Bull. Pharm. Seci., Assiut University
Vol, 9. Part 1, pp 137 - 148

COLORIMETRIC DETERMINATION OF PHENOTHIAZINE DRUGS.

3-CORRELATION BETWEEN MOLAR ABSORPTIVITY AND CERTAIN

PHYSICOCHEMICAL PARAMETERS OF RING SUBSTITUENTS.

S.R. El-Shabouri, A.F. Youssef, F.,A. Mohamed and
A-M.I. Rageh
Department of Pharmaceutical Chemistry, Faculty of Pharmacy
University of Assiut, Assiut, Egypt

ABSTRACT

The color intensity developed from the reaction

of twelve phenothiazine drugs with Iz has beew corre-
lated using physicochemical substituent like Hammett
~constant Oop, and molecular connectivity Iyv | Results
indicated a predominant role of electronic parameter

in determining color intentsity. The bulkiness descri-
bed by 1 x¥Y played a significant role. However, other
parameters of the side chain were also prominent., Work-
ing up multiple parametric regression can be used as a
reliable tool to predict the sensitivity and scope of
the colorimetric method for other phenothiazines.

INTRODUCT ION

Recently two colorimetric methods (parts 1 and 2) have been

developed for quantitation of phenothiazine derivatives in bulk

1,2
and in dosage forms '
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Part 1 has been concerned with the aptimization of condi-
tions of the reaction involved 1n théﬁdevelopment and*eluciaa—g
tion of the structure of the isolated chromogen. This reaction
essentially depends on the oxidation of the phenothiazline ring
with I_ in presence of morpholine uéing isopropanol as a dilue-

3

nt and the absorbance measmrement at the app_rop_riate-.kmax for
1

each drug .

It was observed that the color intensify depends on the‘
nature of the substituents at C-2 aﬂd{the-éide chain attached
to nuclear N-10, This observation stimulatedfthe interest to
examine the contribution of cartain nﬁmerical parameters of
these substituents to the color intensity., The molar absorp-

tivities of the reacted phenothiazines have been correlated

separately with Hammett constant op, of C~2 substituents and
~1 2 |
and the molecular conectivity index (. xﬁ-) 0f the side cha-

ins at N-10, Furthermore, a multiparémetric;regression equa-

tion has been undertaken to combine both variablésioﬁ,gnd
1 v 2 o
( X 1 ) ™

cation of the suggested method for the analyéis of other pheno-

This approach can help to decide the scope of appli-

thiazines than those directly_involvgﬁ'in the present paper.

EXPERIMENTALL
Log Em@. for the analysed phenothiazines (Table 1) have been taken from
X
published data . The parameters for the C-2 funetions have been taken from
3 -~

reference , and included as electronic contribution variable,

Calculation of molecular connectivity followed .the method described by

4 - |
fier and Hall ., The structural representatiop for the calculation of the
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first order indexes ! Xv is illustrated by Scheme 1. A value for each

-1/2
molecule bond k is computed from each pair of bonded atoms (S, 6.) / ,

l v _K=m v -1/2

where i and j are the bonded atoms. Finally Y = Kgi (cSi Gj)

where 6: and 6; values represent the difference between the number of

valency electrons of a given atom and the hydrogen atoms attached to this

atom.

RESULTS AND DISCUSSION

Different electronic parameters like Hammett Op and Om;
Swain and Luptoanrand{ﬁz; and molar refraction MR3 have been
correlated to substituents at C-2,. The statistical analysis
(Compounds II-VI) showed that on keeping the side chain at N-10

unchanged Op was the best variable to correlate with log € max

(eq. 1).

log & = 3,907-7,169(+4.00) oObp eq. 1
r=0.943 s=0.667 " n=5
¥ = 24.24 < 0.05

(1, 3) , P

In eq.1 and the following equations,n is the number of com-
pounds included in the analysis, r 1s the correlation coeffici-
ent, and s is the standard deviation while_-p'_is the F-ratio between
the variances of the observed and calculated values at the given

p value, The figure in paranthesee expresses the 95% confidence

interval,

Equation 1 accounts only for 85% (r = 0,85) of the varia-

S

nce in log € a4 (where ¥2 unbiased estimator of the population

2
coefficient of determinatioan which is similarly correlated

2
as r ). The residual 15% of unexplained variance can be inter-

preted in light of the possible interaction between the electro-
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2
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5 Scheme 1
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philic group at C-2 and the available n-electrons of the unpro-
tonatcd piperazine moiety (Table 1).  Such intrdmolecular inter-
action has been already reported for similarly substituted com-

S
pounds and leads to significant modifications of the IR spectrum .

Equation 1 shows that log £ decreases by increasing the

™ neX
electronegativity of substituent C-2, At higher op values 20.48,
the calculated £ <3, and practically no color can be noticed under
the reaction conditions.,. On the contfary to that expected from
eq. 1 levomepromazine (I) carrying electron donéting groupiC—2=
OCH3;)diSplayed a log ¢ max value less than alimemazine (VIIT)
@bz = H}j,We can infer from this remark that chromogen synthesis
is controlled by a dual electronic effect of C-2 substituents,
Thus strong electron withdrawing groups may hinder the formation
of the phenazathionium ion XIV (Scheme 2), which takes place via
the abstraction of four electronss. Mild electron withdrawing
group will not block the intiation of ion XIV, at the same time
will relatively facilitate nucleophilic '‘attack by the amine re-
agent (morpholine) to pgive the chromogen already isolated and
identifiedl.

In case of levomepromazine with an electron-donating group
at C-2, it seems that the compound XIV is easily formed and the
mesomeric structure XV is more stabilized to give a better cha-
nce for attack by abundant nucleophiles in the reaction medium.
Under these conditions in lieu of moropholine other nucleophiles

will compete for the reactive sites to yield products besides

the target chromogen,
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Scheme 2 -

Further confirmation of our suggestion about the role

of C-2 substituent can be searched in the Optimum'value'of

¥

op that gives maximum color intensity. This study demands
more probes with electron donating properties, For this rea-
son cbmpound I was excluded from the regression computation_

of eq. 1.

The second approach is to  correlate log ¢ max _with the

molecular connectivity. The connectivity calculation used

| - . n o
a set of indexes to describe molecular structure xv .

p

The superscript n is called the index Ofder_and 1s simply the
4 _

number of bonds in the skeletal fragment ;;n=0,1,2,3..; v is
the_hpmber'of valence electrons of the given atom minus those
involved in hydrogen bondé. The subscript p defines the clus-
ter or the pathway by which the bonds were traced. Three clﬁs-

n D
ters were calculated for xv values, however, the best corre-
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lation was that found with cluster 1 including N-1l0 side-
chain only (Scheme 3).

2
3
Scheme 3
| | : n
Log Emazm was correlated separately with xvﬁ where

| 1
n=0,1,2 and 3 using simple linear regression analysis. where

n=0,1, the Yy index essentially rEpresents the molecular vol-
ume of substituent at N-10, To account for branching effect,

the higher order connectivity indexes n=2,3 were used.

The statistical analysis showed that (1 x: )2 is the best
variable to correlate with log & (eq. 2 ).
| ~Max | _
' - . _ 1 v, 2
lop EH“HL = 4.827-0.0691(ip,0585) ( xl) eq. 2
r = 0,840 s=0,522 n= 6 (VI-XI1)
F =9,17 pf0.05

(1,4)
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It is clear from eq. 2 that the negative effect displa-~
ved by the bulkiness of N-10 moiety represents 629 (i = 0.62)
of the explained variance of log &pgx . It seems that other
parameters not reflected by the XY index were significantly ef-
fective too. Such parameters like the conformation of the N-10
side chain may influence to different extents +the phenazathi-
onium ion formation XIV, Further, in the reaction medium, the
abundance of the cleaved fragment XVI and the conjugated base
of the acid used in salt formation of the drug (chloride, male-
ate or tartrate) may affect the color intensity too. In a com-
putarised radiocrystallographic study,Reboul and Cristau7 showed
the folding of the central heterocyclic structure as well as the
conformation variation of the N-10 substituents in different
phenothiazines, They have reported that the conformation of the

basic N-10 substituent was affected by salt formation and the
type of acid used.

Working up the two variable second order regression,equa-
tion 3 revealed high quality and give better account of the
correlation of log % p,ax than that represented by eq. 1 or 2

log & = 5.044-6,697 op-0,073 (1 xv 2

max 1) eq. 3
r = 0,950 s= 0,583 n=12
F(E,Q) = 41,65 , p<0,.005

Equation 3 accounts for 909% (; = 0.9025) of the variance

in log £ max of twelve compounds tested (II-VIII),.

Application of the null hypothesis to test that there is

no difference between average observed (u ) and average calcula-

O

ted of 1lo al i.e, H . —
(uc) g & values o M M

HA N 7 o
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the test statistic computed from data (II-XIII), z = -0,0014,
at the level of significance o = 0.05 where the tabulated va-
lue of z = + 1,96 for the above two sided hypothesis, It 1is

clear that we do not reject H0 and conclude that there is no

significant difference between observed and calcuated log ¢§

values at the 0,05 level of significance or even higher than

that.

From equation 3,it can be pointed out that both substit-
uents C-2 and N-10 play a definite role in the color develop-

ment. This role can take the form of electronic and steric

involving the ring.

Development of the second order regression equation 3 is
of special value in the prediction of the sensitivity and the

l1imit of application of the reported colorimetric method for

the assay of other phenothiazine derivatives,




Table

NoO.

11
II1

1V

V1
VII
VI1II

IX

X1

XII

XIII

XX

Phenothriazscines
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in the study and their observed

and calculated log & max from the'apprOPriate

equations.

[lame R+

1

Levomepromazire maleate 1

Thiethylperazine maleate 2

Frochlorperazine maleate 2

E.taperazine maleate 2
Tr. fluperazine hydrociilo-

ride 2

Perazine maleate 2z

Phenothiazine kase H

Alimemazine tartrate 1

Promazine hydrochloriae

L)

Promethazine hydrochloride 4

Mepazine hydrochloride 5

Colorpromazine hydro-

chloride

Thioridazine hydrochlo-

Y ide

gD

number 1in column

of COC2

1’".* e
H% as

been taken

Cl

SCH

in correlation.

Obs.

3.8921

3.4423
3.3501

0.C000

0.0000
3.5¢c88
4.,7243
4.0465

4.4314

4.8484

4,3581

4.006°

4.2679

e el .

3.6923

2.2796

0.4664

0.0363

3.9070

i S .l

- e i

W e S

TEN PR B

vrefers to the side chain scheme 1.

v of substituents have been taken from reference 3.

3.7064

4,8271

4.3588

4.4896

4.5115

4.0747

3+6214

2.3382

0.6438

0.2420

3.8584

5.0440

4.5493

4.6874

4.7106

4.2490

3.1672

3.9687
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