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The oxidat ion of 2-methoxymethyl th iophene  with m o l e c u l a r  oxygen in the p r e s e n c e  of a cobal t  
b r o m i d e  c a t a l y s t  in the kinet ic  reg ion  at  65-100~ was inves t iga ted .  It i s  shown that  the p r i n -  
c ipa l  p roduc t s  a r e  2- formyl th iophene  and me thy l th iophene -2 -ca rboxy la t e  in a ra t io  of 1 : 2. 
The compos i t ion  of the p roduc ts  does  not depend on the oxidat ion  t e m p e r a t u r e  and changes as 
the s t a r t i ng  concen t ra t ion  of 2-methoxymethyl th iophene  and the amount  of cobal t  b r om i de  
c a t a l y s t  a r e  changed.  

Continuing our  study of the l iqu id -phase  ca ta ly t i c  oxidat ion of he t e rocyc l i c  su l fu r -  and s e l e n i u m - c o n -  
ta ining compounds,  we inves t iga ted  the oxidat ion of 2-methoxymethyl th iophene  (I).  No s i m i l a r  s tudies  have 
been  r epor t ed .  The se l ec t ion  of I as the subjec t  of the study was due to the p r a c t i c a l  appl ica t ion  of the p r o d -  
ucts of i ts  oxidat ion as inh ib i to r s  of s t ee l  c o r r o s i o n  [1, 2], l o w - t e m p e r a t u r e  p l a s t i c i z e r s  for  r ubbe r s  [3],  and 
b io log ica l ly  ac t ive  subs tances  that  have organolep t ic  p r o p e r t i e s  [4, 5]. At the s ame  t ime,  e the r s  a r e  i n t e r -  
med ia t e s  in the oxidat ion of a lkyl th iophenes ,  f rom which ca rboxy l i c  ae ids  a r e  fo rmed  in the e x t r e m e  s tages  of 
the oxidat ion [ 6 ]. 

The i i qu id -phase  oxidat ion of e the r  I was c a r r i e d  out in g lac ia l  acet ic  acid at  65-105~ and a t m o s -  
pher ic  oxygen p r e s s u r e  in the p r e s e n c e  of cobal t  ace ta te  and sodium b romide .  We s tudied the effect  of the 
t e m p e r a t u r e  in  o r d e r  to obtain da ta  on the k ine t ics  of accumula t ion  of the a ldehyde,  e s t e r ,  and acid,  as well  
as on the ro l e  of the cobal t  b r o m i d e  c a t a l y s t  in the fo rma t ion  of the ind ica ted  p roduc ts .  The r a t e  of the r e a c -  
t ion was m e a s u r e d  f rom the oxygen absorp t ion  with a g a s o m e t r i e  appara tus .  The produc ts  of decompos i t ion  
of e the r  I were  ana lyzed  by g a s - l i q u i d  ch roma tog raphy  with monomethyl  succ ina te  (II) as the in te rna l  s tand-  
ard .  The p r inc ipa l  p roduc t s  of oxidat ion of e the r  I were  2- formyl th iophene  (III) and m e t h y l t h i o p h e n e - 2 - c a r -  
boxyla te  (IV). 2 -Acetoxymethyl th iophene  (V), which vanishes  15 rain a f t e r  the s t a r t  of the r eac t ion  during 
which methanol  i s  fo rmed  in the mix tu re ,  was o b s e r v e d  as an i n t e r m e d i a t e  in the in i t ia l  s tep of the oxidat ion 
(Fig.  1). Pe rox ide  compounds and 2-hydroxymethyl th iophene  were  not de tec ted  during the reac t ion .  It is  ap-  
pa r en t  f rom Fig.  1 that  e the r  I is  conver ted  p r i m a r i l y  to aldehyde III and e s t e r  IV in the f i r s t  minutes  of the 
oxidat ion and that  the 1 : 2 r a t io  of these  compounds that  is  e s t ab l i shed  in the tenth minute does not change up 
to the end of the p r o c e s s .  Although oxygen absorp t ion  is  comple te  at  the for t ie th  minute,  the format ion  of a l -  
dehyde III and e s t e r  IV eont inues,  while the i r  ra t io  r e m a i n s  the same .  An i n c r e a s e  in the t e m p e r a t u r e  f rom 
70 to 95~ a lso  does not affect  the ra t io  of a ldehyde III and e s t e r  IV, although the i r  ove r a l l  pe rcen tage  in the 
contact  mix tu re  i n c r e a s e s  (Fig.  2).  

The oxidat ion of e s t e r  V, obta ined by an independent  method,  under  s i m i l a r  condit ions leads  to the p r o -  
duction of acid  VI and, in s m a l l e r  amounts ,  a ldehyde III. Methanol was not de tec ted  in the r eac t ion  products .  
The oxidat ion of a ldehyde III under  the s ame  condi t ions l eads  to the fo rmat ion  of acid VI. Thus, the kinet ic  
cu rves  of the accumula t ion  of e s t e r s  IV and V a r e  typ ica l  for  a consecut ive  reac t ion .  However,  the k ine t ics  of 
the accumula t ion  of a ldehyde III cons t i tu te  evidence for  i ts  c o n s e c u t i v e - p a r a l l e l  format ion.  

We s tudied the effect  of cobal t  ace ta te  and sodium b r o m i d e  cumula t ive ly  on the fo rmat ion  of the produc ts  
of oxidat ion of e the r  I for  [Co 2+ ] = 9.6 �9 10-3-1.6 �9 10 -2 and [NaBr]  = 0.1. 10-3-7.65 �9 10 -2 mo le / l i t e r .  The p e r -  
eentage of e s t e r  IV in the oxidat ion produc ts  i n c r e a s e s  f rom 1.4 to 1.8% by weight  and the pe rcen t age  of a lde -  
hyde III d e c r e a s e s  as the cobal t  ace ta t e  concent ra t ion  i s  i n c r e a s e d  f rom 3.5. 10 -2 to 1.12- 10 -1 m o l e / l i t e r .  
Aldehyde III is  not fo rmed  a t  cobal t  ace ta te  c o n c e n t r a t i o n s  above 5" 10 -2 m o l e / l i t e r .  It is  ev ident ly  conver ted  
to the co r r e spond ing  acid,  the pe rcen t age  of which in the contac t  mix tu re  i n c r e a s e s .  The pe rcen t age  of a ide -  
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F ig .  1. Depende nc e  of the c o n s u m p t i o n  and 
a c c u m u l a t i o n  of  p r o d u c t s  of  the  ox ida t ion  of 
e t h e r  I ( a c c o r d i n g  to GLC d a t a )  f o r  
[Co ( O A t )  2] = 4 . 7 . 1 0  -2 m o l e / l i t e r ,  [NaBr ]  = 
1 . 5 . 1 0  -3 m o l e / l i t e r ,  and [C~HsOS] = 0.219 
m o l e / l i t e r  a t  95~  1) e s t e r  IV; 2) a l d e h y d e  
III; 3) m e t h a n o l ;  4) e t h e r  I; 5) e s t e r  V. 

hyde  III d e c r e a s e s  by  a f a c t o r  of two as  the s o d i u m  b r o m i d e  c o n c e n t r a t i o n  i s  i n c r e a s e d  f r o m  0.9 �9 10 -3 to 2- 
10 -2 m o l e / l i t e r ,  wh i l e  the  a m o u n t  of  e s t e r  IV f o r m e d  does  not  change .  T h e  p e r c e n t a g e  of  e s t e r  IV i n c r e a s e s  
f r o m  0.52 to 2.8% by we igh t  a s  the  c o n c e n t r a t i o n  of  s t a r t i n g  e t h e r  I in the  c o n t a c t  m i x t u r e  is  i n c r e a s e d  f r o m  
0.5 to 9.a%, and the p e r c e n t a g e  of  a l d e h y d e  III in the  o x i d a t i o n  p r o d u c t s  i n c r e a s e s  f r o m  0 to 1.7% by weight .  
A l d e h y d e  III i s  not  d e t e c t e d  in the f ina l  m i x t u r e  a t  c o n c e n t r a t i o n s  of s t a r t i n g  e t h e r  I b e l o w  2.5%, whi le  a t  c o n -  
c e n t r a t i o n s  g r e a t e r  than 6% the a l d e h y d e  u n d e r g o e s  a p p r e c i a b l e  r e s i n i f i c a t i o n ,  and the o v e r a l l  y i e l d  of  o x i d a -  
t ion  p r o d u c t s  d e c r e a s e s .  

I t  i s  c h a r a c t e r i s t i c  tha t  the o x i d a t i o n  of e t h e r  I t a k e s  p l a c e  wi thout  a p p r e c i a b l e  induc t ion  p e r i o d s .  As  
the p r o d u c t s  of  ox ida t i on  of e t h e r  I a c c u m u l a t e ,  the r a t e  of  o x i d a t i o n  of  I d e c r e a s e s ,  i . e . ,  s o m e  of the o x i d a -  
t ion  p r o d u c t s  have  an inh ib i t i ng  e f f ec t  tha t  i s  r e i n f o r c e d  c o n s i d e r a b l y  as  the t e m p e r a t u r e  i s  l o w e r e d .  The a d -  
d i t i on  of a l c o h o l  and e s t e r  IV to the  c o n t a c t  m i x t u r e  in the  i n i t i a l  s t a g e  of  the p r o c e s s  l e a d s  to a s h a r p  d e -  
c r e a s e  in  the r e a c t i o n  r a t e .  

The d e p e n d e n c e  of the  change  in the i n i t i a l  r a t e  of  o x i d a t i o n  of  e t h e r  I on the t e m p e r a t u r e  (70, 80, and 
90~ ) in  A r r h e n i u s  c o o r d i n a t e s  m a k e s  i t  p o s s i b l e  to c a l c u l a t e  the  a c t i v a t i o n  e n e r g y  of  the p r o c e s s .  The  e f -  
f e c t i ve  a c t i v a t i o n  e n e r g y  of the o x i d a t i o n  of  the  d e v e l o p e d  s t a g e  of  the r e a c t i o n  i s  7.6 k c a l / m o l e .  

To a s c e r t a i n  the  k ine t i c  p r i n c i p l e s  of  the p r o c e s s  we s t u d i e d  the e f f ec t  of  the c o n c e n t r a t i o n s  of the c o -  
b a l t  b r o m i d e  c a t a l y s t  and  the s t a r t i n g  compound .  The r e a c t i o n  i s  f i r s t - o r d e r  in  Co 2+, 0 . 5 - o r d e r  in  N a B r ,  and 
f i r s t - o r d e r  in CgH8OS. A l i n e a r  d e p e n d e n c e  of the  i n i t i a l  r a t e  of  the r e a c t i o n  on the c o n c e n t r a t i o n s  of  the  
c a t a l y s t  and  the s t a r t i n g  c o m p o u n d  i s  o b s e r v e d .  

In the  o x i d a t i o n  of  e t h e r  I we noted  the p h e n o m e n o n  of s y n e r g i s m  in the c a s e  of  the a c t i o n  of  c o b a l t  and 
m a n g a n e s e  a c e t a t e s ;  m a n g a n e s e  a c e t a t e  was  u s e d  in 2% b y  w e i g h t  amoun t s  r e l a t i v e  to the  c o b a l t  a c e t a t e  c o n -  
e e n t r a t i o n  in the  p r e s e n c e  of  the N a B r  i n i t i a t o r .  Th is  c a t a l y s t  c o m p o s i t i o n  m a d e  i t  p o s s i b l e  to i n c r e a s e  the  
r a t e  o f  o x i d a t i o n  by  a f a c t o r  of  1.7. 

The s c h e m e  of  the  o x i d a t i o n  o f  e t h e r  I c an  be  p r e s e n t e d  on the b a s i s  of  the e x p e r i m e n t a l  da ta .  The ox i -  
d a t i o n  of the  e t h e r  i s  a c c o m p a n i e d  by  p a r a l l e l - c o n s e c u t i v e  r e a c t i o n s ,  v i z . ,  ox ida t ion ,  d e s t r u c t i o n ,  e s t e r i f i c a -  
t ion,  and c o n d e n s a t i o n .  A p r o d u c t  of d e s t r u c t i v e  ox ida t ion ,  v i z . ,  m e t h a n o l ,  i s  f o r m e d .  P r i m a r i l y  the  a - C H  
bond  u n d e r g o e s  o x i d a t i o n  to g ive  o x y g e n - c o n t a i n i n g  func t iona l  g r o u p s .  D e s t r u c t i v e  o x i d a t i o n  b e c o m e s  m o r e  
i n t e n s i v e  wi th  t i m e ,  and  o x y g e n - c o n t a i n i n g  c o m p o u n d s  a r e  f o r m e d ;  h o w e v e r ,  c l e a v a g e  of the th iophene  r i n g  i s  
not  o b s e r v e d .  

L ike  h y d r o c a r b o n s ,  e t h e r s  a r e  o x i d i z e d  v i a  a f r e e - r a d i c a l  m e c h a n i s m ,  and the i n t e r m e d i a t e s  a r e  e v i -  
d e n t l y  h y d r o p e r o x i d e s  [7] ;  in  the c a s e  of  o x i d a t i o n  wi th  m e t a l  b r o m i d e  c a t a l y s t s  the  c a t a l y t i c a l l y  a c t i v e  p a r t i -  
c l e s  a r e  not  m e t a l  i ons  in  a h i g h e r  v a l e n c e  f o r m  (Co 3* ions  in  th i s  c a s e )  bu t  r a t h e r  the [Co3§ - ] c o m p l e x  
[8] .  The c o m p o s i t i o n  of  the  p r o d u c t s  of  ox ida t i on  of  e t h e r  I i s  b a s i c a l l y  the s a m e  a s  in  the c a s e  of  e t h e r s  of  
the a l i p h a t i c  and  a r o m a t i c  s e r i e s  [9] .  
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Fig. 2. Dependence of the yields of the principal  
products  of the oxidation of 2-methoxymethylthiophene 
on the tempera ture  (according to GLC data) for  
[Co (OAo) 2] = 4 .7 .10  -2 mole / l i t e r ,  [NaBr] = 1 .5 .10 -3 
mole / l i t e r  at 70~ (2, 3, and 5) and 95~ (1, 4, and a) :  
1, 2) e s t e r  IV; 3, 6) e ther  I; 4, 5) aldehyde III. 

The primary intermediate in the oxidation of ether I is evidently the corresponding hydroperoxide, the 
subsequent transformation of which at relatively low temperatures (up to ~0~ leads to the formation of an 
aldehyde and methanol. At temperatures above I00~ in addition to the aldehyde, considerable amounts of 
thiopheneearboxylie acid, ester, and methanol, the percentage of which increases as the temperature is 
raised, are detected in the oxidation products. At 95~ the amount of ester reaches 41.3%, the amount of al- 
dehyde reaches 28.1%, and the amount of methanol reaches 11.4%. The formation of the ester may occur as a 
result of decomposition of the hydroperoxide, recombination of peroxide radicals, and esterifieation of the 

acid by the corresponding alcohol. The possibility of the formation of the aldehyde 

~ O H  0 

~S-~ " + CH~OH ~ ~ + f12 0 
COOH --OCH~ 

0 

as a resul t  of recombinat ion of radicals  also is not excluded: 

H--OCH 3 ---OCH 3 C 

O O  O 

This pathway is likely, since the alcohol and es t e r  are  detected in the products  in the ear ly  stages.  The acids 
accumulate evidently as a resul t  of both monomolecular  decomposi t ion of the hydroperoxide and fur ther  oxida- 
tion of the resul t ing aldehyde. The formation of these products  can be explained by the following react ions:  

~ 
,~CH2OCH3 ~ 

+ .~o + c % o .  

~ 

- -  

N I l  

EXPERIMENTAL 

The method used to carry out the oxidation was described in [ 10]. The IR spectra of the compounds in 
carbon tetrachloride were recorded with a UR-10 spectrometer. The reaction products were identified by 
chromatography. Analysis by gas-liquid chromatography (GLC) was performed with an LKhM-SMD chroma- 
tograph (models 1 and 5) with a catharometer as the detector and stainless-steel columns (2 m by 2 mm and 
3 m by 3 ram) filled with 7% polyethylene glycol sebacate on acid-washed Chromosorb (60-80 mesh} and 5% 
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XE-60  on Chromaton  N-AW (0.20-0.25 ram) .  The column t e m p e r a t u r e  was mainta ined at 130~ or  was var ied  
f r o m  70 to 140~ at  a r a t e  of 8 d e g / m i n .  The c a r r i e r  gas  was hel ium, and the flow ra te  was 30 m l / m i n .  
E s t e r  II, the constants  of which were  in a g r e e m e n t  with the l i t e r a tu r e  data,  was used as the in terna l  s tandard.  
P r e p a r a t i v e  separa t ion  of the subs tances  by GLC was r ea l i zed  with a PAKhV-07 chromatograph ;  the s ta t ion-  
a ry  phase  was 7% polyethylene glycol  sebaca te  on C h r o m o s o r b  (60-80 mesh ) ,  the column (2 m by 8 ram) t e m -  
p e r a t u r e  was 150~ the v a p o r i z e r  t e m p e r a t u r e  was 200~ the c a r r i e r  gas was hel ium, and the flow ra te  was 
200 m l / m i n .  

The g lac ia l  acet ic  acid was f rozen  out and dis t i l led with a rec t i f ica t ion  column. Chemica l ly  p u r e - g r a d e  
Co (CH3COO)2" 4H20 was used without additional purif icat ion.  The sodium b romide  was calcined to constant  
weight at 130-150~ The solvents  we re  pur i f ied  by the methods in [11]. 

2-Methoxymethyl thiophene (I) was obtained by the method in [12] and had bp 3~-38 ~ (3 ram) ,  n~  
1.5195, and d 2~ 1.0607. IR spec t rum:  2830 (CH3) and 1235 cm -1 ( C - O - C ) .  Found: C 56.2; H 6.3; S 25.2%. 
C~HsOS. Calculated:  C 56.3; H 6.3; S 25.0%. According to the data in [12], this compound had bp 54-55~ (8 
a n )  and n~ 1.5190. 

2 -Formyl th iophene  (III{0was obtained by the method in [13] and had bp 56-58~ (2 r a m ) a n d  n~ 1.5930 
[bp 97-100~C (27 m m )  and " D  1.5937 [13]]. IR spec t rum:  1700 (C =O)  and 1400 cm -t (CHO). Founa: C 53.3; 
H 3.4; S 28.3%. C5H4OS. Calculated:  C 53.6; H 3.6; S 28.~%. 

Thiophene-2 carboxyl ic  acid (VI) was obtained by the method in [14] and had nap 126~ ( f rom wa te r ) .  
IR spec t rum:  1710 cm -1 (C = O ) .  Found: C 46.9; H 3.2; S 25.3%. C5H402S. Calculated:  C 46.7; H 3.2; S 25.0%. 
According to the data in [14], this compound had mp 128~ 

Methyl th iophene-2-carboxyla te  (IV) was obtained by the method in [ 15] and had bp 47-50~ (10 a m )  
and n~  1.5425. IR spec t rum:  1735 cm -1 (C = O ) .  Found: C 50.5; H 4.3; S 23.1%. C6H602S. Calculated:  C 50.71 
H 4.2; S 22.5%. According to the data in [15], this compound had bp 40~ (0.5 a m )  and n~  1.5420. 

2-Acetoxymethyl thiophene (V) was obtained by the method in [16] and had bp 89-91~ (9 r am)  and n~ 
1.5170 [bp 92-97~ (11 ram) and n~ 1.5159 [16]]. IR spec t rum:  1730 (C =O)  and 1220 cm -~ ( C - O - C ) .  
Found: C 53.9; H 5.5; S 20.1%. C7HsO2S. Calculated:  C 53.9; H 5.1; S 20.5%. 

Isolat ion of the Products  of Oxidation of Ether  L A the rmos ta t t ed  f lask was charged  with 1.24 g of co-  
ba l t  ace ta te  and 0.015 g of sodium b rom i de  in 96 ml  of g lac ia l  acet ic  acid, and 2.8 g of e ther  I was added at  
95~ Oxidation was c a r r i e d  out with m o l e c u l a r  oxygen at  95 �9 0.5~ with v igorous  shaking for  1 h. At the 
end of the reac t ion ,  the acet ic  acid was r emoved  by dist i l la t ion,  and 30 ml  of wa te r  was added to a pa r t  of the 
res idue .  The aqueous mix ture  was ex t rac ted  with e the r  ( three 30-ml  por t ions ) ,  and the e ther  ex t r ac t s  were  
combined,  washed with water ,  and dr ied  with MgSO 4. The solvent  was removed ,  and the res idue  was sub- 
jec ted  to p r e p a r a t i v e  ch roma tog raphy  to give 1.04 g of e s t e r  IV with bp 47-50~ (2 ram) and n}~ 1.5452. 
Found: C 50.4; H 4.2; S 22.5~. C6H602S. Calculated: C 50.7; H 4.1; S 22.5%. Also obtained was 0.~3 g of al- 
dehyde Ill with bp 57-60~ (2 ram) and n~ 1.5930. Found: C 53.8; H 3.6; S 28.2%. C5H4OS. Calculated: 
C 53.5; H 3.6; S 28.6~c. The IR spectra of Ill and IV were in complete agreement with the spectra of these 
compounds obtained by independent methods. A part of the residual contact solution after removal of the 
acetic acid was extracted with ether (three 20-ml portions), and the ether extracts were washed with a small 
amount of ice water. The ether was removed by distillation to give acid VI with mp 123-125~ (from water). 
No melting-point depression was observed for a mixture of this product with a sample obtained from 2- 
acetylthiophene by the method in [14], and the IR spectra of the two samples coincided completely. 
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H Y D R O X Y M E T H Y L A T I O N  A N D  A M I N O M E T H Y L A -  

T I O N  O F  2 - I M I N O - 5 - A R Y L I D E N E T H I A Z O L I D I N -  

4 - O N E S  

S. Yu .  S o l o v ' e v a - Y a v i t s ,  So M. R a l n s h ,  
N. A.  S l n o r y g o ,  A.  I .  G i n a k ,  
a n d  E .  G.  S o c h i l i n *  

UDC 547.789.1.3.5 

The hydroxylnethylation and alninomethylation of 2-imino-5-arylidenethiazolidin-4-ones lead 
to the formation of 2-hydroxymethylimino- and 2-piperidinomethylilnino-5-arylidenethiazoli- 
din-4-ones. The structures of the synthesized compounds are discussed on the basis of the 
spectral data. 

In [1] it  was shown that  the alninolnethylation of 2- i ln ino-5-benzyl idene th iazol id in-4-one  (Ia) in benzene 
leads to the fo rmat ion  of 3-aminolnethyl  de r iva t ives ,  while alninolnethylation products  could not be i so la ted  
when the reac t ion  was c a r r i e d  out in ethanol or  acet ic  acid. The hydroxylnethylat ion of 2 - i ln ino -5 -a ry l idene -  
th iazol id in-4-ones  I a -e  has not been p rev ious ly  studied. 

CH3\ N 1.0 

l a - c  I f - i l l  a - c  IV Y 

I-Hla R~H; b R=p-NO2; C R-p-OCH3; i l a - c  R'=CH~OH; 

ma-c R'=piperidinomethyl R--~t; R'- cu~ 

The hydroxylnethyl  de r iva t ives  ( I Ia -e)  that  we obtained (Table 1) were  found to be unstable subs tances  
that undergo decomposi t ion  to the s ta r t ing  I a - c  during ch roma tog raphy  in thin l aye r s  of s i l ica  gel and during 
a t tempts  to de t e rmine  their  mel t ing  points o r  r e e r y s t a l l i z e  them. According to the der iva tographie  data, the 
weight loss  of a solid sample ,  which begins at 110-115~ co r r e sponds  to spli t t ing out of one molecule  of 
formaldehyde.  The fo rmat ion  of unstable  adduets with formaldehyde  has also been demons t r a t ed  for  the s i m -  
i l a r ly  cons t ruc ted  3 - a ry l -2 - imino th i azo l i d in -4 -ones  [3].  

In con t r a s t  to I Ia -c ,  alninolnethyl de r iva t ives  I I Ia -e  have fixed mel t ing (decomposi t ion)  points; however ,  

*Deceased. 
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