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In con t r a s t  to alkyl e s t e r s  of carboxyl ie  acids,  3 -acy loxysu l fo lanes  on reac t ion  with nucleo- 
phil ic reagents  read i ly  spl i t  out a carboxyl ic  acid to give 2-sul fo lene ,  which then r e a c t s  with 
compounds containing a labile  hydrogen a tom.  On the ba s i s  of data on the kinetics of alkaline 
hydro lys i s  of benzoates ,  a s chem e  for  el iminat ion of the acid that includes the in te rmedia te  
fo rmat ion  of a t rans i t ion s ta te  of the EIcB type is p roposed .  

3 ,4-Diacyloxysul fo lanes  a r e  r e c o m m e n d e d  as auxi l ia ry  subs tances  for  the finishing of cotton f ab r i c s  
in alkaline media  [1]. In o rde r  to a s c e r t a i n  the scheme of the chemica l  t r ans fo rma t ions  of the p r e p a r a -  
tions and the poss ib i l i ty  of finishing pro te in  f ibers  with them, in the p r e sen t  r e s e a r c h  we studied the hy-  
dro lys i s  of 3 -ace toxysu l fo lane  (I) and subst i tuted 3-benzoxysul fo lanes  (IIa-e) and the i r  b a s e - c a t a l y z e d  
reac t ions  with a l c o h o l s , a m i n e s , a n d  m e r c a p t a n s .  It was found that,  in con t ras t  to e s t e r s  of aliphatic a l -  
cohols,  3 -acy loxysul fo lanes  a re  t i t r a ted  by alkali and give 2-sul fo lene  containing up to 8 ~ 3 - h y d r o x y s u l -  
folane in the case  of 3-ace toxysul fo lane  (I) and t r a ce s  of 3-hydroxysul fo lane  in the case  of 3-benzoxysulfo lane  
(IIa). The pe rcen tage  of 3 -hydroxysul fo lane  i nc rea se s  as the alkal i  concentrat ion,  reac t ion  t ime,  and t e m -  
p e r a t u r e  a r e  i nc reased  and r eaches  20% when equimolar  amounts  of NaOH and sulfolane I are  heated at 
50 ~ for  12 h. In a control  expe r imen t  at low alkali  concentra t ion (0.05 N) 2-sul fo lene  does not add water ,  
and the fo rmat ion  of 3-hydroxysul fo lane  upon t i t ra t ion can t h e r e f o r e  be explained by par t ia l  hydrolys is  of 
the e s t e r  via genera l  scheme b, whereas  it is additionally f o rmed  by hydrat ion (c) of 2-sulfolane upon p r o -  
longed heating with alkali  [2]. 
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3-Alkoxysulfolanes ,  sulfides,  and 3-(d icarbethoxymethyl )sul fo lane ,  which were  p rev ious ly  desc r ibed  
in [3], were  isola ted f rom reac t ions  with alkoxides,  mercap t ides ,  and sodiomalonic e s t e r  (BH), r e s p e c t i -  
vely.  The i r  fo rmat ion  can be explained by el iminat ion of RCOOH via scheme a with subsequent  addition of 
BH to 2-sul fo lene .  The p r e s e n c e  of 2-sulfolene,  identified by th in - l aye r  ch romatography  (TLC), const i tu tes  
evidence in favor  of this assumpt ion .  3-Hydroxysul fo lane  is a lso  fo rmed .  The ra t io  of the products  depends 
on the nature  of the reagent .  The yie lds  of alkoxysulfolanes a r e  70-90~c with alkoxides of p r i m a r y  alcohols  
(C 1-  C 4) of no rma l  and i s om er i c  s t r u c t u r e  in the case  of equ imola r  r a t ios  of the reagen t s  and change only 
sl ightly as the length of the chain i n c r e a s e s .  Appreciable  r e s ia i f i ca t ion  is obse rved  with secondary  a l -  
cohols such as sec-C4H9OH , the yield of 3 - sec -bu toxysu l fo lane  d e c r e a s e s  to 50-55~,  and the yield of 3 -  
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T A B L E  1. 

lanel  

Com- 
pound x 

I Ia H 
l ib  4-CH3 
llC 4-CI 
lid 4-NO~ 
l i e  , 2-NO~ 

C h a r a c t e r i s t i c s  of 3 - ( 4 - S u b s t i t u t e d  B e n z o x y ) s u l f o -  

mp, ~ 

1.64-- 166 
12'5--126 
162--164 
2C21/:03 

Empirical 
formula 

CHH,~O,S I 54~8 C,.~HNO,S 56 9 
C,,HuCIO,S 47~5 
C.H~,.NO6S 1 46.2 
CuHHNO~S ] 46,8 

Found, % Calc., % 

. s c l . I  

6,2 134 5,1 
5,6 12,6 t 56,.7 ! 5.0 
4,2 11.5 ] 48.0 4,0 

3.9 3,6 10,9 46.7 
3,9 11,3 ! 46,7 3.9 

13,4 
12.6 
11,7 
11.2 
11,2 

70 
51 
35 
61 
80i 

T A B L E  2. R e s u l t s  of the H y d r o l y s i s  of 3 - ( 4 - S u b s t i t u t e d  B e n z o x y ) s u l -  
fo l anes  a t  18 ~ in a 10% Solu t ion  of  Dioxane  in  W a t e r  

Substitueut [KOH] k 1 �9 i 0 " : ,  s e c  "I k 2, l �9 mole-I/sec -I 

H 

CH3 

Cl 

NO~ 

o2082 
0,0120 
0,0168 
0,0200 

0,(~36 
0,5909 
0&120 
0,0153 
0,0216 

0,0036 
0,5999 
0,0120 
0,0153 
0,Cr 

0,0036 I 0,~3 
I 0,0082 

0,0097 

J 

) 

3,33,'_+0,17 
4,96----- 0,13 
6.96• 
8,36+Oo14 

0,73_+0,15 
3,,00• 0,08 
3,43• 
4,56• 
6,53-037 

1,24-+0,14 
5,20-----0,I0 
6,80• 
8,93__ 0,07 

I 1 , 7 7 •  

4,46-0,14 
5,20---0,18 

L0,(~0_ 0,t6 
12,00.• 0,20 

0,406 
0,413 
0,414 
0,418 

Av. 0,4,[3 
0,,304 
0.312 
O,286 
0~297 

,0,301 
Av, 0~300 

0,544 
0~525 
O,566 
Q,582 
0.543 

Av. 0,552 
1,239 
1,209 
1~219 
1,242 

AV. t,227 

h y d r o x y s u l f o l a n e  i n c r e a s e s  to 25%. 3 - A l l y l o x y s u l f o l a n e  (53~) and 3 - h y d r o x y s u l f o l a n e  (40~  w e r e  i s o l a t e d  
f r o m  the r e a c t i o n  with  a l l y l  a l coho l .  Up to 70~ .. of a m i x t u r e  of  2 - s u l f o l e n e  and 3 - s u l f o l e n e  and ~ 30% 3 -  
h y d r o x y s u l f o l a n e  a r e  f o r m e d  in the  r e a c t i o n  with s o d i u m  t e r t - b u t o x i d e  in t e r t - b u t y l  a l c o h o l .  S t a r t i n g  s u l -  
fo lane  I i s  r e g e n e r a t e d  in the  r e a c t i o n  wi th  s o d i u m  phenoxide  in e x c e s s  phenol  (2 : i )  a t  50 ~ and the p r o d -  
uc t  c o n t a i n s  a s m a l l  amount  of  su l fo l ene  and 3 - h y d r o x y s u l f o l a n e ,  which  w e r e  d e t e c t e d  b y  T L C ;  a t  100 ~ 
a f t e r  24 h, ~ 10~c 3 - p h e n o x y s u l f o l a n e  i s  a d d i t i o n a l l y  ob ta ined ,  and th i s  i s  in a g r e e m e n t  wi th  da t a  on the  
e l i m i n a t i o n  of e s t e r s  a t  i n c r e a s e d  t e m p e r a t u r e s  [4] and on the add i t i on  of pheno l s  to 2 - s u l f o l e n e  [5]. 

The  c o r r e s p o n d i n g  3 - s u b s t i t u t e d  s u l f o l a n e s  w e r e  i s o l a t e d  in  y i e l d s  up to 85% f r o m  the r e a c t i o n  w i t h  
s o d i u m  b u t y l m e r c a p t i d e  and s o d i o m a l o n i c  e s t e r .  On the o t h e r  hand,  up to 85~c 3 - h y d r o x y s u l f o l a n e  c o n -  
t a i a i n g  3 - b u t y l a m i n o ( m o r p h o l y l ) s u l f o l a n e ,  which  w e r e  i de n t i f i e d  b y  TLC with  known s a m p l e s  [3], i s  f o r m e d  
in the  r e a c t i o n  of s u l f o l a n e s  I and  IIa  wi th  a m i n e s  (bu ty l amine  and  m o r p h o l i n e ) .  If add i t ion  to the c a r b o n y l  
g r o u p  of  3 - a e y l o x y s u l f o l a n e  i s  h i n d e r e d ,  fo r  e x a m p l e ,  in the c a s e  of  o - n i t r o b e n z o x y s u l f o l a n e  (IIe),  the  
r e a c t i o n  p r o c e e d s  v i a  an e l i m i n a t i o n - a d d i t i o n  s c h e m e  (a -c )  to g ive  2 - s u l f o l e n e ,  3 - b u t y l a m i n o s u l f o l a n e ;  
and  t r a c e s  of 3 - h y d r o x y s u l f o l a n e .  Sul fo lane  I does  not  r e a c t  wi th  an i l ine  a c e t a t e  a t  50 ~ w h e r e a s  a c e t -  
a n i l i de  and  3 - h y d r o x y s u l f o l a n e  a r e  f o r m e d  a t  180 ~ v i a  s c h e m e  b,  and the p r o d u c t s  conta in  2 - s u l f o l e n e  a s  
an  i m p u r i t y .  

We have  p r e v i o u s l y  p r o v e d  [5] a c a r b a m o n  m e c h a n i s m  for  the f o r m a t i o n  of 2 - s u l f o l e n e  du r ing  the 
e l i m i n a t i o n  of PhOH in the  a l k a l i n e  h y d r o l y s i s  of 3 - a r y l o x y s u l f o l a n e s .  In o r d e r  to a s c e r t a i n  the  m e c h a n i s m  
of e l i m i n a t i o n  of RCOOH (a), in the p r e s e n t  r e s e a r c h  we i n v e s t i g a t e d  the  k i n e t i c s  of the  a l k a l i n e  (NaOH 
an NaOD) h y d r o l y s i s  of  I t a  and  of  p - s u b s t i t u t e d  3 - b e n z o x y s u l f o l a n e s  ( I Ib-d ,  T a b l e  1). The  h y d r o l y s i s  was  
c a r r i e d  out  in 10 and 50% so lu t i ons  of d ioxane  in H20 and D70.  The  p s e u d o m o n o m o l e c u l a r  (kl) and b i m o -  
l e c u l a r  (k2) r a t e  c o n s t a n t s  found a r e  p r e s e n t e d  in T a b l e s  2 and 3.  The  a c t i v a t i o n  p a r a m e t e r s  ( log A and E) 
w e r e  c a l c u l a t e d  f r o m  the  t e m p e r a t u r e  depend e nc e  of  the  b i m o l e c u l a r  r a t e  c o n s t a n t  fo r  the  r e a c t i o n  of I Ia  
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"Fig. 1. Arrhenius  dependence In k~. 
on l /T )  for the react ion of Ha; 1) in 
a 50~ solution of dioxane in water;  
2) in 50% D20; 3) in 10% D20. 

at 10, 18, and 23 ~ (Fig. 1) f rom the Arrhenius  equation; c o r r e -  
lation coefficient r = 0.999, and the e r r o r  in the calculation s = 
0.02. The activation pa rame te r s  found (Table 47 are  close to 
the l i tera ture  values for base -ca ta lyzed  carbanion react ions 
[5, 6] and differ f rom the E and log A values peculiar  to alkaline 
hydrolysis  react ions of phenyl and alkyl benzoates [7, 8]. 

A compar ison of the k~ values (Table 2) for I Ia-d shows that 
e lec t ron-donor  substituents in the para  position of the phenyl 
r ing r e t a rd  the reaction, whereas e lec t ron-accep te r  substituents 
acce lera te  iC The change in k 2 under the influence of subst i -  
tuents is descr ibed by the Hammett  equation with aP substitucnt 
constants [91: 

l g  k = -- 0 :384+  0~646a P 

(r =0,996; s =O,03~P). 

The sign of react ion constant 0 coincides with the sign of 0 found for the elimination of aryloxysulfolanes 
(0 = + 1.477 [5] in a 10% solution of dioxane in water at 18 ~ but the magnitude of p is smal le r .  A s imi lar  
dependence of o on the charac te r  of the leaving group was observed in elimination reactions of 4- (4-sub-  
stituted phenoxyl)-2-butanones [5] and 4,(4-subst i tuted benzoxy)-2-butanones [9], for which an ElcB c a r -  
banion mechanism was proved. In reactions of this type 0 is theoret ical ly zero for elimination of groups 
that leave readily [11]. The increased o value, the l inear dependence of the rate on the alkali concentra-  
tion, and the preexponential factor  make it possible to assume initial addition of OH- at the carbonyl groups 
to give an unstable ortho es te r  in which a sulfolanyloxy anion is not sPlit out via the general  scheme, but, 
because of the increased (r-CH acidity of sulfolanes I and II, the C - O  bond attached to the sulfolane r ing 
is cleaved either through a transit ion state s imi lar  to  the ElcB state or  via an EIcB mechanism:  

OH ~ OH 

r - - r - O - - c - ~ - ~ X  I. / /  \\ x I / /  \\ -OH r---~ 0--s V-" r-'--c-O--C--(~ ~--X 

o~% oZZ% or ~o 

Evidence in favor of this assumption is the linear dependence of the ra te  constant for elimination of XPhCOO- 
in the react ion of IIa-d on the pK a values of the corresponding substituted acetic acids XPHCOOCH2COOH 
(Fig. 2, curve at. These values, which were taken f rom [12], cor re la te  well with the pa ramete r s  of the 
substituents in the benzene ring and serve  as a measure  of t ransmiss ion  of the effect on the acidity of the 
leaving g roup through  the methylene bridge.  A s imi lar  dependence of the rate constant on the pK a values 
of XPhOCH2COOH is observed for the elimination of 3-aryloxysulfolanes (Fig. 2, curve b), which reac t  via 
an ElcB mechanism [5]. The identical slopes of the lines indicate identical effects of the a -CH acidity on 
the ra tes  of both react ions .  The accelerat ion of the hydrolysis  of sulfolane IIa in D20 (Table 3) and in 
dimethyl sulfoxide (DMSO) (k~= 0.492 and 1.42 l i ter  .mole -1 / sec  -1 at 18 ~, respect ively,  in 10 and 50% DMSO) 
re la tes  to the nature of the transi t ion state of type E~cB. . 

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

The products were chromatographed in a thin loose layer  of activity II A1203 with elution by ether 
and chloroform (for the aminolysis  of sulfolane II) and development with iodine vapors .  The KOH solutions 
were prepared  f rom standardized solutions by dilution with twice-dist i l led water ,  

3-Acetoxysulfolane (I) and Benzoxysulfolanes (IIa-d). These compounds were obtained by refluxing 
equimolar  amounts of 3-hydroxysulfolane with the appropriate acid chlorides in absolute chloroform.  The 
physical  constants of I Ia-d are  presented in Table 1. Sulfolane I had mp 74-75 ~ [14]. 

Hydrolysis  of Sulfolane I. A) A solution of 0.8 g (0.02 mole) of sodium hydroxide in 15 ml of water 
was added with s t i r r ing  to a solutinn of 3.56 g (0.02 mole) of 3-acetoxysulfolane in 35 ml of water at such 
a rate that the pH of the solution was no higher than 8-8 .4 .  The mixture was then extracted with chloro-  
form, during which the degree of extraction of 2-sulfolene was monitored by TLC. The solvent was evap- 
orated to give 2 g (85%) of sulfolene. The aqueous layer  was vacuum evaporated, and the res idue was ex- 
t rac ted  With acetone to give 0.22 g (8.5%) of 3-hydroxysulfolane.  
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B) The hydro lys i s  was c a r r i e d  out with an equimolar  ra t io  of r eagen t s ,  which were  mixed  s imu l t a -  
neously and heated  at 50 deg for  12 h. Work-up gave 1.74 g (74%) of 2-sul fo lene  and 0.55 g (20%)of3-hydroxy-  
sulfolane.  

I-Iydrolysis of Sulfolanes I Ia-d:  Kinetic M e a s u r e m e n t s .  A s p e c t r o m e t r i c  method was used for  the 
k i n e t l ~ m e a s u r e m e n t s .  The absorp t ion  s p e c t r a  of I I a -d  without alkali  and in the cour se  of alkaline hydro-  
lys is  were  r e c o r d e d  with an SF-16 spec t ropho tomete r ,  the t he rmos t a t ed  cuvette  of which s e rved  as the 
reac t ion  v e s s e l .  The reac t ion  was c a r r i e d  out in 10% d i o x a n e - w a t e r  mix tu re s ,  inasmuch as the benzoates  
a re  insoluble }n wate r .  The addition of dioxane did not affect  the f o r m  of the UV spec t rum.  2-Sulfolene 
and 3-hydroxysul fo lene ,  which absorb  below 220 rim, did not i n t e r f e re  with the de te rmina t ion .  A working 
wavelength (~) was se lec ted  for  each e s t e r :  280 nm for  IIa, 248 nm for  IIb, and 260 nm for  IId; at  this 
working wavelength the change AD = (D o - Doo), where  D o is the optical  densi ty cor responding  to the initial  
sulfolanyl benzoate  concent ra t ion  and D~o is the optical  densi ty  of the po t a s s ium benzoates ,  has its m a x i m u m  
value during the reac t ion .  Inasmuch as the hydro lys i s  of I I a -d  to 3-hydroxysul fo lane  is insignificant,  no 
co r rec t ion  for  consumption of the benzoa tes  v ia  s cheme  b was introduced.  

The expe r imen t s  were  c a r r i e d  out under  pseudomonomolecu la r  conditions in the p r e sence  of excess  
(no less  than tenfold) KOH with repet i t ion  no less  than th ree  t imes .  The pseudomonomolecu la r  r a t e  con-  
s tants  (k t) at s e v e r a l  alkali  concent ra t ions  were  found f r o m  the slope of the line of the dependence of log 
[D O - D~/D t - Dr on t ime .  The s e c o n d - o r d e r  r a t e  constants  were  de te rmined  f r o m  the slope of the l ines 
in coordinates  of k I (in r e c i p r o c a l  seconds) and [KOH] (Table 2). 

Alcoholys is  of Sulfolane I. A) A 3 .56-g  (0.02 mole) sample  of 3-ace toxysul fo lane  was added to a so lu-  
tion of 0.46 g (0.02 g-a tom)  of sodium in 40 ml  of absotute methanol ,  a f te r  which the mix tu re  was s t i r r e d  at  
50 ~ for  24 h and diluted with dry e ther .  The sodium aceta te  was r emoved  by f i l t rat ion,  the solvent  was r e -  
moved  in vacuo, and the 3-methoxysul fo lane  and 3-hydroxysul fo lane  in the res idue  (2.9 g) were  de te rmined  
by TLC.  Chromatography  with a column fil led with A1203 yielded 1.96 g (65%) of 3-methoxysul fo lane  (elu- 
tion by ether)  and 0.9 g (34~) of 3-hydroxysul fo lane  (elution with methanol) .  

B) The reac t ion  with butanol was c a r r i e d  out s i m i l a r l y  to give 3.24 g (85~c) of 3-butoxysulfolane and 
0.27 g (9.5~) of 3-hydroxysul fo lane .  

C) The reac t ion  with sec -bu ty l  alcohol under  s i m i l a r  conditions yielded 2.58 g (55%) of 3 - s e c - b u t o x y -  
sulfolane (55%7 and 0.27 g (9.5%) of 3-hydroxysul fo lane .  

D) The reac t ion  with t e r t -bu ty l  alcohol gave 1.4 g (60%) of 2-su l fo lene  containing 3-sul fo lene  and 
0.76 g (25%7 of 3-hydroxysul fo lane .  

E) The reac t ion  with allyl  alcohol gave 1.9 g (63%) of 3-a l ly loxysulfolane  and 1.1 g (40%) of 3 -hyd roxy -  
sulfolane.  

F) The reac t ion  with phenol gave 0.6 g (10~) of phenoxysulfolane,  which was ident i f ied  by TLC and 
its mel t ing point [4], and a mix tu re  of 2-sul fo lene  with 3-hydroxysul fo lane .  

Mercap to lys i s  of Sulfolane Io A mix tu re  of 3.56 g (0.02 mole) of I and sodium buty lmercap t ide ,  ob-  
tained by dissolving 0.46 g (0.02 g-a tom)  of sodium in 40 ml  of  butyl mercap tan ,  was heated a t  50 o for  
24 h, a f te r  which it was acidified, and the excess  m e r c a p t a n  was r emoved  by dist i l lat ion.  The mix tu re  was 
then diluted with e ther ,  and the sodium chlor ide  was r emoved  by f i l t ra t ion.  The solvent  was r e m o v e d  by 
vacuum dist i l lat ion to give 3.35 g (85%) of butyl sulfolanyl sulfide, which was identified by TLC and oxida-  
tion to the sulfone with hydrogen peroxide .  

React ion of Sulfolanes I and IIa with Sodiomalonic Es t e r .  Equimolar  mix tu res  of acyloxysulfolanes  
and sodiomalonic  e s t e r  were  heated in excess  absolute ethanol at  50 ~ for  20 h, a f te r  which they were  cooled 
and di luted with e ther .  The sodium benzoate  (or acetate)  was r emoved  by f i l t rat ion,  the solvent  was r e -  
moved  by disti l lation, and the sulfolanyl malona te  was c rys t a l l i zed  f r o m  alcohol and identified by TLC and 
a mixed-mel t ing-po in t  de terminat ion  with an authentic s ample .  The yield of 3 - (d ica rbe thoxymethy l ) - su l -  
folane in the reac t ion  with sulfolane I was 65%, as compa red  with 85% in the reac t ion  with sulfolane IIa.  

React ion  of Sulfolanes t and II with Amines .  A 3 .56-g  (0.02 mole) sample  of I was heated at  50 ~ for  
24 h in 50 ml  of butylamine (morpholine),  a f te r  which the excess  amine was r emoved  by vacuum dis t i l la -  
tion. According to TLC, the res idue  contained 3-hydroxysul fo lane  and the cor responding  bu ty lamino(mor -  
pholyl)sulfolane.  Chromatography  with a column fil led with A1203 gave 2.43 g (85%) of 3-hydroxysul fo lane .  
Under s i m i l a r  conditions, sulfolane IId r e a c t s  with buty lamine  to give 2-sul folene ,  3-butylaminosulfolane,  
and t r a c e s  of 3-hydroxysul fo lane .  
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Starting sulfolane I was isolated from the reaction with aniline under similar conditions, whereas 
acetanilide and 3-hydroxysulfolane containing 2-sulfolene were obtained at 180 ~ 
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