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The only known method of synthesizing 5 -a ry l i so th iourea  compounds is by the reac t ion  of a ry l  m e r -  
eaptans with cyanamide.  S -Pheny l - ,  S -p - to ly l - ,  and 5-p-chlorophenyl iso th iourea  [1] were  synthesized in 
this way. The method cannot have broad  application because  of the difficultly access ib le  aryl  mercaptans  
containing substi tuents in the benzene ring. Recently,  two of us proposed a new method of synthesis  of S- 
a ry l i so th iourea  compounds by aryla t ion of th ioureas  with a ry l  diazonium borof luor ides  [2]. 

NH 
+ 

(R--C6H4N-~N) BF~ + SC (NH~)~. ~- RC~H4SC S . HBF4 

NH2 
R=H, p-NQ-, o-NO~-, p-C2H~OOC-, CH~O-, CHa-, 

In the same paper ,  d i isothiourea compounds obtained in two ways,  s tar t ing f rom p-phenylenebisdiazonium 
and p-chlorophenyldiazonium borof luor ides ,  were  descr ibed.  

HN NH 
+ + ~ ~ J 

[N~N--C6H4--N~N].2BF{ f 2SC (NIK_z)2 C--S--C~H4--S--C .2HBF~ 
+ - - ~  / \ 

[C1--C~H4--N= N]. BF~" H~N NHe 

In the last  case ,  the diazonium group (strong e lec t ron-accept ing  substituent) faci l i tates  nucleophi!ic sub-  
sti tution of chlorine in the posit ion pa ra  to it. 

In this paper ,  the application of this method is desc r ibed  in synthesis  of aromat ic  isothiourea com-  
pounds containing the following substi tuents in the ring: halogen atoms (one or  two), two nitro groups,  and 
the i so th iourea  group s imul taneously  with a halogen. 

We found that upon reac t ion  of th iourea  with o-chiorophenyldiazonium borof luor ide ,  the chlor ine in 
the o-posi t ion is not subst i tuted by an isothiourea  res idue  under  the studied conditions,  which is evidently 
associa ted with s te r i c  hindrance.  As,  was also expected,  the chlorine in the position meta  to the diazonium 
group is not subst i tuted by the i so th iourea  res idue .  The di isothiourea compound containing the isothiourea  
group and a halogen s imul taneously  in the ring was obtained upon reac t ion  of th iourea  and 2 ,4 -d ib romo-  
phenyldiazonium borof luor ide.  In addition, we found that under  the effect  of two ni tro g roups  locas ortho 
and pa r a  to the chlor ine ,  the la t te r  is substi tuted by the isothiourea  res idue .  

NO2 NO~ NH / 
/ = ~  f .HCi O~N--X/-~--Cl + SC (N~..)~ --. O~N-- % _ j - - S - - ~  

NH2 

The s t ruc tu re  of the obtained compound was demonst ra ted  by d i rec t  s~=f~hesis by the reac t ion  of 2 ~4- 
dinitrophenyldiazonium borof luor ide  with thiourea.  

NOe NO~ NH 
/ , = , /  I 

NH.. 
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Bis-2,4-dinitrophenyl sulfide was obtained as a by-product of the reaction of 2,4-dinitrochloroben- 

zene with thiourea.  

Reactions were  c a r r i e d  out in wate r  at a t em p e ra tu r e  of 50-60~ Increasing the reac t ion  t e m p e r a -  
tu re  to 100 ~ did not lead to substi tut ion of the halogen in the posit ions ortho and meta  to the diazonium g 
group. We showed on the examples of 3,4-dichlorophenyldiazonium and o-chlorophenyldiazonium b o r e -  
f luor ides ,  that addition of catalytic amounts of zinc dust makes it possible to lower the reac t ion  t e m p e r a -  
tu re  and also faci l i ta tes  the isolat ion of the isothiourea compound f rom the reac t ion  mixture .  The obtained 
S-a ry l i so th iourea  compounds were  isolated in the form of p ic ra tes .  

EXPERIMENTAL 

Reaction of o-Chlorophenyldiazonium Borofluoride with Thiourea. To amix- 
ture of 1 g of o-chlorophenyldiazonium borofluoride and 0.6 g of finely crushed thiourea was poured 3 ml 
of water. The reaction mixture was heated at 50-60 ~ until evolution of gas ceased. The dark red solution 
was filtered from the tarry residue and extracted 2-3 times with benzene. From half of the filtrate by 
addition of an alcoholic solution of picric acid was obtained 0.8 g of the picrate of o-chlorophenylisothiourea. 

C1 NH 

--S--% 'C6H2 (NO2)30H 

NH~ 

The reac t ions  of th iourea  with m-chlorophenyldiazonium,  3,4-dichlorophenyldiazonium, and 2 ,4-d i -  
bromophenyldiazoninm borof luor ides  were  c a r r i e d  out analogously. The s tar t ing subst i tuted aryldiazonium 
borof luor ides ,  the obtained S-a ry l i so th iourea  compounds (isolated as p ic ra tes ) ,  the i r  melting points,  yields~ 
and analysis a re  p resen ted  in Table  1. 

R e a c t i o n  o f  T h i o u r e a  w i t h  2 , 4 - D i n i t r o b e n z e n e  in  A c e t o n e .  A m i x t u r e o f 2 g o f  
2 ,4-dini t rochlorobenzene and 0.7 g of th iourea  was dissolved in 20 ml of acetone. The reac t ion  mixture  
was heated in a f lask with a ref lux condenser  for  6 h. After  evaporat ion of the solvent on a r o t a ry  evapora -  
t o r ,  an oi ly ma te r i a l  containing a prec ip i ta te  remained.  The oil was dissolved in alcohol,  the solution was 
f i l te red  f rom the prec ip i ta te ,  and the p ie ra te  of S-2 ,4-din i t rophenyl iso th iourea  (yield, rap, and analysis 
p re sen ted  in Table 1) was obtained f rom the alcoholic solution. The res idue ,  b is -2 ,4-d in i t rophenyl  sulf ide,  
was r e c r y s t a l l i z ed  f rom acetone,  mp 193-195 ~ L i t e r a tu re  data [3]: mp 193 ~ Found %: C 39.48; H 1.59; 
S 9.13. Ci2H6OsN4S. Calculated %: C 39.35; H 1.65; S 8.75. Di rec t  synthesis  of the p ic ra te  of S-2 ,4-d in i -  
t rophenyl i so th iourea  by reac t ion  of th iourea  and 2,4-dini trophenyldiazonium borof luor ide  was c a r r i e d  out 
as desc r ibed  in the preceding exper iment .  A mixed sample of both p icra tes  did not give a melting point 
depress ion.  

C O N C L U S I O N S  

Arylat ion of th iourea  with aryldiazoninm borof luor ides  containing substi tuents in the benzene ring 
yielded isothiourea compounds containing halogen a toms,  the ni tro group,  and the isothiourea  group in the 
ring. 

I. 
2. 
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