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XXV.* SYNTHESIS OF ESTERS OF THIOPHENE-2 ,5 -  

DIGLYOXYL [C ACID 

I .  I .  L a p k i n  a n d  Y u .  P .  D o r m i d o n t o v  UDC 547.733.485.07:543.422.4 

A method has  been developed for  the synthes is  of e s t e r s  of th iophene-2 ,5-diglyoxyl ic  acid f r o m  
iodomagnes ium de r iva t ives  of th iophene-2 ,5-d icarb ino ls .  The fo rma t ion  of p roduc t s  of  the 
second stage of the r e a c t i o n -  2 , 2 ' - d i ( a l k o x a l y l ) - 5 , 5 ' - o x a l y l d i t h i o p h e n e s -  has  also been e s t ab -  
l ished.  The IR spec t r a  of the compounds obtained have been studied. 

As es tab l i shed  p rev ious ly  [1-3], ha logenomagnes ium der iva t ives  of a lkoxymethanols  containing a th i -  
enyl rad ica l  have a high t he rm a l  s tabi l i ty  because  of the fo rmat ion  of a coordinat ion bond between the sulfur  
and magnes ium a toms  and decompose  only at an e levated t e m p e r a t u r e  (110-115~ These  facts  concerning 
t h e r m a l  s tabi l i ty  we re  obtained on the bas i s  of the method of synthesizing e s t e r s  of th iophene-2 ,5-d ig ly-  
oxylic acid (II) given below. 

As is well  known, 2,5-diiodothiophene f o r m s  d i iodomagnes ium compounds with a yield reaching  80%. 
We have es tab l i shed  that  the reac t ion  of th is  magnes ium der iva t ive  of thiophene with e s t e r s  of oxalic acid 
under  the usual conditions of o rganomagnes ium reac t ions  (at the boiling point of an e therea l  solution) f o r m s  
s table  iodomagnes ium de r iva t ives  of di(alkoxy carbinols)  which are  conver ted  by hydro lys i s  into e s t e r s  of 
th iophene-2 ,5-dig lyoxyl ic  acid (II). The 2 ,2 ' -d ia lkoxa ly l -5 ,5 ' -oxa ly ld i th iophenes  (HI) were  obtained as by-  
p roduc ts .  

OR OR + 2H20 
ROCO-- --COOR --2Mg(OH)'I ROCO--CO--A~S.~,--CO~COOR 

IMgo  OMgI --2ROH I II 

| | |  

Rais ing the t e m p e r a t u r e  of the reac t ion  to 110-115~ (replacing the e the r  by toluene) in o r d e r  to 
cause  the decomposi t ion  of the ha logenomagnes ium der iva t ive  of the alkoxy carbinol  r e f e r r e d  to above and 
so to obtain e s t e r s  of th iophene-2 ,5-diglyoxyl ie  acid did not lead to s a t i s f ac to ry  resu l t s .  The r e a s o n f o r t h i s  
i s ,  as  s ta ted p rev ious ly  [1], the fo rmat ion  of a coordinat ion bond between the sulfur  and magnes ium a toms ,  
a shift of e lec t rons  on the sulfur  a tom to the magnes ium a toms ,  a p robab le  weakening of the a r o m a t i c  p r o p -  
e r t i e s  of the thienyl rad ica l ,  and, as  a r e su l t  of th is ,  the res in i f ica t ion  of the product .  The r e su l t s  of the 
invest igat ions  a r e  given in Table  1. 

In o rde r  to conf i rm the s t ruc tu re  of the compounds synthes ized ,  the i r  IR spec t r a  were  r eco rded .  The 
spec t rum of th iophene-2 ,5-dig lyoxyl ic  acid,  the molecule  of which is s y m m e t r i c a l ,  has  the absorpt ion  bands 
only of two carbonyl  groups :  a ketone group (~1680 cm -1) and an e s t e r  carbonyl  (~1740 cm-1).  Some de-  
c r e a s e  in the f requency  of the absorpt ion  of the ketonic carbonyl  as  compa red  with [5] is explained by the 
conjugation of this  group with the 2 ,5- thienylene rad ica l  and the inc rease  in this  f requency  in compar i son  
with e s t e r s  of G-thienylglyoxyl ic  acid is due to the weake r  in teract ion of these  groups  with the 2 ,5- th ienyl -  
ene rad ica l  because  of the compet ing action of the glyoxylic acid r e s idues .  

* Fo r  Communicat ion XXIV, see [7]. 
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TABLE 1 g o c o - ( c o - ~ - c o )  -cooR 

C2Hs 
C2Hs 
n-C3H7 
~-C3H7 
n-C4H~ 
n-C4H9 
i-C4H9 
/-C4H~ 
n-C~Hll 
i-C~Hll 

rap, ~ 

61--62 
150--151 
70--71 
52--53 
60--61 

141--142 
63--64 

157--158 
59--60 
67--68 

Empirical formula 

CmH1206S 
C18H1408S2 
CI4H1606S 
C14H1606S 
C 16H2oOaS 
C22H2208S~ 
C~6H2oO6S 
C22Hz208S2 
CI8H2406S 
C18H240~8 

S, % 

found calc. 

11,50 11,24 
i5,31 15,18 
10,58 10,26 
10,47 10,26 
9,62 9,42 

13,48 13,38 
9,73 9,42 

13,53 13,38 
8,82 8,70 
8,81 8,70 

Yield, 

48 
5 

38 
40 
39 

6 
45 
3 

25 
29 

% 

The s p e c t r a  of the 2 , 2 ' - d i a l k o x a l y l - 5 , 5 ' - o x a l y l d i t h i o p h e n e s  exhibi t ,  b e s i de s  the absorp t ion  bands of 
the ketonic and e s t e r  g roups ,  an absorp t ion  band with a m a x i m um  at the ~1670 cm -I  a s c r i b e d  to the s t r e t c h -  
ing v ib ra t i ons  of the C ~ O  groups  p r e s e n t  between the thiophene r ings .  In a l l  the s p e c t r a  t he re  is  an ab-  
sorp t ion  band at 3100 cm -I  which may  be a s c r i b e d  to the s t r e t ch ing  v ib ra t i ons  of the C -  H bond of the th i -  
enyl r ad i ca l  [6]. 

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

The r eac t i on  of 2 ,5-di idoth iophene  with magnes ium was  c a r r i e d  out in the p r e s e n c e  of ethyl b romide  
taken in twofold e x c e s s .  The r eac t ion  mix tu re  s e p a r a t e d  into l a y e r s :  the lower  l a y e r  cons i s t ed  of th io-  
p h e n e - 2 , 5 - d i ( m a g n e s i u m  iodide) and the upper  l a y e r  of e thy lmagnes ium b romide .  The lower  l a y e r  was  
added to an e t h e r e a l  solut ion of oxal ic  e s t e r  taken in equ imolecu la r  amount.  The resu l t ing  mix tu re  was 
hea ted  fo r  2 h and was then hydro lyzed  with w a t e r  and 10% hyd r oc h l o r i c  acid .  A p r e c i p i t a t e  of 2 , 2 ' - d i a l k o x a l y l -  
5 ,5 ' -oxa ly ld i th iophene  usua l ly  appea red  at the boundary  between the e the rea l  and aqueous l a y e r s ,  and this  
was  s epa ra t ed  off and pur i f ied  by r e c r y s t a l l i z a t i o n  f rom carbon  t e t r a c h l o r i d e .  The e the rea l  l a y e r  was s e p -  
a r a t ed  f rom the aqueous l a y e r  and washed  with sodium b ica rbona te  solut ion and with w a t e r  and was then 
d r i ed  with sodium sulfa te .  Af t e r  the solvent  had been d i s t i l l ed  off, the r e s i due  was d i s t i l l ed  in vacuum and 
pu r i f i ed  by r e c r y s t a l l i z a t i o n  f rom p e t r o l e u m  e ther .  Hydro lys i s  of the e s t e r s  gave th iophene-2 ,5 -d ig lyoxy l i c  
acid  with mp 183-184~ (from benzene) .  Found %: S 13.72; COOH 38.2. CsHtOGS. Calcula ted  7c: S 14.05; 
COOH 38.4. 

The IR s p e c t r a  were  taken in paraf f in  oil  on an IKS-14 s pe c t r opho t om e t e r .  
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