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The e lec t ron  densi t ies ,  the lower  s i n g l e t - s i n g l e t  t rans i t ions ,  and the d iamagnet ic  c h a r a c t e r i s -  
t ics  we re  ca lcula ted  on the bas i s  of the s e m i e m p i r i c a l  s e l f - cons i s t en t - f i e ld  method fo r  a num-  
b e r  of oxazol inm and va r ious ly  subst i tuted oxazol ium cat ions.  The r e su l t s  we re  found to be in 
a g r e e m e n t  with the avai lable  expe r imen ta l  data. The p a r a m e t e r s  of the ni t rogen a tom in the 
oxazol ium cations were  adopted within the f r a m e w o r k  of a unified p a r a m e t r i z a t i o n  that unites 
the pyridine,  py r ro le ,  and immonium ni t rogen a toms.  It was  found that o v e r  a b road  range  of 
s t ruc tu ra l  changes in the oxazol ium cation the max imum posi t ive  charge  is found in the 2 pos i -  
tion; this de t e rmines  the s i te  of nucleophilic addition in reac t ions  involving opening and r e c y -  
c l izat ion of these he te rocyc les .  It was shown that the phenyl subst i tuent  at tached to the ni t rogen 
atom is l eas t  conjugated with the he te ro r ing  as compared  with the o ther  posi t ions in the oxazol i -  
um ring; as a consequence of this,  the s m a l l e s t  ba thochromic  shif t  of the long-wave absorpt ion 
band of the UV s pec t rum  is obse rved  in the s e r i e s  of phenyl -subs t i tu ted  oxazol ium sal ts ,  and 
the N-methyl  g roup  marked ly  shifts  the spec t rum to the sho r t -wave  region.  The sca le  of a r o -  
mat ic i ty  of the invest igated compounds,  according to which the azol ium cations a r e  l ess  a ro -  
mat ic  than the cor responding  bases ,  is given. 

Lit t le  study has  been  devoted to the e lec t ronic  s t r uc tu r e s  of oxazol ium cations and the i r  manifes ta t ion in 
the spec t r a l  c h a r a c t e r i s t i c s  and reac t iv i t i e s ,  although this impor tant  c lass  of a romat ic  cycl ic  cations a s s u m e s  
p rac t i ca l  impor tance  as f luorescen t  subs tances  (for example ,  scint i l la tors)  and in organic  synthes is .  

The select ion of the ~ -e l ec t ron  s e m i e m p i r i c a l  p a r a m e t e r s  in quan tum-chemica l  calcula t ions  of s e l f -  
cons is ten t - f ie ld  (SCF) s y s t e m s  containing a ni t rogen a tom in var ious  s ta tes  p r e sen t s  ce r ta in  difficult ies [1, 2], 
s ince different  s e m i e m p i r i c a l  p a r a m e t e r s  that a re  not in te r re la ted  a re  ord inar i ly  used for  pyridine,  py r ro le ,  
and quaternized ni t rogen a toms and even in calculat ions of different  p r o p e r t i e s  of s y s t e m s  with ni t rogen a toms 
of a s ingle  type. 

In the p re sen t  r e s e a r c h ,  following the p rocedure  in [2], we will use the unified p a r a m e t r i z a t i o n  of the ni- 
t rogen a tom that was  prev ious ly  tes ted in calculat ions of the e lec t ronic  absorpt ion spec t r a  of pyridine,  py r ro le ,  
and the i r  benzo der iva t ives  [3]. This makes  it poss ib le  to not only compare  the var ious  p rope r t i e s  of n i t rogen-  
containing compounds but also to make a m o r e  re l iab le  e s t ima te  of the reac t iv i t i es  on pass ing  f rom nonquater -  
nized to quaternized  he te rocyc les ,  which occurs  in recyc l iza t ion  p r o c e s s e s  and in catalyt ic  p r o c e s s e s  in which 
acidic agents par t i c ipa te .  

The s ignif icance of the p a r a m e t r i z a t i o n  used in this r e s e a r c h  cons is t s  in the fact  that the in te re lec t ron  
in teract ion in tegra ls  and the resonance  in tegra ls  do not depend on the type of ni t rogen atom, and the coulombic 
i n t e g r a l  {W) is a s soc ia ted  with the number  of ~ e lec t rons  furnished by a g iven a tom to the 7r-electron sys t em.  
F o r  example ,  the W values  of py r ro l e  and pyr idine ni t rogen a toms a re  in te r re la ted  by the express ion  

U~ = U~ + - -~- .  

The numer ica l  values  of the v - e l e c t r o n  p a r a m e t e r s  of the ca rbon  a tom a re  identical  to those used in [4], 
whe reas  those of the pyr idine n i t rogen a tom a re  identical  to those used in [5], in which an extensive number  of 
mo lecu l a r  p rope r t i e s  were  used fo r  compounds containing these a toms within the f r a m e w o r k  of a unified p a r a -  
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TABLE i. 

Corn- Molecule 
pound 

I 
II 
Ill 
IV 

V 
VI 
VII 

VIII 
IX 
X 

XI 
XII 

XIII 
XIV 
XV 

XV I 

Residual ~-Electron Charges 

Charges on the heteroring 

Fl f fa l l  
pyrrole* 
Oxazole 
Oxazolium ion 

0,275 
=o:i13 

0,281 
0,285 

(0,361) 
0,284 
0,279 
0,267 
0.312 
0.286 
0.273 
0,265 
0.269 
0.257 
0,275 
0,255 
0,258 

Ox~liazole �9 
Oxadlazoltum ion 
2-phenyloxazolium ion 
3-Phe@loxazolium ion 
4.Phonyloxazolium ion 
5.Phenvlaxa:miium ion 
2,3 - Dip'henylox azolium ion 
2,4-Diphenvlvxazolium i o n  
2,5 - Diphen~loxazolimn ion 
4.5 -Di~)henylQx azolitwn ion 
2,3 ,-S- fr d phenytoxa zoli ion 
2,4,5-Triphenylox azol. ion 

- 0.038 
--0.072 

0,057 
0.241 

(0.090 
0,055 
0,310 
0.203 
0,231 
0,228 
0,222 
0,180 
0,195 
0,190 
0,217 
0,168 
0.186 

I q3 q4 

- 0,'099 -0,099 
0,370 -0,072 

-0.251 -0,043 I 
0.-II 5 0.015 

I ( 0 , 4 7 1 )  ( 0 , 0 2 9 )  
-0.!97 -0,197 

0,442 -0,254 
0.386 0.004 
0.457 0,039 
0.400 0,014 
0,417 -0,013 
0.421 -0,012 
0,373 0,000 
0,389 -0,016 
0,402 --0,007 
0,427 --0,033 
0,375 - - 0 , 009  

q~ 

- 0,038 
-0,113 
-0.045 i 

0,046 i 
(O,O49 
0,055 
0,222 
0.030 

- 0 , 0 5 6  
o,o2o I 
0,041 1 
0,031 
0,012 
0,029 
0,021 
0,030 
0,013 

Total charges 

hereto- phenyl rings 
rin~ 

0 
0 
0 

1 ,000  

0 
1,000 
3,890 
3,983 
),948 
),940 
).888 
).855 
},849 
),907 
},847 
),823 

O, llO 
0,017 
0,052 
0,060 
0,103 0,009 
0,102 0,043 
0,101 0.050 
0,042 0,051 
0,095 0,004 0,049 
0,096 0,040 0,042 

* The  n i t r o g e n  a t o m  is  the 3 a t o m ,  a s  in o x a z o l e .  

m e t r i z a t i o n .  The p a r a m e t e r s  of  the  f u r a n  (it w i l l  a l s o  be  the p y r y l i u m )  oxygen  a tom (W~ = - 1 0 . 1 ,  f lC=~)  = - 3 . 5 ,  
and YOO = 15.57 eV) and of the  p y r r o l e  n i t r o g e n  a t o m  W ~  = - 6 . 8 6 ,  t i C _ j 1  = - 3 . 1 ,  and YNN = 10.4 eV) w e r e  u sed  
f o r  t h e  c a l c u l a t i o n  of the UV s p e c t r a  of f u r a n  and p y r r o l e  [3]. 

S ince ,  f i r s t  of a l l ,  the  q u a t e r n i z e d  and p y r r o l e  n i t r o g e n  a t o m s  e a c h  f u r n i s h  two e l e c t r o n s  to the v - e l e c -  
t r o n  s y s t e m  (in h e t e r o a r o m a t i c  c y c l i c  c a t i o n s ,  inc lud ing  o x a z o l i u m  ions ,  one of them is  then t r a n s f e r r e d  f r o m  
the 7 r - e l ec t ron  s y s t e m  to the gegen ion)  and,  s ec ond ,  the c l o s e s t  c h e m i c a l  s u r r o u n d i n g s  of the  p y r r o l e  n i t r o g e n  
a t o m  and the i m m o n i u m  n i t r o g e n  a t o m  in o x a z o l i u m ,  p y r i d i n i u m ,  e tc .  c a t i o n s  a r e  i de n t i c a l ,  we a s s u m e  that  the  
7 r - e l e c t r o n  p a r a m e t e r s  of t h e s e  n i t r o g e n  a t o m s  a r e  equ iva len t .*  

The c h e m i c a l  p r o p e r t i e s  of t h e s e  a t o m s  a r e  a l so  s i m i l a r ,  as  i nd i c a t e d ,  f o r  e x a m p l e ,  by a p h y s i c o c h e m i -  
ca l  v a l u e  such  as  the PKB, which  is i n t i m a t e l y  a s s o c i a t e d  wi th  the c h a r g e  on the  n i t r o g e n  a tom:  p y r r o l e  16.5 
[6], 4 - p h e n y l o x a z o l i u m  ion 15.2 [7], 5 - p h e n y l o x a z o l i u m  ion 13.7 [7], and o x a z o l i u m  ion 13.2 [7]. As  one m i g h t  
have  expec t ed ,  the t r e n d  of the  change  in the  pK B v a l u e  is  the o p p o s i t e  of the t r e n d  of the r e s i d u a l  r - e l e c t r o n  
c h a r g e  on the n i t r o g e n  a t o m  (see  Tab le  1); h o w e v e r ,  w i th  r e s p e c t  to t h e i r  pK B v a l u e s  the o x a z o l i u m  c a t i o n s ,  a s  
a c i d s ,  a r e  found in the s a m e  s e r i e s  a s  p y r r o l e .  

It is  c u r i o u s  tha t  w h e r e a s  we ob t a in  p y r r o l e  if the oxygen  a tom in the o x a z o l i u m  ca t i on  i s  f o r m a l l y  r e -  
p l a c e d  by CH, we ob ta in  f u r a n  ff the q u a t e r n i z e d  n i t r o g e n  a t o m  is r e p l a c e d  by CH. The o x a z o l i u m  c a t i o n  can  
then  b e  r e p r e s e n t e d  by s u p e r i m p o s i t i o n  of  the p y r r o l e  and f u r a n  s t r u c t u r e s  a f t e r  s u b s t r a c t i o n  of the c y c l o p e n -  
t a d i e n y l  an ion:  

In fac t ,  the  e l e c t r o n  d i s t r i b u t i o n  o b t a i n e d  by s u m m a t i o n  in c o n f o r m i t y  wi th  the s c h e m e  p r e s e n t e d  above  
g i v e s  an a c c u r a t e  p i c t u r e  of the c h a r g e  d i s t r i b u t i o n  in the  o x a z o l i u m  c a t i o n  (see  the n u m b e r s  in p a r e n t h e s e s  in 
Tab le  1, w h e r e  the  r e s u l t s  of q u a n t u m - c h e m i c a l  c a l c u l a t i o n s  of f u r an ,  p y r r o l e ,  and the o x a z o l i u m  ca t i on  a r e  
a l s o  p r e s e n t e d ) .  The bond  o r d e r s  o b t a i n e d  by th is  s c h e m e  (the n u m b e r s  in p a r e n t h e s e s )  a r e  a l so  in good  a g r e e -  
m e n t  wi th  the q u a n t u m - c h e m i c a l  c a l c u l a t i o n :  Pl-2 = 0.514 (0.572), P2-3 = 0.621 (0.617), P3-4 = 0.482 (0.450), 
P4-5 = 0.797 (0.856), and Ps-1 = 0.426 (0.404). 

The r e s u l t s  of c a l c u l a t i o n s  of the c h a r g e  d i s t r i b u t i o n  of the o x a z o l i u m  c a t i o n s  a r e  p r e s e n t e d  in Tab le  1. 
It f o l l ows  f r o m  Table  1 tha t  a s h a r p  d e c r e a s e  in the r e s i d u a l  t r - e l e c t r o n  c h a r g e  in the 2 p o s i t i o n  is o b s e r v e d ,  
w h e r e a s  t h e  c h a r g e  d e n s i t y  in the o t h e r  p o s i t i o n s  c ha nge s  e x t r e m e l y  i n s i g n i f i c a n t l y .  A l lowance  f o r  the i n t e r -  
e l e c t r o n  i n t e r a c t i o n  s i m p l i f i e s  the p i c t u r e  of  the  e l e c t r o n  d i s t r i b u t i o n  only  s o m e w h a t  ( c o m p a r e  wi th  [8]). 

* In th is  c a s e  we  fo l low the CNDO (comple t e  n e g l e c t  of d i f f e r e n t i a l  o v e r l a p )  me thod ,  in which  the p a r a m e t e r s  
f o r  any type  of n i t r o g e n  a r e  i d e n t i c a l  and the m a n i f e s t a t i o n  of the n a t u r e  of the a t o m  in the q u a n t u m - c h e m i c a l  
c a l c u l a t i o n  depends  only  on i ts  e n v i r o n m e n t .  
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TABLE 2. Lower  Singlet--Singlet Trans i t ions  rim) 

Corn- Com- 
pound Molecule Calc. pound Molecule Calc. 

III 
IV 
V 

VI 
VII 

VIII 
IX 

Oxazole 
Oxazolium ion 
Oxadiazole 
Oxadiazolium ion 
2-PhenyloxazoE ion 
3-Phenyloxazol. ion 
4-Phen~loxazol. ion 

205,3 
216,o 
193,4 
194,4 
286.3 
267,2 
285.0 

XIII 
XIV 
xv 

xvI 

5-Phenyloxazolium ion 
2,3-Diphenyloxazol. ion 
2,4-Diphen~loxazol. ion 

,loxazol. ion 
,loxazol. ion 

Lyloxaz: ion 
Lyloxaz. ion 

286,3 
317,1 
331,5 
336,0 
322,0 
348,0 
363,6 

The introduction of a phenyl subst i tuent  in any posi t ion of the he te ror ing  leads to a smal l  d e c r e a s e  in the 
pos i t ive  charge  in the 2 posit ion and on the he te ror ing ,  which is l a rge r ,  the l a r g e r  the number  of phenyl r ings 
incorpora ted  in the he ta ry l  c a t i o n -  the l a t t e r  displays an apprec iab le  e l e c t r o n - a c c e p t o r  effect.  The cha rges  
in the o ther  posi t ions of the he teror ing  r ema in  a lmos t  the s ame  in this case .  In monosubst i tu ted oxazol ium ca-  
tions the h ighes t  posi t ive  charge  in the 2 posit ion (and on the heteror ing)  is obse rved  when there  is a phenyl 
subst i tuent  at tached to the ni trogen atom; this is a ssoc ia ted  with s tabi l izat ion of the cat ionic s ta te  in the he t e ro -  
r ing as a r e su l t  of the l eas t  conjugation with the phenyl substi tuent .  This is conf i rmed by the h e t e r o r i n g - p h e -  
nyl r ing bond o r d e r s ,  which, according to the calculat ion,  have their  lowest  values  when there  is a phenyl ring 
at tached to the ni t rogen a tom of the he te ro r ing  and a re  prac t ica l ly  independent of the p r e sence  of other  phenyl 
r ings  in the he te rocyc le :  P2 -Ph  = 0.383-0.386, P 3 - p h  = 0.245-0.299, P 4 - P h  = 0.351-0.362, and P 5 - P h  = 0.360- 
0.372. The total c h a r g e  on the phenyl r ings the re fo re  also depends on the i r  posi t ion in the he te ro r ing  and 
changes symba t ica l ly  wi th  the p h e n y l - h e t e r o r i n g  bond o rde r s ,  which c h a r a c t e r i z e  thei r  degree  of conjugation: 
qtot fo r  2-phenyl  = 0.10, as compared  with 0.04-0.05 for  4- and 5-phenyl and 0.01 for  3-phenvl .  

To make al lowance for  the effect  of functional subst i tuents  in the phenyl r ings and the he te ror ing  on the 
cha rge  d i s t r ~ u t i o n  of the s y s t e m s  that we invest igated we successfu l ly  tes ted the assoc ia ted  va r i an t  of p e r t u r -  
bation theory in the SCF MO LCAO method during a study of the effects  of chemica l  subst i tut ion on the pro ton  
and 13C chemica l  shif ts ,  the e lec t r i ca l  po lar izabi l i t i es ,  and the dipole moment s  [9]. The calculat ions show that 
quaternizat ion of the oxazole  and oxadiazole r ings does not lead to a substant ial  change in the se l f -po la r i zab i l i -  
ty and mutual po la r izab i l i ty  (Trrs). The introduction of functional subst i tuents  in the phenyl r ings has p r a c -  
t ical ly no effect  on the cha rge  dis t r ibut ion in the oxazol ium ring. The e lec t ron  density changes l eas t  of atl in 
the 2 posi t ion (V2_Ph = 0.00-0.04, while rr4_Ph ~ 7r5_Ph = 0.02-0.05; the resu l t s  a re  p re sen ted  in -3 .8972  eV 
units; the m a x i m u m  absolute vatues  of the l imi ts  per ta in  to the a toms to which the phenyl group is connected). 
The se l f -po la r i zab i l i t i e s  of the ca rbon  a toms of the oxazolium ring in unsubsti tuted and var ious  mono- ,  di- ,  
and t r iphenyl -subs t i tu ted  s y s t e m s  range f rom 0.4 to 0.5, whereas  the mutual po la r izab i l i t i e s  between these 
a t o m s  a re  negat ive and l ie in the following ranges:  7r24 = 0.00-0.11, 7r2 ~ = - 0 . 0 9  to - 0 . 2 0 ,  and 7r4s = - 0 . 2 4  to 
- 0 . 3 2 .  

I t  follows f r o m  the calcula t ions  that the highest  posi t ive  res idual  charge  in unsubsti tuted and var ious  
phenyl -subs t i tu ted  oxazol ium cat ions co r responds  to the 2 posit ion,  to which nucleophilic addition should also 
take place .  In fact ,  it has  been proved  in a number  of s imp le s t  examples  [10] that nucleophilic opening of the 
r ing in phenyl -subs t i tu ted  oxazol ium cations p roceeds  p r e c i s e l y  at the O - C  2 bond. In m o r e  complex p ro -  
c e s s e s  - in recyc l iza t ion  reac t ions  - we also p roceeded  f rom the s ame  p r e m i s e s  by way of analogy. The ca l -  
culations p e r f o r m e d  in this r e s e a r c h  make it poss ib le  to cons ider  these assumpt ions  to be substant ia ted in 
va r ious  a ry l  der iva t ives  of the oxazol ium cation. 

The calcula ted 7rrs va lues  provide evidence that the p r e s e n c e  of functional subst i tuents  in the phenyl r ings 
does not entail  changes in the s i te  of p r i m a r y  nucleophilic at tack,  but d i rec t  subst i tut ion of the he te ror ing  by 
groups  with high As  values  may lead to reor ien ta t ion  in nucleophilic addition (see [11] for  exper imenta l  ex-  
amples) ,  as follows f r o m  Table 1 and the above -de t e rmined  ranges  of the changes in the Wrs values  of the 
he te ror ing .  

On the bas i s  of the above -desc r ibed  charge  dis tr ibut ion in oxazol ium cations with al lowance fo r  the 
super impos i t ion  of all  of the singly exci ted configurat ions by the method developed in [12] we de te rmined  the 
energ ies  of the lower  s i n g l e t - s i n g l e t  t ransi t ions .  The values  found within the f r a m e w o r k  of the above -de -  
sc r ibed  pa r ame t r i z a t i on  a r e  p re sen ted  in Table 2, and the exper imenta l ly  obtained UV spec t r a  of the oxazol i -  
um sa l t s  a r e  p re sen ted  in Figs .  1 and 2. 

Protonat ion of oxazole  and 1,3 ,4-oxadiazole  (Table 2) leads to a sma l l  shif t  in the spec t ra .  Protonat ion 
of phenyl-subs t i tu ted  oxazoles  leads to a more  complex dependence (Fig. 1): the absorpt ion  m a x i m a  of the un- 
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Fig.  1. Exper imenta l  UV absorp t ion  s p e c t r a  of oxazoles :  1) 5- 
phenyloxazole  XVII; 2) 2 ,5-diphenyloxazole  XVHI; 3) 4 ,5-diphenyl-  
oxazole  XIX; 4) 2 ,4-diphenyloxazole  XX in 96% ethanol (see [9]); 
5) XVII; 6) XVIII; 7) XIX; 8) XX in 98% H2SO 4. 

Fig. 2. Exper imenta l  UV absorpt ion  spec t r a  of oxazol ium sa l t s  in 
96% ethanol: 1) 2 ,3 ,5- t r iphenyloxazol ium p e r c h l o r a t e  XV; 2) 2 ,3-  
d imethy l -5 -phenyloxazo l ium p e r c h l o r a t e  XXI; 3) 2 ,5 -d iphenyl -3-  
methyloxazol ium tosyla te  XXII; 4) 2 ,5 -d iphenyl -3-e thy loxazo l ium 
tosyla te  XXIII; 5) 2-  (p -methoxyphenyl ) -3 -methy l -5 -phenyloxazo l i -  
um tosyla te  XXIV; 6) 2 - (p -d ipheny ly l ) -3 -me thy l -5 -pheny loxazo l ium 
tosyla te  XXV; 7) 2 -methy l -3 ,5 -d ipheny loxazo l ium pe rch lo ra t e  XXVI; 

//~-, __ ,~ n--+N/C: H5 N ~  

8) C~,5--~j~--%H4--~O ~/~--C6H ~ (XXVII); 9 )2 ,3 -d ipheny l -5 - fu ry loxazo l i -  

TsO- 

um tosyla te  XXVIII. 

pro tonated  f o r m s  of X, XII, XIII, and XIV in ethanol a re  261, 276, 314, and 280 nm, as compared  with 268, 302, 
319, and 275 nm, respec t ive ly ,  in concent ra ted  sulfur ic  acid (Fig. 1). It follows f r o m  Table 2 and F igs .  1 and 
2 that the introduction of a phenyl group in any posit ion of the oxazol ium cation leads to a ba thochromic  shift  
of ~ 60-70 nm. A second phenyl res idue  has a l e s s e r  effect  (a ba thochromic  shift  of 30--40 nm), while a third 
phenyl group has an even s m a l l e r  effect  (20 nm). In this case  a pheny! ring at tached to the ni t rogen a tom has 
the s m a l l e s t  effect; this is in conformi ty  with the lowest  conjugation of the phenyl ring with the he te ror ing  (see 
the cor responding  bond o r d e r s  p re sen ted  above). 

Quaternat ion of the ni t rogen atom with alkyl groups leads to an apprec iab le  shift  in the spec t r a  of these 
compounds as c o m p a r e d  with the nonquaternized fo rms :  oxazolium sa l t  XXI absorbs  at 235 nm, XXII absorbs  
at 298 nm, and XXIII abso rbs  at 295 nm. 

It should be noted that when an e l ec t ron -donor  grouping that shif ts  the spec t rum to the longer -wave  re -  
gion is introduced in the 2 posi t ion (compare  XXII, XXI~7, and XXV), the effect  of the methyl  group is leveled: 
oxazol ium sa l t  XXIV absorbs  at 318 nm, XXV abso rbs  at 326 nm, while the nonquaternized f o r m s  of these com-  
pounds absorb  at 308 and 320 nm [13], r e spec t ive ly .  However,  the introduction of an e l ec t ron -accep to r  group-  
ing does not change the ba thochromic  effect  c h a r a c t e r i s t i c  for  the N-alkyl  group: oxazol ium sa l t  XXVII ab-  
so rbs  at  321 nm, and the nonquaternized f o r m  abso rbs  at 3 5 8 n m ,  which, in conformi ty  with [9] (AX = K k r  �9 Aa) ,  
can be a sc r ibed  to the ef fec t  of e l ec t ron -donor  and e l e c t r o n - a c c e p t o r  groups  with different  s igns.  The introduc- 
tion of e l ec t ron -donor  subst i tuents  in the 5 posi t ion also leads to a ba thochromic  shift  of the bands (compare  
XV and XXVIII). We note that the nature  of the gegenion (C10 o TsO) has p rac t i ca l ly  no effect  on the posit ion of 
the absorpt ion  of the oxazol ium sa l t s .  

On the bas i s  of the data obtained let  us also examine the p rob lem of the a romat ic i ty  of azolium cations; 
this p rob lem has not been studied prev ious ly .  As the pr inc ipa l  index of a romat i c i ty  we will adopt the re la t ive  
~r-electron diamagnet ic  suscept ib i l i ty  (XTr/X~ H ) of t he secompounds ;  this value was ca lcula ted  by the method 
developed in [4] within the f r a m e w o r k  of the a~s~)ciated v a . i a n t  of pe r tu rba t ion  theory in the MO LCAO method 
of the above -desc r ibed  charge  dis t r ibut ion of the ground s ta te  and tested in calculat ions of both uncharged and 
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T A B L E  3. Diamagne t i c  Suscept ib i l i t ies  (in 10 -6 c m 3 / m o l e  units) 
and Induced r - E l e c t r o n  C u r r e n t s  (in units  b a s e d  on the c u r r e n t  in 
the benzene  ring) 

I Ft~an 
IIIPyrrole 

I IIIOxazole 
IVlOxazolium ion 
VlOX~d4a~le- - 

VllOxadiazolium ion 

~-Electron calcalation[ z,- I ~"~2 

xd I x. ~ talc. I ex- ptl. ~- 
I 

16,67[ - 1,09 
16,54 - 0,68 
17.00 - 1,34 
17.421 -2,47 
17.231 - 1,61 
17,301 -3,76 

VIl]2-Phenyloxaz. ion ] 210,981 - 168,97 
V 11113 - Phenyiox az; ion ] 214,13 - 169,80 

IXI4-phenyloxaz. ion ]212,83[ - 169,38 
X 5-Phen~loxaz. ion [ 212,54 t - 169,36 

XIl2.4-DilShenyloxa-1405,691-335,97 
/ zolium ion I / 

Xlll2 5-DiDhenvloxa- 1406.451 'zoliutn ioti I -335,95 J I 

[ 0 499 15,581 43,1 43,1 0:508 
15,86i 4t,3 47.d 
15,66 37,8 38,C[ 0,502 
14,95 37,9 0,464 
15,62 32,5 0,501 
13,54 31,7 0,434 
42,0l 91,61 1,346 
44,34 92,39 1,421 
43,44 92,09 1.392 
43,18 92,00 1,384 
70,72 140,89 2,267 

70,50 140,82 2,260 
t 

Induced currents 

11 phenyls 

0,754 
0,767 
0,758 
0,723 
0,756 
0,655 
0,648 O,917 
0,70t 0,956 
0,682 0,941 
0.676 0,936 
0,6[4 0,919 0,942 

0,610 0,919 0,937 

cha rged  s y s t e m s .  The r e su l t s  of the ca lcu la t ion  of the d iamagne t i c  suscep t ib i l i ty  and the r - e l e c t r o n  c u r r e n t s  
induced in the r ings  a r e  p r e s e n t e d  in Table 3, in which the r e s u l t s  of v - e l e c t r o n  ca lcu la t ions  of the d iamagne t ic  
(X d), p a r a m a g n e t i c  (xP), and total  r - e l e c t r o n  (X 7r) con t r ibu t ions  to the d iamagnet ic  suscep t ib i l i ty  a r e  g iven  in 
the f i r s t  t h ree  co lumns .  The m o l a r  d iamagne t ic  suscep t ib i l i ty  (X m), which is p r e s e n t e d  in the four th  co lumn of 
Table 3, in which it is c o m p a r e d  with the avai lable  expe r imen ta l  data  [7, 14], was  found with a l lowance fo r  these 
cont r ibu t ions  by means  of an addit ive s c h e m e  in which  all  of the bonds in the ca t ion  w e r e  a s sumed ,  as  in [5], to 
be  magne t i ca l ly  equiva len t  with an addi t ivi ty  cons tan t  of - 3 . 6 1  �9 10 -6. c m 3 / m o l e  and the unsha red  p a i r  of e l e c -  
t rons  of the oxygen a tom was  c o n s i d e r e d  to be an addit ive p a r a m e t e r  equal to - 5 . 4 1  �9 10 -6 c m 3 / m o l e ,  s e l ec t ed  
with r e s p e c t  to fu ran  [7]. 

It fol lows f r o m  Table  3 that  the a r o m a t i c i t y  of the inves t iga ted  s imp le  h e t e r o c y c l e s  d e c r e a s e s  with r e -  
spec t  to the r e l a t ive  r - e l e c t r o n  d iamagne t ic  suscep t ib i l i ty  ( X r / X  r ) in the o r d e r  

- C ~ H  6 

I > I I I ~ \  > I I > I V > V I  

On the sca le  that  we es tab l i shed ,  the a r o m a t i c i t y  of fu ran  and p y r r o l e  is in a g r e e m e n t  with the data of C o r r a d i  
and c o - w o r k e r s  [15]. It should be e m p h a s i z e d  that c o n v e r s i o n  of the azo les  to the ca t ionic  s ta te  leads  to a de-  
c r e a s e  in the i r  a r o m a t i c i t y  due to a d e c r e a s e  in the induced 7r-e lect ron c u r r e n t s  (If) in the he t e ro r i ng .  As one 
migh t  have  expected,  the in t roduct ion  of phenyl  subs t i tuents  leads to an i n c r e a s e  in the a r o m a t i c i t y  of the c a -  
tion, and the i n c r e a s e  is g r e a t e r ,  the l a r g e r  the n u m b e r  of phenyl  r e s i d u e s  in t roduced.  The induced r - e l e c t r o n  
c u r r e n t s  in the h e t e r o r i n g  d e c r e a s e  s y m b a t i c a l l y  in this case ,  and the d e c r e a s e  is g r e a t e r ,  the h ighe r  the con-  
jugat ion of the oxazo l ium r ing with the phenyl  subst i tuent ;  the c o r r e s p o n d i n g  bond o r d e r s  d i s c u s s e d  above a r e  
indicat ive  of this. The c u r r e n t s  in the phenyl  r ings  a lso  d e c r e a s e  as  the i r  conjugat ion  with the h e t e r o r i n g  in- 
c r e a s e s ,  and this leads  to a d e c r e a s e  in the ove ra l l  a r o m a t i e i t y  of  the ca t ion  as a whole,  which,  f o r  example ,  
in oxazo le  VIII, in which the phenyl  r e s idue  is a t tached  to the n i t rogen  a tom and is l e a s t  conjugated  with the 
he t e ro r ing ,  is m a x i m a l  among  the monosubs t i tu t ed  oxazo l ium sal ts .  

Thus an i n c r e a s e  in the n u m b e r  of phenyl  r ings  a t tached to the oxazo l ium r ing leads,  on the one hand, to 
an i n c r e a s e  in the a r o m a t i c i t y  of the s y s t e m  as a whole  and a shif t  of the s p e c t r u m  to the long-wave  reg ion  
and, on the o ther ,  to a d e c r e a s e  in the r e s i d u a l  c h a r g e  in the 2 posi t ion ,  i .e. ,  to a d e c r e a s e  in the e lec t roph i l i c  
ac t iv i ty  of the ca t ion.  Al though it a lso  leads  to a d e c r e a s e  in the ove ra l l  a r o m a t i c i t y  of the sy s t em,  an in- 
c r e a s e  in the conuugat ion of  the phenyl  r i ngs  with the h e t e r o r i n g  in individual s e r i e s  of mono- ,  di- ,  and t r i -  
pheny l - subs t i t u t ed  oxazo l ium sa l t s  r e s u l t s  in a b a t h o c h r o m i c  shif t  of the absorp t ion  s p e c t r a  and a d e c r e a s e  in 
the cha rge  in the 2 pos i t ion  of the h e t e r o r i n g .  
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Q U A N T U M - C H E M I C A L  S T U D Y  OF T H E  CH A C I D I T I E S  OF 

M E T H Y L  D E R I V A T I V E S  OF F I V E - M E M B E R E D  A R O M A T I C  

H E T E R O C Y C L E S  

N. N. Z a t s e p i n a ,  I .  F .  T u p i t s y n ,  
A.  A.  K a n e ,  a n d  G .  N.  S u d a k o v a  

UDC 547.77.78.79 : 541.127' .67 

The CNDO/2 (complete neglect  of d i f ferent ia l  overlap) method was used fo r  the study of the 
possibi l i ty  of the quan tum-chemica l  descr ip t ion  of the e lect ronic  effects  of subst i tuents  and 
he t e roa toms  on the CH acid p r o p e r t i e s  of an extensive s e r i e s  of methyl  de r iva t ives  of f ive-  
m e m b e r e d  a r o m a t i c  he te rocyc les .  It is shown that the trend of the change in the re la t ive  
ra te  constants  of deu te r ium exchange of the methyl  der iva t ives  of furan,  thiophene, thiazole,  
isothiazole,  oxazole,  isoxazole,  pyrazo le ,  imidazole,  oxa-  and thiadiazoles,  and te t razo le  
co r r e sponds  in m o s t  c a se s  to the changes in the deprotonat ioa energies  (AE = EHet_CH 2 -  
EHe t C,J ~ and the cha rges  on the hydrogen a toms of the methyl  groups  unaergoing a t tack by 

- -  1 1 3  , 

the base .  The f ac to r s  r espons ib le  fo r  violation of the indicated s imple  conformi ty  a r e  
d iscussed .  

Studies made in r ecen t  y e a r s  have shown that within the l imits  of a s e r i e s  of s imi l a r ly  const ructed com-  
pounds, the CNDO/2 (complete neglect  of d i f ferent ia l  overlap) method can be successfu l ly  applied for  the de-  
sc r ip t ion  of the kinetic and equi l ibr ium acidi t ies  of carboxyl ic  acids (for example ,  see  the data on the CH 
acidi t ies  of subst i tuted benzenes  (1], some f ive-  and s i x - m e m b e r e d  ni t rogen-containing he te rocyc les  [2-4], 
methanes  [5], e thylenes  [6], phenylacetylenes  [1], methyl  der iva t ives  of a romat i c  compounds [1], sa tu ra ted  
r ings [7, 8], etc.) .  In a continuation of our  r e s e a r c h  on the re la t ionship  between the e lec t ronic  s t r u c t u r e  and 
the labili ty of hydrogen a toms  in organic  compounds of di f ferent  c l a s se s ,  we made a quan tum-chemica l  ex-  
aminat ion  of the CH acid p r o p e r t i e s  of an extensive  s e r i e s  of methyl  de r iva t ives  of f i v e - m e m b e r e d  a roma t i c  
he te rocyc les .  As in [5, 7, 9], we used the deprotonat ion energ ies  (AE = EHet_CH--EHet_CH3)  and the charges  
on the hydrogen a toms  (qH) undergoing a t tack  by the base  as the theore t ica l  reac t iv i ty  indices. The AE values 
w e r e  ca lcula ted  fo r  "p lanar"  and py ramida l  configurat ions cor responding  to the model of comple te  detachment  
of a pro ton  in the carbanion  t rans i t ion s ta te .  The exper imen ta l  geome t ry  of the corresponding unsubsti tuted 
he t e rocyc l e s  [9] was used as the bas i s  of the calculat ion of the invest igated s e r i e s  of methyl  der iva t ives  in 
_most cases ;  ~he p a r a m e t e r s  of the idealized geome t ry  r ecommended  by Pople and Gordon [10] were  used for  
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