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SUMMARY. Insulin resistance is associated with a defect in protein tyrosine phosphorylation in the insulin
signal transduction cascade. PTPase enzyme dephosphorylates the active form of insulin receptor and thus
attenuates its tyrosine kinase activity, therefore the need of a potent PTPase inhibitor is the reason for the
present Quantitative Structure-Activity relationship (QSAR) was performed. QSAR has been established
on a series of compounds of novel benzofuran biphenyl/naphthalene’s analogs using SYSTAT (Version
7.0) software, for their protein tyrosine phosphatase (PTPase-1B) inhibitor activity, in order to understand
the essential structural requirement for binding with the receptor. Among several 2D QSAR models, one
for a series was selected on the basis of high correlation coefficient, least standard deviation, & high value
of significance for maximum no. of subject was considered. The interpreted data signify the essentiality of
hydrophobic character at X in the designing of the new PTPase -1B inhibitors of naphthalene analogs but
not in biphenyl derivatives as shown in earlier result.

INTRODUCTION
Diabetes has recognized as a genetic disorder,

in which glucose metabolism is altered. The abil-
ity of insulin to bring about such a dramatic re-
versal in the symptoms of diabetes, with a return
to a ‘near normal’ life expectancy, led the medi-
cal community to conclude that the problems of
etiology and treatment had been resolved, but
these conclusions were premature, whereas in-
sulin does return control of blood glucose level
and does offset the development of ketoacidosis,
it doesn’t appear to rectify all of the metabolic
defects identifiable in the diabetic 1.

It is thus evident that insulin therapy, as cur-
rently is not a panacea for diabetes mellitus.
This realization has promoted to a great deal of
research toward the development of more effec-
tive way of treating the disease and has led to
the discovery of various hypoglycemic agents,
e.g. sulphonylurea, biguanide, and recently de-
veloped glitazones. Though recently developed
glitazones are also monitored for the hepatotox-

ic effect. Thus there is a need for better and
safer hypoglycemic medicines.

It is now well established that insulin resis-
tance can result from a defect in the insulin re-
ceptor signaling system at a site post binding of
insulin to its receptor 2. Insulin resistance is as-
sociated with a defect in protein tyrosine phos-
phorylation in the insulin signal transduction
cascade. PTPase enzyme dephosphorylates the
active form of insulin receptor and thus attenu-
ates its tyrosine kinase activity 3.

Insulin resistance is thus one of the obstacles
which we confront while undergoing therapy
for diabetes mellitus. A number of PTPase in-
hibitors has been designed and studied to over-
come this problem, to gain insight into the
structural and molecular requirements influenc-
ing the PTPase-1B inhibition activity. We de-
scribe here the QSAR analysis of a set of struc-
turally different compounds of PTPase in-
hibitors, for which it is conceivable to make as-
sumption that they interact with the enzyme. 
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MATERIAL & METHODS
Malamas et al. 4 reported seven series of

compounds based on Benzofuran / Benzothio-
phene biphenyl moiety. We had performed the
QSAR analysis of 2-butyl benzofuran biphenyls
(Table 1) and 2-butyl benzofuran naphthalene
(Table 2) having 7 & 12 compounds (Structures
[1] and [2], Fig. 1), respectively. 

Compd R1 R2 R3 X IC50

1 H H H CH2 1.19
2 H H H CH(OH) 0.23
3 H Br Br CH(OH) 1.4
4 CH2COOH H H CH2 1.15
5 CH2COOH H H CH(OH) 0.54
6 CH2-tetrazole H H CH2 0.51

Table 1. Chemical & Biological Data of 2-Butyl Benzofuran Biphenyl Analogs (Structure [1]).

Comp R1 R2 X IC50

1 H H CH2 1.3
2 H H CH(OH) 1.1
3 H Br CH(OH) 0.48
4 H Br CH2 0.33
5 H I CH2 0.38
6 CH2COOH Br CH2 1.4
7 CH(CH2Ph)COOH Br CH2 0.37
8 CH(CH2Ph)COOH Br CO 1.2
9 CH(CH2Ph)COOH I CH2 0.32
10 CH2-tetrazole Br CH2 0.7
11 CH2-tetrazole Br CO 1.1

Table 2. Chemical and Biological Data of 2-Butyl Benzofuran Naphthalenes Analogs (Structure [2]).

Calculations of Physico-chemical constants
from literature

The values for the physicochemical constants
for various substituents were determined from
the literature. The determined parameters for se-
ries VI include, Hansch constant (π), Molar Re-
fractivity (η), Sigma/Hammet constant (σ), Field
effect (f) and Indicator value (I).

Substituents in the structure [1] 
For Series III: IR1, IR2, IR3, πX, σX, ηX, fX:

IR1 (Indicator parameter of R1 substituent). IR1 =
1, where –CH2COOH present at R1 position,
otherwise, considered as 0. IR2 (Indicator pa-
rameter for R2 substituent). IR2 = 1, where -H is
at R2 position, otherwise, rest other as 0. IR3 (In-
dicator parameter for R3 substituent). IR3 = 1,
where H is at R3 position, otherwise, other sub-
stituent considered as 0. πX, σX, ηX, fX are the
physicochemical parameter for substitution X.

Substituents in the structure [2]
For Series V: IR1, IR2, πR1, σR1, ηR1, fR1, πX,

σX, ηX, fX: IR1 (Indicator parameter for R1 sub-
stituent). IR1 = 1, where –CH2COOH present at
R1 position, otherwise 0. IR2 (Indicator parame-
ter for R2 substituent). IR2 = 1, where -H is at R2

position, other substituent considered as 0. πR1,
σR1, ηR1, fR1 are the physiochemical parameter
of R1 substituent. πX, σX, ηX, fX are the physio-
chemical parameter of X substituent.

Figure 1. Structures [1] and [2].

2D QSAR study was carried out in the fol-
lowing steps: A) Calculations of Physico-chemi-
cal constants from literature 5, B) Determination
of the Correlation matrix, and C) Multiple re-
gression analysis.
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Determination of the correlation matrix
The correlation matrix for series III & V was

determined separately using the program ‘SYS-
TAT’6 (version 7.0). The most significant param-
eters for PTPase inhibiting activity were chosen
on the basis of their correlation ship & Interco-
relationship (Tables 3 and 4), respectively.

LogIC50 IR1 IR2 IR3 πX σX ηX fX

LogIC50 1.000
IR1 0.126 1.000
IR2 -0.485 0.316 1.000
IR3 -0.485 0.316 1.000 1.000
πX 0.386 0.010 0.434 0.434 1.000
σX 0.365 0.000 0.447 0.447 1.000 1.000
ηX -0.365 0.000 -0.447 -0.447 -1.000 -1.000 1.000
fX -0.365 0.000 -0.447 -0.447 -1.000 -1.000 1.000 1.000

Table 3. Correlation Matrix (Structure [1]).

Log IC50 IR1 IR2 πX ηX fX σX πR1 ηR1 σR1 fR1

Log IC50 1.000
IR1 -0.013 1.000
IR2 0.469 -0.356 1.000
πX -0.201 0.321 -0.326 1.000
ηX -0.068 -0.358 0.412 -0.826 1.000
fX 0.139 -0.341 0.359 -0.990 0.900 1.000
σX 0.296 0.411 -0.343 0.381 -0.799 -0.501 1.000
πR1 -0.273 0.810 -0.289 0.218 -0.327 -0.253 0.468 1.000
ηR1 -0.265 0.823 -0.243 0.223 -0.331 -0.258 0.469 1.000 1.000
σR1 0.273 0.810 0.289 -0.218 0.327 0.253 -0.468 1.000 1.000 1.000
fR1 0.273 -0.810 0.289 -0.218 0.327 0.253 -0.468 1.000 1.000 1.000 1.000

Table 4. Correlation Matrix (Structure [2]).

Multiple regression analysis
It was performed by using the program ‘SYS-

TAT’ (version 7.0) for PTPase inhibiting activity
of benzofuran derivatives, i.e. –logIC50 consid-
ered as dependent variable and the different de-
scriptor considered were selected as the inde-
pendent variables separately for series III & V.

RESULTS & DISCUSSION
The significant equation obtained for series III & V are equations [1], [2] and [3], respectively:

-logIC50 = 0.595(± 0.297) πX – 0.594(± 0.271) IR2 + 0.212(± 0.225)
n = 6, r = 0.82, s = 0.223, F = 3.088 [1]

-logIC50 = 0.772(± 0.254) πX – 0.591(± 0.212) IR2 + 0.231(± 0.176)
n = 5, r = 0.927, s = 0.174, F = 6.134 [2]

-logIC50 = 0.471(± 0.173) πX + 0.482(± 0.137) IR2 – 0.329(±0.061)
n = 10, r = 0.824, s = 0.163, F = 7.408 [3]

In eq. [1] of series III only 6 subjects are con-
sidered because of the non availability of exact
IC50 of one of the compound but for the same
series in eq. [2] only 5 subjects are considered,
as compound 6 is considered as an outlier as its
residual value exceeds the leverage value,
whereas in series V also, only 11 subjects are
considered because of the absence of same exact

IC50 problem but the eq. [3], which was generat-
ed for this series had only 10 subjects because
subject 6 here too considered as an outlier.

From this data analysis, we can conclude
that for series III & V for all the eq. any sub-
stituent which is going to increase the hy-
drophobic character at X position is going to in-
crease the activity of compound but for series
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III, the result are not significant in term, as num-
ber of variable for the number of subject consid-
ered is more than the specified limit of 1: 5,
moreover when critical values of the Pearson
product-moment correlation coefficient is
checked at P>.05, then for eq. [1] and [2] both
found to be non significant as the observed r
value is found to be less than theoretical value
but for eq. [3] the result shows the 99% signifi-
cance as P< 0.01 as the observed value is much
more than theoretical value r = 0.798 . This
gives us an inference that the hydrophobic char-
acter at X is essential for the designing of the
new PTPase- 1B inhibitors of naphthalene
analogs but not for the biphenyl derivatives as
also observed in previous QSAR studies on
biphenyl derivatives.

Finally, it can be concluded that the work
presented here will play an important role in
understanding the relationship of physicochemi-
cal parameters with structure and biological ac-
tivity of the PTPase 1B inhibitor and will help in
choosing the suitable substituent for getting the
active compound with maximum potency. 
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