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SYNTHETIC COMMUNICATIONS, 2 1 ( 2 2 ) ,  2349-2359  (1991) 

AN EFFICIENT PROCEDURE FOR THE PREPARATION 

OF 1-NITROANTHRAQUINONE 

* 
Hashem Sharghi and Fatemeh Tamaddon 

Chemistry Department, Shiraz University, 

Shiraz, Iran 

Abstract: A novel and efficient method is developed for the 

selective mono nitration of anthraquinone (1). A mixture of 

fuming nitric acid, sulfuric acid andphosphoric acid in carbon 

tetrachloride is introduced as a new nitrating system for the 

high yield preparation of 1-nitroanthraquinone. 

INTRODUCTION 

I-Nitroanthraquinone is one of  the most important an- 

thraquinone derivatives used f o r  the synthesis of various drugs, 

dyestuff intermediates and, especially, aminoanthraquinonel. Al- 

though 1-nitroanthraquinone can be synthesize by various methods , 36-39 

the direct nitration of 

* 
To whom correspondence 

anthraquinone is increasingly prefferd. 

should be adressed. 

2349 

Copyright 0 1991 by Marcel Dekker, Inc. 
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2350 SHARGHI AND TAMADDON 

However, the direct nitration affords a mixture of isomers inclu- 

ding 1-nitroanthraquinone (2), 2-nitroanthraquinone (5) and di- 

nitroanthraquinones ( 3 , 4 ) ,  as well as, unreacted starting material 

- 1z-z6 (Scheme 1). 

Purification methods have been studied extensivly and 

fairly pure 1-nitroanthraquinone has been prepared by treating 

the crude product of direct nitrations with different reagents 

Although several procedures were for the synthesis 

27-35 . 

Scheme 1 

0 w 0 1 

NO2 0 NO2 

3 

0 

0 NO 3 

0 

2 

5 

NO2 0 
4 

of 1-nitroanthraquinone (Z), we found them not sufficiently effec- 

tive for its selective preparation. 

This paper describes a novel method for the selective 

preparation of I-nitroanthraquinone in a one pot reaction. 
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PREPARATION OF 1-NITROANTHRAQUINONE 2351 

RESULTS AND DISCUSSION 

I n i t i a l l y ,  a c l a s s i c a l  procedure4' was s e l e c t e d  and 

accord ingly  t h e  commercially a v a i l a b l e  anthraquinone was n i t r a t e d  

wi th  a mixture  o f  33% n i t r i c  a c i d  and 67% s u l f u r i c  a c i d  t o  g i v e  

1-n i t roanthraquinone  (2, 60%).  Other  isomers  were a l s o  produced 

and about  25% o f  anthraquinone remained unreac ted .  However, when 

fuming n i t r i c  a c i d  was used,  i n p l a c e  o f  n i t r i c  a c i d ,  and t h e  r a t i o  

o f  anthraquinone t o  fuming n i t r i c  a c i d  was r a i s e d  t o  1:2.5, t h e  

r e a c t i o n  was completed a f t e r  30 min, and 70% I -n i t roanthraquinone  

(2)and 30% o f  isomers 5 and 5 were obta ined .  

a c t i o n  was c a r r i e d  o u t  i n  a s e r i e s  o f  o r g a n i c  s o l v e n t  us ing  d i -  

f f e r e n t  c o n d i t i o n s ,  it was found t h a t  CC14 has  a pronounced e f f e c t  

on t h e  s e l e c t i v e  p r e p a r a t i o n  of 2 ( 5 5 O C ,  30 min., 75%). 

p o i n t ,  it was decided t o  opt imize  t h e  c o n d i t i o n  f o r  t h e  s e l e c t i v e  

n i t r a t i o n  o f  anthraquinone a t  room etmperature .  

When t h e  above re- 

A t  t h i s  

Numerous e f f e r t  was performed and it was found t h a t  

changing t h e  molar r a t i o  o f  n i t r a t i n g  r e a g e n t  (HN03/H2S04) h a s  

e f f e c t  on t h e  s e l e c t i v e  p r e p a r a t i o n  o f t h e  d e s i r e d  compound 2. 
The r e s u l t s  are summerized i n  Table  1 and e x h i b i t s  t h a t  t h e  b e s t  

molar r a t i o  fo r  anthraquinone/fuming HNO /H SO i s  1 : 7 : 7  respec-  

t i v e l y .  

3 2 4  

S i n c e  aq .phosphor ic  a c i d  c o n t a i n i n g  HNO has  a l r e a d y  been 3 
used f o r  t h e  n i t r a t i o n  o f  a series o f  a romat ic  hydrocarbons 8,11,41 , 

it was decided t o  examine t h e  e f f e c t  o f  phosphoric  a c i d  on t h e  

n i t r a t i o n  o f  anthraquinone.  

H SO 

Therefore ,  a mixture  of fuming HN03, 

and H PO was prepared i n  such away t h a t  t h e i r  mole r a t i o  2 4  3 4  
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2352 SHARGHI AND TAMADDON 

Table 1. Effect of change in mole ratio of Fum. H N 0 3  and H2SOq 

on nitration of anthraquinone in C C 1 4 .  

Mole ratio of Anthra- Time Temperature Products 
quinone/Fum. HN03 / h OC 

H2S04 

1 : 1 : 1.95 

1 : 1 . 2  : 1.95 

1 : 1.8 : 1.95 

1 : 2 : 1 . 9 5  

1 : 2 . 2  : 1.95  

1 : 2 . 4  : 1 . 9 5  

1 : 2.5 : 1 . 9 5  

1 : 3 : 1.95  

1 : 3.5 : 1 . 9 5  

1 : 2 . 5  : 1.95  

1 : 3.75 : 2.92 

1 : 5 : 3.92 

1 : 6.25  : 4.9  

1 : 7 : 5.9  

1 : 7.5 : 5.9  

1 : 7 : 4.5  

1 : 7 : 5.5 

1 : 7 : 5.9  

1 : 7 : 6  

1 : 7 : 7  

1 : 7 : 7 . 8  

0 .5  

0 . 5  

0.5 

0 .5  

0.5 

0 . 5  

0 .5  

0 . 5  

0 .5  

72 

24 

20 

1 . 5  

1 

1 

168 

72 

1 

0 .5  

1 

2.5 

55 

55 

55  

55 

55 

55 

55 

55 

55 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 

1(25%) ,2(60%) ,3+4(15%) 

1(20%) ,2(65%) ,3+4(15%) 

1(15%) ,2(65%) ,3+4(20%) 

1(15%) ,2(60%) ,3+4(25%) 

1(10%) ,2(65%) ,3+4(25%) 

1(5%) , 2  (70%) ,3+4 (25%) 

2 (75%) ,3+4 (25%) 

2 (65%) ,3+4 (35%) 

2 (60%) ,3+4 (40%) 

1(20%) ,2(60%) ,3+4(20%) 

2 (70%) ,3+4 (30%) 

2 (70%) ,3+4(30%) 

2(70%) ,3+4(30%) 

2(70%) ,3+4(30%) 

2 (7 0%) ,3+4 (30%) 

1(10%) ,2(70%) ,3+4(20%) 

2 (70%) ,3+4 (30%) 

2(70%) ,3+4(30%) 

2(60%) ,3+4 (40%) 

2 (75%) ,3+4 (25%) 

2(70%) ,3+4(30%) 
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PREPARATION OF 1-NITROANTHRAQUINONE 2353 

be equal  t o  7 : 7 : 2 r e s p e c t i v e l y .  Addit ion o f  t h i s  mix ture  t o  

a suspens ion  of an thraquinone  (1) i n  CC14 a f f o r d e d  l - n i t r o a n t h r a -  

quinone (2, 90%) a f t e r  6 h  a t  room temperature .  I t  should be  

noted t h a t  t h e  a d d i t i o n  o f  anthraquinone (1) suspension t o  t h e  

above a c i d i c  mixture  cause  a r e d u c t i o n  i n  t h e  s e l e c t i v e  produc- 

t i o n  o f  compound 2 (80%).  

f o r  t h e  p r e p a r a t i o n  o f  ? w a s  l o s t  

mole r a t i o  of H PO 3 4  

e f f e c t  o f  tempera ture  on t h e  b e s t  r e a c t i o n  c o n d i t i o n s  are summar- 

i z e d  i n  Table  2 .  These r e s u l t s  c l e a r l y  i n d i c a t e  a remarkable 

e f f e c t  o f  H PO i n  t h e  s e l e c t i v e  n i t r a t i o n  of anthraquinone.  How- 

e v e r ,  i n  t h e  presence  of H3P04 t h e  r e a c t i o n  is time consuming 

(2, 90%, 6 h,Table  2 e n t r y  2 ) ,  i n  comparison t o  t h e  r e a c t i o n  i n  

t h e  absence of  H3P04 (z, 75%, 1 h ,  Table  1 e n t r y  20) .  

we conclude t h a t  t h e  a d d i t i o n  o f  H PO t o  t h e  r e a c t i o n  medium 

d e c r e a s e  t h e  r a t e  o f  t h e  r e a c t i o n  i n  t h e  expence of  a c o n s i d e r a b l e  

enhancement i n  t h e  r e a c t i o n  s e l e c t i v i t y .  

I n  t h e  absence of C C 1 4  t h e  s e l e c t i v i t y  

15%. The e f f e c t  of  change i n  

on t h e  n i t r a t i o n  o f  anthraquinone and t h e  

3 4  

Therefore  

3 4  

EXPERIMENTAL 

Products  were c h a r a c t e r i z e d  by comparison w i t h  a u t h e n t i c  

samples (IR, 'H-NMR s p e c t r a ,  t h i n  l a y e r  chromatography, mel t ing  

p o i n t ) .  Y i e l d s  a r e  based on m a t e r i a l s  i s o l a t e d  from column chro-  

matography o r  TLC.  

P r e p a r a t i o n  of  1-n i t roanthraquinone  ( 2 ) .  

To a suspens ion  of anthraquinone (4 g ,  0.016 mole) i n  

CC14 (100 ml) ,  i n  a roundbottomed f l a s k ,  equipped with a magnetic 
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2354 SHARGHI AND TAMADDON 

Table 2 .  E f f e c t  o f  change i n  mole r a t i o  of phosphoric  a c i d  on 

4 '  n i t r a t i o n  of  anthraquinone i n  C C 1  

Mole r a t i o  of  Anthra- Time Temperature Products 

H2S04/H3P04 
quinone/Fum. HN03 / h OC 

1 :  7 :  7 :  1.5 2 

1 : 7 : 7 : 2  6 

1 : 7 : 7 : 2 . 2  96 

1 : 7 : 7 : 2 . 5  168 

1 : 1 0 . 5  : 1 0 . 5  : 3 11 

1 :  1 4 :  1 4 :  4 20 

1 : 7 : 7 : 2  1 . 5  

1 : 7 : 7 : 2  2 . 5  

25 

25 

25 

25 

25 

25 

45 

60 

2 (SO%),  3+4 (20%) 

2(90%) ,3+4(10%) 

2(75%) ,3+4(25%)  

1 (20%)  , 2 ( 7 5 % )  ,3+4(10%) 

2(50%), 3+4(50%)  

2 ( 4 0 % ) ,  3+4 (60%) 

2 (SO%), 3+4 (20%) 

2 ( g o % ) ,  3+4 (20%) 

s t i r r e r ,  a mixture  o f  a c i d s  (6 m l  fuming FINO3, 7 . 6  ml H2S04 and 

2 .2  m l  H PO ) was added a t  room tempera ture  and s t i r r e d  f o r  6 h .  

The r e a c t i o n  mixture  was poured i n t o  a beaker  c o n t a i n i n g  200 g 

o f  crushed i c e .  

water  t o  a f f o r d  1-n i t roanthraquinone  (2, 4 . 5  g,  90%) a s  a yel low 

s o l i d ,  m.p. 228-230 ( l i t  2332 ) .  !J max (KBr): 3090(S) ,  1680(S), 

3 4  

The p r e c i p i t a t e  was f i l t e r e d  o f f  and washed wi th  
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PREPARATION OF 1-NITROANTHRAQUINONE 2355 

1590(S), 1530(W), 1450(S), 1375(S), 1320(S), 1280(M), 1150(W), 

lOOO(S), 98O(S), 800(S), 710(S), cm-l. 'H NMR(CDC13): 7.69(t, 

J=4 Hz, 2H, C -H + C7-H); 7.88(t, 5 ' 4  Hz, lH, C3-H); 8.28(dd, 

J = 7 Hz, J =2 Hz, 2H, C4- H + C8-H); 8.5(dd, 3 = 7  Hz, L2=2 Hz, -1 -2 

lH, C2-H)ppm. 

6 - 
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