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ABSTRACT: Spectrophotometric determination

of some pharmaceutical thiols using 2,6-
dichloroquinone-4-chlorimide (DQC) at pH 7-8,
has been previously reported. Correlation of €,,,
or log e, with third-order valence molecular
connectivity indexes of all the investigated
compounds was found to be statistically highly
significant. Correlation equations were used to

predict the molar absorptivity of the interaction
products of thiols with DQC.

INTRODUCTION

In a previous communication we developed
a simple spectrophotometric method tfor the
determination of some thiol and thione
compounds depending on their interaction with
2,6-dichloroquinone-4-chlorimide (DQC) and the
molar absorptivities of the resulting interaction
product(s) were calculated'. the mechanism of
the reaction for three representative examples of
the investigated compounds is outlined in scheme
1: thiosalicylic acid as a representative of
aromatic thiols, dimercaprol as a representative
of dithiols and aliphatic thiols, 2-thiobarbituric
acid as a representative of heterocyclic thio-
compounds.

It is well known that the molar absorptivity
is governed by the size of the absorbing species.
The relation was formulated by Braude* in the
following expression:

* Part 1 - Reference 1.

= 0.87 X 10 g

mMax

where a is the effective area of the chromophore

‘in square angstrom units. Since the surface area

of the molecule depends on molecular structure,
the conversion of structural formula into
numerical values or indexes such as molecular
connectivity indexes, which encode structural
information like total number of atoms, number
of different kinds of atoms and their linkage
patterns, will be extremely helptul in correlation
with physicochemical parameters*®. Randic
reported also the significance of molecular
topographic descriptors of planar structures’.

In the present investigation, we tried to
correlate the experimentally measured €_,, value
of the interaction products with first, second and
third values connectivity indexes of the
investigated compounds 1n order to find
statistically significant relationships which may
be useful in the prediction of the molar
absorptivity of any thiol or thione compound.
Similar correlations were previously reported for
phenothiazines®” and catecholamines®, where
highly significant relationships were obtained.

EXPERIMENTAL

Instruments:

a. Perkin-Elmer Lambda-3B, UV/VIS
spectrophotometer connected with Perkin-
Elmer R 100 A recorder (USA).

b. Copam Computer PC 88M (Taiwan).
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Scheme 1: Pathway of the reaction of thiols with DQC to form quinone sulfenimines.

Mathematical and Statistical Treatment of

Data:

a. Molar absorptivities (e.,) of the
chromophores, resulting from the interaction
of eight of the investigated thiols and
thiones with DQC, were taken from
published work' and their logarithm values
were derived (log €__ ).

b. Calculation of the first, second and third
order valence molecular connectivity
indexes (‘xY, *>x" and *x") of thiol or thione
(after tautomerism) compound, in the form
RSH, was done according to the general
rules of Hall and Kier''. The squares of the
obtained values were also derived. The
computed values are presented in Table 1.
The calculations were made using a

designed computer program named
subroutine RLFOR from IMSL".
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RESULTS AND DISCUSSION

To find a quantitative relationship between
€max OF 10g €., Of the interaction products of
thiols or thiones with DQC and the molecular
connectivity indexes of the R group, almost all
types ot possible relationships were calculated.
The relationships included were:

a. Linear curve fit. Y =a+ bX
b. Logarithmic curve fit. Y=-a+bhnX

¢. Exponential curve fit. Y - ae™
d. Power curve fit. Y = aX?b
e. Polynomial (degree 2) Y = a + bX + cX?
t. Polynomial (degree 3)
Y = a+ bX + cX? + dx?

g. Polynomial (degree 4)
Y = a+ bX + cX* + dX? +eX*




Table 1: Molecular connectivity indexes for the R group of the studied thiols and thiones

and e_.. of their chromophores.

Compound | x| x| % | e fwe v ] e |oge

Sulphathiourea
Tiopronin
Dimercaprol
Thioglycerol
Thiacetazone

Captopril
Thiobarbaturic
Acid
Thiosalicylic
Acid

h. Polynomial (degree 5)
Y =a+ bX + cX? + dX*® +eX* + fX°

1. Polynomial (degree 6)
Y = a+ bX + cX? + dX® +eX* + fX° + gX©

where Y = ¢_ orloge_ . and X = 'y, ", *x"
or their squares. The relationships obtained are
presented in Tables 2-5. It is evident from the
obtained 108 relations that:

a) The relationships of €_,, or log €, with 'x
and *y give relatively weaker correlations
than °x. This can be easily explained by the
fact that the property ot light absorption has
a complex dependance on three dimensional
structure of the molecule. A more
satisfactory  description of molecular
structure requires the capability of
expressing numerically relative structure in
several dimensions or in terms of several
kinds of fragments of the molecule’. This
can be done by °x which dissects the
molecule into three-bond fragments and thus
better relate the physico-chemical parameter
(... or log ¢_..) to molecular properties.

b) Regarding the type of regression equation
the best curve fit, as estimated by
correlation coetficient, standard deviation
and signiticance of correlation indicated by

- F-test, 1s generally the polynomial
regression of degree 6 (see Tables 2-5). The

12687.360
5574.080
3734.881
2195.648

12051.300
2353.611
9682.075

18117.325

numbers of these equations are 27, 54, 81
and 108. Generally, extrapolation is
forbidden and interpolation is done with
precaution.

¢) The most suitable equations for the
prediction of e, of a thiol or a thione
compound upon interaction with DQC are
equations 54 and 108 (see Fig. 1 and 2).

log ¥ - 3.481 - (1.530)X + (8.480)X% - (9.942)X3
+ (4.799)X* - (1.017DX3 + (0.077)X®

Y - 6004 - (65900)X + (261100)X2 - (293680)X>
+ (140241)X* - (29624)X° + (2235)X6

where Y = ¢_, x = *x°

The correlation coefficient of equations 54
and 108 are 0.9837 and 0.9709 respectively and
the probability of correlation for both equations
1s 0.99. The latter equations were exploited for
the calculation of e, ot the thiol or thione
compounds, Table 6.

In conclusion the present investigation
resulted i1n finding statistically significant
relationships which may be useful in the
prediction of the molar absorptivity of the
interaction product ot thiol or thione compound
with DQC, provided that there is no other
group, 1n the compound, that may hinder or
alter the proposed reaction.
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Y= 6004-(65900)X + (261100)X>-(293680)X° + Y= 3.481-(1.530)X +(8.480)X*+(9.942)X°+
(140241)X*-(29624)X°+ (2335)X° (4.799)X*(1.017)X°>+(0.077)X*
where Y= ¢, X= >y where Y= log ¢, X= x?
C log ¢
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Fig. 1: ¢, as a function of °x~ (eq. 54). Fig. 2: log ¢, as a function of °x* (eq. 108).

Table 6: Prediction ot the molar absorptivity of the interaction products of
thiols with DQC.

| Compound  Calculated
| Observed
(54)° (108)"

| Sulphathiourea 4.107
Tiopronin - 3.720
Dimercaprol 3.061

| Thioglycerol 3.355

| Thiacetazone 4.080
Captopril 3.455
2-Thiobarbituric 3.986

acid
Thiosalicylic acid 4.244

* No. of equation.
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