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The reac t ion  of fu r fu ry l  mercap t an  with s eve ra l  vinyl e the r s  of furan alcohols was studied. 
Nine new furan-subs t i tu ted  sulf ides were  synthes ized .  The s t r u c t u r e s  of the compounds ob- 
tained were  proved  by PMR spec t roscopy .  

We have p rev ious ly  [1-3] r epor t ed  the synthes is  of vinyl e the r s  of s e v e r a l  5-subst i tu ted  fur fury l  a lco-  
hols and the e lec t rophi l ic  addition of alcohols to the vinyloxy group of these  e t h e r s .  In the p resen t  paper  we 
p r e sen t  data  on the homolyt ic  addition of fu r fu ry l  m e r c a p t a n  (FM) to var ious  vinyl  e thers  of f u r a n - s u b -  
st i tuted alcohols and to vinyl t e t r ahydro fu r fu ry l  e ther  (VTFE), vinyl benzyl  e ther  {VBE), and vinyl allyl  
e the r  {VAE), which proceed~ via the scheme  

RO(IH=CII;~ + ~-'~,.,,L-CH2S H -~  ROCH2CH2SCH2-- ~ 
I-VII 

V R ~ . ~ C H 2 ; .  Vl R = ~ C H 2 ;  VII R=CH2=CHCH 2 

An example  of the addition of butyl m e r c a p t a n  to vinyl fur fury l  e ther  (VFE) under  both rad ica l  and 
e lec t rophi l ic  conditions is known [4]. Uvarova  [4] demons t ra t ed  that a -add i t ion  of the m e r c a p t a n  to the 
vinyloxy group is obse rved  to a l e s s e r  degree  along with fl -addit ion during rad ica l  init iation. Our inves t i -  
gat ions demons t r a t ed  that  sulf ides I -VI I  a r e  fo rmed  in good yields (66-84%) in the p r e sence  of 2 , 2 ' - a z o b i s -  
i sobutyron i t r i l e  at 60~ these a re  exc lus ive ly  the products  of fl -addi t ion.  The cour se  of the reac t ion  was 
moni to red  via  the m e r c u r i c  chlor ide  method [5] and thin:-layer ch roma tog raphy  f rLC)  on act ivi ty  II A120 ~. 
An inc rea se  in the expe r imen ta l  t e m p e r a t u r e  f r o m  60 ~ to 80 ~ does not have a substant ia l  ef fect  on the yields 
of sulfide during heating for  8 h. The reac t ions  were  c a r r i e d  out in sea led  g lass  ampules ,  p rev ious ly  
t r ea t ed  with d ie thylamine.  As in [4], when the thiylation of the vinyl e the r s  was c a r r i e d  out in v e s s e l s  that 
had not been t r ea t ed  with base ,  the fo rmat ion  of smal l  amounts of a -add i t ion  products  was obse rved .  We 
suppose that  acidic agents on the wails  of the reac t ion  ve s se l  play a la rge  role  in the format ion  of a - a d d i -  
tion produc ts .  3~hermal e lec t rophi l ic  a -add i t ion  of the m e r c a p t a n s  to the vinyl e the r s  is also poss ib le .  In 
o r d e r  to ve r i fy  this assumpt ion ,  we studied the reac t ion  of VTFE and FM without the addition of an ini t ia tor  
at 80 ~ for  16 h. It  is in te res t ing  to note that  thiylation does not p roceed  comple te ly  when a sma l l  amount of 
hydroquinone is p r e sen t  in the reac t ion  mix tu re .  At the s ame  t ime,  the t he rma l  reac t ion  without an ini t ia tor  
and without hydroquinone gives  53% of the f l -addi t ion product  af ter  8 h at 80~ the a -add i t ion  product  is not 
obse rved .  

*See [6] for  communica t ion  VIII.  
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T A B L E  I .  P a r a m e t e r s  of the  PMR S p e c t r a  of  VII  and VIII  

•1 furan ring 

(~ I H-2 H-3 n-4 i 

J 
VII 7,21 6,16 6,04 

VIII 7,18 6,13 6,00 

Chemical shifts, 5, .p2m 

I 
CH2=CH-C- 

l 

4,93--5.29 

5,53--5,98 

-CH2-O-CH2- 

3,84 

3,41 

3,32 

3,35 

-CH2-S-CH2- 

3,60 

2,51 

3,58 
3,52 
2,44 
2,48 

I I 
-~-CH:-~-  

1,52 

r.o ~ o 

I~ = 1,9 
/'~ = 0,8 
./'a4 = 3,3 

CH2-CH =6,4 

lea= 1,9 
I24 = 0,8 

I34 = 3,2 
Ic ) t :cu  2=7,0 

TABLE 2 

ROCH2CH2SCH2- ~ 

Co mp. 

I 

II 

Ill 

IV 

V 

VI 

VII 

VIII 

IX* 

X* 

'•o•CH2 
H a C - ~ C H  2 

H 3 C - ~ - ' C H 2 C I I 2  

~--CH 2 

~ CH 2 

CII2=C[ICH 2 

~ - -  CH2SCII2CILCIt,. 

/ C H 2  

-~-CH,2 

bp, *C 
(mm) 

139--140 (3) 

152--154 (4)I 

150--151 (3) 

153--154 (3) 

143 (3) 

160 (3) 

1o3 (3) 

210--212 (3) 

109 (3) 

116 (3) 

d,2O 

1,1702 

1,1308 

1,t438 

1,1197 

1,1355 

1,1265 

1,0722 

1,1678 

1,0290 

0,9977 

MRD 

nD~~ 
found calc. 

1,5378 63,60 64,28 

1,5280 68,62 68,90 

1,5308 68,14 68,89 

1,5270 73,03 73,51 

1,5196 64,75 65,21 

1,5582 71.00 71,40 

1,5164 55,81 56,07 

1,5513 89,09 90,75 

1,4960 60,75 61,12 

1,4290 61,97 62,08 
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T A B L E  2 ( con t inued)  

J Empirica 1 
CompJ formula 

I, 
It 

Ill 
1V 
V 

VI 
VII 

VII1 
IX* 
X* 

C,2H~4OaS 
CIaH~6OaS 
ClaHi6OaS 
CI,HIsOaS 
C12H~8OaS 
C14HI~O2S 
C]oH~O2S 
CIsH2oOaS= 
CnH,~O~S 
C~H=202S 

60,2 
62,2 
61,8 
63,0 
59,6 
67,4 
60,7 

6 ,5 

Found, % 

H 

5,9 
6,5 
6,4 
7,0 
7,2 
6,5 
7,2 

1o ; 

S C 

13,7 60 ,5  
11.9 61.9 
13,0 61,9 
12,0 63,1 
13,4 59,5 
13.1 67,7 
16,5 60,6 

Calculated % 

5,9 
6,4 
6,4 
6,8 
7,5 
6,5 
7,1 

13,5 
12,7 
12,7 
12,0 
13,2 
12,9 
16,2 

Yield, 

84 
68 
82 
66 
80 
68 
84 
13 
89 
97 

go 

* C o m p o u n d s  IX and  X c o n t a i n  C4H9S i n s t e a d  of  t h e  @ c . 2 s  g r o u p i n g .  



We accompl i shed  the synthes is  of the Markovnikov thiylation product  f r o m  VFE and FM in the p r e s -  
ence of SO 2 as the ca t a lys t .  The m e r c u r i c  chlor ide  method and th in - l ayer  ch roma tog raphy  demons t r a t ed  
that  exc lus ive ly  the ~-addi t ion  product  is obtained. The product  is uns table  and decomposes  during vacuum 
dis t i l la t ion.  

Despi te  the fact  that vinyl e the r s  with cons iderab ly  di f ferent  subst i tuents  were  used  in the thiylation 
reac t ion ,  no subs tant ia l  d i f ference  was obse rved  in the yields  of sul f ides .  The somewhat  low yields of su l -  
f ides f r o m  the h igh -molecu l a r -we igh t  vinyl e the r s  is mos t  l ikely explained by lo s ses  during isolation of the 
p roduc ts .  Sulfides a re  obtained in higher  yields in the reac t ion  of VFE and VTFE with butyl m e r c a p t a n  
than in the reac t ion  with fur fury l  m e r c a p t a n .  Fu r fu ry l  mercap t an  adds to both double bonds of VAE to give 
two addition produc ts .  The m a j o r  product  (84~) is f l -a l ly loxyethyl  fur fury l  sulfide (VII). The other  c o m -  
pound is the product  of the addition of FM to both double bonds - 1,10--clifuryl-2,9--dithia-5-oxadecane (VIII). 

CH2==,CHCH2OCIi=CH2~-~o~CH2SH CII2=CHCI~OCII~CH2SCII2_.~ ~--Cl-l~$11 ~o~CH2SCII2Cf2CH2OCII2CII2SCH2_~ 
VII Vii l  

The s t r u c t u r e s  of VII and VIII were  conf i rmed  by the PMR s p e c t r a  (Table 1). The absence  of s ignals  
f r o m  the pro tons  of a vinyloxy group in the s p e c t r a  of VII and VIII and of the s ignals  of the protons of an 
ally1 group (CH 2 ~ C H - C )  in the s pec t rum  of VIII indicates  that  in the f i r s t  case  the addition occur red  at 
the vinyloxy group,  while addition o c c u r r e d  at both double bonds in the second ca se .  In addition, the absence 

of the s ignals  of a ~CH--CH3 group in the s p e c t r a  of VII and VIII is evidence that the addition of mercap t an  

to both the vinyloxy and allyl  groups  was counter  to the Markovnikov ru l e s .  

The phys ica l  cons tan ts ,  e l e m e n t a r y  ana lyses ,  and yields  of the synthes ized  f i - furfuryloxyethyl  (I), 
fl - (5-methylfurfuryl)oxyethyl  (II), fl - (B ' - furyle thyl)oxyethyl  (III), /3 - q3 ' -5-methyi fury ie thyl )oxyethyl  (IV), 
f i - t e t r ahydrofu r fu ry loxye thy l  (V), f i -benzyloxyethyl  (VI), and al lyloxyethyl (VII) fur furyl  sulfides,  1,10- 
d i fu ry l -2 ,9 -d i th i a -5 -oxadecane  (VIII), and f i - fur fury loxyethyl  (IX) and f l - t e t rahydrofur fury loxye thy l  (X) 
butyl sulf ides a re  p resen ted  in Table 2. All of the sulf ides obtained are t r anspa ren t  liquids with a cha rac -  
t e r i s t i c  sha rp  odor and a re  soluble in e ther ,  acetone,  and alcohol and insoluble in water .  

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

f i -Fur fu ry loxye thy l  Fur fu ry l  Sulfide (I). A 3-g  (24 mmole)  s ample  of vinyl fur fury l  e ther ,  3 g (26 
mmole)  of fu r fu ry l  m e r c a p t a n ,  and 0.03 g of 2 ,2 ' - azob i s i sobu ty ron i t r i l e  were  placed in a d ie thylamine-  
t r ea t ed  g lass  ampule .  The sea led  ampule was held at 60 ~ in a t h e r m o s t a t  for  8 h. Vacuum dist i l la t ion 
yielded 5 g (83.5%) ,-,f I with R f  0.63 (activity II A1203, benzene).  Sulfides I I -X were  s i m i l a r l y  obtained.  

React ion of Vinyl Fur fu ry l  E ther  with Fur fu ry l  Mercaptan  in the P r e s e n c e  of SO~. A s t r e a m  of SO 2 
was pas sed  into a cooled (to -20  ~ solution of 3 g (24 mmole)  of VFE in 3 g (26 mmole)  of FM with s t i r r ing  
for  30 sec .  The cooling bath was r em oved ,  and the t e m p e r a t u r e  of the mix ture  was r a i s ed  to 30 ~ . S t i r r ing  
was continued for  another  2 h at r o o m  t e m p e r a t u r e  to give a d a r k - g r a y  solution. The mix tu re  was sub-  
jec ted  to t h in - l aye r  ch rom a t og raphy  and gave two spots  - one was the s ta r t ing  FM (Rf 0.79), the o ther  was 

- fur fury l th ioe thyl  fur fury l  e the r  (Rf  0.38) (activity II A1203, benzene) .  The mix tu re  gave a copious white 
p rec ip i ta te  on t r e a t m e n t  with a 20% solution of m e r c u r i c  chlor ide in alcohol.  The reac t ion  products  r e s i n i -  
fled on a t tempts  to dis t i l l  them in vacuo.  

The PMR s p e c t r a  of CC14 solutions were  r eco rded  at r oom t e m p e r a t u r e  with a BS-487 B s p e c t r o m -  
e t e r  with hexamethyld is i loxane  as the in te rna l  s tandard .  
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