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This paper r eports the reduction with litMum aluminum 
hydride of 2-benzamido-5-methyl-2-thiazoline (Va) and 2-benz­
amido-5,5-dimethyl-2-thiazo1'ine (Vb) to give the corresponding 
2-benzyfamino-2-thiazolines (Via, b), and of ethyl N-(5-methyl-2-
-thiazoline-2-yl)-carbamate (Ila) and ethyl N-(5,5-dimethyl-2-thiazo­
line-2-yl)-carbamate (Ilb) to give the corresponding 2-methylamino­
-2-thiazolines (Illa, 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; Ila, b) were prepared and reduced byt 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 (Ila) and ethyl N-(5,5-
dimethyl-2-thiazolin-2-yl) carbamate (Ilb) 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 group1' 2 (III) and the benzamide 
to a benzylamino group3•4 (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 ally 1 thioureas. For Ia the closure was 
effected5 with concentrated hydrochloric' acid at 100°. Treatment of methallyl 
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thiourea with concentrated hydrochloric acid at 140° for eight hours as re­
ported6 did not give a pure sample of the hydrochloride of lb. In this case the 
ring closure was carried out conveniently with boron trifluoride etherate in 
aeetonitrile at 60° to give a 540/o 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 reports7 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-
-1170, mono-; 120-121°, di-) which added to the difficulty of distinguishing 
between them. 

The independent preparation of the benzylamino- and methyl-aminothiazo­
lines (III and VI) were also carried out by ring closure of the appropriate allyl­
and methallylthioureas, which in turn were prepared from the isothiocyanates 
and methylamine8 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 

.R, /s, . 
Infrared bands for 

c C-NH-R 
cH( \ II 

CH2-N 

R' R I(cm.-1) II(cm.-1) III(cm.-1) 

C2H50CO H 1860 1228 1080 
CH3 H 1645 1260 1023 
C2H50CO CH3 1695 1253 1085 
CHs CH3 1650 1250, 1230 1025 
C6HsCO H 1620 1270 1025 
C6HsCH2 H 1645 1350, 1190 1029 
C6HsCO CH3 1665 1292 1010 
C6HsCH2 CHs 1640 1230 1032 

Infrared spectra of all of the products were examined in an attempt to 
find characteristic bands for the series. Otting and Drawert10 have assigned 
bands in three regions to the 2-thiazoline ring systems. Roggero and Mitzger11 

have found other characteristic bands as well. Others1·! , l 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.10 The bands in region l 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 Ill are readily assigned to the 
vibrations of the heterocyclic ring14. 

EXPERIMENTAL 

The infrared spectra were recorded on a Beckman IR 7 spectrophotometer in 
CCl4 and CS2 solution. 

2-Amino-5-methyl-2-thiazoline hydrochloride (la) was prepared by the procedure 
descrJbed by Gabriels. 

2-Amino-5,5-dimethyl-2-thlazoline (lb) 
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 containea:- 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°/o aqueous sodium hydroxide, then extracted with 
ether and the ethereal solution dried over anhydrous magnes:ium sulphate. The 
ether was evaporated and the residue was distilled in vacuo. Yield 3.41 g. (65.4°/o), 
b. p, 94- 96°, no25 = 1.5406. 

Anal. C5H1oN2S (130.21) calc'd .: C 46.12; H 7.74; N 21.520/o 
found: C 46.01; H 7.74; N 21.30°/o 

The hydrochloride of lb 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-meth y l-2-thiazo line-2-y l)-carbamate (Ila) 

To a solution of Ia (3.05 g. 0.02 mole) in water (10 ml.), containing a drop of 
phenolphthalein, 10°/o 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°/o aqueous sodium hydroxide was added at siuch 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%) of pure product (m. p. 112-114°). 

Anal. C1H1 201N2S (188.25) calc'd.: C 44.65; H 6.42; N 14.88°/o 
found: C 44.70; H 6.51; N 14.70°/o 

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

Ethyl N-(5 ,5-dimethyl-2-thiazoline-2-yl)carbamate (Ilb) 
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, (420/o), m. rp . 166-168°. 

Anal. CsH14N202S (202.22) calc'd.: C 47.50; H 6.98; N 13.85% 
found: C 47.66; H 6.99; N 13.920/o 

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. 

(700/o), m. p. 158-159°. 

Anal. C11H12N20S (220.29) calc'd.: C 59.97; H 5.50; N 12.71°/o 
found: C 60.11; H 5.54; N 12.500/o 
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2-Benzamido-5,5-dimethyl-2-thiazoline (Vb) 
From hydrochloride of lb (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 115-117°. 

Anal. C12H14N20S (234.32) calc'd.: C 61.50; H 6.02; N 11.960/o 
found: C 61.55; H 6.19; N 11 .630/o. 

2-Methylamino-5-methyl-2-thiazoline (Illa) 
a. Reduction of Ila with lithium aluminum hydride. - To a solution of 5.64 g. (0.03 mole) of Ila 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 tetra­hydrofuran 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°/u aqueous potass.ium 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 recrystaUized f.rom ligroin. Yield 1.8 g, (46.60/o) m . p. 56.5-58.5°. 

Anal. C5H1oN2S (130.22) calc'd.: C 46.14 ; H 7.74 ; N 21.520/o 
found: C 46.17; H 7.65 ; N 21.550/o 

b . Preparation of Illa by ring closure. - A mixture of 1 g. of allylmethyl­thiourea (!Va) 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 200/o aqueous sodium hydroxide and then extracted with ether. The ethereal solution was evaporated until the product crystallized. The yjeld of the crude product (m. p. 53-56°) was 0.6 g. (600/o). After recrystallization from Jigroin the product was, i-n all its properties (such as the melting point, mixed melting point, and IR spectrum) identical with Illa obtained from Ila by reduction. 
Allylmethylthiourea (!Va), was prepared by adding 5 g. of allylisothiocyanate to 50 ml. of methylamine with cooling8• The reaction mixture was allo·wed 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. (500/o). 
In a manner similar to that described for Ila, by reduction of the corresponding benzamido and carbamate thiazolines with a double molar quantity of lithium aluminum hydride, the following compounds were prepared: 

2-M ethylamino-5 ,5-dimeth y l-2-thiazoline (IIIb) 
From 4.04 g. (0.02 mole) of Ilb. Yield 2.4 g. (85% ) m . p. 121-123°. 

Anal. C6H12N2S (144.24) calc'd.: C 49.96; H 8.38; N 19.410/o 
found : C 49.99; H 8.43; N 19.450/o 

2-Benzylamino-5-methyl-2-thiazoline (VIa) 
From 4.4 g. (0.02 mole) of Va. Yield 1.1 g. (27.07°/o) m . p. 61-62°. 

Anal. C11H 14N2S (206.30) calc'd.: C 64.04; H 6.84; N 13.580/o 
found : C 64.08: H 6.98; N 13.510/o 

2-Benzylamino-5,5-dimethyl-2-thiazoline (Vlb) 
From 3.8 g. (0.016 mole) of Vb. Yield 0.7 g. (200/o), m . p. 126-127.5°. 

Anal. C12H 16N2S (220.33) calc'd.: C 65.41; H 7.32; N 12.720/o 
found: C 65.42; H 7.58; N 12.610/o 

The preparation of IIIb, Vla, and Vlb was also carried out by ring clos:ire of methallymethylthiourea (!Vb), allylbenzylthiourea (Vlla) and methallylbenzylth1ourea 
(Vllb) respectively, in a manner similar to that described for Illa. ~hese c.omp0l~nds were identical with those obtained by reduction as indicated by their melting pomts 
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 !Va, by adding 5 g. of 

methallylisothiocyanate to 50 ml. of methylamine. The crude product was recrystal-

1ized from water. Yield 4.5 g. (710/o) m. p , 64-66°. 

Anal. C6H12N2S (144.24) calc'd.: C 49.96 ; H 8.38; N 19.410/o 
found: C 50.09; H 8.43; N 19.330/o 

Allylbenzylthiourea (VIIa) was prepared by the procedure of Weller et al.9. 

Methallylbenzylthiourea (VIIb) 

Prepared according to the method of Weller et al.9 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. YJeld 6.46 g. 

(980/o) m . p. 76-77° 

Anal. C12H 16N2S (220.33) calc'd.: C 65.41; H 7.32; N 12.730/o 
found: C 65.73; H 7.54; N 12,810/o 
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Jl3BO,IJ; 

Pe~yKqnja Ha HeKOU 2-TnaJOJIUH oeHJaMU~HU u KapoaMaTHU ~epusaTu 

co IlOMOlll Ha JIUTllYM aJIYMUHUYll'l xu~pu~ 

lf.. C. IIerpoaa u X. II. IIe'li'liep 

Berne 113BpllleHa pe,11yKu;11ja co TIOMOlll Ha .'l l1Tl1Y'M aJiyM11Hl1YM x11,11p11,11 Ha 

2-6eH3aMl1,!I0-5-MeTl1JI-2-nia3•0JIJ1H (Va) 11 Ha 2-·6eH3aMl1,!I0-5,5-,!\11MeTl1JI- 2- Tl1a3oJil1H 

(Vrb) np11 llITO ce ,110611ja COOTBeTHl1Te 2-6eH3'l!!JiaM11H0-2-Tl1a3'0JI'l1Hl1 (VIa,b) 11 11CTO 

TaKa VI Ha eT11JI N-(5-MeT11JI-2-T11a30JI11H-2-11JI)Kap6aMaT (Ila) VI eTVIJI N-(5,5-,1111MeT11JI­

-2-T11a30Jll11H-2-11JI)-Kap6aMaT (IIb) 3a ,11a ce ,110611aT COOTBeTHl1Te 2- MeTl1JiaMl1H0-2-Tl1-

a30Jll1<Hl1 (IIIa,b). IIPM Toa He 5erne 3a6eJieJKeHa H11 pe,11yKu;11ja H11 K11Helbe Ha npcTeHOT 

Hl1TY Ha co6Ha TeMrrepaTypa Hl1TY Ha TeMrrepaTypa Ha pecpJiyKc11palhe co eTep 11JI11 

TeTpaX111~pocpypaH. 

CTpyKTypaTa Ha npo,11yKTl1Te 6erne rroTBp,11eHa co He3aB11CH11 c11HTe311. )J;11cKy­

T11paH11 ce KapaKTepl1CTl1'Ulil1Te JieHTl1 BO 11Hcppau;paeH11Te cneKTpl1. 
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