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EXPERIMENTA L 

l-Methyl-6-phenyl- and l-methyl-2-chloro-6-phenyl-7-cyanopyrrolo[l,2-a]imidazoles (I, II) were ob- 
tained by the method in [i]. 

5-Dialkylaminomethyl Derivatives of Pyrrolo[l,2-a]imidazole (III-XI, Table i). A mixture of 0.05 mole 
Of the secondary amine and 0.05 mole of a 37% solution of formaldehyde in 20 ml of dimethylformamide (DMF) 

was stirred at 20 ~ for 30 rain, after which O.01 mole of the 7-cyano-derivative of pyrroloimidazole (I, II) was 
added, and the mixture was stirred for another 3 h. The precipitated V, VIII, X, and XI were removed by fil- 
tration and washed with aqueous alcohol. In the case of the remaining compounds, no precipitate formed; the 
reaction mixture was therefore cooled, and crystallization was induced by scratching a glass rod along the wall 
of the flask or by pouring in a twofold to threefold amount of water; the resulting oil began to crystallize on 
trituration with petroleum ether. 
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RADICAL ADDITION OF THIOLS TO VINYL DERIVATIVES 

OF 4,5-DIPHENY LIMIDA ZOLE-2-THIONE 

G. G. Skvortsova, B. V. Trzhtsinskaya, 
L. F. Teterina, and V. K. Voronov 

UDC 547.786.9+547.268.1 

It is shown that  2-v inyl th io-  and 1-v iny l -2 -v iny l th io -4 ,5 -d iphenyl imidazo les  read i ly  add thiols to 
the double bond of the vinyl  group attached to the sulfur  atom. A vinyl group attached to the n i t ro -  
gen atom undergoes  only 7-15% thiylation; this is explained by the e l e c t ron -accep to r  effect of 
phenyl groups and also by s t e r i c  fac to rs .  

In the p r e s e n t  r e s e a r c h  we invest igated the reac t ion  of our p rev ious ly  synthesized [1] 2-vinyl thio-  (I) and 
1 -v iny l -2 -v iny l th io -4 ,5 -d ipheny l imidazo les  (II) with e thane- ,  butane- ,  and benzenethiols  in o rde r  to study the 
r eac t iv i t i e s  of the double bonds of vinyl groups attached to different  he te roa toms .  

In con t ra s t  to benzimidazolyl  vinyl sulfide,  which r e a c t s  only with ethanethiol under homolytic conditions 
[2], imidazolyl  vinyl sulfide I read i ly  adds butanethiol and thiophenol, in addition to ethanethiol,  to give s table  
4 ,5 -d iphenyl -2- imidazo ly l  [fi-alkyl(aryl)thioethyl] sulf ides (III-V). 

The synthes is  of thiosulf ides III-V in high yields is probably  poss ib le  becuase  of the high stabi l i ty  of the 
S - C  bond due to the effect of two e l e c t r o n - a c c e p t o r  subst i tuents  through the conjugated sy s t em of 7r, p bonds of 
the he teror ing .  

I rkutsk  Inst i tute of Organic Chemis t ry ,  Siber ian Branch,  Academy of Sciences of the USSR. Trans la ted  
f rom Khimiya Gete ro t s ik l ichesk ikh  Soedinenii, No. 11, pp. 1554-1556, November ,  1976. Original  a r t i c l e  sub-  
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CzH. N C6H5 

G6 H 5 / ~ . N ~ 2 , C  H = C ~ AIBN C6H5 N SCH:CH2SR 
H H 

I I l l  -~, 

III R=C2H5, IV i( -C41iQ, ~ R=C~H. 

The absorption bands of a vinyl group attached to a sulfur atom (1590 cm -t) vanish in the I:R spectra  of 
III-V, and new intense absorption bands, which cha rac te r i ze  the stretching vibrations of methyl and methylene 
groups, appear at 2800-2970 cm -1. The presence  of the - S - C H 2 C H  2-  fragment is charac te r ized  in the PMR 
spect ra  of III by a t r iplet  at 2.56, 2.85, and 3.23 ppm, in the spectrum of IV by a quartet  at 1.40, 2.45, 2.65, and 
3.09 ppm, and in the spect rum of V by a singlet at 3.19 ppm. 

Whereas 1-vinyl-2-vinyl thiobenzimidazole  under radical- ini t ia t ion conditions reac t s  with thiols to give fl- 
addition products  at both vinyI groups [3], divinylmercaptoimidazole  II adds alkanethiols mainly to the double 
bond of the vinyl group attached to the sulfur atom. As a result ,  new sulfur-containing N-vinyl derivatives VI 
and VII were synthesized.  

The intense absorption band at 1642 cm -1 due to the stretching vibrations of a vinyl group attached to a 
nitrogen atom is retained in their  IR spect ra .  The absorption at 1590 cm -1 ( -S-CH=CH2)  vanishes completely,  
and bands affiliated with the s t re tching vibrations of CH 2 and CH 3 groups appear at 1380 and 2870-2970 cm -1. 
The protons of the vinyl group attached to the nitrogen atom form an ABX spin system (5 A 4.94, 5 B 5.10, 5 X 

6.49 ppm; J A B = I . 2  Hz, JAX= 7.2 Hz, and JBX= 13.G Hz). 

S C . = c .  AIBN c H 5 SCH CH2SR * C6H_/~.N/x~S 
I i I : .  
CH=CH 2 CH~CH 2 ' CH2CH2SR - 

II VI, VII VIII 

VI R = C 2 H s ,  V I I I  R=C4H 9 

An analysis of the side products  in the thiylation of II showed that the vinyl group attached to the nitrogen 
atom undergoes 7-159~ addition of the thioalkyl radical .  Moreover ,  1-f l -ethyl thioethyl-4,5-diphenylimidazole-2-  
thione (VIII) is formed in the react ion of imidazole II with ethyl mercaptan due to elimination of the ethylthio 
group attached to the sulfur atom in the 2 position of the f ive-membered  ring. The s t ructure  of sulfide VIII is 
confirmed by the absence in its IR spec t rum of absorption bands of both vinyl groups and by the presence  of the 
absorption at 1510 cm -1 charac te r i s t i c  for the thioamide fragment .  In the react ion of divinylmercaptoimidazole 
II with butyl mercaptan,  1-f l-butyl thioethyl-2-butyl thio-4,5-diphenylimidazole (IX) was isolated in small  amounts 
along with disulfide VII. 

We have previously proposed [3] a method for the synthesis of N-vinylbenzimidazole-2- thione by heating 
the divinyl derivat ive of benzimidazole-2- th ione with a thiol without a ca ta lys t .  Under s imi lar  conditions, we 
were unable to obtain N-vinyl-4 ,5-diphenyl imidazole-2- th ione (X) from divinylmercaptoimidazole  II; this is due 
to the high stabili ty of the resul t ing sulfide. We isolated disulfide VI instead of the expected thione X. 

Thus the vinyl derivat ives of 4 ,5-diphenyl imidazole-2- thione a re  charac te r ized  by higher stability of the 
C - S  bond as compared  with the corresponding vinyl derivatives of benzimidazole-2- thione.  The double bond of 
the vinyl group attached to the nitrogen atom in II has lower activity in radical  addition react ions ; this apparently 
should be explained by the e lec t ron-accep tor  effect of two phenyl groups and also by s ter ic  hindrance created 
by a bulky substituent in the 5 position of the imidazole ring. The indicated peculiar i t ies  In the s t ruc ture  of II 
make it possible to obtain new N-vinyl derivat ives of imidazole that have a disulfide grouping in the 2 position. 

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

The LR spec t ra  of KBr pellets of the compounds were recorded  with a UR-20 spec t rometer .  The PMR 
spec t ra  of CCI~ solutions of the compounds were recorded  at room tempera ture  with a BS487B spec t romete r  
and hexamethyldisiloxane as the internal s tandard.  Compounds I and II were obtained by the method in [1]. 

4~5-Diphenyl-2-imidazolyl  [~-Alkyl(aryl)thioethyl] Sulfide (III). An ampul was charged with 1.56 g (6 
mmole) of I, 1.32 g (22 mmole) of ethyl mercaptan,  and 0.01 g (~ 0.5% of the weight of the mixture) of azobis iso-  
butyronitr i le  (AIBN), and the ampul was sealed and heated in a thermosta t  at 80 ~ for 24 h. It was then cooled, 
and the excess mercaptan  was removed by distillation. The crys ta l l ine  res idue was purified by reprecipi ta t ion 
f rom ch loroform solution by the addition of hexane to give 1.4 g of product.  
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T A B L E  1. P h y s i c a l  C h a r a c t e r i s t i c s  of the Synthes ized  Com~)ounds 

Com- 
pound 

III 
IV 
V 

VI 
VII 

VllI 
IX 

rap, "C 

132--134 
124--126 
141--143 
79--80 

Oil 
1~t--124 
74--76 

Empirical 
formula 

C,,.,H~.oN~S2 
C.',tH2,tN~,, 
Cz~H2oN2S', 
C.',,HnN2S~ 
C=aHuN:~S2 
C19H~oN2S~ 
C~H32N2S2 

Found, % 

c a I s 

67',0 5,9 18,7 
.68,2 6,6 17,4 
79,8 '5,0 16, I 
68,8 5,8 17,7 
70,3 6,4 I 6,2 
67,4 6,1 18,4 
70~3 7,3 15,0 

Caie.. % 

c ] H ] S 

67,0 5,9 18,8 
68,4 6,5 17,4 
71,1 5,2 16,5 
68,8 6,0 17,5 
70,1 &,6 16,2 
67,1. 5,9 18,8 
70,6 7,6 15,1 

Yield 
% 

77 
85 
61 
72 
57 
15 
7,5 

Sulfides IV and V w e r e  s i m i l a r l y  obtained.  The  phys ica l  c h a r a c t e r i s t i c s  of the syn thes i zed  compounds  
a r e  p r e s e n t e d  in Tab le  1. 

1 - V i n y l - 4 , 5 - d i p h e n y l - 2 - i m i d a z o l y l  ~ -E thy l th ioe thy l  Sulfide (VI). A mix tu r e  of 1.5 g (4.9 mmole)  of imida -  
zole  II, 2.1 g (35 mmole)  of ethyl  m e r c a p t a n ,  and 0.02 g of AIBN was  heated in a sea led  ampul  at 80 ~ for  24 h, 
a f t e r  which the exces s  m e r c a p t a n  was  r e m o v e d  by d is t i l la t ion ,  and the r e s i d u e  was  d i sso lved  in c h l o r o f o r m  and 
s e p a r a t e d  with a co lumn  filled with A1203 (elution with CHC13) to  give 1.3 g of sulf ide  VI (Rf 0.76) and 0.3 g of 
th ione VIII  (Rf 0.25). Sulfides VII (Rf 0.81) and IX (Rf 0.2) (Table 1) w e r e  s i m i l a r l y  obtained.  
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R E D U C T I O N  O F  4 H - I l V I I D A Z O L E  N - O X I D E S  

W I T H  S O D I U M  B O R O H Y D R I D E  

V .  S .  K o b r i n  a n d  L .  B .  V o l o d a r s k i i  UDC 547.781.3'785.1:542.942.4 

The reduction of derivatives of 4H-imidazole N-oxides with sodium borohydride leads, depending 
on the presence and position of an N-oxide group, to 1-hydroxyimidazoline or imidazolidine de- 
rivatives. Under the same conditions 4H-imidazole N,N'-dioxides form 1,3-dihydroxyimidazoli- 
dines. The reduction of l-hydroxy-2,4,5,5-tetramethyl-3-imidazoline 3-oxide leads to N-(3- 
oximino-2-methyl-2-butyl)ethylhydroxylamine. It was observed by UV spectroscopy that 1-hydroxy- 
2-imidazolines exist in a tautomeric equilibrium with 2-imidazoline 3-oxides. 

Cont inuing our  s tudy of the p r o p e r t i e s  of 4 H - i m i d a z o l e  de r iva t i ve s ,  we have obse rved  that,  in c o n t r a s t  to 
cova len t  hydra t ion  [1, 2], the d i r ec t ion  of the i r  r educ t ion  depends on the p r e s e n c e  and posi t ion of an N-oxide  

oxygen a tom.  

The l i t e r a t u r e  conta ins  in fo rmat ion  r e g a r d i n g  the r educ t ion  of the n i t rone  grouping  by alkal i  me ta l  b o r o -  
hydrides. It is known, for example, that pyrroline N-oxide is reduced to N-hydroxypyrrolidine [3], and that 
hexamethyl-2,3-dihydropyrazine 1,4-dioxide is reduced to 1,4-dihydroxyhexamethylpiperazine [4]. The reduc- 
tion of derivatives of 1-hydroxyimidazole 3-oxides leads to l-hydroxyimidazoles [5]. Depending on the reaction 
conditions, open nitrones (azomethine N-oxides) may form azomethines or secondary amines [6]. The reaction 

N o v o s i b i r s k  Inst i tute  of  Organ ic  C h e m i s t r y ,  S iber ian  Branch ,  A c a d e m y  of Sc iences  of the USSR. T r a n s -  
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