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The reactions of N-monosubstitued thioureas (1) with S-haloacyl halides 

(2) were carried out in 5% NaOH-CH2Cl2 in the presence of a phase transfer 

catalyst to afford N-thioamido-ƒÀ-lactams (3 and a), thioureido acids (4), 

and 5-hydroxy-2-thiohexahydropyrimidin-4-ones (6). The compounds, 3 and 

4, were readily converted to 5,5-dimethyl-2-thiohexahydropyrimidin-4-ones 

(7) with 6N HCl.

The versatility of thioureas in the synthesis of heterocycles has been widely 

demonstrated in the past. 1) Although many reactions of thioureas with a variety of 

carboxylic acids, carboxylic esters, and aliphatic halides have been achieved, no 

study on the reaction with haloacyl halides is involved in these preparations. 

Most of these reactions are studied on the formation of five- and six-membered 

ring compounds, and therefore little is known concerning the formation of four-mem-

bered ring compounds, except cyclizations to 1,3-thiazetin-4-one 2) by the reaction 

with phosgene or thiophosgene, to thiazetidine3) by treating with methylene iodide, 

and to thietane4) of 2-(3-hydroxylalkyl)- or 2-(3-chloroalkyl)-2-isothiourea. 

In this paper, we wish to report novel cyclizations to four-membered ring com-

pound, N-thioamido-ƒÀ-lactam (3 and 5) and to six-membered ring compound, 5-hydroxy-

2-thiohexahydropyrimidin-4-one (6) by the reaction of N-monosubstituted thioureas (1) 

with ƒÀ-haloacyl chlorides (2) in 5% NaOH-CH2Cl2 in the presence of a phase transfer 

catalyst (PTC). 

A typical procedure is as follows: to a stirred mixture of 1 (5 mmol), CH2Cl2 

(20 ml), and aqueous 5% NaOH (5 ml) was gradually added 2 (5 mmol) under cooling 

with ice-water. Then additional 5% NaOH (10 ml) and benzyltriethylammonium chloride 

(20 mg) were added with stirring, and the stirring was continued for 12 hr at room 

temperature. The organic layer was separated, washed with water, dried over anhy-

drous Na2SO4, and evaporated. The residue was purified by recrystallization from 

ethanol-hexane or by silica-gel column chromatography (CHCl3) to give N-thioamido-

β- lactams 3 and 5. On acidfying the aqueous layer with 6N HCl, thioureido acids (4)

and 5-hydroxy-2-thiohexahydropyrimidin-4-ones (6) were also isolated. The results 

are summarized in Table 1. In order to check whether the compounds 4 and 6 were 

formed through 3 and 5, respectively, or not, the conversions of 3 and 6 under simi-

lar conditions to 4 and 6 were also examined. However, such a conversion was not
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Table 1 N-Thioamido-4,4-dimethyl-ƒÀ-lactam (3), Thioureido Acid (4), N-Thio-

amido-4-bromo-4-methyl-ƒÀ-lactam (5), and 5-Hydroxy-5-methyl-2-thiohexahydro-

pyrimidin-4-one (6)

All products gave satisfactory 1H-NMR spectral data and elemental analyses.



Chemistry Letters, 1 9 8 2 1793

observed at any rate. 

The assignment of the structures of 3 and 5 was based on IR and mass spectral 

data. The IR spectra showed the carbonyl and thioureido absorptions at 1760-1765 

and 1500-1530 cm -1, respectively, and the mass spectra had the typical fragments 

of ketenes, azomethines, alkenes, and isocyanates derived from ƒÀ-lactams. The com-

pounds 4 exhibited the carboxylic acid and thioureido absorptions at 1700 and 1510-

1530 cm-1, respectively, apparently indicating the structure of the thioureido acid. 

The structure was also supported by 1H-NMR and mass spectral data. In the compound 

6, another isomeric structure, in which the R1 group attaches to the N3 atom, is 

possible. The coupling of the hydrogen at N1 with that at C6 on 1H-NMR spectrum of 

thymine glycol was reported. 5) In the isomeric compound of 6 having the hydrogen 

at N1, the coupling with the neighboring hydrogen at C6 must be observed. However, 

even in the case that the signals of the hydrogens at N1 and C6 were amplified the 

sweep width six times, such a coupling was not shown. Therefore, the assigned 

structure of 6_ in which phenyl group is attached to N1 atom is suitable. The struc-

ture of 6 was also supported by comparison of the similar compounds, 5,5-dimethyl-2 

-thiohexahydropyrimidin-4-one(s)
, having a hydrogen on N1 atom. The signal of the 

hydrogen at N3 of the compound 6 appeared at 8.6-8.9 ppm. On the other hand, the 

compound 8 showed the hydrogen at 7.9-8.2 ppm.

In this reaction, the formation of 2-imino-tetrahydro-1,3-

thiazin-4-one (7) is also possible, but such a compound could 

not be isolated. Although the compound 6 possesses a tertiary 

hydroxy group at C5, the conversion to 1-phenyl-2-thiothymine 

by dehydration resulted in failure. 

A novel conversion of N-thioamido-ƒÀ-lactam (3) to 5,5-di-

methyl-2-thiohexahydropyrimidin-4-one (8) was also found. 

Heating 3 with 6N HC1 for 1 hr caused ring cleavage, followed

by recrystallization to 8 in good yields, though reflux in 1N HC1 for 12 hr gave no 

product. The results are shown in Table 2.
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Table 2 5,5-Dimethyl-1-substituted-2-thiohexahydropyrimidin-4-one (8)

All products gave satisfactory 1H-NMR spectral data and elemental analyses.

When the reaction of 1 with 2 was carried out in a saturated NaHCO3-CH2Cl2 solu-

tion, chloropivaloyl thioureas 9 were produced in 70-72% yields. The compound 9 

was readily converted to 3 by stirring it in 5% NaOH-CH2Cl2 at room temperature in the 

presence of PTC in 80-85% yields. From this result, it is apparent that the formation 

of the 9-lactam 3 proceeded via the intermediate 9.

These reactions proceeded even without PTC, but the yields were considerably lower. 

Further applications of these reactions to the preparation of other heterocyclic 

compounds are being currently investigated.
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