
ISOMERIZATION 

AND THEIR 

REAGENTS 

T. ]~. 
V. P. 
A. 

O F  3 - A R Y L - 4 - S U L F O L E N E S  

R E A C T I O N  W I T H  S O M E  N U C L E O P H I L I C  

B e z m e n o v a .  S.  M.  L u k a s h o v ,  
T a n t s y u r a ,  T .  S. L u t s i i ,  

F .  R e k a s h e v a ,  a n d  T .  D.  Z a i k a  

UDC 547.733:541 

Bases  convert  3-(4-subst i tu ted phenyl)-4-sulfolenes to 3 -a ry l -3 - su l fo lenes ,  which are  sub- 
sequently i somer ized  to 3 -a ry l -2 - su l fo l enes .  The rat ios  of the products  depend on the charac -  
ter  of the substituent in the phenyl ring, and e lec t ron-accep tor  substituents acce lera te  the iso-  
mer iza t ion.  

We have found that 3 -a ry l -4 - su l fo lenes  (Ia-d), synthesized via the F r i e d e l - C r a f t s  reaction [1], a re  
converted in aqueous and alcohol solutions of bases  (alkali, alkoxides, and amines) to the i somer ic  3 - a r y l -  
3-sulfolenes (IIa-d) and 3 -a ry l -2 - su l fo lenes  (IIIa-d). 

t a - d  tl a - d  ma-d 
I-III a X=H; b X=OCH3; c x=N,: ;  d x=No~ 

Compounds Ia -c  are converted to I Ia -c  in 0.01 M KOH at 20-40~ and fur ther  isomerizat ion to I I Ia-c  oc-  
curs  in 0.4-1.0 M KOH. The reac t ionId  ~ IId was ca r r i ed  out in 0.001-0.005 M KOH, and the react ion IId 
IIId was ca r r i ed  out in 0.01-0.05 M KOH. 

It was shown by means of th in- layer  chromatography (TLC) and PMR and UV spectroscopy that the 
isomerizat ion of Ia-d  to I Ia-d under the selected conditions is pract ica l ly  i r revers ib le .  In the i somer i za -  
tion of 3 -a ry l -3 - su l fo lenes  to the corresponding 3 -a ry l -2 - su l fo lenes  an equilibrium mixture of products 
is formed if X = H, NO~, whereas when X = OCH3, NH2, the equilibrium is shifted completely to favor 3-  
substituted i somers  IIIb and IIIc. The resul ts  are  in agreement  with the resul ts  of isomerizat ion of 3- 
methoxy-3-  sulfolene [2]. 

The IR spec t ra  of the compounds obtained in this r e s e a r c h  do not contain the C - H  frequency cha rac -  
ter is t ic  for a cis double bond [3] at 640-670 cm -1 that is present  in the IR spect ra  of s tar t ing In-d, and the 
intensity of the frequency of the C ----- C bond is increased due to conjugation with an aromat ic  r ing.  

The PMR spect rum of the s tar t ing compound has the typical group of lines of a th ree-sp in  ABX sys -  
tem at 2.8-4.6 ppm. a narrow doublet centered at 6.85 ppm, and a signal of protons of a phenyl r ing.  The 
two protons of the methylene group in the 2 position and the proton attached to the carbon atom in the 3 
position cor respond to the ABX sys tem.  The vinyl protons attached to the carbons in the 4 and 5 positions 
of the sulfolene ring unexpectedly have identical chemical  shifts.  This is probably associa ted with the effect 
of the magnetic anisotropy of the phenyl r ing and also with the s trong e lec t ron-acceptor  effect of the adja- 
cent SO 2 group, which leads to the anomalous chemical  shifts of the protons of the vinyl sys tem [4]. The 
intensities of the signals of the protons of the sulfolene r ing (2 : 1 : 2) are  in agreement  with their ass ign-  
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T A B L E  1. A r y l s u l f o l e n e s  

Corn- [ 
pound x Y mp, *C 

S Ia]H 
Ib OCH3 

IC NH2 
Id NO2 

IIa H 

lib OCH~ 
II e NH2 
lid NO~ 

IIIa H 

Illb OCHa 
IIIC NH2 
IV H 

V H 

3-Sulfolen-4-yl 

3-Sul~olen-3-yl 

3-Sulfolen-2-y- 

4-(_3- Butylthio)- 
sulfolanyl 

4-(3-Sulfolanyl 
sulfatosoitium 

h18--t,1,91 

157--1~58 
146--d46 
132--1,33 

I~L--13,1 
1715---176 
195~-,196 
I71--,132 

1 *8-- 1,40 
~2,4--2~5 
9,5--06 

380 dec. 

0.16 
O25 
0,,t.7 

0,37 
0~,13 
0.28 
0.3 

{I.16 
~,10 
(1.60 

Rt Empirical 
formula c 

CtoHnNO2S 57,,3 
CtoH~NO4S 50,4 
CloHlo02S 61,5 

CuHtsO~S 5&8 
CloHuNO2S 57,8 
CIoH~NO4S 5~,4 
CIoHIoO2S 61,7 

CuH~303S 58,7 
CIOHn,NO2S 57,1 
CI4H2o02S2 59,3 

--  C~oHHOsS~Na 4,0,2 

Found, % .... 
H N 

&2 
a,9 
~2 

5,6 
~4 
~9 
5,3 

~7 
5,3 
7,4 

3,6 

6,7 15,1 I 
6,2 13;4 ! 

16,6 1 

14,2 
6.3 1,5,3 
611 13.5 

16,4 1 

14.3 1 
lso3! 

6,2 2~s l 

2I .5 [ 

m e n t .  The  s i g n a l s  of the  p r o t o n s  of  the  su l fo l ene  r i n g  in the  s p e c t r a  of  i s o m e r s  I Ia  and I I Ia  in one c a s e  
a r e  in the  f o r m  of  a quin te t ,  q u a r t e t ,  and m u l t i p l e t  c e n t e r e d  a t  3 .97,  4.17,  and 6.50 ppm,  r e s p e c t i v e l y ,  wi th  
a r e l a t i v e  i n t e n s i t y  of 2 : 2 : 1 ,  and in the  o t h e r  c a s e  a r e  in the  f o r m  of two n a r r o w  p e a k s  a t  3.34 and 7.13 
p p m  wi th  a r e l a t i v e  i n t e n s i t y  of 4 : 1. 

An  a p p r e c i a b l e  sh i f t  of one of the  a b s o r p t i o n  b a n d s  of the  phenyl  r i n g  to the  longwave  r e g i o n  when  i t  
is  con juga t ed  wi th  a double  bond  [5] i s  o b s e r v e d  in t h e U V  s p e c t r a  of  the  i s o m e r i c  su l fo l e ne s  (Tab le  1). 
T h e d i f f e r e n c e s i n t h e  UV s p e c t r a  of the  i s o m e r i c  a r y l s u l f o l e n e s  w e r e  u s e d  fo r  a s tudy  of the  k i n e t i c s  of 
m i g r a t i o n  of the double  bond  in the  su l fo l ene  r i ng .  The  k i n e t i c s  of the b a s e - c a t a l y z e d  i s o m e r i z a t i 0 n  of 3 -  
s u l f o l e n e s  and 3 - m e t h y l - 3 - s u l f o l e n e s  to 2 - s u l f o l e n e  and 3 - m e t h y l - 2 - s u l f o l e n e  have  been  d e s c r i b e d  [6, 7]. 
No k ine t i c  da ta  on the i s o m e r i z a t i o n  of  3 - s u b s t i t u t e d - 4 - s u l f o l e n e s  a r e  a v a i l a b l e .  

The  i s o m e r i z a t i o n  was  a c c o m p l i s h e d  in a 10% so lu t ion  of d ioxane  in w a t e r  u n d e r  p s e u d o m o n o m o l e c u l a r  
cond i t i ons  (100 : 1 e x c e s s  of KOH). The  r a t e  of i s o m e r i z a t i o n  i s  d e s c r i b e d  by  the  equa t ion  

=k2[AC][KOH]. 
dt 

The  k2, E, and AS # v a l u e s  found f r o m  the t e m p e r a t u r e  de pe nde nc e  of k 2 a r e  p r e s e n t e d  in T a b l e  2.  The  f ac t  
that  a l i n e a r  r e l a t i o n s h i p  e x i s t s  b e t w e e n  AH = Eex p - RT and TAS r in the i s o m e r i z a t i o n  of 3 - a r y l - 3 - s u l -  
fo l enes  to  the  c o r r e s p o n d i n g  3 - a r y l - 2 : s u l f o l e n e s  wi th  a s lope  of a l m o s t  un i ty  i n d i c a t e s  the  m u t u a l  c o m p e n -  
s a t i o n  of the  changes  in the  h e a t s  and  e n t r o p i e s  of  a c t i v a t i o n .  Unde r  t h e s e  cond i t i ons ,  the  a c t i v a t i o n  p a r a m -  
e t e r s  found canno t  s e r v e  fo r  the  eva lua t i on  of the m e c h a n i s m  of the  r e a c t i o n  unde r  i n v e s t i g a t i o n .  

A c o m p a r i s o n  of the k 2 v a l u e s  in the  i s o m e r i z a t i o n  of  3 - p h e n y l - 4 - s u l f o l e n e  and 3 - p h e n y l - 2 - s u l f o l e n e  
to 3 - p h e n y l - - 3 - s u l f o l e n e  (Ia ~ I t a  and I I Ia  ~ IIa) shows  tha t  the  r a t e  of the f i r s t  r e a c t i o n  i s  h i g h e r  by  a 
f a c t o r  of  300 than  tha t  of the  s e c o n d  and h i g h e r  by  a f a c t o r  of  a l m o s t  two o r d e r s  of m a g n i t u d e  than the r a t e  
of  m i g r a t i o n  of the  double  bond  f r o m  the  3 p o s i t i o n  to the  2 p o s i t i o n  (IIa ~ I I Ia) .  The  I a -  I Ia  c o n v e r s i o n  
has  a l o w e r  a c t i v a t i o n  e n e r g y .  The  high va lue  of the e q u i l i b r i u m  c o n s t a n t  of the  r e a c t i o n  I Ia  ~ HIa as  co rn -  

T A B L E  2. 

Reaction 

R e s u l t s  of  I s o m e r i z a t i o n  of 3 - A r y l - 4 - s u l f o l e n e s  

I a - .  tin 
Ib --~. l ib 
le  ~ I l e  
Id -->lid 

I la  -->Ilia 
I l l a  ~ l l a  
l ib  -> 1II b 
II e~>--> III c 

k2 ,10  3, liter �9 mole "1 sec -1 

20* 

215,,2 

0 ~  
0,075 
0,52 
O.347 

02,1 
3,1,39 
9,6 

Z.~0 
Q,846 
0,276 
1.'22 
1,001 

4{)* 

794~ 
2,08 
0,636 
2,65 
2,70 

i?, kcal. 
i mole-' 

16fl9 

19,80 
I0,2~ 
l&30 
1428 
18,50 

e u  

--,1~,29 

+~70 
�9 
-- 12;88 
-- 14,I~4 
-- 1~,90 
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57,4 
502 

61,8 

58.6 
57.4 
59.2 
61,8 

58,6 
57,4 
59,1 

40,.3 

Cale.  % 

H N S 

5.3 6.8 
3.,8 5,9 
5.2 

5.7 
5,3 6.6 { 
3..8 5.9 l 
5.2 

5,7 
5,3 6.6 

7,.8 

3,7 

15.3 
13.4 
16.5 

14.2 
15.3 
13.4 
16,5 

14.2 
15.3 
22.8 

21.5 

U V  spectrum, 
kw, nm (~) 

PMR spectrum, chemical 
shifts, 5, ppm, in (CD3hCO 

2-H2 
3,00 
3.70 

2-H2 
3.97 
3.97 

2-H 
713 

26o (43o~,oo) 
251 (18300-+500) 
257 (2600---300) 
267 (6200--+300) 
260 (14500-----300) 
305 (8300-----100) 
260 (llO00--300) 
257 (5900--100) 

267 (18200--+500) 
280 (18400___500) 
340 (7000• 

3-H 4-H 
4.45 6,85 

4-H 5-H2 
6.50 4.17 

2-H 5-H2 
3,34 3.34 

CsHs 
.7,30 

C6Hs 
7,3~0 

C3H5 
7.30 

5-H 
6.85 

4,17 

90 

70 

96 
98 

99 
99 
50 

99 
99 
89 

95 

p a r e d  w i t h  t he  i s o m e r i z a t i o n  of  3 - s u l f o l e n e  to  2 - s u l f o l e n e  [7] i s  p r o b a b l y  r e s p o n s i b l e  f o r  t h e  i n c r e a s e d  

s t a b i l i t y  o f  I I I a  a s  c o m p a r e d  w i t h  2 - s u l f o l e n e .  In t h e  s e r i e s  of  a r y l s u l f o l e n e s  I a - d  t h e  c h a n g e  i n  t h e  k 2 

v a l u e  s a t i s f i e s  t h e  H a m m e t t  e q u a t i o n  w i t h  aP  s u b s t i t u e n t  c o n s t a n t s  [8]:  

Ig k =0.0621-4-2.457 ~P 

w i t h  c o r r e l a t i o n  c o e f f i c i e n t  r = 0 . 9 9 5  a n d  c o m p u t a t i o n a l  e r r o r  S = 0 . 0 9 2 .  T h e  p o s i t i v e  p v a l u e  c o n s t i t u t e s  

e v i d e n c e  f o r  a c c e l e r a t i o n  of  t h e  r e a c t i o n  b y  e l e c t r o n - a c c e p t o r  s u b s t i t u e n t s  in  t h e  p a r a  p o s i t i o n  of  t h e  p h e n y l  

r i n g  a n d  r e t a r d a t i o n  b y  e l e c t r o n - d o n o r  s u b s t i t u e n t s .  

D u r i n g  t h e  i n v e s t i g a t i o n  of  t h e  r e a c t i o n s  I a  ~ I I a  a n d  I I a  ~ I I I a  i n  D 2 0  w i t h  N a O D  we  f o u n d  t h a t  e x -  

c h a n g e  of  t h e  v i n y l  p r o t o n s  in  t h e  2 a n d  5 p o s i t i o n s  b y  d e u t e r i u m ,  a s  i n  [9] ,  p r e c e d e s  m i g r a t i o n  o f  t h e  d o u b l e  

b o n d  in  t a  a n d  I I t a .  T h i s  c a n  b e  j u d g e d  f r o m  t h e  d e c r e a s e  i n  t h e  i n t e n s i t y  a n d  t h e  c o n v e r s i o n  o f  t h e  s i g n a l  
o f  t h e  v i n y l  p r o y o n s  a t  6 . 85  p p m  in  t h e  s p e c t r u m  of  I a  to  a s i n g l e t  w i t h  r e t e n t i o n  of  t h e  o r i g i n a l  f o r m  a n d  

i n t e n s i t y  of  t h e  s i g n a l s  of  t h e  r e m a i n i n g  p r o t o n s .  T h e  s i g n a l  of  t h e  v i n y l  p r o t o n  a t  7 .13 p p m  in  t h e  s p e c -  

t r u m o f I I I a  v a n i s h e s ,  a n d  t h e  f o r m  of  t h i s  s i g n a l  a t  3 . 3 4  p p m  c h a n g e s  b e c a u s e  of  e x c h a n g e  o f  t h e  p r o t o n  b y  

d e u t e r i u m  i n  t h e  2 a n d  5 p o s i t i o n s  p r i o r  to  t h e  a p p e a r a n c e o f t h e  s i g n a l  of  t h e  v i n y l  p r o t o n  of  i s o m e r  I I a .  

T h e  a d d i t i o n  of  N a O D  to  a s o l u t i o n  o f  I I a  in  D~O l e a d s  to  e x c h a n g e  o f  o n l y  t h e  a l l y l  p r o t o n s  in  t he  2 a n d  5 

p o s i t i o n s  of  t h e  s u l f o l e n e  r i n g ,  a s  m a y  b e  j u d g e d  f r o m  t h e  d i s a p p e a r a n c e  in  t h e  P M R  s p e c t r u m  o f  t h e  s i g -  

T A B L E  3 .  R e s u l t s  o f  t h e  I s o m e r i z a t i o n  of  3 - P h e n y l - 3 - s u l f o l e n e  

KOH i k o b s  = ~ k2, liter, i k. 2, l i ter,  
: kl + k_ 1 K kl' sec ' l  k-l' sec ' l  see-lrn~ ! mole-l.-~ec -~ 

0.799 
0~872 
0998 

0,152 
0.568 
0,7719 

0,520 
0,635 
0,779 

2,50.10-4 
2.41 �9 I0 -4 
3.58-10 -4 

1179" 1'0 -4 
5,~16.10 -4 

1. lO -a 

1,41 �9 10 -3 
1,37.10 -3 

2,67-10 -s 

2o ~ 

�9 3,27 1,91.10 -4 5,85. I0 ~s 2,39. I0- '  7,32. I0 -s 
3,3-8 1.86. lO -4 5,50-10 -~ 2.4d. 10 -4 7,1.2.10 -s 
3 ,40  2.76-10 -4 8.13.10 -s 2.70.10 -4 8.14. IO -s 
3.35 2.50.10 -4 7.52.1.0 -~ 

30* 
2,92 1~33" 10 -4 4,57:" I'9 --5 8.76- lO -4 3,01- 10 -4 
3,.44 3~99-10 -4 1J6.1.O -4 7,03.1,O "4 2.04.10 -4 
2~ 9q'4 7,48' 10 -4 2~58" 10 -4 9.60-10 -4 3,23.1,0 -4 

8.46-10 -4 2.76. l.O -4 

40 ~ 
3 ,48 1,018-10 -a 3,14.10 -4 2~01 - 1~0 -3 6,04.10 -4 
3,34 1,051 - 10 -3 3,.24.10 -4 1,65. lO -3 5.1,0. lO -4 
3,33 2~ I,O -3 6.2.10 -~ 2,57-10 -3 7,96-10-* 

2,08-10 -a 6,38.10 -4 

937  



rials at 3.97 and 4.17 ppm and conversion of the signal of the vinyl proton in the 4 position (6.5 ppm) to a 
singlet  because of the absence of splitting in the protons of the methylene group in the 5 position. 

The resul ts  can be explained by isomerizat ion via the scheme 

The it sulfonyl group promotes  the format ion of an a - c a r b a n i o n  [7], whereas the tendency toward 
- ,~ation of the double bond with the aromat ic  ring promotes  migra t ion  of the double bond; the ~r- 

conj is possible facilitated by the carbanion formed and is rea l ized through a mesomer i c  carbanion, 
the tion of which in the 2 position leads to 3 -a ry l -3-su l fo lene .  The migrat ion of the double bond 
fro~ position to the 2 position has been previously descr ibed [2, 6]. Products  of addition to the double 
bond of the sulfolene ring were isolated f rom the react ion of Ia with NaHSO 3 and C4HgSH in the presence  of 

C4HsSNa. 

E X P E R I M E N T A L  M E T H O D  

Column chromatography and th in- layer  ehromatography(TLC) on a loose layer  of activity tI A1203 
(elution with ether  and chloroform) were used for the separat ion and evaluation of the individuality of the 
compounds. The chromatograms  were developed in iodine vapor.  

The IR spec t ra  of KBr pellets of the compounds were recorded  with a UR-20 s p e c t r o m e t e r .  The UV 
spect ra  were recorded  with an SF- I6  spectrophotometer .  The PMR spec t ra  of solutions of the compounds 
in (CD3)2CO with and without NaOD were recorded  with a Varian-60A spec t romete r  with hexamethyl disi-  
loxane as the internal standard.  

3 -Aryl -4-su l fo lenes  Ia, Ib, and Id were previously obtained in [1]. 

3-(4-Aminophenyl)-4-sulfolene (Ic, Table 1). A mixture of 4.8 g (0.02 mole) of Id, 2.4 g of tin metal, 
and 30 ml of HC1 was heated to 60 ~ and s t i r red  until Id dissolved. The solution was then neutralized with 
alkali solution to pH 7.5-8 and extracted with boiling benzene. The benzene was evaporated, and the r e -  
sidue was crys ta l l ized f rom methanol to give 3.8 g of Ic.  

3-Phenyt-3-sul fo tene  (IIa, Table 1). A 1.96-g {0.01 mole) sample of Ia was dissolved in a mixture 
of 5 ml of butylamine and I ml of water,  and the mixture was s t i r red  at r o o m  tempera ture  for 2 h. The 
resul t ing precipitate was removed by fil tration and rec rys ta l l i zed  f rom methanol to give 1.9 g of IIa. 

3 -Aryl -3-su l fo lene  (IIb-d, Table 1). These compounds were obtained by the method used to prepare  
IIa. 

3-Phenyl-2-sul foIene  (IIIa, Table t) .  A solution of 1.96 g (0.(}1 mole) of Ia in 10 ml of dioxane was 
s t i r red  with 10 ml of 1 M KOH at 50 ~ for 2 h, af ter  which it was cooled to room temperature ,  and the r e -  
sulting precipitate was removed by fi l tration and separated with a column (20 ram in diameter  and 400 mm 
high} filled with A1203 to give 0.9 g of Ita and 0.95 g of IIIa. 

3 -Aryl -2-su l fo lenes  (IIIb, c Table 1 ! .  These compounds were obtained by the methods used to pre-  
pare  IIIa. 

Sodium 3-Phenylsulfolane-4-sulfonate  (V, Table 1)~ A 2-g  sample of Ia was refluxed in I0 ml of a 
40~ solution of sodium bisulfite for 1 h, after  which the precipitate was removed by fi l tration and c rys ta l -  
lized f rom water  to give 2.9 g of V. 

3-Butylthiophenylsulfolane (IV, Table I ) .  A 0.4-g sample of sodium and 0.9 g of n-butanethiol were 
dissolved in 5 ml of methanol, and 2 g of Ia was added to the result ing solution of sodium butylthiolate. 
The mixture was s t i r red  at 0 ~ for 2 h, after which it was neutral ized with HC1 and vacuum evaporated.  
The residue was crys ta l l ized  f rom methanol to give 2.5. g of IV. 
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I somer iza t ion :  Kinetic Measurements .  The kinetic experiments  were ca r r i ed  out in the thermosta ted  
cuvette of an SF-16 spec t rophotometer  (with an accuracy  of �9 n.2~ The solutions of the start ing compounds 
in dioxane (~4 �9 10 -4 M) and of KOH in water  (0.01-0.1 M) were thermosta ted  p r io r  to mixing. The t ime at 
which the solutions were mixed was taken as the s ta r t  of the reaction, and the change in the optical density 
of the solution at a selected wavelength was measured  at definite t ime intervals  up to Doo, at which point 
the optical density of the solution remained  pract ica l ly  constant with t ime. The D~o values observed for la-  
d and IIb, c in the experiments  coincided with the values calculated f rom the molar  extinction coefficients 
(8) of the corresponding i somers  and the s tar t ing concentrat ion of the compounds, and this indicated p rac -  

t i c a l l y  100~ conversion and was in agreement  with the resul ts  of monitoring of the react ion by TLC. The 
8 values at the working wavelengths (X w) are  presented in Table 1. 

In the case of the i somer iza t ion  of IIa to IIIa the optical densities a t two wavelengths were determined,  
inasmuch as the absorption curves  of the two i somers  are  super imposed on one another over the entire 
spect rum;  their  concentrat ions were calculated f rom the following formulas [5]: 

Cil(, 

Cilto 

Dk~ D ~  
elIIa~'~ i - 8IIIa>" l 

) 

8IIa) ~ "8IIta),.~-- EIIIa~.z ' 8Iia)~ 

D;. D~, 
eiIaZt i - -  8IIak2 I 

EIIa&~'8111a?e--EIIIa>.t"  EIIaL~ 

The ra te  constant for the i somer iza t ions  la -d  ~ I Ia-d  and IIb, c ~ IIIb, c were found f rom the equation for 
a unidirectional f i r s t - o r d e r  react ion:  

D~ 
In - -  k:ob$:.t, 

D~ -Dr 

where l=,, is the optical density of the solution at time t. 

The equil ibrium constant and the sum of the rate  constants of the forward and r eve r se  react ions were 
calculated for the revers ib le  react ion IIa ~ IIIa [10]. 

Ceq 1 Ceq 
K= co_Ceq; k~+k_l= ~tn Ceq ~ 

and the following values were  found: 

K kl+k-L 
kl = l-.F~-k-(k, +k _,), k_, =-----g~ 

where Co, Ct, and Cec are  the concentrat ions of the substance at the s ta r t  of the react ion,  at t ime t, and 
in the equilibrium statc .  

The experiments  were repeated no less  than three  t imes,  and the data were averaged.  The resul ts  
of the kinetic measurements  are  presented in Tables 2 and 3. 
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