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This paper reports the reduction with lithium aluminum
hydride of 2-benzamido-5-methyl-2-thiazoline (Va) and 2-benz-
amido-5,5-dimethyl-2-thiazoline (Vb) to give the corresponding
2-benzylamino-2-thiazolines (VIa,b), and of ethyl N-(5-methyl-2-
-thiazoline-2-yl)-carbamate (IIa) and ethyl N-(5,5-dimethyl-2-thiazo-
line-2-yl)-carbamate (IIb) to give the corresponding 2-methylamino-
-2-thiazolines (IIIa, b). No evidence of ring reduction or cleavage was
observed either at room temperature or in refluxing ether or tetra-
hydrofuran. The structure of the products was confirmed by inde-
pendent syntheses. Characteristic infrared bands are described.

The 2-benzamido- and 2-carbamate derivatives of 5-methyl- and 5,5-di-
methyl-2-thiazolines (Va, b; IIa,b) were prepared and reduced by, lithium
aluminum hydride as part of a project to prepare biologically active thiazoline
and thiazolidine derivatives related to penicilin.

In the present work the benzamide derivatives, 2-benzamido-5-methyl-2-
thiazoline (Va) and 2-benzamido-5,5-dimethyl-2-thiazoline (Vb) or the carbamate
derivatives, ethyl N-(5-methyl-2-thiazolin-2-yl) carbamate (IIa) and ethyl N-(5,5-
dimethyl-2-thiazolin-2-yl) carbamate (IIb) were treated with twice the molar
quantity of lithium aluminum hydride in ether or in tetrahydrofuran at reflux
temperature for time periods ranging from one to two hours. After decom-
position of the excess hydride the products were obtained as ether extracts of
the aqueous alkaline solutions. As a point of interest, similar treatment of the
free thiazolines (Ia, b) gave an ether extract which contained no starting
material and no compound capable of forming a picrate derivative.

No evidence was found for either cleavage or addition of hydrogen to the
thiazoline ring by lithium aluminum hydride reduction. Characteristically the
carbamate group was reduced to a methylamino group'? (III) and the benzamide
to a benzylamino group®* (VI). Isolation of the pure picrate derivative from
the crude reaction product was considered as evidence that appreciable amounts
of any other basic substances were not formed.

As indicated in the reaction scheme the 2-aminothiazolines (I) were
formed by ring closure of the proper allyl thioureas. For Ia the closure was
effected’ with concentrated hydrochloric acid at 100°. Treatment of methallyl
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thiourea with concentrated hydrochloric acid at 1409 for eight hours as re-
ported$ did not give a pure sample of the hydrochloride of Ib. In this case the
ring closure was carried out conveniently with boron trifluoride etherate in
acetonitrile at 60° to give a 5490 yield of the hydrochloride. While boron
trifluoride was also used for some of the other closures, hydrochloric acid
seemed generally preferable. ]

The acylated products, II and V, were prepared in aqueous, slightly
alkaline, medium by use of ethyl chloroformate and benzoyl chloride, respecti-
vely. Literature reports?’ indicate that frequently, particularly in benzene-
-pyridine solution, disubstituted derivatives are obtained. No difficulty was
encountered in preparing the monosubstituted carbamate derivatives. However,
the crude benzamides generally had a wide melting range, indicative of a
mixture, and in the case of the attempted preparation of Vb it was found
that recrystallization of the product gave a disubstituted derivative. However,
the pure monosubstituted derivative was easily obtained by digesting the crude
mixture with boiling ligroin (b. p. 60—90°. In this case the melting points of
the mono- and di-substituted products were quite close to each other (115—
—117°, mono-; 120—121°, di-) which added to the difficulty of distinguishing
between them.

The independent preparation of the benzylamino- and methyl-aminothiazo-
lines (IIT and VI) were also carried out by ring closure of the appropriate allyl-
and methallylthioureas, which in turn were prepared from the isothiocyanates
and methylamine® or benzylamine®. The identity of the products with those
obtained by reduction confirms not only the structures of the reduced products,
but also the position of acylation of the carbamates (II) and the benzamides (V).

TABLE I
iy S\C—NH—R'
Infrared bands for /C
CHy | |
CH,— N
R R | Iem® | Il(cm.™) | IIem™
C.H;0CO H ! 1860 ] 1228 j 1080
CH, H f 1645 1260 | 1023
C2H;0CO CH, 1695 1253 1 1085
CH, CH, 1650 1250, 1230 : 1025
C¢H;CO H 1620 1270 ] 1025
C¢HsCH, H 1645 1350, 1190 1029
C¢H;CO CH, 1665 1292 J 1010
CeH;CH, CH, 1640 | 1230 1032

Infrared spectra of all of the products were examined in an attempt to
find characteristic bands for the series. Otting and Drawert!® have assigned
bands in three regions to the 2-thiazoline ring systems. Roggero and Mitzger!!
have found other characteristic bands as well. Others!*!3 have examined the
infrared spectra of some 2-aminothiazolines, mainly to determine which
tautomeric structures predominate. In Table I are listed bands for the thi-
azolines prepared in this work in the three regions chosen by Otting and
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Drawert.!® The bands in region I are typical of the C = N stretching vibration
and are among the strongest bands in the spectra. These show little movement
and can be readily distinguished from the carbonyl or aromatic bands in the
same region. The bands in region II are generally of medium intensity and are
stronger than those reported by Otting and Drawert for compounds without
a 2-amino function. Also, these bands are somewhat difficult to locate in the
presence of aromatic bands. Bands in region III are readily assigned to the
vibrations of the heterocyclic ring!.

EXPERIMENTAL

The infrared spectra were recorded on a Beckman IR7 spectrophotometer in
CCly; and CS. solution.

2-Amino-5-methyl-2-thiazoline hydrochloride (Ia) was prepared by the procedure
described by Gabrield.

2-Amino-5,5-dimethyl-2-thiazoline (Ib)

To 5 g. (0.04 mole) of methallythiourea in 50 ml. of acetonitrile, 5 ml. of boron
trifluoride etherate was added gradually with cooling. The container was then
tightly stoppered and heated on a water bath for 10 minutes at 60°. The resulting
mixture was poured into an evaporating dish and the volatile material allowed to
evaporate at room temperature. After 24 hrs. the residue was treated successively
with 25 ml. of water, 25 ml. of 20°% aqueous sodium hydroxide, then extracted with
ether and the ethereal solution dried over anhydrous magnesium sulphate. The
ether was evaporated and the residue was distilled in vacuo. Yield 3.41 g. (65.4%),
b. p. 94—96°, np> = 1.5406.

Anal. CsH1oN2S (130.21) cale’d.: C 46.12; H 7.74; N 21.52%
found: C 46.01; H 7.74; N 21.30%

The hydrochloride of Ib was prepared by addition of ethereal HCl to the base
dissolved in ether. The salt was recrystallized from acetone, m.p. 126—128°.

Ethyl N-(5-methyl-2-thiazoline-2-yl)-carbamate (IIa)

To a solution of Ia (3.05 g. 0.02 mole) in water (10 ml), containing a drop of
phenolphthalein, 10% aqueous sodium hydroxide was added dropwise until the
solution turned slightly pink. To the resulting reaction mixture, 2.7 g. (0.025 mole)
of ethylchloroformate was added portionwise under cooling and stirring. At the
same time 10%% aqueous sodium hydroxide was added at such a rate to keep the
mixture just barely basic. The stirring was continued for 5 minutes under cooling
and then for additional 10 minutes at the room temperature. The precipitate was
filtered and recrystallized several times from a mixture of benzene and ligroin,
yielding 0.96 g. (26%0) of pure product (m.p. 112—114°).

Anal. C;H;20-N-S (188.25) calc’d.: C 44.65; H 6.42; N 14.88%0
found: C 44.70; H 6.51; N 14.70%

Employing the same procedure as that used for the preparation of IIa, the
following compounds were obtained:

Ethyl N-(5,5-dimethyl-2-thiazoline-2-yl)carbamate (IIb)
From 2-amino-5,5-dimethyl-2-thiazoline hydrochloride (1.66 g. 0.01 mole) and
ethylchloroformate (1.35 g. 0.0125 mole), yield 0.84 g. (42%0), m.p. 166—168°.

Anal. CgHi13N20sS (202.22) cale’d.: C 47.50; H 6.98; N 13.85%
found: C 47.66; H 6.99; N 13.92%0

2-Benzamido-5-methyl-2-thiazoline (Va)
From Ia (3.05 g. 0.02 mole) and benzoyl chloride (2.81 g. 0.02 mole), yield 3.01 g.
(70%), m. p. 158—159°,

Anal. C11H{2N20S (220.29) cale’d.: C 59.97; H 5.50; N 12.71%%
found: C 60.11; H 5.54; N 12.50%
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2-Benzamido-5,5-dimethyl-2-thiazoline (Vb)

From hydrochloride of Ib (3.33 g. 0.02 mole) and benzoyl chloride (2.81 g.
0.02 mole), yield of crude product 4.68 g. (100%o). Recrystallization from a mixture
of benzene and ligroin gave a product which melted at 115—1179,

Anal. C12H4N20S (234.32) calc’d.: C 61.50; H 6.02; N 11.96%%
found: C 61.55; H 6.19; N 11.63%

2-Methylamino-5-methyl-2-thiazoline (II1a)

a. Reduction of Ila with lithium aluminum hydride. — To a solution of 5.64 g.
(0.03 mole) of IIa in 60 ml. of anhydrous ether 2.28 g. (0.06 mole) of lithium aluminum
hydride dissolved in 60 ml. of anhydrous ether was added portionwise while cooling
and stirring. The resulting mixture was refluxed for one hour (two hours if tetra-
hydrofuran is used as a solvent) and then cooled in an ice bath. The excess of hydride
was decomposed by gradually adding 120 ml. of 2 N HCL The aqueous layer was
separated, treated with 100 ml. 50°/¢ aqueous potassium hydroxide and then extracted
with ether. The ethereal solution was dried over anhydrous magnesium sulphate
for 24 hrs. and after the removal of the ether, the residue was recrystallized from
ligroin. Yield 1.8 g. (46.6°0) m. p. 56.5—58.59.

Anal. CsHygNaS (130.22) cale’d.: C 46.14; H 7.74; N 21.52%/,
found: C 46.17; H 7.65; N 21.55%

b. Preparation of IIla by ring closure. — A mixture of 1 g. of allylmethyl-
thiourea (IVa) and 3 ml. of concentrated hydrochloric acid was placed in a tightly
stoppered testtube, and heated on a water bath for one hour and then poured into
an evaporating dish. After the solution was evaporated on a water bath, the residue
was treated with 10 ml. of 20% aqueous sodium hydroxide and then extracted with
ether. The ethereal solution was evaporated until the product crystallized. The yield
of the crude product (m.p. 53—56°) was 0.6 g. (60°). After recrystallization from
ligroin the product was, in all its properties (such as the melting point, mixed
melting point, and IR spectrum) identical with IIIa obtained from Ila by reduction.

Allylmethylthiourea (IVa), was prepared by adding 5 g. of allylisothiocyanate
to 50 ml. of methylamine with cooling®. The reaction mixture was allowed to stand
at room temperature for 24 hrs., and the precipitate was collected. The yield of the
crude product (m.p. 43—47° was 3.25 g. (50%o).

In a manner similar to that described for IIa, by reduction of the corresponding
benzamido and carbamate thiazolines with a double molar quantity of lithium
aluminum hydride, the following compounds were prepared:

2-Methylamino-5,5-dimethyl-2-thiazoline (IIIb)
From 4.04 g. (0.02 mole) of IIb. Yield 2.4 g. (85°) m. p. 121—123°,
Anal. C¢Hy2NoS (144.24) calc’d.: C 49.96; H 8.38; N 19.419/
found: C 49.99; H 8.43; N 19.45%
2-Benzylamino-5-methyl-2-thiazoline (Vla)
From 4.4 g. (0.02 mole) of Va. Yield 1.1 g. (27.07%) m. p. 61—629,
Anal. C11H14NoS (206.30) calc’d.: C 64.04; H 6.84; N 13.58%
' found: C 64.08: H 6.98; N 13.51%
2-Benzylamino-5,5-dimethyl-2-thiazoline (VIb)
From 3.8 g. (0.016 mole) of Vb. Yield 0.7 g. (20%0), m. p. 126—127.5°,
Anal. C12H1gNeS (220.33) cale’d.: C 65.41; H 7.32; N 12.72%
found: C 65.42; H 7.58; N 12.61%¢

The preparation of IIIb, VIa, and VIb was also carried out by ring closgre of
methallymethylthiourea (IVb), allylbenzylthiourea (VIIa) and methallylbenzylthiourea
(VIIb) respectively, in a manner similar to that described for IIIa. These cpmpoqnds
were identical with those obtained by reduction as indicated by their melting points
and mixed melting points, and by their identical IR spectra.
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Methallylmethylthiourea (IVb)

Obtained in a manner similar to that described for IVa, by adding 5 g. of
methallylisothiocyanate to 50 ml. of methylamine. The crude product was recrystal-
lized from water. Yield 4.5 g. (71%) m. p. 64—66°.

Anal. C¢H12NoS (144.24) calc’d.: C 49.96; H 8.38; N 19.41%
found: C 50.09; H 8.43; N 19.33%

Allylbenzylthiourea (VIla) was prepared by the procedure of Weller et al.’.

Methallylbenzylthiourea (VIIb)

Prepared according to the method of Weller et al? by adding 3.39 g. (0.03 mole)
of methallylisothiocyanate to 3.21 g. (0.03 mole) of benzylamine under cooling and
stirring. The resulting mixture was allowed to warm up to room temperature and
was then heated on a water bath at 60° for 10 minutes. After cooling, the precipitate
was collected and recrystallized from a mixture of benzene and ligroin. Yield 6.46 g.

(98°0) m. p. 76—T7°

Anal. C12HgNsS (220.33) cale’d.: C 65.41; H 7.32; N 12.73%
found: C 65.73; H 7.54; N 12,81%

REFERENCES

Wessely and W. Swoboda, Monatsh. 82 (1951) 621.

.G. Gaylord, J. Org. Chem. 20 (1955) 546.

Mic¢ovié and M. Mihailovi¢, J. Org. Chem. 18 (1953) 1190.

.G. Gaylord, Experientia 10 (1954) 423.

Gabriel, Ber. 22 (1889) 2985.

Bruson and J. Eastes, J. Am. Chem. Soc. 59 (1837) 2011.

. Elderfieild, Heterocyclic Compounds, Vol. 5, John Wiley and Sons Inc.
New York 1956, p. 487.

8. 0. Hecht, Ber. 23 (1890) 286.

9. L. Weller, Ch. Ball and M. Sell, J. Am. Chem. Soc. 77 (1952) 1104.

10. W. Otting and F. Drawert, Chem. Ber. 88 (1955) 1469.

11. J. Roggero and J. Metzger, Compt. rend. 249 (1959) 2529.

12. E. M. Peresleni, Yu N. Sheinker, N. P. Zosimova, and Yu I. Po-
mertsev, Zh. Fiz. Khim. 37 (1963) 2713.

13. E. M. Peresleni and Yu. N. Sheinker, Zhur. Fiz. Khim. 38 (1964) 2152.

14. P. Bassignana, C. Cogrossi, and M. Gaudino, Spectrochim. Acta 19
(1963) 1885.

LRI
ApnzzH

M3BOI

Penykumja Ha HEKOM 2-THA30MH OeH3aMMIAHM M KapdaMaTHM AePUBATH
CO TOMOII HAa JIMTHYM AJYMMHIYM XHUAPMI

. C. ITerposa uw X. II. ITennep

Belle M3BpPIIEHA PEAYKLMja €O IIOMOLI Ha JMATHYM aJIyMMHUYM XUAPNUJL Ha
2-6enzammo-5-meTun-2-tuazoauy (Va) m Ha 2-BeH3aMMUI0-5,5-IMMeTIII-2-TUa30JaNH
(Vb) mpm mro ce mobuja COOTBETHMTE 2-0EH3MIIaMMHO-2-THA30JMHIA (VIa,b) m mcro
Taka u Ha ety N-(5-MeTmi-2-TuasonuH-2-minrapbamar (Ila) n etna N-(5,5-AnMeTniI-
-2-rtrazoanH-2-mi)-kKapbamar (IIb) 3a ma ce pobmar COOTBETHUTE 2-MEeTUIaMUHO-2-TH~
azosmmun (I11a,b). IIpy Toa He Oelle 3abeseKeHa HM PeAyKIyja HV KMHEHe Ha TIPCTEHOT
HUTY Ha cobHA TeMmrepaTypa HMUTy Ha TeMmIeparypa Ha PediIyKCUPare CO eTep Min
TeTpaXMAPOdDypPaH.

CTpyKTypaTa Ha OPOAyKTMUTe Oerle MOTBPAEHA CO HE3ABJMCHM CHUHTE3N. Ilncky-
TUpPAH) Ce KapaKTEePUCTMHUHWUTe JIEHTM BO MHMPALPBEHNTE CHEKTPN.
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