SYNTHESIS OF THIAZOLINES AND THIAZOLIDINES
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Primary o-ethynylamines form thiazolines with isothiocyanates, while secondary a-
ethynylamines give thiazolidines. Data on the IR, PMR, and UV spectra of the compounds
obtained are presented.

Primary a-~ethynylamines react with isocyanates to form the corresponding ethynylureas [1,2]. How-
ever, we were unable to obtain the ethynylthioureas indicated by Easton and co-workers [1] on reaction with
isothiocyanates. The thioureas formed are immediately converted to thiazolines as a result of intramolecu-
lar eyclization. The cyclization process apparently includes thiol-thione tautomerism as a compulsory step.
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The absorption bands characteristic for the stretching vibrations of C==C and = C—H groups (2100,
3300 cm™!) and frequencies associated with the absorption of the =N~—C =S group in thioureas {3] are ab-
sent in the IR spectra of freshly prepared I-XIII, All of the reaction products have absorption bands at
860-870 and 3100 cm™, which correspond to the deformation and stretching vibrations of the terminal
methylene group. The stretching vibrations of the N—H group are responsible for the absorption at 3200
cm™; we assign the two bands in the 1600 cm™ region (1610 and 1650 cm™?) to the absorption of the C =C
and C =N groups. It should be noted that an intense band at 1550 cm™, which is affiliated with the absorp-
tion of the thiazole ring [4], is observed for all of the thiazolines.

The PMR spectra (Fig. 1) completely confirm the structure of the substances obtained. The signals
at 4.9-5.0 ppm in the region of olefin protons correspond to the presence of geminal protons. The mag-
netic nonequivalence of the olefin protons increases as alkyl radical R' decreases [A6 0 Hz (XII), 1.5 Hz
XI), 3.0 Hz (X)], which is possibly associated with the diamagnetic effect on the shielding of the alkyl
groups attached to the C,. The structure of the signals in the aliphatic proton region corresponds to the
structure of the alkyl radicals.

In the UV region, the thiazolines obtained have an intense absorption maximum at 195-210 nm
(Table 3). A slight bathochromic shift of the maximum and a certain increase in intensity are observed
during the formation of the hydrochlorides.

Secandary a-ethynylamines form thiazolidines with isothiocyanates, The reaction of isothiocyanates
with secondary amines proceeds more slowly than with primary amines; in contrast to the crystalline
thiazolines, the thiazolidines formed are yellow, readily distilled liquids that form hydrochlorides.
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TABLE 1

Se—C=CH
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XS
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. Found, % Cale., % ®

é"g R R | - Erpirical ‘ g
83 P, “CT formula ciu|n|s|lclaln~]|s|9
% ! . P~

- ] B
1| CH; CHs | 86 (170) | C;H2NoS | 54,3 8,2'} 17,5/ 20,51 54,8} 7,7/ 17,9/ 20,5| 81,0
I1| CH3 CoHs | 90 (158) | CeHi4N»S | 56,4] 8,21 16,3| 18,8/ 56,4} 8,2| 16,4] 18,8| 80,0
11T | CH,3 CsHy 92 CoHyeNoS | — | — [ 14,8{182] — | — [152] 17,4/ 87,0
1V | CH; CHj [108 (130) | CsH 1 NoS |57,0| 8,5 16,3 18,8! 56,5] 8,2/ 16,4, 18,8 92,0
V| CoHs CoHs | 60 (120) | CoH NS | 59,01 9,11 14,9{ 17,5/ 58,71 8,7| 15,2| 17,3 90,0
VI | C.H; CsH7 | 68 (130) | CloHigN2S| — | — 1 13,8) — | — |— | 14,}| — [90,0
VII | CHy==CHCH; | Cll3 82 CoHsN2S | 59,8/ 80| 15,5/ 17,5] 59,31 7,7 15,3] 17,5 82,0
VIH | CHy=CHCH; | CoHs | 118—120 | C;(HisNoS | 61,31 8,6] — | 15,7|61,2(8,1| — |16,3| 80,

: (5)
IX | CH,=CHCH, | C3H 118;120 CyHigNeS| — | — 129|155 — |—113,3:15,2183,0
(9)

X | C¢Hs CHj, 171 Ci,HisN.S |66,4(65] — | — |66,0/6,4| — | — | 76,0
X1 | CoHs CoHs| 121 |C,sHisNsS (67.267] — | — |67.2/68] — | — | 930
XII | CsHs CsHy 146 CyHigN:S|683/74| — | — 1682{73| — | — 1990
XIII | CsHs 181 !C15H15NQS 69,9/ 8,1} — 69,7/ 84| — | — 90,0

* For I-XII, R" = CHj;, while R' + R" = (CH,); for XIII.
t Compounds I-VII were recrystallized from petroleum ether, while
X-X1II were recrystallized from heptane. The melting points of the
hydrochlorides, the composition of which (B - HC1) was confirmed
by determining the percentage of nitrogen, are indicated in paren-
theses. The boiling points are given for VIII and IX; n% 1.5402 (VIII)

and 1.5421 (X).

TABLE 2
(CHy), C——C=CH,
R =N
AR
Found, Calc., mp of
Comp.| ® | w | PP npo | Empirical |_ * ™ Yield jaydro-
’ (mm) formula N I s|nls q chloride,
! i I loce
| ] o T !
X1V CHs | CH; | 88—90 (4) 11,4770) CoH,sN,S 14,5 16,1 14,15 16,1{ 71,0 | 125
XV | CgHs | CiHg 1108110 (4) |1,51830] CiaHnN,S |12.8 14,3 12,3i 14,1 87,0 130
XVI CeHs | CiHy 1148150 (4) | 1,5910; CisHpNpS 9,6 — 10,2 — | 96,0 165
XVII| CH; | CoHs | 88—90 (4) | 1,5321| CoHsNyS 14971 ‘ 17,81 15,2!17,3] 83,0 | 170
XVIIT | CeHs | CoHs {128—130 (4) 1,6070I Cy4H1gN2S i Rl B ‘\ — | 71,0 ] 165

*The composition of the hydrochlorides (B - HCl) was confirmed by
determining the percentage of nitrogen.
Tt Found: C 58.7; H 8.9%. Calculated: C 58.6; H 8.6%.

TABLE 3. Absorption Maxima in the Spectra of Aminothi-
azolines and Iminothiazolidines

Compound A g x NI lge

I 208 2,15
I.1ICI 208 3,04

11 205 2,72
V. TICI 212 2,74
VI 212 2,46
X 209 2,43
XIV . HC] 2156 2,40
XV - HCI 215 2,72
XVII .« HCI 215 2,20
XVIHI-HCI 203 2,56
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Fig.1l. PMR spectra of 2-phenylamino-
2-thiazolines: 1) 2-phenylamino-4,4-
dimethyl-5-methylene~2-thiazoline X);

2) 2-phenylamino-4 -ethyl~4-methyl-
5-methylene-2-thiazoline (XI); 3) 2-
phenylamino-4-methyl-4-propyl-5-methyl-
ene-2-thiazoline (XII).
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Fig. 2. PMR spectra of .2-alkylimino-
thiazolidines: 1) 2-methylimino-3-ethyl-
4,4-dimethyl-5-methylene-2~thiazolidine
XvI); 2) 2-ethylimino-3-ethyl-4,4-di-
methyl-5-methylene-2-thiazolidine (XIV).

We proved the formation of five-membered rings in
the case of secondary a~ethynylamines by means of the
identical character of the products obtained and the product
of the alkylation of thiazoline,

The IR spectra of thiazolidines XIV-XVIII contain the
frequencies of a terminal methylene group, 6 860-870 cm™!
and ¥ 3100 cm™, The two bands in the 1600 ecm™ region
(1610 and 1640 cm™!) attest to the presence of C =C and
C =N groups. The band at 1560 cm™! characteristic for
thiazolines is not present in the spectra of the thiazolidines.
The geminal protons of the terminal methylene group in the
PMR spectra of the thiazolidines appear as two doublets at
4.88 and 5.02 ppm with Jgem 2 Hz (Fig. 2) [5]. We assign
the singlet with 6 1.25 ppm to the protons of the (CH,),C
methyl groups. The protons of the methyl group attached to
nitrogen appear as a singlet at 2.8 ppm, while the NCH,CH,
protons appear as a quartet at 3.1 ppm and a triplet at 1.0

ppm.

The UV spectra of the thiazolidines have an absorp-
tion maximum at 210 nm that is bathochromically shifted by
13 nm as compared with the corresponding thiazolines
(Table 3).

It should be noted that the cyclization is hindered as
R' becomes larger. Thus the cyclization proceeds quanti-
tatively when R' = CH; (XIV) or C,H; (XVII, XVIII), while
cyclization is not observed when R' = C¢H; or CH,C¢H;. The
possibility of cyclization is also reduced as R becomes
larger. While the reaction proceeds to completion when R =
Alk, a portion of the amine and the isothiocyanate is re-
covered unchanged from the reaction mixture when R = Ph,
Similar peculiarities in the cyclization were previously
noted, and the difficulties were explained by steric factors,
which was confirmed by examination of Stuart models [1, 6].

EXPERIMENTAL

The IR spectira of KBr pellets and pure liquids were
recorded with a UR-20 spectrometer, The PMR spectra
were recorded with a JNM-100 spectrometer with chloro-
form as the solvent and tetramethylsilane as the standard)
and with a ZKP-60 spectrometer (as the pure liquid with
hexamethyldisiloxane as the standard). The UV spectra of
alcohol solutions were recorded with a Hitachi EPS-3T
spectrometer.

2-Methylamino-4,4-dimethyl-5-methylene-2-thiazoline

@. A1.46-g (0.02 mole) sample of methyl isothiocyanate

was added in small portions with stirring to 1.66 g (0.02 mole) of 3-amino-3~methyl-1-butyne in such a way
that the temperature did not rise above 50° (the reaction was exothermic), and the mixture was allowed to
stand at 50° for 2 h. Compound I crystallized out when the mixture was cooled. It was purified by sub-
limation and subsequent crystallization from dry petroleum ether to give a product with mp 86° and R, 0.41
(@ctivity IIT Al,O,, petroleum ether—diethylether (1 :1)]. The hydrochloride of I was hygroscopic.

Compounds II-XIII (Table 1) were similarly obtained.

2-Methylamino-3-ethyl-4,4-dimethyl-5-methylenethiazolidine (XVII, Table 2). A) A 1.46-g (0.02

mole) sample of methyl isothiocyanate was added in portions with stirring to 2.22 g (0.02 mole) of 3-ethyl-
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amino-3-methyl-1-butyne (the reaction was exothermic), and the mixture was stirred at 50° for 2 h. Com-
pound XVII was purified by vacuum distillation,

Compounds XIV-XVI, XVII (Table 2) were similarly obtained.

B) By the method in [7].) A methanol solution of 3.1 g (0.02 mole) of ethyl iodide was added with
cooling and stirring to 1.6 g (0.01 mole) of 2-methylamino~4,4-dimethyl-5-methylene-2-thiazoline, and the
mixture was heated at 60° for 2 h, A 5% solution of KOH was added to the solution, and the liberated oil was
extracted with benzene, The extract was washed with water and dried over MgSO,. Compound XVII was
purified by vacuum distillation. The yield was 20%.

The authors thank O, V. Agashkin for his assistance in recording and interpreting the IR and PMR
spectra.
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