
O X I D A T I O N  O F  E T H E R S  O F  D E R I V A T I V E S  O F  

o - A M I N O P H E N O L  B Y  L E A D  D I O X I D E  

F .  N.  M a z i t o v a  a n d  M. A.  S h c h e l k u n o v a  UDC 542.943:547.564.4 

In developing the  work  descr ibed  e a r l i e r  [1] on the elucidation of the mechan i sm of the oxidation of 
o-aminophenol  de r iva t ives ,  we invest igated the in teract ion of lead dioxide on a s e r i e s  of new e thers  of o-  
amino-p - t e r t -bu ty lpheno l  and t he i r  chloro der iva t ives .  

The amines  subjected to oxidation were  produced through s tepwise  ni t rat ion of p- te r t -buty lphenol ,  
a lkylat ion of the ni t ro  product  with dimethyl  sulfate  or  the cor responding  alkyl halide, and catalyt ic  r educ -  
tion [2]. The s tep of chlor inat ion of o-n i t rophenols  with gaseous chlor ine  was addit ionally conducted under 
var ious  conditions for  the product ion of chloro der iva t ives ,  depending on the des i red  end product  [3]. 

Tab les  1 and 2 p re sen t  the c h a r a c t e r i s t i c s  of the e thers  of  der iva t ives  of o-ni t rophenol  obtained and 
the amines  co r respond ing  to them.  

t~ t 

' I  

3,o 

z,o 

-~ \ ~ . / /  \ \ ' \ \  

I I 

ZOO 300 qO0 ~., 13123 

Fig. 1. UV spec t ra :  1) 3 ,3 ' , 5 , 5 ' -  
te t  rachl  o ro -2 ,2 '  - di methoxyaz o - 
benzene (XX) with mp 204-205 ~ 
(in ethanol); 2) 3 ,3 ' -d i ch lo ro -2 ,  
2 ' - d i m e t h o x y - 5 , 5 ' - d i - t e r t - b u t y l -  
azobenzene (XVIII) with mp 160- 
161 ~ (in ethanol); 3) 4 ,8 -d i eh lo ro -  
2 ,6 -d i - t e r t -bu ty lphenaz  ine 
(XXIII) with mp 336 ~ (subl.) (in 
C Cl4); 4) 2 ,6-dichlorophenazine  
(XXIV) with mp 260 ~ (in CCl4). 

As a resu l t  of the oxidation of the amines  obtained, in all cases ,  
with the only exception the methyl  e ther  of 4 , 6 - d i c h l o r o - 2 - a m i n o -  
phenol (XIV), the format ion  of azo and phenazine compounds and a 
substant ia l  amount of res inous  products  was observed,  and the ini-  
t ial  e ther  was a lso  par t ia l ly  r ecovered .  

The format ion  of  the s a m e  2 ,6 -d i - t e r t -bu ty lphenaz ine  (XXII) in 
the oxidation of var ious  e thers  of o - amino -p - t e r t -bu ty lpheno l  
[propyl (VIII), isopropyl  (IX), and butyl (X)] is additional evidence 
that one of the reac t ion  pathways is e l iminat ion of the alkoxyl group 
and cycl iza t ion of the molecule .  Dehydrogenat ion at the amino group 
with the fo rmat ion  of the cor responding  amines  of azo compounds 
also p roceeds  s imul taneously .  Unfortunately,  in view of the l ab o r i -  
ousness  of the separa t ion  of phenazine and azo der iva t ives  and the 
mul t ip l ic i ty  of opera t ions  on t h e i r  purif icat ion,  w e  were  unable to 
es tab l i sh  the dependence of the predominant  reac t ion  pathway on the 
s t r u c t u r e  of the initial e ther .  

By analogy with the scheme  of e lec t ro ly t i c  oxidation of penta-  
f luoroani t ine proposed in [6], the poss ib i l i ty  of s imul taneous f o r m a -  
t ion of the azo and phenazine de r iva t ives  in our  case  can be r e p r e -  
sented as follows 

OR OR OR OR 
OR X OR SH X l NH--NH I X X I N=N [ X X I NH~ 

\ / % /  \ / % /  \ / % /  \ / % /  \ / % /  \ / % /  

l I I I I 1 
R1 R1 RI R1 RI Itl 
(l) (2) (3) (4) 

R = CHs, i-C~HT, n-CaH~, CaHg; R1 = X, t-C4Hg; X = H, C1 

The f ree  radica l  (2) init ially obtained f rom the original  amine 
(1) can d imer i ze  to give the hydrazo  compound (3), which is 
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subsequent ly  oxidized to the azo der iva t ive  (4). Phena-  
zincs can be obtained in the in teract ion of radical  (2) with 
the amine  (1) with the fo rmat ion  of 2 - a m i n o - 2 ' - a t k o x y -  
4 ,5 ' -d i - t e r t -bu ty Id ipheny lamine  (5), when R 1 = C(CH3) a, 
X= H. The la t ter ,  undergoing in t r amolecu la r  cycl izat ion 
upon fur ther  oxidation, is conver ted to a 9 ,10-dihydro-  
phenazine compound (6), and, finally, to the pheaazine de-  
r iva t ive  {7) 

X NH X 
R1 RH R0 I R1 / \ I 

\ 0 R  H~N R~ 0 x 
X 

(2) (i) (5) 
X X 

R1 NH I R1 N I 
\ / \ " ~ /  " x / ~  --+ \ / ' % , /  "~y~',~ 

- L A  
" . R1 IX N R1 

(6) (7) 

At tempts  to detect  f r ee  rad ica l s  by/the EPR meth -  
od were  unsuccessful .  Evidently the l i fe t ime of the r ad i -  
cals  fo rmed  under these  conditions is too shor t ,  and they 
immed ia t e ly  en te r  into secondary  reac t ions .  The phena-  
zinc and azo compounds formed were  obtained in pure  
f o r m  f rom the mix tu re  by growing c rys t a l s ,  by mechan i -  
cal  selection,  and subsequent  repea ted  r ec rys t a l l i za t ion .  
T h e i r  c h a r a c t e r i s t i c s  a re  cited in Table  3. The phena-  
zincs isolated a re  l ight-yel low c r y s t a l s  with a high me l t -  
ing point, spar ingly  soluble in organic  solvents ,  and most  
r ead i ly  soluble in ch loroform.  The azo compounds a re  
r e l a t ive ly  read i ly  soluble in many  solvents;  in c o m p a r i -  
son with the phenazines they have a lower  mel t ing point; 
they were  obtained in the f o r m  of bright  red p r i s m s  or 
needles,  while the chloro de r iva t ives  had a yellow or  
brown color .  The s t ruc tu re  of the isolated oxidation 
products  was conf i rmed by the UV s p e c t r a  (Fig. 1), 
which w e r e  compared  with those  obtained e a r l i e r  [1]. 

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

6 -Ch lo ro -2 -n i t ro -4 - t e r t - bu ty lpheno l  (XXV). 
Synthesized by the chlorinat ion of o - n i t r o - p - t e r t - b u t y l -  
phenol (XXVI) with n~ 1.5528 with gaseous CI 2 in the 
p r e s e n c e  of 2 g AICI a for  2 h at 60~ After  washing 
with water ,  dilution of the reac t ion  m a s s  with ethanol, 
and evapora t ion  of the solvent,  a mix ture  of yellow 
c ry s t a l s  with liquid was obtained. The liquid, r e p r e s e n t -  
ing the s ta r t ing  ma te r i a l  (XXVI), in an amount of 27.93 
g was removed  by f i l t ra t ion f rom the c ry s t a l s  with mp 
58-80~ (18.55 g, 84.50% of the reac ted  s ta r t ing  m a -  
ter ia l ) .  Af ter  s eve ra l  r ec rys t a i l i za t ions  f rom ethanol 
and pe t ro leum ether ,  we isolated (XXV), in the fo rm of 
lemon yellow c rys t a l s  with mp 74-74.5~ In addition, 
we obtained a smal l  quantity (XXI3Q with mp 120-120.5~ 

Synthesis of 4 -Chioro-2-n i t ropheno l  (XXVII). The 
synthes is  was conducted with 13.6 g (XXVI) in 7 ml CCI 4 
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TABLE 2. 

Num- 1 

bet l 

VIII 

IX 

X 

XI 

XII 

XIII 

XIV 

Charac ter i s t i c s  of  the Amines  Obtained 

Compound 

NtIz 
\ 

C,H,0~--C (CH,)3 

NI~2 
\ 

r (cN,~, 

NH~ 
\ 

C--,.~:I,,O - - x ~ - - O  ( CH.), 

NIl:a 
\ 

CH=O--<~'>--G (CII=), 

lgtt~ 
\ 

C ~ h O ~ _ x N - - C  (CH,)= 

lgtt2 
\ 

CH, O - - ~ - - C I  

NH= 
\ xN 

C t t , O - - < Z ? - - C l  

Cl / 

Bp, ~ (p, 
mm Hg), 
Mp, ~ 

36--37 

1t7,5 (3) 

L~,5--I~4 (2,5) 

1i7.5--tt8 (2) 

la~ (2) 

81,5--82 * 

iii--I13 (2,5) 

FoE 

N 

--  6,57 
6,70 

1,5208 6 43 
6:29 

t,5t88 6,02 
5,97 

1,5389 5 58i 
5:771 

- -  8,79 
8.98 

{Calculated 
d,% ~ o  

El C1 

--  6,75 

-- 6,75 

-- 6,32 

16! 6,55 
16, 

15,[ 6,i5 

~,t 8,88 

~6,~ 7,29 

6,6; 

5,52 

22,50 

97,26 

* According to the data of [4]: mp 82 ~ 

>.., 

94,36 

93,6t 

87,t0 

7t,89 

65,20 

97,59 

in the presence  of 0.02 g 12. When C12 was passed through, the t empera tu re  of the reaction mixture rose  
spontaneously to 40 ~ The t ime of chlorination was 2 h 10 min, result ing in the isolation of 11.70 g 
(96.6%) of a crys ta l l ine  mass  with an extended mp 49-85 ~ After several  recrys ta l l iza t ions  f rom petroleum 
ether,  we isolated 2.5 g (20.6~) (XXVII) with mp 86-87 ~ The remaining, lower-mel t ing  portion was a 
mixture of unknown composition. 

4 ,6-Dichloro-2-ni t ropheno[  (XXVIII). Produced by chlorination of the phenolate of o-nitrophenol 
(50 g in 50 ml of 40~ KOH) in the presence  of 2 gA1C13and a small  crysta l  of 12. When CI 2 was passed 
through, the t empera tu re  rose  spontaneously to 80 ~ After 2 h 40 min elapsed, the entire mass was di-  
luted with water  (to 1000 mi); f i l tration of t hep rec ip i t a t edc rys t a l s  and recrys ta l l iza t ion  f rom petroleum 
ether  isolated (XXIX) with mp 121~ 12.6 g (16.25~). 

Synthesis of the Butyl Ether  of o-Nitro-p- ter t -butyipheno[  (I). The synthesis was conducted in a 
four-necked flask equipped with a mixer,  reflux condenser,  dropping funnel and the rmomete r .  To the 
phenolate, produced f rom 39 g (XXVI) and 8.0 g NaOH (10% excess) in 200 m[ of ethanol, 110.4 C4HgI 
was added dropwise over  a period of 3.5 h at the boiling point of the alcohol. Then mixing was continued 
for another 4.5 h under the same conditions, The alcohol was distilled off under a slight vacuum; a NaI 
precipi ta te  appeared in the flask. The product,  diluted with ether, was washed repeatedly with 2% NaOH 
to remove the initial nitrophenol (XXVI), until coloration of the alkaline solutton ceased, then washed with 
water .  The unreacted product (XXVI) was isolated f rom the wash waters  by decomposing the phenolate 
with a concentrated solution of HCI, extracted with ether,  and washed with water .  After the ether  was 
evaporated, 20.73 g of the s tar t ing mater ia l  with n~ 1.5528 was isolated f rom the solution, dried over 
Na2SO 4. 

The ether  solution af ter  the alkaline washings was dried over  Na2SO 4, and after  the solvent was d is-  
tilled off by vacuum distillation (1) was isolated with bp 158-159 ~ (2.5 mm) and nt~~ 1.5175; 21.70 g [43.2% 
of the theoret ical  and 92.38% of the reacted (XXV)]. 

Methyl Ether  of 6 -Chloro-2-n i t ro -4- te r t -bu ty lphenol  (VI). Synthesized by the dropwise addition of 
11 mi dimethyl sulfate over  a period of 25 rain at 70 ~ to the phenolate obtained f rom 25.16 g 6 -ch lo ro -2 -  
n i t ro-4- ter t -buty lpheno[  and 6.76 g KOH in 200 ml of water .  The end of the react ion was judged according 
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T A B L E  3. 

Number 

XV 

XVI 

XVII 

XVIII 

XIX 

XX 

XXI 

XXII 

XXI[I 

XXIV 

Compound 

C h a r a c t e r i s t i c s  o f  t h e  I s o l a t e d  O x i d a t i o n  P r o d u c t s  

Calculated, % 
MP ,~ Found,% 

N CI 

14t-- i4i ,5 6,5t 
6,80 

t31--132 6,84 
7,i4 

105 6,40 
6,45 

t60--t6t  6,84 
7,03 

124,5--125 6,29 
6,2t 

204--205 7,63 

199,5--200 9,19 
9,07 

215,5--2i6 -- 

336 (subl) 8,ii 
8,03 

260 i t , l ;  
1i,2' 

-- 6,82 

6,82 

6,38 

t6,4~ 6,62 
t6,5C 

i6,0a 6,20 
i5,8C 

0O~-I~ 0C,H~ 
I I 

\ / /  \ / /  
1 I 
c (OH,), c (OH,), 

0CH (CH~)~ 0CH(CH~)~ 

/% .... /\ 

]J 17- ...... J} J 
\7 \// 

1 / 

C d (CHa)~ C ( tt.h 
OC4H~ OC~H9 

I J 
/% .. . /\ - - N ~ N - -  

III I]/ \ / /  -,.// 
I I 

c (CH~)3 c (CH~)~ 
OCH~ OCHs 

c l  I I ci 
\ d \  .. 4. /%fl  

l il . . . . . . .  t l l  
, (  -7 

O (CH~)~ C (CH.), 

0C21-15 OC~HB 
Cl [ [ Ol 

\ / %  ~r ~ / % /  

\ / /  \ / /  

C (CH3)~ C (CH3)~ 

OCH8 OCH~ 
C1 I I Cl * 

\ / /  \ / /  
l l 

131 Cl 

OgHa 0gH~ 
b I 

Iii ...... -Ill \// %// 

Cl C1 

(CH3)aC N 

~/'%/\/2\ 
iN C(GHa)a 

C1 
(CHa)aC IN ] 

%/%/\//\ 
I N C(CHa), 

C1 

CI N 

"%/%N/\//\(~1 

3 7 , 2 •  7,36 
7,4~ 

I 

22,89 8,99 

19,2i 7,74 
19,32 

28,5t i t ,24 

* Found: C 44.221 44.36; H 2.71; 2.80%. Calculated: C 44.22; H 2.65%. 
~Found: C 67.19; 67.13; H 6.20; 6.39%. Calculated: C 66.60; H 6.15%. 

�9 Skccording to the data of [7]: mp 265 ~ 

C1 

16,77 

t5,50 

37,34 

22,8t 

i9,64 

28,49 

to  c l a r i f i c a t i o n  o f  t h e  s o l u t i o n .  A f t e r  t r e a t m e n t  a n a l o g o u s  t o t h a t  d e s c r i b e d  a b o v e ,  t h e  a l k a l i n e  s o l u t i o n s  

w e r e  u s e d  f o r  s i x  r e p e a t e d  r e a c t i o n s  w i t h o u t  i s o l a t i o n  of  t h e  s t a r t i n g  m a t e r i a l ,  W h e n  t h e  s o l v e n t  w a s  
e v a p o r a t e d  f r o m  t h e  e t h e r  s o l u t i o n ,  c r y s t a l s  w e r e  i s o l a t e d  in  t h e  f o r m  o f  n e e d l e s  w i t h  m p  4 7 - 4 9 ~  22 .7  g 

(84 .90% of  t h e  t h e o r e t i c a l ) .  J a e e r y s t a l l i z a t t o n  f r o m  e t h a n o l  y i e l d e d  (VI) w i t h  m p  4 9 . 5 - 5 0  ~ 

M e t h y l  e t h e r s  of  4, 6 - d i c h l o r o - 2 - n i t r o p h e n o l  (V) a n d  4 - e h i o r o - 2 - n i t r o p h e n o l  (IV) w e r e  s y n t h e s i z e d  
a n a l o g o u s l y  to  (VI). T h e  i s o p r o p y l  e t h e r  of  o - n i t r o - p - t e r t - b u t y l p h e n o I  (II),  t h e  p r o p y l  e t h e r  of 
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TABLE 4. Yields of Oxidation Products 

Starting 
material 
(g) 

reaction 
Oxidation pro- ]mixture afte~ 
ducts, color, [oxidation, 
and form of /g(mixture 
crystals of crystal- 

line pro- 
ducts, g) 

Yield 

pure individual sub- 
stances, g/% of theore- 
tical (% of reacted 
starting material) 

Method of isolation 
and purification of 
individual substances 

VIII 
(iO) 

IX 
(t0) 

X �84 

(1o) 

XI 
(7,22) 

XII 
(8,15) 

XIII 
(2,92) 

XIV 
(5,92) 

XV, bright red 
rods 

XXII, light- 
yellow plates 

XVI, dark red 
rods 

XXII 

XVII, bright 
red rods 

XXII 

XVIII, terra 
cotta rods 

XXIII, yellow 
plates 

XIX, terra cotta 
rods 

XXIII 

XXI, brown 
needles 

XXIV, pale 
yellow needles 

XX, orange 
needles 

lO 
(2,69) 

10 
(0,55) 

9,58 
(2,75) 

(0,99) 

8,15 

2,52 

5,06 

t ,30 
XV 6,56 (7,3t) ' 

i , t  
XXII 7,80 (8,68) 

1,02 
VIII t0,2 

0,03 
XVI 0,15 

O, 54 
XXII 3,83 
IX, several drops 

*_,88 
XViI 9,49 (12,72) 

0,57 
XXII 4,32 (5,78) 

2,54 
X 25~4 

0,65 
XVIII 4,68(4,90) 

0,22 
XXIII 1,70 (1,72) 

0,t2 
XI t6,6 

t ,28 
XIX 7,92 (10,87) 

0,16 
XXIII 1,24 (t,85) 

2,7t 
XII 33,1 

XXI 0,56 
9,80 

0,05 
XXIV t,08 

0,28 
XX 2,5 (4,00) 

2,4 
40,5 

Grown from alcohol 

Recrystallized from 
benzene 

Vacuum distillation 
of resinous substance 

The same as the cor- 
responding (XV), 
(XXII), and (VIII) 

The same 

Recrystallized from 
petroleum ether 

Purification by sub- 
limation under 
vacuum at 3 mm 

At beginning of sub- 
l/marion 

Growth of crystals from 
petroleum ether, cry- 
stallization trom 
acetic acid 

Crystallization from 
petroleum ether 

Vacuum sublimation 

Successive crystalli- 
zation from petroleum 
ether, alcohol, and 
CCI 4 

Zrystallization from 
acetic acid 

From benzene 

Vacuum distillation 

o - n i t r o - p - t e r t - b u t y l p h e n o l  (III), and the  ethyl e t he r  of 6 - c h l o r o - 2 - n i t r o - 4 - t e r t - b u t y l p h e n o l  (VII) we re  p r o -  
duced s i m i l a r l y  to (I) by the i n t e r a c t i o n  of the phenola te  of the n i t ro  p roduc t  with the c o r r e s p o n d i n g  alkyl 

iodide.  

Oxida t ion  of the  P r o p y l  E t h e r  of o - A m i n o - p - t e r t - b u t y l p h e n o I  (VIII). To 10.0 g (VIII) in 70 ml  d ry  
benzene  we added 57.70 g PbO 2 (5 mo le s  p e r  mote  of the ether)  and boi led the r e a c t i o n  m i x t u r e  with a 
r e f l u x  c o n d e n s e r  for  1 h. In th is  ca se  the  a p p e a r a n c e  o f  drops  of w a t e r  on the wa l l s  of the f lask  and a 
change  in the  co lo r  f i r s t  to yel low, then  to b rown i sh  red ,  w e r e  obse r ve d .  Af te r  cool ing,  the  so lu t ion  was 
f i l t e r ed  twice  th rough a double  f i l t e r .  The p r e c i p i t a t e  was washed r e p e a t e d l y  with benzene  with hea t ing ,  
fo l lowed by d e c a n t a t i o n  and f i l t r a t i o n  unt i l  an unco lo red  so lu t ion  was  ob ta ined  (~ 200 ml of benzene  con -  
sumed) .  AfLer the b e n z e n e  was d i s t i l l ed  off f r o m  the f i l t r a t e ,  a c r y s t a l l i n e  p roduc t  r e m a i n e d  with a 
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d a r k - c o l o r e d  r e s in  in an amount of 10 g. Washing with pe t ro l eum ether  (70 ml) isolated 2.69 g of the p r o -  
duct, r ep re sen t i ng  a mix ture  of two types  of c r y s t a l s .  Crys ta l l iza t ion  f rom benzene isolated 1.1 g [7.8% 
of the theore t ica l ,  8.68% of the reac ted  (VIII)] of 2 ,6 -d i - t e r t -bu ty lphenaz ine  (XXII) with mp 215.5-216 ~ 
in the f o r m  of yellow pla tes .  A mixed sample  with the p rev ious ly  isolated (XXII) [1] gave no depress ion  
of the mel t ing  point. The second oxidation product  could not be isolated by c rys ta l l iza t ion  on account of 
a constant impur i ty  of (XXII). To obtain it in pure  form,  l a rge  c ry s t a l s  were  grown f rom an alcohol solu-  
tion, followed by the i r  mechanical  se lec t ion under  a magnif ier .  Thus, we isolated 1.3 g [6.56% of the 
theore t ica l  and 7.31% of the reac ted  (VIII)] o f2 , 2 ' - d ip ropoxy -5 , 5 ' - d i - t e r t - bu ty l azobenzene  (XV) in the fo rm 
of red needles  with mp 141-141.5 ~ F r o m  the r e s in  remain ing  1.02 g of the s t a r t ing  ma te r i a l  (VIII) was 
isolated by vacuum dist i l lat ion.  All the synthesized amines  were  oxidized with lead dioxide and t rea ted  
analogously to that descr ibed  above. Table 4 indicates the isolated oxidation products  in each case ,  the i r  
yields,  and the d i f fe rences  in the conditions of isolat ion or  purif icat ion.  

C O N C L U S I O N S  

1. In the oxidation of the e the r s  of de r iva t ives  of o-aminophenol  studied with lead dioxide, the 
reac t ion  p roceeds  s imul taneous ly  in two direct ions:  with the format ion  of phenazine der iva t ives  and azo 
compounds.  

2. Twenty prev ious ly  undescr ibed subs tances  were  produced and cha rac te r i zed .  

1. 
2. 
3. 

4. 

5. 
6. 
7. 
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