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In our previous communication [1] we cited data i l lustrating the influence of the nitro group in p-vinyl-  
oxynitrobenzene (I) on the chemical  activity of the double bond. In part icular ,  it is noted that (I), in con- 
t ras t  to vinyl phenyl ether,  in the presence of l~c azobisisobutyrodinitr i le  (AIBN) does not form the c o r r e s -  
ponding addition product with butanethiol. The purpose,of this work was to investigate the possibility of the 
interaction of (I) with butanethiol under homolytic, electrophil ic,  and nucleophilic conditions. 

In car ry ing  out the reaction of homolytic thiylation, we succeeded in obtaining the addition product (II) 
with a 53~c yield by increas ing the amount of AIBN to 3~c. In addition, we isolated the initial (i), p -n i t ro-  
phenol, and a resin. The thiylation product (II) gives a complex with an alcohol solution of mercur i c  chlor-  
ide (without changing the ptt of the medium) and is oxidized by hydrogen peroxide in acetic acid, forming 
the sulfone (III). The data are evidence of the addition of thiol counter to the Markovnikov rule accompanied 
by the formation of a product with the s t ructure  of the p-nitrophenyl ether of butylthioethylene glycol. 

The presumed s t ructure  of (II), as well as (III), was confirmed by the FMR method. In the PMR spec-  
t rum of compound (II) (Fig. 1), the doublets 8.05 and 6.88 ppm belong to the protons of the aromatic  ring H a 
and H b. The tr iplet  in a s t rong field (64 =0.89 ppm) is due to the protons of the methyl group, and that in a 
weak field (61 = 4.14 ppm) is due to the protons of the methylene group connected to the oxygen atom. The 
two other tr iplets  (52 = 2.55 and 63 = 2.81 ppm) belong to the protons of the CH 2 groups, bonded to sulfur. 
The signals of the protons of the C5H2 and CCH2 groups are believed to give an unresolved multiplet in the 
region of 1.14-1.74 ppm. In the PMR spect rum of the sulfone (III), the signals correspond in multiplicity to 
the signals of the corresponding group in the PMR spectrum of the sulfide, but differ in position, possess ing 
the following values of the chemical  shifts: 6 a = 8.12, 6 b = 6.94, 64 =: 0.93, 61 = 4.49, 52 = 3.39, 63 = 3.03, 
65. ~ = 1.18-1.87 ppm. 

The electrophilic addition of butanethiol to (I) in the presence of SO~ as a catalyst  required heating, 
whereas for vinyl ethers of phenol, c resols ,  and chlorophenols,  this reaction proceeds exothermical ly  and 
leads to rapid formation of products with an s - s t r u c t u r e  [2, 3]. The dinitrodiphenyl ac.etal of acetaldehyde 
(IV) and the dibutylmercaptal  (V), identified by comparison with known samples [1, 4], were detected in the 
react ion mixture. The formation of these products leads to the conclusion that the investigated reaction 
proceeds according to the Markovnikov rule, following the scheme 

CH2 := CIt0C~It~N02 --}- C4HgSH --',- CHsCH(OCsH4N0~)(SC4Hg) 
(VI) 

Then compound (VI), as an acetal with nonsymmetr ical  structure, undergoes symmetr izat ion,  charac ter i s t ic  
of acetals ,  and especial ly thioacetals,  under the conditions of synthesis:  

Ct-I3CH (0Cstt~NQ) (SC4I[9) --* CHaCH (0C61:I,~N0~)2 -I- CHaCII(SC4Hg)2 
(vi) Ov) (v) 

The reaction considered,  just like the data of [1], is evidence of a decrease  in the ability of the double bond 
of compound (I) to react  with electrophil ic reagents.  We should mention that considering the possibility of 
binding of the catalysts  by the nitro group, we used a sufficiently large amount of S02. 
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F ig .  1. PS~R s p e c t r u m  of the p - n i t r o p h e n y l  e t h e r  of n - b u t y l t h i o -  
e t h y l e n e g l y c o i  (II). 
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Fig .  2. PM]R s p e c t r a :  a) 4 , 4 ' - d i - ( n - b u t y l t M o ) - a z o b e n -  
zene  (IX); b) 4, 4 ' - d i -  ( n - b u t y l t h i o ) - a z o x y b e u z e n e  (VIII). 

The p a s s i v a t i n g  in f luence  of the  n i t r o  g roup  with  r e s p e c t  to e l e e t r o p h i l i c  c o n v e r s i o n s  of the m u l t i p l e  
bond of p - v i n y l o x y n i t r o b e n z e n e ,  a s  we l l  a s  the  da ta  of a quan tum c h e m i c a l  c a l c u l a t i o n  [1], p e r m i t  us to hope 
fo r  the a p p e a r a n c e  of a t e n d e n c y  of (I) to add nuc l e oph i l i c  r e a g e n t s .  To t e s t  th i s  h y p o t h e s i s  we unde r took  
an i n v e s t i g a t i o n  of the  r e a c t i o n  (I) wi th  s o d i u m  bu ty l th io l a t e  in a so lu t i on  of abs .  e thanol .  I n s t e a d  of the e x -  
p e c t e d  add i t ion  at  the  double  bond, exchange  of a v iny loxy  g roup  fo r  a bu ty l th iy t  g roup  and r e d u c t i o n  of the 
n i t ro  g roup  in the  i n i t i a l  compound  and in the  p r o d u c t s  of exchange ,  a r e  o b s e r v e d :  

o 
T 

CH~=CHOC~H4N = N C~H~OCH=CH~ (25%) 

Ctt-.,~CItOC6H4NO~ .G,tt,SNa C~I-IgSC6II4N~NC6tt4SC,tIt~ (50%) 
alcohot ,[ (VIII) 

O 

C4H~SCslt,~N = N Cs H~tSC,,H~ (3%) 
(~X) 

When e thano l  a s  the  s o l v e n t  i s  r e p l a c e d  by d ioxane ,  the  r e d u c t i o a  r e a c t i o n  a p p r e c i a b i y  p r e v a i l s  o v e r  t r a n s -  
e s t e r i f i c a t i o n ,  which  l e a d s  to a change  in the y i e l d s  of the  p r o d u c t s .  Thus ,  (VII) was  ob ta ined  in an amount  
of 64~, (VIII) 13~c, and (IX) 2 .6~ .  In add i t ion ,  s u b s t a n c e  (X) was a l so  i s o l a t e d  in s m a l l  a m o u n t s ;  as  wi l l  be 
shown below,  i t  c o r r e s p o n d s  to the  f o r m u l a  

C4HgSCsH4N=NC~H~OCtt=CIt2 or C4HoSC~H4N=NCd'I4OCH=CH~ 

0 0 

The r e a c t i o n  of nuc l eoph i l i c  exchange  of the v iny loxy  g roup  in the s e r i e s  of v iny l  e t h e r s  was  unknown. The 
f i r s t  a p p e a r a n c e  of th i s  r e a c t i o n  was  no ted  by us [5] in a s tudy  of the  r e d u c t i o n  of p - v i n y l o x y n i t r o b e n z e n e  
wi th  a l c o h o l i c  a l k a l i  for  the p roduc t i on  of the b i s - v i n y l  e t h e r  of 4, 4 ' - a z o x y p h e n o l  (VII). T o g e t h e r  wi th  (VII), 
s u b s t a n t i a l  amoun t s  of a z o x y p h e n e t o l e  o r  a z o x y a n i s o l e  w e r e  f o r m e d ,  depend ing  on the a lcohoI  used .  

The d e t e c t e d  nuc l eoph i l i c  s u b s t i t u t i o n  of the  v iny loxy  g roup  in (I) is  p r o b a b l y  g e n e r a l  and has  the s a m e  
m e c h a n i s m  a s  the  known p r o c e s s e s  of t r a n s e s t e r i f i c a t i o n  of a lky l  e t h e r s  of pheno ls  [6], e s p e c i a l i y  p r o -  
nounced in p o l y n i t r o  d e r i v a t i v e s  [7, 8]. 

The s t r u c t u r e  of the  c o m p o u n d s  (VII)-(X) ob t a ined  was  c o n f i r m e d  by the me thods  of IR and PMR s p e c -  
t r o s c o p y .  In th i s  c a s e  we w e r e  ab l e  to f ind s o m e  c r i t e r i a  fo r  the  i d e n t i f i c a t i o n  of azo  and azoxy  g roups  in 
the  i n v e s t i g a t e d  c o m p o u n d s ,  the  d e t e r m i n a t i o n  of which  a c c o r d i n g  to the IR s p e c t r a  in a r o m a t i c  compounds  
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i s  a r a t h e r  d i f f icu l t  p r o b l e m .  In the IH s p e c t r a  of (VIII) and (IX) the bands  c h a r a c t e r i s t i c  of the v iny loxy  
and n i t r o  g roups  a r e  not o b s e r v e d .  The  m e t h y l  and m e t h y l e n e  g roups  a r e  i de n t i f i e d  a c c o r d i n g  to the a b -  
s o r p t i o n  in the  r e g i o n  of 2965-2865 and 1460-1440 c m  -1, whi le  the  benzene  r i n g s  a r e  i de n t i f i e d  a c c o r d i n g  
to the  bands 3075, 1580, 1480, and 1010 c m  -1. The s p e c t r u m  of (IX) con ta ins  a s i ng l e  band of the n o n p l a a a r  
d e f o r m a t i o n a l  v i b r a t i o n s  of p - s u b s t i t u t e d  benzene  at  840 c m  -1 and a s ing le  band of the  C a r - N v i b r a t i o n s  a t  
1270 c m  -1. F o r  (VIII) a s p l i t t i n g  of the  band in the r e g i o n  of 840 c m  -1 is  o b s e r v e d ,  into the  bands 820 and 
840 c m  -1 of a p p r o x i m a t e l y  equa l  i n t ens i t y ,  a p p a r e n t l y  due to the  nonequ iva l ence  of the C - I I  v i b r a t i o n s  of 
the  r i n g  fo r  two h y d r o g e n  a t o m s  s t and ing  next  to one ano the r .  Th i s  s p l i t t i n g  i s  due to the in f luence  of the 
oxygen  of the azoxy  group .  F o r  the s a m e  r e a s o n ,  a s e r i e s  of bands  a p p e a r  in the r eg ion  of 1270-1300 c m  -1 
[ ins tead  of one band, 1270 c m  - t ,  in the  a z o c o m p o u n d  (IX)]. The d iv iny l  e t h e r  of a z o x y p h e a o l  (VII) is  c h a r -  
a c t e r i z e d  by the p r e s e n c e  of an i n t ense  band of the va l e nc e  v i b r a t i o n s  of the  v iny l  g roup  at  1643 c m  -~. The 
s p l i t t i n g  of the  band in t h e  r e g i o n  of 960 c m  -1 ( aonp lana r  d e f o r m a t i o n a l  v i b r a t i o n s  of = C H - )  m a y  be due to 
the  nonequ iva lence  of the  v iny l  g roup  [5], due to the fac t  that  the a z o x y  g roup  ac t s  as  a donor  wi th  r e s p e c t  
to one of the benzene  r i n g s ,  and as  an a c c e p t o r  wi th  r e s p e c t  to the  o the r .  The s p l i t t i n g  of the  band at  1150 
cm -1 i s  a l so  a p p a r e n t l y  a s s o c i a t e d  with  th i s  phenomenon.  

In compound  (X), in c o m p a r i s o n  with  (VII), the band of the v a l e n c e  v i b r a t i o n s  of the v inyl  g roup  (1643 
c m  -1) i s  r e d u c e d  in i n t e n s i t y ,  whi le  n o n p l a n a r  d e f o r m a t i o n a l  v i b r a t i o n s  of = C H -  a r e  o b s e r v e d  in the  f o r m  of 
a s ing le  band 957 c m  -~. New bands  a p p e a r  (2870, 2930, 2960 cm-~) ,  c h a r a c t e r i s t i c  of the va l e nc e  v i b r a -  
t ions  of the  CH 2 and CH 3 g roups ,  and the band 1460 c m  -1 i s  i n t e n s i f i e d  as  a r e s u l t  of the  s u p e r p o s i t i o n  of the 
d e f o r m a t i o n a l  v i b r a t i o n s  of the i n d i c a t e d  g roups  on the bands  be longing  to the  v i b r a t i o n s  of the  benzene  r ing .  
The s p l i t t i n g  at  1150 c m  -1, a s s o c i a t e d  with  the  p r e s e n c e  of the azoxy  group ,  i s  p r e s e r v e d .  

The da ta  of PMR s p e c t r o s c o p y  for  compounds  (VIII) and (IX) a g r e e  wi th  the da ta  on the IR s p e c t r a .  
The PMR s p e c t r u m  of (IX) c o n s i s t s  of f ive m u l t i p l e t s  (Fig.  2a). The t r i p l e t  in a s t r o n g  f ie ld  (5 = 0.93 ppm) 
be longs  to  the  m e t h y l  p r o t o n s .  The s i g n a l  of the  p r o t o n s  of the  CH~ g r o u p s ,  bonded to the  su l fu r  a t o m ,  i s  
a l s o  r e p r e s e n t e d  by a t r i p l e t  (2.92 ppm).  The p ro tons  of the  o t h e r  m e t h y l e n e  g roups  a r e  r e s p o n s i b l e  for  the 
a p p e a r a n c e  of an u n r e s o l v e d  m u l t i p l e t  in the r e g i o n  of 1 .19-1 .84  ppm.  F i n a l l y ,  the  two doub le t s  (7.24 and 
7.74 ppm) belong to the p r o t o n s  of the  a r o m a t i c  r ing ,  and the s i g n a l  in a s t r o n g e r  f i e ld  c o r r e s p o n d s  to the 

H b p r o t o n s .  

In the PMR s p e c t r u m  of compound  (VIII) (Fig.  2b), the  s i g n a l s  f r o m  the p r o t o n s  of the  butyl  r a d i c a l s  
and the H b p ro tons  a r e  ana logous  (both in p o s i t i o n s  and in m u l t i p l i c i t y )  to the  s i g n a l s  f r o m  the c o r r e s p o n d i n g  
p r o t o n s  in the  s p e c t r u m  of compound  (IX). The s i g n a l  of the H a p r o t o n s  in  the  s p e c t r u m  of compound  (VIII), 
h o w e v e r ,  i s  sh i f t ed  into a w e a k  f i e ld  wi th  r e s p e c t  to the  pos i t i on  in the  s p e c t r u m  of compound  (IX) and i s  r e -  
p r e s e n t e d  not by a double t ,  but by a q u a r t e t ,  which  i s  due to the s u p e r p o s i t i o n  of two doub le t s  (8.09 and 8.12 
ppm).  Consequen t ly ,  r e p l a c e m e n t  of an azo  g roup  by an azoxy  g roup  l e a d s  to the  fact  tha t  the  Ha p r o t o n s  a r e ,  
in the  f i r s t  p l ace  l e s s  s h i e l d e d t h a n i n  {IX), and in  the s e c o n d  p l a c e ,  a r e  not c h e m i c a l l y  equ iva l en t  in p a i r s .  

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

R e a c t i o n  of {i) wi th  n-C4H~SH unde r  Homoly t i c  Condi t ions .  ~ A m i x t u r e  of 4.12 g (i), 2.6 g n-C4HgSH, 
and 0.12 AIBN was  hea ted  in an a m p o u l e  a t  95 :~ 2 ~  h. F r o m  the r e a c t i o n  m i x t u r e  0.5 g of p - n i t r o p h e n o l  
was  e x t r a c t e d  with a l k a l i ,  and 1.02 g of u n r e a c t e d  {I) was  s t e a m  d i s t i l l e d  off. The r e s i d u e  was  c h r o m a t o -  
g r a p h e d  on A1203 (ac t iv i ty  II). We i s o l a t e d  3.35 g (53~c) of the  p r o d u c t  {iI) wi th  mp. 25 ~ Found:  C 56.31; 
H 6.69; S 12.61; N 5.54%. C12H17NO ~. C a l c u l a t e d :  C 56.44; H 6.71; S 12.55; N 5.48~c, 

o x i d a t i o n  of (II) to the Sulfone {iII). A 1.55 g po r t i on  of the  su l f ide  (II) was  hea t ed  fo r  3 h wi th  2.7 g 
H202 in 10 ml  g l a c i a l  CH3COOH at 70 ~ The m i x t u r e  was  p o u r e d  out onto i c e ,  and the s o l i d  p r o d u c t  l i b e r a t e d  
was  p u r i f i e d  by c r y s t a l l i z a t i o n  f r o m  e thanol .  White  c r y s t a l s  w e r e  ob ta ined  with  mp. 101 ~ y i e l d  90~c. Found:  
C 49.85; H 5.89; S 11.07; N 5.34%. C12HI.(NOhS. C a l c u l a t e d :  C 50 .15 ;  H 6.05; S 11.16; N 4.87%. 

R e a c t i o n  of {i) wi th  n-C4H~SH u n d e r  E l e c t r o p h i l i c  Condi t ions .  Into a so lu t ion  of 4.12 g (I) and 2.25 g 
n-C4HgSH in d r y  d i e thy l  e t h e r ,  SO 2 was  p a s s e d  for  3 ra in .  No r i s e  in the  t e m p e r a t u r e  was  o b s e r v e d .  The 
m i x t u r e  was  hea ted  fo r  2h at 30 ~ (no r e a c t i o n  p r o d u c t s  w e r e  de t ec t ed ) .  The r e a c t i o n  was  con t inued  for  an-  
o t h e r  5 h at  60 ~ F r o m  the r e a c t i o n  m i x t u r e  we i s o l a t e d  0.16 g (I), 0.5 g p - n i t r o p h e n o l a n d 0 . 7 4  g b i s - ( p - n i -  
t r o p h e n o x y ) - e t h y l i d e n e  (IV) with mp. 127-128 ~ The m e l t i n g  point  of a m i x e d  s a m p l e  wi th  the known sub-- 
s t a n c e  [1] g ives  no d e p r e s s i o n ;  the  Rf va lue s  of (IV) and the s t a n d a r d  in the  s y s t e m  hexane  - e thy l  a c e t a t e ,  
13:1, on A120 ~ (ac t iv i ty  II) co inc ide  (0.24). In add i t ion ,  we i s o l a t e d  0.6 g of the  d i b u t y l m e r c a p t a l  (V) (97c/c 
p u r i t y  a c c o r d i n g  to g a s -  l iquid  c h r o m a t o g r a p h y ) ;  bD. 102 ~ (3 ram);  n~  1.4900. A c c o r d i n g  to the  da ta  of [4]: 
bp. 64-67 ~ (0.11 mm);  n~l~ 1.4889. Found:  C 58.46; H 10.64; S 31.35~.  C10H22S 2. C a l c u l a t e d :  C 58.22; 
H 10.70; S 31.08~c. 
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Reaction of {I) with n-C4H,gSH under Nucleophilic Conditions. An ampoule with 8.25 g (I), sodium 
butylmercaptide produced f rom 1.4 g of sodium and 4.5 g of C4HgSH in 25 ml of abs. ethanol was heated for 
22 h at 85 ~ The react ion mixture with an addition of alkali was subjected to s team distillation to remove 
the unreacted (I) (1.5 g). The residue (5 g) was chromatographed on A1203 (activity II) in the sys tem hexane 

- ethyl acetate,  13:1. After repeated preparat ive separation,  we obtained: 4, 4 '-dibutylthioazoxybenzene 
(VIII), 2.5 g (50~c); 4, 4 ' -dibutylthioazobenzene (IX), 0.15 g (3~c); and the divinyl ether  of 4, 4 ' -azoxyphenol  
(VII), 1.25 g (25%). 

Compound (VIII) was obtained in the form of yellow crys ta l s ,  rap. 76-77 ~ Found: C 64.30; H 6.94; 
N 7.38; S 16.98%. C20H26N2OS2. Calculated: C 64.14; H 6.99; N 7.47; S 17.12%. Compound (IX) was ob- 
tained in the form of o range - red  c rys ta l s ,  rap. 92-93 ~ Found: C 67.12; H 7.35; N 7.78; S 17.69%. C20 Hz6N 2 
�9 S 2. Calculated: C 67.00; H 7.29; N 7.81; S 17.88%. Compound (VII) was obtained in the form of lemon- 
yellow crys ta ls ,  rap. 90-92 ~ Found: C 68.30; H 5.07; N 9.79%. C16ttl4N203. Calculated: C 68.06; H 5.01; 
N 9.92%. Corresponds to that descr ibed ea r l i e r  [5]. 

The method is basically analogous to that descr ibed above; only the solvent ethanol is replaced by 
dioxane (50 ml). The following were isolated from the react ion mixture:  (I), 1 g; p-nitrophenol,  0.4 g; (VII), 
3.2 g (64%); (VIII), 0.65 g (13%); (IX), 0.13 g (2.6%); resin,  0.3 g (6%); and (X), 0.1 g (2%) with mp. 110 ~ 
The IR spectra  were obtained on the IR-10 spec t rometer ,  the DMR spectra  on a JNM-4H-100 spec t rometer .  
The solvent used was CCI~. Hexamethyldisiloxane was used as an internal standard. The chemical  shifts 
were measured  according to the 5 scale,  ppm. 

CONCLUSIONS 

i. The nitro group in the p-nitrophenoxyethylene molecule has a passivating influence on homolytie 
and electrophilic thiylation at the double bond, without changing the direction of the addition, characteris- 
tic of vinylalkyl and vinylaryl ethers. 

2. Under conditions of nueleophilic thiylation, exchange of the vinyloxy group for an alkylthiyl group 
is observed, along with reduction of the nitro group both in the initial p-nitrophenoxyethylene and in the 
products of exchange. 
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