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We r epo r t ed  the syn thes i s  of va r ious  subst i tu ted benz th iazo les  [1, 2] with a view to s tudying the r e l a -  
t ionship of the i r  phys io log ica l  ac t iv i ty  with s t r u c t u r e .  Since it is known that  the benz imidazo le  group is 
f a i r ly  widely d i s t r ibu ted  in phys io log ica l ly  ac t ive  compounds  and ce r t a i n  subst i tu ted  2 - m e r c a p t o b e n z o x a z o l e s  
p o s s e s s  m a r k e d  herb ic ida l  ac t iv i ty  [3] it s e e m e d  of in t e re s t  to continue the s t a r t ed  s tudies  on compounds  of 
the benzoxazole  and benz imidazo le  s e r i e s .  It  was a lso  of in t e res t  f r o m  the point  of view of c o m p a r i n g  the 
chemica l  p r o p e r t i e s  of compounds  of these s e r i e s .  

2 -Benzoxazo ly l  vinyl  sulfide (I) and 2 -benz imidazo ly l  vinyl  sulfide (II) (IR s p e c t r a  Fig .  1), which were  
p r e p a r e d  by the v inyla t ion of 2 - m e r c a p t o b e n z o x a z o l e  and 2 - m e r c a p t o b e n z i m i d a z o l e  (Schemes 1 and 2), were  
used as s t a r t ing  subs tances  f o r  this work .  This  v inyla t ion r eac t ion  f o r  the se lec ted  compounds  p r o c e e d e d  
under  condi t ions  c lose  to those developed e a r l i e r  f o r  the syn thes i s  of 2 -benz th iazo ly l  vinyl  sulfide (III) [1] 
with y ie lds  of ~ 60-70%. 

During the s tudy of c e r t a i n  r e a c t i o n s  of the vinyl sul f ides  (I) and (II) a s igni f icant  i n t e rac t ion  of a toms  
r e m o t e  f r o m  one another  was noted which led, in pa r t i cu l a r ,  to a definite dependence  of the p r o p e r t i e s  of 
the vinyl double bond on the na ture  of the h e t e r o a t o m  X p r e s e n t  in the i r  molecu le  

H 
\ /C--SCH=CH~ 

X 
(I) X =  O; (II) X=NH; (III) X=S 

M o r e o v e r  a g r ea t  s i m i l a r i t y  was  found in the chemica l  p r o p e r t i e s  of the vinyl sulf ides  f o r  which 
X = O  o r  S. Thus ,  in f r ee  r ad i ca l  addit ion r eac t ions  with a number  of thiols,  sulfide (I) r e a c t s  ana logous ly  
to 2 -benz th iazo ly l  vinyl sulfide (III) which was  d e s c r i b e d  e a r l i e r  [1] and gives  in the p r e s e n c e  of a z o d i i s o -  
bu ty ron i t r i l e  (AIBN) with ethanethiol ,  thiophenol,  and th io lace t ic  acid high y ie lds  of the adducts  (IV)-(VI). 
This r eac t i on  p r o c e e d s  even m o r e  smooth ly  fo r  benzoxazoly l  vinyl  sulfide (I) than f o r  the benz th iazo le  analog 
(III): in this c a s e  the c leavage  p r o c e s s e s  (for example ,  in the addit ion of th io lacet ic  ac id  in the p r e s e n c e  of 
a t m o s p h e r i c  oxygen) which a re  c h a r a c t e r i s t i c  of the s lower  r eac t ions  of the l a t t e r  [1] a r e  not o b s e r v e d  

T A B L E  1 

o 

o o 
L) Z 

bp, ~ (p mm Hg) or rap, 
~ (solvent) 

I 
II 

IV 
V 

VI 
VII 
VIII 
IX 

X 
XI 

Found, % 

C H S 

97--99 (3) 
159--161 (benzene - al- 

cohol) 
149--150 (3) 
48--4~.5(pe~oleum 

ether) 
141--142,5 (3) 
88,2--88,6(alcohol) 
99,8--101(alcohol) 
llS--119(benzene -hep- 

16~e)165,5(alcohol) 
122,5--123,5 (3) 

Emperical 
formula 

C 

I 
61,07 4,25~18,37 C~HTNOS 61,00 
61,38 4,65 18,081C9HsN2S 61,33 

55,26 5,78 26,42 CIIHI3NOS~ 5~,19 
62,41 4,52 22 51 C~sH~3NOS2 62,68 

52,11 4,53 25,57 C~IHIINO~S2 52,15 
48,78 4,93 23,30 C11H13NQS2 4~,67 
56,35 4,15 20,11 C15HI~NO3Se 5~,42 
56,07 5,91 25,45 CI~HI4N2S2 5~,41 

51,60 4,02 14,65 CgHsN202S 51,92 
63,88 6,50 15,25 CnHIzNOS 6~,77 

Calculated,% 

t I  �9 S 

3,98 18,06 70 
66 4,57 18,19 

5,47126, 79 94 
4.56 22,83 92 

4,38 125,31 72 
4,83t23,63 97 
4,10 29,08 90 
5,91 ]26,90 50 

I 3,87 15,40 60 
6,28 I5,46 9(~ 
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(V) ICH3COsH 

C--SCH2CH~SO2C6H5 
0 

{VIII) 

C--SCH~CH~SC2H s 
{iV} 0 

CHaCOaH 

C--SCH~CH2SO2C~H 5 

{VII) 

As regards  the benzimidazolyl  sulfide (If) (Scheme 2), only in its react ion with ethanethiol were we 
successful  in prepar ing  the adduct (IX) in a yield of ~ 50%. The format ion of 2-thiophenylbenzimidazole 
(XII) (i.e. a~ unusual transetherification) was observed in the react ion of the sulfide (II) with thiophenol. The 
same treatment  with thiolacetic acid, even with the s t r ic t  exclusion of a tmospheric  oxygen, caused decom-  
position of the sulfide molecule and the l iberation of 2-mercaptobenzimidazole  

Scheme 2 

f~F--Ti~ cH-= c~ ~'~--n cH3co~i~ ~ " / ~ c  -'-I ki H - #"/ %..~a.~c=s KoH ~.%~..c--scH=cH, --so,cH=cu, 
N}I 

~",..../k.,x/C--,,CsH- -----S 
~',,i H NH NH 

Ox) (xH) 

Thus, cleavage reactions of the group in position 2 are more  charac te r i s t i c  for  the benzimidazole 
derivat ives ~han addition to the side chain double bond. The lat ter  is evidently distinguished in this case by 
a reduced react ivi ty .  

Several s imi la r  react ions were observed previously  [4] in the case of nucleophilic substitution of a 
chlorine atom situated in position 2 of various heterocycl ic  sys tems by amino or alkoxy-groups.  At the 
same time iL is difficult to accept  that the thiols react  in our case as nucleophiles. It was shown in the work 
cited that th3 ease of substitution of the group in position 2 under nucleophilic conditions very  c lear ly  in- 
c r ea ses  in the o rder :  benzimidazole < benzthiazole < benzoxazole [4]. At the same time we only observed 
the exchange, of the SCH=CH2* group by the SCGH 5 group in the benzimidazole se r ies .  

The resul ts  of the oxidation react ion under mild conditions (peracetic acid in ether,  t empera ture  --12 
to --10~ also proved to be unexpected for  the same vinyl sulfides (I) and (II) and also the adduets (IV), (V), 
(VI), and (X}:) obtained based on them. Thus, during the oxidation of the vinyl sulfide (I), which contained 
the oxazole ring, cleavage of the molecule occur red  and, instead of the expected sulfone, 2-hydroxybenzo-  
xazole was formed (q.v. Scheme 1). Adducts (W) and (V) based on the vinyl sulfide (I) and which contain 
two sulfur atoms in the side chain gave the monosulfones (VII) and (VIII) even in excess peracet ie  acid. 
The introduction of only two oxygen atoms into the side chain during the oxidation was confirmed by e lemen-  
tary analysis  and the formation of the sulfonyl group by the IR spect rum (Fig. 2). 

The sl:ructure of these sulfones must  cor respond with formula  

) -  11N 
\ /C--SCI{~Cg~SO2R, 

0 

since an attempt to oxidize them fur ther  in the same way as the oxidation of the s impler  2-alkylthiobenzo- 
xazoles [for example the 2-thiobutyl derivative (XI)] always leads to the one and the same resul t  -- cleavage 

* The over.-all increase  of rate in this se r i e s  is very  large and consis ts  of approximately 6 o rders .  
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Fig. 1. IR Spectra:  1) 2 -Benzo-  
xazolyl  vinyl sulfide (I); 2) 2 -benz i -  
midazolyl  vinyl sulfide (II); 3) 2-  
benzimidazolyl  vinyl sulfone (X) 
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Fig. 2. IR Spectra:  1) f l -Ethyl-  
th ioethyl-2-benz oxazolyl sulfone 
(VII); 2) f l -phenylthioethyl-2-  
benzoxazolyl  sulfone (VIII). 

of the side chain and format ion  of 2-hydroxybenzoxazole  (q. v. 
Scheme 1). It  should be noted that under the oxidation conditions 
adopted by us, c leavage of the side chain was never  observed  
in the analogous der iva t ives  of the benzthiazole s e r i e s  [1]. How- 
eve r  there  is an indication of the cleavage of the 2 -hydroxye thy-  

thio group during the oxidation of the cor responding  sulfides under d ras t i c  conditions [5]. In spite of the 
fact  that all  the der iva t ives  of benzimidazole  a re  difficultly soluble subs tances ,  and their  reac t ions  a re  
obliged to be c a r r i e d  out under heterogeneous  conditions, the vinyl sulfide (I) gave, on oxidation, the ex-  
pected vinyl sulfone (X) (q.v.  Fig. 1). The oxidation of the di thioether  (IX) under these conditions led to 
the fo rmat ion  of a complex mix ture  of products  which were  not invest igated fu r the r .  

The data p resen ted  evidently indicates that in oxidation reac t ions  of the sulfur  a tom si tuated in pos i -  
tion 2 of the compounds studied the following o rde r  of conjugation with the adjacent  f r agmen t s  of the h e t e ro -  
r ings is shown 

N II It 
C--S--~ C--S--~ C--S-- 

�9 \ / \/ \/ 
NH S 0 

Probably this considerably hinders the oxidation of the sulfur atom in the oxazole derivatives. 

The study of the dependence of the physiological activity of the prepared compounds on structure will 
f o r m  the subject  of a separa te  communicat ion.  

EXPERIMENTAL SECTION 

2-Mercaptobenzoxazole (synthesized by the known method [6]) and 2-mercaptobenzimidazole (techni- 
cal domestic company "Chemapol, w ChSSR) served as starting compounds for the synthesis of 2-benzoxazo- 
lyl vinyl sulfide (It and 2-benzimidazolyl vinyl sulfide (If). In the majority of cases the oxidation of sulfides 
was carried out with concentrated peracetic acid (70-75%) in absolute ether solution at a temperature of 
--I0 to --12~ The other reaction conditions are given in the experimental description. Melting points 
were determined on a Koffler apparatus. All melting points are uncorrected. IR spectra were measured 
by UR-10 spectrophotometer in CCI 4 solution [compounds (I), (VII), and (VIII)] or as KBr discs [compounds 
(II) and (X)]. 

2-Benzoxazolyl  Vinyl Sulfide (I). A mix ture  of 15 g of 2 -mercap tobenzoxazole  and 1 g of KOH in 300 
ml of dioxane was s t i r r ed  in a rotat ing autoclave of 1 l i te r  capaci ty .  The mix ture  was sa tura ted  with ace t -  
ylene. The heating at 170-175~ (maximum p r e s s u r e  40 atm) was maintained for  5 h. After  r emova l  of 
the dioxane the res idue was dissolved in e ther ,  washed with water ,  and dr ied over  Na2SO 4. This  yielded 12.2 
g of sulfide (I) as a slightly mobile  yel low liquid with bp 97-99 ~ (3 mm); nI~~ 1.6221; d42~ 1.2142. Found: 
MR 51.87; Calculated MR 51.41. 
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2-Beaz imidazo ly l  Vinyl Sulfide (II) was p r e p a r e d  s i m i l a r l y  to sulfide (I). The heating was conducted 
at 170-180"C (maximum p r e s s u r e  20 aim) for  3 h. After  working up, the solid res idue  was washed on the 
f i l t e r  with benzene. F r o m  10 g of 2 -mercap tobenz imidazo le  was obtained 7 g of the sulfide (II) (Table 1). 

React ion of the Vinyl Sulfides (I) and (lI) with Ethanethiol,  Thiophenol, and Thiolacet ic  Acid. The 
reac t ions  ~r c a r r i e d  out with benzene dilution in sealed glass  ampoules  in a ni t rogen a tmosphere  at 78 
-80~ fo r  20-24 h. The ini t ia tor  was AIBN (0.25-0.75%). The sulfides (1 mole) and thiols (2-2.5 mole) used 
in the reacLion were  f r e sh ly  dist i l led in a s t r e a m  of ni t rogen.  The p r o p e r t i e s  and yields of the compounds 
p r e p a r e d  a re  given in Table 1. 

f i -Ae~tyl thioethyl-2-benzoxazolyl  Sulfide (VI). A mix ture  of 3.54 g of sulfide (I) and 7.6 gof th io lace t i c  
acid was heated in the p r e s e n c e  of 0.025 g of AIBN for  24 h. The yield of compound (VI) was 3.6 g (72%). 

Compound (VI) was p r e p a r e d  in the s ame  yield on heating 1.77 g of sulfide (I) with 1.52 g of thiolacetic 
acid (0.01 g of AIBN) without r emova l  of a tmosphe r i c  oxygen and without a p r e l i m i n a r y  dis t i l la t ion of the 
eomponent~'~. 

Oxidation of 2-Benzoxazolyl  Vinyl Sulfide (I). A solution of 3 g of sulfide (I) in 30 ml  of e ther  was 
t r ea ted  with 3.4 g of pe raee t i c  acid (72%). The reac t ion  mix ture  was left  overnight .  Af ter  working up, 
2 g ( ~  90%'t of 2-hydroxybenzoxazole  was obtained with mp 136-137.5 ~ Found: C 62.20; H 3.70%. CTHbNO 2. 
Calculated:  C 62.22; H 3.70%. There  was p r e sen t  in the IR spec t rum of 2-hydroxybenzoxazole  f requenc ies  
attributable, to i ts  i somer i c  fo rm,  benzoxazolone,  (q.v.  Table  1), the doublet with f requenc ies  at 1740 and 
1780 e m  -I  :is c h a r a c t e r i s t i c  fo r  the C ----O group and the broad band with absorpt ion  m a x i m u m  approximate ly  
at 3250 c m - 1  is c h a r a c t e r i s t i c  fo r  an NH group. According to the data  of [7] the mp is 137-138~ 

If the work up of the reac t ion  m a s s  is c a r r i e d  out immedia te ly  af ter  the addition of the pe raee t i c  acid, 
the sulfide (I) is r e c o v e r e d  unchanged. 

f l -Ethyl th ioethyl -2-benzoxazolyl  Sulfone (VII). A mix tu re  of 0.5 g of compound (IV) in 20 ml  of abso -  
lute e ther  was t r ea t ed  with 0.92 g of pe raee t i c  acid (71%, isolat ion on the same  day). The yield was 0.54 
g of sulfone (VII). The re  were  absorp t ion  bands at 1140 and 1330 em -i  in the IR spec t rum of (VII) (q.v.  
Fig. 2) which a re  c h a r a c t e r i s t i c  of the SO 2 group. If  the reac t ion  mix tu re  was left  overnight  without work -  
ing up, decomposi t ion  of the sulfone molecule  (VII) occu r r ed  with the pa r t i a l  fo rmat ion  of 2 -hydroxybenzo-  
xazole ( denons t r a t ed  by TLC).  

f l -Phenyl th ioe thyl -2-benzoxazolyl  Sulfone (VIID. (VIII) was obtained by t rea t ing  0.5 g of compound 
(V) in 20 ml  of absolute e the r  with 0.5 g of pe race t i c  acid (78%). The yield of sulfone (VIII) was 0.5 g (90%). 
The IR s p e c t r u m  is given in Fig. 2. 

f i -Ethyl th ioe thyl -2-benzimidazoly l  Sulfide (IX). A mix ture  of 1.35 g of sulfide (II) and 1.6 g of e thane-  
thiol diluted with 10 ml  of benzene and 90 ml  of dioxane was heated in the p r e sence  of AIBN for  10 h. The 
yield was (].9 g (50% of compound (IX). 

Reac!~ion of 2-Benzimidazoly l  Sulfide (II) with Thiophenol.  A mix tu re  of 0.5 g of sulfide (II) and 3.13 
g of thiophenol diluted with 15 ml  of benzene (0.02 g of AIBN) was heated.  The yield was 0.39 g (67%) Of 
2- thiophenylbenzimidazole  with mp 198-200~ . Found: C 69.29; H 4.66; S 14.47%. CI3H10N2S. Calculated:  
C 68.98; H 4.45; S 14.17%. According to the data of [8] the mp is 201~ 2-Thiobenzimidazole  is also 
fo rmed  on c a r r y i n g  out the reac t ion  without solvent .  

Reae~;ion of Benzimidazolyl  Vinyl Sulfide (II) with Thiolacet ic  Acid. A mix tu re  of 0.5 g of sulfide (II) 
and 2.16 g of thiolacet ic  acid diluted with 15 ml  of benzene was heated in the p r e s e n c e  of 0.02 g of AIBN. 
The yield was 0.33 g (78%) of 2 -mercap tobenz imidazo le  with mp 300.5-302 deg (in a sea led  capi l la ry) .  A 
sample  mi~:ed with authentic m a t e r i a l  did not give a depress ion  of the mel t ing  point. According to the data 
of [9] the mp is 298~ 

2-Benzimidazoly l  Vinyl Sulfone (X). On t rea t ing  1 g of sulfide (ii) with 1.5 g of pe race t i c  acid (59%), 
0.73 g (60~) of sulfone (X) was isolated.  There  were  adsorpt ion bands at 1140 and 1340 e m  -I  which a re  
charaeteri ,~t ic  fo r  the SO 2 group in the IR s p e c t r u m  of (X). 

2-Thi.obutyibenzoxazole.  Alkylation of 2 -mercap tobenzoxazo le  (0.1 mole) in alcoholic NaOH solution 
(0.1 mole) with butyl b romide  (0.1 mole) gave 12 g (90%) of sulfide (XI) with bp 122.5-123.5 ~ (3 ram); nD 20 
1.5689. 
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Oxidation of 2-Thiobutylbenzoxazole (XI). The oxidation was c a r r i e d  out as descr ibed  above. The 
reac t ion  mixture  was kept overnight  in the r e f r i g e r a t o r .  On r ecommenc ing  the s t i r r ing  at room t e m p e r a -  
ture an exo thermic  reac t ion  was observed  (without resinif icat ion) .  F r o m  5.2 g of sulfide (XI) 3 g (90%) of 
2-hydroxybenzoxazole  was obtained with mp 136-137~ A sample  mixed with an authentic spec imen  did 
not give a depress ion  of mel t ing  point. 

S U M M A R Y  

1. The vinylation reac t ion  of 2 -mercap tobenzoxazole  and 2 -mercap tobenz imidazo le  is studied. 

2. A number  of sulfides and sulfones with sulfur  a toms in the side chain, a re  p r e p a r e d  under  reac t ion  
conditions developed on the bas i s  of the he terocycl ic  vinyl sulfides.  

3. Together  with the usual f r ee  rad ica l  addition of thiols to the C = C double bonds of the p r e p a r e d  
vinyl sulfides,  the unexpected reac t ion  of substi tution of the S-vinyl group by the thiophenyl radica l  was 
found in the case  of 2-benzimidazolyl  vinyl sulfide. 

4. The sulfur  atom adjacent  to the oxazole r ing in 2-benzoxazolyl  vinyl sulfide in con t ras t  to 2-benz i -  
midazolyl  vinyl sulfide is not oxidized to the sulfone under mild conditions; under m o r e  v igorous  conditions 
c leavage occurs  with the fo rmat ion  of 2-hydroxybenzoxazole .  
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