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of Butyrophenones and Related Molecules with Iodine—
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Dielectric constant measurements have been made for the various
compositions of butyrophenones-iodine system in benzene at a radio
frequency of 1 MHz at 30°C and 40°C. Precise density determination of'
donor-acceptor solutions has been made by a calibrated double stem
pyknometer. Kinetic and thermodynamic parameters have been evaluated
to interpret 1 : 1 molecular association. UV spectra has been used to
support the mechanism. A correlation has been discussed in the light of
above studies.

INTRODUCTION

Pharmacological action of drugs has been searched by several
workers!2 and has been interpreted in terms of physical interactions e.g.
molecular complex or collisional complex, charge transfer complex or
H-bonding in the receptor biophase. The neuroleptic drugs probably out
in the brain neurons without any degradation during the passage in the
human body?3.

Recently Saucin and Van de Vorst* have studied the interaction of
neuroleptic drugs with chloranil in 509/ acetone-ethanol mixture. Their
results show total absence of charge transfer interaction at the activity
site and have suggested to reinvestigate the drugs with some other
electron acceptors. )

Iodine is present in the biophase and can interact easily with the
drugs during their progression in the human body. It is a good acceptor
and has been selected to study interaction with the butyrophenones and
related compounds. Such drugs are usually insoluble in water but are
sparingly soluble in benzene. Further, the cell of dipole meter has 2-3 pf
capacity and therefore studies in acetone-ethanol solutions are not possi-
ble. Fairly dilute solutions having higher concentration of drug compara-
tively exclude the possibility of Iy, I”, Bz—I, and ion pair formation.
The iodine reacts differently in a non polar solvent than in a polar
solvent. Ultrasonic studies are in progress at 5 MHz and will be presented
separately. The scope of this paper has been limited to the solution
chemistry specially the kinetic and mechanism of donor-acceptor complexes
by a precise technique.
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EXPERIMENTAL

Materials and Methods

Benzene, A. R. (B.D.H.) has been distilled in a quick fit vertical column?
Fraction distilling between 79-80°C has been collected and kept overnight
in a desiccator. M/s. Janseen Pharmaceutica Ltd., Belgium has supplied
free samples of the drugs fluspirilene, penfluridol, haloperidol and pimo-
zide. These drugs have been used without further purification. However,
mpt.’s have been checked and found in good agreement with the con-
fidential reports supplied by M/s. Janseen Pharmaceutica Ltd., Belgium.
Iodine, G. R. (Merck) has been used as such in the present studies.

A Toshniwal RL09 dipole-meter operating on Heterodyne Beat princi-
ple® has been used to determine dielectric constant of solvent and solutions
at radio frequency of 1 MHz. Ultrathermostat NBE type has been used
to circulate water at 4+0.1°C precision in the cell jacket. Procedure of
calibration of dipole-meter and pyknometer has been described elsewhereS.
Double stem-stem perkin-sterling type pyknometer, has been used to
determine densities. The error in eand d is of the order of 0.19
approximately.

Initial solution of donor (10-3 to 10-4 M) and acceptor (10-3 M) have
been prepared in benzene. Various compositions have been made in a
25 ml volumetric keeping the concentration of donor constant and varying
acceptor concentration. Dielectric constant and density measurements have
been carried out at 30° and 40°C simultaneously on donor-acceptor and
initial solutions. Ultraviolet spectra between 200-700 nm on Beckmann-
DU for various compositions have been recorded on separate sheets at
different scales using 1 cm cell. Various peaks and bands have been
studied qualitatively and support the mechanism proposed. Reproduction
of spectra on a simple graph is useless hence only analysis is being reported
in the discussion part.

Calculation

The polarisation of donor-acceptor solution, P can be related to the
dielectric constant by the Clausius-Mosotti’s equation :

—lc‘i!:—{_-—; =P =P(Wy— AW) + P\(W, — AW) + P AW + PW;
’ ...(1.0)
where, .
_ WM+ WM, + WM,
M= 1= 4w ... (1.1)
L — AW =W.— W, + Wi )

Subscripts 1, 2. x and y refer to solvent, complex, donor and acceptor
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respectively. Terms e.g. M, d, P, W & AW refer to molecular weight,
density, polarisation, weight fraction & weight fraction of complex res-
pectively. Foster” has pointed out that association constant K;” can be
evaluated from the following equation :

4P M
Pr—p, = +K-—__§y-ﬂ}”y-d ...(1.3)
where
4P =P, — P, — P,
and

_P— P,W,— Pi\W,
= “

Here, P% is the apparent polarisation constant assuming no complex
formation. Also P¥* and P, are the values extrapolated to infinite dilution
and 4P is for 1 mole of complex formed. A plot of (P¥— P.)~!vs.
W, '.d-1is straight line witha intercept of 4P-! and a gradient of
M,/K?’ - AP, gives the value of K;”. In our calculations, points falling far
away of the straight line have been rejected. The intercept C and slope
m have been evaluated by the graphical method.

The linearity of the plot suggests that (1 : 1) molecular association and
the Bensi-Hildebrand® equation is applicable to represent molecular
association. The association coefficient is actually a quotient because the
activity coefficient have not been considered. The possibility of (2:1)
complex have been excluded due to fairly dilute solutions.

The enthalpy of dissociation, 4H° is the most commonly used para-
meter and is obtained from the variation of K;” with absolute temperature
from the Van’t-Hoff reaction isochore. Thus,

In K3 (T)) _ —AH°(_1_ _ L) (L.5)

In K7 (T2) R \T\, TI; T
where R is gas constant, K;” is in inverse mole (M-!) and 4H° is in
kcal. Ty and T, are 303° & 313°K respectively.

Other parameters which can be obtained are the standard free energy,
AF° (kcal. M~!) given by,

P

...(1.4)

4F° = — RT In K” o (1.6)
and the standard entropy, 45° (e.u.) given by,
' AF° = AH®° — T 4S° ...L7)

All the kinetic and thermodynamic parameters have been presented in
the Table 1.

DISCUSSION

In the calculation of association constant, it has been predicted that
all the iodine molecules in the solution are complexed with the donor
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TABLE 1
KINETIC & THERMODYNAMIC PARAMETERS FOR THE MOLECULAR
ASSOCIATION (1:1) OF BUTYROPHENONES WITH IODINE

0 0 0- 0 o Xy y
AFg), AF3);  AS35, 4S5, AH K K>

Drug Cs03 Cs13
kcal. M—* kcal M-! e.u. e.u. kcal. M-t (M- (M)
Fluspirilene —4.01 —-4.12 —48.9 —47.0 —18.8 793.75 762.76
Penfluridol —3.71 —4.87 —49.7 —41.8 —18.8 529.16  508.00
Haloperidol —-4.03 —4.15 —49.01 -—-47.5 —189 808.18  793.75
Pimozide —4.06 —4.17 ~48.8 —46.5 —18.9 846.66 815.05

Uncertainity in K:y 1% approximately.

molecules and that the concentration of free iodine, the iodide ion I,
tri-iodide ion I3, the iodine complex with benzene, CTS and the ion pairs
of the type D+ A-, is negligibly small. Amino acids with iodine in water
exhibit spectral changes in two stages®. In the first stage, iodine I, band
reduces in intensity with the gradual increase in tri-iodide ion I3 absorp-
tion band. In the second stage there is gradual loss of I, and I3 absorption
and the appearance of the absorption spectrum of the iodide ion 1", The
second stage leads to the formation of amino acid iodide.

The present workers decided to study butyrophenones ‘and related
drugs with iodine in benzene and correlate the association constant and
thermodynamic parameters with the drug action. However, the state of
affair of drug action in aqueous medium would be somewhat different
than benzene, \

The K} represents the association constant for the (l 1) molecular
association between donor-acceptor molecules,

D4+ A—-D:4 ...(1.8)
xy __ [D: A] :
< = [Di[4) ...(1.9)

~ Activity coefficients have not been considered in equation (1.9), therefore
K7? is actually association quotient and would be nearly equal to the
association constant K, (concentration taken is in mole fraction). It is
clear that the values of K}’ at 30° & 40°C are nearly equal for the
donor-I, system in benzene. The enthalpy of formation 4H°, is of the
order of 18.9 kcal. M-1,

The 4F° and 4S8° values at two temperatures suggest that the complex
is more stabilised at 30°C and this tendency shall increase on lowering
the temperature.

As a regular feature band I” has shifted to 245 nni, I3’ to 345 nm and
CTS to 495 nm respectively. The intensities of I3 and CTS gradually
decrease on increasing donor concentration. A maxima in fluspirilene
appears at 294 4 2 nm-and in penfluridol —I, at 292 4-2 nmin haloperidol
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—I, and pimozide —I, spectra, a broad and flat band ‘appears at
294 4 2 nm due to the perturbation of ground state structure of donor
with the excited state of iodine. Spectra does not show absorption bands
for I, I3 and 2 : 1 molecular complex supporting our predictions. A NO-
BOND CTC structure predominates over other unstable structures. The
values of 4H° are practically constant due to maximum absorption in
the same region of 292-294 nm. Hence, the drug response can not entirely
depend on 4H° values, it also depends on the stabilization energy for the
CTC structure. The drug activity possibly arises due to a hydrogen bond
acceptor features on the acceptor molecules!® and does not completely
depend on 4H° values in the above systems. However, 4H° values in
aqueous medium will dominate to give rise activity as has been suggested
by Van De Vorst in his paper. The charge transfer mechanism!! lies
between depolarisation excitation and hyperpolarisation inhibition depend-
ing upon the donor molecule electron donating power at the cell surface
from outside or inside respectively. Model of association!?, thermodyna-
mics of association of related drugs!® and solvation!4 of butyrophenones
by ultrasonics and viscometric measurements have already been reported
earlier. Such studies support the present finding.
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