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The reactions of l-(carbomethoxyethyl)-, l-[l,2-bis(carbethoxy)-ethyl]-, and 
l-[l,2-bis(carbomethoxy)vinyl]aziridine with thiols and thiolcarboxylic acids 
produce the corresponding sulfides and esters of S-substituted N-(2-mercapto- 
ethyl)amino acids. The reaction of l-[l,2-bis(earbethoxy)ethyl]aziridine 
with 1,2-ethane-dithiol results in the formation of {l,8-bis[l,2-bis(carbeth- 
oxy)-ethyl]amino}-3,6-dithiaoctane. Cyclization of the latter by condensation 
with phthaloyl chloride gives 9,10-benzo-8,11-dioxo-l,4-dithia-7,12-bis[l,2- 
bis(carbethoxy)ethyl]-7,12-diazacyclotetradec-9-ene. 

Derivatives of 2-aminoethanethiol are presently employed as chelating agents [2-4], anti- 
radiation agents, and antidotes [5-7]. They have antibacterial, fungicidal, and herbicidal 
properties [5-7]. For the purpose of obtaining new open-chain and macroheterocyclic chelat- 
ing agents in this series, as well as potentially biologically active compounds, we studied 
the reactions of N-substituted aziridines with thiols, 1,3-ethanedithiol, and thiolcarboxylic 
acids. 

i- (Carbomethoxyethyl)- and i- [i, 2-his (carbethoxy) ethyl] aziridines react with 2-mercapto- 
benzothiazole to form sulfides I and II, and the latter reacts with o-mercaptobenzoie acid 
to form compound III. 
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1,2-Ethanedithiol reacts with l-[l,2-bis(carbethoxy)ethyl]-aziridine in a 1:2 mole ratio 
and is thereby converted into { i, 8-bis [i, 2-his (carbethoxy) ethyl] amino)-3,6-dithiaoctane (IV). 
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For the purpose of converting diamine IV into macroheterocycle V, it was cyc!ized with 
phthaloyl chloride. 

The reaction of l-[l,2-bis(carbomethoxy)vinyl]aziridine with thiophenol, 2-mercaptobenzo- 
thiazole, and ethyl thioglycolate take place with the opening of the aziridine ring and the 
formation of the corresponding sulfides (VI-VIII). 
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The IR spectra of compounds I, II, IV, and VI-VIII contain absorption bands of esteric 
and amino groups at 1735-1750 and 3300-3330 cm -!, respectively. Compound III should be 
assigned a betaine structure, since its spectrum contains absorption bands for NH2 + at 3070, 
1645, and 1560 cm -~. The ionized carboxyl group absorbs at 1590 and 1375 cm -~. The absorp- 
tion frequency of the esteric group in compound III is found at 1730 cm -~. In the spectrum 
of macroheterocycle V there are absorption bands for amide and esteric groups at 1640 and 
1735 cm -~, respectively. Compounds I, II, and VII contain absorption bands at 1640-1670 
cm -I, which corresponds to a C=N group. The vibrational frequencies of the sulfide group in 
compounds I-VIII are found in the 715-760-cm -~ range. 

EXPERImeNTAL 

The IR spectra were obtained on a UR-20 instrument. The FMR spectra were recorded on a 
Tesla BS-487 spectrometer (80 MHz). The solvent for IV and V was CDCI3, and the solvent for 
III was CFsCOOH. Thin-layer chromatography (TLC) was carried out on Silufol with a 5:1 
benzene-methanol mixture as the solvent. The molecular weight of macroheterocycle V was 
determined cryoscopically in benzene. 

Methyl N-[2-(Benzothiazolylthio)ethyl]-3-aminopropionate (I)~ A mixture of 6.45 g (50 
mmole) of l-(2-carbomethoxyethyl)aziridine and 8.35 g (50 mmole) of 2-mercaptobenzothiazole 
in i00 ml of ethanol is heated for 6 h at 80~ The ethanol is distilled off, and the 
residue is dissolved in chloroform and precipitated by petroleum ether in the cold. The 
yield is 10.36 g (70%) of an oil. IR spectrum, cm-1:715 m, 1030 s, 1085 s, 1180 m, 1260 s, 
1320 m, 1360 m, 1640 m, 1735 s, 2850 m, 2950 m, 2980 m, 3300 m. Found: C, 52.6; H, 5.05; N, 
9.2; S, 21.3%. Calculated for CI3HI6N202S2: C, 52.7; H, 5.4; N, 9.5; S, 21.6%. 

Diethyl [N-(Benzothiazolylthio)-2~aminoethyl]succinate (II). This compound is obtained 
in anaiogy to I from 10.75 g (50 mmole) of l-[l,2-bis(carbethoxy)ethyl]aziridine and 8.35 g 
(50 ~nole) of 2-mercaptobenzothiazole. The yield is 13 g (68%) of an oil. IR spectrum, 
cm-~: 760 m, 1030 s, 1090 s, 1180 s, 1260 s, 1320 m, 1360 m, 1640 m, 1735 s, 2840 m, 2950 m, 
2980 m, 3070 m, 3300 m. Found: C, 53.2; H, 5.51 N, 7.1, S, 16.2%. Calculated for 
Cz7H~2N204S~: C, 53.4; H, 5.8; N, 7.3; S, 16.7%. 

O-{N-[l,2-Bis(carbethoxy)ethyl]-2-aminoethylthio}benzoic Acid (III). A solution of 7.7 
g (50 mmole) of o-mercaptobenzoic acid in I00 ml of methanol is slowly given an addition of 
a solution of 10.75 g (50 mmole) of l-[l,2-bis(carbethoxy)ethyl]aziridine in 30 ml of 
methanol at room temperature. The mixture is stirred for 2 h and precipitated by ethyl ether 
in the cold. The precipitate formed is recrystallized from ethanol. The yield is 14.8 g 
(80%), and the mp I09-II0~ IR spectrum, cm-1:750 m, 1030 s, ii00 s, 1160 s, 1180 s, 1375 
m, 1470 m, 1.560 m, 1590 m, 1645 m, 1735 s, 2860 m, 2980 m, 3070 m, PMR spectrum, ppm: 1.28 
(6H, t, CH3), 2.80 (4H, m, NCH2, SCH2), 3.60 (4H, q, OCH2), 7.25-7.60 (4H, m, C6H4), 7.80 
(2H, m, NH2+). Found: C, 55.1; H, 5.9; N, 4.0; S, 8.4%. Calculated for C17H23NO~S: C, 55.3; 

H, 6.2; N, 3.8; S, 8.7%. 

{l,8-Bis[l,2-bis(carbethoxy)ethyl]amino}-3,6-dithiaoctane (IV). A mixture of 10.75 g 
(50 mmole) of l-[l,2-bis(carbethoxy)ethyl]aziridine and 2.35 g (25 n~ole) of 1,2-ethaneditbiol 
in i00 ml of methanol is heated for 6 h at 60~ The methanol is driven off, and the residue 
is dissolved in chloroform and precipitated by petroleum ether in the cold. The yield is 
9.8 (75%) of an oil. IR spectrum, cm-Z: 760 w, I010 m, 1170 m, 1205 m, 1260 m, 1360 w, 
1440 m, 1735 s, 2860 m, 2965 m, 3320 w. PMR spectrum, ppm: 1.25 (12H, t, CH3), 2.66-2.80 
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(12H, m, NCH2, 8CH2), 3.60 (8H, q, OCH2)o Found: C, 50.1; H, 7.3; N, 5.2; S, 11.8%. Cal- 
culated for C22H4oN2OsS2: C, 50.4; H, 7.6; N, 5.3; S, 12.2%. 

9~-Benz~-8,~-di~x~-~,4-dithia-7,~2-bis[~,2-bis(carbeth~xy)ethy~]-7,~2-diazacyc~- 
tetradec-9-ene (V). A mixture of 13.1 g (25 mmole) of diamine IV, 5.05 g (50 mmole) of 
triethylmaine in 500 ml of dry benzene, and 5.15 h (25 mmole) of phthaloyl chloride in 
500 ml of dry benzene is added separately over the course of 6 h at room temperature with 
intense stirring to 1 liter of dry benzene. The precipitate formed is filtered out, and the 
solvent is distilled off at reduced pressure. The residue is purified chromatographically 
on aluminum oxide with a 5:1 benzene-methanol solvent mixture as the eluent. The solvent is 
driven off, and the residue is dissolved in chloroform and precipitated by petroleum ether 
in the cold. The yield is 11.45 g (70%) of an oil. Rf 0.36. IR spectrum, cm-1:760 m, 
780 m, 1080 m, 1140 m, 1200 m, 1290 s, 1360 w, 1440 m, 1595 m, 1640 m, 1735 s, 2860 m, 3010 
m. PMR spectrum, ppm: 1.30 (12H, t, CH3), 2.88 (12H, m, NCH2, 8CH2), 3.60 (8H, q, OCH2), 
7.50-8.16 (4H, m, C6H4). Found: C, 55.2; H, 6.1; N, 4.0; 8, 10.2%; M 625. Calculated for 
CsoH42N201oS2: C, 55.1; H, 6.4; N, 4.3; S, 9.8%; M 654. 

Dimethyl [N-(Phenylthio)-2-aminoethyl]maleate (VI). A mixture of 2.8 g (15 mmole) of 
l-[l,2-bis(carbomethoxy)vinyl]aziridine and 1.7 g (15 mmole) of thiophenol in 50 ml of 
ethanol is heated at 80~ for 6 h. The ethanol is distilled off, and the residue is dissolved 
in chloroform and precipitated by petroleum ether in the cold. The yield is 2.25 g (50%) 
of an oil. IR spectrum, cm-1:715 m, 750 m, i010 m, 1030 m, iii0 m, 1160 s, 1240 s, 1360 m, 
1440 s, 1580 m, 1610 m, 1660 m, 1680 m, 1735 s, 2860 m, 2960 s, 3010 m, 3330 m. Found: N, 
4.3%. Calculated for CI~HITNO48: N, 4.7%. 

Dimethyl [N-(Benzothiazolylthio)-2-aminoethylthio]maleate (VII) is obtained in a similar 
manner from 0.65 g (3.5 mmole) of 2-mercaptobenzothiazole. The yield is 0.9 g (71%) of an 
oil. IR spectrum, cm-1: 760 s, 785 m, 940 w, i000 s, 1040 m, 1085 m, 1160 s, 1180 s, 1240 s, 
1275 s, 1430 s, 1460 s, 1610 s, 1670 s, 1735 s, 2850 w, 2960 m, 3300 m. Found: C, 51.5; H, 
4.6; N, 8.01 S, 18.4%. Calculated for CIsHIsN204S2: C, 51.2; H, 4.5; N, 8.0; S, 18.2%. 

Ethyl {N-[l,2-Bis(carbethoxy)vinyl]-2-aminoethylthioTacetate (VIII) is obtained in a 
similar manner from 1.53 g (i0 mmole) of l-[l,2-bis(carbomethoxy)vinyl]aziridine and 1.2 g 
(i0 mmole) of ethyl thioglycolate. The yield is 1.6 g (60%) of an oil. IR spectrum, cm-~: 
740 m, 780 m, 950 w, I010 m, 1040 m, 1160 s, 1240 s, 1280 s, 1440 s, 1660 m, 1735 s, 2860 w, 
2960 m, 3300 m. Found: C, 47.0; H, 6.3; N, 4.2; S, 10.3%. Calculated for CI2HIgNO68: C, 
47.2; H, 6.2; N, 4.6; S, 10.5%. 
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