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As indicated by PMR spectroscopic data, 2-amino-5-methylthiazoline and 2-methylamino-5-methylthiazoline
exist in the imine form in the temperature interval from +20° to —100°C. Interaction of the 2-amino-5-
methylthiazoline with methyl iodide results in alkylation ar the endocyclic nitrogen atom.

Amine —imine tautomerism of alkyl- and aryl-substituted 2-aminothiazolines has attracted the attention of researchers
from the end of the last century up to the present time [1, 2]. Such long-term interest in this prototropic conversion is
understandable if we consider that, even though many studies of such tautomerism have employed modern physicochemical
methods, the actual structure of the tautomers remains an open question. A large volume of experimental material has been
accumulated on the spectral properties of 2-aminothiazoline derivatives that exist in the amine or imine form, and this
information is being used to establish the structure of the tautomers of 2-alkyl(aryl)aminothiazolines. However, we do not yet
have any unambiguous criteria for assigning tautomers to one structure or the other.

In the methylation of 2-amino-5-methylthiazoline (I), we encountered a problem in establishing the structure of not
only the original base, for which amine—imine tautomerism is possible (A = B}, but also its N-methyl derivatives. As far
back as 1889, on the basis of chemical evidence, the imine structure B was postulated for 2-amino-5-methylthiazoline [1].
The basis for this assignment was the recovery and identification of 2-methylamino-1l-methylethanesulfonic acid in the
reaction mixture obtained by oxidizing the product of methylation of compound I. An analogous conclusion was drawn in [2]
from studies of the IR spectra of 2-amino-5-methylthiazoline (I) and 2-methylamino-S-methylthiazoline (II). The basic
criterion for determining the structure of these compounds was the frequency of stretching vibrations of the C==N group,
which for the exocyclic double bond (structure B) was 20-40 cm™! higher than for the C=N bond in the ring (structure A),
amounting to approximately 1640 and 1610 cm™!, respectively. In [3, 4], however, an exactly opposite interpretation was
given for the IR spectra of substituted aminothiazolines.
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Furthermore, in [5, 6], on the basis of 'H and 3C NMR spectra, the thiazoline IT was assigned the amine structure
A; but in [7], on the basis of mass spectra of this substance, the decision favored the imine form B. Such contradictory data
compelled us to return once more to the investigation of the structure of compounds I and II.
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TABLE 1. PMR Spectra of Compounds I-III and V

Com- Chemical shifts, &, ppm'*
pound Solvent T °C -
‘ =NH NH | TNCH ey | e P SSH | S-CHz
I | CDCh +20 5,57 — | — |3,60,~4,0| ~4,0 | 1,38
-20 5,96 — | — | 361,~40]| ~4,0 | 1,38
-50 6,32 — ' — |3,64~4,0 | ~4,0 | 1,39
CDCls—CDxClz, | -80 | ~7,7 | ~5,0 — | — 13,66~4,0] ~4,0 | 1,38
1:1 -95 8,34 498 | — | — |3.66~4,0] ~4,0 | 1,37
-100 8,41 49 | — | — |3,66~4,0 ~4,0 | 1,37
I | CDCl 420 | — ~4,0% (292 — [3.67,4,03| 3,94 | 1,39
20 | — 4,30 [2.89| — |[3,65 4,03| 3,96 | 1,35
-50 | — 4,80 {2.89| — |3,65, 4,03| 3,96 | 1,33
1 | CDCls +20 567 | — — |2,9213,22,3,63| 3,75 | 1.43
v¥| cpchs +20 | — — 3,01 | 2,84 - — | 1,39

*For compounds Tand II, Joyz sy = 6.4 £ 0.3 Hz; Jy a5y = 3.8 £ 0.3 Hz; J
wbs-H = 7.1 £ 0.4 Hzy Jypa g gp = 11.9 + 0.3 Hz; for compound I, Jeps 5.y
=6.6Hz; Jypyasy = 6.0Hz; Jypp sy = 12.4 Hz; Jypaggp = 9.5 Hz.
*Exchange with a small quantity of water.

*Values listed are for spectrum of reaction mixture obtained upon treatment ot I
with methyl iodide; blanks indicate that signals are overlapped by signals of com-
pounds I and III.

Fig. 1. Structure of cation IV.

We obtained 2-amino-5-methylthiazoline (I) as described in [1], by cyclization of allylthiourea in the presence of
concentrated hydrochloric acid. We obtained 2-methylamino-5-methylthiazoline (I1) as described in [8],* by cyclization of N-
methyl-N"-2-hydroxypropylthiourea in the presence of phosphoric hexaethyltriamide.

In the PMR spectrum of the base IT at room temperature, J NH,CH, is absent, as was also noted in [2]. However, this
does not necessarily mean that compound II exists in the imino form B, since the absence of this particular constant at room
temperature may be due to intermolecular proton exchange. As the temperature is lowered, the signal of the N—CH; group
narrows rapidly. Here, we do not observe any splitting of the signal of the N-methyl group due to interaction of protons of
the NH and CHj groups. This result indicates that 2-methylamino-5-methylthiazoline II, the same as compound 1, exists in
the imino form B at low temperatures.

*This compound has arbitrarily been assigned the imine structure in accordance with [9].
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TABLE 2. Coordinates of Nonhydrogen Atoms (x10%) and Hydrogen Atoms
(x103), and Temperature Corrections U(iso) and U(eq) (X 10%) for Compound IV

Atom x ¥ z U(iso}/U(eq)
Iy 2814(0) 997(0) 1197(1) 559
Sy -457(1) 2663(1) 5411(2) 616
N 435(3) 4105(4) 2434(6) 587
N 1453(3) 3574(3) 4697(5) 427
cw 575(3) 3548(4) 4008(6) 426
C) 1472(4) 2751¢4) 6353(6) 518
C@) 306(4) 2491(5) 7350(6) 606
C) 126(5) 1286(5) 8363(8) 908
Cs) 2440(4) 4218(4) 3725(6) 512
Hq 2895(9) 2750(9 1318(9) 519(9)
Hy 909(9) 4613(9) 1595(9) 317(9)
H,y 4836(9) 861(9) 2068(% 193(9
H2) 2060(9) 3241(9) 6830(9 318(9)
Hez,1) 1824(9) 21169 5763(9) 344(9)
Hzy 83(9) 311249 8686(9) 515(9)
Hya) -585(9) 1177(9) 9092(9) 597(9)
H4.1) 594(9) 1218(9) 9352(9 581(9
H4,2) 223(9) 617(9) 7325(9) 689(9)
Hs) 2842(9) 4266(9) 4843(9 610(9)
Hs,y 2575(9) 3780(9 2245(9) 437(9)
Hs2) 2103(9) 4693(9) 2444(9) 842(9)

We investigated compounds I and II by means of PMR in CDCl; or in a mixgure of CDCly and CD,Cl,, at tempera-
tures from +20° to —100°C (Table 1). At room temperature, the signals of the protons attgached to the nitrogen atom of the
base I are observed in the form of a common exchange signal (corresponding in intensity to two protons) in the 5.57 ppm
region. As the temperature is lowered, this signal is shitted downfield and is gradually broadened; at —80°C it is separated
into two broad signals that become narrower as the temperature is further lowered. At —100°C, two narrow, equal-intensity
singlets are observed (6 4.96 and 8.41 ppm). The absence of splitting (i.e., a geminal SSCC in the NH, group) is evidence
in favor of the view that the protons are located on ditferent nitrogen atoms. On the basis of our results, we can conclude that
compound I, at low temperatures, has the structure of 2-imino-5-methylthiazolidine B.

In establishing the structure of compounds I and II at room temperature (where exchange of mobile protons in NH
groups is possible, making the chemical shifts and multiplicity of their signals noncharacteristic), we used the chemical shifts
of the signals from protons of the methylene group 4-CH,. It is known that the presence of a double bond in the five-
membered ring (amine structure A) leads to deshielding of protons of the 4-CH, group by some 0.3-0.6 ppm in comparison
with the imine structure B [2]. The chemical shifts of the 4-CH, protons of compounds I and II at low temperatures are
hardly any different from those at +20°C (Table 1), suggesting that compounds I and I exist primarily in the imino form B
at room temperature.

Having established the structure of the base 1, we investigated the product of its methylation, since this reaction can
take place at either the endocyclic or the exocyclic nitrogen atom, forming the isomeric compounds 1l and III [10]. The
synthesis was performed by the method described in [1]. As the methylating agent we used methyl iodide. The product yield,
after separation and purification, was 60%. |
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A comparison of the PMR spectra of the methylated product and the previously obtained 2-methylimino-5-methyl-
thiazolidine II [8] showed that these compounds are not identical. The most important differences in their spectra are in the
chemical shifts of the protons of the CHCH, fragment (Table 1), so we have grounds for ascribing the structure III to the
product of the methylation reaction. The correctness of this conclusion is supported by the results obtained in an x-ray
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structural study of 2-imino-3,5-dimethylthiazolidine hydroiodide (IV). The structure of this compound is illustrated in Fig. 1.
It will be seen that the methyl group is actually located on the endocyclic nitrogen atom.

In order to obtain a more profound understanding of the interaction of the base I with methyl iodide, we used PMR
to investigate the reaction mixture. In addition to 2-imino-3,5-dimethylthiazolidine I, this mixture contains the original base
I and a product of dimethylation (V) (Table 1). These substances are present in a 15:4:1 ratio, according to the integral
intensities of the proton signals of N—CHj;. We could not tind any product with the structure of II that would be obtained by
monomethylation at the exocyclic nitrogen atom. Thus, the reaction of 2-imino-5-methylthiazolidine I with methyl iodide
proceeds at the endocyclic nitrogen atom and leads to the formation of 2-imino-3,5-dimethylthiazolidine 1. Methylation of
III gives 2-methylimino-3,5-dimethylthiazolidine V.

We believe that our results have brought some clarity to the question of the structure of 2-amino-5-methylthiazoline
and its N-methyl derivatives.

We wish to express our profound appreciation to V. Yu. Kovtun and L. I. Mizrakh for valuable discussion of the
results of this work.

EXPERIMENTAL

The PMR spectra were recorded in a Bruker WP-200-SY NMR spectrometer, with TMS as an internal standard.

For the x-ray structure study, we grew transparent, prismatic crystals of the iodide IV, which had the following
crystallographic indexes: a = 12.620(4), b = 11.123(4), ¢ = 6.917(2) A, 8 = 77.153)°, V = 946.70 A3, d = 2.681
glem®, Z = 4. [CsH|N,] 117, space group P2,/a. The intensities of 700 independent reflections with I > 20(I) were
measured in a KM-4 automatic four-circle diffractometer (Mo Ko radiation, graphite monochromator, ©/26 scanning to
Omax = 10°). The structure was deciphered by the direct method, using the SHELXS-86 program [11]. The coordinates of
the hydrogen atoms were determined objectively from a Fourier difference synthesis; the coordinates were refined by the full-
matrix least-squares method in the anisotropic approximation for the nonhydrogen atoms and the isotropic approximation for
the hydrogen atoms. The coordinates listed in Table 2 correspond to final values of the divergence factorsR = 0.028 and R, =
0.31.%
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* As in Russian original; possibly intended as 0.031 — Translator.
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