
CHEMISTRY OF HETEROCYCLIC COMPOUNDS 225 

RESEARCHES ON AROMATIC HETEROCYCLIC COMPOUNDS 

III. The A r o m a t i c  Cha rac t e r  Of Piazthiol* 

E. I. Fedin, E. V. Todres, and L. S. Efros 

Khimiya Geterotsiklieheskikh Soedinenii, Vol. 3, No. 2, pp. 297-301, 

UDC 547.77 

1967 

The PMR spectra of piazthiol, which is benzo[l,2-c]-[1,2,5]-thio- 

diazole, and of its c~- and B-nitro, chloro, methyl and amino 

derivatives are investigated The effects of these substituents on 
the chemical shift is in qualitative agreement with the like effects 
in the benzene series. The parameters of the corresponding pMR 
spectra are greatly dependent on the electrophilic action of the 
heterocyclic ring. It is shown that there is conjugation in the thia- 
diazole ring, although, however, it is much weakened compared 
with that existing in the benzene ring. 

P iaz th io l ,  which is  benzo[1 ,2-e ] - [1 ,2 ,5] th iad iazo le  
(I), is  a condensed sy s t em,  exhibi t ing  the d i s t inc t ive  
pecu l i a r i t y  of having a s t rong ly  e lec t roph i l i e  h e t e r o -  
cycl ic  r ing  [1]. 

r*~::>).~./s 

Study of the properties of piazthiol led to the con- 

clusion that when it is formed from o-phenylenedia- 

mine, a new aromatic system is formed, which is to 
be compared to a naphthalene one [2,3]. However, 
piazthiol undergoes electrophilic substitution with 

much greater difficulty than naphthalene. In this con- 
nection we consider [4] that the possibility that these 

two systems closely resemble one another is neces- 
sary in further discussion. Actually, like naphtha- 
lene, piazthiol can be regarded as a molecule with 

the delocalized electrons [3], but only if it is con- 
sidered that the key sulfur atom is involved in con- 

jugation. To some extent the problem of the reality 
of this conjugation can be settled by high resolution 

proton magnetic resonance (PMR). 
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Fig.  1. C o r r e l a t i o n  be tween  
o b s e r v e d  chemica l  shi f ts  
and the c o r r e s p o n d i n g  

Hammet t  ~m,p  cons tan t s .  

*For  P a r t  II see [10]. 

The table  gives  the n a m e s  of the compounds 
which have been  inves t iga ted ,  and the va lues  of the 
chemica l  shifts  in the co r r e spond ing  PMR spec t ra .  
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Fig.  2. PMR s p e c t r u m  
of 4 -me thy l th i azo le  
with a 2 �9 10 -8 r e -  

solution�9 

In the table the compounds are arranged in order of 
increasing degree of shielding of protons of the ben- 
zene ring which, as is known, can be compared with 
the increase in electron density at these hydrogen 
atoms, and correspondingly, at the adjacent C atoms. 
Prominent is the very great effect of the nitro group, 
which exceeds the same effect in nitrobenzene: in the 
nitropiazthiols (Nos. 1 and 2) the electron density 
at the protons is markedly decreased. The donor 
effect of the amino group (Nos. 8 and 9) leads to 
almost the same increase in shielding of protons of 

the benzenoid ring as is observed with aniline. The 
action of chlorine (Nos. 3,4) and the methyl group 
(Nos. 6,7) on the chemical shifts also falls into line 

with the analogous effect  in the PMR spe c t r a  of sub-  
s t i tu ted  benzenes .  It  would have been  i n t e r e s t i n g  to 
compare  the va lues  of the chemica l  shif ts ,  with 
Um,p cons tant ,  for  the subs t i tu t ing  groups .  However,  
the complexi ty  of p r e c i s e  iden t i f ica t ion  of r e s o n a n c e  
l ines ,  due to complex i n t e r a c t i on  with the 3 - s p i n  
sy s t e m,  makes  it ha rd  to c o r r e l a t e  5 and ~m n c o r -  
rec t ly .  C o m p a r i s o n  of H a m m e t t ' s  cr m p with-~t~e 
ave raged ,  be tween c~ and fl subs t i tu ted  p iaz th io ls ,  
va lues  of the c h e m i c a l  shif ts  of the r ing  pro tons  
(Fig. 1), d e m o n s t r a t e s  an app rox ima te ly  l i n e a r  r e -  

la t ionship .  
C lose r  c ons i de r a t i on  of this  ques t ion  n e c e s s i t a t e s  

compu te r  t r e a t m e n t  of the spec t ra .  We have taken  
the f i r s t  s tep in  that  d i r ec t i on  with ~ -me thy lp i az th io l ,  
for  which v e r y  high r e s o l u t i o n  spe c t r a  could be ob- 

ta ined.  
Fig.  2 gives PMR s p e c t r a  of ~ - m e t h y l p i a z t h i o l  

with o r d i n a r y  r e so lu t i on ,  and the spl i t t ing of this  
s p e c t r u m  into quadrup le t s ,  as wel l  as the chemica l  
shif ts  r e s u l t i n g  f rom such spl i t t ing.  Higher  r e s o l u t i o n  
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Fig. 3. PMR speetrum of 4-methylpiazthiol at limiting resolution. 

reveals an additional hyperfine structure (Fig. 3) for 

this spectrum. The signal from the methyl protons, 
not shown in Fig. 3, also appeared resolved. This 
indicates that additional splitting is conditioned by 
interaction between ring protons and the CH 3 group. 

A ))8 = 143 

Fig. 4. Parameters of the 

PMR spectrum of Naphtha- 

lene, Ji = 1.4 cps. 

Use of the technic of suppress ion  of sp in-sp in  i n t e r -  
action (double pro ton-pro ton  resonance)  r emoves  this  
spl i t t ing,  f inal ly  confirming,  that it is due to the s ta ted 
dis tant  sp in - sp in  interact ion.  The constants  for this 
in te rac t ion  found by analyzing Fig. 3, are :  

J(CH3--CH;,)~0.9 e p s ;  J(CH3--CH,~)~ 0.2 eps;  

J(CHs--CHc)=0.6 eps (see II) 

The bas i s  for  the ass ignment  by scheme II can be 
const ructed as follows. In xylene the difference be-  
tween the effects of the methyl  group on the chemical  

H A ~ t J  N 

H C 

|! 

shifts of ortho, meta,  and pa ra  protons does not exceed 
2 �9 10 -7. In c~-methylpiazthiol this  effect  is ,  for  example ,  
g r e a t e r  by a power of ten. Hence it can be assumed 
that in ~-methy lp iaz th io l ,  the chemical  shifts 5 A, 6 B, 
and 6 C a re  mainly  de te rmined  by the effects  of the 
ni t rogen and sulfur  a toms.  Scheme iI also follows f rom 
this .  Al te rna t ion  of sp in - sp in  in te rac t ion  according 
to the distance from methyl is most naturally to be 

compared with the ortho, meta and para charge re- 
distributions in the benzenoid ring. Thus the effect 

of a methyl group on the distribution of electron den- 

sity in the benzenoid ring is identical in character 

with the effect of substituents of the first kind. How- 

ever, the basic effect on the state of the C--H ring 

bonds in ~-methylpiazthiol is due to the adjacent 

heterocyclic ring. This conclusion makes one skeptical 

about the possibility of further more precise correla- 
tion between 6 m,p and ~m,p in the substituted piaz- 
thiols series. 

Spectrm~n analysis (Fig. 2) and double resonance 
give the following values for the constants of spin- 
spin interaction between the ring protons of ~-methyl- 

piazthiol: JAB = 6 cps; JAC = 0.8 cps, and JBC = 8~ 
eps. Interaction of the hydrogen atoms in the corre- 
sponding case for naphthalene is characterized by very 
close values of J [5] (Fig. 4). 

Fig. 5 gives the PMR spectrum of piazthiol juxta- 
posed with that of naphthalene, measured with an 
instrument using the same working frequency [5]. A 
calculation, wholly analogous to that given in a mono- 
graph [5], gives the PMR spectrum parameters shown 
in Fig. 6. 

It should be mentioned that the difference in J for 
piazthiol and naphthalene is not very great. Some in- 
crease in the constant J is, for example, accompanied 
by a decrease in the constant JB" These changes are 
naturally to be compared with the probable additional 
upsetting of the equality of the bonds of the benzenoid 
ring compared with the naphthalene ring. The previous- 
ly noted closeness of the spin-spin interaction con- 

stants for c~-methylpiazthiol and napthelene is obviously 
due to the partial compensation of the electrophilic 
effect of the heterocyclic ring by the electron-donor 

effect of the CH 3 group. 

-~scps o ~scps 

Fig.  5. PMR spec t ra :  1) 
Naphthalene; 2) Piazthiol .  

The value of the chemica l  shift  V06AB = 14.3 cps 
for  naphthalene is in complete agreement  with the 
calcula ted value obtained by consider ing two sys t ems  
of r ing cu r ren t s  in this  molecule  [5]. Our value ob- 
tained for piazthiol  V06AB = 17.6 eps cannot be 
a sc r ibed  to the i nc rea se  in r ing cu r ren t  in compar i son  
with naphthalene. To evaluate  the value of the cu r r en t  
in he te rocycI ic  r ing of piazthiol ,  it  is n e c e s s a r y  to 
review al l  fac tors  which might affect  6AB. 
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F i r s t  and f o r e m o s t  r i ng  c u r r e n t  depends  on the 
g e o m e t r y  of the r~-cqecu!e~ sir~ee 

v,,6,=-~o (ff~. i '~ (1) 
. I~,. ~ } 

where  6 i i s  the e(~?:tribution to "(he c h e m i c a l  sh i f t  made  
by the c u r r e n t  i ,  Q i s  the a r e a  e m b r a c e d  by th i s  c u r -  
r en t  contour ,  R~ i s  the  d i s t a n c e  be tween  the c e n t e r  
of th is  contour  and the p ro tons  A, P~2 is  the d i s t a n c e  
be tween  the contour  c e n t e r  and p ro tons  B. 

Using  s t r u c t u r M  a n a l y s i s  da ta  {6-81, i t  is  p o s -  
s ib le  to show that  the d e c r e a s e  Q in p iaz th io l  as  
c o m p a r e d  with naph tha lene ,  is  c o m p e n s a t e d  by  
i n c r e a s e  in the d i s tmlce  R~-RT~ 3, with an a c c u r a c y  
which c o r r e s p o n d s  comple te l3  tc~ the a c c u r a c y  of 
the d ipo le  a p p r o x i m a t i o n  (1) 

It  migh t  have been  i m p o r t a n t  to know the c h e m i c a l  
shi f t  be tween  the PMR s i g n a l s  of the benzeno id  r ing  
of such a m o l e c u l e ,  which would have ,  a t  p o s i t i o n s  
1 and 2, i den t i ca l  e i e c t r o n  accep t ing  g roups ,  but  un-  
l ike  p i az th io l ,  the molee~Ne had only one r ing  contour .  
With  th i s  end in v iew we i n v e s t i g a t e d  the PMR s p e c -  
t r u m  of o - d i n i t r o b e ~ z e n e ,  w h e r e  ~ 6 A B  = 25 cps .  
A c c o r d i n g  to Pri .mas~s add i t ive  s c h e m e  [9], one 
oxygen s e p a r a t e d  by  fou r  bonds  f r o m  the  p ro ton  under  
c o n s i d e r a t i o n ,  at  a f r e q u e n c y  o~ 40 Mcps  i m p a r t s  a 
shi f t  of about  10 epso While  fo r  t~o  O a t o m s  in the NO2 
group  we obta in  a con t r i bu t ion  of about  20 c p s ,  and 
about  5 cps  r e m a i n s  fo r  the  s h a r e  of the  n i t r o g e n  a tom.  
That  i s  c l o s e  to 3.6 cps ,  the  eva lua ted  induc t ive  ef fec t  
fo r  the n i t r o g e n  ater~ a c c o r d i n g  to  the  s c h e m e  of [9]. 

the c u r r e n t  i = 0, by r e a s o n a b l e  changes  in the in -  
c r e m e n t s  6 given h e r e .  In o the r  words ,  the p i az th io l  
s y s t e m  conta ins  a conduct ing  s y s t e m  in i t s  h e t e r o -  
cyc l i c  ring~ i .e .  t h e r e  is  conjugat ion  be tween  the 
a t o m s  going to make  up the ske le ton  of the r ing.  The 
c u r r e n t  due to the p r e s e n c e  of th is  conduct iv i ty ,  a r i s -  
ing when the s p e c i m e n  is  put  in a magne t i c  f ie ld ,  is  a p -  
p r e c i a b l y  weakened  as  c o m p a r e d  with a r o m a t i c  
s y s t e m s  (benzene,  naph tha lene ,  c y c l o p e n t a d i e n y l  
anion,  t r o p y l i u m  cat ion)  but  i s  not  ze ro .  This  conc lu -  
s ion  is  in good a g r e e m e n t  with that  r e a c h e d  by  Mo-  
many  and Boham [8], that  r e p l a c e m e n t  of C a t o m s  
at  pos i t i ons  2 and 5 in th iophene  by N a t o m s  i s  
without  a p p r e c i a b l e  effect .  E l e c t r o n  d i f f r a c t i o n  da ta  
ind ica te  the a p p r o x i m a t e l y  equal  c h a r a c t e r s  of the 
bonus in th iophene  and 1 ,2 ,5 - t h i a d i a z o l e  (III). 

H - -C  ~-N 

IH 

PMR S p e c t r a  of Subs t i tu ted  P i a z t h i o l s  

Compound 
investigated 

a -Nitropiazthiol 
~-Nitropiazthiol 
13- Chlotopiazthiol 
u - Chloropiazthiol 
Piazthiol 
~-Methybiazthiol 
c~ - iVlettfylpiazthiol 

- A minopiazthio! 
g-Aminopiazthiol 

Chemical shift 
Ring Substituent 

protons protons 

8.5 
8.5 
7.9 
7.6 
7.48 
7.5 2.4 
7.4 2.5 
7.3:6.5 I 5.0 
6.9 4.7 
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Fig. 6. Parameters of the 
PMB spectrum of piaz- 

~&iot. 8" = 1.- 15 cps.  

The sulfur atom, whose electronegativity is equal, 
for example, to 7 0 ~  of the electronegativity of oxy- 
gen, should  sh i f t  the  s igna l  s e p a r a t e d  by  four  bonds  
f r o m  the p ro ton ,  by  7 eps .  Th i s  vMue i s  to be  s p l i t  
into h a l v e s  betweer .  ~ the oxygen  a t o m s  in the two cz 
p o s i t i o n s  of the p i a z t h i o i  b e n z e n o i d  r ing .  Hence for  
the  p o l a r  e f f ec t  of the h e t e ~ o c y c l i c  r i n g  on the c h e m -  
i c a l  sh i f t  of the  ~ hydroge~  a t o m s ,  we obta in  a va lue  
of  the o r d e r  of cps .  'fleAs 10 cps  is  to be  d e d u c t e d  
f r o m  the va lue  V05AB = t7 .66  cps  found fo r  p i az th io l ,  
in order to e'~aiuate the contribution of the current, 
va8 i. Referring the value of v05 i thus obtained to 14.3 
cps (shift due to ring current in benzenoid rings of 
naphthalene), we find tha~ the pos~olated ring current 
in the  t h i a z o l e  r i n g  i s  r e d u c e d  a p p r o x i m a t e l y  twofold 
as  c o m p a r e d  with b e n z e n e .  I t  i s  i m p o r t a n t  to e m p h a -  
s i ze  tha t  i t  i s  not  p o s s i b l e  to ob ta in  an eva lua t i on  of 

EXPERIMENTAL 

For registering the PMR spectra, solutions of the 
compounds in CCI 4 or dioxane were used, while liquid 
compounds were used neat. A sealed ampule 4.7 
mm diameter was used, with a TsLA-5535 spectro- 
meter with a working frequency 40 Mr. PMR of 
ring protons of ~-methylpiazthiol was investigated 
with a JNM-3H-60 spectrometer. The accuracy of 
measurement of chemical shifts was restricted by 
the complex character of the spectra, but it was not 

l e s s  than  11 �9 10 -7. 
Mos t  of the o - p h e n y l e n e d i a m i n e s  needed  to s y n -  

t h e s i z e  the p i a z t h i o l s  we re  ob ta ined  by the s i m p l e  
me thod  of r e d u c i n g  the a p p r o p r i a t e  n i t r o a n f l i n e s  
with Na h y d r o s u l f i t e  in a lka l i ne  so lu t ion .  

The a u t h o r s  thank V. F .  B y s t r o v  for  d i s c u s s i o n s ,  
and for  m a k i n g  the double  r e s o n a n c e  m e a s u r e m e n t s  
wi th  cz -me thy lp iaz th io l  in a J N M - C - 6 0  s p e c t r o m e t e r .  
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