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SYNTHESES WITH SULFUR CONTAINING 
NUCLEOPHILES. I. REACTION OF SULFINIC ACIDS 

WITH 2-HALOGENO-2-NITROETHENYLARENES 
D. I. ALEKSIEV and S.  IVANOVA 

Departnietit of Orgattic Chemistry, Higher Institute of Chemical Technology, 
8010 Bourgas, Bulgaria 

(Received July 28, 1994; in ,final form November 28, 1994) 

The interaction betwecn unsubstituted and p-substituted bcnzenesulfinic acids and various 2-halogcno- 
2-nitrorthenylarencs at mol ratios sulfinic acid:2-halogeno-2-nitroethenylarene = 1 : I  and 2: 1 was stud- 
ied at 0°C and 20°C for 16 and 96 hours. It was proved that, depending on  experimental conditions, 
the reaction results not only in a-halogeno-a-nitro-p-sulfones but also in a-nitro-a$-disulfones, which 
are obtained by a consecutive process. The quantitative ratio of these products and the isomer com- 
position of some of them were determined by using high-performance liquid chromatogrilphy (HPLC). 

Key word5: Sulfinic acids. 2-halogeno-2-nitroethenylarenes, HPLC, a-halogeno-a-nitro-p-nitro-p-sulfones, 
a-nitro-a./3-disulfones. a-diastereomers. 

INTRODUCTION 

A number of publications' dealing with the addition of various nucleophilic reagents 
to 2-halogeno-2-nitroethenylarenes are available. The interaction of the latter with 
sulfinic acids was studied in a few It was reported by one of us3 that 
when suitable buffer systems are used, sulfinic acids react with 2-bromo-2-nitroeth- 
enylarenes and addition compounds or  dehydrobromation products of the latter 
are obtained. 

H3B03 - pH = 6.0-10.0 ArS02y NO2 

Our aim was now to study the same reaction in the absence of buffer systems 
at various mol ratios of initial reagents, various temperatures and longer duration. 
Changing the reaction condition we expected not only to synthesize new a-halo- 
geno-a-nitro-p-sulfones 3 but also to outline suitable conditions for substituting 
the halogen atom in a-halogeno-a-nitro-p-sulfones 4 by another sulfonyl group 
without the necessity of isolating the addition compounds from the reaction mixture. 
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In the course of the experiments, neither products of dehydrobromation nor 
ethoxy-derivatives of 3 were obtained. Synthesis of nitroalkenylsufones is possible 
under more special  condition^.^ Moreover, parallel experiments showed that prod- 
ucts 3 obtained in aqueous-dioxane medium (1:2, 5) do not change into the cor- 
responding ethoxy-derivatives no matter how long they stay in ethanol (7 days). 

The new tetrasubstituted ethanes have two different asymmetric centres. It was 
also interesting to study the change in the quantitative ratio between final products 
3 and 4 depending on experimental conditions and the structure of the starting 2- 
halogeno-2-nitroethenylarenes 2. In order to achieve this goal, it was necessary to 
vary the mol ratios between 1 and 2 and to prolong the reaction time in some cases. 

RESULTS AND DISCUSSION 

The results from the study of the interaction between unsubstituted and p-substi- 
tuted benzenesulfinic acids la-c (donor) and various 2-halogeno-2-nitroethenyl- 
arenes 2a-i (acceptor) at mol ratios sulfinic acid:2-halogeno-2-nitroethenylarene 
= 1:1 and 2:l are presented in this work. The 2-halogeno-2-nitroethenylarenes 2 
chosen contain different halogen atoms (2, X = CI, Br) at the double bond. The 
phenyl moiety both in 1 and 2 is unsubstituted or substituted by typical electron- 
donating or electron-withdrawing substituents. The reaction was studied in ethanol 
solution at 0°C and 20°C for 16 or  in some cases for 96 hours. 

The experimental results show that the reaction between sulfinic acids la-c and 
2-halogeno-2-nitroethenylarenes 2a-i yield either addition compounds 3a-z which 
can undergo further substitution reaction leading to a$-disulfones 4a-o depending 
on the experimental conditions and the nature of acceptor 2a-i. The quantitative 
ratio between products 3 and 4 was determined by using high-performance liquid 
chromatography (Table I). The HPLC control of the reaction between sulfinic acids 
la-c and 2-halogeno-2-nitroethenylarenes 2a-e with phenyl either unsubstituted 
or substituted with an electron-donating substituent shows that the only products 
obtained at equimolar ratio of the initial reagents, 20°C and duration of the reaction 
from 16 to 96 hours, are the addition products 3a-0. Under the same conditions 
but with a 100% excess of sulfinic acids, the ratio between addition products 3a- 
1 and 4a-I (addition followed by substitution) changes in favour of the latter. The 
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conditions 
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0 

TABLE I 
Data obtained by studying the reaction between sulfinic acids la-c and 2-halogeno-2- 

nitroethenylarcnes 2a-i by means of high-performance liquid chromatography 
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Product 

36 
31 

only exception is the sole addition of la-c at the more electron rich acceptor 2e 
(Ar' = 4-MeOC,H4) leading to the compounds 3m-o. 

The tendency of forming disulfones 4 increases considerably when the acceptor 
2 becomes more electron deficient (Ar' = NO,C,H,). This is illustrated by the 
exclusive formation of disulfones 4g-I in the reaction between la-c and 2g-i at 
0°C irrespective to the mol ratios (1:l or 2:l). Under these conditions, addition 
compounds 3p-r were isolated only is case of l-nitro-3-(2-chloro-2-nitroeth- 
eny1)benzene 2f as acceptor. With 2 equivalent of la-c disulfones 4p-r were 
obtained again. These results show the clear deptxlence between the ratio of the 
reaction products 3 and 4 and the structure of the initial acceptor 2. 

Iaomer Product Isomer 
composition composit ion 

threo erythro threo erythro 
53 47 4a 69 31 
52 48 4 4  63 37 

($1 ($1 

threo er y t hro threo er y thro 

3 d . j . p  4 a,d,j 

3P 57 43 

Tetrasubstituted ethanes resulting from these reactions have two asymmetric 
carbon atoms. Our attempts to separate these isomers by column chromatography 
on silica gel failed. The study of some of these compounds (Table 11) by means of 
liquid chromatography showed that they are mixtures of threo- and erythro-isomers. 

a-Halogeno-a-nitro-P-sulfones 3a-z and a-nitro-a,@-disulfones 4a-o are col- 
ourless crystalline substances, highly soluble in acetone and dioxane, and moder- 
ately in ethanol (Tables 111 and IV). 

4 j  66 34 

TABLE I1 
Isomer composition of some of the products 3 and 4 

TABLE 111 
Physical and spectroscopic data of compounds 3a-r 

C,,H,,C 1 N0,S 1560.1345,1320,1130,1090 

1 b 1 132 1 C,,H,,ClNO,S 1555.1350,1320,1140.1090 
1 

c I 130 I C,,H,,ClNO,S I 1550,1340.1325.1130.1080 I 
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C,,H,,BrNO, S 

C,,H14BrN0,S 

CAsHA,,Br NO, S 

CA,H,,Cl BrNO,,S 

c A 4 H U c 1  NSods 

C,,H,,C1N*O#lS 

C,,H,OClzNzOaS . 

Product 

1550.1360.1320.1140,1080 

1540,1355,1345.1150.1090 

1550,1360,1310,1160,1080 

1545,1350,1340,1150,1080 

1510.1350.1305,1150,1080 

1510,1355,1300,1150.1085 

1505,1350,1300.1140,1085 

I 

0 

P 

r 

143 

139 

119-1JO 

138-139 

129 

145 

137 

151 

140 

135 

153 

TABLE 111 (Continued) 

flo 1 ccu 1 as 

C,,Ha4C 1 NO4 S 1550.1360,1330.1120,1090 

CI,H,,C 1 N04S  1545,1355,1320,1140.1080 

1550,1350,1320,1135,1080 

C,,H,,BrNO,S 1555,1345,1315,1150.1080 

aSatistactory microanalyses obtained: C+ 0.30, H+ 0.25. N+ 0 .20 .  
S: 0.30. 

TABLE IV 
Physical and spectroscopic data of compounds 4a-I 

1550,1340,1320,1130.1090 

a Satisfactory microanmlymes obtained: C_* 0.30, H_* 0.25. N_* 0.20, 
S+_ 0.30. 
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SULFINIC ACIDS 1 15 

EXPERIMENTAL 

The starting substances la-c5 and 2a-i"-" were prepared by known procedures. Melting points were 
measured on a microstage block and are uncorrected. Microanalyses were determined using an Ele- 
mental Analyser-I104 (Carlo Erba, Italy). IR spectra were obtained on a Specord 75 IR apparatus 
(Germany). HPLC was performed using a Series-4 apparatus (Perkin-Elmer) and a programmable 
muhiwdvckngth detector. Liquid-chromatographic analysis of the total crude product and the filtrate 
in each ca5c was performed by using RP-8 column, eluent CH,OH/HZO (60/40), at flow rate 1 ml/min. 
HPLC separation of threo- and erythro-isomers was carried out at 254 nm using a UV detector. Column 
chromatography was performed using gel L 100/250 (Lachema, Chematol, Czechoslovakia). 

Tvpicril Proccdrrre~ 

a - H ~ i l o s o i o - a - N i t r o - P - ~ ~ ~ o ~ ~ e . ~  3a-2. O.OO1 g-mol sulfinic acid la-c was added to a soluton of 0.00 I 
g-mol 2-halogeno-2-nitro-ethenylarene 2a-i in 5 ml ethanol. This solution (pH = 3) was kept at 20°C 
for I6 hours. The reaction between I-nitro-3-(2-chloro-2-nitroethenyl)benzene 2f and sulfinic acids took 
place at 0°C for 16 horus. and I-methoxy-4-(2-bromo-2-nitroethenyl)benzene 2e reacted with the same 
acids for 96 hours at  20°C. The crystals obtained were filtered and recrystallized from ethanol. 

a-Nitro-a.P-Disri~of~es 4a-0. 0.001 g-mol sulfinic acid la-c was added to a solution of 0.001 g-mol 
2-halogeno-2-nitroethenylarene 2a-i in 5 ml ethanol. The reaction mixture was kept at 20°C for 16 
hours and then the crystals obtained were filtered and recrystallized from ethanol. l-Nitro-3-(2-bromo- 
2-nitroethcny1)benzenc Zg. l-nitro-4-(2-bromo-2-nitroethenyl)benzene 2i reacted with sulfinic acids at 
0°C for 16 hours. The crystals obtained were filtered and recrystallized from ethano1:dixoane = 10: 1. 
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