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P r o t o l y s i s  in the ac id  ca ta ly t i c  hydro lys i s  of 1 - a l k o x y - l - b u t e n - 3 - y n e s  (A]3) [1] p roceeds  acco rd ing  
to a d i f fe ren t  m e c h a n i s m  f rom the p ro to ly s i s  of s t r u c t u r a l l y  c lose  vinyl e t h e r s .  In this work  we s tudied 
the influence of r e p l a c e m e n t  of an oxygen a tom by a su l fur  a tom in the C 1 posi t ion of A]3 on the k inet ics  and 
m e c h a n i s m  of h y d r o l y s i s .  F o r  this purpose  we made a s p e c t r o p h o t o m e t r i c  inves t iga t ion  of the k ine t ics  of 
the ac id  ca ta ly t i c  hyd ro ly s i s  of a s e r i e s  of 1 - a l k y l t h i o - l - b u t e n - 3 - y n e s  (ATB). 

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

1 - A l k y l t h i o - l - b u t e n - 3 - y n e s  were  syn thes i zed  accord ing  to [2]. Accord ing  to the data of IR and PMR 
s p e c t r o s c o p y ,  a l l  the compounds were  cis  i s o m e r s .  The m e a s u r e m e n t s  were  p e r f o r m e d  on a Unicam SP-  
8000 s p e c t r o p h o t o m e t e r  in a t h e r m o s t a t i c a l l y  con t ro l l ed  cuvette (1 cm).  The in i t ia l  AT]3 had one a b s o r p -  
t ion band at  273-274 nm. 

The r eac t ion  of hyd ro lys i s  was conducted in aqueous and aqueous methanol  (2 : 1 by volume) media  at  
40-50 ~ ( accu racy  of t h e r m o s t a t i c  cont ro l  + 0.5~ The in i t i a l  concen t ra t ion  of the subs t r a t e  was va r i ed  in 
the range 0 .0001-0 .0002 M, HC1 concent ra t ion  0 . 2 - 0 . 9  M. 

2.25 250 27Y ~og J?5 k. nm 

F ig .  1. Var ia t ions  in the UV s p e c t r u m  in the hyd ro lys i s  
of HC =- CCH = CHSC4H 9 (40 ~ wa te r ,  concent ra t ion  of 
subs t r a t e  0.0001 M, 0 .5  M HCl --  cu rves  obtained a t  7- 
rain i n t e rva l s ) .  
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Fig. 2. UV-spect ra t  monitoring of the hydrolysis  of 
C2H5SCH = CHCOCH 3 (50 ~ water ,  substrate  concentrat ion 
0.00005 M, 0.5 M HC1, curves obtained at 10-minintervals).  

The spectra of the hydrolyzate (Fig. I) contained three absorption bands (Xma x 246, 273, 300 nm), 

where kma x of the initial ATB was gradually shifted to 246 nm with the simultaneous appearance of the 
third band (300 nm). The reaction rate was measured according to the decrease in the absorption of the 

initiaI ATB (273 nm) and according to the rate of absorption at 246 nm. In this case the same patterns 

were maintained as in the hydrolysis of AB [I]. 

In the hydrolytic cleavage of ATB, l-alkylthio-l-buten-3-ones can be formed; as a control we syn- 

thesized l-ethylthio-l-buten-3-one, which actually absorbs in the region of 300 nm. "In this case, in the 

presence of acid a decrease in the concentration of l-ethylthio-l-buten-3-one is observed; however, the 

appearance of the absorption maximum of acetoacetaldehyde (246 am) is not observed, although the con- 

sumption of thiobutenone is evident (Fig. 2). The rate of decrease in l-ethylthio-l-buten-3-one at 50 ~ is 

characterized by a pseudofirst-order rate constant k I = 2.1 �9 104 sec -I at a HC[ concentration of 0.5 M. 
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Fig.  3. Dependence of k t 
on the HC1 concentration: 
1) R =C3H7; 2) R =C4H 9. 
a) Calculation according to 
the decrease  in the concen-  
trat ion of the initial sulfide; 
b) calcutation according to 
the increase  in the concen- 
trat ion of ace toaceta lde-  
hyde. 

DISCUSSION OF RESULTS 

According to [3], the acid hydrolysis of l-ethylthio-l-buten-3-yne 

(10% H2SO4, 60-95 ~ proceeds chiefly through the step of hydration of the 

triple bond, as a result of which ethylthiobutenone is formed, and is then 

saponified to acetoacetaldehyde; the latter is trimerized to triacetyl- 

benzene (kma x in aqueous medium 228 nm) 

HC~CCH = C HSR H+_. CH3COCH--- CHSR -~ CH,COCH~CHO 
H,O 

--~ 1,3,5-(CH,C0)3C,H3 (I) 

The kinetics of the investigated reaction is identical with the kinet- 

ics of acid catalytic hydrolysis of AB [I] (first order with respect to the 

substrate and acid). At a constant acid concentration the reaction pro- 

ceeds as a pseudo monomolecular process. Within the interval of acid- 

ities studied, the pseudofirst-order rate constant k i is a linear function 
of the acid concentration (Fig. 3). Evidently at first there is a protona- 

tion of the triple bond. The decrease in the absorption at kma x 273 nm 

characterizes the rate of this step: 
§ + 

H~C-~C----CHCHSR HC~CCH=CHSR q- H + --~ [H2C=CCH----CHSR ~-~ 

�9 -* H2C=C=CHCH-~SR] (I) (2) 

However, the s imi lar i ty  of the hydrolysis  of t - a lkoxy -  and 1-atkylthio-  
i -bu ten -3 -ynes  ends in this.  

The observed rate constant k 2 of the consumption of ATB is signi- 
ficantly g rea te r  than the rate constant of accumulat ion (k2') of 
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T A B L E  3. S e c o n d - O r d e r  Ra te  Cons t an t s  (k 2 + sk2)" 10 4, 
l i t e r s  �9 m o l e  - i  �9 s e c  -1 of the H y d r o l y s i s  of HC =- CCH 
= CHSR in W a t e r - - M e t h a n o l  M e d i u m  ( 2 : 1 ) *  

40 ~ 50* 

t 2 1 2 

C~H~ 6,2i• I 2,24+0,04 14,01• 3,55• 
i-C4H9 5,t t  :1:0,05 { t,56+0,03 t3,90• 2,04• 

*1) Calcuiation according to the decrease in the concentration of the in- 
itial sulfide; 2) calculation according to the increase in the concentration 
of acetoacetaldehyde. 

a c e t o a c e t a l d e h y d e  ( T a b l e s  1 and 2). Th i s  m e a n s  tha t  the p r i m a r y  c a t i o n  (1) is  f u r t h e r  c o n v e r t e d  in two 
d i r e c t i o n s :  one l e a d s  to a c e t o a c e t a l d e h y d e ,  the o t h e r  to 1 - a l k y l t h i o - l - b u t e n - 3 - o n e .  M o r e o v e r ,  the l a t t e r ,  
a s  shown by a s p e c i a l  e x p e r i m e n t ,  is  not  h y d r o l y z e d  to a c e t o a c e t a l d e h y d e :  

SR 
/ 

~ - .  H~C=C-~CHCH --* [H2C--~C=CHCH0] -~ CHaCOCH~CH0 (3) 

(I) ~,,o I \ 0 H  
I ~ CH~COCH=CHSR (4) 

The  d i f f e r e n c e s  in the  b e h a v i o r  of the c a t i o n  (I) and  i t s  oxygen  ana log  [1] a r e  p r o b a b l y  due to the d i f f e r e n t  
d e g r e e  of s t a b i l i z a t i o n  of the c h a r g e  in the C I p o s i t i o n .  The  s u l f u r  a t o m  is a s u b s t a n t i a l l y  p o o r e r  p a r t n e r  
in p - - r  con juga t i on  than  the oxygen  a t o m  [4]; t h e r e f o r e ,  the C 1 c a r b o n  in the c a t i o n  (1) shou ld  be m o r e  
s t r o n g l y  s u b j e c t  to n u c l e o p h i l i c  a t t a c k  of the w a t e r  m o l e c u l e  than  in the oxygen  a n a l o g .  In o t h e r  w o r d s ,  
the t r a n s i t i o n  s t a t e  of s t e p  (2) in th is  c a s e  l i e s  c l o s e r  to the ca t i on  than  in the  c a s e  of  A B .  

As  can  be s e e n  f r o m  a c o m p a r i s o n  of the da ta  ( T a b l e s  1 -3) ,  the r e a c t i o n  is  e x t r e m e l y  s e n s i t i v e  to 
a d d i t i o n s  of m e t h a n o l .  In aqueous  m e t h a n o l  (2 : 1) the r a t e  of p r o t o n a t i o n  [ s tep  (2)] d e c r e a s e s  ~ twofo ld ,  
whi l e  the r a t e  of f o r m a t i o n  of a c e t o a c e t a l d e h y d e  ( s t e p  3) d e c r e a s e s  ~ f o u r f o l d .  A t  a w a t e r :  m e t h a n o l  r a t i o  
of i : 1, the a b s o r p t i o n  a t  245 n m  p r a c t i c a l l y  does  not  a p p e a r  in the UV s p e c t r u m  of the h y d r o l y z a t e .  T h e s e  
r e s u l t s  can  s e r v e  as  e v i d e n c e  of the p a r t i c i p a t i o n  of w a t e r  m o l e c u l e s  in the t r a n s i t i o n  s t a t e  of the s t e p  of 
p r o t o n a t i o n ,  a n a l o g o u s l y  to the c a s e  in the p r o t o l y s i s  of v iny l  e t h e r s  [5]. 

The  inf luence  of m e t h a n o l  on s t e p  (3) e v i d e n t l y  is  due to the fo l lowing  c o m p e t i n g  r e a c t i o n s :  

SR SR 
H+ CHsOH H / It+,CH3OH / /  H+,CtI,OH 

(I) ' ~H~C=C=C CH __ , , CH~--C=CHCH 

\oc~ locm \oc~ (5) 
SR 

/ 
--~ CHaC (OCHa)2CH~CH 

\ 
0CH3 

An i n t e r e s t i n g  p e c u l i a r i t y  of the r e a c t i o n  is  the v e r y  weak  de pe nde nc e  of i ts  r a t e  on the s t r u c t u r e  of 
the r a d i c a l  R ( see  T a b l e s  2 and 3); m o r e o v e r ,  j u s t  a s  in the h y d r o l y s i s  of AB [1], b r a n c h e d  r a d i c a l s  s o m e -  
wha t  s low i t  down.  The  p o s s i b i l i t y  r e m a i n s  tha t  the ca t i on  (1) is  a l s o  s t a b i l i z e d  by the h e t e r o a t o m  th rough  
s p a c e .  M o r e o v e r ,  i t  shou ld  be c o n s i d e r e d  tha t  e i s - - t r a n s i s o m e r i z a t i o n  in the f r a g m e n t  - -CH = CH--SR is  
p o s s i b l e  in the ca t i on  (1), and  the s t a b i l i t y  of th is  c a t i on  shou ld  a l s o  depend  on t h i s .  Then  s t a b i l i z a t i o n ,  
and  p e r h a p s  the r e a c t i o n  r a t e  a s  we l l ,  m a y  p r o v e  to be an e x t r e m e l y  c o m p l e x  funct ion  of the induct ion ,  
s t e r i c ,  and  h y p e r c o n j u g a t i o n  p r o p e r t i e s  of the s u b s t i t u e n t .  In any c a s e ,  the p a i r e d  d e p e n d e n c e s  of log  k 2 
on the induc t ion  and s t e r i c  c o n s t a n t s  a r e  no t  l i n e a r .  H o w e v e r ,  the v a l u e s  of the i s o k i n e t i c  t e m p e r a t u r e s ,  
both  in p lo t s  of /XH ~ vs AS ~ and  in P a l m - - E x n e r  c o o r d i n a t e s ,  p r a c t i c a l l y  co inc ide  (405 and 417~ 

In c o n c l u s i o n ,  l e t  us  c o n s i d e r  the q u e s t i o n  of the f u r t h e r  c o n v e r s i o n s  of the s e c o n d  i n t e r m e d i a t e  p r o -  
duc t  of the r e a c t i o n  - -  the ke tone  CH3COCH = CHSR. I ts  h y d r o l y s i s  ( see  F i g .  2) u n d e r  the cond i t ions  u s e d  
does  not  l e a d  to a c e t o a c e t a l d e h y d e .  An a c c e p t a b l e  e x p l a n a t i o n  m i g h t  be the f ac t  tha t  the p r o t o n a t i o n  of such  
k e t c h e s  in v e r y  d i lu te  aqueous  so lu t i ons  l e a d s  to a c o m p a r a t i v e l y  s t a b l e  c y c l i c  h e m i a c e t a l  (I1) 
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OH CH~ 
+ H~O ~ / \ CH,COCH-----CHSR 3 +CH3COCH2CHSR__~CH~-C. / /$CHSR (II) 

\ 0  
(6) 

CONCLUSIONS 

The kinetics of the acid catalytic hydrolysis of l-alkylthio-l-buten-3-y-nes was studied, and it was 

shown that the reaction includes a step of protonation of the triple bond and the formation of the H2C =CCH 
= CHSR cation, which is further converted into two directions with the formation of acetoaeetaldehyde and 
alkylthiobutenone. 
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