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The oxidation of the e thers  of o - am i no -o - t e r t - bu ty lpheno l  with benzoyl peroxide  (BP) was studied in 
prev ious  communicat ions  [1, 21. The oxidation products  of the methyl ,  ethyl,  propyl ,  i sopropyl ,  and butyl 
e thers  of o - ami no -p - t e r t - bu t y l pheno l  we re  cha rac t e r i zed  (Tables  1 and 2), and schemes  were  postulated 
for  the fo rmat ion  of some  of them. I m p r o v e m e n t s  in the chromatograph ic  separa t ion  technique enabled us 
to isolate  f rom the react ion  products  of the methyl  e ther  of o - amino -p - t e r t -bu ty lpheno l  (MEABP), in addi-  
tion to those a l ready  desc r ibed  in [6], s ix pure  eompounds ( s eeTab le  1, III, IV, V, VIII, IX, XI). As a r e -  
sult ,  10 compounds were  detected in the oxidation products  of MEABP, and the s t r u c t u r e  was es taMished 
for  7 of them. Besides  this,  the oxidation of the ethyl and propyl  e thers  of o - a m i n o - p - t e r t - b u t y l p h e n o l  
(EEABP and PEABP) gave the (VII) compounds,  which were  not detected in the exper imen t s  with MEABF. 

The format ion  of benzoic acid (BA) (II), 4 ,4 ' -diphenylbiphenyl  (III), and biphenyl(IV) as the resu l t  of 
oxidation can be depicted in the following manner :  BP in the p r e s e n c e  of the employed amines  is eas i ly  
decomposed  to C~HsCOO', the main port ion of which (up to 65%), react ing with the hydrogen of the amino 
group,  is conver ted  to BA. A pa r t  of the C~HsCOO', as will be shown l a t e r ,  adds to the oxidation products  
of the s ta r t ing  amine.  A smal l  amount  of the benzoyloxy radica l ,  decomposing to C~H5"-, is conver ted  to 
(HI) and (IV). 

The fo rmat ion  of the azo compounds (V) can be depicted in ha rmony  with the p rev ious ly  p roposed  
scheme  via the initial fo rmat ion  of the ArNH" rad ica l s  [11, with the subsequent  pa i r ing  of these  rad ica l s  
and the oxidation of the obtained hydrazo compounds 
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The p r e s e n c e  of azo compounds indicates that in pr inc ip le  the scheme  for  the oxidation of the taken 
amines  r ema ins  the s a m e  whether  lead dioxide or  BP is used. In both eases  the cleavage of hydrogen f rom 
the s ta r t ing  amine  occurs  in the f i r s t  s tep,  with the format ion  of the ArNH" radical .  The react ion products  
of this radical  with the oxidizing agent  o r  with the benzoyloxy radica l  a r e  fo rmed  when BP is used,, 
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TABLE 1. Compounds Isolated from the Oxidation P rod-  
ucts of the Ethers  of o-Amino-p- te r t -buty lphenol  

No. 
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IV 
V 
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VIII 
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X 

XI  

Formula * 

C~HsCOONH4 
CeHsCOOH 
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rap, ~ c (R) 

t80--t8"6 (sublimes) 
i22 
3i8 (sublimes) 
68--68,5 
t50--15i (CHa) 
i7i--172 (C~Hs) 
140,5--14i,5 (QaHT) 
i04,5--105 (C4H9) 

142--i43 (CHa) 
97,5--98,5 (CaH?) 
96,5--97,5 (C,H@ 

i63--164 (C~H~) 
t53--i54 (C3H~) 

287--29t (CHs) 
259--260 (C~Hs) 
243--245 (C4H9) 
275--277 (CHa) 
245--247 (C2H5) 
32i--323 (CHa) 
322--323,5 (C~Hs) 
3t0--31t (i-CaHr) 
264--266 (C4H9) 
t24--t25 

Yield, % to 
;umofstarting 
~ompounds 

3--4 
35--40 

i ,5--2,0 

3--5 

i 

I 

0,5 

* X - -  C (CI-ID~ 

To compound (VI), obtained in the oxidation of MEABP, we previously [2] assigned the s t ruc ture  of 
(Via). When the chemical proper t ies  (alkaline hydrolysis)  and the IR spect ra  of these compounds were 
studied we came to the conclusion that product  (VI) is N-benzoyl -2-hydroxy-6-a lkoxy-3- te r t -bu ty lan i l ine .  
The la t ter  can be formed by the isomerizat ion of the initially obtained (VI), as was postulated in [3]. Ab- 
sorption bands a re  observed in the IR spec t ra  of (VI) that a re  charac te r i s t i c  for OR (~2840), ter t -butyl  
grouping (~2900), NH (N3380 in CC14; N3410 in Nujol, 3380 and 3420 cm -1 in KBr). The absence of bands, 
cha rac te r i s t i c  for OH, and also the p resence  of several  additional bands in the 2600-3060 cm -1 region can 
be explained by the phenomenon of "chelate conjugation" [4] when an in t ramolecular  hydrogen bond is 
formed between the hydrogen of the OH group and the oxygen of C --- O. 

The N-benzoy l -2 -hydroxy-6-a lkoxy-5(o r  4)-benzoyloxyanilines (VII) were isolated only from the oxi- 
dation products of EEABP and PEABP. It is possible that they a re  formed from the other  ethers but we 
were unable to detect them. The s t ruc ture  of these compounds was deduced on the basis of the elemental 
composit ion and an analysis  of the IR spectra .  In the IR spectra  were observed the bands that were enu- 
mera ted  above for (VI), and also a band at ~1750 cm -~ (es ter  carbonyl); the position of the benzoyloxy 
group was not established. The formation of (VII) can occur  during the reaction of either BP or  C6H5COO" 
with the ArNH" radicals ,  or  with (Via) or  (VI). 

The s t ruc tu re  of compounds (VIII), {IX), and (X) could not be established. On the basis of the ele-  
mental analysis ,  molecular  weight and the IR spect ra  it is only possible to speak of the composition of these 
compounds. They a re  all products  of the more  profound oxidation of the s tar t ing amine and they each con- 
tain f rom 3 to 4 molecules of the la t ter  in their  composition, while compounds (IX) and (X), in addition, 
contain ei ther  benzoyloxy or  benzoyl groups.  Judging by the IR spect rum and the elemental composition, 
the benzoyloxy group is absent in compound (VIII). As corroborat ion of this can serve the fact that com-  
pound {VIH) was obtained in higher yield when the reaction of BEABP with BP was run using a 1 : 1/4 ratio 
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T A B L E  2. E l e m e n t a l  C o m p o s i t i o n  and M o l e c u l a r  Weigh t s  of  Ox ida t ion  P r o d u c t s  

VI 

VII 

VIII 

IX 

X 

Starting amine 

ME A BP EE ABP PEABP BEABP 

Found/Calculated, % Found/Calculated, % Found/Calculated, % Found/Calculated, % 

c, % c, % H % N, % Mol.wt. H, % N, % ! Mol. wt. C, % H, % N, % Mol. 

7i ,52 
72,03 

74,80 

76,15 

6,46 
6,28 

�9 5,95 

3 ,t9 
3,23 

6,21 

7!2,o~ 

e,% 

n,% 7,% ,,,7o 

72,24 6,82 3,t6 

324,6 * 
327,40 

443,60 * 
446,59 

73,87! 

78,29 

8,00 

7,24 

4,17 

7,32 

T2,18 

76,52 

74,63 

75,8___O0 

H, % N,% Mol. wt. 

7,32 4,98 292,00" 
7,07 4,68 299,35 

6,78 7,57 

i 6,20 6,63 660,01" .... 

332,0 * 
34i ,42 

843,0 $ 

*Cryoscopically in benzene. 
TEbullioscopically in benzene. 

r a t h e r  than a 1 : 1 r a t i o ,  and the  benzoy l  p e r o x i d e  was  c o n v e r t e d  q u a n t i t a t i v e l y  to BA and the  a m m o n i u m  
s a l t  of benzo i c  ac id .  In th is  c a s e  compounds  (IX) and (X) w e r e  not  d e t e c t e d  in the  ox ida t i on  p r o d u c t s .  The  
c a l c u l a t i o n s ,  m a d e  on the  b a s i s  of  the  m o l e c u l a r  we igh t  and the  e l e m e n t a l  a n a l y s i s  ( s e e  T a b l e  25, l e a d  to 
the  c o n c l u s i o n  tha t  4 m o l e c u l e s  of  the  o x i d i z e d  a m i n e ,  con ta in ing  4 a lkoxy l  g r o u p s ,  e n t e r s  into the  c o m p o -  
s i t i on  of (VIII). Compound  (VIII),  ob t a ined  f r o m  B E A B P ,  is a s s i g n e d  the  e m p i r i c a l  f o r m u l a  C55H~2N40 4. I t  
is  i n t e r e s t i n g  to men t ion  tha t  E P R  s i g n a l s ,  wi th  a h y p e r f i n e  s t r u c t u r e  c o m p o s e d  of 9 l i n e s ,  w e r e  o b s e r v e d  
in the  i n i t i a l l y  o b t a i n e d  p r o d u c t .  T h e s e  s i g n a l s  d i s a p p e a r e d  a f t e r  r e p e a t e d  p u r i f i c a t i o n .  

Judg ing  by  the  IR s p e c t r u m  of compound  (IX) it is p o s s i b l e  to a s s u m e  tha t  ind iv idua l  func t iona l  g r o u p s  
a r e  p r e s e n t  in it. A b s o r p t i o n  bands  a r e  o b s e r v e d  in the  IR s p e c t r a  tha t  a r e  c h a r a c t e r i s t i c  fo r  C(CH3) 3 
(~29001; OR (N2840), but  with a l o w e r  i n t e n s i t y  than fo r  the  s t a r t i n g  e s t e r ;  A r - C  = O  {~16905, and  the 
NH 2 g r o u p i n g  (~3370 and 3420 c m - l ) .  The l a t t e r  g i v e s  two d i s t i n c t  bands  in CHC13, whi le  a b r o a d  d i f fuse  
band is o b s e r v e d  when the  s p e c t r u m  is t aken  as  a K B r  p e l l e t .  It  is p o s s i b l e  to a s s u m e  tha t  the  sh i f t  of the  
NH 2 bands  t o w a r d  l o w e r  f r e q u e n c i e s  in so lu t ion  and the  d i f fu se  n a t u r e  in the  s o l i d  s t a t e  o c c u r  due  to the  
f o r m a t i o n  of  an i n t r a m o l e c u l a r  h y d r o g e n  bond wi th  the  oxygen  of the  c a r b o n y l  g roup .  The e m p i r i c a l  f o r -  
mu la  fo r  the  (IX) o b t a i n e d  f r o m  M E A B P  is C4IH40N30 ~. 

In the  IR s p e c t r a  of the  (X) c o m p o u n d s ,  b e s i d e s  the  a b s o r p t i o n  bands  of C(CH3) 3 (~29005 and A r - C  = O  
(~1670 cm-t)~  a r e  o b s e r v e d  (in KBr)  s e v e r a l  bands  in the  3050-3430 cm -1 r eg ion .  The  l a t t e r  m o s t  p r o b -  
a b l y  c o r r e s p o n d  to c o m p l e x  h y d r o g e n  bonds .  Not  u n d e r s t a n d a b l e  is  the  a b s e n c e  of a band a t  2840 cm -1 
(OR), s i n c e  the  m o l e c u l e  con ta ins  an a lkox y l  g r o u p ,  a s  can  be  judged  by the  d i f f e r e n t  m e l t i n g  po in t s  for  the 
(X) compounds  o b t a i n e d  f r o m  the d i f f e r e n t  e t h e r s .  The e m p i r i c a l  f o r m u l a  fo r  the  (X) ob t a ined  f r o m  E E A B P  
is C44H44N30 4. B e n z a m i d e  (XI), the  s a m e  a s  the  a m m o n i u m  s a l t  of  b e n z o i c  a c i d  (I), is the  r e a c t i o n  p r o d u c t  
of  the  ox id i z ing  agen t  and the  s t a r t i n g  a m i n e ,  wi th  c l e a v a g e  of the  a m i n o  g roup .  

E X P E R I M E N T A L  M E T H O D  

The p r e p a r a t i o n  and c h a r a c t e r i s t i c s  of the  s t a r t i n g  e t h e r s  of o - a m i n o - p - t e r t - b u t y l p h e n o l  a r e  g iven  in 
[5, 6]. The  ox ida t ion  of the  e n u m e r a t e d  e t h e r s  was  run as  d e s c r i b e d  in [1] fo r  M E A B P ,  us ing  a 1 .,: 1 r a t i o  
of a m i n e  to BP.  A f t e r  24 h the  ox ida t ion  m a s s  was  f i l t e r e d  f r o m  the p r e c i p i t a t e d  a m m o n i u m  b e n z o a t e  (It. 
As  a r u l e ,  the  l a t t e r  was  ob t a ined  in an a m o u n t  of 3 .4-3 .7%,  when b a s e d  on the  s u m  of the  s t a r t i n g  p r o d u c t s ,  
o r  6-7% when b a s e d  on the  BP.  The  f i l t e r e d  b e n z e n e  so lu t ion  was  w a s h e d  with 2% NaHCO 3 so lu t i on  to r e -  
move  the BA and then  with w a t e r .  A f t e r  r e m o v i n g  a p a r t  of  the  b e n z e n e  by d i s t i l l a t i o n  the  w a s h e d  m a s s  
was d i l u t ed  with  an equal  v o l u m e  of  p e t r o l e u m  e t h e r  (40-70~ and then c h r o m a t o g r a p h e d  on a co lumn f i l l ed  
wi th  AI203 (50-140 mesh) .  E lu t ion  with  the  p e t r o l e u m  e t h e r  was  con t inued  unti l  a s l i g h t l y  c o l o r e d  o r  c o l o r -  
l e s s  e l u a t e  was  ob t a ined ,  and then wi th  a m i x t u r e  of  p e t r o l e u m  e t h e r  and b e n z e n e ,  wi th  the  a m o u n t  of  the 
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l a t t e r  s teadi ly  increas ing  f rom 10 up to 100%; finally, elution was with e ther ,  acetone,  and alcohol.  The 
col lected f rac t ions  had a va r iab le  color .  The pure  compounds were  isolated a f t e r  evaporat ion of the so l -  
vents and subsequent  workup (see Tables  1 and 2). 

The authors  express  the i r  gra t i tude  to E. E. Sidorova for  de te rmin ing  the molecu la r  weights by the 
ebul l ioscopic  method. 

C ONC L USION S 

From the oxidation products of the methyl, ethyl, propyl, and butyl ethers of o-amino-p-tert-butyl- 
phenol using benzoyl peroxide were isolated and characterized 23 compounds, for 14 of Which the structure 
was established. Schemes were proposed for the formation of the oxidation products. 
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