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The addition of var ious  reagents  to divinyl ethers  of glycols (DEG) select ively at one of the vinyloxy 
groups may become a new, ra ther  general  method of synthesis of functionally substituted alkoxyethylenes.  
However, the select ion of the conditions of addition is limited: nucleophiles do not react  with vinyl e thers ,  
while electrophil ic  agents,  on the cont ra ry ,  are  too active to ca r ry  out a selective process .  There are no 
data in the l i terature  on the addition of var ious reagents  to DEG, with the conservat ion of one of the vinyl- 
oxy groups .*  The react ions of DEG with hydrogen sulfide [7] and silicon hydrides [8, 9] did not lead to the 
production of monoadducts.  

In our opinion, this problem can be solved only on the basis of homolytic reactions.  We began a ve r i -  
fication of this assm~ption with a study of the radical  reaction of DEG with thiols. Previous studies [10-13] 
on the thiylation of ~, p -unsa tu ra ted  e thers  served as a s tar t ing point and basis for these investigations.  
At a mole rat io thiol :DEG equal to 1 : 3, double addition and te lomerizat ion were suppressed to a substan- 
tial degree,  and the yield of monoadducts (Table 1) exceeded 70%. 

CH~=CHOROCH=CH~ + R'SH -~ CH~CHOIIQCH~CI~[~SW+ 
(I--IV) up to 76% (V--XV) 

SR' 
/ 

CH2=CHOROCH + R'SCH2CH2OROCH2CII2SR'+ telomer 
\ 

CHa 
(XVI)not > 5% (XVII)--(XVIII) 

R = (CH2)2 (I), (CI{~)a (II), (G1{2)4 (Ill), (CH~)~O (CH2)~. (IV) 
R ~---(CH~)2, R'=-C~H5 (V), n-CsH7 (VI), n-C4H~ (VII), 

t-C~H9 (VIII), n-CaH~I (IX), C6H5 (X); 
II =- (Ctt2)3, R' = n-C3HT (XI): H -~ (C.H~)4, R' = n-C~I-I7 (XII) 

H = (CH2)~O (CH..)~, R'~-C~H5 (XIII) n-CsHv (XIV), 
n-C4H~ (XV), (XVI) : R ~--- (CH~)20 (CH2)~,, R'~ n-C~H7 

(XVlI) : R = (CH~.)2, R'  = n-e3H7 ~I ( X V I I I )  : H = (CH~)20  (C[-I~)2, 
R' = n-C3g7 

Thiylation occurs  in the presence of azoisobutyrodini tr i le  (AIBN) or under the influence of i r radia t ion 
by ultraviolet  (UV), as well as under conditions of thermal  initiation (see Table 1)o The maximum yield 
(76%) of 1 : 1 adducts was obtained in the case of noncatalytic addition. The use of UV ir radia t ion substan- 
tially reduces the time of the react ion (from 25 or  12 h to 3 h or  less),  while maintaining sa t i s fac tory  yield 
(40-60%) of the monoadduct.  The use of AIBN as a catalyst  increases  the yield of o l igomers ,  while in the 
case of the e thers  (III) and (IV) it leads to the format ion of t ransparent  color less  insoluble (benzene, ether,  
CC~4 ) e l a s tomers  containing sulfur (up to 9~ for example,  experiment  17, see Table 1). The e thers  (I)- 
(IV) themselves ,  in contras t  to vinyl alkyl e thers  [14, 15], polymerize  well in the presence of the indicated 
init iator,  forming t ransparen t  co lor less  homopolymers  of various consis tencies  (from jel ly-l ike to solid, 
vi t reous) ,  depending upon the t ime of polymerizat ion (70-80 ~ 2-12 h). In the presence of benzoyl peroxide 
(BP) (1% of the weight of themixture),  there is a complete inhibition of the process  (experiment 3). 

To determine the relat ive react ivi ty of DEG in the thiylation reaction,  we conducted a ser ies  of ex- 
per iments  with n-propyl  mercap tan  under comparable  conditions (Table 2)~ As is shown by the value of the 

*Simple divinyl ether, which part ic ipates  in severa l  such reactions [1-6], differs  substantially f rom DEG. 
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TABLE i. 

Experiment 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

i0 

II 

12 

13 

14 

15 

16 

17 

18 

19 

Conditions of Thiylation of DEG 

DE, 

I 

I 
I 

I 

I 

I 
I 

I 
I 

I 
I 

II 
III 
IV 
IV 
IV 
IV 
IV 
IV 

R' in R'SH 

C zHs 
C~H7 

C4H9 
C4H9 
C4Hs 
C4H9 
C~Hn 
CsHn 
C6Hs 
C~Hs 
t- C4H9 

CsH7 
C3H7 

C zH5 
CsH7 
C3H7 
CsH? 

C4H9 
C4H9 

* In each case 0.2% of the weight of DEG 
On the basis of reacted DEG. 
Yield of the bis-adduct 31%. 

** Yield of the bis-adduct 130. 

Conditions of experiment 

initiation 

Without initiator 
The same 
BP 

AIBN * 
UV 
The same 
Without initiator 
AIBN * 
UV 
Without initiator 
UV 
The same 

Without initiator 
The same 

. 

AIBN * 
Without initiator 
AIBN * 

temperature. ~ 

40- 45 
40-55 
60-65 
60-65 

Room temperature 
The same 

60- 70 
60-70 

Room temperature 
60-65 

Room temperature 
The .same 

. . 

40- 50 
60-65 
50- 60 
69 - 65 
60-65 
60- 65 

time, h 

10 
6 
6 
8 
6 
3 

25 
25 

2 
25 

3 
3 
8 

13 
12 
12 
12 
12 
12 

was taken. 

Ratio ether 
/thiol 

2:1 
1:1 
2:1 
3:1 
3:1 
2:1 
2:1 
2:1 
3:1 
3:1 
2:1 
2:1 
2:1 
2:1 
3:1 

1.5:1 
3:1 
3:1 
3:1 

i ITotal --- 
Yield~ ofhl[yield of bis- 
adduct,% adduct and 

oligomers 

50 35 
45 375 

Reactiondid not takeplace 
53 41 
44 44 
72 27 
76 21 
44 46 
55 33 
57 29 
29 64 
43 46 
47 45 
64 22 
64 36 
42 27** 

- 92 

73 17 

98 

TABLE 2. Relative Reactivity of DEG in the Thiylation Reaction* 

DEG 

I 

I I  

Yield~ of i: 1 
adduct, % 

55 

43 

Total yield 
of bis-adduct 
and oligomers, 
% 

38 

46 

Conversion of 
ether, % 

56 

64 

DEG 

III 

IV 

Yield'~ of 1:1 
adduct, % 

47 

63 

Total yield 
of bis-adduct 
and oligomers, 
% 

45 

28 

Conversion of 
ether, % 

57 

50 

* Thiol - n-CsH~SH, UV irradiation, room temperature, 3 h, ratio, M, DEG: n-CsHTSH = 2:1. 
On the basis of reacted DEG. 

c o n v e r s i o n ,  t h e r e  i s  s o m e  t e n d e n c y  f o r  i n c r e a s i n g  r e a c t i v i t y  in  t h e  s e r i e s :  (IV) < (I) = ( I I I )  < (II) ;  h o w e v e r ,  

t h e  y i e l d  of  t he  1 : 1 a d d u c t  v a r i e s  in t h e  o p p o s i t e  o r d e r .  A s  we  go f r o m  s y s t e m s  w i t h  a f l - a r r a n g e m e n t  of 

t h e  o x y g e n  a t o m s  (I) and  (IV) to  T -  and  6 - s y s t e m s  (Ii) and  (III),  r e s p e c t i v e l y ,  t he  s e l e c t i v i t y  of  t h e  p r o c e s s  

d r o p s  s h a r p l y .  A c t u a l l y ,  i f  we  a r b i t r a r i l y  t a k e  the  r a t i o  of  t he  y i e l d  of t h e  m o n o a d d u c t  to  the  s u m m a r y  y i e l d  

of t h e  b i s - a d d u c t  and o l i g o m e r s  a s  t he  c h a r a c t e r i s t i c  of  s e l e c t i v i t y ,  we  c a n  e a s i l y  s e e  t h a t  t he  s e l e c t i v i t y  

of  t he  r e a c t i o n  in  the  c a s e  of d i v i n y l  e t h e r s  of 1 , 3 - p r o p a n e -  and 1 , 4 - b u t a n e d i o l s  (II) and  (II1) i s  a p p r o x i m a t e -  

ly  t h e  s a m e  (0.9 and 1.0),  w h e r e a s  f o r  d i v i n y l  e t h e r s  of  e t h y l e n e  g l y c o l  and  d i e t h y l e n e  g l y c o l  (D and (IV) i t  
i s  s u b s t a n t i a l l y  h i g h e r  (1.5 and  2 .2 ,  r e s p e c t i v e l y ) .  Such a " E - e f f e c t "  i s  d i f f i c u l t  to  e x p l a i n .  If we  c o n s i d e r  

t h a t  i t  i s  e n t i r e l y  due  to  d i f f e r e n c e s  in  t he  i n d u c t i v e  i n f l u e n c e  on the  r e a c t i o n  c e n t e r ,  t he  s u b s t a n t i a l  d i f -  

f e r e n c e  in the  s e l e c t i v i t y  b e t w e e n  e t h e r s  (I) and  (IV), in  w h i c h  t h e  i n d u c t i v e  i n f l u e n c e  on the  v i n y l o x y  g r o u p  
s h o u l d  be  a p p r o x i m a t e l y  t h e  s a m e ,  r e m a i n s  i n c o m p r e h e n s i b l e .  A t  t h e  s a m e  t i m e ,  t h e  o b s e r v e d  d i f f e r e n c e s  

in t he  s e l e c t i v i t y  d e f i n i t e l y  r e f l e c t  t he  c h a n g e  in  t h e  d e g r e e  of s t a b i l i z a t i o n  of  t he  i n t e r m e d i a t e  r a d i c a l  

[R'SCH2CH--OR" <-~ R'SCH~CH~6R"] 
(XlX) 

F r o m  t h i s  s t a n d p o i n t ,  a s  t h e  e x p e r i m e n t  i n d i c a t e s ,  s y s t e m s  w i t h  a f i - a r r a n g e m e n t  of  t h e  o x y g e n  a t o m s  (I), 
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(VIII) t-C4HgSCH2CH2OCH2CH2OCH-~ CH 2; (XVI) 
CH 3 - CHOCH2CH2OCH2CH2OCH ~ CH 2; (XIV) n-C3HTSCH2CH2OCH2CH2-- i 

SC3H 7 
OCH2CH2OC H --~ CH2. 

(IV), in comparison with the ethers (II) and (Ill), possess increased possibilities for supplementary stabili- 
zation of the intermediate (XIX). The possibility remains that this may occur by partial transfer of an elec- 
tron to the oxygen atom in the fi-position and ultimately to the second multiple bond 

�9 8 -8 

RSCH2--C [I-~ O--C H2CH~--O=:CH:::CII~ 

Such an effect of transfer of an electron along the chain of cr-bonds in vicinal systems was first de- 
tected in an investigation of the EPR spectra of certain aromatic anion radicals [16, 17]. The increased 
ability of systems with p-alternation of oxygen atoms to transmit the influence of the substituent has al- 
ready been noted in kinetic investigations as well [18, 19]. In the series of DEG, the divinyl ether of dieth- 
ylene glycol should give the most stable radical with reduced ability to initiate polymerization, which is in 
good agreement with the experimental data~ The isomeric purity of the sulfides formed was established by 
PMR and IR spectroscopy, thin-layer chromatography, and chemical functional analysis. In the PMR spec- 
trum of the sulfide (XIV), in full agreement with the structure assumed for it, there is no doublet from the 
CH 3 group, nor the quartet of the methine proton of the fragment -O-CH(CH3)-S- , but the signals of the 
protons of the -CH2-O groups were detected~ In a comparison of the IR spectra (Fig. !) of the sulfides: 

C3HTSCH2CH2OR' (XIV), C3HTS-CH-OR'* (XVI) and t-C4HgSCH2CH2OR (VIII), R~-~ CH2CH2OCH~---CH2, 
I 

CH 3 
R'-~ (CH2)20(CH2)2OCHb~ CH2, a difference in their structure is distinctly noticeable. In the spectrum of 
compound (VIII), the three methyl groups are represented by an intense band at 1,360 cm-1; in the case of 
(XVI) this band (1,374 cm -I) is less intense (two methyl groups); in the spectrum of (XIV) there is only a 
weak absorption in this region (one methyl group). In addition, the spectrum of (XVI) contains a band at 
630 and 670 cm -I of substantial intensity , which is absent in the case of (VIII) and (XIV). The vinyloxy 
group is unambiguously identified in the spectra of all the monoadducts (V)-(XVI) with frequencies 815-820, 
965-975, 1,200-1,205, 1,320, 1,615-1,620, 1,635-1,640, 3,040-3,050, 3,100-3,120 cm -I. In chromatography 
in  a thin l a y e r  of A1203 (Table  3), the p r e s e n c e  of e ~ - i s o m e r s  in  the a dduc t s  (VII), (XI), (XII), (XIV)-(XVI) 
was  not  d e t e c t e d .  I t  was  e s t a b l i s h e d  p r e l i m i n a r i l y  wi th  the s u l f i d e s  (XIV) and (XVI) a s  an e x a m p l e  tha t  the 
c o r r e s p o n d i n g  fl- and ~ - i s o m e r s  d i f f e r  s u b s t a n t i a l l y  in  R f  v a l u e s  (0.26 and 0.46, r e s p e c t i v e l y ,  b e n -  
zene  : c h l o r o f o r m ,  5 : 1). An  a n a l y s i s  of the i s o m e r i c  c o m p o s i t i o n  of the s u l f i d e s  (V)-(XV) wi th  the a id  of 
m e r c u r i c  c h l o r i d e  [20] p r o v e d  to be u n f e a s i b l e ,  s i n c e  the v iny loxy  g r o u p  p a r t i a l l y  r e a c t e d  unde r  the cond i -  
t ions  u s e d ,  l i b e r a t i n g  the ac id .  T h e r e f o r e  we used  the me thod  of h y d r o l y t i c  ox ime  f o r m a t i o n  [21]. The a n a -  
l y t i c a l  da t a  ( see  Tab le  3) once a g a i n  c o n f i r m  the s c h e m e  of ~ - a d d i t i o n .  

The o ~ - i s o m e r s  a r e  i n c l i n e d  to d i s p r o p o r t i o n a t i o n ,  a s  was  d i s c o v e r e d  in  the p r o d u c t i o n  of the t h i e a e e -  
tal (XVl). 

*Specially synthesized under the conditions of catalysis by SOCI 2. 

2133 



The ability of the monoadducts obtained to give polymers  under the influence of cationic catalysts  
(BF~ etherate ,  SnC14) was verif ied with compounds (VI) and (VII) as examples.  Viscous polymeric  liquids 
were obtained at room tempera ture .  

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

In the work we used f resh ly- red is t i l l ed ,  thoroughly purified reagents .  Typical procedures  are  cited 
below. 

Noncatalytic Addition. A mixture of 15.8 g (IV) and 3 g butanethiol was heated in an ampoule, purged 
with ni trogen for  12 h at 60-65 ~ After  removal  of the unreacted substances (11 g), we obtained 5.5 g (73%) 
of the adduct (XV) (Table 4). In addition, we isolated 1.2 g of nonredist i l l ing oUgomer. 

Addition Initiated by UV Irradiat ion.  A mixture of 6.1 g (I) and 2.6 g butanethiol was i r radiated in a 
quartz  test  tube (PRK-2) for  3 h at room tempera ture .  After  removal  of the unreacted substances (3.7 g), 
we obtained 3.1 g (72%) of the adduct (VII) (see Table 4) and 1.3 g (27%) of the ol igomer.  

Addition in the Presence  of AIBN. A mixture of 5.7 g (I), 2.6 g amyl mercaptan,  and 0.011 g AIBN 
was heated in an ampoule, purged with nitrogen for 25 h at 60-70 ~ After  removal  of the unreacted sub- 
s tances (2.5 g) we obtained 2.7 g (44%) of the adduct (IX) (see Table 4) and 2.3 g (46%) of the ol igomer.  

Attempt at Addition in the Presence  of BP. A mixture of 5 g (I), 2.1 g butanethiol, and 0.07 g BP was 
heated at 60-65 ~ for  6 h with mixing. The react ion did not take place; the s t a r t ingmate r i a l s  were recovered.  

Synthesis of the Sulfide (XVI). To a mixture of 14.6 g (IV), 33.5 g benzene, hydroquinone (~ 0.3 g), 
and SOC12 (4-5 drops) we added 3.6 g propanethiol with mixing. The react ion mixture was heated for  6 h at 
45-50 ~ af ter  which it was t reated with an aqueous solution of K2CO 3. The organic layer  was dried with 
K2CO 3. The organic layer  was d r i ed  with K2CO 3 and redist i l led.  Yield 4.4 g (30%) of the adduct (XVI) (see 
Table 4). 

TABLE 3 

Ether Thiol Initiation 

No. of frag- 
ments hydro- 

l~f lyzable  with 
hbera t ion  of 
acetaldehyde 

I 

I 
I 
II 

III 
IV 

IV 
IV 

C3HTSH 

C4HgSH 
C6HsSH 
C3HTSH 
C~HTSH 
CaHTSH 

C4HgSH 
C3HTSH 

Without 
initiator 

UV 
>> 
>) 
)) 

Without 
init iator 

The same 
SOC12 

0,46 

0,44 
0,58 
0,26 

0,34 
0,46 

1,04 

0,96 
0,99 
0,96 
1,00 
1,00 

1,(11 
1,90 

TABLE 4. Adducts of DEG with Thiols 

1 Corn -[ Bp, ~ 
pound :(ram, Hg).) 

No. 

V 
u  
u  
VIII 
IX 
X 
XI 
XII 
XIII 
XIV 
Xu  
XVI 
XVII 
XVII] 

73(2) 
72--72,5(1) 
84,5--85(1) 

88--88,5(1,5--2) 
101--101,5(I) 
121--122(1) 
88-9o(1) 

1o9-1o9,5(1,5) 
99(1) 
11o0) 

126,5(1,5) 
ua-115(i,51 

135,5--137(1,5) 
170--172(1,5) 

n2OD 

I 47Z1 
i 47ZL 
I 471t 
1 46~t 
1 47U~ 
1 54~L 
1 46~;J 
1 _46U~ 
1 4 7 3 0  

I _4723 

[ 4700 
[. 4 N / b  
[ 4NO 1 

d4 ~O 

I 
0.989349,9( 50,25 r54,64 
0.9728 54,809 54,902156,71 
D.Ub;~l 53,3( 59,55 J58,95 
,0.955959,4~ 59,55 ]58,79 
:J.9543 63,899.54,198160, 02 
1.O~:Z5 65,62 55,09 J64,30 

9571 59,49 59,55 158,73: 
) 9541 63,84 ]34,19 ]60,76] 
i lu tx51,09 ~1,33 [54,58 I 
I {�93 55,54 i5,98 ]56,42] 
) 9~u:~ 70,19 r0,63 ]57,97J 
).994.~i35,76 15,98 J56,35~ 
).99591?6,97 '7,25 ] ] 

ni~a137,39 18,33 I [ 

9,10 
9,24 
9,70i 
9,76 
3, 35 
7,171 
),ool 
1,121 
),17j 
~,5oI 
}., 88 
) ,56 

I 

% Calc. ,  % 

S G H S 

17,96 54,50i 9,14 18,18 
15,76 56,8C] 9,53 16,84 
15,75 58,78] 9,86 15,69 
15,4858,78 9,86 15,69 
[4,84 60,50 0,55 14,68 
[4,1C64,25 7,1814,29 
!5,28 58,78 9,8615,69 
[4,43 S0,5C 0,15 14~68 
4,47]54,50 9.14] I4~54 
3,84156,37 9.46113,68 
3,04~38,02 9.74[12,9I 3,661i6,37 ~.46113,68l 
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Methods of Investigation. The PMR spectra were obtained on a JEOLC-60 spectrometer with a 
working frequency of 60 MHz, solvent CCI4, internal st2.ndard Si(CH3) 4. The IR spectra were taken on 
a UR-10 spectrophotometer in a microlayer. Chromatography of the mono-adducts (VII), (XI), (XII), 
(XIV)-(XVI) was conducted on AI203 (activity If). The solvent systems used were mixtures of benzene- 
chloroform, 5 : i; benzene; benzene : ether, 5 : i; i0 : i; cyclohexane : benzene, 1 : I. The chromatograms 
were developed with iodine. Analysis for the content of fragments hydrolyzable with liberation of acet- 
aldehyde was carried out as follows: 0.1575 g (X IV) and 25 ml 0.5 N NH2OH. HCI (acidified with HCI) 
was heated at 50-70 ~ for 2-5 h with mixing. After which, the acid liberated was titrated with 0.5 N 
NaOH in the presence of bromophenol blue. 

Polymerization. In the ampoule we took 2.5 g (IV) and 0.005 g (0.2% of the weight of the ether) AIBN. 
After 12 h of heating at 60-65 ~ we obtained a transparent vitreous brittle polymer, insoluble in benzene, 
ether, and CCI4~ 

When a drop of an ether solution of BF3(C2Hs)20 was added to a small amount of the monomers (Vl) 
and (VII), the mixture heated up, forming a liquid polymer. 

CONCLUSIONS 

I. The conditions of homolytic addition of thiols to divinyl ethers of glycols, permitting the produc- 
tion of monoadducts with yields of up to 76%, were found. 

2. Increased selectivity of the reaction was noted in the case of divinyl ethers of ethylene glycol and 
diethylene glycol. 

3. On the basis of the experimental data, the possibility of supplementary stabilization of the inter- 
mediate radical on aecotalt of partial transfer of an electron along the chain with/3-alternation of oxygen 
atoms was hypothesized~ 

40 The ability of the monoadducts obtained to polymerize according to a cationic mechanism was 
demonstrated~ 
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