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A study is made of the polarographic behavior of some halogen and 
mercury derivatives of phenyloxazoles. By considering the mechanism 
of electroreduction, it is ascertained, that, the first polarographic 
wave corresponds to reduction of the halogen or mercury-containing 
substitueot, and the second to reduction of the heterocyclic ring. By 
analysis of polarographic data it is shown that the electron density 
sequence for carbon atoms in the oxazoie ring is C-2 < C-5 < C-4. 

Study of e lec t rophi l ic  subs t i tu t ion  reac t ions  showed 
[1-3]  that the e lec t ron  dens i ty  in the oxazole ring, 
which under  ce r t a in  condit ions exis ts  as the oxazol ium 
cation, l ies  in the o rde r  C-5 > C-4 > C-2.  However 
these  r e su l t s  did not enable  conclus ions  to be drawn 
r e g a r d i n g  re la t ive  d i s t r ibu t ion  of e lec t ron  dens i ty  in 
the nonionized he te rocyc l i e  r ing.  Po la rograph ic  in -  
ves t iga t ion  of the appropr i a t e  s e r i e s  of subs t i tu ted  
oxazoles  gives def ini te  in format ion  r ega rd ing  the 
nonionized  form.  

It was p rev ious ly  shown [4, 51 that oxazole d e r i v a -  
t ives  with a ry l  subs t i tuen t s  at posi t ions 2 and 4, or  
2 and 5, a r e  r e spec t i ve ly  reduced at the m e r c u r y  
dropping e lec t rode  at group C ~ N  and C=C,  giving 
4 - e l e c t r o n  waves,  or  at groups  C~---N, C=C,  and C--O, 
giving 6 - e l e c t r o n  waves.  F u r t h e r m o r e  the oxazole 
de r iva t ives  show hydrogen cata ly t ic  waves.  

The p re sen t  paper  sets  out the r e su l t s  of an i nves t i -  
gation of the po la rographic  behav ior  of 1, 3-oxazole  
de r iva t ives ,  having in addit ion to phenyl subs t i tuen t s  in 
the oxazole r ing,  subs t i tuen t s  at the 2, 4, 2, 5, and 4, 5 
posi t ions ,  which a r e  e i the r  halogens or  contain m e r -  
cury .  Fo r  compar i son ,  a s tudy is made  of 4, 5 - d i -  
phenyl - ,  2 - ( 4 - b r o m o p h e n y l ) - 5 - p h e n y l -  and 2 - b r o m o -  
m e t h y l - 5 - p h e n y l - l , 3 - o x a z o l e s ,  h i ther to  not i nves t i -  
gated po la rograph ica l ly .  
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Fig. 1. Po la rog raph ic  waves of some 1 ,3 -  
oxazole halogen de r i va t i ve s  (compounds 

n u m b e r e d  as in tab le) ;  1) XVII, C = 0.38 
raM//,  E a -- - 0 . 3 3  V; 2) XI, C = 0.26 raM//,  
Ea = -0 .33  V; 3) V, C = 0.30 raM//,  Ea = 

= -0 .~1  V; 4) VI, C = 0.28 r aM/ / ,  E a - 
- 0 . 34  V. 
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Fig. 2o Polarographic waves of some oxazoles 
having m e r c u r y - c o n t a i n i n g  subs t i tuen ts  (com- 
pounds numbered  as in table) ;  1) VII, C = 0.48 
M / / ;  Ea = - 0 . 3 0  V, 2) XIII, C = 0.98 M/z/, E a =  

= - 0 . 2 7  V. 

The table  and Figs.  1 and 2 give the r e s u l t s  ob-  
tained.  The table  shows that phenyl subst i tu ted oxa-  
zoles (I, IV, IX) a re  reduced by d ive r se  m e c h a n i s m s  
at the m e r c u r y  electrode~ Po la rograph ic  reduct ion of 
IV, IX, XV has a l r eady  been cons ide red  [4, 5]. F o r  I 
we found only one 4 - e l e c t r o n  wave, be longing to r e -  
duction of the C = N  and C = C bonds of the oxazole 
r ing.  Like IV, and unl ike IX, there  is, as follows 
f r o m  the va lues  of n (see table) no s c i s s i o n  of the 

C--O bond in I: 

Ph-- C--~ Ph--C--NH pb-- [I~--NH 
~,h_C.oC~ ~ "  " , 2e . 2~ ~ eh_Cofi~ ~ '  ' + ~e +2H ~ ph_.c., o.cu~ 

I 

All the oxazole halogen de r iva t ives  give two po la ro -  
graphic  waves (Fig. 1). The f i r s t  of these,  at a poten-  
t ia l  of -0~  to 1.8 volts,  is absent  for the c o r r e s p o n d -  
ing oxazole de r iva t i ve s  not conta in ing  halogen. The 
ha l f -wave  potent ia l  for this wave changes on changing 
the halogen, moving  to posi t ive  values  on pas s ing  from 
b r o m i n e  to iodine.  Obviously,  in the m o l e c u l e s  of the 
oxazole halogen de r iva t ives  reduct ion of the C--Hal  
bond is c h a r a c t e r i z e d  by the f i r s t  wave, this  bond, as 
in o ther  o rgan ic  compounds [6] be ing reduced by a 
2 - e l e c t r o n  m e c h a n i s m ,  e .g .  : 

\ O  / 
Xl, x n  H a l  - Br ,  I 

F r o m  the table it follows that the fac i l i ty  of r e -  
duct ion of the C--Hal  bond in oxazoles  r i s e s  in the 
o r d e r  Ha l - -C-4  < Ha l - -C-5  < Hal - -C-2 ,  showing that 
the ca rbon  a toms  a r e  unequal .  Here the c l e a r e s t  dif-  

f e r e nc e  is found between the C-4 posi t ion,  on the one 
hand. and the pos i t ions  C-5 and C-2 on the other,  which 
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C o m -  
p o u n d  
num- 
ber 

I 

II 

Ill  

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

XIII 

XIV 

XV 

XVI 

XVII 

XVIII 

XIX 

Po la rograph ic  C h a r a c t e r i s t i c s  of 1, 3-Oxazole  Der iva t ives  

C o m p o u n d *  
E l / 2 ,  V ( r e l a t i v e  
t o  t h e  n o r m a l  

c a l o m e l  e l e c t r o d e  

I d 

K d :  Cm~/'3 l/n 

P h - - C - - N  II II 
ph -c o.C-. 
P h - - C - - N  

It II Ph-c ~ - z  
Ph-S25,~ 
P,-%,c-.,o,~ 
Ph--E----N 

I I  I I  
H --Ct C-- Ph 

P h - - C - - N  
e r - - a  C'--Ph 

P h - - C - - N  

;e-P. 
Ph--,~2 N 

tL--.-C--Ph tl I i  �9 t ~  

"h-~o)--'.. ~ ~-p. 
H ~ _  N Ph--C~N 

Ph--Co.C.--Ph 

H - - C - - N  
Ph II - - C o /  - -PhBr:-p  

B r - - C - - N  
t i  t l  P.~c.. j:-Ph 

I - - c ~  
Ph-~ ~-ph 

x 0 1  
A c O H g - - C - - N  

I I  II  �9 Ph--C.. C--Ph 
0 

. O  

N ~ C - - H g - - C ~ N  
p,-c.. ~-P,  

o 
.-,c,-- N 

Br--C----N 

I - c - - N  
P ~I t ,-~,o~-C.. 
Ph--  Q~O/E--CH3 

0,62 

1 .02  

1.31 

-0.67 

- 1.21 

- 1 . 2 3  

- 1.75 

- 1 . 6 9  

- 1 . 0 2  

-0.67 
- 1.21 

1.80 

--2.23 

-2.26 

-2.27 

-2.16 

--2.13 

-2.08 

-2.09 

- 1.93 

-2.07 

-2.00 

-2.03 

- 1 . 9 2  

- t .91 

- 2 . 0 0  

i 

t.5 

,).2 

3,5 

3,4 

L2 

' I .7  

3.6 

3,0 

3,4 

0,7 
0.7 

4.4 

5.6 

4.5 

4.8 

6,2 

6.9 

5.7 

4.9 

9.5 

8,0 

8.5 

6.8 

5.8 

7,0 

14.5 

I 

2.2(2) 

2,4(2) 

i.s(2) 

4.2(4) 

2.6(2) 

2.1 (2) 

2.4(2) 

0,6(1) 
0.6(I) 

3.9(4) 

unreduced 

o57t 1,83 26133 l:::::: 
-- 1.14 3.6 2,6(2) 

--0.40 [ (ill-defined wave) 

-0.77 1 -1.90 1.1 t 4.7 j0.9(1) I 

Kd 

607 �9 D z/2 

3.8 (4) 

3.5 (4) 

4.0 (4) 

4.2 (4) 

4.8 (4) 

4.1 (4) 

4.0 (4) 

8.4 (8) 

5.5 (6) 

6,3 (6) 

4.7 (4) 

4.2 (4) 

5.8 (6) 

12,8 (12) 

I 

3.9 (4) 

*Ac = CH3--CO; Ph = phenyl group, 

**Rounded off values of n are given in parentheses. 
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a r e  very  a l ike  with r e spec t  to polarographic  p r o p e r -  
t ies .  Replacement  of a phenyl group at C-2 by methyl ,  
makes  reduct ion of C-4 halogen even m o r e  difficult,  
as would be expected f rom its posi t ive  induct ive effect�9 
Hence, the mos t  e lec t rophi l ic  c e n t e r  in the oxazole r ing  
is C-2, and the o rde r  of i n c r e a s i n g  e lec t ron  densi ty  
of the oxazole r ing  carbon a toms is C-2 < C-5 < C-4.  
At the s a m e  t ime, the oxazole r ing  carbon  a toms T r e a c -  
t iv i t ies  change to ano ther  sequence,  for  e lec t rophi l ic ,  
subs i tu t ion  reac t ions ,  viz. C-2 < C-4 < C-5, obviously  
due to the fo rmat ion  under  those condit ions of an oxazole 
cat ion with the co r r e spond ing  he te rocyc l ic  r ing  e lec -  
t ron  d i s t r ibu t ion .  

Cons ide r ing  the effect of the oxazole r ing  as a 
subs t i tuen t  on the hal f -wave potent ia l  of C - - B r  in 
phenyl or  alkyI, it can be seen that in oxazole X, where  
the b r o m i n e  atom is in the phenyl group, o r  in XVI, 
where  the b r o m i n e  atom is l inked to an alkyl  group, 
the ha l f -wave  potent ia ls  co r r e spond ing  to reduct ion 
of the C - - B r  bond a r e  cons ide rab ly  lower than those 
of, for  example,  b romobenzene  [7], p -b romod ipheny l  
[8], or  of b r o m o a l k y l a r y l s  [7] and b romoa lky l s  [7], 
but a r e  approx imate  to the values  of the ha l f -wave  
poten t ia l s  of alkyl  b r o m i d e s  conta in ing  powerful  e l ec -  
t r o n - a c c e p t i n g  groups.  Hence, the e l ec t ron ic  effect 
of the oxazole r ing  as a subs t i tuen t  in a benzene  r ing  
or  in an alkyl  chain is an e l e c t r o n - a c c e p t i n g  one. 

The second po la rograph ie  wave of the ha logenoxa-  
zoles  l ies  ins ide  the l imi t s  of the reduct ion  potent ia ls  
of unsubs t i tu ted  phenyloxazoles  ( -1 .9  to - 2 . 2  V) and 
it is not very  s e n s i t i v e  to the na tu re  of the halogen or  
i ts  pos i t ion  in the oxazole molecu le .  To alt  appea rances  
this wave c h a r a c t e r i z e s  the reduct ion  of the h e r e t o -  
cycl ic  par t .  Though fo rma l ly  El/z for  the s econd w a ve s  
of a l l  halogen de r iva t i ve s  should coincide  with E~/2 
of the c o r r e s p o n d i n g  unsubs t i tu ted  oxazole, actu~/lly, 
as  can be seen  f rom the tab le ,  they a r e  r a t h e r  m o r e  
pos i t ive  than E~/2 for  the unsubs t i tu t ed  oxazole. This  
is obviously  connec ted  with the effect of the halogen 
an ions  at the double e l ec t r i c  l aye r  fo rmed  dur ing  
e l e c t r o l y s i s .  F o r  al l  the ha logen - subs t i t u t ed  oxazoles 
inves t iga ted ,  independent  of the pos i t ions  of the sub-  
s t i tuen t s  in the he te rocyc l i c  r ing  with r e spec t  to one 
another ,  the wave proves  to be a 4 - e l e c t r o n  one, but  
it is  absen t  for XVI, XVII, and XVIII, as the c o r -  
r e spond ing  unsubs t i tu t ed  oxazole XV i tse l f  behaves  
as a po l a rog raph i ca l l y  inac t ive  compound.  

Oxazole de r i va t i ve s  with m e r c u r y  ace ta te  sub -  
s t i tuen t s  in the he te rocyc l i c  r ing  a r e  reduced  at a 
m e r c u r y  dropping e lec t rode  to give one 2 - e l ec t r on ,  
or  two 1 - e l e c t r o n  waves,  in addi t ion to waves c h a r -  
a c t e r i z i n g  reduc t ion  of the he t e rocyc l i c  r ing.  By 
ana logy  with reduc t ion  of o ther  o r g a n o m e r c r u y  c o m -  
pounds [9, 10], these  waves  can be a s c r i b e d  to r e -  
duct ion of the m e r c u r y - c o n t a i n i n g  subs t i t uen t  a c c o r d -  

ing to the equat ion 

CHaCOOHg- R+e+ H+ =-* R- Hg'+CH~COOH 

.gYH . . . .  R.+x~. where  R = diphenyloxazolyl .  

T w o - e l e c t r o n  waves a r i s i n g w h e n  o x a z o l y l m e r c u r y  
d e r i v a t i v e s  HI, VII and VIII a r e  reduced  a r e  d i s to r t ed  

by pola rographic  maxima,  and addition of gelat in to 
the solut ion under  inves t igat ion leaves  these max ima  
p r a c t i c a l l y  unen la rged  (Fig. 2, curve  1). 

Still ano the r  4 - o r  6 -e l ec t ron  wave is observed with 
oxazo lyomercu ry  compounds ,  in the reg ion  of poten-  
t ia ls  of reduct ion  of unsubs t i tu ted  phenyloxazoles ,  and 
in al l  p robabi l i ty  this is c h a r a c t e r i s t i c  of reduc t ion  of 
the oxazole part .  

The polarographic  behavior  of d ioxazo ly lmercu ry  
compounds VIII and XIV is c ha r a c t e r i z e d  by two c o m -  
plex waves,  one of which, a 4 - e l ec t ron  one at lower  
potent ia ls ,  obviously belongs to the reduct ion of the 
m e r c u r y  subst i tuent ,  while the second, an 8- (VII) or  
12 -e l ec t ron  one (XIV), co r r e sponds  to the reduct ion 
of two oxazolyl  r ings .  

EXPERIMENTAL 

All the compounds here investigated were synthesized and purified 
as described in [1, 2]�9 The polarographic measurements were made 
with a LP-55A polarograph and a sensitive mirror galvanometer, ~1.5 �9 
�9 10 -9 a/mm. The capillary used had the following properties: m = 
= 1.96 mg/sec, r = 3.8 see (without applied potentials). The base 
electrolyte was 0.02 N Et4NI in 92~ MeOH. Standard solutions of the 
compounds studied were prepared in a 30% benzene--~/0% MeOH 
mixture, concentration ~10 -z mole//. An electrolyzer with an in- 
ternal anode, whose potential was checked against a saturated calomel 
electrode was employed. 
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