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Abstract 

Studies of relationship between structure and toxi-
city of azo dyes have been performed with compara-
tive molecular field analysis (CoMFA) techniques. 3D
QSTR analyses indicate that the steric and elec-
trostatic interactions are important. The steric field
based model gives strong correlation (q2==0.57, r2==
0.92). The steric field in conjunction with electro-
static field give more strong correlation (q2==0.57,
r2==0.95). All study indicates that a bulky and electro-
negative group at benzene ring and a small group at
position 3 of aniline ring might be significant to re-
duce the mutagenicity. 
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The Amino-azo-benzenes are a general dye. But
they also possess some toxic effect. Several 4-ami-
noazobenzene, N-methyl-4-aminoazobenzene and
N,N-dimethyl-4-aminoazobenzene derivatives are
mutagenic and/or carcinogenic1-4. Interestingly, the
toxic potency of these compounds is strongly depen-
dent on the nature and position of substituents. 3-
methoxy-4-aminoazobenzene (3-OMe-AAB) is a po-
tent hepatocarcinogen in rats and a strong mutagen in
Escherichia coli and Salmonella typhimurium, wher-
eas 2-OMe- AAB is apparently a non-carcinogen and
an extremely weak mutagen under similar conditions5.
The biochemical mechanisms for such divergent
behavior are not yet fully understood6-9. In order to
have azo dyes with least or no toxicity it is necessary
to establish a generalized relationship between toxi-
city values and molecular structure. For the purpose
different QSAR techniques have been proposed and
are in practice10-14. Recently QSAR15 based techniqu-
es were applied to the variety molecules within fra-

mework of quantitative structure toxicity relationship
(QSTR)16. In this paper we have taken 43 amino azo
dyes with their observed mutagenicity17. 3D-QSAR
based on comparative molecular field analysis
(CoMFA)18 used to explain the relationship between
mutagenicity and structures. 

Molecular Alignment
The CoMFA requires 3D alignment of all the struc-

tures according to a suitable conformational tem-
plate19. In present study the molecule-43, the most
active molecule used as template as shown in Figure
4 (Table 1). The molecule 43 drawn and minimized at
Tripos force field20 with MMFF94 charges by using
conjugate gradient at convergence criterion of 0.005
kcal/mol. The full optimization of molecule 43 carri-
ed out at semi empirical PM321,22 level then by fixing
the common moiety this structure was modified for
further compounds. The all molecules aligned on
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Azo Dyes

Figure 1. The aligned stricture of Dyes.

Figure 2. The CoMFA contour map by PA-1.



template by database alignment tool as shown in
Figure 2.

The CoMFA Analysis
The 3 different CoMFA analyses made by using

steric, electrostatic and jointly both fields in conjunc-
tion with MMFF-94 charge. The model PA-1 based
on steric field shows a strong correlation (q2==0.57,
r2==0.92) with mutagenicity. The model PA-3 based
on both the steric and electrostatic field (.69S/.31E)
with a value of q2==0.57 and r2==0.95. The regression
summary given under table-3 and predicted activities
by PA-1 and PA-3 are presented under Table 2. The

molecule 1, 2, 26 and 34 were not predicted well in
initial step hence omitted from final model. The study
reveals that steric and bulk interactions are important
but the steric contribution is dominant in interaction
as clear from regression summary.

The CoMFA Map
The 3D-CoMFA contour maps by model PA-1

shown in Figure 2 with highest mutagenic compound.
In general the CoMFA green contours indicates the
area in which steric bulk substituents might improve
activity while yellow region favorable for small
groups. Since this study is related to mutagenicity the
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Table 1. The Structure and Observed mutagenicity of Azo dyes in terms of IC50 values.

No. R R1 Substituents IC50 logIC50

1 H H 4′-NEt2-3-OMe 0.007 -2.15
2 H H 2-OMe 0.01 -2
3 H H 4′-OH 0.053 -1.28
4 H H 3′-Me-4′-OH 0.059 -1.22
5 H H 4′-OH-2′,3-diMe 0.112 -0.95
6 H H - 0.204 -0.69
7 H H 3′-Me 0.24 -0.62
8 H H 3-OMe-4′-N (CH2CH2OH)2 0.39 -0.41
9 H H 3′-CH2OH 0.596 -0.23

10 H H 3-OH-AAB 0.687 -0.16
11 H H 3-OCH2CH2OH-4′-N (CH2CH2OH)2 1.052 0.02
12 H H 3-OCH2CH2OH 1.348 0.13
13 H H 2′-CH2OH-3-Me 2.012 0.3
14 H H 4′-OMe 2.3 0.36
15 H H 2′,3-diMe 2.676 0.43
16 H H 3-Obu 4.983 0.7
17 H H 3-OEt 13.802 1.14
18 H H 3-O-Pro 18.919 1.28
19 H H 3-OMe 77.065 1.89
20 CH3 H 3′-Me-4′-OH 0.071 -1.15
21 CH3 H 3′-COOH 0.124 -0.91
22 CH3 H 4′-OH 0.14 -0.85
23 CH3 H - 0.183 -0.74
24 CH3 H 4′-Me 0.283 -0.55
25 CH3 H 3′-Me 0.445 -0.35
26 CH3 H 3′-CH2OH 0.503 -0.3
27 CH3 CH3 3′-Me-40-OH 0.11 -0.96
28 CH3 CH3 - 0.14 -0.85
29 CH3 CH3 3′-COOH 0.201 -0.7
30 CH3 CH3 2-Me 0.22 -0.66
31 CH3 CH3 3′-Me 0.356 -0.45
32 CH3 CH3 3′-CHO 0.383 -0.42
33 CH3 CH3 3′-CH2OAC 0.518 -0.29
34 CH3 CH3 3′-CH2OH 0.601 -0.22
35 H Ac 3′-Me 0.087 -1.06
36 H OH 3′-Me-40-OH 0.089 -1.05
37 H OH 2-OMe 0.11 -0.96
38 CH3 Ac 3′-Me 0.524 -0.28
39 CH3 OH - 0.65 -0.19
40 CH3 OH 3′-Me 1 0
41 H OH N-OH 1.03 0.01
42 CH3 OH 4′-Me 1.132 0.05
43 H OH 3-OMe 192 2.28



higher activity is not desirable for most applications. 
As clear from map a green contour appears around

aniline ring at site 3 indicates that a bulky substi-
tuents will be favorable to improve the value of muta-
genicity hence a small group required at this site
while yellow contour appears around benzene ring
indicates that a bulky group at this site will reduce
the value of mutagenicity.

Model PA-3 based CoMFA contour map shown in
Figure 3 with highest mutagenic compound. The
CoMFA green contours indicates the area in which
steric bulk substituents might increase the potency
while yellow region favorable for small groups. The
blue contour indicates the region where positive
group required for high value while red zone indi-
cates the place favorable for negative groups for high
value. The small blue contour appears around ben-
zene ring indicates that a electropositive group around
this region will enhance the value of mutagenic acti-
vity and will be harmful hence a electronegative
group is desired around benzene ring while a green
contour appears around aniline ring at site 3 indicates
that a small substituents is desired to reduce the mu-
tagenicity of molecule.

Discussion

The ligand based both 3D-QSAR model is signifi-
cant, a more prominent conclusion can be made by
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Figure 3. The CoMFA contour map by PA-3.
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Figure 4. Basic skeleton of amino azo dyes.

Table 2. Observed and predicted Activities of azo dyes by
CoMFA models.

No. A PA-1 Resid. PA-3 Resid.

1a -2.15 1.415 2.21 1.21 -3.36
2a -2 -0.721 -0.733 -0.733 -1.267
3 -1.28 -1.094 -1.306 -1.306 0.026
4 -1.22 -1.032 -1.03 -1.03 -0.19
5 -0.95 -0.317 -0.706 -0.706 -0.244
6 -0.69 -0.568 -0.477 -0.477 -0.213
7 -0.62 -0.533 -0.537 -0.537 -0.083
8 -0.41 -0.253 -0.227 -0.227 -0.183
9 -0.23 -0.332 -0.236 -0.236 0.006

10 -0.16 -0.308 -0.27 -0.27 0.11
11 0.02 -0.119 0.127 0.127 -0.107
12 0.13 0.501 0.226 0.226 -0.096
13 0.3 0.398 0.301 0.301 -0.001
14 0.36 0.228 0.175 0.175 0.185
15 0.43 0.19 0.123 0.123 0.307
16 0.7 0.6 0.663 0.663 0.037
17 1.14 1.217 1.268 1.268 -0.128
18 1.28 0.886 1.072 1.072 0.208
19 1.89 2.034 1.713 1.713 0.177
20 -1.15 -1.04 -1.109 -1.109 -0.041
21 -0.91 -0.683 -0.687 -0.687 -0.223
22 -0.85 -1.048 -1.336 -1.336 0.486
23 -0.74 -0.397 -0.382 -0.382 -0.358
24 -0.55 -0.577 -0.373 -0.373 -0.177
25 -0.35 -0.363 -0.442 -0.442 0.092
26a -0.3 -0.208 -0.302 -0.302 0.002
27 -0.96 -1.03 -1.079 -1.079 0.119
28 -0.85 -0.574 -0.522 -0.522 -0.328
29 -0.7 -0.743 -0.586 -0.586 -0.114
30 -0.66 -0.902 -0.935 -0.935 0.275
31 -0.45 -0.529 -0.574 -0.574 0.124
32 -0.42 -0.628 -0.454 -0.454 0.034
33 -0.29 -0.204 -0.338 -0.338 0.048
34a -0.22 -0.395 -0.407 -0.407 0.187
35 -1.06 -1.074 -1.053 -1.053 -0.007
36 -1.05 -1.033 -1.03 -1.03 -0.02
37 -0.96 -0.879 -0.863 -0.863 -0.097
38 -0.28 -0.328 -0.377 -0.377 0.097
39 -0.19 -0.121 -0.066 -0.066 -0.124
40 0 -0.086 -0.091 -0.091 0.091
41 0.01 -0.604 -0.369 -0.369 0.379
42 0.05 -0.297 0.007 0.007 0.043
43 2.28 2.268 2.409 2.409 -0.129

a: data point not used in deriving equation

Table 3. The regression summery of CoMFA models.

PA-1 PA-2 PA-3

Fields S E S++E

n 6 4 6
q2 0.57 0.164 0.57
r2 0.92 0.87 0.95
F value 65.6 36.73 98.24
SE 0.245 0.319 0.2
r2

boot strap 0.96 - 0.97
SD 0.016 - 0.012
SE 0.175 - 0.14
SD 0.095 - 0.078



considering steric and electrostatic field together. The
model PA-3 has strong correlation (q2==0.57, r2==0.95)
suggest that, to reduce the mutagenic activity of azo
dyes an electronegative and bulky group required at
benzene ring while small group at aniline ring will be
favorable to reduce the mutagenicity. 

Methods

The basic skeleton of amino azobenzene is shown
in Figure 1, the 43 amino azobenzene dyes with
mutagenicity values taken from literature17.

Computational Details
The comparative molecular field analysis (CoMFA)

was used for 3D QSAR. Structures were drawn and
assigned with MMFF-94 charge using Sybyl 7.3
software running on Linux cluster. All the structures
minimized at Tripos force field20 level with distance
-dependent dielectric and conjugate gradient method.
The convergence criterion was 0.01 kcal/mol. 

CoMFA
The steric and electrostatic potential fields for

CoMFA were calculated at each lattice intersection of
a regularly spaced grid of 2.0. The lattice was defined
automatically and is extended 4 units past van der
waals volume of all molecules in X, Y, and Z direc-
tions. The vander waals potential and columbic term,
which represent steric and electrostatic fields, respec-
tively, were calculated using Tripos force field. A
distance-dependent dielectric expression ε== ~ε. Rij with
ε0==1.0 was used. A sp3 carbon atom with a vander
waals radius of 1.52 and ++1.0 charges served as the
probe atom to calculate steric and electrostatic fields.
The steric and electrostatic contributions were trun-
cated to ±30 kcal/mol and electrostatic contributions
were ignored at lattice intersections with maximum
steric interactions. The CoMFA steric and electrosta-
tic fields generated were scaled by CoMFA standard
option given in Sybyl.

Statistics
The partial least square analysis (PLS) performed

by Sybyl 7.3 and leaves one out method used to
calculate q2 values of each set with 2.0 column filter-
ing. The molecules not predicted well in initial step
of regression have been omitted from final model.
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