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A FACILE METHOD FOR PREPARING SUBSTITUTED 
1 -AMINOANTHRAQUINONES 

Henry C. Wormser*, Man& S. Sardessai, and Hanley N. Abramson 

Professions, Wayne State University, Detroit , Michigan 48202 
Department of Pharmaceutical Sciences, College of Pharmacy and Allied Health 

.ABSTRACT: An escient and simple preparation of a - substituted 
aminoanthraquinones using 22-dialkoxyethylamines is 
described. 

Aminoanthraquinone derivatives have long been used as 
dyes and intermediates in the synthesis of dyes for acetate 
rayon, nylon, and terylene. A complete range of colors from 
yellow through orange, red, violet, blue to green can be 
obtained when auxochromic substituents, such as amino and 
substituted amino groups, are introduced particularly in one or 
more of the four a-positions of the anthraquinone molecule.1 
Recently, the aminoanthraquinones have entered the field of 
cance r  chemotherapy as  exemplified by the drug 
mitoxanthrone 1 and, with the emergence of the anthracycline 
antitumor agents, adriamycin and daunomycin, the chemistry 
of the anthraquinone ring system has become even more 
important and interesting. 

1 

321 1 

Copyright 0 1993 by Marcel Dekker, Inc. 
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3212 WORMSER, SARDESSAI, AND ABRAMSON 

Although a variety of methods may be used to 
synthesize aminoanthraquinones (for examples, cyclization of 
aminobenzoylbenzoic acids, and reduction of nitroquinones) 
replacement reactions are by far the most important; sulfonic 
acid, halogen, nitro, tosyloxy and, in certain cases, even 
hydroxyl and alkoxyl groups undergo displacements, thermally 
or photochemically, with ammonia or an amine.2-9 In general, 
a-substituents are more readily displaced than P-substituents. 

Prior to the present findings, our laboratory used 
primarily two methods to introduce the primary amino group 
at the a -pos i t ion  of anthraquinones starting from an 
appropriate halogen compound: (1) heating the compound with 
p -toluenesulfonamide in the presence of sodium acetate and a 
copper salt followed by hydrolysis with sulfuric acid 5 4  and, (2) 
heating the compound with sodium azide i n  boiling 
dimethylsulfoxide.4 

As part of a drug development program, an efficient 
synthesis of aminoanthraquinones from substituted 
anthraquinones was needed. We report herein (Scheme A) that 
compound 2 can be readily converted to 4 by refluxing with 
2,2-dimethoxyethylamine followed by acid hydrolysis (10% HC1 
in THF). Similar treatment of 3 (prepared by the reaction of 1- 
hydroxy-2,3-dimethylanthraquinone with tosyl chloride and 
1% DMAP in Et3N) yielded 5 whose structure was also 
confirmed by the regiospecific methylation (Marschalk 
reaction) of 4. As expected, the 1H NMR spectrum of 5 showed 
the absence of the signal at 6 6.87 ppm and the presence of 
signal at 6 7.58 ppm, indicating the preferential methylation at 
position ortho to the amino functionality. The Marschalk 
reaction is well-known to introduce alkyl or hydroxyalkyl 
substituents ortho to the 1- position of amino and hydroxy 
anthraquinones. 
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SUBSTITUTED 1-AMINOANTHRAQUINONES 3213 

Scheme A: 

0 0 WCH3 * WCH3 
0 Br 

2 

0 

0 NHZ 
4 I. 

0 

0 O T S  

3 
0 

5 

a. NH2CH2CH(OCH3)2,reflux, overnight ; b.1096 HCVTHF, r.t, lh. 
c. Na2S2O4. aq. NaOH HCHO No, 2h. 

The present method is convenient in that one is not 
limited to a halogen-substituted anthraquinone as starting 
material, but tosyloxy, nitro, and methoxy substituted 
compounds may be used. That the reaction is quite general is 
shown by the data compiled in Tables 1 and 3. Displacement 
occurs smoothly by refluxing the compound in the presence of 
excess of 2,2-dialkyloxyethylamine and hydrolysis is effected 
usually in high yields at room temperature or by heating the 
product with 2 - 10% HCl in tetrahydrofuran for a short period. 

The synthesis of anthraquinone aminoacetals and the 
corresponding amines may prove to be of general utility for 
other anthraquinone derivatives and anthracyclinones derived 

D
ow

nl
oa

de
d 

by
 [

D
uk

e 
U

ni
ve

rs
ity

 L
ib

ra
ri

es
] 

at
 1

2:
09

 1
8 

A
pr

il 
20

13
 



3214 WORMSER, SARDESSAI, AND ABRAMSON 

TABLE 1: Anthraquinone aminoacetals** derived from 
substituted anthraquinones. 

a, R1= C1, R2 - Rg= -H 

i, R1=RS= -C1; R2 - &=&= -H 

j, R1=&= 41;  R2=R5= -H 
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SUBSTITUTED 1-AMINOANTHRAQUINONES 

TABLE 1 Continued 

3215 

m, R1= -N&; R2=R3=Rg=&= -H 
&= -NHCOCH3; 

n, R1= -C1; R2=R3=Rg=&= -H 
Rq= -NH2; 

**Satisfactory elemental analysis have been obtained for all 
new compounds. 

from these compounds (see the following paper). The 
combination of the two steps illustrates one of the simplest 
known protocols for the introduction of the amino acetal and 
amino functionalities into the peri position of the 
anthraquinone ring system. 
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3216 WORMSER, SARDESSAI, AND ABRAMSON 

9.8l(t, 5.08, lH), 8.23(m, 2H),7.70(m, 
2H), 7.57(dd, 7.37, 1.13, 1H) 7.06 (dd, 
8.36, 0.88, lH), 7.50 (t, 7.86, lH), 4.78 
(t, 5.63, lH), 3.72 (m, 4H), 3.47 (t, 5.58, 
2H), 1.28 (t, 7.0, 6H) 

9.76 (br, lH), 8.23 (m, 2H), 7.71 (m, 2H), 
7.40 (s, lH), 6.81 (s, lH), 4.70 (t, lH), 
3.48 (s, 6H), 3.46 (apparent triplet, 2H), 
2.38 (s, 3H) 

9,02 (br lH), 8.34 (dd, 7.53, 1.61, lH), 
8.22 (dd, 7.66, 1.76,1H), 7.68 (s, lH), 
7.74 (m, 2H), 4.5 (t, 5.54, lH), 3.40 (s, 
6H), 3.43 (a part of the triplet is hidden 
among methoxy peak), 2.39 (s, 3H), 2.33 
6, 3H) 

10.73 (br, lH), 8.34 (m, 2H), 7.70 (m, 
2H), 7.37 (br, 2H), 7.07(s, lH), 4.65 (t, 
5.4, 2H), 3.48 (s, 6H), 2.32 (s, 3H) 

9.60 (t, 5.10, lH), 8.28 (m, 2H), 7.75 (m, 
2N), 7.71 (d, 7.53, lH), 7.39 (d, 7.50, 
lH), 4.65 (t, 5.74, lH), 3.73 (m, 2H), 
3.59 (m, 2H), 3.55 (t, 5.30, 2H), 2.50 (s, 
3H),1.23 (t, 7.07, H) 

(continued) 
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SUBSTITUTED 1 -AMINOANTHRAQUINONES 3217 

TABLE 2 Continued 

9.54 (br t, lH), 8.29 (m, 2H), 7.74 (m, 
2H), 7.76 (d, 7.89, lH), 7.48 (d, 7.77, 
lH), 4.67 (t, 5.78, lH), 3.73 (m, 2H), 
3.60 (m, 2H), 3.50 (t, 5.34, 2H), 2.85 (q, 
7.47, 2H), 1.24 (t, 6.90, 6H), 1.30 (t, 7.69, 
3H) 

9.65 (t, 5.20, lH), 8.25 (dd, 1.53, 7.45, 
lH), 7.58 (m, 4H), 7.01 (m, lH), 4.78 (t, 
5.58, IH), 3.72 (m, 4H), 3.45 (t, 5.47, 
2H), 1.28 (t, 6.99, 6H) 

9.80 (t,' 5.29, 2H), 7.60 (d, 7.34,2H),7.51 
(t, 7.94, 2H), 7.02 (d, 8.40, 2H), 4.78 (t, 
5.61, 2H), 3.48 (t, 5.56, 4H), 3.79 (m, 
4H). 3.63 (m, 4H), 1.25 (t, 7.03, 12H) 

9.71 (t, 5.22, lH), 8.23 (dd, 1.03, 7.69, 
lH), 7.75 (dd, 1.22, 2H), 7.57 (t, 7.81, 
lH), 7.51 (m, lH), 7.15 (dd, 2.45, 7.25, 
lH), 4.78 (t, 5.64, lH), 3.80 (m, 2H), 3.63 
(m, 2H). 3.50 (t, 5.66, 2H), 1.28 (t, 7.06, 
6H) 

9.72 (t, 5.17, 2H), 7.53 (dd, 7.21, 0.81, 
2H). 7.44 (t, 7.90, 2H), 7.02 (dd, 0.56, 
8.56, 2H), 4.78 (t, 5.59, 2H), 3.44 (t. 5.49, 
4H). 3.64 (m, 4H), 3.78 (m, 4H), 1.27 (t, 

1.05, 12H) 

13.63 (s, lH), 10.32 (t, 5.34, lH), 8.28 
(m, 2H), 7.73 (m, 2H), 7.24 (d, 9.65, IH), 
7.17 (d, 9.56, lH), 4.74 (t, 5.51, lH), 3.79 

(continued) 
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3218 WORMSER, SARDESSAI, AND ABRAMSON 

n 130-20 
(A) 

r 1 14-60 
(A) 

TABLE 2 Continued 

(m, 2H). 3.62 (m, 2H), 3.50 (1, 5.68, 2H), 
1.27 (t, 7.04, 6H) 

12.57 (s, lH), 10.46 (br 1, lH), 8.99 (d, 
9.98, IH), 8.29 (m, 2H), 7.75 (m, 2H), 
7.27 (d, 9.76, lH), 4.78 ( t, 5.39, lH), 
3.64 (m, 2H), 3.79 (m, 2H), 3.54 (t, 5.56, 
2H), 2.31 (s, 3H), 1.28 (1, 6.95, 6H) 

10.73 (t, 5.56, lH), 8.34 (m, 2H), 7.70 
(m, 2H), 7.22 (d, 9.51, lH), 7.10 (bs, ZH), 
6.98 (d, 9.48, lH), 4.74 (t, 5.58, lH), 3.78 
(m, 2H), 3.62 (m, 2H). 3.54 (t, 5.47, 2H), 
1.26 (t, 7.07, 6H) 

10.84 (1, 5.61, lH), 10.76 (t, 5.04, lH), 
8.34 (m, 2H), 7.68 (m, 2H), 7.29 (d, 9.21, 
lH), 7.18 (d, 9.81, lH), 4.74 (t, 5.57, lH), 
3.55 (t, 5.80, 2H), 3.35 (9, 6.48, 2H), 3.77 
(m, 2H), 3.62 (m, 2H), 1.78 (m, 2H), 1.26 
(1, 7.05, 6H), 1.08 (t, 7.38, 3H) 

10.84 (1, 5.55, lH), 10.75 (t, 4.43, lH), 
8.34 (m, 2H), 7.68 (m, 2H), 7.28 (d, 9.69, 
lH), 7.18 (d, 9.83, lH), 4.74 (t, 5.54, lH), 
3.78 (m, 2H), 3.62 (m, 2H), 3.54 ( t, 5.80, 
2H), 3.37 (9, 6.38, 2H), 1.73 (m, 2H), 
1.52 (m, 2H),1.26 ( t, 7.02, 6H), 0.99 (1, 
7.29, 3H) 

10.81 (t, 5.66, lH), 10.73 (t, 4.97, lH), 
8.35 (m, 2H), 7.68 (m, 2H), 7.33 (d, 9.76, 
lH), 7.23 (d, 9.80. lH), 4.75 (t, 5.56, lH), 
3.78 (m, 2H), 3.63 (m, 4H), 3.56 (t, 5.62, 
2H), 2.69 (t, 6.66, 2H), 2.36 (s, 6H), 1.26 
(t, 7.04, 6H) 

10.79 (br t, 2H), 8.35 (m, 2H), 7.68 (m, 
2H), 7.29 (s, 2H), 4.74 (t, 5.20, 2H), 3.60 
(m, 8H), 3.78 (m. 4H). 1.26 (t, 6.81, 12H) 
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SUBSTITUTED 1-AMINOANTHRAQUINONES 3219 

TABLE 2 Continued 

S 137-90 
(A) 

9.83 (br t, lH), 7.53 (m, 3H), 7.52 (t, 
7.82, lH), 7.43 (t, 7.87, lH), 7.04 (d, 
8.11, lH), 6.88 (d, 8.03, lH), 6.80 (br s, 
2H), 3.67 (t, 5.54, lH), 4.79 (t, 5.55, lH), 
3.79 (m, 2H), 3.64 (m, 2H), 1.27 (t, 7.09, 
6H) 

t 100-10 
(A) 

10.20 (t, 4.70, lH), 8.21 (m, 2H), 7.72 
(m, 2H), 7.48 (d, 9.27, lH), 7.04 (d, 9.37, 
lH), 4.77 (t, 5.55, lH), 3.79 (m, 2H), 3.63 
(m, 2H), 3.47 (t, 5.49, lH), 1.28 (t, 7.05, 
6H) - -  1 - . - . - . - - - 1 . . . _ 1 1 1 . - - - - . 1 1 1 1 - 1 1 1 1 - 1 - - - - - - - - - - - - - . - -  

(A): CHClg/Hexane; (€3): AcetonelHqO; (C): C&j/Pet. ether; (b): n- 
BuOH 

EXPERIMENTAL 

Melting points were determined on a Fisher-Johns 
melting point apparatus and are uncorrected. The 1H NMR 
spectral data were obtained in CDCI3 using TMS as an internal 
standard on a QE-300 (General Electric) NMR spectrometer at 
300 MHz. Chemical shifts are expressed in ppm. Combustion 
analyses were performed by Galbraith Laboratories, Knoxville, 
Tennessee. 

PreDa ration . of Ant hraauinone aminoacetalL (General 
procedure): A suspension of the a -substituted amino 
anthraquinone (1 .O mmol) in 2,2-dialkoxyethylamine (2 mL) 
was heated (1100 - 1400C, oil bath), with stirring in an inert 
atmosphere, until all the starting material was consumed. After 
cooling, the reaction mixture was poured into ice water and 
extracted with dichloromethane. The dichloromethane layer 
was repeatedly washed with water and dried (Na2S 0 4 ) .  
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3220 WORMSER, SARDESSAI, AND ABRAMSON 

Table 3: Amines** derived from acid hydrolysis of the 
corresponding anthraquinone aminoacetals. 

a 
b 

d 
e 
f 
g 
h 
k 
1 
m 
n 

C 

0 

P 
9 
r 

H H H  H H 
CH3 H H H H 
C2H5 H H H H 
H H H  a H 
H H H  NH2 H' 
H H H  H c1 
H H H  H NH2 
H H OH H H 
H H NH2 H H 
H H NHC3H7 H H 
H H N H W g  H H 
H H NH(CH2)2- 

N(CH3)2 H H 
H H C1 H H 
H CH3 H H H 
H CH3 NH2 H H 
CH3 CH3 H H H 

252-50( 242- 30) 1 1 
20 8 - 9O( 2020) 1 2 
157-9O( 153-4913 
2 1 90( 2 1 00) 14 

>3000( 3 190)15 
23O0-20( 2 1 4-70)16 

26 0-20( 2 620) 1 5 

205-90( 207-80)' 7 
264-60( 2 65 - 80)' 5 

173-50 
120-20 

151-20 
178-800( 1790-80o)l 
198-2OO0( 1940)19 
295-80(252-50)20 
211-2140( 214-50)21 

**Satisfactory elemental analysis have been obtained for all 
new compounds. 
*** Amino compounds were obtained in the range 80-100% 
yields. 
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SUBSTITUTED 1-AMINOANTHRAQUINONES 3221 

Removal of the solvent in vacuo gave a residue which was 
purified by flash chromatography22 (Si02, CH2C12 or CHCI3 ). 

Hydrolvsis of the am inoaceta 1s to a mines: The 
aminoacetal, as obtained by the above procedure, was treated 
with 2-10% HCl in tetrahydrofuran. The reaction mixture was 
stirred either at room or at reflux temperature for 1 to 3h. The 
solution was poured into ice water and neutralized (NaHC03). 
The precipitate, thus obtained, was collected by filtration, 
washed (H20) and dried in vacuo. The solid was purified by 
flash chromatography (Si02, CHC13/CH2C12). 

Acknowledgemen t s :  The National Institutes of Health ( CA 
42932) is gratefully acknowledged. 
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