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IR spectroscopy is used to investigate imino-amine tautomerism

of 2-iminothiazolidin-4-one and 2-phenyl (p-tolyl, benzyl)-

imino derivatives of thiazolidin-4-one. It is shown that in the erystal-
line state 2-iminothiazolidin-4-one exists in the 2-imino form, while
in solution (chloroform) it exists in the amino form. 2-Phenyl- and
2-p-tolylimino derivatives of thiazolidin-4-one exist in the imino
form, while 2-benzyl-iminothiazolidin-4-one exist in the amino form.

In a series of papers [1,2] UV spectroscopy, and in
part IR spectroscopy, have been used to investigate
possible tautomeric forms of 2-iminooxadzolidin-4-one
and its selenium analog. It was shown that in methanol
the former has mainly the tautomeric amino structure,
and the latter in aqueous solution the imino one [3].
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With regard to the structures of 2-iminothiazolidin-
4-one (I), potentially capable of exhibiting imino-amino
tautomerism, opinions are rather contradictory. Some
authors [4, 5] are inclined to regard it as having the
imino structure, others [6, 7] the amino one. The two
maxima (220 and 250 nm) in the UV spectra of aqueous
solutions of 2-iminothiazolidin-4-one and its hydro-
chloride are taken to indicate the presence of twotauto-
meric forms with the imino form distinctly prepond-
erating [4].

In the present paper IR spectroscopy has been used
to settle the problems of the tautomerism of 2-imino-
thiazolidin-4-one and its 2-phenyl-(p-tolyl, benzyl)
imino derivatives. To facilitate interpretation of IR
spectra of 2-iminothiazolidin-4-one the ability of the
hydrogen atoms at its exo- and endocyclic nitrogen
atoms to undergo replacement by silver to give silver
derivatives was utilized.

Figure 1 shows IR absorption spectra of 2-imino~
thiazolidin-4~one (I), thiazolidin-2, 4-dione In, 3-
phenylthiazolidin-2, 4-dione (III), the di-silver deriva-
tives of 2-iminothiazolidin-4-one (IV), 2-acetamino-
thiazolin-4-one (V), the 2-Ag derivative of 2-N~aceta-
minothiazolin-4-one (VI) and 2-aminothiazolin-4-one
hydrochloride (VII). The spectra were registered on a
UR-10 IR spectrometer, using prisms of LiF, NaCl,
and KBr. The specimens were investigatgd tabletted
with KBr, or in vaseline mulls (identical spectra were
obtained)*. Figure 2 gives the IR spectra of 2-phenyl-
iminothiazolidin-4~one (VIII), 2-p-tolyliminothiazol-
idin-4-one (IX); and 2-benzylaminothiazolidin-4-one

*Fig. 1 and 2 give spectra for materials tabletted
with KBr.

(X). In the case of I the broken line gives the spectrum
of a dilute CHCl solution.
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Fig. 1. IR spectra: 1) 2-iminothia~
zolidin~4-one; 2) thiazolidin-2, 4~
dione; 3) 3-phenyl-thiazolidin-2, 4~
dione; 4) di-silver derivative of 2~
iminothiazolidin-4-one; 5) 2-acetyl-
aminothiazolin~4~one; 6) 2-Ag
derivative of 2-N-acetaminothiazo-
lin-4~one; 7) 2-aminothizolin-4-one
hydrochioride.

Starting from the assumption that 2~iminothiazo-
lidin~4-one exists in two tautomeric forms A and B,
the IR spectrum of form A would be expected to exhibit
bands characteristic of the ring element CO—NH, and
the bands of the imino group =NH, while the spectrum
of form B would be expected to show bands correspond-
ing to the amino group NH,, which are rather intense
for primary amines |8, 9].

To interpret the IR spectrum of I, the spectra of
compounds II and III were first studied. The element
CO—NH—CO in II gives rise, in the region of the val-
ence vibration of NH groups, to bands of frequencies
3136 and 3048 cm™}). These bands are absent from the
spectrum of III, where the hydrogen at the endocyclic
nitrogen atom is replaced by a phenyl group. But the
spectrum of a dilute CCl, solution if 1I has only one
narrow band, frequency 3410 em™!, due to free vibra-
tions of the NH group. This makes it possible to unam-
biguously assign the above-mentioned bands to vibra-
tions of the bond group NH. The spectrum of I shows
an analogous picture of bands of frequencies 3230 and
3013 cm™!, so that it can be inferred that structure I
contains the element CO—NH, inherent in the imino
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form A (similar bands were found by one of the present
authors in the spectra of a series of ring structures,
containing elements of the type CO—NH-—CO [8]). Then
the band of frequency 3380 cm ™! characterizes the
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Fig. 2. IR spectra: 1) 2-phenylimi-

nothiazolidin-4-one; 2) 2-p-tolyl-

iminothiazolidin-4-one; 3) 2-benzyl-
iminothiazolin-4-one.

vibration of a NH bond of an imino group. An intense
band frequency 1656 cm™! is assigned by us to vibra-
tion of the C=N double bond [10,11]. That band is
present in the spectra of 3-phenyl (p~tolyl, benzyl)-2-
phenyl (p-tolyl, benzyl) imino derivatives of thiazoli-
din-4-one, where both hydrogen atoms at the endo-
and exocyclic nitrogen atoms are replaced by phenyl,
p-tolyl, and benzyl radicals, and which exist in the
imino form. A double band in the 1520 cm™! region in
the spectrum of I can be assigned to deformation
vibration of the imino group NH, and possibly to
vibration of the ring NH group. Then the remaining
unextended band frequency 1690 cm™! characterizes
vibration of the G=0O group of the thiazolidene ring of
I. Actually the spectrum of the di-silver derivative of
2-iminothiazolidine-4-one (IV) has, in the region of
valence vibrations of double bonds, two bands (1606
and 1575 cm~Y), probably characteristic of vibrations
of C==0 and C=N. In the same spectrum there is com-
plete disappearance of bands in the region of NH group
valence vibrations and in the region 1520 cm™!, which
we ascribe to deformation vibrations of the NH group.

KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII

From all that is stated above, it canbe concluded that
compound I in the solid state exists in the imino form
A. Spectrum I, taken at liquid nitrogen temperature
(—196°), has not undergone appreciable changes com-
pared with the spectrum taken at room temperature.
Dilution of a CHCl; solution of I clearly gives the spec-
trum of the amino form B, as shown by the appearance
of two bands (3512 and 3400 cm™), v, and vgop, of
vibratiens of the amino group NH,, as well as deforma-
tion vibration bands of the NH, group of frequency 1632
cm™! (were this the C=N bond vibration band, it would
not be lowered so much on passing from the solid phase
to dilute solution). In the region of vibration of double
bonds there is only one band of the C=0 group, with
frequency 1735 ecm™!, considerably shifted in the high
frequency direction as compared with its value in the
solid phase spectrum because of breaking of the inter-
molecular hydrogen bond C=0... NH.

The spectra of V-VI differ considerably from the
spectra of I. The spectrum of V has very intense
absorption bands due to the C=0 group in the ring,
the C=0 group of the acetyl group (1712and 1700 cm™),
and also a strong amide band (1545 cm™). Instead of
a very intense vibration band of the C=N bond, pre-
sent in the spectrum of imino formula structures,
there appeared a very weak band at 1632cm™!, probably
characteristic of C=N vibrations of an amino struc-
ture ring. In the NH valence vibrations region the NH
bands are accompanied by acetyl radical vibrations
(3120 and 3000 cm™}, as well as by a series of con-
siderably less intense bands of harmonics in the high
frequency region. In the spectrum of VI, the carbonyl
absorption bands are displaced towards the region of
lower frequencies, e.g. by 50 em™!, and have the
values 1675 and 1640 cm ™. The NH group vibration
bands vanish. Wide and very intense bands in the re-
gion 3000 and 3200 cm ™! characterize vibrations of
the group NH; of the hydrochloride VII.

Congideration of the IR spectra of 2~iminothiazo-
lidin-4-one derivatives VIII, IX, and X (Fig. 2) enables
a hypothesis to be framed about the effect of substi-

Elementary Analytical Data

Calculated
Found, % ?
p(f)?.\!::c.i Name Mp, *C Formula 0 %
Cl S Cl s
1 2-Iminothiazolidin-4-one 247 C3HyN,0OS 27.45 27.59
(decomp)
11 | ' Thiazolidin-2,4-dione 128 C3HsNO,S 27.16 27.34
111 3-Phenylthiazolidin-2,4- 148 CoH,NO,S 16,31 16.57
dione
v Di-silver derivative of 1 215 C3H,N-OSAg, 9.87 9.70
(decomp)
V | 2-N-Acetaminothiazolin- 245 CsHgN0,S 20.18 20.25
4-one
V1 | . Silver derivative of V 212213 CsHsN20:SAg 11.72 12.08
VII | 2-Iminothiazolidin-4-one 9229—230 | C;H,N;0S -HCl |20.28 20.25
hydrochloride
VIII | 2-Phenylaminothiazolidin- 178 CyHsN,0S 16.42 16.66
4-one .
IX | 2-p-Tolyliminothiszolidin- 191 CoH1gN20S 15.36 15.83
4-one
X |' 2-Benzyliminothiazolin- 212 CioHsN2OS 15.48 15.53
4.one
Hydrochloride X 205—207 | CyoH;oN20S - HCI | 14.71 14'64';
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tuents at the exocyclic nitrogen atom on its tauto-
merism. In the region of vibration of double bands in
the spectrum of VIII, there are bands of frequencies
1680, 1636 cm™!, and in the spectrum of IX, belonging
respectively to vibrations of C=0 and C=N bonds. The
intense wide band frequency 1500 cm~!, along with
aromatic absorptions, possibly characterizes absorp-
tion by the imino form skeleton, or is connected with
deformation vibrations of the ring NH group (the above-
mentioned band is also present in the IR spectrum of
I).

The IR spectrum of X differs from the spectra of
VIII and IX. It has only an absorption band due to
vibrations of the group C=0, frequency 1697 em™},
and a C==N bond absorption band is absent (the ring
C==N bond gives very weak bands); a series of bands
in the 1500-1600 cm™! region can obviously be assign-
ed to aromatic absorption and to deformation vibration
of the secondary amino group NH.

Chemical investigation of VIII and X showed the
latter to have basic properties; it gave a hydrochloride
resistant to hydrolysis. VIII and X behaved differently
to acid hydrolysis, X remained unaltered when heated
for 3—4 hr with concentrated hydrochloric acid (ele-
mentary analytical data and IR region spectroscopic
studies), while heating VIII with dilute hydrochloric
acid gave thiazolidin-2, 4~dione.

From what has been said above, it follows that
data of IR spectroscopic investigations and results of
chemical studies enable it to be postulated that the
absence of basic properties for VIII, as well as the
capacity of its exocyclic C=N bond to undergo hydro-
lysis to form thiazolidin-2, 4-dione, is obviously con-
nected with its existing in the imino tautomeric form,
while X exists in the amino form. It can be assumed
that the existence of the benzyl derivative X in the
amino form is connected with the higher electronega-
tivity of the exocyclic nitrogen atom in it, due to po
coupling at the exocyclic nitrogen atom, which in con-
junction with the lower polarizability of the o bond as
compared with the 7 bond (p7 coupling for VIII and IX),
is less clearly manifest. The latter facilitates migra-
tion of a proton from position 3 to position 2 of the
thiazolidine ring, accompanied by rearrangement of
double bonds to give amino forms.

EXPERIMENTAL

The 2-iminothiazolidin-4-one derivatives, mentioned in this
paper, were prepared by reacting thiourea or a monoarylthiourea
(phenyl, p-tolyl, benzyl) with chloroacetic acid in absolure EtOH, in
the presence of fused NaOAc (table) [3, 12~18]

Silver derivatives IV and VI were prepared by the action of an
ammonical solution of an equimolecular quantity of AgNOy on aqueous
ethanolic solutions of compounds [ and V.
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Acid hydrolysis of X. 1.03 g (0.005 mole) X was heated in a flask
with a reflux condenser with 30 ml conc HCI for 4 hr. The solution
was then evaporated on a water bath, the viscous residue treated with
ether, and then recrystallized from absolute EtOH. Mp 205-206°,
undepressed mixed mp with VII. X was obtained by treatment with
aqueous ammonia. Mp 210°, mass 0.87 g (84%) (undepressed mixed
mp with X, and the IR spectra of the two identical).

Actd hydrolysis of VIII. 1.92 g (0.001 mole) VIII was heated with
50 ml dilute HC1 (1:2) for 4 hr then the contents of the flask evapor-
ated to dryness under vacuum, and the residue recrystallized repeat-
edly from EtOH, to give 0.78 g II (68%), mp 127°. Found: C 30.51;
30.46; H 2.24; 2.32%, calculated for CgHzNO, S: C 30.51; H 2.56%.
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