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Ster ic  e f fec ts  substant ia l ly  affect  the d i rec t ion  of the nucleophilic addition of alcohols to 1-a lkynes  
(Me--C-- CH, t - B u - - C -  CH) by changing the c~ or ientat ion of a t tack by the alkoxide ion RO- to fi or ientat ion 
with i n c r e a s e  in the vo lumes  both of the nucleophile and of the subst i tuent  at the C -  C bond [2]. The s t ronges t  
d e p a r t u r e s  f r o m  c~-regiospecif ici ty a r e  found i n  t - B u - - C -  CH. Here  s t e r i c  h indrances  do not affect  the t r a n s -  
s t e r eospec i f i e i t y  of the p r o c e s s ,  i . e . ,  the m e c h a n i s m  of 1, 2-ant i -addi t ion  is  not disrupted.  

It  s e emed  of i n t e r e s t  to c o m p a r e  the r e su l t s  in [2] with the ca se  of s t ronge r  nucleophilic reagen ts  
(thiols). 

In the present work we studied the effect of tert-butyl in t-Bu--C-= CH and of the volume of the attacking 
nucleophile (RS-) on the regio- and stereospecificity of addition of thiolates of the aliphatic series at the 
triple bond. Since the nature of the solvent plays an important role in such processes, the reactions were 
carried out in a proton-donating medium (methanol) in order to approximate the conditions to the reaction of 
1-alkynes with RO- nucleophiles. The expected directions of the reaction by the most probable AdN2 mechanism 
can be represented as follows: 

B'--C_~CH 

+ R S - -  Bt~, -~ cnaoH) R'\C=C jH 
I a-attack B s / C ~ C \ H  / \ 
: RS II 

a-l ,  2-anti- a-adduct 
addition (a-isomer) 

-{-RS- 

3-attack 

tt H 
___C/H c~hol~ \ C  C / 

R ~/ \ s u  W / \SR 
3-1, 2-anti- ~-anti-adducts 
add ition (cis- 8-i.~omer) 

R' = t-Bu 

R' H 
IV \ / 

\~_~_~C/rt c~rso~ C=C 

".~ \SR H SR 
~-i, 2-syn- B-syn-adduct 
addition (tram- S-isomer) 

A quanti ta t ive m e a s u r e  on the effect  of s t e r i c  f ac to r s  on the reg iospec i f ic i ty  of the reac t ion  is  the f r a c -  
t ion of the f l-adduct  (anti + syn), and a m e a s u r e  of the effect  on i ts  s t e reospec i f i c i ty  is  the f rac t ion  of the fl- 
syn-adduct .  An e s sen t i a l  condition he re  is  the absence  of C i s - - t r ans  i somer i za t ion  in the/3-adducts .  

* F o r  the p r e l i m i n a r y  Commtmicat ion,  see [1]. 
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TABLE i. 

the Reaction of t-C4Hg--C = CH with RSNa(CH3OH ) 

PMR spectral data, 6 ppm; J, Hz * 1 
[ t Ratio, ~ 

t - C , H ,  H A ~ t-C,H, S R  | 

~ , ~  RS uB 1 U p  HC ] I_.. ~ 
a - Isorner T cis- S-Isomer T _ _  . la ' i s~ liso-~"" 

P r o P e r t i e s  , S t r u c t u r e ,  and R a t i o  of the  P r o d u c t s  f r o m  

CHa 20-22(3) t,4736 5,03 4,45 0,8 5,6t 5,36 10,9 60 40 
C2H5 23-25(2) t,4710 5,03 4,53 0,8 5,6i 5,36 t0,9 57 43 
n-C~H7 21-24(t) t,46t215,02 4,53 0,8 5,62 5,36 10.9 54 46 
nC~H9 29-31(t) t,472415,02 4,5t 0,8 5,6t 5,34 i019 52 48 
i-C4H9 20-22(i) 1,4693 5,00 4,48 0,8 5,59 5,32 I0.9 46 54 
i-Call7 20-22(i) 1,4664 5,t2c 4,62 0,O 5,69 5,38 i0,9 43 57 
t-C4H~ 20-22(1) t,4639 5,38c 5,08 0,0 5,84 5,45 10,9 it 89 

- t r a n s  = 1 ~ . 3  H z ) .  * The tram isomer is absent (JHCHD 
~'Other signals (6, ppm): for the a-isomers 1.1~ s (t-Bu-C), 1.37 s (t-Bu-S), 2.14 s 
(Me-S); for the cis-5-isomers 1.12 s (t-Bu-C), 1.32 s (t-Bu-S), 2.20 s (Me-S). 

! 

u o  ~ t., 

0,35 
0,38 
0,42 
0,42 
0,55 
0.62 
i.23 

The  u s e  of t h i o l s  a s  n u c l e o p h i l i c  r e a g e n t s  r e q u i r e s  c o m p l e t e  e x c l u s i o n  of the  c o m p e t i n g  f r e e - r a d i c a l s  
r e a c t i o n ,  e s p e c i a l l y  a s  t - B u - - C  = CH adds  RSH at  an a p p r e c i a b l e  r a t e  even  at  a m o d e r a t e  t e m p e r a t u r e  (~ 80~ 
g iv ing  a m i x t u r e  of c i s -  and t r a n s - ~ - i s o m e r s  [3]. The  f r e e - r a d i c a l  r e a c t i o n  a l s o  a c c o m p a n i e s  the  n u c l e o -  
ph i l i c  r e a c t i o n  when the  e x p e r i m e n t s  a r e  c a r r i e d  out  in  a n i t r o g e n  a t m o s p h e r e  [4]. A t m o s p h e r i c  oxygen  d i s -  
s o l v e d  in  the  r e a g e n t s  c l e a r l y  a c t s  a s  i n i t i a t o r .  

We  d e v e l o p e d  a s p e c i a l  m e t h o d  f o r  r e a l i z a t i o n  of the  r e a c t i o n  under  p u r e l y  n u c l e o p h i l i e  cond i t i ons .  The  
r a t i o  of the  a and fi i s o m e r s  was  e s t a b l i s h e d  by G L C  and P M R  s p e c t r o s c o p y  wi th  a n a l y s i s  of the  r e a c t i o n  
p r o d u c t s  b e f o r e  i s o l a t i o n ;  both  m e t h o d s  g a v e  c l o s e l y  c o r r e s p o n d i n g  r e s u l t s .  C i s - - t r a n s  i s o m e r i z a t i o n  d id  not  
o c c u r  du r ing  l o w - t e m p e r a t u r e  d i s t i l l a t i o n  of the  p r o d u c t s .  The  s t r u c t u r e  of the  p r o d u c t s  was  p r o v e d  by 
p h y s i c o c h e m i c a l  m e t h o d s  and by c o m p a r i s o n  wi th  s u b s t a n c e s  ob t a ined  by an a l t e r n a t i v e  me thod :  

o 
Ft RS~ CH (CH~)~C--C--CH3 .~( ~)~C--C (SR)~CH~ H+ 

- - R S t t  

(CH3h C--C (SR)=CH2 aH~CO~.__.____H* (CH3)s C--C (SO:R)=CH~ 

(CHa)3 C--C~CH q- RSH -~ (CH3)3 C--CH~CHSR C~CO~H 
70 r 

cis:trans ~ 30:70 
cia -{CH3)~ C--CH=CHSO~R -[-~ans --(CH3)3 C--CH=CHSO~R 

T a b l e  i g i v e s  the  p r o p e r t i e s ,  P M R  s p e c t r a l  d a t a  ( ca rbon  t e t r a c h l o r i d e ) ,  and r a t i o s  of the  r e a c t i o n  
p r o d u c t s  a s  a func t ion  of the  s t r u c t u r e  of the  th io l .  The  o v e r a l l  y i e l d  of the  p r o d u c t  was  25-60%. The  t r a n s  
i s o m e r s  w e r e  a b s e n t  f r o m  the  r e a c t i o n  m i x t u r e s .  The  P M R  s p e c t r a  of the  t r a n s  i s o m e r s  ob t a ined  by  an 
a l t e r n a t i v e  m e t h o d  a r e  g i v e n  in  the  e x p e r i m e n t a l  s ec t ion .  The  s p e c t r a  of the  c i s - /3 -  and ~ - i s o m e r s  c o r -  
r e s p o n d  fu l ly  to the  d a t a  in  T a b l e  1. 

F r o m  the  o b t a i n e d  r e s u l t s  i t  i s  s e e n  tha t  in  a l l  e x a m p l e s  the  p - a d d u c t s  have  the  c i s  c o n f i g u r a t i o n  
e x c l u s i v e l y .  The  t r a n s  i s o m e r s  w e r e  not  found even  in  t r a c e s .  Consequen t ly ,  the  s t e r i c  e f f e c t s  do not  a f fec t  
the  s t e r e o c h e m i c a l  c o u r s e  of the  p - a d d i t i o n  of t h io l s  to t-Bu--C==- CH. The  h igh  t r a n s - s t e r e o s p e c i f i c i t y  of the  
r e a c t i o n  in  t u r n  shows  t ha t  unde r  the  d e v e l o p e d  c o n d i t i o n s  the  ~ - a d d u c t s  a r e  only f o r m e d  by a n u c l e o p h i l i c  
m e c h a n i s m  of 1, 2 - a n t i - a d d i t i o n .  

The  a b s e n c e  of RS" r a d i c a l s  in  the  r e a c t i o n  m e d i u m  was  c o n t r o l l e d  by s e v e r a l  m e t h o d s .  The  e f fec t  of 
the  add i t i on  of the  f r e e  t h i o l  and of v iny l  e thy l  su l f ide  (VES) on the  r a t i o  of the  r e g i o i s o m e r s  and on the  
s t e r e o s p e c i f i c i t y  of the  r e a c t i o n  was  i n v e s t i g a t e d .  The  VES w a s  u s e d  fo r  the  f i r s t  t i m e  as  a unique " t r ap"  
and at  the  s a m e  t i m e  a s  a t e s t  f o r  RS. r a d i c a l s .  I t  i s  known tha t  VES does  not  r e a c t  wi th  RS-  even  when 
h e a t e d  but  r e a d i l y  adds  RSH by a r a d i c a l  m e c h a n i s m ,  g iv ing  C2HsSCH2CH2SR (I). The  r e a c t i v i t y  of VES in 
th i s  r e a c t i o n  i s  m u c h  g r e a t e r  t han  t ha t  of t - B u - - C  = CH. 
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Fig. 1. Correlation of log (~/~. lO)t_Bu ,RS 
with the Charton s ter ic  constants  v' for sub- 
sti tuents R in the react ion of t - B u - - C -  CH 
with RSNa(CHaOH ). 

During the par t ia l  format ion of the ~-adduct by a radical  mechanism the addition of VES would reduce 
its propor t ion on account of the capture of RS" radica ls  and would lead to the appearance of the adduct (I). 
It was found that the introduction of even a twofold excess  of VES did not give the adduct (I) and did not give 
r i se  to a change in the rat io of c~- and ~-adducts.  The addition of thiol also does not give r i se  to a change in 
the ra t io  of the r eg io i somer s  or the s tereospecif ic i ty  of the process .  Consequently,  the competing f ree-  
radical  react ion is fully el iminated under the developed conditions. 

The s t ruc tu ra l  direct ion of the nucleophilic addition to a monosubsti tuted acetylene is usually determined 
by the nature of the polar  effect of the substituent [5]. The resul ts  presented in Table i show that, con t ra ry  
to the expected p re fe rence  for  a - a t t a c k  by the nucleophile, the react ion with t - B u - - C -  CH takes place non- 
regiospecif ical ly ,  i . e . ,  at the a and g a toms of the C -  C bond. Here the proport ion of ~ orientation increases  
with inc rease  in the volume of the added nucleophile. In the case of the mos t  branched reagent  t-C4HgS- 89c/0 
of the E - i s o m e r  is formed.  

The observed  behavior can be explained by the effect of s ter ic  factors .  Since the a-  and ~-adducts  are  
not conver ted into each other,  their  rat io is c lear ly  subject to kinetic control. In our opinion, the rat io of the 
r eg io i somers  is  control led by s ter ic  interact ion of the nucleophilic reagent  with the a-subst i tuent  in the t r ans i -  
tion state and in accordance  with the Cur t in- -Hammet t  principle depends only on the difference between the free 
energy levels of s ta tes  A and B: 

. . . .  L "" Zl 

Fur the r  evidence for  the role  of s ter ic  effects in the investigated react ion could be the successful  co r -  
relat ion of the ra t io  of ~ and c~ adducts with the s ter ic  constants. In the l i terature ,  however,  there are no 
examples  of such cor re la t ions  for  acetylenes.  The attempts which we made to cor re la te  log (~/~) with the 
Taft  constants  E~ (E c, E ~ did not give the des i red  resul ts .  The reason evidently lay in the too large dif- 

s s 
ference  between the s t ruc ture  of the t ransi t ion state of the  investigated react ion and the acid hydrolysis  r eac -  
tion, f rom which the E s values were determined.  In fact,  in the fo rmer  the substituent is attached to a carbon 
atom which in the composit ion of the react ion center  c h a n g e s i t s  valence state f rom sp to sp2; in the second 
the substituent is at a carbon atom in the sp  3 state. 

A thorough acquaintance with the problem of the l imits  of applicability of the E s constants shows that in 
genera l  they apply little to react ions  in which the substituent is attached to a carbon atom in the sp2-valence 
state in the t ransi t ion state such as, for example, in bimolecular  nucleophilic substitution. Great  success  in 
this region was achieved by Charton, who calculated new s ter ic  constants  v and demonstrated their  wider 
applicability in compar ison  with the E s constants [6]. Charton also obtained v' s ter ic  constants suitable for  
react ions  whose t ransi t ion state contains a carbon atom attached to a substituent in the sp ~ state [7]. 
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T A B L E  2. P r o p e r t i e s  of  t h e  N e w l y  S y n t h e s i z e d  C o m p o u n d s  

Compound 

(CHa)aC-C(SCHa) =CHz 

(CHa)~aC-CH=CHSCHa 
cis/trans =i9/8 i  

(CHa) ~C-CH=CHSCaH~-i 
cis/~ans =37/63 

(CHs) aC-CH=CHSC,H~-i 
cis/trans =21/79 

(CHa) aC-C (SCHa) zCHa 

l ield, l bp, ~ (p, I mm Hg) 

80 

73 

74 

68 

64 

37-3L5(ii) 

41-42 (8) 

61-62 (8) 

30-32(0 

40-430) 

n20 
D 

1,4769 

1,477i 

1,4672 I 

1,470C 

i,5i99 

M o l e c u -  

lar for - 

m u l a  

CTH,~S 

C~H~S 

C~H~sS 

CloH~oS 

CsH~S~ 

.~ound/calculated, % 

! 

C H 

(~4,86 10,88 

64,60 10182 

68,27 Ii,28 

69,88 1i,72 

53.87 t0,t5 

2~,62 
24,62 
24,57 
24,62 
20,34 
20,25 
]8,44 
18,61 
35,66 
35,96 

We established for the first time that, unlike the Taft E s constants, Charton ~ s v' constants can be used 

successfully for correlation in acetylenic reaction series. Figure I shows the curve for the dependence of 

log (fl/c~) on the v ~ steric constants for the R group in the nueleophilie reagent. Mathematical treatment of the 

results by the method of least squares gave Eq. (I) with correlation coefficient r = 0.998 and mean square 

deviation from the regression line s = 0.028 (n = seven points) 

Ig(~/a)t.B~, Rs = ---0,59 -b i,208.v~ (i) 

It is remarkable that analogous treatment of data obtained in the reaction of Me--C-~ CH and t-Bu--C =- CH 

with ROH [2] leads to Eqs. (2) and (3) with the same good correlation coefficients: 

Ig(~/a)~e,Ro = --2,74 § L889.v~ (2) 

r = 0,998, s = 0,055, n = 4 

Ig(~/a)t-m~, uo = - - t , 2 3  -!- 2,045. r~  (3) 

r = 0,996, s = 0,063, n = 7 

In general form the obtained relationships can be expressed in terms of the equation 

lg(~/a)R',a = lg(fi/a)u. ~ + ~ R ' ~  (4) 

w h e r e  ( ~ / a ) R , ,  R i s  t h e  r a t i o  of t h e  a d d u c t s  in  t h e  r e a c t i o n  of  t he  a c e t y l e n e  R ' - - C -  CH w i t h  the  n u c l e o p h i l e  
RX- (where X = S, O); (~/a)R,,H is the same for the standard reagent RX- (where R = H); ~R' is a coefficient 

which reflects the sensitivity of the given reaction series (R' = C -=- CH) to the steric effect of the nucleophilic 

reagent (the R group); v~ is Charton's steric constant for group R in the nucleopifile RX-. 

Thus, a good correlation is observed between Charton ~ s steric constants and log (~/~) both in the series 

of sulfur and in the series of oxygen nucleophiles. Comparison of data on the Re (~, = I 9-2.0) and RS 
I% 

(@R T = 1.21) series shows that the former is more sensitive to steric effects than the latter. In addition, the 

discussed data make it possible to see that in the reactions of the two nucleophilic reagents Re- and RS-, 

differing only in the electronic nature of the heteroatom (its polarizability) but having identical R groups, the 

regio orientation of the stronger RS- meets the requirements of static polarization of the triple bond to a 

lesser degree. As a result of this the proportion of the fi-adduct is higher in the RS series than in the Re 

series. However, as the sterie hindrances increase the dependence of the ratio of the regioisomers on the 

electronic nat-are of the heteroatom decreases, and the influence of the steric effect becomes determipAng. 

E X P E R I M E N T A L  

T h e  P M R  s p e c t r a  of  t h e  c o m p o u n d s  ( 0 . 8 - 1 . 0  M) w e r e  o b t a i n e d  on a D A - 6 0 - 1 L  i n s t r u m e n t .  T h e  s u l f i d e s  

were used in carbon tetrachloride, the sulfones in DCCI a, HMDS was used as standard, and the spectra were 

recorded on the 0 scale (ppm). The analysis of the AB spectra was realized in accordance with [8]. The ratio 

of the m and fi isomers was determined from the integral curve in the region of the vinyl protons. 

The analyses of the sulfides by the GLC method were carried out on a Chrom 3-~Z chromatograph with a 

flame-ionization detector on stainless-steel columns. The first was filled with 16% diethylene glycol suceinate 

on Chromosorb C-22 (60-80 mesh, i.8 m • 3 ram), and the second with 10% polyethyleneglycol adipate on. 
Risorb C (0.2-0.3 mm, 2.4 m x 6 ram). The optimum conditions for analysis of the reaction mixtures [t-Bu-- 

C(SR) = CH 2 and cis-t-Bu--CH= CH--SR] on column 1 with helium and hydrogen flow rates of 50 ml/min were 
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as follows (R, col, iron t e m p e r a t u r e ,  evapo ra to r  t e m p e r a t u r e ,  ~ Me, 48, 110; Et, 58, 120; n - P r ,  80, 120; 
i - P r ,  70, 120; n-Bu,  82, 140; i -Bu,  80, 120; t -Bu,  64, 120. Under  these  conditions the a - i s o m e r s  a r e  
s e p a r a t e d  fully f r o m  the cis-/3- and t r a n s - f i - i s o m e r s .  The sulf ides a r e  a r r a n g e d  in the following o rde r  ac-  
cording to the i r  re tent ion  t imes :  a - i s o m e r ,  c i s - f l - i s o m e r ,  t r a n s - f i - i s o m e r .  

The m i x t u r e s  o f c i s  and t r ans  i s o m e r s  of t - B u - - C H = C H - - S R ,  obtained by f l e e - r a d i c a l  addition, were  
s e p a r a t e d  on column 2, and the compounds  with the n o r m a l  chain R were  sepa ra ted  be t te r  than those with 
b ranched  rad ica l s .  I t  was not poss ib le  to se lec t  conditions for  the separa t ion  of c i s -  and t r a n s - t - B u - - C H  = 
CH--SBu-t .  In this  case  the ra t io  of the i s o m e r s  was es tab l i shed  by the PMR method. 

t e r t -Bu ty l ace ty l ene  was obtained f r o m  2, 2 -d ich lo ro-3 ,  3-dimethylbutane  in DMSO by the method which 
we developed. Pinacol ine  dichlor ide  (0.39 mole) and powdered po t a s s ium hydroxide (2.3 moles)  were  placed 
in a t h r e e - n e c k e d  f lask  provided  with a s t i r r e r ,  a dropping funnel, and a ref lux condenser  at tached to a 
descending condenser  and a r e c e i v e r  cooled with ice.  To the s t i r r e d  mix tu re  we gradual ly  added 100 ml  of 
DMSO. The m i x t u r e  heated spontaneously,  and t -Bu- -C  = CH dis t i l led  at 60~ When the exo thermic  reac t ion  
has  ceased ,  the t e m p e r a t u r e  of the bath was gradual ly  r a i s ed  to 150~ over  3h. The obtained t-Bu--C-=-CH 
was dr ied  with sodium sulfate and dis t i l led  on a column. The y ie ld  was 27 g (85%); bp 36.8-38~ n~  1.3756. 

The sodium thiola tes  were  obtained by the reac t ion  of sodium methoxide with a 1.5-fold quantity of RSH 
in a n i t rogen a tmosphere .  The solution (~ 1.3 N) contained equ imola r  amounts  of RSNa and CH3ONa. 

React ion of Thio la tes  with t - B u - - C = C H  in a Methanol Medium. All the opera t ions  on the degass ing of 
the reac t ion  tubes and reagen t s  and a lso  the mixing of t h e  reagen t s  and the sealing of the tubes were  rea l i zed  
in h igh-vacuum appara tus  with a "mani fo ld  tv in an argon a tmosphe re  (special  puri ty) ,  which was addit ionally 
pur i f ied  f r o m  oxygen by l~assing through two columns  containing act ivated ch romium- -n i cke l  ca ta lys t  and 
dehydra ted  by 4 A and 5 A m o l e c u l a r  s ieves .  

When the manifold  and the reac t ion  tubes had been heated under  a vacuum of 8 . 1 0  -3 m m  Hg and sub- 
sequently f i l led with pur i f ied  argon (the opera t ion  was repea ted  th ree  to four  t imes)  they were  connected to the 
ground g la s s  joints  of tubes,  in one of which (the m e a s u r i n g  tube) we placed t - B u - - C = C H  and in the other  a so lu  
tion of RSNa in methanol .  The r eagen t s  were  thoroughly degassed ,  pe r iod ica l ly  cooled to --120~ (in a m i x -  
tu re  of ethanol and liquid ni trogen) under  a vacuum of 8 �9 10 -3 mrn Hg, and then thawed. The operat ion was 
r epea ted  until  the evolution of gas  bubbles  had comple te ly  ceased.  Af te r  degass ing  the calcula ted amount of 
t -Bu--C---CH was recondensed  in the reac t ion  tube containing the thiolate,  cooled in liquid nitrogen. The 
tube was sea led  under  vacuum and heated in a t he rmos ta t .  The reac t ion  conditions were  as follows: 150 • 2~ 
5 h, t -Bu- -C  = C H : R S N a :  MeONa = 1.5: 1 : 1  (moles).  An equ imola r  excess  of sodium methoxide p reven ted  the 
fo rmat ion  of the f r ee  thiol f r o m  the th iola tes  of the weakly acidic thiols  according to the equation RSNa + 
IV~eOH ~- RSH + MeONa. 

Reaction of CH~SNa with t-BuwC-CH. A tube with the degassed reagents [1.8 ml (15 mmole)of t-Bu-- 
C--CH and 7.5 ml (i0 ~mole) of 1.3 N CH3SNa in methanol] was heated in a steel jacket at 150 ~2~ for 5h. 
The reaction products were diluted with 5 ml of ether, washed with sodium hydroxide solution and with water, 
and dried with sodium sulfate. In the crude product (ether solution) by GLC we found 60.4% of t-Bu--C(SCH3) = 
CH 2 and 39~ of cis-t-Bu--CH=CH--SCH 3. By PMR in the undistilled product (ether replaced by carbon 
tetrachloride) we obtained an ~/cis-~ ratio of 60 : 40. The constants of the redistilled compound are given in 

Table 1. 

The reactions of t-Bu--C - CH with the other RSNa compounds, where R = Et, n-Pr, i-Pr, n-Bu, i-Bu, 

and t-Bu, were realized under identical conditions. 

Alternative Syntheses. The ~-adducts of t-Bu--C(SR) = CH 2, where R = iV~e, Et, n-Pr, n-Bu, were 
obtained by the ca ta ly t ic  c leavage  of the m e r c a p t o l s  of pinacoline t-Bu--C(SR)2--CH 3 by the method in [3, 9]. 
Compounds with R =  Me were  obtained f r o m  them for  the f i r s t  t ime.  The f i-adducts  t - B u - - C H =  CH--SR, 
where  R = Me, Et, n - P r ,  i - P r ,  n-Bu,  i -Bu,  and t -Bu,  were  obtained as m ix tu r e s  of the e is  and t r ans  i so -  
m e r s  by f r e e - r a d i c a l  addition of the thiols  to t -BuC =- CR by the method in [3]. The compounds with R = Me, 
i - P r ,  and i -Bu  were  synthes ized  f r o m  them for  the f i r s t  t ime.  

a) 2, 2 -Bis (methyl th io) -3 ,  3-dimethylbutane  t-Bu--C(SCH~)2CH3. A mix tu re  of 6.5 g of anhydrous zinc 
chlor ide ,  10.0 g (0.10 mole) of CH3COC(BH3) 3, and 19.2 g (0.40 mole)  of CH3SH was kept in a sealed tube at 

20~ fo r  nine days  with per iodic  shaking. Af te r  dis t i l la t ion of the CHsSH the res idue  was diluted with e ther ,  
washed succes s ive ly  with 2 N hydrochlor ic  acid,  sodium bisulf i te ,  sa tu ra ted  sodium bicarbonate  solution, and 
to a neu t ra l  reac t ion  with wate r ,  and dr ied  with sodium sulfate. Af ter  dis t i l la t ion 11.27 g (63.5%) of the 
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desired compound was obtained. Its properties are given in Table 2. 

b) 2-Methyl thio-3,  3 - d i m e t h y l - l - b u t e n e  t-Bu--C(SCHo) = CH 2, The cata ly t ic  c leavage of t-Bu--C(SCH3) 2- 
CH 3 was carried out in a distillation flask with a rod-and-disk fractionating column in the presence of p- 
toluenesulfonic acid at a bath temperature of 40-I00~ u~der a vacuum of 125 mm Pig in a stream of nitrogen. 
From 7.28 g of the mercaptol after 5 h we obtained 4.23 g (80%) of the desired compound (Table 2), 

t -Bu  / H A 

s p e c t r u m  of ~ C  = C (carbon t e t r ach lo r ide ,  o, ppm): 5.01 d (HA) , 4.43 s (HB),jgeI4mHB__~_~ = PI~IR / \ 
CH~S H B 

0.08 Hz, 2.14 s (CH3S), 1.15 s ( t -Bu--C).  

t - B u  / H  A 

For the sulfones* C = C (DCC13, 
/ \ 

RSO z H B 
1.35 s ( t-Bu--C).  

o, ppm): 5.97-5.99 d (HA), 
T g  e I ~  == 

G.21 d (HB) , ~HAHB 1.0 Hz, 

c) 1-Methyl thio-3,  3 - d i m e t h y l - l - b u t e n e  e is ,  t r a n s - t - B u - - C H =  CHSCH 3. A mix tu re  of 2.4 g (50 mmole)  
of CH3SH , 6.2 g (75 mmole)  of t - b u - - C =  CH, 50 mg of DINIIZ, and 9 ml  of absolute methanol  was heated in a 
sea led  tube in an a t m o s p h e r e  of n i t rogen at 70~ for  7 h. The product  was washed with water ,  20% aqueous 
p o t a s s i u m  hydroxide solution, and with wa te r  and dr ied  with sodium sulfate~ Af te r  dis t i l la t ion 4.47 g (73%) of 
the des i r ed  compound was obtained. PMR s pe c t rum of c is ,  t rans- t -Bu--CHD--- -CHc--SCH 3 (carbon t e t r a -  
chloride~ 5, ppm). c is  i s o m e r  5 56 d (H,~), 5 32 d (HD) , j e i s  = 10 9 Hz, 2.19 s (CH3--S), 1.11 s ( t -Bu--C);  

~ . ~ �9 HCHr ~ �9 
~rans i s o m e r  5.78 d (H~), 5.33 d (H~,), j t r a n s  = 15.3 Hz, 2.14~s ~CH~--S), 1.02 s ( t -Bu--C),  cis: '-~rans = 

w ~ HCHD , 

19 : 81. For the other trans-t-Bu--CHD = CHcSR (carbon tetrachloride, o, ppm): 5.72-5.78 d (Hc) ,* 5.33- 
5.66 d (HD) ' Ji{cHDtrans = 15.3 Hz, 1.02 s ( t -Bu--C),  1.275 s ( t-Bu--S),  2.14 s (I~e--S). The spec t r a  of the e l s -  

e - i s o m e r s  coincide fully w i n  the data in Table  1. 

The cor responding  sulfones have P N R  s pec t r a  (DCC13, o, ppm): c i s - t - B u - - C H D =  CHcSO2R 6.02-6~ d 
(Hc), 6.23-6.34 d (liD) , jcis = 13.0 Ifz, 1.31 s (t-Bu--C), 1.39 s (t-Bu~SO2) ; trans-t-Bu--CHD= CH C- 

HcH D 

~trans = 15.5 Hz, I.II s (t-Bu--C), 1.35 s (t-Bu--SOg). SO2R 6.15-6.]6 d (Hc) , 6.90 d (HD) , JHcHD 

CONCLUSIONS 

I. A method which fully eliminates the competing free-radical reaction was developed for the nncleo- 
pMlic addition of thiols go alkylaeetylene~. 

2. Under purely nucleophilic conditions steric effects substa~tially affect the regioorientation of a 
thiolate ion adding to tert-butylacetylene. The proportion of attack at the/3 atom of the C- C bond increases 
with increase in the volume of the nucleophilic reagent. 

3. The ~ adducts are formed strictly stereospecifically by a nucleophiLic mechanism of i, 2-anti-addio 
tion, and steric effects do not affect the stereochemistry of the process. 

4. It was found that the ratio of the regioisomers formed in the reaction of i-a!kynes with thiols and 
alcohols correlates well with Charton' s steric constants for alkyl groups in the nucleophilJc reagent~ 
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F L U O R I N A T E D  f i - S U L T O N E S  

46. 2-HYDROHEXAFLUOROPROPANE- 2- SULFOFLUORIDE 

A.  F .  E l e e v ,  G.  A .  S o k o l ' s k i i ,  
a n d  I .  L .  K n u n y a n t s  

UDC 542.91:547.431.6 

Hexa( t r i f luoromethyl )cyc lo t r imethylene-1 ,  3, 5- t r i sul fone (I) is  exceedingly electrophi l ic  react ing easi ly  
with nucleophilic reagents  (of the type B) and forming r a the r  unstable donor - -accep tor  complexes (Ia) that 
decompose to give sulfonyl compounds. 
were  obtaIned [1], for  example:  

SO~--C(CF~).z 
/ \ 

{CFshC SOs 
\ / 
S02--C(CF3)~ 

( i )  

In this manner ,  var ious  sulfones and der iva t ives  of sulfonic acids 

B \ 
. /  ' ~  (CF3)2 ~+ - - ~  (CF3)2 CHSO~CH2CF3 

5 0 ~ - - C  __ - - ~  (C Fa)-z CHSO2NB~ -* (EFt).% ~-2o2- ( -  --B 

r176 ]-- ~ (CF~)2 C (S020 K).z 

B �9 (Ia) 

In the p resen t  work, the re la t ionship between t r isulfone I and potass ium fluoride and difluoride was 
evaluated with the aim of p repar ing  f luoroanhydr ides  of sulfonic acids. It was shown that t r isulfone I does 
not r eac t  with KF even at 100~ On the other  hand, an exothermic  reac t ion  is  produced on mixing crys ta l l ine  
t r isulfone I and potass ium difluoride: With as l i t t le at 0.01 moles  of I the t em p e ra tu r e  of the react ion mixture  
r eaches  150~ Controll ing such a reac t ion  was possible only by diluting both reagents  with iner t  additives 
(decalin or  MgSO4). In that case ,  the isolat ion of 2-hydrohexaf luoropropane-2-su l fof luor ide  (II) was achieved 
in a y ie ld  of 85% (calculated on t r i sul fone I). The react ion,  apparently,  s t a r t s  by an attack of highly nucleo-  
philic potass ium dffluoride ions on sulfonyl groups  and can be i l lus t ra ted  by the following mechanism: 

- + , 

H+.~.'_ ~ S 0 2 _ _ ~  , .  H+ (II)~ 

(F - - - K :  - - F  ) 
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