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57 ABSTRACT 
A process for preparation of chlorosulfonyl thiophene 
compounds comprising contacting a thiophenamine 
with sodium or potassium nitrite to produce a diazo 
nium salt, then contacting said salt with sulfur dioxide 
and cuprous or cupric chloride, or bromide. Addition of 
gaseous HCl, concentrated H2SO4, or oleum to the 
diazotization mixture enhances yield. 
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suggestive of a patent, when referring to a statutory in 
vention registration. For more specific information on the 
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see 35 U.S.C. 157. 
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PROCESS FOR THE PRE PARATION OF ALKYL 
3-CHLOROSULFONYLTHOPHENE-2-CARBOXY 

LATE 

RELATED APPLICATIONS 

This application is a continuation-in-part of U.S. Ser. 
No. 613,783, filed May 24, 1984, now abandoned. 

BACKGROUND OF THE INVENTION 
Substituted alkyl 3-chlorosulfonylthiophene-2-car 

boxylates are of considerable interest in the preparation 
of pharmaceuticals and herbicides. U.S. Pat. No. 
4,224,445 issued Sept. 23, 1980 to Hromatka et al. dis 
closes the utility of these intermediates in the prepara 
tion of compounds possessing anti-inflammatory, anal 
gesic, and antirheumatic activity. European Patent Ap 
plication No. 30142 discloses herbicidal sulfonyl urea 
compounds derived from substituted alkyl 3-chlorosul 
fonylthiophene-2-carboxylates. 
Therefore it is of great importance to develop eco 

nomically attractive processes to substituted alkyl 3 
chlorosulfonylthiophene-2-carboxylates that involve 
few chemical steps, with easy to carry out operations, 
and utilize inexpensive starting materials and reagents. 

U.S. Pat. No. 4,230,873 issued Oct. 28, 1980 to Hro 
matka et al. discloses a multistep process leading to 
substituted alkyl 3-chlorosulfonylthiophene-2-carboxy 
lates which involves converting the 3 hydroxythio 
phene-2-carboxylic acid methyl ester. This process, in 
addition to its many steps, is encumbered by the usage 
of large quantities of such reagents as PCls and SOCl2 
which result in severe waste disposal problems. 

SUMMARY OF THE INVENTION 
This invention relates to a process for the preparation 

of compounds of Formula I 

SO2Cl I 

S CO2R 

wherein 
R is C1-C3 alkyl; and 
X is H, Cl, Br or CH3. 
The process comprises: 
(a) contacting a thiophenamine of Formula II sus 

pended in excess aqueous hydrochloric acid and a co 
solvent selected from acetic, formic or propionic acid 
with sodium or potassium nitrite, optionally in the pres 
ence of a mineral acid booster selected from gaseous 
hydrochloric acid, ccncentrated sulfuric acid or oleum, 
to produce a diazonium salt of Formula III; 
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2 
and, (b) contacting a solution of the diazonium salt of 

Formula III with sulfur dioxide in the presence of cu 
pric or cuprous chloride, or bromide, to produce said 
compound of Formula I. 
When using readily available low-strength hydro 

chloric acid and water-wet thiophenamine of Formula 
II, it has been found that high yields of sulfonyl chloride 
I can be obtained and side-product formation minimized 
by the addition of a mineral acid booster, selected from 
gaseous hydrogen chloride, concentrated sulfuric acid 
or oleum, to the diazotization mixture. 

Preferred for reasons of increased ease of operation 
and/or higher yield and/or greater purity of products 
ac: 

(1) The above process where the cosolvent is acetic acid 
and the concentration of aqueous hydrochloric acid is 
at least 35% by weight; 

(2) The process of Preferred 1 where R is CH3: 
(3) The process of Preferred 2 where X is CH3; 
(4) The process of Preferred 2 where X is H; 
(5) The process of Preferred 1 in which a mineral acid 

booster is present. 
(6) The process of Preferred 5 in which the mineral acid 

booster is present in an amount of 0.1 to 3.5 moles of 
concentrated sulfuric acid per mole of diazonium salt; 

(7) The process of Preferred 5 where the mineral acid 
boostez is present in the amount of 0.2 to 2.5 moles of 
concentrated sulfuric acid per mole of diazonium salt, 
R is CH3 and X is H. 

DETALED DESCRIPTION OF THE 
INVENTION 

It is well known in the art that various substituted 
anilines can be converted to the corresponding sulfonyl 
chlorides via a 2-step process of diazotization and SO2 
CuCl2 decomposition: 

1. HCl/NaNO2 (2) 
Ar-NH. 2 so-cc. ArSO2Cl 

wherein Ar is phenyl or a substituted phenyl moiety. A 
detailed description of such a process by H. Meerwein, 
G. Dittmar, R. Göllner, K. Hafner, F. Mensch an O. 
Steinfort can be found in Chemische Berichte, Vol. 90, 
1957, pages 841-852. 
However, it is not known in the art that a thiophena 

mine or a substituted thiophenamine can be converted 
to the corresponding thiophene sulfonyl chloride 
(Equation 3): 

X NH2 (3) 

A 1. HC/NaNO2 
S 2. SO2-CuCl2 > 

^* 
S 

It has been found that such a conversion proceeds 
well When a thiophenamine of general Formula II is 
suspended in a mixture of excess concentrated hydro 
chloric acid (also referred to herein as aqueous hydro 
chloric acid) and a cosolvent selected from formic, 
acetic or propionic acid, optionally in the presence of a 
mineral-acid booster selected from hydrogen chloride, 
concentrated sulfuric acid or oleum, and the suspension 
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is (a) contacted with an aqueous solution of sodium or 
potassium nitrite which produces a diazonium salt of 
general Formula III; and (b) the diazonium salt III so 
produced is contacted with cupric or cuprous chloride 
or bromide, in the presence of excess sulfur dioxide to 
give the desired thiophenesulfonyl chloride of general 
Formula I. The procedure outlined above, however, 
requires that the concentrated hydrochloric acid be at 
least 35 weight percent for the attainment of highest 
yields and low levels of side products. When inexpen 
sive, low-strength (28-32 weight percent) hydrochloric 
acid and/or readily available water-wet thiophenamine 
are employed, the yields of thiophenesulfonyl chlorides 
decrease drastically. In addition, the sulfonyl chlorides 
have low purities, being contaminated with many side 
products among which the type represented by general 
Formula IV predominates: 

NHNHSO IV 

S CO2R ROC S 

This type of impurity is very difficult to remove from 
the corresponding thiophenesulfonyl chloride I. 

In those instances, high yields of sulfonyl chloride I 
can be maintained and side-product formation can be 
minimized by the addition of hydrogen chloride, con 
centrated sulfuric acid of oleum to the diazotization 
mixture. Most preferred in achieving higher yield and 
/or greater purity of products is the addition of concen 
trated sulfuric acid in the amount of 0.2 to 2.5 moles per 
mole of diazonium salt III. 
The reactions of Equation 3 comprising our im 

proved process can preferably be carried out by the 
following procedure: 
To concentrated hydrochloric acid (35-38 weight 

percent) is added glacial acetic acid as cosolvent. The 
amount of the former is selected to provide approxi 
mately 5.0 molar equivalents of HCl per mole of the 
substrate thiophenamine. The amount of cosolvent 
acetic acid is selected to provide a stirrable slurry of the 
substrate thiophenamine. 

If an inexpensive, lower-strength hydrochloric acid 
(28-32 weight percent) and/or water wet thiophena 
mine are used, concentrated sulfuric acid is added at this 
stage for reason of the convenience of mixing sulfuric 
with hydrochloric acid and acetic acids. 
The amount of lower-strength hydrochloric acid is 

selected to provide from 2 to 4 molar equivalents of 
HCl per mole of thiophenamine. 
The amount of concentrated sulfuric acid varies from 

0.2 to 2.5 moles per mole of thiophenamine, depending 
on the amount of water in a wet cake of thiophenamine, 
and the strength of concentrated hydrochloric acid. 
To the mixture of acids is gradually added the thio 

phenamine with some cooling. If a wet substrate is used, 
the water content of the wet cake can vary widely, e.g., 
from 0 to 65 weight percent. 
The resulting slurry is cooled to 0-7 C. and diazo 

tized with one molar equivalent of sodium nitrite dis 
solved in water. In the course of diazotization, the start 
ing material goes into solution. 
To the solution of the diazonium salt is added sulfur 

dioxide. Its amount of the latter can vary from 1.2 to 5 
molar equivalents for each molar equivalent of the dia 
zonium salt. We preferably use about 3 molar equiva 
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4. 
lents of the sulfur dioxide. This is followed by the addi 
tion of cuprous chloride whose amount can vary from 3 
to 6 mole percent. 
The mixture is warmed to room temperature and the 

decomposition of the diazonium salt is allowed to pro 
ceed to completion. 

Alternatively, sulfur dioxide is dissolved in acetic 
acid containing cuprous chloride, to which is then 
added the solution of the diazonium salt in a gradual 
fashion. The amount of acetic acid is selected to dis 
solve the required amount of sulfur dioxide. The react 
ing mixture is also allowed to decompose completely at 
room temperature. 
The resulting suspension of thiophenesulfonyl chlo 

ride is cooled and diluted with water. The product is 
recovered by filtration, washing with water and drying. 
The following table is a guide to the examples that 

follow. 

Preparation of Methyl 
3-Chlorosulfonylthiophene-2-Carboxylate 

Extra 
Thiophen- % HCl Mineral % Yield Wt. 9, 

Ex. amine Strength Acid of Product of IVb 
1 dry 36 None 85.6 <0.5 
2 wet 37 HC 79.0 <1.0 
3 wet 31.5 None 56.1 6.0 
4 wet 31.5 H2SO4 82.3 0.12 
5 dry 3.5 None 65.1 0.8 
6 dry 31.5 H2SO4 82.7 0.26 

Dry hydrogen chloride, conc. H2SO, or oleum. 
Weight percent of the side-product IV in crude product. 

Preparation of Methyl 
3-Chlorosulfonylthiophene-2-Carboxylate 

EXAMPLE 1. 

To a mixture of 385 g of concentrated (36 weight 
percent) hydrochloric acid and 120 mL of glacial acetic 
acid were added 133 g of 92.4% pure methyl 3-amino 
thiophene-2-carboxylate while maintaining the internal 
temperature between 0 and 7 C. To the resulting 
slurry were slowly added 58 g of sodium nitrite dis 
solved in 77 mL of water at 0 to 7 C. A solution of the 
diazonium salt so obtained in one vessel was gradually 
transferred to a second vessel containing 310 mL of 
glacial acetic acid, 30 g of concentrated (36 weight 
percent) hydrochloric acid, 4.8 g of cuprous chloride 
and 90 g of sulfur dioxide and maintained at 15-17 C. 
While the transfer of the diazonium salt was in progress, 
additional 60 g of sulfur dioxide were slowly being 
charged subsurface into second vessel. The temperature 
of the reacting mixture was subsequently allowed to rise 
to 21 C. The mixture was stirred at room temperature 
until the evolution of nitrogen was complete. The title 
sulfonyl chloride was precipitated by the addition of 
660 mL of water. It was then filtered, washed with 
water and dried in vacuo at 40 C. The crude product 
weighed 179.28 g and was found by high-pressure liquid 
chromatography to contain 164.94 g of pure sulfonyl 
chloride for a yield of 85.67% of theory. The crude 
product contained less than 0.5 weight percent of the 
side-product of Formula IV. 

Example 2 
To 49 mL of concentrated hydrochloric acid 

(36-38%) and 20 mL of acetic acid was added a solution 
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of 45.5 g. of a wet cake of methyl 3-aminothiophene-2- 
carboxylate (purity of 69.2% and water content of 
26.2%) in 40 mL of glacial acetic acid at 0-5 C. fol 
lowed by a solution of 15.0 g of sodium nitrite in 21.6 
mL of water also at 0-5 C. To this mixture, kept at 5 
0-5. C. was slowly added 15 g of dry hydrogen chlo 
ride. After stirring the reaction mixture at 0-5 C. for 
30 minutes, 20g of sulfur dioxide, 10 mL of acetic acid, 
and 1.0 g of cupric chloride dihydrate were added. The 
decomposition reaction was carried out at room tem 
perature to completion. The product was precipitated 
by the addition of 200 mL of cold water at 0-5 C., the 
crystals were filtered, washed with water and dried in 
vacuo under nitrogen at 40 C. The crude product 
weighed 40.41 g and was found by a high-pressure liq 
uid chromatography to contain 38g of the title sulfonyl 
chloride which corresponded to a yield of 79% of the 
ory. The crude product also contained less than 1 wt.% 
of the side-product of Formula IV. 

EXAMPLE 3 
To 150.5g of 31.5% aqueous hydrochloric acid and 

180 mL of glacial acetic acid was added gradually, with 
cooling, 0.40 mole of methyl 3-aminothiophene-2-car 
boxylate as a wet cake containing 30.5% of water. The 
resulting slurry was slowly diazotized at 0-7 C. with 
30g of sodium nitrite dissolved in 43 mL of water. After 
completion of the addition of sodium nitrite the miXture 
was stirred at 0-5 C. for an additional 20-30 minutes. 
To the diazonium salt solution were added 80 g of gase 
ous sulfur dioxide, 20 mL of glacial acetic acid, and 4g 
of cupric chloride dihydrate. The mixture was stirred at 
20-25 C. until the evolution of nitrogen was complete. 
The reaction mixture was cooled to 0-5 C., 330 mL of 
water was gradually added and the precipitate was 35 
stirred at 0-5 C. for 30 minutes. The solid product was 
filtered, with water, and dried in vacuo at 40 C. The 
crude material weighed 71.7 g and was found by high 
pressure liquid chromatography to contain 53.9 g of 
sulfonyl chloride for a yield of 56.1% of theory. The 
crude material also contained 16.0 wt.% of the side 
product having Formula IV. 

EXAMPLE 4 
In the procedure of Example 3, 36 mL of concen 

trated sulfuric acid was added dropwise before the start 
ing material at room temperature. The decomposition in 
the presence of sulfur dioxide was then carried out as 
described in Example 3. The procedure furnished 85.5g 
of a crude product which by analysis contained 79.2 g 
of the title sulfonyl chloride for a yield of 82.3% of 50 
theory The crude material also contained 0.12 wt.% of 
the side-product of Formula IV. 

EXAMPLE 5 
In the procedure of Example 3, 67% of essentially 55 

dry methyl 3-aminothiophene-2-carboxylate (94.7% 
pure and containing 0.1% of water) was used in place of 
the wet cake. The experiment produced 79.0 g of a 
crude product which was found by high-pressure liquid 
chromatography to contain 62.7 g of the title sulfonyl- 60 
chloride. This corresponded to a yield of 65.1% of 
theory. The crude material also contained 10.8 weight 
% of the side-product having Formula IV. 

EXAMPLE 6 65 

In the procedure of Example 3, 67 g of essentially dry 
methyl 3-aminothiophene-2-carboxylate (94.7% pure 
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6 
containing 0.1% water) was used in place of the wet 
cake. Also, 26 mL of concentrated sulfuric acid were 
employed in the manner described in Example 4. The 
experiment produced 85.7 g of a crude product which 
was found by high-pressure liquid chromatography to 
contain 79.6 g of the title sulfonyl chloride. This corre 
sponded to a yield of 82.7% of theory. The crude mate 
rial also contained 0.26 wt.% of the side-product hav 
ing Formula IV. 
What is claimed is: 
1. A process for the preparation of thiophene com 

pounds of Formula I 

SO2Cl 

S CO2R 

wherein 
R is C1-C3 alkyl; and 
X is H, Cl, Br or CH3; 

said process comprising: 
(a) contacting a thiophenamine of Formula II sus 
pended in excess aqueous hydrochloric acid and a 
cosolvent selected from acetic, formic or propionic 
acid with sodium or potassium nitrite, optionally in 
the presence of a mineral acid booster selected 
from gaseous hydrochloric acid, concentrated sul 
furic acid or oleum, to produce a diazonium salt of 
Formula III; 

NH2 II 

S CO2R 

N+C1- III 
X 

S CO2R 

and, (b) contacting a solution of the diazonium salt of 
Formula III with sulfur dioxide in the presence of 
cupric or cuprous chloride, or bromide, to produce 
said compound of Formula I. 

2. The process of claim 1 wherein said cosolvent is 
acetic acid and the concentration of the aqueous hydro 
chloric acid is at least 35% by weight. 

3. The process of claim 2 wherein R is CH3. 
4. The process of claim 3 wherein X is CH3. 
5. The process of claim 3 wherein X is H. 
6. The process of claim 1 wherein a mineral acid 

booster is present. 
7. The process of claim 2 wherein a mineral acid 

booster is present. 
8. The process of claim 7 wherein the mineral acid 

booster is present in the amount of 0.1 to 3.5 moles of 
concentrated sulfuric acid per mole of diazonium salt. 

9. The process of claim 7 where the mineral acid 
booster is present in the amount of 0.2 to 2.5 moles of 
concentrated sulfuric acid per mole of diazonium salt, R 
is CH3 and X is H. 

it k is k k 


