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Hansch and Free-Wilson analyses are described on a data set, 4-anilinoquinazolines [the ana- 
logues of 4-(3-bromo-anilino)-6,7-dimethoxy quinazoline: PD 1530351, as inhibitors of the epi- 
dermal growth factor receptor protein tyrosine kinase. These analyses have helped to ascertain 
the role of different substituents in explaining the observed inhibitory activities. From both 
approaches, it is concluded that the combined electron-donating nature of RI-  and R2-sub- 
stitutions of the quinazoline ring and the electron-withdrawing nature of the X-substitution of 
the anilino-ring are beneficial for increasing the inhibition activity of a compound. Further, the 
symmetrical alkoxy substituents present at the RI-  and R2-positions are also engaged in a steric 
interaction which was determined quantitatively through the parabolic relationship between the 
activity and combined molar refraction parameter, CMR of the substituents. 

Keywords: Quantitative structure-activity relationship QSAR; EGFR inhibitors of the 
epidermal growth factor; Tyrosine kinase enzymes; Hansch and Free-Wilson analyses 

INTRODUCTION 

The importance of protein tyrosine kinase (PTK) enzymes as mediators of 
proliferative as well as metabolic signals have been realized in recent years. A 
number of proliferative diseases may precipitate due to the generation of 
mitogenic signals from abnormally expressed or deregulated PTK’s. One of 
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126 P. SINGH AND R. KUMAR 

the important targets for the treatment of proliferative diseases is the epidermal 
growth factor receptor (EGFR) protein tyrosine kinase family of trans- 
membrane growth factor receptors. The EGFR is a transmembrane glyco- 
protein which mediates the mitogenic response of cells to the epidermal growth 
factor family of mitogenic polypeptides, transforming growth factor I** and 
amphireguh3 The EGFR and its ligands are involved in malignant tumor 
g r o ~ t h ~ - ~  and skin diseases such as ps~r ias i s .~  Enzymatic activity of the 
intracellular EGFR is for signal transduction via the EGFR.89Y The involve- 
ment of EGFR protein tyrosine kinase enzymes in epithelial proliferation 
suggests that enzymes inhibitors could have therapeutic potential in the 
treatment of malignant and non-malignant epithelial diseases. Since tyrosine 
kinase enzymes are involved in many signal transduction pathways, it would be 
highly beneficial to develop compounds with high selectivity at the enzyme 
level. Several classes of such inhibitors have been reported"-I6 but most have 
proved to be of limited use in cellular assays and more advanced models. More 
recently the analogues of 4-(3-bromoanilino)-6,7-dimethoxyquinazoline (PD 
153035) have been reported7 as possessing inhibitory properties against the 
epidermal growth factor receptor. 

The initial structure-activity (SAR) studies on these compounds were 
directed to only alteration of the substituents at various positions of the struc- 
ture. Although their study resulted in the discovery of 4-(3-bromoanilino)- 
6,7-diethoxyquinazoline as a lead compound, no rationale has yet been 
provided to reduce the trial and error factors. Hence, a quantitative SAR 
(QSAR) on these analogues was conducted since QSAR not only provides the 
rationale for drug design but also illuminates the mechanism of action of drugs. 

MATERIALS AND METHODS 

QSAR analysis was made on the analogues of PD 153035 (Figure 1 for 
structures) studied by Bridges and co-workers. l 7  Their tyrosine kinase inhib- 
itory activities of the EGFR, binding competitively at the ATP site are listed 
in Table I along with some physicochemical parameters. The most appro- 
priate physicochemical parameters were found to be the electronic constant, 
~7 and the molar refraction parameter, MR, taken from the compilation of 
Hansch et 0 1 . ' ~  Additionally, some dummy parameters were also employed 
to reflect the effect of some specific alteration. Both Hansch and Free-Wilson 
types of calculations were carried out for these compounds. 

All tyrosine kinase inhibition data refers to the ability of the compounds to 
inhibit the phosphorylation of a 14-residue fragment of phopholipase C,1 by 

Jo
ur

na
l o

f 
E

nz
ym

e 
In

hi
bi

tio
n 

an
d 

M
ed

ic
in

al
 C

he
m

is
tr

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
H

IN
A

R
I 

on
 1

2/
17

/1
1

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



TABLE I 4-Anilinoquinazolines and their tyrosine kinase inhbitory activity data and physicochemical parameters (see Figure 1 for structures) 

Compound R1 R2 X CO OX - lOgICSo(M)” 

Obsd. Calcd. 

Eq. (2) Eqs. (3) & (5)d F.W. 

1 H H H 0.00 0.00 6.46 6.02 6.16 6.01 
2 H H F 0.00 0.34 7.25 7.35 7.39 6.80 
3 H H CI 0.00 0.37 7.64 7.47 7.50 7.62 
4 H H Br 0.00 0.39 7.57 7.54 7.57 7.59 
5 H H I 0.00 0.35 7.10 7.39 7.42 7.38 
6 H H CF3 0.00 0.43 6.24 6.42 6.10 6.65 
7 OMe H H -0.27 0.00 7.26 6.41 6.57 6.98 
8 OMe H Br -0.27 0.39 7.52 7.94 7.98 8.57 
9 NH2 H H -0.66 0.00 6.11 6.98 7.16 6.23 

10 NH2 H CF3 -0.66 0.43 6.24 7.38 7.10 6.88 
11 NH2 H Br -0.66 0.39 9.11 8.50 8.57 7.82 
12 NO2 H H 0.78 0.00 5.30 4.88 4.98 4.87 
13 NO2 H Br 0.78 0.39 6.05 6.41 6.39 6.46 
14 H OMe H 0.12 0.00 6.92 5.84 5.98 7.02 
15 H OMe Br 0.12 0.39 8.00 7.37 7.39 8.61 
16 H NH2 H -0.16 0.00 7.00 7.69 7.83 7.77 
17 H NH2 F -0.16 0.34 8.70 9.02 9.06 8.57 
18 H NH2 c1 -0.16 0.37 9.60 9.13 9.17 9.38 
19 H NH2 Br -0.16 0.39 10.00 9.21 9.24 9.36 
20 H NH2 I -0.16 0.35 9.46 9.06 9.09 9.14 
21 H NH2 CF3 -0.16 0.43 8.48 8.09 7.77 8.42 
22 H NO2 H 0.71 0.00 4.92 4.99 5.09 4.63 
23 H NO2 F 0.71 0.34 5.21 6.32 6.31 5.42 
24 H NO2 CI 0.71 0.37 6.09 6.43 6.42 6.24 
25 H NO2 Br 0.71 0.39 6.00 6.51 6.49 6.21 
26 H NO2 I 0.71 0.35 6.27 6.35 6.35 6.00 
27 OMe OMe H -0.15 0.00 7.54 8.30 8.08 8.00 
28 OMe OMe F -0.15 0.34 8.42 9.63 8.04 8.79 
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TABLE I (Continued) 

- log IC5o(M) a Compound R I  R2 x XU UX 

Obsd. Calcd. 

Eq. (2) Eqs. (3) & (5)d F.W. 

29 OMe OMe c1 -0.15 0.37 9.51 8.71 9.70 9.61 
10.60 9.83 10.36 9.58 

C 9.37 
30 OMe OMe Br -0.15 0.39 
31 OMe OMe I -0.15 0.35 9.05 9.67 
32 OMe OMe CF3 -0.15 0.43 9.62 8.70 9.42 8.64 
33 H NHAc Br 0.07 0.39 1.40 1.44 7.46 8.04 
34 H NHMe Br -0.30 0.39 8.15 7.98 8.02 8.46 
35 H M e 2  Br -0.15 0.39 1.96 1.76 7.80 7.12 
36 NH2 NH2 Br -0.82 0.39 9.92 10.17 10.24 9.58 

Br -0.96 0.39 9.16 8.94 9.02 8.69 
C - C 1.35 37 NH2 

38 NH2 m e 2  Br -0.81 0.39 6.80 
39 NH2 OMe Br -0.54 0.39 8.42 8.33 8.39 8.83 
40 NH2 c1 Br -0.29 0.39 8.19 7.97 8.01 8.57 
41 NO2 NH2 Br 0.62 0.39 7.28 8.08 8.06 8.22 

5.99 43 NO2 NMe2 Br 0.63 0.39 5.10 6.63 6.62 
6.91 0.39 1.55 6.31 6.28 

C - C 7.41 
44 NO2 NHAc Br 0.85 

C C 7.22 
7.82 45 NO2 OMe Br 0.90 0.39 

46 NO2 CI Br 1.15 0.39 7.60 
47 -0CH20- Br -0.32 0.39 7.82 8.01 8.05 
48 OH OH Br -0.25 0.39 9.17 9.97 9.77 
49 OEt OEt Br -0.14 0.39 11.22 9.81 11.18 
50 OPr OPr Br -0.15 0.39 9.77 9.83 10.02 
51 OBu OBu Br -0.22 0.39 6.98 7.86 6.86 

Br -0.84 0.39 8.40 8.77 8.84 52 NHMe H 
53 NMe2 H Br -0.83 0.39 7.08 
54 NHCOOMe H Br -0.15 0.39 7.92 1.76 7.80 
55 H OH Br 0.12 0.39 8.33 7.31 7.39 
56 H NHEt Br -0.24 0.39 1.92 7.89 7.93 

- 

NHMe 
- 

42 NO2 NHMe Br 0.48 0.39 7.17 6.85 6.84 7.33 

- 

- - 

C - C - 

virro Tyrosine kinase inhibition activity on a molar basis. bTaken from Reference 17. C'Outlier' compounds in the present study. dThe values in this column are calculated 
using Eq. (3) for compounds 27-32 and 48-51 and Eq. (5) for the remainder. 
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QSAR ON EGF RECEPTOR KINASE INHIBITORS 129 

FIGURE 1 
OMe and X = Br). 

Structures of 4-anilinoquinazolines (the analogues of PD 153035: R, = R2 = 

EGFR (prepared from human A 431 carcinoma cell vesicles by immuno- 
affinity chromatography). It has been measured in terms of the value, 
the minimum concentration of the compound required to achieve 50% 
inhibition of the EGFR. For the present study, the same are expressed as 
-log ICsO on a molar basis. 

RESULTS AND DISCUSSION 

Table I lists the compounds where the alterations in substituents were made 
at the RI- and R2-positions of the quinazoline moiety and the X-position of 
the 4-anilino ring. For these variations, the electronic parameters, Co and ox 
have emerged as the best correlative parameters. The R I  and R2 were taken 
respectively at  the para- and meta-positions with respect to the quinazoline 
ring N-I and the added value of the electronic effects of these RI -  and R2- 
positions is indicated by Co. For substituents in the X-position of the 4- 
anilino ring, the same is given by cx. When a multiple regression analysis was 
performed, using these electronic variables along with three dummy vari- 
ables, a significant correlation, Eq. ( I ) ,  was obtained, 

-1OgICso -0.973)(&0.209)Co + 1.523(f0.299)11 + 2.161(f0.285)12 
+ 3 . 9 9 1 ( f 0 . 7 6 7 ) ~ ~  - 1.191(f0.408)Ix + 5.963 

n = 56 r = 0.857 s = 0.762 FS,SO = 27.773 (1) 
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130 P. SINGH AND R. KUMAR 

in which, n is the number of data points, r is the correlation coefficient, s is 
the standard deviation, F is the F-ratio between the variances of calculated 
and observed activities, and the f data within the parentheses are standard 
errors of regression coefficients. The dummy variable Ix was assigned a value 
1 for X = CF3 and 0 otherwise. Similarly, the presence or absence of an -NH2 
substituent at R2. in that order, is assigned a value 1 or 0 for the dummy 
variable I ,. Further, the 6,7-dimethoxy substitutions of the quinazoline 
moiety, similar to PD 153035, was highlighted through the third dummy 
variable 12. Thus, I2 = 1 for symmetric dimethoxy derivatives (R, = R2 = 
OMe) and = 0 for the remaining ones. 

The F-value, obtained for Eq. (l), is significant at 99% level, and the r2- 
value accounts for 73% of the variance in observed activity values. It is 
obvious that for a fairly large data size as this, this equation is significantly 
sound in statistical parlance. Compounds 38, 45, 46 and 53 have a little 
higher calculated activity value than the observed ones but no appropriate 
reason immediately becoming apparent for this ‘outlier’ behaviour. These 
compounds rather requires further intense experimental evaluation of their 
activity data. On eliminating them, regression analysis provided a much 
improved correlation, Eq. (2). 

- lOgIC50 = -1.454(f0.212)C~+ 1.436(&0.262)11 + 2.067(&0.251)12 
+ 3.913(&0.673)~~ - 1.283(&0.356)1~ + 6.017 

n = 52, r = 0.902, s = 0.661, Fs,46 = 40.261. (2) 

The r2-value has now increased to 81 %, the s-value has been lowered and the 
F-value, still significant at the 99% level, has significantly improved. The 
calculated activity values obtained using Eq. (2) and listed in Table I are in 
close agreement with observed ones. From the r2-correlation matrix, given in 
Table 11, it is clear that the variables on the right hand side of Eq. (2) are 
mutually orthogonal. Further, the above equation has indicated that the 
electronic effect of various substituents at the 6- and 7-positions in the quin- 
azoline moiety operates in an opposite direction to that of the meta-sub- 
stituents in anilino ring. For a more active compound, electron-donors both 

TABLE I1 The r’-intercorrelation matrix amongst the independent variables of Eq. (2) 

El7 1 .ooo 0.012 0.0 I7 0.01 1 0.019 
II 1 .ooo 0.038 0.001 0.006 
I2 1 .ooo 0.002 0.003 
ox 1.000 0.047 
Ix 1 .ooo 
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QSAR ON EGF RECEPTOR KINASE INHIBITORS 131 

at R I  and R2 and electron-acceptors at X are beneficial. Similarly, the 
numeral weights associated with the dummy variables I I  and I2 favour 
RI  = OMe or NH2 and R2 = OMe substitutions, while that of Ix disfavours 
X = CF3 substitution. 

Though the combined electron-donor effect has emerged as the important 
criterion for the R1- and R2-positions, the involvement of these positions in 
steric interaction is also possible. This is realized for those compounds where 
alkoxy or hydroxy substituents are present symmetrically at  these positions 
(27-32 and 48-51: Table I). For such compounds, the molar refraction 
parameter, MR (H=0.103, F=0.092, Cl=0.603, Br=0.888, I=1.394, 
CF3 = 0.502, OH = 0.285, OMe = 0.787, OEt = 1.247, OPr = 1.706, OBu = 
2.166) was found to be the most appropriate variable. The regression anal- 
ysis, with one ‘outlier’ compound 31, has resulted in a highly significant 
correlation, Eq. (3), 

- l0gICsO = 7.765(f0.765)CMR - 1.176(&0.113)(CMR)2 
+ 2.582(&0.461)HD - 1.634 

n = 9, r = 0.978, s = 0.360, F3,5 = 37.373 (3) 

where the parameter CMR represents the added values of molar refractivities 
of R,-, R2- and X-substitutions and H D  stands for the hydrogen-donor 
property of R1 = R2-substitution. This parabolic equation has resulted in an 
optimum value of MR = 3.302, which is almost attained by the substitutions 
in compound 49. This compound has evolved as the most potent compound 
of the present series and may serve as a lead in the synthesis of new analo- 
gues. Inclusion of the variable, H D  for the sake of one compound (HD = 1 
for compound 48 and 0 for the remaining ones) is unjustified. Its realibility 
may, however, be ascertained further when a few more compounds having 
R I  = R2 = OH and X = H, F, C1, I, CF3 etc. become available. Removal of 
the variable H D  (hence compound 48) still maintained the parabolic 
dependence of CMR on the -logIC50, as shown in Eq. (4). 

- 10gICsO = 7.766(&0.765)CMR - 1.176(&0.113)(CMR)2 - 1.634 

n = 8, r = 0.978, s = 0.360, F2,5 = 55.005. (4) 

The remaining compounds having unsymmetric substitutions at the R,-  and 
R2-positions have resulted in the correlation in Eq. ( 5 )  

- logICso = -1.514(&0.190)Co + 1.426(f0.235)Il + 3.606(f0.646)ax 
+ 1.615(&0.366)Ix + 6.162 

n = 42, r = 0.899, s = 0.590, F 4 , ~ 7  = 39.044. ( 5 )  
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132 P. SINGH A N D  R. KUMAR 

This equation has similar statistical results and significance to that of Eq. (2). 
The calculated -l0gICSO values, using Eqs. (3) and (5) are also included in 
Table I. 

Similar conclusion regarding substitutional requirements were drawn from 
the Free-Wilson analysis. In this approach, compounds 47-56 (Table I) were 
not included in the formulation of Free-Wilson matrix as the frequency of 
occurrence of certain groups at R, and R2 was one. This matrix is avoided 
here for the sake of brevity. A total number of 46 linear equations in 16 
unknowns including the parent contribution, p, were generated and the 
equations were solved by the method of least squares. The results obtained 
are summarized in Table 111. The 3 additional variables were computed using 
the restricted equations (i-iii), listed in Table IV, one corresponding to each 
of the varying positions of the parent structure. The statistical parameters of 
this study are 

n = 46, r = 0.926, s = 0.654, F16.29 = 10.878. 

These parameters are, therefore, in tune with highly significant results. The 
F-value obtained is significant at the 99% level and the r2-value accounts for 
86% of variance in observed -log ICso’s. The calculated values of -log ICSO, 
obtained by adding the requisite substituents contribution to p, are in close 
agreement with the observed ones (Table I). From Table 111, the substituents 

TABLE I11 Substituents contributions to the EGFR tyrosine kinase inhibitory activities of 
4-anilinoquinazolines 

Positions Substitutions Substituent contributions 

X 

H -0.012 
OMe 0.963 
NH2 0.214 
NO2 -1.145 

H -0.456 
OMe 0.558 
NH2 1.310 
NO2 - 1.836 

NHAc -0.005 
NHMe 0.416 
NMez -0.924 

CI -0.302 
H -1.141 
F -0.347 
CI 0.468 
Br 0.442 
I 0.228 

CF3 -0.499 
Parent contribution, /I = 7.616 
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QSAR ON EGF RECEPTOR KINASE INHIBITORS 133 

TABLE IV The restricted equations corresponding to substitutional variations in Figure 1 

Positions Equations 

RI H = -0.364(OMe + NH2 + NOz) ( i )  
R2 H = -0.7690Me - 0.615NH2 - 0.385N02 - 0.231(NHMe + NMe2) 

- 0.154(NHAc + CI) 
X H = -0.5(F + CI + I + CF3) - 2.75Br 

(ii) 
(iii) 

making the highest positive contribution to tyrosine kinase activity in the 
parent moiety have the following substitutional pattern: 

R1 R2 x 
OMe NH2 C1 
NH2 OMe Br 

_ _  -_ _ _  

NHMe 

From these approaches, similar conclusions regarding substitutional require- 
ments are evident. For a compound to be potent, the Hansch analysis sug- 
gests that both the RI-  and R2-substitutions of the quinazoline ring should 
possess high electron donor properties, the Free-Wilson approach, in con- 
formity with this, assigns a more positive activity-contribution to such sub- 
stituents. Likewise, the anilino substitution X = CF3 adding negatively to 
activity is undesirable while C1 and Br having positive activity-contributions 
are the preferred substitutions at this position. 

Thus the two analyses in the present study provide the grounds for 
rationalizing the substituent selection in designing more potent compounds 
of the series. 
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