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The solvent effect on the title compound was studied by examining changes in the positions
bands belonging to the NH and CO bonds and in the dipole moments in benzene and dioxar
tions. The results are discussed in terms of intramolecular hydrogen bonding and spatial arran
of the CONHCSNH grouping.

Key words: IR spectra; Hydrogen bonds; Solvent effect; Dipole moment.

Previously-? we investigated the photocyclization #(3-chloro-2-benzdjjthienocar-
bonyl)- andN-(2-benzop]thienocarbonyl)N'-monosubstituted thiourea derivatives al
found that if irradiated from a high-pressure mercury discharge lamp, the compou
acetone solutions give derivatives of benzothienothiazime yields lower than the
analogoud\',N'-disubstituted thioureas do.

S___NH-R R=C,Hg
c
N
S CH,CH,CgHs
S CH,—CH=CH,

CH,CqHs
CBHS

We suggested that this difference in reactivity was due to the different spatial
ture of the compounds resulting from the formation of intramolecular hydrogen b
Based on the IR spectra of the model compoug3-chloro-2-benzdjjthienocarbo-
nyl)-N',N'-diethylthiourea 2) and N-(3-chloro-2-benzdjjthienocarbonyl)N'-ethyl-S
methylisothiourea3), we were able to prove the presence of intramolecular hydrc
bonds of the NH...Cl and NH...O=C type in derivativesNaf3-chloro-2-benzo-
[b]thienocarbonyl)N'-monosubstituted thiourea. Fad¥-(2-benzob]thienocarbonyl)-
N',N'-diethylthiourea 4) we observed two conformeré, and B, due to the rotation
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about the G,—C(O) line, with a free amidic NH bond and the NS intramolecular
hydrogen bond (Scheme 1).

From a comparison of the wavenumbers belonging to the.8Hand NH..S hydrogen
bonds in the model compoun@sand4 we deduced that the former hydrogen bond
stronger than the latter.
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With a view to gaining additional information concerning the reactivity of
thioureas under study, we examined in this work the solvent effect by meas
changes in the IR bands of the NH and CO bonds\{{3-chloro-2-benzdj]thieno-
carbonyl)N'-ethylthiourea. We expected that the interaction of the CONHCSNH gt
with the solvent would induce an increase/decrease in the probability of occurrer
the six-membered cyclic formBased on reported ddtave employed van der Waal
solvents and solvents which are hydrogen bond acceptors with a view to employi
experimentally discriminated contributions of the various intermolecular interact
for assessment of the solvent effects.

EXPERIMENTAL

N-(3-Chloro-2-benzdf]thienocarbonyl)N'-ethylthiourea was prepared following fefThe solvents
were of spectral purity. For the dipole moment measurements, benzene and dioxane were re
(b.p. 80°C and 101.3C, respectively) and dried over Nalsit-4 molecular sieve.

The infrared spectra were measured on a Specord M 85 spectrometer (Zeiss, Jena) over th
of 3 600-800 cm. The measurements were accomplished at room temperature in an NaC
0.0245 cm optical path length at a concentration of 0.03 ThoDlverlapping absorption bands wer
resolved and the integral absorption intensities of the Fermi triplet components were determine
integral absorption intensity; served as the criterion of intensity of the observed absorption ba

The dipole moments were measured in solutions in benzene and 1,4-dioxane at five concen
within the region of 0.01 to 0.08 maitl The permittivities of the substances studied were meast
on a Dipolmeter DM 01 (Wissenschaftlich-technische Werkstatten) with a precision of 0.0001
measuring frequency for liquids was 2 MHz and the temperature of the system wa8.@B°C.
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The volume of the thermostatted DFL 2 cell was 4 ml. Densities were measured in 10 m
nometers for volatile substances. The dipole moments were calculated by the method of Hal
and Kumlef without correction for atomic polarization. Molar refractioRs were calculated basec
on the values for benzothiophérand the incremertd. The following published standard bond c
group increments(in 10°C m) were used when calculating the dipole moments by the vectol
dition approach: H-¢ 0.00, C—Cl 5.29, C=0 7.99, C=S 6.66, C-N 1.49, N-H 4.3+ 1.33,
benzothiopherfe2.06; bond angl8s® C(2)-C-O 126 O—C-N 117, C-N-C 126, C-N-H 117, S-C-N
117, C-N-C, 12C.

RESULTS AND DISCUSSION

Based on the study of IR spectra bif(3-chloro-2-benzdjjthienocarbonyl)N'-

ethylthiourea in van der Waals solvents and in solvents which are hydrogen bor
ceptors (Table I, solvents Nos 1-7 and 8-10, respectively), we found bands due
intramolecular NH..X bond (X = Cl, S) within the region of 3 387-3 379 ¢mand

bands due to the intramolecular ND=C bond within the region of 3 268-3 261¢m
The facts that the intensity ratio of those bands is concentration independent and
additional band belonging to the free NH group is present at low concentrations
evidence that the compound occurs in the six-membered cyclic form solely. In ad
to the hydrogen bonds, we also observed anomalous splitting of the absorption bz
the thioamidic NH bond due to Fermi resonance with dfiH) overtone and the
v(CO) + &(NH) combination vibration. By perturbation theory for three-level inter
tions'! we calculated the band frequencies corrected for the Fermi resonance a
extent of interaction between the absorption band p@ikg,(Wuc, Wge, Table I). We

found that thew(NH...O=C) ground stretching vibrations interact more with &éH)

overtone \W,g values in Table I) than with the(CO) + d(NH) combination Wac

values). The very strong bands of tHE€O) stretching vibrations lie at 1 659-1 653tm
the wavenumbers are also affected by the intramolecular.®HC hydrogen bond.
Quantitative evaluation of the IR spectra in the regions of the intramolecular hydi
bonds of the NH and CO groups, with respect to the wavenumber shifts and in
intensities (Table 1), showed that the differences in the values in solvents 1-7 anc
are very lowAv(NH...X) = 3.8 cnttand 3.7 cm, Av(NH...O=C) = 3.2 cm‘and 4.7 cim,

AV(CO) = 2.5 cm! and 0.2 cm!, respectively;AA(NH...X) = 0.32 and 0.24,
AA(NH...0=C) = 0.30 and 0.28A,(CO) = 0.39 and 0.46, respectively). This su
gests that the interaction between the solute molecules and the solvent is very Ic
to the negligible possibility of action of dispersion forces, dipole interactions, and i
molecular hydrogen bonds. Despite the low changes in the wavenumbers and i
intensities of the bands in the various solvents, the correlations with their con
were of interest. We employed the following parameters to characterize the solvents:
moment12 (u?), refractive inded [n? or (% — 1)/(27 + 1)], permittivity*3[(e — 1)/(Z + 1)],

field effect3[|R| = € — 1)/(Z + n?)], electrophilicity E, and nucleophilicity? B. We
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found no linear independence with the spectral properties of the thiourea studi
any of the solvents 1-7 and 8-10, or 1-10.
From the results (Table 1) it can be inferred that, with regard to the cyclic six-mem

\
O e (I .
H I (Z) H—N
THT C2H (B) (H: (Z) 2H

C D

arrangement of the CONHCSNH grouping, the structureN8-chloro-2-benzo-
[b]thienocarbonyl)N'-ethylthiourea is as expressed by formQlar D.

Taking into account published d&td>we attributed the amidic NH band to tke
planar conformation and the band of the thioamidic NH group t& thkanar confor-
mation at the —C—N- bonds.

In order to support the conclusions drawn from the IR spectral patterns we mes
the dipole moments of the compound in benzene and in dioxane (Table II). We em|
the dioxane effeétto test the presence of intermolecular hydrogen bonds. The
ference between the dipole moments in dioxane and in benxgre0.8 . 163°C m,
gave evidence that the solute does not enter any significant interaction with dic
This in turn indicates the presence of strong intramolecular hydrogen bonds with
solute molecule. The strength of those hydrogen bonds can also be demonstre
calculating their force constahférom the band positions corrected for the Fermi r
onance. For the NH.X and NH..O=C hydrogen bonds the force constants lay witl
the ranges of (6.333-6.365) .20 m*and (5.845-5.899) . 20l n%, respectively.

We also attempted to find which of the two conformatiGn® is actually preferred,
viz. by comparing the corresponding dipole moments calculated by the vector ad
method with the values observed in the benzene solutions (Table Il). Howeve

TasLE Il
Dipole momentsp (in 10°° C m), polarizations® and molar refraction®, (cm® mol™) of N-(3-
chloro-2-benzdj]thienocarbonyl)N'-ethylthiourea in benzene and 1,4-dioxane af@0

Hcalc
Solvent a B P Ry Hexp
C D
Benzgne 6.51 -0.34 442.85 83.02 13.9 13.3 12.4
1,4-Dioxane 9.02 -0.43 486.49 83.02 14.7
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difference between the two calculated dipole moments is very¥pwsE 0.9 . 163°C m)
and the differences between the experimental and calculated values are not very
ent either Apc = 0.6 . 10%°C m,App = 1.5 . 163°C m), so that no reasonable concl
sions can be drawn from them.

The results of the IR study, dipole moment measurements, and solvent effect
ination, in conjunction with the published d&tj lead to the conclusion th&i-(3-
chloro-2-benzdjjthienocarbonyl)N'-ethylthiourea occurs in the six-membered cyc
conformationC. We suppose that conformatidh does not play any role due to th
repulsive forces between the electronegative chlorine atom and the carbonyl gro
in 3-chloromethyl-2-oxabenzothiazéle Moreover, as a consequence of the existe
of very strong intramolecular hydrogen bonds, solvent replacement fails to caus
change in the spatial arrangement of the CONHCSNH group and thus in the rea
of the compound.
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