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R E A C T I O N S  OF 2 - A R Y L A M I N O B E N Z O -  

T H I A Z O L E S  W I T H  M E T H Y L  A C R Y L A T E  

R. F. Ambart sumova  

Addition of 2-a~ylaminobenzothiazoles to the C=C bond of metllvl aoTlate gives a mixture of  isomeric' 
2-aJ3'limino-3-(fl-carbomethoxvetllvObenzothiazolines and 2-[N-atyl-N-(fl-carbomethoxyethyl)amino ]- 
benzothiazoles. Their thermal stabili~ was studied, HPLC analysis was used to Jbllow the dynamics of  the 
accumztlation of  the compounds Jbrmed in the reaction mixtures. 

Previously we have shown that the basic products in reaction of 2-aikylaminobenzothiazoles with methyl 
acrylate are 2-alkylamino-3-(~-carbomethoxyethyl)benzothiazolines under kinetic control and 2-[N-alkyl-N-(13- 
carbomethoxyethyl)amino]benzothiazoles under thermodynamic control [1]. In this report we describe the results 
of the reaction of 2-phenylaminobenzothiazole (Ia) and 2-(2,6-dimethylphenyl)aminobenzothiazole (Ib) with 
methyl acrylate. Reaction of the heterylamines la,b was carried out in excess, refluxing methyl acrylate and led to 
products of addition to the activated double bond via the endo- (compounds lla, b) and the exocyclic (compounds 
Ilia,b) nitrogen atoms. Characteristics for the synthesized compounds are given in Table 1. 
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We propose that the presence of the amino esters Illa,b in the reaction mixtures is either the result of 
imino-amino rearrangement of  compounds lla,b (as is observed in the case of  the corresponding acids [2]) or a 
consequence of their partial degradation to the starting amines la,b and stepwise accumulation in the mixture of the 
aminothiazoles llla,b (as is the case in a series of analogous alkyl substituted esters [1]). To clear up this question, 
we have studied the thermal stability of the products. It was found that heating at 80~ for 15 h had no effect on 
the imines IIa,b and they were recovered in unchanged form. Hence, under these experimental conditions, 
compounds lla,b are neither isomerized nor decomposed. 

Analysing the behavior of azoles and azines in nucleophilic substitution reactions, A. F. Pozharskii has 
proposed [3] that alkylation of the amino form in neutral medium under conditions of kinetic control always leads 
to the imine. A similar dependence is, as a rule, also realized in nucleophilic addition reactions [4-7]. It therefore 
follows that 2-arylaminobenzothiazoles exist in the methyl acrylate solution as two tautomeric forms with some 
predominance of the amino form. 
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TABLE 1. Characteristics for Compounds Synthesized 

Corn- Empirical 
pound formula 

Ila CtTHI~,NzO.,S 

lib CIoH_,oN:O2S 

Ilia CtTHhoN.,O.,S 

Illb Ct,~H.,oN.,O-,S 

C 

65.17 

67.12 

65.08 

67.15 
67.-ZN 

Found, % 

Calculated, % 

H 

5.0t 
5.16 
5.85 
5.92 
5 .o_~o 
5.16 
6.02 
5.92 

N 

8.97 

8.29 

8.81 
g-fig 
8.18 

rap, ~ Rl 

51-52 0.69 

103-104 0.65 

Oil 0.58 

144-145 0.55 

It was of interest to follow the dynamics of the products accumulation during the course of  the reaction. 
Using liquid chromatography, we were able to analyze the content of compounds la, lIa, and IIIa in the reaction 
mixtures when refluxing amine Ia in excess methyl acrylate over 0.3-20 h. It was found that, even after 20 min, 
both products were recorded and their amounts gradually increased reaching a maximum after 15 h (Fig. 1). 
Further heating led to almost no change in the composition of  the reaction mixtures. As is evident from Fig. 1, the 
rate of  the imino compound Ha tbrmation was rather greater than that of  amine lIIa. 

Hence, in the reaction of  aminobenzothiazoles with methyl acrylate, a crucial role is played by the 
electronic effects of the substituent and is not caused by steric interactions. 

The structure of  the synthesized compounds was proved using physicochemical methods of  investigation 
(Table 2). Assignment to the aminobenzothiazole or iminobenzothiazoline series was made on the basis of IR, UV, 
and m~tss spectroscopic data. IR spectra indicated that compounds lla,b have an exocyclic C=N bond. UV spectra 
also clearly identify the isomers. On changing from the imino compounds lla,b to the amine structure IIla,b a 
bathochromic shift of the long wavelength maximum is observed. In the mass spectra, in accordance with the 
method developed by us before [8], the ratio of the peaks [M-C2H3COOMe] + to [M-CH_~COOMe] + is much higher 
in the spectra of compounds IIa,b than their isomers lIIa,b. In the PMR spectra of  an analogous series of 
aminobenzothiazole derivatives there is clearly observed a difference between the amino and imino structures [ 1 ]. 
However in the case of the compounds synthesized by us, even though PMR spectra were in full agreement with 
the proposed structure for each separate compound, they proved uninformative for the distinction of  isomers. 
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Fig. 1. Kinetic curves for formation of compounds lla and Ilia and consumption of  compound la 
in the reaction of 2-phenylaminobenzothiazole with methyl acrylate. 
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TABLE 2. Spectral Data for Compounds Synthesized 

Com= 
pound 

Ila 

lib 

lIla 

IIlb 

Mass spectrum, m/z (/,el., %) 

[M- [ [M- ] other 
C.,HjCOOMe ' CH,COOMe ~ ions 

226(100) . I 239(5) 

254(100) I 267(2) 

226(100) I 239(52) 

254 (38) I 267 (6) 

PMR 
spectrum, 

8, ppm 

2.81 (2H, t) 
3.59 (3H, s) 
4.28 (2H, t) 
6.28-7.4 I 
(9H, m) 
2.08 (6H, s) 
2.87 (2H, t) 
3.62 (3H, s) 
4.37 (2H, t) 
6.8-7.3 
(7H, m) 

2.76 (2H, t) 
3.51 (3H, s) 
4.26 (2H, t) 
6.85-7.60 
(9H, m) 
2.17 (6H, s) 
2.87 (2H, t) 
3.58 (3H, s) 
4.15 (2H, t) 
6.9-7.6 
(7H, m) 

In addition to the spectral parameters the structure of  aminothiazole IIIa was confirmed by an independent 
synthesis from 2-chlorobenzothiazole and the methyl ester of  N-phenyl-I]-alanine: 

N 

S I ~ C I  + PhNHCH2CH_,COOMe llla 

EXPERIMENTAL 

IR spectra were recorded on a UR-20 instrument for KBr tablets and UV spectra on a Hitachi EPS-3T for 
ethanol solutions. PMR spectra were measured on a Tesla BS-567 instrument (100 MHz, internal standard TMS, 
solvent CDC13). Mass spectra were taken on an MS-25 RF instrument with an electron ionization energy of  70-75 
eV, source temperature of  300~ and system temperature for direct introduction of  the sample of 100-120~ 
HPI..C analysis of  the reaction mixtures was carried out on a Millichrom chromatograph on a 6.2 • 2 mrn column 
using Silasorb 300 sorbent and a hexane/propan-2-ol mixture (99:1). Monitoring of  the course of  the reaction and 
of  compound purity were carried out on Silufol UV-254 plates in the system benzene-chloroform-acetone (4:4:1). 
Column chromatography used L 100/160p. silica gel with hexane, benzene eluent. 

The starting materials were synthesized by the following methods: compound Ia [9], compound Ib [10], 
2-chlorobenzothiazole [11], methyl ester of N-phenyl~-alanine [12]. Commercial methyl acrylate was distilled 
and stabilized with NaSCN. 

2-Phenylimino-3-(l~-carbomethoxyethyl)benzothiazole (lla) and 2-[N-Phenyi-N-~- 
carbomethoxyethyl)aminobenzothiazole (I l ia) .  Amine Ia (2.26 g, 10 mmol) was refluxed in methyl acrylate 
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(20 ml) for 15 h. Excess of acrylate was evaporated off and the reaction mixture extracted using refluxing hexane 
(3 x 30 ml). The extracts were evaporated and the residue was separated on a chromatography column. The yield 
of compound IIa was 1.65 g (52%) and Ilia 0.66 g (21%). 

In order to study the kinetics, the reaction mixture after reflux was cooled and analyzed using liquid 
chromatography without work up. 

2-(2,6-Dimethylphenylimino)-3-([3-earbomethoxyethyl)benzothiazoline (lib) and 2-[N-(2,6-Dimethyl- 
phenyl)-N-(~-earbomethoxyethyl)laminobenzothiazole (l l lb).  Amine Ib (1.27 g, 5 mmol) was refluxed in 
methyl acrylate (12 ml) for 20 h. Methyl acrylate was evaporated off  and the viscous mass was extracted with hot 
hexane (3 • 25 ml). The extracts were evaporated and unreacted amine Ia was separated on a column. 

The gathered eluate was evaporated and the residue was recrystallized from ether and then hexane to give 
compound lib (0.76 g, 45%). The ether mother liquor was evaporated and the residue was recrystallized repeatedly 
from hexane, recovering the mother liquor each time, to give compound lllb (0.44 g, 26%). 

Independent Synthesis of Compound Ilia. 2-Chlorobenzothiazole (0.85 g, 5 mmol) and the methyl ester 
of  N-phenyl-[3-alanine (1.79 g, 10 mmol) were heated with stirring at 130-140~ The mixture was cooled and 
diluted with ether and water (to 20 ml), and the layers separated. The organic layer was evaporated and the residue 
was chromatographed on a column to give compound Ilia (1.12 g, 72%). Samples of  compound llla, obtained by 
both methods, had identical Rrvalues, retention times on HPLC, and spectral parameters. 
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