Structure and molecular interactions of anti-thyroid drugs. Part 1.
Dipole moments of carbimazole and methimazole, and conformation

of carbimazole
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The dipole moments of carbimazole and methimazole are respectively 4.30 D (in benzene) and 5.43 D
(in dioxane). The 4.30 D value and the solvent variation of the two carbonyl bands of carbimazole in the
IR spectrum are consistent with a Z—FE conformational equilibrium. Polar solvents stabilize the more
polar Z conformer and, whereas carbimazole exists about 90% in the E form in heptane and CCl,, it

is almost entirely in the Z form in water. In CCl, the energy difference between the Z and E isomers,
determined from the ratio of the intensities of the two carbonyl bands, is found to be 9.6 kJ mol ™!,

and is in good agreement with 6-31G** calculations.

Carbimazole 1 (3-ethoxycarbonyl-1-methyl-2,3-dihydro-1H-
imidazole-2-thione) and methimazole 2 (1-methyl-2,3-dihydro-
1 H-imidazole-2-thione) are anti-thyroid agents which depress
the formation of thyroid hormones and, for this reason, are
major drugs currently used for the treatment of hyperthy-
roidism.! These two drugs, and other anti-thyroid agents
bearing the thiourea pharmacophore, inhibit the first step in
the pathway of thyroid hormone biosynthesis which is the
incorporation of oxidized iodide into tyrosine residues in the
large thyroid hormone precursor molecule, thyroglobulin. This
process is catalyzed by the heme-containing enzyme thyroid
peroxidase.?
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Although anti-thyroid drugs have been in use for over 50
years, their mechanisms of action are still poorly understood at
the molecular level.® This is not surprising since the crystal
structures of thyroglobulin and thyroid peroxidase have not yet
been determined,® and most physico-chemical properties of
carbimazole and methimazole are unknown. Only a crystal
structure has been found* in a literature survey on carbimazole.
We have therefore undertaken studies on the structure and
molecular interactions of carbimazole and methimazole. This
paper reports their dipole moments and the conformational
isomerism of carbimazole in various solvents from heptane to
water.

Experimental

Materials

Methimazole is an Aldrich compound crystallized from CCl,.
Carbimazole was generously given by the laboratoires Roche
Nicholas (Gaillard, France) with the following characteristics:
white microcrystalline powder, mp 124 °C, assay = 99.44%,
heavy metals <10 ppm, drying loss = 0.000%, and ,,, (0.1 M
HCI) 291 nm. Heptane, carbon tetrachloride, benzene, chloro-
form, 1,4-dioxane, methyl sulfoxide and acetonitrile are Aldrich
solvents of spectroscopic grade.

Electro-optical measurements

Relative permittivity, ¢ was measured by the superheterodyne
beat method on a DM 01 dipolmeter from WTW, refractive
indexes, n, on an Abbé refractometer from Zeiss and densities,
d, on a DMA 48 densimeter from Anton Paar. Solutions were
made up inside a dry glove-box in the mass fraction range
0.009-0.003 for carbimazole in benzene and 0.0008-0.0002 for
methimazole in dioxane. All ¢, d and n measurements were
performed at 293 K.

Vibration spectra

IR spectra of carbimazole in KBr pellets, Nujol mull and in
various solvents were recorded over the range 1700-1800 cm ™!
with a Fourier transform spectrometer (Bruker 48) by selecting
1 cm™ resolution. Measurements of overlapping bands were
performed by a mathematical decomposition programme
included in the Opus™ Bruker software. In the variable
temperature experiments, the temperature of the 0.5 mm CakF,
cell was varied from 7 to 52 °C. Raman spectral measurements
were carried out with a Bruker RFS 100 spectrometer.

Calculations

The energies and dipole moments were obtained from semi-
empirical and ab initio methods (SPARTAN 4.0 programme)?
by single point calculations (vide infra).

Results and discussion

Experimental dipole moments

The dipole moments u were determined by the Guggenheim—
Smith (G.S.) [eqn. (1)] and Halverstadt-Kumler (H.K.) [eqns.
(2) and (3)] methods, reviewed by Exner,® where P, = polariz-
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Table 1 Polarization, refraction and dipole moments for carbimazole 1(benzene) and methimazole 2 (dioxane)€ at 20 °C

Compound Method a B y P, /cm® mol ™! Rp/cm® mol ™! Pypfom*mol™  w/D®

Carbimazole G.S. 11.27 0.201 383.6 4.30
HK.“ 11.27 —-0.362 433.9 44.2 4.32
H.K.© 11.27 —0.362 4339 44.2 4.29

Methimazole G.S. 33.13 0 620.2 5.45
H.K.? 33.13 —0.226 641.7 31.3 5.41

“ Calculated from Vogel’s increments. ® 1 Debye = 3.334 X 1073° C m. © Dioxane was selected because of insolubility in benzene. ¢ Atomic polarization
taken as 5% of the Ry, value. ¢ Atomic polarization taken as 15% of the Ry, value.

Table 2 Theoretical calculations of the dipole moments of the Z and E conformers of carbimazole, and of their energy difference. Mole fraction of
conformer Z (x), Z—E equilibrium constant (K) and Gibbs energy of the isomerisation process (AG) in benzene at 20 °C

Method 1D 1ug/D —AE,“/kJ mol ™! X K —AG59;/kJ mol ™!
AMI1 6.07 3.08 3.51 0.33 2.0 1.72
HF-4-31G 7.68 3.22 3.60 0.17 5.0 3.93
HF-6-31G** 7.21 3.25 11.92 0.19 4.2 3.51

Bond moments 6.24 3.48 0.24 3.2 2.85

IR intensities 0.20° 4.0° 3.43%

* — AH 3,4 for semi-empirical calculations. ® At the temperature of the cell in the IR beam.

ation of solute 2 at infinite dilution, P,,, = orientation polar-
ization of solute 2 at infinite dilution, Pg, P, = electronic, atom-
ic polarization, Rp=refraction at the sodium D line,
N = Avogadro number, k= Boltzmann constant, 7 = temper-
ature (in K), M, = molar mass of solute 2, ¢ = relative permit-
tivity, n, = refractive index, d, =density of solvent 1, a, f,
y =slopes of the plots of ¢, di;!, n3, versus the solute mass
fraction, &, =relative permittivity, n,=refractive index,
dy, = density of solutions. The polarisation data and dipole
moments are listed in Table 1. The mean values selected for the
discussion are 4.30 D for carbimazole and 543 D for
methimazole.

Dipole moment conformational study of carbimazole

In the solid state* carbimazole adopts a quasi-planar conform-
ation Z. With this geometry semi-empirical and ab initio
Hartree—Fock calculations give x, values ranging from 6.07 to
7.21 D (Table 2), all greater than the experimental value. On the
contrary if we suppose that carbimazole adopts an E planar
conformation in benzene solution and calculate u, values (for
the solid state geometry after a 180° rotation of the ester group
around the C-N bond), we find values between 3.08 and 3.25 D
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(Table 2), lower than the experimental value. The simplest
explanation of an experimental value intermediate between
values calculated for the £ and Z conformations, is the exist-
ence of a Z—FE conformational equilibrium in benzene
solution. Since the polarisation, proportional to (u/M,)? is an
additive property, we can calculate the mole fraction x of con-
former Z, the equilibrium constant K and the Gibbs energy AG°®
by means of eqns. (4)-(6). The values listed in Table 2 show

Hawp = X222 + (1 — X)pi “)
Koz =(1 = x)Ix %)
AG59/kI mol ™! = —2.436 In K, (6)

that carbimazole is mainly in the E conformation in benzene
solution. The greater stability of conformer E in this apolar
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solvent agrees with the energy differences calculated in vacuo at
various levels which are listed in Table 2 (in so far that thermal
corrections, zero-point vibrational corrections and entropy
contribution can be neglected).

We have also calculated u, and p by vector addition of bond
and mesomeric moments.® The simplest method consists of (i)
starting with the dipole moment of 3 directed along the CS
bond, (ii) subtracting the methyl group (0.3 D) at 75.1° (the
direction between CS and N—CO),* (iii) adding the COOEt
group moment (1.86 D)7 at 64°,7 and (iv) taking into account
the conjugation between CO and N by a mesomeric moment. A
mesomeric moment of 0.6 D has been derived® for simple
amides, but the conjugation should be somewhat smaller for
carbamates and we therefore reduce it to 0.4 D. Unfortunately
the dipole moment of the starting molecule 3 is unknown. We
have calculated it from the dipole moment of methimazole 2 in
dioxane (5.43 D), by taking into account the dioxane effect
(—=0.79 D, from the difference between the dipole moments of 5
in benzene and dioxane)® and by substituting the nitrogen N*
with a methyl group (—0.50 D, from the difference between the
dipole moments of 4 and 5).° This procedure gives u(3) = 4.14
D, in good agreement with the value® of 4.04 D for the similar
compound 6. Finally we get the result shown in Fig. 1 and the
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values u;=6.24 D and up=3.48 D. Table 2 shows that this
vector addition method gives a population of conformer Z
(24%) intermediate between the AMI1 (33%) and 6-31G**
(20%) calculations.

Vibrational study of the carbimazole conformers

As the carbonyl stretching vibration is rather sensitive to
conformation,'®*? we have undertaken an IR and Raman study
of the carbimazole conformation.

Solid state and benzene solution. In the solid state we observe
(Fig. 2) one IR carbonyl band at 1758 cm ™! (with a shoulder at
1754 cm™* for the KBr pellet as well as for the Nujol mull). The
Raman powder spectrum also shows (Fig. 2) one carbonyl
band, but now at 1771 cm ™! and with a symmetrical profile. We



Table 3 Carbonyl frequencies, v, and v, of the Z and E conformers of carbimazole; mole fraction, x, of the Z conformer; Z—E equilibrium

constant, K; Reichardt E; parameter

Solvent vzlem™! vglem™! X log K* Er/kcal mol ™!
Heptane 1789.3 1750 0.089 1.01 30.9

CCl, 1786.0 1747 0.094 0.98 324

C¢Hg 1782.3 1743 0.198 0.61 34.3

CHCl, 1778.1 1749 0.362 0.25 39.1

DMSO 1773.4 1744 0.565 —0.11 45.1

MeCN* 1777.1 1749 0.588 —0.15 45.6

D,0 1765.2 63.1

Solid state 1771 (R)

1754.5 (IR)“

“ Disymmetrical band. ® At the temperature of the cell in the IR beam. © Raman spectroscopy gives similar results in this solvent.
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Fig.1 Vector addition of group and mesomeric moments contributing
to the dipole moments of the Z and E conformers of carbimazole
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Fig. 2 Carbonyl band(s) of carbimazole in the solid state (A, IR and
A’, Raman) and in benzene (B)

have found no explanation for these frequency and shape differ-
ences, but, clearly, the X-ray finding* of a Z conformation in
the crystalline state allows the attribution of this unique band
to the Z conformer carbonyl stretching vibration.

In benzene solution two carbonyl bands appear, the less
intense at 1782.3 cm™' and the more intense at 1743.1 cm™
(Fig. 2). This confirms the co-existence of both E and Z isomers
in benzene. Since the carbonyl stretching wavenumber is higher
as substituents are more electron-withdrawing,"® and since the
electron-withdrawing field effect of the thiocarbonyl group
must be more efficient on the carbonyl group in the Z con-
former, the high wavenumber band is attributed to the Z
conformer.

The carbonyl band integrated intensity is generally not sensi-
tive to substituent field effects.’* So we can assume equal car-
bonyl intensities for the £ and Z conformers. Then the ratio of

band areas gives K =4.0 and x = 0.20. These values agree well
with those already reported in Table 2.

Influence of solvent polarity on the conformational equi-
librium. Two carbonyl bands also appear, with various inten-
sities, in the IR spectra of carbimazole in heptane, CCl,,
DMSO, CHCI; and MeCN. We have measured their intensity
ratio and see, in Table 3, that the population of conformer Z
regularly increases with the solvent polarity. This confirms the
well-established rule!® that the polar solvents stabilize the more
polar conformers (here Z).

A simple relationship [eqn. (4)], where n is the number of

log K = 3.45 — 0.080 E; (4)

n=6 r=0987 s=0.10

solvents, r the correlation coefficient and s the standard devi-
ation, exists between log K and the Reichardt E; solvent par-
ameter.'® This relation allows the calculation of the conformer
populations in water, the solvent with the highest E; value
(63.1).'¢ We obtain K=0.02 and a Z conformer mole fraction
of 0.98. We indeed observe in the IR spectrum of an aqueous
solution of carbimazole one (broad because of hydrogen bond-
ing) carbonyl band in the region absorption of Z conformers.
In water, the polarity and hydrogen-bonding donor property
displace almost entirely the Z—F equilibrium towards the Z
form.

IR determination of the Z—F reaction enthalpy. Finally we
have determined the enthalpy of the Z—F reaction in CCl,
from the variation of the ratio Az/4, of the carbonyl band
areas with temperature, in the range 7-52 °C. The relation is
given in eqn. (5). If the ratio Ip/I, of integrated intensities

dln (4z/A,)/dT=1170 = 104 ®)

remains constant with temperature, we can derive eqn. (6), and
dln(4z/A,)/dT=d (In K)/dT = —-AH°/R (6)

thus eqn. (7). This value confirms the greater stability of the F
AH®=—9.6 = 0.8 kJ mol ™! (7)

conformer in CCl, and agrees satisfactorily with the energy
differences calculated in vacuo by the 6-31G** method.
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