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The base -ca t a lyzed  i somer iza t ion  of 4 - a r y l a m i n o -  and 4 -morpho l ino-2 - su l fo lenes  to 3 - sub -  
st i tuted 2-sulfolenes  was invest igated by UV spec t roscopy .  A shift  in the Vas f requencies  of 
the SO 2 group was noted in the IR s pec t r a  of the la t te r .  

The base -ca t a lyzed  i somer iza t ion  of 3-sulfolene to 2-sulfolene is accompl ished  under  mild  condi-  
t ions to give an equi l ibr ium mixture  of both i s o m e r s  [1]. In the case  of 3-subs t i tu ted  3-su l fo lenes  it has  
been  shown that the percentage  of 3-subs t i tu ted  2-sulfolenes  i nc rea se s  success ive ly  in the o r d e r  of sub-  
st i tuents H ~C1 < CH 3 << OCH~, tert-C4HgS [2]. 

It seemed of in te res t  to invest igate the convers ion  of 4-subst i tu ted  2-sul folenes ,  by means  of which 
one can detect migra t ion  of the mult iple  bond f rom one ~ ,p  posit ion to another .  In the p resen t  pape r  we 
p resen t  data on the i somer iza t ion  of 4 - a r y l a m i n o -  (I-IV) and 4 -morpho l ino-2-su l fo lenes  (V), which were 
p rev ious ly  synthesized in [3, 4]. In the p repa ra t ive  syntheses  we es tab l i shed  that  I -V are  p rac t i ca l ly  c o m -  
pletely i s o m e r i z e d  to 3 - a r y l a m i n o -  (VI-IX) and 3 -morpho l ino-2 - su l fo lenes  (X). 

The s t ruc tu r e s  of the reac t ion  products  were  p roved  by compar i son  of the i r  IR and UV spec t r a  with 
the spec t r a  of the s ta r t ing  reagen ts .  In I - IV (Table 1) the amino group in the 4 posit ion of the 2-sulfolene 
has  a lmos t  no effect  on the absorpt ion of the SO 2 group. The f requencies  of the a s y m m e t r i c a l  s t re tch ing  
absorpt ion of the SO 2 group in 2-sulfolene [5] and amines  I - IV are  close to one another .  On the other  hand, 
an apprec iable  shift of Vas (802) is obse rved  for  3 -amino-2 - su l fo l enes  (VI-IX, Table 1); this  shift can be 
explained by the d o n o r - a c e e p t o r  in teract ion of the ni t rogen and sulfur  a toms of the amino and sulfo groups.  
The Ii~ s p e c t r a  of 3 -amino-2 - su l fo lenes ,  for  example ,  X (Fig. la) ,  a lso contain the intense frequency of a 
double bond shifted by 30-40 cm -1 to the low-frequency region as compared  with the absorpt ion in s t a r t -  
ing amine V (Fig. lb) .  

An appreciable  di f ference in the s t ruc tu re s  of the s ta r t ing  m a t e r i a l s  and final products  of i s o m e r i z a -  
t ion shows up when the i r  UV spec t r a  a re  compared .  Whereas  4 -amino-2 - su l fo lenes  absorb  at < 220 nm, 
the UV spec t r a  of 3 -amino-2 - su l fo l enes  contain a sharp  max imum of r a t h e r  high intensity at 240-275 nm 
(Table 2). Unsubsti tuted 2-sulfolene absorbs  at 215 nm (~ =193) [1]. Thus the introduction of an amino 
group into the 3 posit ion of 2-sulfolene is accompanied  by an apprec iable  ba thoehromie  shift of the a b s o r p -  
t ion m a x i m u m .  The auxochromic  effect  of an amino group in 3 -amino-2 - su l fo l enes ,  as descr ibed  [6] for  
cycl ic  o t ,~-unsa tura ted  f l -amino ketones,  also changes slightly in the VI- IX se r i e s  as a function of the 
nature of the substi tuent in the a romat i c  ring. 

We used  the shift in the absorpt ion m a x i m u m  in the UV spec t r a  of the products  of i somer iza t ion  in 
compar i son  with the s p e c t r a  of the s ta r t ing  compounds in o r d e r  to quanti tat ively moni to r  the react ion  with 
t ime .  

The i somer iza t ion  of the invest igated 4 -amino-2 - su l fo l enes  in exce s s  alkali  and amines  is descr ibed  
by a f i r s t - o r d e r  kinetic equation. The f i r s t - o r d e r  reac t ion  in subs t ra te  is conf i rmed by the constancy of the 
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TABLE 1. Frequenc ies  of  the 
Stretching Vibrat ions  of  the 
SO 2 Group of  A r y l a m i n o - 2 -  
su l fo lenes*  

Com-  
pound %' cm'Z vas" cm'l 

I 
II 

III  
IV 
VI 

VII 
VIII 

IX 

1090 
1100 
1090 
1100 

1105, 1140 
1095, 1140 
1099, 1140 
1097, 1140 

1240 
1268 
t245 
t242 
1286 
1282 
1286 
1285 

* The IR spec tra  of  KBr pe l -  
lets  of  the compounds were  
recorded  with a UR-20 
s p e c t r o m e t e r .  

TABLE 2. UV Spectra of  
3 - A m i n o - 2 - s u l f o l e n e s *  

C o m  - 
pound X,na=, mTl .8 

VI 
VII 

VIII 
IX 
X 

270 
272 
272 
273 
245 

14800 
11200 
16400 
12000 
13800 

* The UV spectra  of  
10% aqueous dioxane 
so lut ions  o f  the c o m -  
pound were  recorded  
with an SF-16 s p e c t r o -  
photometer .  
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Fig. 1. IR spectra:  a) 3 - m o r p h o l i n o - 2 - s u l f o l e n e  (X); b) 4 -  
m o r p h o l i n o -  2 - su l fo lene  (V). 

Fig. 2. Dependence of  k 2 on the nature of  the substituent in 
ary laminosu l fo l enes  I-IV at 30~ 

observed  rate constants  as  the s tart ing concentrat ion of  the compound is  changed. The pseudo f i r s t - o r d e r  
rate constants  (kob s) of  all  of the compounds are  l inear ly  related to the KOtt concentrat ion (Table 3), so 
that the kinet ic  equation has the form 

.~[As] = ~,:b~,S]fl<OHl. 
d~ 

where  AS is  4 - a m i n o - 2 - s u l f o l e n e .  

It was  shown by additional exper iments  carr i ed  out in solut ions  in I M KC1 that a salt effect  is prac -  
t i ca l ly  absent in the i s o m e r i z a t i o n  of  I-V within the l imi ts  of  the invest igated concentrat ions  and t e m p e r a -  
t a r e s .  Pract ica l ly  no react ion o c c u r s  in aqueous dioxane solut ion.  

Secondary (I-IV) and ter t iary  (V) amines  are i s o m e r i z e d  in the p r e s e n c e  of  ca ta lys t s .  The rate of  
i s o m e r i z a t i o n  of  V is  l ower  than the rates  of  i s o m e r i z a t i o n  of  I-IV, and e l e c t r o n - a c c e p t o r  substituents  
faci l i tate  their  i s o m e r i z a t i o n  in I-IV, whereas  e l e c t r o n - d o n o r  substituents  hinder it (Fig. 2). The changes  
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TABLE 3. Resul ts  of I somer iza t ion  of 4-Amino-2-Sul fo lenes  

C o m -  
pound  

I 
II 

III 
IV 
V 

k2. liter �9 mole'l �9 sec-I  
30* 40 ~ 

0,0039• 
0,0021-4.-0,0004 
0,0026::t:0,0003 
0,005• 

0,00095 • 0,0001 

0,0007• 

0,0067~0,0008 
0.0118_0,0015 
0,00~3-+-0,0C03 

50* 

0,0182:::I:0,0018 
0,0.141 -+-0,00 14 
0,0151:5::0,00~ 
0,025• 

0,0045• 

E, k c a l / [  Z ~  eu 
mole I 

15,1 [ -~2,3 

16,9 --16.5 
15.7 -19,4 
15,1 -24,3 

in k 2 under  the influence of subst i tuents  sa t i s fy  the Hammet t  equation with ~n substi tuent  constant  [7] ("ap-  
p rox ima te"  correlat ion):  

lg k = - 2.41 + 0.77cP ~ 

The data obtained co r re spond  to a reac t ion  scheme involving the format ion  of a r u e s . m e r i t  carbanion,  which 
is then protonated with migra t ion  of the double bond: 

d % J -- d% 

The resul t ing 3 -amino-3-su l fo lene  is unstable under  the reac t ion  conditions and is i somer i zed  p rac t i ca l ly  
comple te ly  via  a p rev ious ly  descr ibed  scheme [1, 2] to 3 -amino-2- su l fo lene ,  in which the double bond is 
s tabi l ized by d o n o r - a c c e p t o r  in teract ion of the ni t rogen and sulfur  a toms .  

The acce le ra t ion  of the reac t ion  in the case  of I - IV as compared  with V can be explained by additional 
s tabi l izat ion of the in te rmedia te ly  fo rmed carbanion through conjugation with the a roma t i c  sys t em.  The 
ene rgy  p a r a m e t e r s  of the react ion (Table 2), de te rmined  f rom the change in k 2 at 30, 40, and 50 ~ c o r r e -  
spond to a carbanion mechan i sm for  i somer iza t ion  with i n t e rmolecu la r  pro ton  t r a n s f e r .  The act ivat ion en-  
e rg i e s  (E) and ent ropies  (AS r a re  close to the values  found in the reac t ion  involving migra t ion  of the double 
bond f rom the 3 posit ion to the 2 posit ion, the earbanion m e c h a n i s m  of which has been es tab l i shed  by kinetic 
[1] and isotopic [8] methods .  

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

The course  of the i somer iza t ion  was moni tored  quanti tat ively f rom the buildup of i somer iza t ion  p rod-  
ucts  VI-X at the UV absorpt ion max imum,  at which the intensi ty of absorpt ion of the s ta r t ing  compounds 
is low. An SF-16 spec t rophotometer ,  the the rmos ta t t ed  cuvette of which se rved  as the reac t ion  vesse l ,  
was used.  The i somer iza t ion  was studied in the p resence  of po tass ium hydroxide and buffer  solutions of 
diethylethanolamine and t r ie thanolamine  in 10% aqueous dioxane solution under  p s e u d o - . o n . m o l e c u l a r  con-  
ditions. The exper imen t s  were  duplicated at leas t  four  to five t imes ,  and the resu l t s  were  averaged .  

We used the following f i r s t - o r d e r  equation to calculate  the obse rved  ra te  constant (Table 2): 

D~ 
t n D ~ _ D  t =kobs ./, 

where D~ and D t a re  the optical  densi t ies  of the solution at the end of the react ion  and at t ime  t,  r e s p e c -  
t ively .  The D~o values  obse rved  in the exper imen t s  coincided with the values  calculated f rom the m o l a r  
extinction coefficient of the appropr ia te  3 -amino-2- su l fo lene  and the s ta r t ing  concentrat ion of 4 - a m i n o - 2 -  
sulfolene; this indicates prac t ica l ly  100%isomer iza t ion  and is in ag reemen t  with the r e su l t s  of an inves -  
t iga t ion  of the reac t ion  by th in - l aye r  chromatography  [3, 4]. 
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