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Abstract - Molecular interactions between iodine and heterocyclic molecules

such as N-methylimidazole, methimazole, clotrimazole, levamisole and
tetrahydrozoline were investigated by UV/Vis spectroscopy. Iodine was found to
form charge transfer complexes with these molecules of 1:1 stoichiometry of the
n-o type. The values of the formation constants K¢ of these iodinated complexes
indicated a strong deonor-acceptor interaction. These compounds can therefeore be

expected to have an action on thyroid metabolism,

Nitrogenous heterocyclic compounds are known to form charge transfer complexes with iodine.
A number of these heterocyclic complexes have been studied both gualitatively and quanti-

tativelyj’z's.

In the gourse of a gereral study of drug interactions with iodine, we investigated
the interactions with iodine of various imidazole and imidazoline derivatives of pharmacological
importance, We were particularly interested to determine the spectral parameters and the formaticn

constants of these iodinated complexes. Based on a previously published structure-activity model,

patential antithyroid activity of these derivatives can be predicted,

EXPERIMENTAL

Iodine was from Merck (bisublimed Suprapur} and was kept in the dark in a dessicator containing
P205. The donor molecules N-methylimidazole (I}, methimazole (II), clotrimazele {III}, levamisole
{IV) and tetrahydrozoline (V) were commercialy available compounds which we purified by HPLC. The
selvents, carben tetrachloride and chloreform, were from Merck {Uvasol for spectroscopy} and were
used without further purification. Their very low water content (max. 0.01%) c¢id not affect complex

foermation,
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(I) N-methyl-imidazole
(IZ) 1-methyl-imidazale-2-thicl or methimazole
{II1) 1-|(2-chlorophenyl)diphenylmethyl|-1H-imidazole or clotrimazole
t1v) 2,3,5,6-tetrahydro~6-phenylimidazo]2,1,blthiazole or levamisole

(V) 4,5-dihydro-2-(1,2,3,4-tetrahydro~1 naphthalenyl)-1H-imidazole or tetrahydrozoline

Spectra were recorded using a Perkin-Elmer 554 double beam UV/Vis spectrophotometer egquipped with a
Peltier effect thermostated sample holder (temperature regulated to % 0.1°C). The Helma quartz
sample cells had an optical path length of 10 mm. All glassware used in the experiments was
carefully dried in a stream of dry nitrogen.

The donor-acceptor complexes could only be studied in dilute solution in which they are in
equilibrium with the starting compounds. Their physical properties, especially their spectra differ
from the starting compounds and we therefore used UV/Vis spectroscopy to study the reactions,
5clutions of iocdine and the varicews donors were prepared by accurate dilution of stock sclutions
prepared gravimetrically, The reactions were carried put directly in the spectrophotometer sample
cells, The abscrbances of the solutions were recorded iImmediately at various wavelengths close to
the peak for the halogen complex. Molecules which were not very soluble in carbon tetrachloride and
those whose complex was insoluble in this solvent were studied in a mixture of carbon tetrachloride
and chloroform (1:1 v/v). The levamiscle/iodine system was investigated in the sclvent mixture. The
N-methylimidazole/iodine system was studied in both pure carbon tetrachloride and the solvent

mixture. All the other systems were investigated in pure carbon tetrachloride,
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RESULTS

Vigible region

At concentrations of '10_3 to 10”4 M, the donors were completely transparent to visible light.

s
Addition of a solution of iodine shifts the 515 nm iodine band to shorter wavelengths (hypsochromic
shift) (Fig.1). The new absorptions bands corresponding to the iodinated complexes were all found

at the isobestic point. For each system, the absorption peak of the complex was measured by placing

a sclution of iodine at the same concentration as used for complex formation in the reference beam.,

For each complex, 1:1 stoichicmetry was confirmed by mathematical analysis of the mg-gu ogrbital
transition of iodine, analysis of the absorbances, the presence of a single isobestic point, and

the exact fit of the experimental points to a linear regression eguation (Fig.2). Further analysis

using the Liptay matrix methc:dg_6 also demonstrated the presence of a single complex.
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Figure 1: ¥isinle spectra of clotrimazole-I

2 complex in CC14 at z20°C. The molar concentration of

; B -4 s o -3
jodine is: 4.37 x 187, The molar concentrations of clotrimazole are: (1) O; (2) 0,88 » 10775 (3)

1,77 % 1077 [4) 2,50 x 16775 (8) 3.55 x 1077; (6} 4.48 x 107; {7} visible band for comples in
solution (4]

Figure 2: Plot of Lang equation for the clotrimazole-icdine complex at 20°C. The lingar
regression equations are:
(1} 300 nm ¥ = 2,87 x 1070 + 1,00 « 167° (7 = 0.986)

(Z) 400 nm ¥ = 4.91 x 4070 X+ 0.97 ¢ 107 (z = 0,089}
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Formation constants K¢ and molar extinction coefficients €c¢ were derived from eguation (1):

<] (1)
{T&e] - 1c {10l - €]} -

Ke =
where |C| is the concentration of complex, |Ao| is the imitial acceptor concentration and |Dol the
initial donor concentration, The term [C| of equation (1) can be replaced by dc/fc giving
equation (2):

lao||De|sde = |ae| + |Do} — dc/€c 1/€c + 1/Kefe (2)
where dc is the absorbance of the complex, €c is the molar extinction coefficient of the complex at
the given wavelength and Kc is the formation constant of the complex, In order to solve eguation
(2) using a least squares fit the value of €c must be calculated. An iterative method using a
computer was employed. The graphical representation of the term {Ac||Do|/dc as a function of |Ao| +
|Do| - de/€c produces a straight line of slope 1/€c and intercept 1/Kc€c (Fig.2). The formation
constants Kc and the molar extinction ceoefficients of the various donor-acceptor systems are shown

in tabies I and II,

Table [ - Formation constants [(Ke) and Melar extinction coefficients (Ec) for isdine complexes in

solution in carbon tetrachlorice ©

Donor Alm) € o ea ) T ke [F W f Mean he
N-methylimidazole O 200 1,638 az2
405 1,630 422 azs t 7
410 1,576 434
Methimazole © 425 4,683 23,419
436 4,418 22,921
235 4,062 24,008 23,104 * G&7
440 3,759 23,162
445 3,469 22,005
450 3,002 23,470
‘ o .
Clotrimazole 390 2,013 483
395 2,049 480
230 2,038 505 499 * a2
405 2,000 518
410 1,905 538
Tetrahydrozoline ¢ 375 17,680 270
385 20,510 248 308 £ 72
395 12,561 410
405 14,697 302

a 20 * 0.1 °C

—4

b 8 different I\Fmethylmxaazule-lz solutions; |12\ 3.72 x 10 M; |N-methylimidazele| varied From

3 3

0.52 x 10~ to 7.5 x 10" M

¢ 4 different metnimazole-I, solutions; h12| 6.1 7 x 1077 M; Imethimazole| varied From 4.690 x 1072

to 1.88 x 107 m

5 gifferent clc}t:r-irnazrala-l2 solutions; |12| 4,37 x 1(:1_4 M; |clotrimazole| vacied from 0,89 x

1072 to 4.4 x 0% W

e 3 different tetrahydrozeline-I, solutions; |

0.55 x 10 to 1.59 x 1077 M

_4
12\ 4.03 x 10 M; |tetrahydrozoline| varied from

Values were calculated from absorption data in the visible region
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Table IT - Formation constants {Kc) and Molar extinction coefficients (€c) for iodine complexes

in solution in carbon tetrachleride and chlorafoem *

Donor Xtemy €2t em™ Y ke a9 Mean Kc
N-me thylimidazole 380 1,430 171
385 1,565 164

390 1,602 150 163 % 4
3985 1,599 160
a00 1,550 160
Levamisole © a00 2,370 818
a10 1,863 858

az0 1,451 837 841 x 17
425 3, 247 850

20 £ 0.1 °C
. . . ~& .
4 different N-metnylimidazole-I, solutions; 112| 4.06 x 107" M; |N-methylimidazole| varied from
0.33 x 1077 o 1,64 x 1072 u
. : ; -4 -
4 different levamisole-I, solutions; |IZJ 4,067 x 107 #; |levamiscle| varied from 0,38 x 10 3

te 1.27 x 1070 M

Values were calculated from absorpticn data in the visible region

All donors studied had a characteristic absorption in the UV region, The iodinated complexes have

different spectral characteristics, anc a typical spectrum of the iodine N-methylimidazole complex

is shown in figure 3. By subtracting the absorbances due to free iodine and free donor, curve 4,

correspending te the complex was obtained. This charge transfer complex had a peak at 255 nm.

Another absorption band between 290 and 300 nm could sometimes be observed, which is characteristic

of I; icns (Fig.4). Table III shows the LV spectral parameters.

complex in solution
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of jodine is: L1) 4.06 x 10 . The molar concentrations of N-mettylimidazole are: (2} 1.64 x 10

(31 12 4.06 x ‘IO-4 and N-methylimidazole 1.64 x 10_3; (4} calculated charge transfer pand for

3

Figur-e 3: WV spectra of N-methyl'miuaZOIevIZ complex in 0014ICHC13 at Z0°C, The moalar concentration




06 |-
Figure 4: UY specira of Ievamisoleﬁlz complex in CC14/5H613 at ambient temperature {= 20°C}. The
. -4 —
melar concentrations are: (1) 12 4.06 x 10 ; (2) levamisole 6.36 x 10 E'; [3) 12 4,06 « 10"1 and
0 levamisole 1,64 x 1075; {4} calculated abserption band far complex in solutian,

Table III - Absorption peaks for charge transfer bands (CTR) for the varicus donar-acceptor

complexes

Complexes A max of CTB
: - a b

I\—rnel:nyllmmazole-j2 260 7; 285

Methimazole-1, 272 ®

Clotrimazole-1, 275 *

Tetrahydrozoline-l2 258 *

Levamisole-l'2 256 ®

a FResults for complexes in carbon tetrachlocide
b Results for compleaxes in carbon tetrachlorideschloroform

CONCLUSION

Spectroscopic analysis of the charge transfer complexes of these derivatives with icdine
demonstrates the n-¢g characters of these complexes. They have a 1:1 stoichiometry, and the results
indicate strong donor-acceptor interacticn, The reaction of complex formation is accompanied by the
formation of I; ions. The ''outer complex'" is transformed into an "inner complex" liberating I~

ions which react with molecular iodine.

Donor + I

Donor_I2 {outer complex)

Donor-I Donor-1t1”

+ -
IDenor-I}" + I (inner complex)
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4,5,7,8
Previous work from ous laboratory *77 7

has demonstrated that antithyroid activity can be expected
from molecules wheose formation constant of the iodinated complex Kc exceeds 100 l.M—1. Above this
value, antithyroid activity is directly related to the value of this constant. For methimazole, the
strongest antithyroid agert, we found a value of 23,194 l.M_1 for Kc. The other molecules tested,
N-methylimidazcle, ¢lotrimazole, levamiscle, and tetrahydrozoline alsc have values of Kc

_1 .
considerably above 100 1.M ', and can therefore be expected to interfere with thyroid metabolism.

. 9
Furthermore, the values of K¢ that we found agree with those from animal studies™.
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