t rac ted  with e the r .  The ex t r ac t  was dr ied with c a l -  
cined m a g n e s i u m  sulfate ,  the e ther  was evapora ted ,  and the res idue  was vacuum-dis t i l led to give 1.22 g 
(53% based  on methyl th ioacetylene)  of product .  

Compounds I I -VIII  w e r e  s i m i l a r l y  obtained. Compound  V was i so la ted  by ch romatography  on A1203 
with elution b y b e n z e n e - d i e t h y l  e ther  (4:1) .  Compounds VH and VIII were  isolated by r ec rys t a l l i za t ion  
f r o m  diethyl e ther  in the cold.  The physical  constants  and yields  of I -VIII  a r e  p resen ted  in Table  t .  

Alkaline Hydro lys i s  of 1 - (2 -Th ieny l ) -3 -e thy l th io -2 -p ropen-3 -one  (II). A 1-g (0.005 mole) sample  of 
II was ref iuxed with l0  ml  of 25% KOH in ethanol for  5 h. The solution was neu t ra l i zed  with 5% HC1, and 
the c r y s t a l s  of 2 - th ieny lac ry l ic  acid were  r emoved  by f i l t ra t ion and washed on the f i l t e r  with wa te r  to give 
0.72 g (92%7 of a product  with mp 182-184 ~ (from ethanol).  Found: S 20.65%. C7H60~S. Calculated:  S 20.78%. 

Compounds III and IV were  s i m i l a r l y  hydrolyzed .  The yields of 2 - th ieay lac ry l ic  acid were  91% and 
94%, r e spec t i ve ly .  

5 - (2 -Th ieny l ) -3 -methy l th iopyrazo l ine  (IX). A total  of 0.24 g (0.005 mole) of 96% hydraz ine  hydra te  
was added s lowly to a solution of 0.48 g (0.0026 mole) of I in 20 ml  of methanol  under  ref lux .  The mix tu re  
was ref luxed fo r  1.5 h and cooled.  The water ,  alcohol,  and excess  hydraz ine  hydra te  we re  vacuum-evapo-  
ra ted  in a s t r e a m  of n i t rogen  at 100 ~ . The res idue  [0.46 g (88%)] was a yellow, viscous m a s s  (IX) that de -  
composed  on dis t i l la t ion.  Found: N 14.01; S 32.52%. CsH10N~.S 2. Calculated:  N 14.14; S 32.32%. 

5- (2-Thienyl ) -3"e thy l th iopyrazo l ine  (X). This  compound was s i m i l a r l y  obtained in 91% yield.  Found: 
N 13.50; S 30AI%. CgHI2N2S2. Calculated: N 13.21; S 30.19%. 

5-(2-Thienyl)-3-propylthiopyrazoline (X-I).. This compound was similarly obtained in 82% yield. 
Found: N 12.05; S 28.38%. CIoHIIN2S 2. Calculated: N 12.39; S 28.32%. 
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