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The NaOD-catalyzed isotopic exchange of hydrogen in the 2 position of 3-methoxysulfolane 
was investigated by PMR spectroscopy,  and its pK a value was est imated to be 24.67. In- 
c reased  acidity is cha rac te r i s t i c  for the methylene group of 3-hydroxysulfolane in the 2 po- 
si t ion and the methylene group of 3,4-dimethoxysulfolanes in the 2 and 5 positions.  

The increased acidity of the hydrogen of the C -  H bonds in the a position of sulfones is well known [1]. 
No such data are  available for sulfolane derivat ives.  The thermodynamic  acidity of sulfolane in dimethyl 
sulfoxide (DMSO) was determined and charac te r i zed  by pK a > 31 [2]. Attempts to determine the kinetic 
acidity f rom the ra te  constant for isotopic exchange of sulfolane with D20 in the p resence  of NaOD was un- 
successful  because  the p rocess  was too slow. [3]. 

We have previously [4] noted that the introduction of a methoxy group in the 3 position of the sulfo- 
lane ring facil i tates exchange in the position in weakly alkaline media, whereas the lability of the remaining 
hydrogen atoms is not changed appreciably.  

In the present  r e sea rch  we studied the isotopic exchange of hydrogen in 3-methoxy-  (I) and 3 -hydroxy-  
sulfolane (II) and in c is -  and t rans-3 ,4-dimethoxysul fo lanes  (IH and IV, respect ively) .  

As seen f rom Fig. 1, the PMR spec t rum of derivative I consists  of three groups of signals [4]. Thei r  
relat ive intensities in o rder  of increas ing  chemical  shifts are  2 : 7 : 1. The f i r s t  group of lines - a mul t i -  
plet centered at 2.33 p p m -  belongs to the two hydrogen atoms in the 4 position, the singlet of protons of 
the methoxy group in the second group of signals at 3 o17-3.28 ppm is super imposed on the multiplet of four 
hydrogen atoms of the methylene groups in the 2 and 5 position, and a quintet of H-3 hydrogen atoms centered  
at 4.24 ppm is found at weakest field. 

The following changes take place in D20 in the presence  of NaOD in the spec t rum of I: the intensity 
of the signals at 3.17-3.28 ppm gradual ly decreases  approaching the final value (5H), and the H-3 quintet 
at constant intensity after  1 h at 16 ~ is converted into a broadened tr iplet .  The intensity of the water peak 
(4.58 pprn) increases  simultaneously with the changes in the spec t rum cf I. The observed changes c o r r e -  
spond to success ive  exchange of two hydrogen atoms in the 2 position by deuter ium. 
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Similar  t ransformat ions  occur  with 3-hydroxysulfolane (If) in 0.19 M NaOD (Fig. 2): the intensity 
of the group of signals at 3.15-3.8 ppm affiliated with the four protons of the methyl groups in the 2 and 5 

*The compounds were obtained by R. A. Dorofeeva by the descr ibed methods.  
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Fig. 1. PMR spec t rum of 3-methoxysul fo lane  I: a) in D20; b} in 0.062 M NaOD in 
D20 at 16~ af ter  10 rain; b ' )  a f te r  20 rain; b") a f ter  60 min;  c) in 0.2 M NaOD in 
D20 at 16 ~ 

Fig. 2. PMR spec t rum of 3-hydroxysulfolane II in D~O at 20~ a) without added 
NaOD; b) without added NaOD at 70 for 5 4 . 6 9 - 5 ~ I  ppm;  c) in 0.19 M NaOD at 2 ~ 
for  6 4.69-5.31 ppm.  

posi t ions is halved, and the quintet of the hydrogen atom at tached to C-3 is conver ted  to a broadened t r i -  
plet .  

Under the s ame  conditions, 3 -me thy l -  and 3-N-dimethylaminosu l fo lanes  do not undergo any changes 
whatsoever .  In the case  of c i s -  (IIt) and t rans -3 ,4 -d imethoxysu t fo lane  (IV) the hydrogen a toms of the m e -  
thylene groups in the 2 and 5 posi t ions undergo exchange (Fig. 3}. 

When sulfolane III is allowed to stand in 0.06-0.09 M NaOD for 2 days, IV is allowed to stand at r oom 
t e m p e r a t u r e  for  2-3 h, and I is allowed to stand at 30-38 ~ or  in 0.2-0.4 M NaOD at t6 ~ spli t t ing out of 
methanol  is obse rved  in addition to proton exchange. The singlet  of a methyl  group, which is identified by 
the addition of pure  methanol,  appea r s  in the PMR spec t r a .  

In o rde r  to de te rmine  the r a t e  of exchange of 1 with D20 , we used the dec rea se  in the intensi ty of 
the s ignals  at 3.17-3.28 ppm (Fig. 1) and the inc rease  in the intensi ty of the H~O signal with t ime (under 
conditions that exclude the el iminat ion of CH3OH). The data on H20 were  calculated f r o m  a p seudo- f i r s t -  
o rde r  kinetic equation taking into account the l a rge  excess  of D~O. The kinetic equation of consecut ive 
reac t ions  [5], by means  of which one can calculate  the k I value,  was used  in the t r e a t m e n t  of the data: 

C~Oj i~ Co I .e-~,.d, 
ki 

C~(,. ~)=CoI. k'--~-~ (e-~:-e-~'9, 

C01 = CI(H~)+ CI(H,D)+ Ct(Dq, 

where C~ is the concentrat ion of s ta r t ing  I, CI(H~ ) is the concentrat ion of undeutera ted  I at t ime  t, and 
CI(H, D) and Ct(D) 2 a r e  the s ame  for  the monodeutera ted  and dideuterated products .  

Substituting k' = 1 /3k  I into the equation for  CI(H,D), we obtain 

3 
CI(H,D)-~-~- -~Col(e-k,t S--e-k:).. 

The in tegra l  intensi t ies  a re  e x p r e s s e d  in the following way in t e r m s  of the instantaneous concentra t ions  
of the isotopic v a r i e t i e s  of I: 
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T A B L E  1. I s o t o p i c  E x c h a n g e  of 3 - M e t h o x y s u l f o l a n e  wi th  D20 in t h e  
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F i g .  3 .  PMR s p e c t r a  of  c i s - 3 , 4 - d i -  
m e t h o x y s u l f o l a n e  (III) and t r a n s - 3 , 4 -  
d i m e t h o x y s u l f o l a n e  (IV) in D20 a t  20~ 
a) wi thout  added  NaOD; b) in 0.06 M 
NaOD a f t e r  48 h for  III ;  c) a f t e r  3 h 
fo r  IV. 

f~ 7CI(H2) ~-6CI(H,D) + 5CI(D:) Or 

~ I~SC01-~-~CI{t~,) -~" C1 H,D) 

Subs t i t u t ing  the  CI(H2 ) and Ci(H, D) v a l u e s ,  we ob t a in  
the  fo l lowing  d e p e n d e n c e  of the  r e l a t i v e  i n t e g r a l  i n t e n s i t y  on 
the  t i m e :  

Co ~ 
I =5C~ (e-~''~+3e-~qa)" 

The  so lu t i on  of th i s  equa t ion  g i v e s  the r a t e  c o n s t a n t  fo r  s u b -  
s t i t u t i o n  of H by  D in s u l f o l a n e  I (ki) .  The  k I v a l u e s  and b i -  
m o l e c u l a r  r a t e  c o n s t a n t s  fo r  s u b s t i t u t i o n  of  H by  D o b t a i n e d  
b y  d i v i s i o n  of k i by  CNaOD, as  we l l  a s  the  a c t i v a t i o n  e n e r g i e s  
and e n t r o p i e s ,  a r e  g iven  in T a b l e  1. The  k~ v a l u e s  found f r o m  
the i n c r e a s e  in  the  i n t e n s i t y  of the  H20 s i g n a l  c o i n c i d e  s a t i s -  
f a c t o r i l y  wi th  the v a l u e s  p r e s e n t e d  in T a b l e  1. 

A c o m p a r i s o n  of the  k 2 v a l u e s  fo r  exchange  of I a t  24 ~ 
wi th  the  v a l u e s  in [3] showed  tha t  3 - m e t h o x y s u l f o l a n e  i s  d e u -  
t e r a t e d  in the 2 p o s i t i o n  f a s t e r  b y  a f a c t o r  of s i x  than  d i m e t h y l  
su l fone  and f a s t e r  b y  a f a c t o r  of > 300 than  d i e thy l  su l fone .  

T h e  r a t e  c o n s t a n t s  found fo r  the  d e u t e r a t i o n  of I m a k e  i t  
p o s s i b l e  to a p p r o x i m a t e l y  e v a l u a t e  the  pK a va lue  of i t s  C - H  
a c i d i t y  by  m e a n s  of the equa t ion  

kt/1 
I)K~=- Ig K, l=-]gk-~_ , 

o f  0.5 �9 10 -7 (the D20 ion  p r o d u c t  a t  25 ~ i s  K D20 = 0.195 �9 10-14). (The k" 1 v a l u e  i s  not  d i f f i cu l t  to c a l c u l a t e  
wi th  a k n o w l e d g e  of  t he  k 2 v a l u e  and  the  OD- c o n c e n t r a t i o n .  In o u r  c a s e  i t  i s  N 7 . 0 4 . 1 0  -10 s e c - i . )  T h e  kS_ 1 
t e r m  i s  the  r a t e  c o n s t a n t  fo r  r e c o m b i n a t i o n  of  t he  c a r b a n i o n  wi th  the  p ro ton .  In an  a p p r o x i m a t e  c a l c u l a -  
t ion  w e  a s s u m e d  tha t  i t  i s  equa l  to t he  k"_  1 v a l u e  of  d i m e t h y l  su l fone  (3.3 �9 1015 [7]), i n a s m u c h  a s  the  r a t e s  
of  d e u t e r a t i o n  of  I and  d i m e t h y l  su l fone  u n d e r  c ond i t i ons  d i f f e r  f r o m  one a n o t h e r  b y  l e s s  than .one  o r d e r  
o f  m a g n i t u d e .  Thus  

pK~ I= t 7.04.10 -1~ 
- g-3.3,  i0 I~ =24.67. 

A c c o r d i n g  to the  d a t a  in [8], the pK a v a l u e s  of su l fones  i n c r e a s e  by  a f a c t o r  of a p p r o x i m a t e l y  two 
l o g a r i t h m i c  un i t s  on p a s s i n g  f r o m  w a t e r  to DMSO, and the pK a v a l u e  fo r  I in DMSO can  t h e r e f o r e  be  a s -  
s u m e d  to b e  ~ 27. I t  fo l lows  f r o m  a c o m p a r i s o n  wi th  the  pK a v a l u e  of su l fo l ane  tha t  the  i n t r o d u c t i o n  of a 
m e t h o x y  g roup  in the  3 p o s i t i o n  of the su l fo l ane  r i n g  i n c r e a s e s  the  a c i d i t y  of  the h y d r o g e n  in the  2 p o s i t i o n  
b y  a f a c t o r  of  m o r e  than  fou r  o r d e r s  of m a g n i t u d e .  
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It is known [9] that the acidity of sulfones is de te rmined  to a cons iderable  degree  by s t ruc tura l ,  e l -  
ec t ros ta t i c ,  and solvation fac to r s .  The dec rea se  in the acidity on pass ing  f r o m  dimethyl sulfone to sul-  
folane can be explained by the fact  that  the flexible s t ruc tu re  of the carbanion of diethyl sulfone reduces  
e lec t ros ta t i c  repuls ion to a min imum and makes  the carbanion m o r e  s table .  The sharp  inc rease  in the 
acidity of the sulfolane r ing that we obse rved  on introduction of oxygen-containing subst i tuents  cannot be 
explained only by the inductive effect  of the oxygen a toms of the OH and OCH 3 groups in the ~ posit ion, 
espec ia l ly  since the labil i ty of the hydrogen at tached to the carbon a tom bonded to  the subst i tuent  does not 
change under our  conditions. The essent ia l  factor  here  is apparent ly  the abil i ty of the oxygen a tom to give 
s t rong hydrogen bonds, which is important  for proton exchange reac t ions  [10]. It might  be supposed that 
sulfolane I fo rms  cycl ic  hydra tes ,  the format ion  of which favors  the spat ial  or ientat ion of the oxygen a toms 
and of the proton being detached. 

R R 

...H.,.O,-- H-.TOH 

The t rans i t ion  f rom the s ta r t ing  s ta te  to the carbanion may  be rea l i zed  by energica l ly  advantageous r e d i s -  
t r ibution of the bonds in the hydra tes  without substant ial  disruption of thei r  fo rm and composi t ion.  The 
smal l  change in the entropy during the reac t ion  (AS s = - 4 . 0 7  eu) const i tutes  evidence in favor  of the p ro -  
posed scheme.  

EXPERIMENTAL METHOD 

The PMR spectra were recorded with a Tesla BS-487 s spectrometer (80 MHz). The samples were 
thermostated with an aceuracy of • 0.5 ~ The solvent was D20 with added dioxane (0.35 mole/liter) for I. 
Acetonitrile served as the internal standard in the kinetic investigations of the isotope exchange, whereas 
hexamethyldisiloxane (HMDS) served as the external standard. The chemical shifts were determined rela- 

tive to CH3CN and were converted relative to HMDS. 

Method Used for the Kinetic Measurements. The experiments on the isotope exchange of I were 

c a r r i e d  out in the s p e c t r o m e t e r  ampul at a fixed t e m p e r a t u r e .  A solution of I in D20 (I.62 M) with added 
0.7 M dioxane and 1.92 M ace toa l t r i le  was p repa red .  Equal vo lumes  of the solution of t and the t i t ra t ion 
solution of NaOD in D~O were  mixed,  and the intensi t ies of the peaks  under investigation were  found every  
5 rain for  I h. In a control  exper iment  the spec t rum of a solution of t diluted with D20 was recorded .  The 
NaOD concentrat ion in the mixture  was de te rmined  by t i t ra t ion of a sample  p r io r  to and af ter  the expe r i -  
ment .  
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