
REACTION OF THIOUREA AND N,N'-DIPHENYLTHIOUREA 

WITH COMPOUNDS CONTAINING S-HALOGEN AND N-HALOGEN 

B.  V.  K o p y l o v a ,  M. N~ K h a s a n o v a ,  
a n d  R .  K h .  F r e i d l i n a  

B O N D S  

UDC 542 o91+ 547.496.3 

The react ion of th iourea with compounds containing a labile e lement -ha logen  bond has received v e r y  
little study. It is r ecorded  that a lky lmercury  bromides  give a lkylmercuryiso th iuronium bromides  with 

thiourea [1]. 

RHgBr ~- SC (NH2)~-+RHgSC(=NH)NH~. HBr 

A react ion of diaikylchlorothiophosphate with thiourea is descr ibed [2] in which an organophosphorus 
compound is obtained which according to the au thor ' s  data has the thiourea group linked to the phosphorus 
atom 

(RO)~PSC! -~ SC (NH~)2 --~ (I~O)2PSSC (= NH)NH~ 

In an example with butyl-  and phenylsulfenyl chlorides it was shown that sulfenyl chlorides react  with 
thiourea in acid medium to form alkyl(aryl) thioisothiuroniums [3] 

HCOOH 
RSC1 q- SC (NK~)~ - -  * I~SSC(=NH)NH~-HX 

In the present paper the reaction of thiourea and N,N'-diphenylthiourea with compounds contai1~ing 
S-Hal and N-Hal bonds has been studied. 

For  this we pursued a study of the react ion of thiourea with sulfenyl chlorides in acid medium. Ethyl-  
sulphenyl chloride and t r ichloromethylsul fenyl  chloride were selected as examples.  Ethylsulfenyl chloride,  
as was to be expected, gave with thiourea the S-ethylthioisothiuronium compound which was isolated as the 
p icra t  e. The react ion of N,N'-diphenylthiourea with ethylsulfenyl chloride proceeded analogously and gave 
the nitrogen substituted S-ethylthioisothiuronium compound 

CzHaSCI ~- SC(NHR)2 CFaCOOH C2HaSSC( ~----NR)NHR,HCI 
R=H, C6Hs 

We failed to obtain the trichloromethylthioisothiuronium compound in the case of the reaction of tri- 
chloromethylsulfenyl chloride and thiourea. Trichloromethylsulfenyl chloride acts on diphenylthiourea as 
a free halogen [4] with the formation of N,N'-diphenylformamidine disulfide dihydrochloride 

C6HsNH NHC6H5 

C~HsN NC6Hs 
.2HCI 

Sulfur monochloride and sulfur dichloride were selected as other examples of compounds containing 
the S -Ha l  bond. It was shown that they also reac ted  with thiourea and N,N'--diphenylthiourea forming f o r m -  
amidine disulfide or  N,N'-diphenylformamidiae  disulfide. 

S~C12. RNH NHR 
. C--S--S-- 

SCI~ CF~COOH RN NR 
.2HCI 
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The reaction of thiourea and N,N'-diphenylthiourea with compounds containing the N-Hal bond is 
studied with the example N-bromosuccinimide. The reactions were carried out in anhydrous formic acid 
and acetone. Bromosuecinimide in formic acid reacts both with thiourea and N,N'-diphenylthiourea forming 
formamidine disulfide and N,N'-diphenylformamidine disulfide. The reaction of bromosuceinimide with 
N,N'-diphenylthiourea in acetone led to quite different results. Acetone in this case is not an inert solvent 
but is involved in the reaction and 4-methyl-3-phenylthiazolone-2 anil hydrobromide is formed. 

CH3--C~CH 

I }s 
C~Hs--N--C:N--C~H~. HBr 
(B) (A) 

In the PMR spectrum of this substance a signal was detected for the CH 3 protons (5 = 1.85 ppm), for 

the vinyl proton (5 = 6.35), for the phenyl protons (6 A = 7.12, 5 B = 7.41), and for the HBr proton (6 = 8.31 
ppm). The marked shift of the latter signal to weak field indicates the presence of a certain positive charge 
on the corresponding hydrogen atom. The assignment of the chemical shifts to rings A and B is made on 
the basis of a comparison of the donor properties of the nitrogen in respect to the phenyl ring. It is of 

course assumed that the imino nitrogen is a better electron donor and that the benzene ring adjacent to it 
will carry the greater negative: charge~ this will also determine the shift of the PMR signal to a stronger 
field relative to the usual position of the signal for aromatic protons. The position of the vinyl and methyl 
peaks agree with the usual values. These assignments are fully support by the measurements of the rela- 
tive intensities of the peaks. 

On substituting acetone by aeetophenone we obtained the heterocyclic compound 4-phenyl-3-phenyl- 
thiazolone-2 anil hydrobromide 

C6HsC~--CH 

C~HsN --C~NC~Hs. HBr 

Its structure is also confirmed by the PMR spectrum in which signals are detected for the vinyl proton (6 = 
6.55), for the phenyl protons (6 = 7.02, 7.25, and 7.35), and for the HBr proton (5 = 8.42 ppm}o 

Evidently, the reaction of ketones with bromosuceinimide and thiourea is a general one-stage method 
of synthesis of thiazolone rings. This method of synthesis is similar to the known method of synthesis of 

thiazoles by the reaction of thiourea with ketones inthe presence of such oxidizing agent as Io or SO2CI 2 [5:]. 
The reaction of butylsulfenyl chloride with N,N'-diphenylthiourea in acetone medium also proceeded with 
the involvement of acetone in the reaction. The compound obtained presumably has the structure 

SC4H9 

CH~--C=J  

C~Hs--N--C=NC6Hs. HX 

EXPERIMENTAL 

R e a c t i o n  o f  C o m p o u n d s  C o n t a i n i n g  S - C 1  a n d  N - B r  B o n d s  w i t h  T h i o u r e a  a n d  
N , N ' - D i p h e n y l t h i o u r e a  i n  A c i d  M e d i u m .  The r e a c t i o n  of the  c o m p o u n d s  con ta in ing  S - C l  and 
N - B r  b o n d s  wi th  t h i o u r e a  and N , N ' - d i p h e n y l t h i o u r e a  in ac id  m e d i u m  w a s  c a r r i e d  out  e i t h e r  in a f l a s k  with  
a s t i r r e r  o r  in  s e a l e d  a m p u l e s  (in the  c a s e  of  hea t ing  to ~ 100~ A f t e r  t e r m i n a t i n g  the  h e a t i n g  the  r e a c t i o n  
m i x t u r e s  w e r e  c o n c e n t r a t e d  u n d e r  v a c u u m ,  the  the  c o r r e s p o n d i n g  p i c r a t e s  w e r e  o b t a i n e d  f r o m  an a l iquot  
of the  r e s i d u e s .  The  s t a r t i n g  r e a c t a n t s ,  t h e i r  quan t i ty ,  the  so lve n t  and i t s q u a n t i t y ,  t e m p e r a t u r e ,  p e r i o d  of 
h e a t i n g ,  f o r m u l a  of c o m p o u n d s  o b t a i n e d ,  and the  y i e l d  a r e  g iven  in T a b l e  1 ( e x p e r i m e n t s  1 -8) .  The m e l t i n g  
po in t  and a n a l y s i s  of  the  c o m p o u n d s  ob t a ined  a r e  g iven  in T a b l e  2 ( e x p e r i m e n t s  1 -4) .  

R e a c t i o n  o f  B r o m o s u c c i n i m i d e  w i t h  N , N ' - D i p h e n y l t h i o u r e a  a n d  A c e t o n e  o r  
A e e t o p h e n o n e .  To a s o l u t i o n  of  3 g of b r o m s u c c i n i m i d e  in 20 m l  of a c e t o n e  was  added  d r o p w i s e  wi th  
s t i r r i n g  a s o l u t i o n  of 3.7 g of N , N ' - d i p h e n y l t h i o u r e a  in 30 m l  of a c e t o n e .  The  r e a c t i o n  m i x t u r e  was  h e a t e d  
at  60-65 ~ f ro  8 h, then  c o n c e n t r a t e d  in v a c u u m .  The  r e s i d u e  was  t r e a t e d  with hot  w a t e r .  A f t e r  e v a p o r a t i o n  
of  the  aqueous  s o l u t i o n  in  v a c u u m  4 - m e t h y l - 3 - p h e a y l t h i a z o l o n e - 2  ani l  h y d r o b r o m i d e  was  o b t a i n e d  with  mp  
243-245 ~ ( f rom ace tone ) ;  t h e y i e l d  was  33% of  t h e o r y .  Found  %: C 54.97;  H 4.48;  S 8.87.  C16Hl~N2SBr. C a l -  
c u l a t e d  %: C 55.33;  H 4.35;  S 9.23.  The  p i c r a t e  had mp 187 ~ Found  %: C 53.41;  H 3.45;  S 6.24.  C22H17OTNsS. 
C a l c u l a t e d  %: C 53.32;  H 3.46;  S 6.47.  
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From the residue remaining after treatment with water there was isolated 2 g 154% of theory) of di- 
phenylthiourea (the melting point of a mixture with authentic diphenylthiourea was not depressed) and 1o5 g 
(100% of theory ) of succinimide (the melting point of a mixture with authentic succinimide was not de- 

p r e s s e d ) .  

The reac t ion  of b romosuce in imide  with N,N ' -d iphenyl th iourea  in acetopheaone was c a r r i e d  out s i m i -  
l a r ly .  After concentra t ion  in vacuum the res idue  was r e c r y s t a l l i z e d  f r o m  alcohol~ 4 -Pheny l -3 -pheny l th i -  
azolone-2 anil hydrobromide  (see Table 1, expe r imen t  10 and Table  2, expe r imen t  7) was obtained. 

R e a c t i o n  o f  n - B u t y l s u l f e n / y l  C h l o r i d e  w i t h  N , N ' ~ D i p h e n y l t h i o u r e a  a n d  A c e -  
t o n e .  The reac t ion  was c a r r i e d  out in a sea led  ampule as desc r ibed  above (see Table  1, expe r imen t  11 
and Table  2, expe r imen t  8). 

The PMR s p e c t r a  were  m e a s u r e d  on a "Hitachi H-60" spec t rome te r~  The samples  were  d issolved in 
40% t r i f luo roaee t i c  acid, m e a s u r e m e n t s  were  c a r r i e d  out at a t e m p e r a t u r e  of 35 ~ the in terna l  s tandard  was 
hexamethyld is i loxane .  

The s p e c t r a  were  m e a s u r e d  by E. I. Fedin and R. G. Gasanov,  to whom the authors  exp re s s  the i r  
thanks.  

CONCLUSIONS 

I. The reaction of thiourea and N,N'-diphenylthiourea with compounds containing S-CI and N-Br 
bonds is studied in acid medium and in acetone or acetophenone. 

2. Ethylsulfenyl chloride in trifluoroacetic acid reacts with thiourea and N,N'-diphenylthiourea form- 
lag S-ethylthioisothiuronium compounds. 

3. Bromosuccinimide, SCI2, $2C12, and CCI3SC1 react with thiourea and N,N'-diphenylthiourea in acid 
medium similarly to free halogen forming adducts of structure [RHN(RN=)CS]2 ~ 

4. N,N'-Diphenylthiourea reacts with acetone or acetophenone forming the heterocyclic compounds. 

R--C=CH 

1 ~S R~CH3; C6H~. 

C6H~--N~C----NC6Hs. H X 

2. 

3. 
4. 
5. 
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