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The reac t ion  of m-subs t i tu ted  ani l ines  with sulfur  monochlor ide  has been studied. It has been shown that 
cycl izat ion with the format ion  of 1, 3 ,2 -benzoth iaza th io l ium compounds takes place in the posi t ion para  to 
the substi tuent.  The introduction of methoxy groups into o -n i t roan i l ines  i n t e r f e r e s w i t h t h e  d isp lacement  of 
the ni tro group by the chlor ine atom. A nucleophil ic  reac t ion  mechan ism has been proposed according  to 
which the ni t ro  group is  displaced af ter  the format ion  of the thia thioniaazine r ing.  

Aromat i c  amines  having eVen one f ree  ortho posi t ion r eac t  with sulfur monochlor ide  forming  b e n z o - l - t h i a - 2 -  
th ion ia -3 -az ine  sa l ts  I -VI I  (Hertz compounds) [1]. 

IR'  CI, R"= CH;, R"'= H; 
R'" II R'=CI, R"= CH30, R"'=H; 

II I  R'=CH30, R% CH30, R"=H;  
R,, CI _ ! ~  IV R'=R" =:Ch R"'-~H: 

V R'=CH30, R"~ H, R"'= NO2; p,- Hz:-,. vs 
/ 

R' vl R'=CH30, R r ::H, R"'=CI; 
I - v I I  V I IR ' -R"=  CH30, R"'- NO 2 

If hydrogen or  an e l ec t ron -accep t ing  substi tuent is p r e sen t  in the posi t ion para  to the ni t rogen atom in the init ial  
amine,  the substi tuent is displaced by chlor ine  [2]. Her tz  compounds have long been used in the industr ia l  synthesis  of 
o-aminothiophenols ,  but the i r  s t ruc tu re  has been studied ve ry  l i t t le ,  which is due to the difficulty of the i r  isolation,  
purif icat ion,  and identif ication [3]. 

There  is no informat ion in the l i t e r a tu re  on how meta -subs t i tu ted  anil ines r eac t  with sulfur monochlor ide .  To 
de te rmine  the d i rec t ion  of the react ion,  we synthes ized Her tz  compounds f rom m-toluid ine ,  m-an is id ine ,  
m-ch lo roan i l ine ,  and 4 - aminove ra t ro l e .  The reac t ion  products  were  isolated in the fo rm of the p rev ious ly -unrepor t ed  
double sal ts  with zinc chlor ide,  which a re  read i ly  obtained by the action of a solution of anhydrous zinc chlor ide in 
ace t ic  acid on a solution of the benzothiazathiol ium sal ts  in anhydrous acet ic  or  fo rmic  acid. The zinc chlor ide  
de r iva t ives  obtained proved  to be cons iderably  m o r e  stable than the ch lor ides .  

Two var ian ts  of the reac t ion  with sulfur monochlor ide  a re  theore t i ca l ly  poss ib le  for  the meta -subs t i tu ted  
ani l ines ,  A and B. 

% - - ~ \  CI- 

Cl-/~N~-'-r-:J~/R SoCl~ R'x,/~"--,//NH2 S,CI, R \ ~  

~S f ~ \ e l  

PMR spec t roscopy  proved to be ve ry  convenient for de te rmin ing  the s t ruc tu re  of the react ion products .  Fig.  I gives  
the spec t ra  of the compounds synthesized,  I - IV.  In the spec t ra  of the products  studied, only the s ignals  of isolated 
protons a re  seen, i . e . ,  the reac t ion  of the anil ines with sulfur monochlor ide  takes p lace  in d i rec t ion  A. 

It is known [4] that the action of sulfur  monochlor ide  on o-n i t roan i l ine  leads not only to chlor inat ion in the para  
posi t ion but also the d i sp lacement  of the ni tro group by a chlor ine  atom. The poss ib i l i ty  of de te rmin ing  in a s imple  
manner  the s t ruc tu re  of the products  obtained by using the i r  PMR spec t ra  has enabled this reac t ion  to be studied in 
m o r e  detai l .  Assuming that it has a nucleophil ic  nature ,  we decided to invest igate  the influence of methoxy groups in 
the initial n i t roani l ine  on the d isp lacement  of the n i t ro  group. The reac t ion  of 4 - amino -3 -n i t roan i so l e  with sulfur  
monochlor ide  was recent ly  p e r f o r m e d  by Br i t i sh  workers  [5], who isolated a product  which did not contain a ni t ro  
group. The PMR spec t ra  of the substances that we obtained by the reac t ion  of 4 - amino -3 -n i t roan i so l e  and of 4 - amino -  
3 - n i t r o v e r a t r o l e  are  given in Fig. 2. We see f rom these  spec t ra  that in the reac t ion  of the aminoni t roaniso le  
(Fig. 2, pa r t  1), a mix ture  of products  V and VI, is formed.  Two groups of s ignals  f rom the r ing protons and two 
s igvals  f rom a methoxy group can be seen. The ni t ro  der iva t ive  V is evidently r ep re sen ted  by signals in weaker  
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magnet ic  fields than that of the chloro der ivat ive VI. We see f rom the rat io of the a reas  of the peaks of the methyl 
protons that the amount of ni t ro  compound in the mixture  is approximately 1.5 t imes  g rea te r  than that of the chloro 
der ivat ive .  E lementa ry  analysis  shows that under  these conditions only par t ia l  d isplacement  of the ni t ro group takes 
place,  the rat io of the chlorinated and nonchlor inated products  being approximately 2 �9 3. However, in the react ion of 
the aminon i t rovera t ro le  (Fig. 2, par t  2) the N1V[R spec t rum has two signals :  one in the weak field corresponding to a 
r ing  proton, and the other (unresolved) corresponding to the protons of the methoxy groups, the intensi ty  of the second 
signal being six t imes  g rea te r  than that of the f i r s t .  The e lementa ry  analysis  of this product (VII) shows that the ni t ro 
group has not been displaced.  Thus, the introduction of e lec t ron-donat ing  methoxy groups into the o-n i t roanf l ines  
prevents  the rep lacement  of the n i t ro  group by chlorine,  which conf i rms the nueleophilic nature  of this react ion.  

e~S L 
10 g 8 7 6 5 4 3 2 1 0 

cH~~176 L 
CL ~-,..>~.S,' ._AJ  :. 
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Fig. 1. PMR spect ra  of the react ion 
products  of meta - subs t i tu ted  ani l ines  
with sulfur monochloride.  

The question a r i s e s  as to whether the d isp lacement  of the n i t ro  group by chlorine takes place before or after  the 
format ion of the thiathioniaazine di thiazolium ring.  To decide this ,  we heated for an additional six hours the mixture  
of products  obtained f rom heating 4 - amino -3 -n i t roan i so l e  with sulfur  monochloride under  the conditions of the Hertz 
reac t ion  for  six hours .  The e lementa ry  analys is  of the compound obtained, VI, showed that with this t rea tment  the 
n i t ro  group was completely displaced.  However ,  when the react ion was ca r r i ed  out for just  two hours,  only compound 
V which contains a ni t ro  group was obtained. These facts show that in the react ion with sulfur monochloride the 
heterocycle  is formed f i r s t  and then the ni t ro group is replaced nueleophil ical ly  by a chlorine atom in the following 
manner .  

~O2 ~'O 2 CI 

'~/NM2 socl~ ~--.~/S\\cl- s,cl, ,~'~.-'n~cl- 

VI  

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

The benzothiazathiol tum chlorides (I-III) were obtained by the following general  method. At room tempera ture ,  
0.1 mole of an amine hydrochloride was mixed with 1 mole of sulfur  monochloride a n d t h e  mixture  was slowly heated 
to 70-80 ~ C under  reflux, being protected f rom atmospher ic  mois ture .  Then it was s t i r r ed  at this t empera tu re  until  the 
evolution of hydrogen chloride ceased (5-7 hr), after which it was dissolved in 30 ml of dry benzene (all the solvents 
used in this work were careful ly  dehydrated).  The solution was cooled and the precipi ta te  was f i l tered off. Then it was 
careful ly washed with carbon disulfide and ether and dr ied in vacuo. The crude product was crys ta l l ized  from thionyl 
chloride [3], washed with pe t ro leum ether,  and dr ied in vacuo. 

The benzothiathioniaazine chlor ides  (IV-VII) were obtained by the following general  method. A solution or 
suspens ion of 0.1 mole of the corresponding amine in glacial acetic acid (50 ml) was added with s t i r r i ng  to 100 ml of 
sul fur  monochloride at room tempera tu re  and the mixture  was kept under  these conditions for 3 hr.  Then it was heated 
to 80-95 ~ C for 30 rain and dissolved in 100 ml of benzene.  The precipi ta te  was f i l tered off, washed with carbon 
disulfide, benzene,  and ether ,  and dried in vacuo. The dried product was dissolved in formic  acid (50 ml) with heating 
(50 ~ C) and the solution was s t i r r ed  with 0.1 g of animal  charcoal  for 1 hr .  The charcoal  was f i l tered off and the 
resu l t ing  solution was slowly added to 200 ml of ether .  The precipi ta te  that formed was f i l tered off, washed with ether,  
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and d r i e d  in vacuo .  

10 g 8 7 6 5 4 3 2 1 0 

JL_____e 
O"jppml0 9 8 7 6 5 4 3 2 1 G 

Fig .  2. PMR s p e c t r a  of the r e a c t i o n  
p r o d u c t s  of s u l f u r  m o n o c h l o r i d e  
wi th  1) 4 - a m i n o - 3 - n i t r o a n i s o l e ,  
i .  e . ,  V and VI, 2) 4 - a m i n o - 3 -  
n i t r o v e r a t r o l e ,  i . e . ,  VII. 

The double sa l t s  of the H e r t z  compounds  (I-VII)  wi th  z inc  c h l o r i d e  w e r e  ob ta ined  by the  fo l lowing  g e n e r a l  me thod .  
A so lu t ion  of 1 g of the  compound  in f o r m i c  ac id  was  t r e a t e d  with 0.1 g of an ima l  c h a r c o a l .  A f t e r  the m i x t u r e  had been  
s t i r r e d  fo r  half  an hour ,  the  c h a r c o a l  was  f i l t e r e d  off and the  so lu t ion  was  t r e a t e d  with a s m a l l  amount  of a 10% 
so lu t ion  of anhydrous  z inc  c h l o r i d e  in a c e t i c  ac id .  On s tanding  a p r e c i p i t a t e  s lowly  depos i t ed .  Th is  was f i l t e r e d  off, 
w a s h e d  with a c e t i c  ac id  and e t h e r ,  and d r i e d  in vacuo ,  a f t e r  which it was  c r y s t a l l i z e d  f r o m  f o r m i c  ac id .  The 
e l e m e n t a r y  a n a l y s e s  of the double sa l t s  a r e  g iven  in the  t ab le .  

Double  Salts of H e r t z  Compounds  with  Zinc Ch lo r ide  
Double I 
salt of ] 

compound [ 
Empirical formula 

I CrH~CI2NS2 �9 ZnCI2 
II  CTHsCI2NOS2 - ZnCI2 

IV CTH2ClaNS2 �9 ZrtC12 
III CsHTC1NO2S2 �9 ZnCI2 

VII CsH7Cl~N204S~ �9 ZnCI2 
V CrHsCIN2OaS2 �9 ZnCl2 

VI CvHsCI2NOS= �9 ZnCl2 
Mixture I 
V+Vl i 

I 

Found, % 

N S I C1 
I 

-- I7,00 I 37,91 
-- 16,75 I 36,04 

16,05 44,78 
16.78 [ 27,38 

6~4 14171 24,62 
6,98 166:~9 1 25,78 
3,68 36,01 
4,84 16,39, 29,83 

Calculated, % 

N S I CI 
I 

3,74 17,15 I 37,78 
3,57 16,63 I 36,22 
3,55 16,25 I 44.95 
3,67 16,62 27,61 
6,51 14,92 24,82 
7,2l 16,01 I 25,55 
3,57_ 16,63 36,22 

Yield, % 

90 
93 
87 
98 
81 
60 
56 
60 

The  PMR spec tra  w e r e  r e c o r d e d  on a P e r k i n  E l m e r  RK i n s t r u m e n t  with a work ing  f r e q u e n c y  of 60 MHz. The 
so lven t s  u sed  w e r e  d e u t e r i o s u l f u r i c  ac id  and hexame thano l .  F o r  the s u l f u r i c  ac id  so lu t ion  t e t r a m e t h y l s i l a n e  in 
e thy lbenzene  was  u s e d  as  the i n t e rna l  s t anda rd .  
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