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In an e a r l i e r  communica t ion  [1] we desc r ibed  the rad ica l s  f o r m e d  in the oxidation of the methyl  e ther  
of o - amino -p - t e r t -bu ty lpheno l  (MEABP) by a nonequivalent m o l a r  quantity of benzoyl peroxide  (BP). In this 
pape r  we desc r ibe  the nonradical  p roduc t s  in the oxidation o f  MEABP by BP in equ imolar  ra t io .  

The method of workup for  these oxidation products  was changed somewhat .  F i r s t  of all,  a c rys ta l l ine  
product  (I) p rec ip i t a ted  f r o m  the reac t ion  mix ture  upon standing. Benzoic acid (BA) was r e m o v e d  f r o m  the 
benzene solution by repea ted ly  washing with wa te r .  Final ly,  the washed  benzene solution was c h r o m a t o -  
graphed on A1203. After  ch roma tog raphy  and r ec rys t a l l i z a t i on  two additional p roducts  were  isolated:  c r e a m -  
co lored  needles  (II), mp 138.2-139.2~ and red  c r y s t a l s  (III), mp 321-323~ Bes ides  this ,  there  were  
s table  r ad ica l s  which had some ionic c h a r a c t e r ,  as r e p o r t e d  e a r l i e r  [1]. Obviously,  there  a re  many p r o d -  
ucts in the oxidation of MEABP by BP. Consider ing  also the repea ted  ch roma tog raph ie s  and pur i f icat ion 
s teps ,  the yield of i so la ted  products  is v e r y  smal l ,  and de te rmina t ion  of the i r  s t r uc tu r e s  is quite difficult.  

The ammonium salt  of benzoic  acid (I), mp 180-186~ p rec ip i t a t e s  out as white sca le s .  In spite of 
i ts  s imple  composi t ion,  there  is a p rob lem in de te rmin ing  its s t ruc tu re .  The reac t ion  product  a lways had 
benzoic  acid as an impur i ty ,  in va r ious  amounts  depending on the exper imen t .  Benzoic acid can be f o r m e d  
e i ther  in the oxidation reac t ion  or  by decomposi t ion of (I). The product  r e m a i n s  impure  even a f te r  r e -  
c rys ta l l i za t ion .  Vacuum subl imat ion of (I) gave the acid sal t  C6HsCOONH4"C6HsCOOH; this t r ans fo rma t ion  
of ammonium sa l t s  is desc r ibed  in other  work  [2]. The composi t ion of (I) was  de te rmined  by the quantity of 
NH4C1 fo rmed  upon the addition of gaseous  HC1 to an alcohol solution of (I), which showed an equ imolar  r a -  
tio of benzoic acid to NH 3. The identity of (I) as ammonium benzoate  was finally proven  by synthes is  f rom 
NH 3 gas  and BA in benzene solution, which gave a product  identical  to (I) by IR spec t roscopy .  

The fo rma t ion  of ammonium benzoate  in the reac t ion  of MEABP with BP was somewhat  su rp r i s ing  to 
us.  Other  w o r k e r s  [3, 4] have noted the c leavage of the amino group as NH 3 in the pe rox idase  oxidation of 
4 -methoxy-2 ,6 -d imethy lan i l ine  and p-an is id ine  in the p r e s e n c e  of H~O 2. The authors  p ropose  s eve ra l  p o s -  
sible mechan i sms  for  the c leavage with H202 playing a bas ic  ro le .  It is st i l l  not c l ea r  how the amino group 
is  c leaved  in our case .  

Benzoic acid can eas i ly  be fo rm ed  by the abs t rac t ion  of a hydrogen a tom f r o m  the amino group by a 
rad ica l  of a peroxidic  res idue  or  by benzoyl  peroxide  i tself .  

Compound (II), mp 138.2-139.2~ by i ts  e lementa l  analys is  and molecu la r  weight s e e m s  to be the 
product  of the addition of the benzoic  acid res idue  to the s ta r t ing  ma te r i a l .  The re  is no reac t ion  when 
gaseous  HC1 is  bubbled into a benzene solution of (II), in fe r r ing  that the addition occurs  on the amino group. 
We thus conclude that compound (II) is benzoy loxy- (2 -me thoxy-5 - t e r t -bu ty lpheny l )amine  

OCH~ 
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l 
C (CH~)~ (II) 

.... A.E. Arbuzov Institute of Organic and Physical Chemistry, Academy of Sciences Of the USSR. 
Translated from Izvestiya Nauk SSSR, Seriya Khimicheskaya, No. 5, pp. 1097-1999, May, 1970. Original 
article submitted November 14, 1968. 

�9 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

1036 



The [ R - s p e c t r u m  of (II) had absorp t ion  bands c h a r a c t e r i s t i c  for  OCH 3 (,,~2840 cm-1),  t e r t -bu ty l  group 
(~2900 em- t ) ,  NH (~3240 cm-1),  as well  as o ther  bands we could not explain.  It was  ve r i f i ed  that no (II) is 
f o rmed  by reac t ion  of s t a r t ing  ma te r i a l  MEABP with BA during chromatography .  This  exper iment  involved 
ch romatography  on A1203 of a mix ture  of MEABP and BP (1:1 mo la r  ra t io)  which had been left  for  20 h. The 
MEABP was eluted quanti tat ively f r o m  the column while BA was  adsorbed.  The appearance  of (II) in the 
p roduc t s  of the oxidation reac t ion  can be explained u s inga  mechan i sm proposed  e a r l i e r  [1]. The init ially 
f o r m e d  rad ica l  (IV) is  unstable and undergoes  fu r t he r  reac t ion  with a benzoic acid rad ica l  o r  with BP to 
f o r m  the addition product  (II) 

OCH~ 

I 

(Iv) 

C~H~COO* 

(H) / oocc6~5, (2) 
(C6HsCOOh 

Compound (HI), mp 321-323~ f r o m  its molecu la r  weight and e lementa l  ana lys is  contains two res idues  
of the s t a r t ing  amine  and one res idue  of BID. No s t ruc tu re  for  (III) was  de te rmined ,  as it s e e m s  to be  a 
product  of l a t e r  s tages  of the oxidation of MEABP. 

EXISERIMENT AL 

Oxidation of MEABP by BP (I:i). MEABP (7.27 g) and BP (10.40 g) were dissolved in a minimal vol- 
ume of dry benzene (85 ml). To avoid the strong initial heating and spattering of the reaction mixture the 
BP was added in small portions and the reaction mixture was cooled in ice. The mixture immediately 
turned dark brown in color, with a tinge of red. After 65 h a precipitate was removed by filtration (0.5248 
g, 2.97% based on starting material). Washing of the precipitate on the filter with ethyl ether gave white 
scales of (1), mp 180-186~ Found: C 60.78; 60.64; H 6.52; 6.30; N 6.88%. CGIIsCOONH 4. Calculated: C 
60.40; H 6.5; N 10.05%. 

F r o m  the ethyl e ther  washings BA, mp 120 ~ was isolated.  Sublimation of (I) in vacuum (2 ram Hg) 
gave an acid sa l t .  Found: C 64.04; 64.36; H 5.76; 5.62; N 4.99; 4.97%. CltHi504N. Calculated:  C 64.45; H 
5.8; N 5.37%. 

Gaseous HC1 was bubbled into an alcohol soIution of 0.1520 g of (!), p rec ip i ta t ing  0.0529 g of NHr 
mp 340~ (337~ [5]). 

The f i l t e red  benzene solution was  washed  repea ted ly  with hot wa te r .  The washing was deemed  c o m -  
plete when e ther  ex t rac t ion  of the w a t e r  washings and subsequent  evapora t ion  gave no res idue  of BA. One 
l i t e r  of the total wa t e r  washings (10.325 l i t e r s )  was  ex t rac ted  with e the r  (6 x 130 ml).  After  drying the 
solution over  CaC12 and evapora t ing  the e ther ,  BA (0.6519 g, mp 114-116~ was isola ted.  F o r  the total 
w a t e r  washings  this would be 6.6472 g, or  64% based  on BP, 37.6% based  on s t a r t ing  ma te r i a l .  R e c r y s t a l -  
l izat ion f r o m  wa te r  gave BP mp 121~ which did not show a m p  depress ion  when mixed with authentic pure  
BA. 

The washed benzene solution underwent c h r o m a t o g r a p h y o n  At203 (par t ic le  s ize 50-140 mesh) on a 
column with succes s ive ly  dec reas ing  d i am e te r  (37 • 250 ram) + (24 • 220) + (10 • 800 ram). Etution s o l -  
vents  we re  benzene (2750 ml),  ethyl e the r  (1500 mI),  acetone (500 ml),  ethanol (300 mi) and e ther  (300 ml). 
The va r ious  f rac t ions  had different  co lo r s ,  and gave powdery products  upon r emova l  of solvent .  

Compound (II) sepa ra ted  f r o m  the orange f i r s t  f rac t ion  upon workup of the dark  brown powder with 
pe t ro l eum e ther .  The product  was obtained as  a s andy-co lo red  p rec ip i t a te ,  mp 129-139.5 ~ (1.53% of total products) .  
Rec rys ta l l i za t ion  f r o m  pe t ro leum e the r  gave c r e a m  needles of (II), mp 138.2-139.2~ insoluble in waLer, 
slightly soluble in pe t ro leum e ther ,  soluble in alcohol and e ther ,  and v e r y  soluble in benzene and CC14. 
Found: C 72.00; 71.84; H 7.13; 7.02; N 4.54; 4.77%; mol.  wt. 291.75 (cryoscopic)  and 297.5 (Rast). C~sH21NO 3. 
Calculated:  C 72.23; H 7.07; N 4.68%; tool. wt. 299.35. 

Compound (III) was  isola ted f r o m  a red  f rac t ion  by continuous ex t rac t ion  and subsequent  p r e c i p i t a -  
tion f r o m  ethyl e ther ,  to give c l e a r  red  c r y s t a l s  with mp 321-323~ (Kopfler).  Compound (!II) is sl ightly 
soluble in alcohol,  e ther ,  CC14, and benzene,  and more  soluble in CHC13. Gaseous HC1 bubbled into a benzene 
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solution of (III) changes its color  to cinnamon,  and with conc. H2SO 4 the color  changes to e m e r a l d  green,  
which b e c o m e s  b r i c k - r e d  when diluted with wate r .  This  r e v e r t s  to the c l ea r  r ed  c r y s t a l s  of (III) a f te r  a 
few days.  Catalyt ic  reduct ion of (III) in CHC13 over  P t /C  gives a co lo r l e s s  solution which becomes  b r i c k -  
red  in a i r .  Found: N 5.77; 6.07%; mol.  wt. 576 (Rast). 

C O N C L U S I O N S  

Four  products  of the oxidation of o -amino-p - t e r t -bu ty lpheno l  by benzoyl peroxide (1:1 mo la r  rat io) 
were  isola ted and cha rac t e r i zed .  S t ruc tures  of three  of these were  es tabl ished.  
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