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Prev ious ly  [1] while studying the photochemical  reac t ion  of alka~ethiols with t r iulkylethynylgermanes 
and tr ialkylethynylstannanes we had established that two molecules  of C4HgSH add even with a deficiency 
of the alkanethiol to the t r ie thyle thynylgermane to give tr iethyl  [1,2-bis(butylthio)ethyl]germane. At the 
same t ime,  t r iethylethynylstannane with n-butyl mercap tan  gives a mixture of 1,2-bis(butylthio)ethylene 
and the 1,2- and 1,1-bis( tr iethylstannyl)ethylenes.  

In the presen t  paper  we studied the photochemical  addition of alkanethiols to the 1- tr ie thylsf lyl ,  
1 - t r i e thy lgermyl ,  and 1-tr iethylstarmyl der ivat ives  of 2-substi tuted acetylenes of type R~MC -=, CR 1 (M = Si, 
Ge, Sn; R 1 = Alk, Ar ,  R3M ). When M = Si, Ge (R = Ar) the sole react ion products a re  compounds (I) and 

(Ii). 
R3MC-------CR x + l 1SR ~ ~L R3MC (SR 2)-- Cl tR ~ (I) 

(~), (ii) 
M = Si; R = Cll~; I] 1 ---- Ce}Is; R 2 = n-C~H9 (I); 

M = Ge; R = C~Hs; R" = C~[Is; R ~ = n-C4H 9 (II) 

In cont ras t  to R3MC =- CH (i), the alkanethiols add much more  slowly in this case and the yield of adducts 
(I) and (II) af ter  i r radia t ion at 60~ for 30 h is respect ively  39.3 and 66.3%. 

Two paral lel  react ions  proceed  when M = Sn: addition to the triple bond (2) and cleavage of the Sn-C  
bond (3), in which connection the la t ter  predominates .  

RaSnC=CR I + I-ISR~--l___~ IL~SnC(SB'~)=CHRI (2) 
R3SnS R2 + HC--C R' (3) 

The adduets,  formed according  to scheme (2) could be obtained when R 1 = CGH 5 (III) and n-C&HgS (IV). Only 
the cleavage products  of the S n - C  bond according to scheme (3) are  formed when R = n-C4Hg. 

Bis(tr iethylstaImyl)acetylene reac t s  with an equimolar  amount of the alkanethiols both under UV i r -  
radiat ion and in the absence of an ini t iator,  even at ~20 ~ with the predominant cleavage of one S n - C  bond. 

(C~Hs)sSnC~CSn (C~H~)~ + HSR --> (C~Hs)~SnC~CH 4- (C~.IIs)3SnSR (4) 

Since the yield of t r iethylethynylstannane reaches  65%, this reac t ion  can serve  as a convenient method for 
the prepara t ion  of t r iorganylethynyls tannanes .  The addition of inhibitors of radical  p rocesses  (hydro- 
quinone, e lemental  sulfur) to the reac t ion  mixture  is pract ical ly  without effect on the reaction.  This can 
indicate that the cleavage of bia(tr iethylstannyl)acetylene has an ionic charac te r .  

The bis( t r ia lkyls i lyl)acetylenes [2] and bis( t r ie thylgermyl)acetylene do not r eac t  with alkanethiols 
even in the p resence  of ini t iators of f ree  radical  react ions .  The s t ruc ture  of the obtained compounds (I)- 
(IV), summar ized  in Table 1, was conf i rmed by the IR and NMR spect ra l  data (Table 2). 

I rkutsk  Institute of Organic Chemis t ry ,  Siberian Branch of the Academy of Sciences of the USSR. 
Trans la ted  f rom Izves t iya  Akademii  Nauk SSSR, Seriya Khimicheskaya,  No. 3, pp. 610-613, March,  

1975. Original  ar t ic le  submitted May 5, 1974. 

�9 1975 Plenum Publishing Corporation, 227 West 17th Street, New York, N. Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission of  the publisher. A copy of  this article is available from the publisher for $15.00. 

534 



T
A

B
L

E
 1

. 
P

ro
p

er
ti

es
 o

f 
S

yn
th

es
iz

ed
 C
om

po
un

ds
 

C
om

- 
Y

ie
ld

 
p
o
u
n
d
 
% 

(I
) 

39
,3

 
(I

I)
 

66
,3

 
(I

II
) 

23
r 

(I
V

) 
20

,6
 

B
p,

*C
(p

, m
m

 
of

 H
g)

 

i3
5-

-t
37

(4
) 

15
8-

-1
61

(3
) 

14
2-

-t
45

(1
,5

) 
15

0-
-t

54
(2

) 

2o
 

n 
D

 

i,
55

08
 

1,
55

98
 

1,
57

85
 

1,
54

03
 

0,
95

74
 

1,
08

22
 

1,
22

55
 

C
,%

 

68
,3

5 
61

,8
6 

53
,t

3 
45

,7
0 

H
,%

 

9,
04

 
8,

45
 

7,
49

 
8,

21
 

Fo
un

d 

s,
%

 

11
,9

9 
9,

05
 

7,
92

 
t6

,0
9 

M
, %

 

10
,5

4 
20

,6
3 

30
,7

5 
30

,t
3 

M
R

 

85
,2

0 
1(

)1
,3

4 
10

2,
8 

E
m

pi
ri

ca
l 

fo
rm

ul
a 

C
ls

H
~S

Si
 

C
xs

H
ao

SG
c 

C
,T

H
es

SS
n 

C1
5H

32
S2

Sn
 

c,
%

 

68
,1

t 
61

,5
7 

53
,t

5 
45

,5
8 

~
,%

 

9,
14

 
8,

61
 

7,
6t

 
8,

t6
 

C
al

cu
la

te
d,

 %
 

S,
 

%
 

~
, 

%
 

12
,1

2 
10

,6
1 

9,
13

 
20

,7
0 

8,
34

 
30

,9
0 

16
,2

3 
30

,0
4 

M
R

 

88
;1

t 
10

4,
89

 
i0

4,
1 

T
A

B
L

E
 2

. 
P

a
ra

m
e

te
rs

 o
f 

N
M

R
 S

p
ec

tr
a 

o
f 

S
y

n
th

es
iz

ed
 C

om
po

un
ds

 

C
or

n
 -

 

p
ou

n
d

 

(I
) 

(I
I)

 

(I
II

) 

(I
V

) 

Fo
rm

ul
a 

(C
H

s)
aS

iC
(S

C
aH

g)
=C

H
C

~H
a 

(C
2H

a)
sG

eC
(S

C
aH

~)
 =C

H
C

oH
5 

(C
sH

s)
aS

aC
 (S

C
aH

T-
t) =

C
H

C
6[

ta
 

(C
aH

s)
aS

uC
(S

C
aH

T-
t) =

C
H

SC
4H

9 

*c
is

-i
so

m
er

 

" 
":

C
H

~
C

M
 

Is
o

m
e

r*
 

(r
CH
aM
) 

c
~
 

tr
an

s 

c~
 

tr
an

$ 

cl
s 

tr
an

s 

ei
s 

tr
am

 

Ra
M

 
' 

H
 

R
aM

 
R

t 
\ 

/ 
\ 

/ 
c=

c 
, t

ra
ns

 =
is

om
er

 
c=

-c
 

. 
R

2S
 / 

"~
1~

t 
1r 

/ 
""

lI
 10

,t
 

9,
90

 

9,
05

 
9,

05
 

8,
96

 
8,

96
 

8,
78

 
8,

78
 

~
C
H
,
M
 

9,
28

 
9,

28
 

9,
27

 
9,

27
 

9,
t3

 
9,

i3
 

~C
I{

3 
(~

 C
~I

I~
S)

 

9,
t8

 
9,

36
 

9,
05

 
9,

05
 

9,
05

 

�9
 8,

95
 

~G
 II2

(]I
I2

 

8,
56

 
8,

8t
 

8,
66

 
8,

40
 

8,
50

 
8,

50
 

X
G

lI2
S 

7,
93

 
7,

69
 

7,
51

 
7,

20
 

7,
46

 
7,

43
 

m
 

8,
6 

8,
67

 

8,
75

 
8,

75
 

xC
tIS

 

7,
t5

 
6,

60
 

6,
86

 
6,

86
 

2,
i6

--
3,

33
 

2,
i6

--
3,

36
 

2,
25

--
3,

10
 

2,
25

--
3,

t0
 

2,
20

--
3,

28
 

2,
20

--
3,

28
 

I " 
xC

=C
II

 

3,
30

 
3,

22
 

3,
28

 
3,

16
 

3,
39

 
3,

28
--

3,
28

 

4,
01

 
3,

64
 

R
at

io
 o

f 
ci

s:
~a

ns
 

2
:5

 

3
:2

 

t:
2

 

r 



EXPERIMENTAL METHOD 

l-(n-Butylthio)-l-(trimethylsily)-2-phenylethylene (I). Into a Pyrex glass ampul were charged 9.7 
g of l-trimethylsilyl-2-phenylacetylene and 4.0 g of n-butyl mercaptan. The mixture was irradiated with 
the UV light of a PRK-2  l amp for  30 h at  60 ~ Frac t iona l  dis t i l la t ion gave 4.6 g (39.3%) of adduct (I) with 
bp 135-137 ~ (4 m m ) ;  n~ 1.5508 (see Table  1). Compound (II) was also obtained under s i m i l a r  conditions. 

1 - ( I sopropy l th io ) - l - ( t r i e thy l s t anny l ) -2 -pheny le thy lene  (III). Into a quartz  t es t  tube, equipped with a 
cooling f inger ,  was  charged  a mix tu re  of 13.1 g of 1 - t r i e thy l s tannyl -2 -phenylace ty lene  and 3.2 g of i s o -  
propyl  mercap t an .  The mix tu re  was i r r ad ia t ed  with UV light at 15 ~ for  10 h. Bes ides  the c leavage p r o -  
ducts of the S n - C  bond, namely  phenylacetylene and t r ie thyl( isopropyl th io)s tannane,  dist i l lat ion of the 
r eac t ion  mix tu re  gave 3.7 g (23%) of adduct (III), bp 142-145 ~ 1.5 (mm);  n~ 1.5785. Compound (IV) was 
obtained under  the s a m e  condit ions.  The yield of adduct (IH) is 12% when the reac t ion  is run  under the 
conditions of obtaining compound (I). 

React ion  of 1 - T r i e t h y l s t a n n y l - l - h e x y n e  with n-Butyl  Mercaptan .  A mix tu re  of 11.7 g of 1 - t r i e t h y l -  
s t anny l - l - hexyne  and 3.7 g of n-butyl  m e r c a p t a n  was i r r ad ia ted  with UV light at  60 ~ for 30 h. I t  was e s t a b -  
l i shed by GLC that  the r eac t ion  mix ture  contains only the c leavage products  of the S n - C  bond. 

React ion  of bis  (T r ie thyls i ly l )  - ,  bis (T r ie thyl  germyl)  - ,  and bis  (T r ie thyl  s tannyl)acetylene s with n-  
Butyl Mereap tan .  a) A mix tu re  of 4.8 g of b i s ( t r ie thy ls i ly l )ace ty lene  and 1.6 g of n-butyl  m e r c a p t a n  was 
i r r ad ia t ed  a t  60 ~ for  50 h. All of the s t a r t ing  compounds were  r e c o v e r e d  unchanged a f te r  f ract ional  d i s -  
tfllation. A s i m i l a r  r e s u l t  was  obtained when a mix tu re  of b i s ( t r i e thy lgermyl )ace ty lene  and n-butyl  m e r -  
captan  was i r rad ia ted .  

b) A mix tu re  of 6.7 g of b is ( t r ie thyls tannyl )ace ty lene  and 1.6 g of n-butyl  m e r c a p t a n  was kept in a 
sealed ampul  for  50 h a t  ~20 ~ After  f rac t ional  d is t i l la t ion we obtained 2.3 g (65%) of t r i e thy le thynyl -  
s tannane with bp 48-50 ~ (8 m m ) ;  n~  1.4770 [3]. The IR spec t rum has  bands (v ,  cm -1) at  2008 (C ~ C) and 
3280 ( H - C  =).  In addition, we i so la ted  4.0 g (87%) of t r iethyl(butyl thio)stannane [4] with bp 114-117 ~ (8 

m m ) ;  n~ 1.5130. 

c) An equ imola r  mix tu re  of b is ( t r ie thyls tannyl )ace ty lene  and n-butyl  m e r c a p t a n  was i r r ad ia ted  with 
UV light for  30 h a t  60 ~ I t  was  shown by GLC that  the reac t ion  mix tu re  contains only the c leavage p r o -  

duets of the S n - C  bond. 

The authors  e x p r e s s  the i r  gra t i tude to E.  O. Tse t l ina  for  obtaining the NMR spec t r a .  

COINCLUSIONS 

i. A study was made of the photochemical reaction of alkanethiols with the l-trialkylsilyl, l-tri- 
alk~igermyl, and l-trialkylstannyl derivatives of 2-substituted acetylenes R3MC -= CR i. Due to the lower 
stability of the Sn-C -- C bond the compour, ds where M = Sn react with alkanethiols to give predominantly 
its cleavage products. When M = Si or Ge the addition products of the alkanethiols to the triple bond, 

R3MC (SR 2) = CHR i , are formed in satisfactory yields. 

2. The alkanethiols do not react with the bis(trialkylsilyl)- and bis(trialkylgermyl)acetylenes under 

the same conditions, while with bis(triethylstalmyl)acetylene they react to give the cleavage products of 

one Sn-C - C bond. 
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