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To study the transfer of the influence of substituents through a -PhS- system and the effects of the 
coordinatior of a sulfur atom with ortho substituents, we have studied the NQR spectra of a number of sub- 
stituted ary]sulfenyl chlorides. The C135 NQR frequencies of the compounds studied are given in Table i. 

The closeness of the NQR frequency of chlorine bound directly to the ring in p-chlorophenylsulfenyl 
chloride (p-chloro-PSC) (34.979) to the frequency in p-dichlorobenzene (34.780) [6] permitted the assump- 
tion that in its donor-accepter properties the SCI group is similar to a chlorine atom. The correlation of 
the NQR f r e q u e n c i e s  of c h l o r i n e  wi th  the c o n s t a n t s  of p a r a  s u b s t i t u e n t s  was  c a r r i e d  out by m e a n s  of f o r m u l a  
v = v 0 + a ( r i +  ~3o-R, w h e r e  cr I i s  the  induc t ion  c o n s t a n t  of the p a r a  subs t i t uen t ;  CR i s  the con juga t ion  cons t an t ,  
and a and fi a r e  the t r a n s m i s s i o n  c o e f f i c i e n t s  c h a r a c t e r i z i n g  the conduc t ion  of the i n f luence  of the  s u b s t i -  
tuent  t h rough  the - P h S -  s y s t e m .  A f t e r  a v e r a g i n g  the r e s u l t s  by  the  me thod  of l e a s t  s q u a r e s ,  the  e x p r e s -  
s ion  ob ta ined  has  the  f o r m  

~ 37.25 + 2.04(~r ~- i.23(~R (r = 0,97), 

The  r a t i o  of the  t r a n s m i s s i o n  c o e f f i c i e n t s  ~:f l  =2 .04 :1 .23  = 1.66 shows tha t  the - P h S -  s y s t e m  conduc t s  the 
i n f luence  of s u b s t i t u e n t s  b e t t e r  by the i nduc t ive  m e c h a n i s m ,  a l though the c o n t r i b u t i o n  of con juga t ion  i s  
f a i r l y  l a r g e .  Th i s  i s  a l s o  shown by the l o w e r  c o r r e l a t i o n  c o e f f i c i e n t  of the NQR f r e q u e n c i e s  wi th  a* ,  which  
r e f l e c t s  only the  i nduc t ive  e f f ec t  of the  subs t i t uen t ,  the  r e l a t i o n s h i p  be ing  d e s c r i b e d ,  a f t e r  t r e a t i n g  the r e -  
su l t s  by the m e t h o d  of l e a s t  s q u a r e s ,  by the  equa t ion  

v ~ 36.i7 _,u L84(~* (z. ~ 0.93). 

On c o m p a r i n g  our  da t a  wi th  the r a t e s  of h y d r o l y s i s  of a r y l s u l f e n y l  c h l o r i d e s  in aqueous  CHC13 [7], 
i t  was  found tha t  fo r  d e r i v a t i v e s  hav ing  H, CH3, C1, or  an NO 2 g roup  in the  p a r a  pos i t i on ,  log k i s  c o n n e c t e d  
l i n e a r l y  wi th  the  NQR f r e q u e n c y  in the  SC1 g roup .  In the  s a m e  i n v e s t i g a t i o n  [7] i t  was  found tha t  a l l  o r t h o  
s u b s t i t u e n t s  r e t a r d  the  h y d r o l y s i s  r e a c t i o n ,  the  o -NO 2 g r o u p  having  the g r e a t e s t  e f f ec t  and r e t a r d i n g  the 
r e a c t i o n  by a f a c t o r  of 6000 as  c o m p a r e d  with  the p - N O  2 g roup .  I t  i s  known tha t  a r y l s u l f e n y l  c h l o r i d e s  
con ta in ing  a o -NO 2 g r o u p  d i f f e r  f r o m  o the r  d e r i v a t i v e s  of t h i s  s e r i e s  of c o m p o u n d s  by  t h e i r  c a p a c i t y  f o r  
g iv ing  e l e c t r i c a l l y  conduc t ing  s o l u t i o n s  in 100% H2SO 4 [8]. Th i s  c h a r a c t e r i s t i c  i s  a s c r i b e d  to t h e i r  c a p a c i t y  
f o r  i o n i z i n g  u n d e r  the  cond i t i ons  m e n t i o n e d ,  and i t  ha s  been  a s s u m e d  tha t  the  su l f en ium ion f o r m e d  i s  
s t a b i l i z e d  by i n t r a m o l e c u l a r  c o o r d i n a t i o n  i n t e r a c t i o n  with  the oxygen of the  o -NO 2 g roup .  Th i s  can be 
r e p r e s e n t e d  by the fo l lowing  e q u i l i b r i u m  

We have  found tha t  such  a c o o r d i n a t i o n  i s  a c t u a l l y  o b s e r v e d  in so l id  o - n i t r o - P S C .  It can  be s een  f r o m  
the t a b l e  tha t  the NQR f r e q u e n c y  of the  c h l o r i n e  in the o - n i t r o  d e r i v a t i v e  i s  l o w e r  than in the u n s u b s t i t u t e d  
phenylsul fer~yl  c h l o r i d e  (36.15 and 37.016 MHz, r e s p e c t i v e l y ) .  Since an e l e c t r o n - a c c e p t i n g  g roup  m u s t  r a i s e  
the  NQR f r e q u e n c y  of c h l o r i n e ,  the o b s e r v e d  l o w e r i n g  of the f r e q u e n c y  with  the  i n t r o d u c t i o n  of an NO 2 g roup  
in to  the m o l e c u l e  m e a n s  tha t  in t h i s  c a s e  the  o -NO 2 g r o u p  i s  an e l e c t r o n  d o n o r  wi th  r e s p e c t  to  the SC1 g roup .  
The c o n d r a d i c t i o n  m e n t i o n e d  can  be r e s o l v e d  by a s s u m i n g  an i n t r a m o l e c u l a r  c o o r d i n a t i o n  of the su l fu r  a tom 
wi th  the oxygen  of the  o -NO 2 g r o u p .  The NQR f r e q u e n c y  of the  c h l o r i n e  in p - n i t r o - P S C  i s  38.738 MHz.  
B e c a u s e  of the s t r o n g e r  a c c e p t e r  a c t i on  f r o m  the o r t h o  p o s i t i o n  fo r  the o - n i t r o  d e r i v a t i v e ,  a f i g u r e  of the 
o r d e r  of 39.5 MHz m i g h t  have been  e x p e c t e d .  The  o b s e r v e d  d i f f e r e n c e  of ~3 .5  MHz i s  such  tha t  i t  e x c e e d s  
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T A B L E  1 

chloride vs-c], ~c-cl, Mp or bp, ~ (p, Literature references Aryhulfenyl 
~Hz MHz mm H ~  T 

CsHsSC1 
p-C1--CoH4SC1 
p-Br--C6H4SC1 
p-CH3C6H4SC1 
p-NO~--CoH4SC1 
o-C1--C~HaSCI 

�9 o-Br~C6H4SC1 
o-NO~--C~H4SC1 
o-NO2--p-C1--C~H~SC1 
o-NQ-p-NQ-- CaHsSC1 

37,0i6 
37,947 34,9% 
37,760 
37,002~... 
37,2t2J~J, 11 
38,738 
38,465 33,864 
38,t43 . 
35,966 . . . .  
36,330} ~~176 
37,332 35,826 
34,752 

50--52 (i); 
79 (3); 

85 (0,t); 
76--77 (2); 

51 --52; 
97 (7); 

1t8,5--1i9,5 (9) 
73--74; 

99--t00; 
93,5--94,5 

58--60 (3) [1] 
94 (6) [2] 
91 (0,6) [31 
77,5--78 --  

2,511] 
52 [2l 

tt6 (17) [21 

74,5--75 [41 
97,5--98 [5 l 

94--95 [4] 

a l l  c h a n g e s  in f r e q u e n c i e s  c a u s e d  by  p a r a  s u b s t i t u e n t s  of any n a t u r e .  In c o n f i r m a t i o n  of the  s t r o n g  d o n o r -  
a c c e p t o r  i n t e r a c t i o n  of the su l fu r  wi th  the  oxygen of the o -NO 2 g roup  m a y  be adduced  the r e s u l t s  of an x -  
r a y  s tudy of m e t h y l  o - n i t r o p h e n y l s u l f e n a t e ,  which  show tha t  the d i s t a n c e  be tween  the su l fu r  and oxygen 
a t o m s  (2.44 ~)  i s  c o n s i d e r a b l y  s m a l l e r  than the sum of t h e i r  Van d e r  w a a l s  r a d i i  (3.25 ~) [9]. 

When a c h l o r i n e  a tom i s  i n t r o d u c e d  in to  the m o l e c u l e  of o - n i t r o - P S C  in the p a r a  p o s i t i o n  with  r e -  
s p e c t  to  the  SCI g roup ,  the NQR f r e q u e n c y  of the  c h l o r i n e  a t t a c h e d  to the su l fu r  r i s e s  f r o m  36.15 to 37.332 
MHz, the  sh i f t  in f r e q u e n c y  of 1.18 1V[Hz in th i s  c a s e  be ing  c o m p a r a b l e  in m a g n i t u d e  with  the  d i f f e r e n c e  in 
the  f r e q u e n c i e s  of u n s u b s t i t u t e d  PSC and i t s  p - c h l o r o  d e r i v a t i v e  (0.931 MHz).  Howeve r ,  when a second  
NO 2 g roup ,  a f a r  s t r o n g e r  a c c e p t o r  than a c h l o r i n e  a tom,  i s  i n t r o d u c e d  in to  the p a r a  p o s i t i o n  of o - n i t r o -  
PSC, the f r e q u e n c y  f a l l s ,  c o m p l e t e l y  unexpe c t e d ly ,  to 34.752 MHz. A p p a r e n t l y  th i s  unusua l  in f luence  of 
a p - N O  2 g roup  on the NQR f r e q u e n c y  of the c h l o r i n e  in the  SC1 g roup  can  be connec t ed  with  a dd i t i ona l  i n t e r -  
m o l e c u l a r  c o o r d i n a t i o n  of the su l fu r  a tom wi th  the oxygen of the p - N O  2 g roup  of a n o t h e r  m o l e c u l e .  

In the  c a s e  of the o - c h l o r o  and o - b r o m o  d e r i v a t i v e s ,  the NQR f r e q u e n c i e s  of the c h l o r i n e  in the SC1 
g roup  a r e  h i g h e r  than those  of the c o r r e s p o n d i n g  p a r a  i s o m e r s ,  but  the f r e q u e n c y  of the  C1 in the r i n g  i s  
v e r y  s i m i l a r  (33.864 MHz).  Since the SC1 g roup  i s  s i m i l a r  to a c h l o r i n e  a tom in i t s  d o n o r - a c c e p t o r p r o p -  
e r t i e s ,  the c o n s i d e r a b l e  Lowering of the NQR f r e q u e n c y  of the c h l o r i n e  a t o m  a t t a c h e d  to the r i n g  can  be e x -  
p l a i n e d  by a c o o r d i n a t i o n  i n t e r a c t i o n  of the o r tho  s u b s t i t u e n t  wi th  the  su l fu r  a tom which,  however ,  has  a 
d i f f e r e n t  n a t u r e  f r o m  the c o o r d i n a t i o n  in o - n i t r o - P S C .  

EXPERIMENTAL 

The p-H, p-CH 3, p-Cl, o-Cl, p-Br, and o-Br-PSCs were obtained by chlorinating the corresponding 
thiols with chlorine in CC14 at 0% The substances were purified by vacuum distillation. The o-NO2, p-NO2, 
o-NO2-P-Cl, and 2, 4-dinitro derivatives were obtained by chlorinating the corresponding disulfides and 
were purified by recrystallization from CCI 4. The constants of the compounds obtained are given in Table 
I, together with literature figures. 

The C1 '~s NQR were recorded at 77~ on a IS-2 pulse spectrometer-relaxometer constructed by SKB 
IRI~ AN SSSR [Special Design Office, Institute of Radio and Electronics Technology, Academy of Sciences 
of the USSR]. 

C O N C L U S I O N S  

1. The NQR f r e q u e n c i e s  a r e  connec t ed  with  the c o n s t a n t s  of p a r a  s u b s t i t u t e n t s  by the equa t ion  v 
=37.25 + 2 . 0 4 ~ i +  1.23cr R, w h e r e  cr I i s  the  induc t ion  c o n s t a n t  and ~R the con juga t ion  cons t an t .  

2. A n i t r o  g roup  i n t e r a c t s  wi th  the  su l fu r  a tom,  c o n s i d e r a b l y  l o w e r i n g  the NQR f r e q u e n c y  of the 
c h l o r i n e  in the  SC1 g roup .  
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