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4 - (p -Subs t i t u t ed )pheny loxazo le s  conta in ing  e l e c t r o n - d o n o r  and e l e c t r o n - a c c e p t o r  subs t i t -  
uents  w e r e  s y n t h e s i z e d  and sub jec ted  to a m a s s - s p e c t r a l  s tudy.  On the bas i s  of c a l c u l a -  
tions, of  the  f r e e  e n e r g i e s  l i be r a t ed  in a n u m b e r  of m e t a s t a b l e  t r ans i t i ons ,  a s s u m p t i o n s  
r e g a r d i n g  the s t r u c t u r e s  of  s o m e  of the f r a g m e n t  i o n s  a r e  e x p r e s s e d .  

The  l i t e r a t u r e  conta ins  l i t t le  data  on the m a s s  s p e c t r a  of  oxazo le  de r iva t i ve s .  Bowie and c o - w o r k e r s  
[1] have found* t h a t  the  m o l e c u l a r  ions of a lky l - ,  and a r y l - ,  and a r a l k y l o x a z o l e s ,  a s  a rule ,  s u c c e s s i v e l y  
lose  m o l e c u l e s  of c a r b o n  monoxide  and hydrogen .  In o r d e r  to s tudy the effect  of  subs t i tuen ts  in the ben-  
zene  r ing  on the  indicated  type  of f r a gm e n t a t i on ,  we syn thes i zed  a s e r i e s  of p - subs t i t u t ed  4 -pheny loxazo l e s  
(I-V, Tab le  1). 

In a c o m p a r i s o n  of  t he i r  m a s s  s p e c t r a  (Table 2) and the ca lcu la ted  va lues  of the s tab i l i ty  of  the m o l e -  
cu le  wi th  r e s p e c t  to e l e c t r o n  impac t  0hrM) it was  found tha t  e l e c t r o n - d o n o r  subs t i tuen ts  in the benzene  r ing  
i n c r e a s e  the W M va lue ,  whi le  the in t roduc t ion  of  n i t ro  and b r o m o  g r o u p s  l ower s  W M. As one should have 
expec ted ,  an  i n c r e a s e  in the lengt  h of the cha in  of  the a lky l  g r o u p  in the benzene  r ing  a l so  leads  to des t ab i l -  
iza t ion  of  the m o l e c u l a r  ion. Consequent ly ,  the  pos i t ive  c h a r g e  in the m o l e c u l a r  ion of  these  compounds  is 
l oca l i z ed  p r i m a r i l y  on the oxygen  a t o m  of the  oxazo le  r ing;  this  leads  to a d e c r e a s e  in the e l e c t r o n  dens i ty  
in the  4 posi t ion.  The  m o l e c u l a r  ion unde rgoes  d i s in t eg ra t i on  in two d i r e c t i o n s :  the usual  pa thway (ob- 

- s e rved  in the m a s s  s p e c t r a  of  a l l  of  the compounds)  is a p p a r e n t l y  a c c o m p a n i e d  by i s o m e r i z a t i o n  of ion F i 
to  ion F 2 wi th  loss  of  a CO molecu l e  (F3) and subsequen t ly  of a HCN molecu le ,  leading to h y d r o c a r b o n  ions.  

* The  m a s s  s p e c t r a  of  t h r e e  i s o m e r i c  d i a r y l o x a z o l e s  have a l so  been  d e s c r i b e d  [2]. 

T A B L E  1. 4 - A r y l o x a z o l e s  
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bAcco rd ing  to [6], this  compound  has m p  70 ~ 
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TABLE 2. Mass  Spec t ra  of 4 - A r y l o x a z o l e s  I-V* 

C o m -  Mass spectra (m/e values in percent of the maximum ion) 
pound ! 

I i 160 (8,8), 159 (100,0), 158 (20,5) ,131 (28,8), q30 {8,8), 1O3 (27,4), 10'2 
{24 7). 101 (6,4), 77 (17,8), 76 (21,9), 62 (7,7). IV~=33,83% 

lI I74 (8,6), 1,73 (100,0), ,1'72 (6,9), 159 (8,8), :158 (100,0), 133 (16,7), 130 
i (i6,7), 117 (12,2), 115 (I2,2), 103 (10;I), ,102 (7,8), 91 (9,0), 89 (7,9), 77 

. (26,7). 65 (8,4). W~=.25,61% 
| I i  22'5 (6,1,6), 224 (5,5), 223 (65r,6), 197 (16.4), I95 (17.8), 115 (5,8), 89 (6,3). 

88 (I00,0), 87 (I44) 86 (7,7), 71 (5,5), 62 (274) 61 (19,2). IV,,=33,72% 
IV ,176 (8;3), 175 (1UO,O), 160 (9,3), ,147 (18,0), 133 (9,6), 132 (12,6), 120 

(14,6). I05 (6,6), 94 (16,2), 90 (6,3), 89 (6,6), 77 (20,4), 76 (6,5), lg,~= 
=42,51% 

V 19I (9,2). 199 (100.0), 160 (13,0), 1'44 (I6,7), 1.32 (ll,6), 116 (9,3). 89 
(~6,7), 88 (9,3), 87 (5,I), 77 (9,7), 63 (35,2), 62 (16,7). 1~7,,=32.I8% 

~..  

* The  ion peaks  having i n t e n s i t i e s  h i g h e r  than  5% a r e  p r e s e n t e d .  

n ~  ar . n . . - - ~  -ar n ~  a.r cH ~ l ~ - c - a , -  

FIr - c o /  .F2 

/ 
~ /Ar  * 

Ar_CHT" - H C N  F j ~  H _ . C | i~N--CH--Ar  

~3 

In those  c a s e s  in which  th i s  p r o c e s s  is  e s p e c i a l l y  f a vo r a b l e  f r o m  the point  of view of e n e r g y  (I, HI, and  IV), 
it is a c c o m p a n i e d  by  in tense  m e t a s t a b t e  t r a n s i t i o n s .  In the ca se  of IV, the peak of the m e t a s t a b l e  ion has  a 
p l a n a r  apex,  and  th is  made  it pos s ib l e  to ca l cu l a t e ,  in a c c o r d a n c e  wi th  the known r e l a t i o n s h i p  [3, 4], the 
ene rgy ;  (G) l i b e r a t e d  du r ing  the loss  of a CO p a r t i c l e  by the m o l e c u l a r  ion. A c c o r d i ng  to our  c a l c u l a t i ons ,  
th i s  e n e r g y  is 0 .38-0 .39 eV; th i s  i nd ica te s  the high e n e r g i c  a d v a n t a g e o u s n e s s  of the p r o c e s s .  The r e s u l t i n g  
[ M - C O ]  + ion should  be s t a b i l i z e d  by r e s o n a n c e ;  th i s  c a n  be i l l u s t r a t e d  by  a se t  of l im i t i ng  s t r u c t u r e s :  

H [ " ' 

On the  o the r  hand,  the pathway of d i s s o c i a t i v e  ion iza t ion  c h a r a c t e r i s t i c  for  a g i ve n  s u b s t i t u e n t  is a l -  
ways  t r a c e d  in  the m a s s  s p e c t r a .  Thus ,  in the ca se  of IV, an  e n e r g i c a l l y  advan tageous  p r o c e s s  involv ing  
the loss  of a m e t h y l  g roup  to g ive  a n  F 4 ion, which  a p p a r e n t l y  has  a qu inoid  s t r u c t u r e ,  is a l so  o b s e r v e d .  
Ion F 4 then s u c c e s s i v e l y  l o se s  a CO m o l e c u l e  and a CO or HCN m o l e c u l e .  : 

= ~ 0  _CH 3 

F4 160 13.4) '* \ \ 

~ l *  132 (4,5} ~ ~ .  

I05 (2,4} ~ _ _ ~  104 10.6) 

77 (7,51 

~ , C O  ~ 147 [6,6) 175 139,3) 

*L-ltCN 
t 

F5 120 (5,41 

*Here  and subse que n t l y ,  the n u m b e r s  
u n d e r  the  f o r m u l a s  i nd i ca t e  the  m / e  
va lues  ( i n t ens i ty  in  p e r c e n t  r e l a t i v e  
to the to ta l  ion  c u r r e n t ) .  
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Ion F 5 is formed,  on the one hand, by the loss  of a HCN molecule  by the [ M -  CO] + ion and, on the 
other,  d i rec t ly  f r o m  the molecu la r  ion by simultaneous ejection of CO and HCN. Both of these dissociat ive 
ionization react ions  a re  accompanied by  the l iberation of considerable  amounts of f ree  energy (the meta -  
stable ions have a planar  apex), but the f i r s t  p rocess  is apparent ly  energical ly  more  advantageous (T = 
0.13 eV) than the second (T = 0.08 eV). 

Compounds I and II have s imi la r  f ragmentat ion charac te r ,  and, in addition to the genera l  d is integra-  
tive pathway presented in the scheme,  peaks of F 6 ions fo rmed by loss of hydrogen (I) or  a methyl group (II) 
by the molecular  ion a re  observed in the mass  spectrum.  This p rocess  is s imi la r  to the format ion of ion 
F4, and ion F 6 apparent ly  has an identical s t ruc ture  in both the mass  spec t rum of I and II. This asser t ion is 
based on the fact  that when the intensity ra t ios  observed in each of the metastable ions charac te r i s t i c  for 
the F 6 -~ F t p rocess  to the intensity of the ion with m / e  130 a re  compared,  it is found that their  values are  
of the same o rde r  (2 �9 10-2-4 �9 10-2). In addition, the values of the f ree  energy l iberated during the pro-  
cess ,  which Were calculated on the basis  of the width of the metastable peaks, have close and quite large 
values on the o rde r  of 0.31-0.32 eV. This indicates that the p rocess  is apparent ly accompanied by the 
format ion  of sufficiently stabil ized r ea r r anged  ions, i.e., and oxazolyl t ropyl iumcat ion s t ruc ture  (F~) is 
mos t  l ikely for  them. 

The pathway of dissociat ive ionization indicated in the scheme above gives ions, the fract ion of which 
in the total ion cu r ren t  is 42-52%. 

In the case of IV, which contains a somewhat s t ronger  e lec t ron-accep tor  substituent (a strong - I  
effect and a re la t ive ly  weak +M effect), the p r i m a r y  f ragmentat ion of the oxazole ring is also retained, but 
both charac te r i s t i c  [M-CO]  + and [M--CO--HCN] + ions 

a R=H 159 (32.0) F6 / 
b R =CH 3 173 124,0} / 

, ( a',,,81 Fg 
tao (b4.o~ t58 (a6.6l 

(b-24,o1 

-tlCNI~ 

Call ~ 

also lose bromine to give, respect ively ,  ions with m / e  116 and 89, and the lat ter  p rocess  is accompanied 
by a metastable transi t ion.  

However, in the case of an  e l ec t ron-accep to r  s u b s t i t u e n t -  a nitro group (V) - its loss by the molecu-  
l a r  ion becomes  more  probable as  compared  with the charac te r i s t i c  disintegrat ion of the oxazole ring, and 
the p r i m a r y  f ragment  ions a re  [M-NO] + and [M--NO2] + ions. However, the subsequent f ragmentat ion of 
the resul t ing f ragments  proceeds  via the pathways a l ready examined above. 

I16 (231 162 it,l) 

-HCN[* -C~H~ + 
CTH 5 ~ - C5H3 + 

89 119.6] 53 (tO,O) 

N + ~ . / = ~ = O  

F,~ 16o (3.8) 

-colt, 

(see Scheme 2) 

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

The mass  spec t ra  were  r e c o r d e d  with an MKh-1303 spec t romete r  with a modified sys tem for  r e -  
cording with a loop osci l lograph and introduction of the substance into the ionization region at an e lec t ron-  
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ionizing energy of 50 eV, an emiss ion  cur ren t  of 150 ~A, and an acce lera t ing  voltage of 2 kV at 20 ~ (I, II), 
25 ~ (HI), 30 ~ (IV), and 100 ~ (V). The UV spect ra  of ethanol solutions were  r eco rded  with a Cary  spec t ro -  
photometer .  The PMR spect ra  of CC14 (I-IV, with hexamethyldisi loxane as the internal standard) or  ace -  
tone (V, HMDS as the external  standard) solutions were  r eco rded  with a Varian T-60 spec t romete r .  The 
puri ty of the substances was monitored by chromatography  in a loose thin layer  of act ivi ty  II aluminum 
oxide in b e n z e n e - c y c l o h e x a n e - m e t h a n o l  sys t ems  (with different ra t ios  of the components) and also f rom 
the disappearance of the absorpt ion bands of the carbonyl  group in the IR spectra .  

The method in [5] (without the intermediate  isolation of the phenacyl bromides)  was used for  the syn-  
thesis  of I-V. An equimolar  amount of bromine was added slowly with vigorous s t i r r ing  at 50-70 ~ to a mix-  
~ure of the appropr ia te  acetophenone and a four -  to sixfold excess  of formamide .  The mixture was then 
heated and s t i r r ed  at 110-125 ~ for  6-8 h, a f te r  which it was poured into cold water .  The aqueous mixture 
was made alkaline to pH ~10-11  with 2 N NaOH and extracted with ether.  The ext rac t  was dried succes -  
s ively with anhydrous K2CO 3 and fused KOH until it gave a negative Beilstein tes t  for  halogen.  The ether  
was removed  by distillation, and the res idue was passed through a smal l  layer  of aluminum oxide in 
pet roleum ether.  The solvent was removed,  and the res idue was r ec rys t a l l i zed  f rom hexane or  heptane o r  
vacuum sublimed. In the case  of V, the residue obtained in this manner  contained a large amount of s t a r t -  
ing p-ni troacetophenone.  The mass  was t rea ted  with an alcohol solution of semicarbaz ide  acetate (1:1),  
and the mixture  was heated on a boi l ing-water  bath for  1.5 h, af ter  which it was applied to aluminum oxide 
and eluted with benzene. The product was r ec rys ta l l i zed  f rom petroleum e t h e r - b e n z e n e .  The yields and 
physical  constants of the compounds obtained a re  presented in Table 1. 

The s t ruc tures  of the compounds were  also conf i rmed in all  cases  by the PMR spectra .  In the case 
of I-IV, the signals of the protons of the oxazole ring had identical values - 7.7 ppm (8.1 ppm for  I/I); the 
signals of these protons in the spec t rum of V are  found at 8.0 and 8.3 ppm. 

1. 

2. 
3. 
4. 
5. 
6. 
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