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The cha rac te r i s t i c s  of the e lect ronic  s t ruc tu res  of a number of model aromat ic  oxazoles 
rea l i zed  in aromat ic  polyoxazoles were  obtained within the f ramework  of the P a r i s e r -  
P a r r - P o p l e  method.  The UV spec t ra  of most  of them were  in te rpre ted .  The s t e r e o -  
i s o m e r i s m  of dibenzoxazoles is examined.  

Continuing our r e s e a r c h  on the es tabl ishment  of a cor re la t ion  between the s t rength  charac te r i s t i c s  of 
bonds (during the degradation of the compounds) and the charac te r i s t i c s  of the e lect ronic  s t ruc tu res  of a 
number  of molecules of hea t - r e s i s t an t  polymers  [1, 2], we have investigated model aromat ic  oxazoles and 
some fragments  rea l i zed  in aromat ic  polyoxazoles [3]. The charac te r i s t i c s  of the e lect ronic  s t ruc tu res  
were  obtained within the f ramework  of the P a r i s e r - P a r r - P o p l e  method; the details of the calculat ion and 
the pa rame te r s  used were  repor ted  in [2]. Thus we calculated oxazole (I), its 2-phenyl and 2,5-diphenyl 
der ivat ives  [(II) and (III), respect ive ly] ,  benzoxazole (IV), 2-phenylbenzoxazole (V), dibenz [b,e]oxazole (VI), 
2,5-diphenyldibenz [b,e]oxazole (VII), a d imer  of an aromatic  oxazole based on dihydroxydiaminobenzene 
(VIII), 5,5 '-bis (2,2'-diphenylbenzoxazole) (IX), and some models containing different ly connected benzoxazole 
r ings (X-XII). The indicated compounds a re  p resen ted  in Figs .  1 and 2. 

The calculated rings were  assumed to be regula r  polyhedra with bond lengths of 1.38 ~ in the case  of 
oxazole and condensed rings and 1.40 ~ in the case  of te rminal  aromat ic  r ings .  The C - C  bond lengths be-  
tween the rings were  1.50 A.  

In addition to the usual quantum-chemical characteristics, we calculated the total (Etot) , 7r-bond (E~rb), 
and resonance (EvR) energies, the resonance energy per Ir electron (EVR/n) , the energy of interaction of 
the heterorings with one another (Eint/m), and the energies of the upper occupied (Suo) and lower vacant 
(~ Iv) molecular orbitals for the investigated heterocycles. The indicated values are presented in Table I. 
Table 1 also includes information on the position of the maxima of the long-wave absorption bands. 

Molecular Diagrams. The molecular diagrams of the ground states of the investigated compounds are 
presented in Figs. 1 and 2. Analysis of the electronic distribution in oxazole I indicates great nonuniformity 
of the distribution of the ~ electrons (~ ~r talc ~ 3.0 D) caused by the presence in the ring of heteroatoms of 
different nature. Moreover, one of the carbon atoms (C2) is the electrophilic center of the molecule, while 
two of the others (C 4 and C 5) are nucleophilic centers. The bonds between the carbons and the heteroatoms 
have the lowest order. It is precisely at these bonds that one should primarily expectdisintegration of the 
heteroring via a homolytic mechanism, and we will therefore subsequently define them as "weak bonds ." 

Comparison of the molecular diagrams of I and imidazole [I] shows that the oxygen atom in the 
oxazole ring is a weaker electron donor than the NH group of imidazole. 'In addition, we direct attention to 
the facts, first, that the C4-N bond in I has a lower order, while, the C2-N bond has a higher order than in 
imidazole,  i .e. ,  the "weak" C - N  bond is more  r e s i s t an t  to homolytic dis integrat ion in the imidazole  ring + 
than in the oxazole r ing; second, that oxazole a l ready has a diposit ive C - ~  bond at which its hydrolyt ic  
splitt ing most  l ikely occur s .  

## 

* See [I] for  communicat ion IV. 
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Fig.  1. Molecular  d i ag rams  of a romat i c  oxazoles in the ground s ta te .  
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Fig .  2. Molecular  d i ag rams  of s t e r e o i s o m e r i c  dibenzoxazoles  in the ground 
s t a t e  (X 5 ,5 ' - c i s ,  Xi 5 ,5 ' - t r ans ,  XI 6 ,6 ' - c i s ,  XIi 6 , 6 ' - t r ans ,  XII 5 ,6 ' - c i s ,  and 
XIIi  5, 6 - t r an s .  

The oxazole  and benzene r ings  in 2-phenyloxazole  have identical  e lec t ronega t iv i t i es ,  of course ,  with 
a ce r t a in  tendency for  e l ec t ron -donor  c h a r a c t e r  of the benzene r ing with r e s p e c t  to the oxazole r ing.  A 
m o r e  detai led examinat ion  of the dis t r ibut ion of charges  in II a t tes ts  to a ce r t a in  red is t r ibut ion  of the ~r- 
e l ec t ron  cloud of the he t e rocyc l e  in the d i rec t ion  of equal izat ion of the charges  on the atoms and of the bond 
o r d e r s .  Moreove r ,  the o r d e r s  of the "weak" bonds r e m a i n  p rac t i ca l ly  unchanged, while the bonds of that  
c a rbon  a tom to which the phenyl group is a t tached a re  m o s t  s ignif icant ly  weakened.  The e lec t rophi l ic i ty  of 
the C 2 a tom in II is somewha t  d e p r e s s e d .  
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Fig.  3. Calculated s ing le t - s ing le t  ( ~ )  
and S ing le t - t r ip le t  ( - - - )  t ransi t ions in 
aromatic  oxazoles .  

2,5-Diphenyl-substi tution of oxazole (III) is acc pmpanied 
by a fur ther  decrease  in the o rder  of the c a r b o n -  carbon multiple 
bond of the heterocycle ,  the charge  density f rom wilichSnigrates 
to the adjacent benzene r ing.  We note a difference in the e lec -  
tronic effects of benzene rings attached to the 2 and 5 positions. 
The f i r s t  acts as an electron donor with respec t  to the oxazo-le-- 
r ing (empirical  charge  Q is +0.005), while the second displays 
an e lec t ron-acceptor  effect (Q =-0 .027) .  As compared  with I 
and II, the "weak" C - O  bond in III is somewhat weakened, 
while the "wea~+ :' C -  N bond is s trengthened.  The electrophi l i -  + 
city of the C - C  bond in III remains  the same  as in II. 

Annelation of the oxazole and aromat ic  rings (IV) con-  
s iderably  decreases  the orders  of the "weak" bonds. The e lec -  
trophil ici ty of the C - O  bond in this case  increases  and is the 
g rea tes t  of all of the investigated oxazoles .  Of the investigated 
he terocycles ,  IV should apparently undergo nucleophilic attack 
most  readi ly .  

�9 �9 The effect of 2-phenyl-subst i tut ion of benzoxazole (V) is 
s imi l a r  to the effect of substitution of the oxazole r ing.  

The formation of dibenz [b,e]oxazole s t ruc ture  VI is accompanied by a st i l l  g rea te r  decrease  in the 
orders  of the "weak" bonds and, generally,  the bonds between the carbon+atoms of the benzene ring and the + 
he te ro-a toms  of the r ing.  With respec t  to the electrophil ici ty of the C - O bond, IV occupies a middle posi-  
tion among all of the investigated compounds.  

I somer ic  dibenz[b,e]oxazole Vii has a lmost  the same  charac te r i s t i cs  of charge distr ibution as VI. A 
Comparison of their  energy charac te r i s t i cs  (Table I) indicates the advantageousness of the " transoid" con-  
figuration. 

2 ,2 ' -Diphenyl-subst i tut ion in V] (see VII) leads to the same shift  in e lec t ron density as in III and V. 
Fur ther  lengthening of the molecular  chain (see VIII) has pract ical ly  no effect on the charac te r i s t i c s  of the 
charge  distr ibution in the he te rocyc le .  

It is interest ing to compare  the charac te r i s t i cs  of the electronic s t ruc tu re  of VII with those of IX, 
s ince the f i rs t  compound is a model of a polybenzoxazole based on dihydroxydiaminobenzene, while the 
second is a model of a polybenzoxazele based on dihydroxybenzidine. It was found that the bonds in the 
heturocycles  in IX have higher orders  ; however,  the e lec t rophi l ic i ty  of the C 2 atom is somewhat lower.  This 
means that, according to the resul ts  of the quantum-chemical  calculations,  the polybenzoxazole based on di-  

TABLE 1. Energy and Spectral Charac ter i s t ics  of Oxazoles 

Coin- 
pound 

I 
II 

III 
IV 

V 
VI 
VI i 

VII 
VIII 

IX 

X 
xXl i ! 
Xli~ 

XII ~ 
Xlli i 

Etot, E~, 

eV 
Ejr eV /in : 7 0 '  :V LV' 

100,703 8,833 3,957 0,6595 
178,305 19,475 79,75 0,6646 

255;933 30,143 12,019 0,6677 
151,007 14,497 6,300 0,6300 

227,441 23,971 9,990 0,6244 
224,915 18,855 8,941 0,6386 
224,945 18,885 8,971 0,6408 
376,782 36,802 16,040 0,6169 
678,141 65,141 29,041 0,6313 
455,415 48,475 20,513 0,6410 

302,547 I 29,527 13,133 0,6567 
302,551 [ 29,531 13,137 0,6569 
302,555 ] 29,535 13 141 0,6571 
302,566 J 29,546 13,152] 0,6576 
302,562 I 29,542 13,148 0,6574 
302,552 .[ 29,532 13,136 0,6569 

9,913 0,317 
0,5"84 9,356 i,701 

0,597 8,941 1,983 
- -  9,528 1,484 

0,536 9,227 2,147 
8,962 1,798 

- -  8,909 1,863 
0,515 8,795 2,339 
0,514 [ 8,772 2,668 
0,536 ] ~,,928 2,101 
o,~31 
0,533 ]9,013 1,576 
0,537 19215 1,613 
0,541 ]8,899 1,941 
0,552 ] 8,882 1,934 
0,548 8,938 1,766 
0,538 8,932 I,T77 

0,367 
0,358 

0,359 
0,374 

0,362 
0,365 
0,371 
0,361 
0,347 
0,360 

0,373 
0,373 
0,372 
0,375 
0,373 
0,374 

~max, nrn 

! t  
caloJ   

201 
267 
26O 
296 
281 -- 
243 -- 
286 "v-, 
298 B~ 
301 ] B:~' 
3171 ~ 
321 B e 
294 B~ 

273 B2 
274 B 
292 B~ 
290 B,., 
282 -- : 
281 i --~ 

303 ~ 
2765 
231 s 
2994 

D 
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Fig.  4. Molecular  d i ag rams  of a rom a t i c  oxazoles in the f i r s t  and second (*) s ingle t  exci ted s t a t e s .  
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Fig.  5. Calcula ted  s i n g l e t - s i n g l e t  ( ~ )  
and s i n g l e t - t r i p l e t  ( - - - )  t r ans i t ions  in 
s t e r e o i s o m e r i c  d ibenzoxazoles .  

hydroxybenzidine should have higher  heat  r e s i s t a n c e  because  
of the g r e a t e r  homolyt ic  and he te r0cyc l ic  s tab i l i ty  of the ox-  
azole r ing.  We also note the identical  s t rengths  of the C - C  
bonds between the r ings of the diphenyl f r agmen t  and between 
the benzoxazole  and benzene r ing and a ce r t a in  tendency for  
weakening of the t e rmina l  C - C  bond as the chain of the m o l e -  
cule is lengthened. 

Cha rac t e r i s t i c s  of the Exci ted States .  The ca lcula ted  
e lec t ronic  absorp t ion  s p e c t r a  of the invest igated compounds 
a re  s chemat i ca l ly  r e p r e s e n t e d  in Fig.  3; the A m~x values of 
the long-wave absorp t ion  a r e  also p resen ted  in Table 1. The 
mo lecu l a r  d i ag rams  of the compounds in s t a t e s  cor responding  
to the long-wave exci tat ion a r e  p resen ted  in Fig.  4. C o m p a r i -  
son  of them with the molecu la r  d i ag rams  of the ground s ta te  
lead to the following r e s u l t s .  

Exci ta t ion in oxazole  is accompanied  by a cons iderab le  
dec r ea se  in the o rde r s  of all  of the bonds except  the N - C  a bond, 
and espec ia l ly  of the mult iple  bonds.  The e lec t ron  densi ty was 
shif ted to such an extent f r o m  the C ~ C  bonds that  the a toms 
tha% f o r m  it  we re  conver ted  f rom cen te r s  of addition of e t e c -  

t rophil ic  agents to s i tes  of poss ib le  a t tack of nucleophilic agents .  Moreover ,  a l a rge  excess  of ~ - e l e c t r o n  
dens ity is f o rmed  on C 2. 

The longes t -wave  exci ta t ion in H ( ~  ~ 267 nm, f -~ 0.07) is r e l a t ed  to the phenyl f r agmen t  of the 
molecule  with pa r t i a l  par t ic ipa t ion  of the C = C  bond of the oxazole  r ing.  However ,  the intense t rans i t ion  
with AE -~ 260 nm is accompanied  by  cha rge  t r a n s f e r  (about 0.2 e) f r o m  the oxazole r ing to the benzene 
r ing with cons ide rab le  s t rengthening of the bond between them.  In other  words ,  the e l e c t r o n - a c c e p t o r  
p rope r t i e s  of the phenyl group a re  apprec iab ly  intensif ied in the exci ted s t a t e .  
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The s a m e  polar iza t ion  of the v - e l e c t r o n  cloud is also noted for  the excited s ta te  of III .  In this case ,  
the nonequivalence of the benzene r ing is re ta ined  - the r ing in the 2 posit ion has the g r e a t e r  e l ec t ron -  
acceptur  effect .  A m o r e  detai led examinat ion of the molecu la r  d i ag ram of III indicates that  the o rde r s  of 
all  of the bonds of the oxazole r ing dec r ea s e  during excitat ion,  while the o rde r s  of the N ~ C  bonds i n c r e a s e .  
The bonds between the r ings  a r e  a lso  s t rengthened .  

Two bands of d i f ferent  intensi ty  with k max 276 and 231 nm [4] a re  obse rved  in the long-wave region 
of the UV s p e c t r u m  of benzoxazole  IV. They a re  sa t i s f ac to r i ly  reproduced  by our  calculat ions (see Table 1). 
Moreover ,  i t  turns out that  the low-intens i ty  band cor responds  to p r i m a r y  migra t ion  of the ~r-electron 
densi ty through the benzene r ing,  while the intense long-wave absorpt ion  is accompanied  by cha rge  r e d i s -  
t r ibut ion throughout the ent i re  molecule .  

As in all of the 2-phenyl -subs t i tu ted  oxazoles ,  the excited s ta te  of V is c h a r a c t e r i z e d  by a shif t  of the 
- e l e c t r o n  densi ty f rom the he te ror ings  to the benzene r ings .  This shif t  is accompanied  by s t rengthening 

of the bond between the r ings .  M+or$over, the o rde r s  of the "weak" bonds r e m a i n  p rac t i ca l ly  unchanged, 
while the e lec t rophi l ic i ty  of the O - C  bonds turns out to be cons iderab ly  reduced.  

The long-wave excitat ion of dibenz [b,e]oxazole is of a nature  that  indicates involvement  of the en t i re  
molecu le .  Moreover ,  the charges  on the ca rbon  a toms (the nucleophil ici t ies of C 2 and C 2, dec r ea se  as the 
e lec t rophi l ic i t ies  of C~ and C A, increase)  and.the o rde r s  of all  of the bonds except  the C - O  bond change 
mos t  s ignif icant ly .  

Substituent effects  s i m i l a r  to those desc r ibed  above a r e  obse rved  in the excited s ta tes  of VH-IX (see 
the i r  mo lecu la r  d i ag rams) .  

S t e r e o i s o m e r i s m  of Dibenzoxazoles .  The molecu la r  d iagrams  and calcula ted  e lec t ronic  absorpt ion 
s p e c t r a  of var ious  s t e r e o i s o m e r i c  dibenzoxazoles  a re  p resen ted  in F igs .  2 and 5. 

A c o m p a r i s o n  of the molecu la r  d i ag rams  of the i s o m e r s  shows insignif icant  d i f ferences  in the c h a r -  
ac t e r i s t i c s  of the e lec t ron  dis t r ibut ion.  The examined i s o m e r s  also differ  only insignif icantly with r e s p e c t  
to energy c h a r a c t e r i s t i c s  (Table 1). However ,  the i r  compar i son  makes  it poss ib le  to note that  the cis 
or ienta t ion  of the oxazole  r ings p roved  to be somewhat  m o r e  advantageous than the t rans  configurat ion only 
in the cas e of XII.  

The data in Fig .  5 make it poss ib le  to expect  identical  c h a r a c t e r  of the long-wave absorpt ion  of di -  
benzoxazoles  with cis o r  t rans  or ienta t ion of the oxazole r ings and a ce r t a in  di f ference in the i r  UV s p e c t r a  
in the s h o r t - w a v e  reg ion .  S t e r e o i s o m e r s  with different  fusions of the benzoxazole  r ings (5 ,5 ' - ,  6 ,6 ' - ,  or  
5,6 '-)  a re  spec t r aUy  dif ferent .  
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