
UV absorption spectra of methanol solutions of the compounds were recorded with SF-4 and Spektromom-2 03 
spectrophotometers.  The use of other solvents was hindered by the very poor solubility of some of the com- 
pounds even in such solvents as dioxane and dichloroethane. In addition, as seen from the data in [11], replace- 
ment of the solvents has practically no effect on the character  of the spectra of the azomethines. Hydrolysis 
was carr ied out in methanol containing concentrated hydrochloric acid at pH 1.5. 
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E F F E C T  OF P R O T O N A T I O N  OF 2 , 2 , - D I T H I E N Y L  

C A R B O N Y L  C O M P O U N D S  ON T H E  D I R E C T I O N  OF 

S U B S T I T U T I O N  DURING N I T R A T I O N  

A. V. Z i m i c h e v ,  A. E. L i p k i n ,  
a nd  T. M. S a f a r g a l i n a  

UDC 547.734 : 542.958.1 

The nitration of 5-formyl-  and 5-acetyl-2,2'-dithienyls by the action of potassium nitrate in 
60-95% sulfuric acid solutions was studied. An increase in the acidity of the medium and a 
decrease in the reaction temperature from +30~ to -30~ lead to an increase in the per-  
centage of the 5,-nitro isomer in the mixture. 

The problems involved in the change in the direction of orientation during electrophilic substitution in the 
thiophene ser ies  have been previously elucidated [1]. In part icular,  Ya. L. Gol' dfarb and co-workers  [2, 3] 
have studied the effect of protonation of the carbonyl group on the direction of substitution during the nitration 
of 2-formylthiophene and 2-acetylthiophene and have shown that the percentage of the 4-nitro isomer increases 
as the sulfuric acid concentration increases.  

In the case of 5-substituted 2,2'-dithienyls the typical electrophilic substitution reactions take place in 
the 5' and 3' positions [4], and the ratio of the resulting isomers depends to a considerable extent on the charac-  
ter  of the substituent. Thus nitro isomers (5'-NO2/3'-NO 2) are formed in ratios of 1.58:1 and 1:2,  respec-  
tively, in the nitration of 5-formyl-2,2 '-dithienyl (D [5] and 5-acetyl-2,2'-dithienyl (II) [6] with copper nitrate in 
acetic anhydride at 8--10~ 
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Soedinenii, No. 8, pp. 1047-1050, August, 1977. Original article submitted August 8, 1975; revision submitted 
March 9, 1976. 
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T A B L E  1. Q u a n t i t a t i v e  R a t i o s  

of  t he  5 ' - N i t r o  and  3 ' - N i t r o  

I s o m e r s  in the  N i t r a t i o n  of  5 -  

F o r m y l - 2 , 2 ' - d i t h i e n y l  

Sulfuric 
acid 
conch., % 

-30 
--20 
-I0 

60,5 0 
+lO 
+20 
+30 
--30 
--20 
- -  IO  

70,5 0 
+10 
+20 
+3O 
--30 
-20  
--10 

80.0 0 
+10 
+20 
+30 

- 3 0  
- 2 0  
--10 

90,0 0 
+10 
+20 
+30 
--30 
-20  
--10 

95,0 0 
+10 
+20 
§ 

Reac~on IYield of ]6'-N~o/ 
temp., [nitro ] 3'-nitro 
~ ] product,q~ ratio 

I 
I 
i 

13 4,2: 
16 3,6 : 
21 2,8: 
32 '2,2 : 
25 9.2 : 
30 7,9 : 
36 &6 : 
44 5,8 : 
53 3,6 : 
62  2,6 : 
60 2,4 : 
25 13,7 : 
28 12.5 : 
32 9.8 : 
41 8,5: 
50 7.8 : 
58 7,5 : 
54 7,3 : 
18 20,3  : 
20 18,6 : 
26 17,5 : 
37 15,4 : 
46 14.6 : 
49 13,9 : 
47 l 1,6 : 
20 20,1 
21 18.9 
2-5 17.6 
39 15,4 
46 14,5 
55 14,0 
5-1 11,5 

T A B L E  2.  Q u a n t i t a t i v e  R a t i o s  

of  the  5 ' - N i t r o  and  3 ' - N i t r o  

I s o m e r s  in the  N i t r a t i o n  of  5 -  

A c e t y l - 2 , 2 , - d i t h i e n y l  

Sulfuric 
acid ' 

conch. /c 

-3r 
-2C 
-tO 

60,5 C 
§ IC 
+2(] 
+3O 
-30 
-20 
- I0  

70,0 0 
-10 
+20 
§ 
-30 
--20 
-10 

80,0 0 
"4-10 
+20 
+30 
--30 
--20 
--10 

" 9 o l o  o 
§ 
§ 
§ 
-30 
-20 
-10 

95,0 0 
~-IO 
~20 
~-30 

Reaction Yield of 5'-NO2/ 
temp., nitro 3 '-  NO 2 
~ product,~ ratio 

if 5,4 : 
2~ 4,3 : 
3c 3,6 : 
3w 2,8 : 
15 7,5: 
2(] 6,8 : 
4c - 6.0 : 
49 5.2 : 
53 4,3 : 
60 3.3 : 
5fi 2,9 : 
15 9,7 
20 9,3 
38 82 
54 8,4 
62 8,2 
66 7,8 
59 7,1 
23 14,6 : 
35 t2,5 : 
40 t 1,3 : 
44 9,9 : 
48 9.3 : 
59 9,1 : 
56 7,8 : 
25 14,5 : 
40 12.5 : 
45 11,4 : 
48 10.0 : 
54 9.3 : 
56 9.1 : 
55 7,9 : 

I t  s e e m e d  of  i n t e r e s t  to us  to f o l l o w  the  c h a n g e  in t he  r a t i o  of  t he  n i t r o  i s o m e r s  f o r m e d  d u r i n g  t h e  n i t r a -  

t i o n  of  5 - f o r m y l -  and  5 - a c e t y l - 2 , 2 ' - d i t h i e n y l s  (I and  l'I} u n d e r  c o n d i t i o n s  of  p r o t o n a t i o n  of  the  c a r b o n y l  g r o u p .  

T h e  n i t r a t i o n  o f  d i t h i e n y l s  I and 1I w a s  c a r r i e d  o u t  w i t h  p o t a s s i u m  n i t r a t e  in s u l f u r i c  a c i d  s o l u t i o n s  of  v a r y i n g  
c o n c e n t r a t i o n ,  and  d e t e r m i n e d  by p o t e n t i o m e t r y  [2]. The  e x p e r i m e n t a l  r e s u l t s  a r e  p r e s e n t e d  in T a b l e s  1 and  2.  

I t  i s  a p p a r e n t  f r o m  the  d a t a  in t h e  t a b l e s  t ha t  an  i n c r e a s e  in the  s u l f u r i c  a c i d  c o n c e n t r a t i o n  f r o m  70 to 9(f/c a t  
20~ l e a d s  to a c o n s i d e r a b l e  i n c r e a s e  in the  r e l a t i v e  p e r c e n t a g e  of  the  5 ' - n i t r o  i s o m e r s  ( f r o m  2 . 6 : 1  to 1 3 . 9 : 1  

in the  c a s e  o f  d i t h i e n y l  I, a n d  f r o m  3 .3  : 1 to 9.1 : 1 in the  c a s e  of  d i t h i e n y l  II).  

In o r d e r  to e x p l a i n  the  r e s u l t s ,  w e  c a r r i e d  ou t  t he  s p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  of  the  i o n i z a t i o n  c o n -  
s t a n t s  of  I and  II w i t h  the  a i d  of  the  H a m m e t t  a c i d i t y  f u n c t i o n  [7]. 

It  is  known  tha t  the  e l e c t r o n - a c c e p t o r  p r o p e r t i e s  of  s u b s t i t u e n t s  a r e  i n t e n s i f i e d  in t he  p r o t o n a t e d  f o r m .  

H o w e v e r ,  s i n c e  p r o t o n a t i o n  is  a r e v e r s i b l e  p r o c e s s ,  b o t h  t he  p r o t o n a t e d  and  n e u t r a l  f o r m s  of  the  I and  II m o l e -  

c u l e s  m a y  u n d e r g o  n i t r a t i o n .  The  UV s p e c t r a  of  I and II d i s s o l v e d  in s u l f u r i c  a c i d  s o l u t i o n s  of  v a r y i n g  c o n c e n -  
t r a t i o n  and  in a n  i n e r t  s o l v e n t  ( 1 , 2 - d i c h l o r o e t h a n e )  ( F i g s .  1 and  2) p r o v i d e  e v i d e n c e  tha t  b o t h  c o m p o u n d s  e x i s t  

p r i m a r i l y  in the  p r o t o n a t e d  f o r m  e v e n  in 80% s u l f u r i c  a c i d .  A m i x t u r e  of  p r o t o n a t e d  and  u n p r o t o n a t e d  f o r m s  of  

I and II i s  f o r m e d  w h e n  the  s u l f u r i c  a c i d  c o n c e n t r a t i o n  is  d e c r e a s e d .  A s i m i l a r  e f f e c t  has  b e e n  o b s e r v e d  [2] f o r  

2 - f o r m y l t h i o p h e n e  and  2 - a e e t y l t h i o p h e n e .  On  the  b a s i s  of  the  UV s p e c t r a l  d a t a  and  the  H 0 v a l u e s  of  t he  s u l f u r i c  

a c i d  s o l u t i o n s  w e  d e t e r m i n e d  the  i o n i z a t i o n  c o n s t a n t s  (PKa) [8], w h i c h  w e r e  found  to b e  - 4 . 8  f o r  I and  - 4 . 5  f o r  
II. T h e  r a t i o s  of  t he  p r o t o n a t e d  and  u n p r o t o n a t e d  f o r m s  in 80% s u l f u r i c  a c id ,  c a l c u l a t e d  f r o m  the  w e l l - k n o w n  
e q u a t i o n  [9], a r e  9 9 . 7 1 / 0 . 2 9  and  9 9 . 8 6 / 0 . 1 4 ,  r e s p e c t i v e l y .  T h e  f a c t  t ha t  c h a n g i n g  the  s u l f u r i c  a c i d  c o n c e n t r a -  
t i o n  f r o m  90 to 95% d o e s  n o t  a f f e c t  the  c o m p o s i t i o n  of  t he  n i t r a t i o n  p r o d u c t s  m a k e s  i t  p o s s i b l e  to a s s u m e  tha t ,  

a s  in the  c a s e  of  2 - f o r m y l t h i o p h e n e  and  2 - a c e t y l t h i o p h e n e ,  the  p r o t o n a t e d  f o r m  of  I and  II i s  n i t r a t e d  in t h e s e  

s o l u t i o n s .  P r o t o n a t i o n  of  the  c a r b o n y l  g r o u p  in 5 - a c y l - 2 , 2 , - d i t h i e n y l s  l e a d s  to g r e a t e r  d e a c t i v a t i o n  of  the  3 '  

p o s i t i o n  t h a n  of  the  5' p o s i t i o n  due  to w e a k e n i n g  of  t he  e f f e c t  of  t he  s u b s t i t u e n t  d u r i n g  t r a n s m i s s i o n  a l o n g  the  

c o n j u g a t e d  c h a i n ,  and  the  m o r e  r e m o t e  ( f r o m  the  a c y l  g r o u p )  5' p o s i t i o n  p r o v e s  to be  the  m o r e  a c t i v e  s i t e  f o r  
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Fig.  1. UV s pec t r a  of 5 - fo rmyl -2 ,2 ' -d i th i eny l :  1) in 1 ,2-dichloroethane 
(neutral  molecule);  2) in 60% H~SO 4 (mixture of neut ra l  a n d p r o t o n a t e d  
forms) ;  3) in 90% H2SO 4 (protonated form) .  

Fig. 2. UV s pec t r a  of 5 -ace ty l -2 ,2 ' -d i th ieny l :  1) in 1 ,2-dichloroethane 
(neutral  molecule);  2) in 60% H2804 (mixture of neut ra l  and protonated 
forms) ;  3) in90% H2SO 4 (protonate~i form) .  

substi tut ion.  In addition, protonat ion of the carbonyl  function in dithienyls I and 1I evidently p romo te s  an in- 
c r e a s e  in the p lanar i ty  of the s - t r a n s  conformat ions  of the I and II molecules ,  and this c r e a t e s  s t e r i c  hindrance 
to incorpora t ion  of a ni t ro group in the 3, posit ion.  

A dec r ea se  in the reac t ion  t e m p e r a t u r e  f r o m  +30 to - 3 0  ~ during ni t ra t ion in 80% sulfur ic  acid leads to 
an inc rease  in the ra t io  of the 5 ' -NO 2 to 3,-NO 2 i s o m e r s  f r o m  7.3 : 1 to 13.7 : 1 fo r  dithienyl I, and f r o m  7.1 : 1 to 
9.3 : 1 fo r  dithienyl II. This change in the i s o m e r  ra t io  is evidently assoc ia ted  with the g r e a t e r  difficulty in 
ove rcoming  s t e r i c  hindrance during ni t ra t ion in the 3' position; this hindrance is absent  during a t tack  on the 5' 
posi t ion.  Thus an inc rease  in the acidity of the medium and a dec r ea se  in the reac t ion  t e m p e r a t u r e  lead to an 
inc rease  in the pe rcen tage  of the 5 ' - n i t r o  i s o m e r  in the mix tu res  of ni t ro compounds of dithienyls I and ]I. 

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

The UV spec t r a  of 3.3 �9 10 -5 M solutions of the carbonyl  compounds in sulfur ic  acid and 1 ,2 -d ich loro-  
ethane were  m e a s u r e d  with an SF-16 spec t ropho tomete r .  Chromatograph ica l ly  pure  mononi t ro  i s o m e r s  i so-  
la ted f r o m  the products  of n i t ra t ion of I and II were  used to cons t ruc t  the ca l ibra t ion graphs .  

Nitrat ion of 5 - F o r m y l - 2 , 2 ' - d i t h i e n y l  (I) and 5 -Ace ty l -2 ,2 ' -d i th ieny l  (II). A 1-g (5.6 mmole)  s ample  of di-  
thienyl I was  dissolved in 15 ml  of 70% sulfur ic  acid a t  10% the solution was heated to 20", and 0.56 g (5.6 
mmole)  of powdered po t a s s ium ni t ra te  was added in smal l  por t ions  with s t i r r ing  at constant  t e m p e r a t u r e .  The 
mix tu re  was then allowed to s tand at 20" fo r  2 h, a f t e r  which it was  poured o v e r  ice.  The resul t ing p rec ip i t a te  
was  r emoved  by f i l t ra t ion,  washed with w a t e r  until the washings were  neut ra l  with r e s p e c t  to l i tmus,  dried,  
and used fo r  spec t ropho tomet r i c  analys is  o r  isolat ion of the individual subs tances .  

The ni trat ion of dithienyls I and II was c a r r i e d  out s i m i l a r l y  at  - 3 0 ,  - 2 0 ,  - 1 0 ,  0, +10, and 30~ with 
subsequent  spec t ropho tomet r i c  de te rmina t ion  of the resul t ing  i s o m e r s .  The exper imen ta l  r e su l t s  a r e  p r e -  
sented in Tables  1 and 2. 

The i s o m e r s  in the ni t ra t ion products  we re  s epa ra t ed  by th in - l aye r  ch romatography  (TLC) on act ivi ty  II 
a luminum oxide in a h e x a n e - e t h y l  ace ta te  s y s t e m  (2:1) (Rf  va lues :  0.86 fo r  IT, 0.71 fo r  5 ' - n i t r o - 5 - a c e t y l -  
2 ,2 ' -di th ienyl ,  and 0.39 fo r  3 ' - n i t r o - 5 - a c e t y l - 2 , 2 ' - d i t h i e n y l )  and on SKT s i l ica  gel  in a b e n z e n e - m e t h a n o l  s y s -  
tem (1 : 1) (Rf  values:  0.78 fo r  I, 0.60 fo r  5 ' - n i t r o - 5 - f o r m y l - 2 , 2 ' - d i t h i e n y l ,  and 0.32 fo r  3 ' - n i t r o - 5 - f o r m y i -  
2 ,2 ' -d i th ienyl) .  

The following subs tances  w e r e  obtained as a r e su l t  of chromatography :  5 ' - n i t r o - 5 - f o r m y l - 2 , 2 ' - d i t h i e n y l ,  
with mp 196 ~ [5]; 3 , -n i t ro -5- formyl - -2 ,2 , -d i th ieny l ,  with mp 156 ~ [5]; 5 ' - n i t r o - 5 - a c e t y l - 2 , 2 ' - d i t h i e n y l ,  with mp 
203 ~ [6]; a n d 3 ' - n i t r o - 5 - a c e t y l - 2 , 2 ' - d i t h i e n y l ,  with mp 141" [6]. 

F o r  spec t ropho tomet r i c  analys is ,  an accura te ly  weighed sample  of the reac t ion  mix tu re  obtained by n i t ra -  
tion of dithienyls I o r  ]I was  chromatographed ,  the zones were  col lected quanti tat ively and eluted with methanol  
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into a ca l ib ra ted  f lask,  and the opt ical  densi t ies  of the solutions at kma  x were  determined;  the concentra t ions  of 
the compounds w e r e  de te rmined  f r o m  the ca l ibra t ion  graph.  
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S Y N T H E S I S  A N D  S T E R E O C H E M I S T R Y  OF 

3 , 4 - D I S U B S T I T U T E D  S U L F O L A N E S  

N.  N.  N o v i t s k a y a ,  B ,  V .  F l e k h t e r ,  
a n d  G .  A.  T o l s t i k o v  

UDC 547.732'733.07 : 541.63 

The s t e r e o c h e m i s t r y  of the reac t ions  of 4 -hydroxy-2- su l fo lene ,  4 -hydroxy-3-ch lo rosu l fo lane ,  
and 3 ,4-epoxysul fo lane  with nucleophilic reagen ts  was studied. The oPtimum conditions fo r  the 
p r e p a r a t i o n  of sulfolanes  with oxygen-containing subst i tuents  were  worked out. 

Li t t le  study has been devoted to the reac t ions  of 4 -hydroxy-2 - su l fo l ene  (D, 4 -hydroxy-3 -ch lo rosu l fo lane  
(II), and 3 ,4-epoxysul fo lane  (HI) with nucleophilic reagen ts .  A notable exception to this is an e a r l i e r  study [1~ 
in which it was  shown that t r ea tmen t  of sulfolene I with sodium methoxide leads to a complex mix tu re  of sub-  
s tances ,  the m a j o r  por t ion of which r ema ined  unidentified. 

We have p rev ious ly  developed methods fo r  the p r epa ra t i on  of c i s -  and t rans -3 ,4 -d ihydroxysu l fo lanes  (IV, 
V) by oxidation of 3 -su l fo lene  [3]. In a continuation of our  r e s e a r c h  o n t h e  synthes is  of m o n o m e r s  f r o m  sul-  
folene (for example ,  see  [4, 5]) we invest igated the hydrat ion and methanolys is  of I -HI.  

The synthes is  of 4 - h y d r o x y - 2 ' s u l f o l e n e  (D se rved  as the subject  of our  spec ia l  exper iments ,  s ince we 
were  unable to find convenient  methods in the l i t e ra tu re .  We es tab l i shed  that chlorohydr in  II can be obtained 
in a l m o s t  quanti tat ive yie ld  by hypochlorinat ion of 3-sul fo lene  in aqueous solution. The dehydrocblor inat ion of 
the ch lorohydr in  to give sulfolene I p roceeds  bes t  (90% yield) in aqueous dioxane in the p r e s e n c e  of an equiva- 
lent amount  of KOH. The use  of ba r i um  carbonate  o r  pyr idine gives  I in 80 and 60% yields ,  r espec t ive ly .  The 
hydrat ion of sulfolene I and the hydrolys is  of chiorohydr in  II in aqueous solution in the p r e s e n c e  of KOH give 
mix tu r e s  of c i s -  and t r ans -d io l s  in 65-95% yields ,  depending on the t e m p e r a t u r e  (60-100~ and reac t ion  t ime 
(4-30 h ) .  The ra t io  of IV to V ranges  f r o m  1 : 3  to 1 : 2 .  Thus the yields  of diols a r e  comple te ly  sa t i s f ac to ry  
under  the desc r ibed  conditions.  It should be noted that hydrat ion is compl ica ted  by the fo rmat ion  of d i m e r  VI, 
the yie ld  of which may reach  80%. The tendency of sulfolene I to undergo d imer iza t ion  is pa r t i cu l a r ly  high in 
solut ions with concent ra t ions  above 0.04 M. 

In the cour se  of a study of the poss ib i l i ty  of the use of d i m e r  VI in the synthes is  of diols we obse rved  
that it decomposes  rapidly  in aqueous alkal ine solutions.  The reac t ion  has a dis t inct  t e m p e r a t u r e  b a r r i e r .  
Thus the d i m e r  r e m a i n s  unchanged at 90 ~ fo r  20 h, whereas  a f t e r  1 h at 100~ it is conver ted  to a mix tu re  of 
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