HETEROCYCLES, Val. 31, No. 9, 1990
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Abstract - Molecular interactions between iodine and the heterocyclic compounds,
thiazole, 4-methylthiazole, clomethiazole, cloprothiazale, 2-methyl-2-thiazoline and
2-thiazoline-2-thicl were studied by uv/vis spectroscopy. These molecules were found

to form charge transfer complexes with iodine of the n-&type in a 1:1 stoichiometry.
Formation constants of the iodinated complexes of thiazole, 4-methylthiazole, clothiazole

Lto 30 Ml . The much higher values found for

and cloprothiazole ranged from 10 M~
2-methyl-2-thiazoline and 2-thiazoline-2-thiol indicated a strong dcnor-acceptor inter-
action. Only the latter two derivatives have an action on the thyroid gland, and

might, therefore, be suitable starting compounds for the synthesis of new antithyroid

agents.

The present study represents an extension of previous work on the interactions of iodine with
imidazole derivatives 1 to derivatives of thiaszele and thiazoline. As for imidazole, thiazole
is a heteroccyclic compound whose basic structure forms part of numerous drugs. In the course

of a systematic investigation of molecular interacticns between iodine and drugs, we determine
in this paper the spectral parametars and the formation constants of the iodine complexes of &
number of relatively simple molecules based on the thiazele or thiazoline structure : thiszole,
4-methylthiazole, clomethiazole, cloprothiszzole, 2-methyl-2-thiazoline and 2-thiazoline-2-thiol.
The principle cbjective was to evaluate potential antithyroid activity in order to find new
heterocyclic compounds with strong electron donor properties, which could be employed as anti-
thyroid agents.

EXPERTMENTAL

lodine was bisublimed {Merck Suprapur}), and was kept in the dark in a desicecator cortaining
P205. The donors, thiazole (I), 4-methylthiazole(II), clomethiazole (II1), cloprothiazole (IV),
2-methyl-Z2-thiazoline (V) and 2-thiazoline-2-thiol (VI) are commercially available compounds
which were carefully purified by preparative hplc.
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(I1) d-methylthiazole

(IIT) S-(2-chlorpethyl) -4-methylthiazole or clomethiazole
(IV) 5-(3-chleoropropyl)-4-methyl thiazole or clopreothiaszole

(v} 2-methyl-2-thiazoline

(VI} 2-thiazoline-2-thiel

The sclvent was carbon tetrachlaride of spectroscopic grade {(Merck Uvasel), and was used
without further purification. Tts low water content ( .01%) did not interfere with the formation

of the iodinated complexes.

Spectra were recorded on a Uvicon 930 double beam uv/vis spectrophotometer eguipped with
a Peltier effect sample holder (temperature regulated to 1 0.1°C). the Helma guartz sample

cells bad an optical path length of 10 mm. All glassware used in the experiments was carefully
dried i a stream of dry nitrogen.

The solutions of iodine and the compounds I to VI were prepared by dilution of stock solutions
made up by accurate weighing. The complexes were formed directly in the sample cuvettes by
mixing 1.5 ml of solution of iodine in carbon tetrachloride with 1.5 ml of = solution of
donor in the same sclvent. The absorbances of the complex were recorded at various wavelengths
close to the peak of the halogen complex, enabling calculation of the formation canstants
Kc of the icdimated complexes. For each complex, thermadyramic paremeters were also calculated

by measuring the absorbance of a series of solutions at temperatures from 5°C to 40°C.

RESULTS
Visible region

At concentrations ranging from 107¢ 1o 10_4M, none of the doncrs abserbed significantly in
the region of the absorption bands of the iodinated complexes.
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The addition of o solution of iodinge

Liy Lhe donors led
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to o atreration of the visitle band

of iodine (515 nm), which shifted to shorter wavelengbths (hypsochromic shift). This is illustra-

ted for the Z2-methyl-2-thiazoline -iodine complex in Figure 1. The new bands of the halogenated

complexes all crossed at a single isosbestic point.
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Figure 1 :
Visible absorption spectra of 2-
methyl-2 ~thiazeline-iedine complex (solvent, Figure 2 :
cerbon tetrachleride, temperature 20t 0.1°C), Graphic representation of Lang
Key (B3] 5.905.10'4M igdine ; (2) 5.506.10_4H equation ghtained for the clomethiazole-iadine
jodire and 3.607.107°M  2-methyl-Z-thiazoline complex.

For each complex, 1:1 stoichiometry was confirmed by mathematical analysis

(3) 5.905.10 7'M iodime and 6.721.10 °M 2-methyl-

2-thiszoline ; (4) 5.906.10° %1 icdine and
1.008.10" %M 2-mathyl-2-thiazeoline ; (5)
5,905.10'4M iodine andg 1A344.1073M Z-methyl-
2-thiazeline ; {6) 5.906.10° "M iodine and
£.880.10°M  2-methyl-2-thimzoline 5 (7}
sbsorptien curve of complex ohtained 1ar
salution 3 by placing a 5.906.10 % itgdine

solution in the reference beam.

Lines 1,2 3,4 and 5 were ocbtained at 440
410, 435, 430 and 420 nm, Tespectively. The
linear regression equatlions are

(1 v = 83121077 x4 30201077 (¢ = 0,939
2y v = 81251071 x 4 3.25x10°° (r = 0,399
(313 ¥ = 7.80%107 % 4 3. 14%107% (¢ - 0.399),
fay v = 7.57x107 0 x4 zione10™® (o = 0.9
15) Y = 7.48x10° % x « 2.96x107% (¢ - 0.399).

of the 7g- u orbital

transition of icdine, analysis of the absorbances, the experimental points to a linear regression

equation (Figure 2). Further calculations using the Liptay method2 also confirmed the presence
of a single complex.
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The determination of the formation constonts Kl_ of the todinated complexes
extinction coeffigients €, vere derived from the following equation which has

in a previous publicetiond and which his Deen previcusly descriv by 7. Kubota,

[Ac] [bo] /d,, :[[nu] + [De] -d_ /ec] e+ VK €

The formation constants KC and the molar extinction coefficients €. of the
acceptor complexes are listed in Table 1, and the thermodynamic parameters are
IT. The complex with 2-methyl-2-thiazoline was too unstable to allow calculation
parameters.

Table 71 . Farmation constants (K. ) and mnolar extinction coefficients

(fcl for iodine camplexes in sglution in carbon tetrachloride?

b t
* £ "\CJ Mean KC
Donurs ) (l.M'l.cm—l) ( M-1)
thiazale® 420 1352 9.89
425 1373 10,47
130 1359 10,40 10,2550, 2
435 1345 10.31
440 1281 10.60
d-methylthiazele® 425 16513 20.45 .
110 1585 21.26 21.55-0.9
435 1498 21.89
444 1389 22.59
clamethisznte® 110 1231 24,85
419 1308 24.84
420 13137 24.84 .
425 1343 25.32 25.01-0.19
430 1321 25.17
435 283 24.83
440 1203 25.07
clunrnthiawlef 410 1326 29,79
415 1386 29.97
420 1390 31.18 .
425 1391 30,94 30.8B0-0.67
430 1339 31.67
435 1293 31.08
440 1213 31,01
2-methyl- 400 1485 1094
105 1510 1148 )
2-thiazglined 410 1521 1181 1200% 8§
415 1474 1290
420 1459 1286
2-thiszoline- 425 2939 2616
Cuh:oqh 430 3042 2327
2-thiol 435 2743 2616 2s27%118
440 2659 2532
445 2414 2544
a temperature 20 *o.1ec
b Values were calculated from absorption data in the visible region.
c 5 different thiszole-TI, solutiens [IE] 3.908x10° " w
[thiazole] varied from 3.75¢10°2 to ax1071 W,
d 4 different 4-methyl thiazole-I,solotions ; [12] 3.73x107% M H
[4-methylthiazale )} varied from ’2.5110-2 e 1,3110'1 W,
-4
e 5 different clomethiaznle-]z soluytiang ; [IZ} 4.58x10 Mo
[clomethiazale] varied from 1.09x107° to 5.47x10°° H.
-4
f 5 different clupruthiaznle—12 solutions ; [12] 4.568x10 Mo
[cluprnthiazule] varied from U.?Exlo'z to 3.78x10‘2 M.
-4
g 5 different E-methyl~2vt?|1azn1ine—12 sclutions ;{12] 5.91x10 Mo
[2-methyl-2-thiazoline] varied from 0.336x1077 to 1,680x107° M.
n 5 different 2-thiazolme-2»thial-12 solutions ; [12] 5,73:10'5?1 H

4 4

[2-thisazoline-2-thiel] varied from 1.16x107" to 4.64x107° M.
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fable II : Thermodynamnic paramerers obtained for the iodine complexes

AWT Ase AGY,,
fonors kcal moi™ 1 ol mol~ 171 wcal mot !
thiazole? 5.219 L 0,16 13.72 ¥ 0.5% 1.38 L p.02
4-mgthylthiazole® 6.81 1 014 17.21 * 0.8 1.7 t 0.02
clomethiazole® 7.08 L o.14 17,76 * 0,50 1.87 % 0.005
cloprothiazole® 6.68 L 0.17 15.99 * 0,57 2.00 ¥ o.o1
2-thiazoline-2-thial® 10.87 £ 1,44 21,54 £ 5.02 4,57 1 g.03
a [I?] 3.904x10™" M i [thiazole] varied from 3.75x10°% 1o 3107 M
b (1,1 3.7ax10™ M [4-methylthiazole]) varied [ram 2.6x107% ta 1.3x107
e [1,14.59x107" 4 ; [clomethiazole] varied from 1,09x107% Lo 5.47x107 %M
9 [r,) 4.58x107" M ; [cloprothiszale] variad from 0,76¢10° to 3.78x107 %M
e [1,] 5.78x107° M ; [2-thiazoline-2-thiol] varied from 1.15107% to 4.54x10 "
Ultraviolet region
A1l the donors displayed stvrong ohaorption  (Tahie 111Y, whereas ijodine had

weak absorption in the uv region,

Tabile IIT : Molar extinction coefficients of donors obtained in the vltraviolet
region?
Nmax
Donors {nml log € max

thiazole 287.5 3,88
4-methylthianzeole 258 3,14
clomethiazole 256.4 3.42
cloprothiazole 256.4 3.42
2-methyl-2-thiazoline 259.5 3.48
2-thiazeline-2-thiol }283 ?4.18

256 3.96

a splvent : carbon tetrachloride ; temperature : 20 g

The high values of the molar extincticn coefficients of the complexes in this
spectral region allowed much lower donor concentrations tham those required
for the visible spectra. The iodinated complexes had guite different spectral

characteristics, and a typical spectrum of the iodine-2-methyl-2-thiazoline
complex is shown in Figure 3. By subtracting the absorbances due to free iodine

and free donor, curve 4, corresponding to the ahsorbance of the complex was

— 1613 —




— PI9T —

SOALIRATISR BUTTOZBTYY a4yl YaTm LOTR0RISZuT Buoijs e pue
SI3EATIBP STOZRTYT BYJ YI1M SUTPUT JO UOLIIRISIUT IB[NJBTOW 29BISPOL B p83BITPUT SYTNSET

ayl
‘AI1BWeTyITedIs 1i7 e pey [re sexapdwos asay) TBUTTOZBIY] pue 8T0ZETYY JO SOBATIEATISP Syl pue
BUTpOT ussmiaq xa[dwos Iaysueay sbieya ayil Jo ainjeu 0-u ayy peieIijsuLowap e3ep oTdodsoI3ssds ayj

NOISSNISIO-NOISNTINDD

aie e
5°99z ¢

I-T0Tya-g-autiozetyy-g
I-8UT[0ZETYI-2-TAylaw-2

gic NuumﬂowmﬂzuohncHu
92 mH-chNmﬂcumeoHu
iEH Z1-atozetys-1Ayasu-p
€92 wwnmADNQHLu
{wu})
810 30 xewy saxaTduwoy)
F

1"3.1°0 ;0 sanjeaodudy 1Y10]) ¢ JusATeS) Soxe[dwod J03dande- 1ouop

¥NOTIEA @y3 10} {d}]) spueq Jalsueay abieyd Joy syesd uoljdiosqy @ A7 ayge)

o

"guTyoretyl-zZ-[Ay3aw-2 880) pue 3uTpot

EERY

0y oanp
sasueqrosqe ay3l bButgoerlqns #q pauteigqo pueq l1ajsuelry abaeys jo

wgtqeTodedixa [edtydedy () ! aur(ozeTul-Z-idylow-7 g 01 X 9£8°'1

V- e
¥
pue JUTRAT W . 01 X 18279 (£) !oBuTTozRTYY-Z-TAylau-z W -0t
¥ g/8°1 (2) P autpor w07 ¢ 18279 (1) ¢ Aay "xaTdwon BUTROT
-BuT{OZETYI-2-TAygjaw-2 8ya 3o erljdads 3a[olaellln : g @Inbry
190
v

"AT 874} UT pajsT] aJe sJaqsweied
|eatoads Aoy -

G7ubz e jead e opey xoldwod dojsueay obavys sty ‘pautejgo



RETEROCYCLES, Vol. 37, Ne. 9, 1990

For the thiazole series, the value of KC was higher for the derivatives with alkyl substituents
on the thiazole ring. The introduction of a methyl group at position 4 doubled the value of
K: (10.25 M-l for thiazele and 27.55 l\’l_1 for d-methylthiazole). A further substituent on position
§ such as a Z-chloroethyl or chloropropyl group only slightly increased the K value (25.01
M_1 for clomethiazole and 30.8 M-1 for cloprothiazole). Partial hydrogenation of %he thiazoline
nucleus led ta a marked increase in the Kc value of the Jjodinated complex due to elimination
of the aromatic character of the molecule. Thus for the two derivatives of thiazoline, the
values of KC were 1200 M_11 for 2Z-methyl-2-thiazoline and 2527 l\fl_J for 2-thinzoline-2-thiol.
The replacement of the methyl group o1 2-methyl-2-thiazoline by a SH group doubled the KC

value.

. . 3,5-7 .
Proevious work in our laboratory™’ has shown that a given compound can be expected to have anti-

thyrodid activity if its formation constant, Kc‘ of the iodinated complex 1s at least 104 H"l and

that the antithyroid activity increasecs with increasing values of K . For methimazole which is the

strongest. antithyreid agen known, we found 3 KC value of 23194 M_j. The derivatives of thiazole

1

tested in this study all had Kt valurs above 100 M °, and due to their strong affinity for icdine

might be excepted to incerfere with thyroid metaholiam.

Two main points should be noted

- the results indicated that thiazoling substituvied with o SH group in position 2 could serve
as a starting point for the synthesis of new antithyroid agents.
- the strang molecular intersction hetween iodine and the derivatives of thiazoline suggest that

drugs based on this nucleus might have antithyroid activity.
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