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1 .  INTRODUCTION 

The early work on sulfonation, chlorosulfonation and the formation of sulfonyl 
derivatives was reviewed by Suter' and by Suter and Weston for aromatic hydro- 
carbons.' More recent reviews of sulfonation were carried out by Hogg,S 
Cerfontain,' Anderson' and Barrett.x In this review of the literature since 1950, 
we will concentrate upon the use of chlorosulfonic acid, (chlorosulfuric acid, CIS03H), 
to achieve the chlorosulfonation of aromatic compounds, i.e., the replacement of 
one or more hydrogen atoms by the chlorosulfonyl (S02CI) group. General prop- 
erties of chlorosulfonic acid and specific synthesis of a variety of sulfonic acids 
employing this reagent have been described.',"' 

I .  1 Mechanistic Studies 

In  the sulfonation of aromatic compounds by sulfuric acid, although much me- 
chanistic work has been carried out, the precise nature of the electrophile remains 
in doubt." Sulfur trioxide is definitely involved, either free or in a combined form, 
however, the electrophile appears to vary according to the concentration of the 
sulfuric acid used. In aqueous acid (<80-85% H,S04), the electrophile is probably 
H3SO:, while at higher concentrations (>85% H,SO,) pyrosulfuric acid ( H2S2O7) 
is favoured. 

With chlorosulfonic acid less mechanistic work has been carried out and the 
precise nature of the electrophilic species involved is even more uncertain. Studies 
of thermodynamic and experimental data indicated that when an aromatic com- 
pound reacts with an equimolar quantity of chlorosulfonic acid, the first step yields 
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the corresponding sulfonic acid. In the presence of an excess of the reagent, the 
sulfonic acid is converted more slowly into the sulfonyl chloride with liberation of 
sulfuric acid' I": 

ArH + CIS0,H + ArS0,H + HClT (1)  

ArS0,H + CIS03H e ArS0,CI + H2S04 (2) 
The first step is driven to completion by removal of the hydrogen chloride 

liberated and the progress of the reaction can be monitored by measurement of 
the amount of gas evolved.' Early studies of the mechanism of the reaction of 
benzene with an equimolar amount of chlorosulfonic acid showed" that the major 
product was benzenesulfonic acid in equation ( I )  ( A r P h ) ,  together with a little 
diphenyl sulfone. With an excess of the reagent. benzenesulfonyl chloride was 
obtained in Equation (2) (A-Ph). Spryskov";' demonstrated that the second 
reaction was reversible and measured the equilibrium constants for several different 
substrates. In the benzene-chlorosulfonic acid reaction, the quantity of diphenyl 
sulfone was increased by addition of benzenesulfonic acid, but not by benzene- 
sulfonyl chloride.I3 The sulfone therefore appeared to result from the reaction of 
benzene-sulfonic acid and benzene. under the influence of chlorosulfonic acid. 
Sulfone formation was relatively favoured at low temperatures; this may be due 
to the formation of an intermediate pyrosulfonic acid": 

ArS0,H + CIS0,H + ArSO,.O.SO20H + HCI (3) 

ArS,O,,H + ArH + ArS02Ar + H,S04 (4) 
As the chlorosulfonation step in Equation (2) is reversible, the experimental 

conditions must be adjusted in order to achieve optimum yields of the desired 
products. An excess of chlorosulfonic acid can be used to drive this step to com- 
pletion and it has been shown15 that where reaction costs were important that a 
ratio of 5:l for the ratio of reagent to substrate was desirable. However, greater 
efficiency has been claimed by stepwise reaction of the substrate with the reagent 
at moderate temperatures.'" The yield can also be improved by removal of the 
sulfuric acid which is formed. This can sometimes be achieved by the addition of 
sodium chloride,' but it has been rep~r ted ' ' . '~  that this could lead to reduced yields 
of the sulfonyl chloride due to the conversion of chlorosulfonic acid into the un- 
reactive chlorosulfonate anion: 

CI ~ + ClS03H * HCI + S03Cl- ( 5 )  

Sulfuric acid ideally can be removed by conversion into chlorosulfonic acid. This 
can be achieved by carbon tetrachloride,4 sulfur and chlorine,' and also sulfur 
trioxide in the presence of hydrogen ch1oride.l" In the latter case therefore both 
by-products are removed. A combination of sodium chloride and carbon tetra- 
chloride has enabled a reduction in the amount of chlorosulfonic acid required.' 
In addition the use of the thionyl chloride, a chlorinating solvent, has also proved 
helpful and permitted less acid to be used.' 

The sulfonating power of chlorosulfonic anhydride (CI2S2Os) is less than that of 
chlorosulfonic acid. However, addition of the anhydride to the reagent increases 
the yield of arylsulfonyl chloride. I') The anhydride probably converts the sulfonic 
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acid and sulphuric acid into the sulfonyl chloride and chlorosulfonic acid respec- 
tively, Equations (6. 7): 

ArS0,H + CIS02.0.S02CI + ArS02Cl + CIS,O,H (6) 

H2S0, + CIS02.0*S02CI + CIS0,H + CIS,O,H (7) 
The relative rates of sulfonation of sulfonyl chlorides. sulfonic acids and sulfonate 

anions with chlorosulfonic acid follow the order: 

ArS0,CI > ArS0,H > ArSOy 

This order is in keeping with the conversion of the sulfonic acid into the sulfonyl 
chloride and can be explained in terms o f  the latter two substrates destroying part 
of the reagent. Equations (8. 9)? 

ArSO, + ClS03H e ArS0,H + S0,CI- (8) 

ArS03H + CIS0,H Z ArS0,H; + SO,CI-- (9) 
The kinetics of the conversion of benzenesulfonic acid into the sulfonyl chloride 

were studied in chlorosulfonic acid.’’ The reactions between benzenesulfonyl chlo- 
ride, sulfuric acid and chlorosulfonic acid at 20-50” were acid-catalysed and the 
cquilibrium constants were practically independent of the temperature.” 

In the reaction of the majority of aromatic compounds with an excess of chlo- 
rosulfonic acid. the mechanism of formation of  the intermediate sulfonic acid and 
the final product may be depicted as follows. Equations (10. 11):  

Ill1 

There is little precise information regarding the mechanistic details for these two 
reactions. I t  would appear reasonable to assume that the initial electrophilic species 
is chlorosulfonic acid. At higher temperatures however. reaction (12) is more 
pronounced: 

CIS0,H -+ HCI + SO, (12) 
Hence, under these conditions, sulfur trioxide may play a significant role in the 

sulfonation process (10). 
Kinetic data for the conversion of p-dichlorobenzene into the corresponding 2- 

sulfonyl chloride by chlorosulfonic acid were in agreement with the two-step re- 
action mechanism via the intermediate sulfonic acid.’., 
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The sulfonation of the secondary aromatic amines, PhNHMe and PhNHEt, by 
chlorosulfonic acid in o-dichlorobenzene was a second-order reaction and involved 
direct reaction of the amine with HSO,'.'' On the other hand, the analogous 
reaction with the tertiary amines, PhNMe, and PhNEt,, was first order involving 
initial protonation of amine-sulfur trioxide complexes which rearranged to the 
aminobenzenesulfonic acids.'-' The kinetics of chlorination by chlorosulfonic acid 
of p-carbomethoxyaminophenylsulfonic acid have been studied photometrically at 
20.5 nm.25 The results indicated that the first step was addition of 2H' to RS03H. 
followed by equilibration with chlorosulfonic acid. The equilibrium constant was 

Phenols with chlorosulfonic acid gave aryl sulfates which reacted with excess of 
the reagent to form the corresponding sulfonic acids. The kinetics of the complex 
reactions of 2-t-butylphenols have been elucidated." 

Sulfonation of naphthalene at 0" and 170°C gave 1.1'- and 2,2'-dinaphthyl sul- 
fones respectively as major by-products. The isomerisation of naphthalene-l-sul- 
fonic acid into the 2-sulfonic acid was concluded to be relatively fast in comparison 
with the conversion of the sulfonic acid into the sulfone.'n 

Investigations have been carried out on chlorosulfonation reactions in dichlo- 
romethane as solvent. The extent of the reaction with benzene at 0-20°C was found 
to be dependent upon the reaction time, increasing from 60% after a few minutes 
to 70% after 1 hour.'7 At low temperatures ( - 30" to - 7°C) there was an induction 
period. Conflicting results were obtained from kinetic studies of chlorosulfonation 
reactions in dichloromethane. The reaction with benzene has been reported to be 
both first order and third order. It was concluded that the hydrocarbon reacted 
with an ion pair, [SO,CI]+ [S03CI]- to give a complex (1) which subsequently 
decomposed 

3.6.5 at 20-70°C. 

(1) 

to the sulfonyl ~hloride. '~ In the case of toluene and rn-xylene, sulfonation was 
essentially first order with respect to chlorosulfonic a~ id .~ ' "  

The optimum conditions for the chlorosulfonation of aromatic compounds vary 
widely and depend upon the nature of the substrate.-'."' In the case of electron- 
donating substituents in the aromatic ring (e.g., alkyl, alkoxyl. acetamido, hy- 
droxyl), the reactions occur easily and can usually be carried out under mild con- 
ditions, the orientation being orrho-para-substitution. Thus, a relatively small excess 
of chlorosulfonic acid (a minimum of 2 equivalents) is required at comparatively 
low temperatures ( - 5 "  to 30"C), either in the presence or absence of a solvent, 
e.g., chloroform or dichloromethane. However, when electron-withdrawing sub- 
stituents (e.g., nitro, carboxyl, carbonyl, sulfonyl) are present, the reactions oc- 
curred with difficulty. They required prolonged treatment with an excess of the 
reagent at higher temperatures, (100- l5O0C), and led to rn-sulfonation.'x 

Amino and halogen substituents behave anomalously. Amino groups are usually 
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substantially protonated under the strongly acidic reaction conditions and hence 
can lead to deactivation and m-substitution. Although halogen groups are ortho-l 
para-directing, they are electron withdrawing and consequently cause deactivation 
of the substrate. 

I .2 Characterizatiori of Sulfonyl Chlorides 

1.2. I Derivative Formation 

Sulfonyl chlorides can be readily isolated on completion of chlorosulfonation re- 
actions, either by addition to ice-water followed by filtration, or by extraction with 
organic solvents. In contrast, sulfonic acids are water soluble and their isolation is 
tedious. As the sulfonyl chlorides are often difficult to purify and are fairly sensitive 
to traces of moisture which lead to decomposition, they are usually characterized 
chemically by treatment with nucleophilic reagents. e.g., amines, alcohols. phenols. 
hydrazines and azide anion .7.x.2" 

The sulfonamides in particular, after recrystallization, are generally well-defined 
crystalline solids. However, in those cases where the sulfonyl chlorides are stable 
and amenable to purification, various chemical methods are available for their 
analysis. I" 

Kinetic studies of the reaction of benzenesulfonyl chloride with amines indicated 
an acceleration by added salts.."' Thiophene-2-sulfonyl chloride reacted with sub- 
stituted anilines slower than benzenesulfonyl chloride, indicative of a decrease in 
the electrophilicity of the sulfur atom. The solvolysis of arylsulfonyl chlorides in 
aqueous media has received considerable attention.~'."l".'Ih 

The nucleophilic substitution reactions of arylsulfonyl chlorides are generally 
considered to follow an addition-elimination mechanism:'x.3' 

I t  is supported by experiments involving the relative hydrolysis rates of ArS0,CI 
and ArCHIS02C1.73 The sulfonyl chlorides of the former series are less sensitive 
to substituent effects. In addition, the hydrolysis of arylsulfonyl fluoride?' are 
catalysed by triethylamine and acetate anion and the alkaline hydrolysis of sub- 
stituted benzenesulfonyl fluorides are particularly sensitive to substituent effects 
a s  demonstrated by the large value of the reaction constant. 

The kinetics of chlorine-isotopic exchange between lithium chloride and substi- 
tuted benzenesulfonyl chlorides in sulfolane solution indicated that the reaction 
involved a synchronous displacement mechanism of the S,2 type, via a trigonal 
bipyramidal transition state.35 In contrast. arylsulfonyl chlorides of the type 
ArCH,SO,CI undergo substitution via the sulfene mechanism and not by direct 
displacement at the sulfur atom: 

-HCL RNHz 
ArS0,CI - ArCH=SO, - ArCH,SO,NHR 
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1.2.2 Spectroscopic Methods 

Spectroscopic methods provide important means of product characterization. Thus, 
infrd-red spectroscopy is primarily of value for the confirmation of the presence 
of the sulfonyl group. Two characteristic absorption bands are usually observed at 
-1350 cm- and -1150 cm-', which correspond to the asymmetric and symmetric 
S-0 stretching frequencies respectively.3f'-3" 

Mass spectrometry of sulfonyl derivatives may also provide information con- 
cerning the presence of this group, with loss of SO, in the fragmentation pattern.J" 
I t  is often possible to investigate the aromatic substitution pattern by proton mag- 
netic resonance spectroscopy using approximate first-order analysis. Second-order 
analysis with spectral fitting by means of an iterative program such as PANIC can 
provide accurate values of the chemical shifts and coupling constants. 

2. SUBSTRATE SYSTEMS 

2.  I Hydrocarbons 

2. I. 1 Monocyclic Systems 

Aromatic hydrocarbons are readily protonated in protic solvents, e.g., sulfuric and 
chlorosulfonic acid: 

ArH + H+ e ArHf 

The protonated form of the hydrocarbon is far less reactive to electrophilic 
substitution than the unprotonated form. 

The reaction of benzene with chlorosulfonic acid gave high yields of benzene- 
sulfonyl chloride (90-97%)."-'-' The reaction products in 1 ,2-dichloroethane were 
sensitive to the reaction conditions.JJ Addition of sodium sulphate to the reaction 
mixture lowered the yield of the sulfonyl chloride.J5 The product mixture usually 
contained the sulfonic acid, sulfonyl chloride and sulfone.* Benzenesulfonyl chlo- 
ride was prepared in a variety of reaction conditions'J.J''-J" and in a continuous 
process in high yield (87.6%).5" Treatment of hexaphenylbenzene with excess chlo- 
rosulfonic acid gave hexa(chlorosulfonylphenyl)benzene,5' where steric consider- 
ations suggested p-substitution. 

2. I .2 Monoalkylbenzenes 

The action of chlorosulfonic acid on toluene at -80" to 10" gave the p-sulfonic 
acid,5' whose yield decreased on lowering the temperature.s3 The reaction also 
gave a mixture of  isomer^,^' where the yield of the p-isomer was increased con- 
siderably by adding ammonium chloride,ss and by addition of catalysts.s" In certain 
cases the p-isomer could be isolated as the sole produ~t .~ '  

The ratio of p- to o-isomers was dependent upon the molar ratios of toluene and 
chlorosulfonic acid.s4 The isomers of toluenesulfonyl chloride can be prepared in 
a continuous process.sx 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
2
5
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



CHLOROSULFONATION OF AROMATIC AND HETERO-AROMATIC SYSTEMS 251 

Ethyl 1 -phenyloctane,5' phenylcyclohexanes2 and isopropyl benzene 
(cumene)52.6' were chlorosulfonated in the p-position. The regioselectivity of chlo- 
rosulfonation of a series of alkylbenzenes (PhR; R=Me, Et. CHMe,) indicated 
that steric effects were important." Cumene (2) at 75°C afforded the p-sulfonic 
acid (90-95%) (3); the amount of the o-isomer was increased by conducting the 
reaction at lower temperatures (0-25°C) and by adding cumene to the sulfonating 
agent. 

d-j - @j 
0JH (1) (2, 

Higher molecular weight alkylbenzenes,"' e.g., decylbenzeneh3 and dodecylben- 

In p-nitrotoluene, substitution by the sulfonyl chloride group occurred ortho to 
zene were converted to the corresponding benzenesulfonyl chlorides.fd.h' 

the methyl group."h 

2.1.3 Polyalkyfbenzenes 

o-Xylene reacted with chlorosulfonic acid to give a low yield (26%) of 2.3-di- 
methylbenzenesulfonyl chloride."' 

The sulfonation and chlorosulfonation of tetra- and penta-alkylbenzenes is often 
complicated by competing alkyl group rearrangements (the Jacobsen reaction).hx 
Thus, pentamethylbenzene (4) by prolonged reaction with sulfuric acid afforded a 
mixture of the sulfonic acid ( 5 )  and hexamethylbenzene (6): 

k 

The latter resulted from rearrangement of pentamethylbenzenesulfonic acid. How- 
ever, polyalkylbenzenesulfonic acids can be readily prepared because the rear- 
rangement is slow relative to sulfonation. Thus rapid treatment of durene (7) with 
chlorosulphonic acid gave a mixture of the sulfonic acid (8) and the chloride (9): 
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2. I .4 Polycyclic Systems 

Chlorosulfonation of naphthalene gave a mixture of sulfonic acids and the sulfone'H.6y; 
the reaction has been extensively studied at low temperatures (-35" to OOC)."' 1 5  
Naphthalenedisulfonyl chloride reacted with a very large excess (50 equivalents) 
of chlorosulfonic acid to give the 1,3,5-trisulfonyl chloride; these harsh conditions 
reflect the influence of the two deactivating sulfonyl groups on the reactivity of 
the ~ubstrate.~'  When the reaction was performed using an equimolar ratio of 
substrate and chlorosulfonic acid, the isomeric dinaphthyl sulfones were formed at 
both low and high  temperature^.^' The yield of mixed sulfones was highest at 160- 
170°C (10-1 1  hour^).^' 

The reaction of anthracene with chlorosulfonic acid produced anthracene- 1-, 
2-. and 9-sulfonic acids, a mixture of anthracene-disulfonic acids, 9-chloroanthra- 
cene, 9,9'-bianathryl, and anthracene polymers. The yield and formation of each 
depended upon the experimental conditions and whether chloroform, dioxan. or 
a mixture of pyridine and isoparaffin was used as ~olvent.~- ' .~ '  

2.1.5 Miscellaneous Hydrocarbons 

Reaction of chlorosulfonic acid with biphenyl at room temperature gave both the 
4-sulfonyl chloride and 4,4'-disulfonyl ~ h l o r i d e . ~ ~ . ~ ~  Pollak et al. 75 claimed the for- 
mation of dibenzothiophene-1 ,l-dioxide-3,6-disulfonyl chloride (10) in the reaction 
of biphenyl with chlorosulfonic acid (6 equivalents) under mild conditions. 

(2, 

Attempts to obtain (10) using the same conditions were unsuccessful, only bi- 
phenyl-4,4'-disulfonyl chloride was i~olated.~" Under forcing conditions, however, 
(10) formed in good yield from biphenyl using a large excess of chlorosulfonic 
acid. 7h 

Diphenylmethane and biben~yl~~with chlorosulfonic acid each gave the corre- 
sponding 4,4'-disulfonyl chloride, but fluorene (11) gave a mixture of the 2- and 
2.7-disulfonyl chloride even with a large excess (12 equivalents) of the reagent.77a.77h 

(11) 

2.2 Halogeno Compounds 

The kinetics of sulfonation of chlorobenzene with chlorosulfonic acid have been 
studied.7n Sulfonation of ch lo roben~ene ,~~-~ '  and fluorobenzenex2.x3 gave predom- 
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inately p-substitution, together with the sulfone as a by-product.XJ The yield of the 
sulfone can be increased under a variety of conditions. ".xs-xx 

The reactions of 0-. m- and p-dichlorobenzenes with chlorosulfonic acid have 
been investigated.xy 1,2-Di~hlorobenzene,~'~'~ gave a good yield of 3,4,3'.4'-te- 
trachlorodiphenyl sulfone, although the 1,3- and 1 ,4-isomersY2 yielded only the 
expected sulfonyl chlorides. The difference arises from the lack of steric hindrance 
in the 4-position of 1.2-dichlorobenzene facilitating sulfone formation. 

1,2,4-TrichIorobenzene and the 1 ,3,5-i~omer''~'~ were readily converted into the 
trichlorobenzenesulfonyl chlorides. 1 ,2,3.4-Tetrachlorobenzeney5 gave the 2,3,4,5- 
tetrachlorobenzenesulfonyl chloride; but under drastic conditions 1,2,4,5-tetra- 
chlorobenzene only afforded hexachlorobenzene. A possible mechanism was pro- 
posed in which the pre-formed sulfonyl chloride underwent loss of sulfur dioxide 
t o  give the pentachlorobenzene and ultimately hexachlorobenzene.ys;' 

In  1-chloro-2-nitrobenzene sulfonation took place para to the chlorine atom as 
would be anticipated.y6-'x With l-chloro-4-nitrobenzene, 2-chloro-Snitroben- 
zenesulfonyl chlorideyx was obtained, while with l-chloro-3-nitrobenzene, substi- 
tution took place para to the chlorine All these isomeric chloronitroben- 
zenes contained chloranil as a by-product.yX 

3-Trifluoromethylbenzenesulfonyl chlorides were prepared as intermediates in 
the synthesis of drugs, agrochemicals and dyes." Thus, 2-chlorotrifluoromethyl- 
benzene was reacted with a mixture of fuming sulfuric acid and chlorosulfonic acid 
to give 4-chloro-3-trifluoromethylbenzenesulfonyl chloride in very low yield. Chlo- 
rosulfonation of P-chloroethylbenzene gave the p-sulfonyl chloride. I c n l  

Treatment of aryl iodides with chlorosulfonic acid gave either chlorinated prod- 
ucts or sulfones rather than the corresponding sulfonyl chlorides (see section 2.10.2). 

2.3 Ethers 

The chlorosulfonation of anisole is reported to take place para to the methoxyl 
group."" With 0-(12) and p-(13) substituted anisoles the reactions went in high 
yields: 

(X - Br, C1, NO,, One, NEAc) 

the former reaction generally required only mild conditions."".'"' The ease of 
reaction is probably due to the lack of steric hindrance in the position para to the 
methoxyl group. 

2,3,5-Trimethylanisole with chlorosulfonic acid gave 4-methoxy-2.3.6-trimethyI- 
benzenesulfon yl chloride. 'oJ.l'ls 
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Diphenyl ether with chlorosulfonic acid afforded the corresponding 4,4’-sulfonyl 
this product was also obtained in the presence of N-containing com- 

The reaction of diphenyl ether with chlorosulfonic acid under forcing conditions 
pounds or their salts,10x fatty acids1(“’ (or their derivatives) and alkali metal salts. 

afforded a mixture of the cyclic sulfones (14) and (15).7h 

(14) (11) 

The chlorosulfonation of 2‘-chloro-4-nitro-diphenyl ether and 2’,6’-dichloro-4- 
nitrodiphenyl ether afforded very poor yields of the sulfonyl chlorides, which were 
very susceptible to hydrolysis due to the electron-withdrawing groups. 

2.4 Phenols 

In the reaction of phenol with chlorosulphonic acid at temperatures of -40” to 
0°C equal amounts of 2- and 4-hydroxybenzenesulfonic acids were formed together 
with traces of the disulfonic The relative rate of formation of the 2- 
hydroxybenzenesulfonic acid compared with that of the 4-hydroxy isomer was found 
to increase with decreasing temperature. 

Treatment of 2,3-. 2.4-, 2,5-, 2,6-, 3,4- and 3,5-dichlorophenols with chlorosul- 
fonic acid afforded the following substituted benzenesulfonyl chlorides: 2,3-di- 
chloro-Chydroxy , 3,5-dichloro-2-hydroxy, 2,5-dichloro-4-hydroxy, 3,5-dichloro-4- 
hydroxy , 4.5-dichlor0-2-hydroxy and 2,6-dichloro-4-hydroxy respectively. I I s  The 
orientation of chlorosulfonation is controlled by the electron-releasing hydroxyl 
group, so that where possible sulfonation occurred para to this group, however 
when this position is blocked by a substitutent sulfonation occurred ortho to the 
hydroxyl group.Ils- I * x  Experiments showed that the maximum yields of sulfonyl 
chlorides from the appropriate dichlorophenols required the use of a large excess 
(approximately 5 equivalents) of chlorosulfonic acid in each case (conditions similar 
to those encountered with chlorosulfonation of aromatic carboxylic acids), made 
necessary by the condensation of chlorosulfonic acid with the phenolic hydroxyl 
group.l15 

The chlorosulfonation of hydroquinone,Il” higher alkyl phenols.”” p-methoxy- 
phenol,l” and 1,2-naphthoq~inone”~ have also been reported. 

Sulfation is usually more easily effected than sulfonation.123-12h 

2.5 Aldehydes and Ketones 

Comparatively little work has been carried out on aldehydes127 and there were no 
reports of the use of chlorosulfonic acid. o-Vanillin (16) is claimed to react with 
oleum to give the 5-sulfonic acid.12n 
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pJow ' ocws 
(16) (&) 

However, later work"' failed to reproduce this result. Attempts to chlorosul- 
fonate o-vanillin, vanillin (16a) and 2,5-dimethoxybenzaldehyde with chlorosulfonic 
acid under various conditions were unsuccessful and only afforded charred prod- 
ucts."' 

Only a small proportion of the recently published work has been concerned with 
the reactions of ketones with chlorosulfonic acid. The majority of these papers are 
due to the investigations of Cremlyn et ~l.~~~'~~.'""-"' Some reactions have resulted 
in predictable products, while several novel reactions have been reported. 

p-Methoxybenzophenone was chlorosulfonated much more readily (50") than 
benzophenone (140"). The product from the latter reaction was the expected 3,3'- 
disulfonyl chloride"l which was obtained in poor yield (15%). However, the use 
of more reagent at a slightly higher temperature afforded an improved yield (40- 
50%).111.'4" The directing influence of the substitutent is further illustrated in the 
case of cu-naphthylchalcone'"-5 and of chalcone,'3h which, under less forcing con- 
ditions, gave the corresponding 4-sulfonyl chlorides. 4-Methoxychalcone was con- 
verted easily into the 3-sulfonyl chloride in good yield.13h The methoxyl group thus 
provides ring activation despite the presence of steric factors. 

In addition to electrophilic attack at the ring atoms, side-chain reaction may also 
occur. This is illustrated by the reaction of acetophenone.i32 The product was 
claimed to be the corresponding 2,w-disulfonyl chloride, obtained in low yield.14oa 
However, in the case of 4-substituted acetophenones, both reactions do not nec- 
essarily occur. Thus, 4-methoxyacetophenone gave the 3-sulfonyl chloride.'-" as 
did 4-hydroxyacetophenone. The latter result is perhaps surprising in view of 
the 3,w-disulfonyl chloride which was obtained from 4-metho~yacetophenone.~~"~ 

A novel cyclisation reaction occurred with propiophenone,IJ3 with the formation 
of 3-chloro-2-methylbenzothiophene- 1,l -dioxide. The cyclisation of Mannich bases 
also proceeded smoothly:'43 

R,R'  E CH, 

R=R' = 0 
n 
u 

Dibenzylideneacetone was converted into the 4-sulfonyl chloride and under more 
The selectivity was attributed forcing conditions, into the 4,4'-disulfonyl chloride. 

to the formation of an intermediate cation (17): 
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.. . .. 
@-CH - CH = C - CH = CH 

I ... .. 
OH 

(17) 
However, treatment of benzylideneacetone resulted in a novel reaction with the 

formation of styrene-4,P-disulfonyl chloride (17a). w-Chlorosulfonation was pro- 
posed, as observed with acetophenone,132 followed by elimination of mesityl oxide. 

Several other benzylidene derivatives have been successfully converted into the 
corresponding p-sulfonyl chlorides by reaction with chlorosulfonic acid. Examples 
include 5-benzylidene and 5-cinnamylidene hydantoins, IJ1 3-benzylidene~amphor"~~'* 
and 1,5-dibenzylidenecyclopentanone. IJhL' 

Benzi1133 and substituted benzils'" undergo a novel cyclisation reaction with the 
formation of substituted 3-chloro-2-phenylbenzofurans. The reaction is considered 
to proceed via initial a-chlorohydrin formation, which provides the appropriate 
orientation and reactivity for chlorosulfonation, followed by ring closure. 1 ,CDia- 
mino-anthraquinone behaved as expected giving the 2-sulfonic acid. IJ7 In the case 
of 1,5-di(o-anisidino)anthraquinone, the product was lS-di( 2-methoxy-5-chloro- 
sulfony1anilino)anthraquinone. 13" 

2.6 Carboxylic Acids 

The reactions of chlorosulfonic acid with benzoic, cinnamic and phenylacetic acids 
were reported by Suter. IJX The carboxylic acid group is an electron-withdrawing 
substituent and consequently the chlorosulfonation of aromatic carboxylic acids 
generally required temperatures of more than 120°C and excess quantities of re- 
agent. The reaction probably proceeds via a mixed anhydride intermediate e.g., 
(18) which would account for the comparatively large quantities of reagent required. 
In the case of benzoic acidiJy at least 5 equivalents of chlorosulfonic acid were 
needed to achieve the optimum yield of the rn-sulfonyl chloride (19). The postulated 
mechanism is shown (Scheme 1): 

2ClS0,K ClS0,K 
PhCO, K > PhCOCl PhCOOS0,Cl 

cg, 
ClSO,B, 130'C, 1 hour 
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S d w c  1 

Several o-substituted benzoic acids (20) (X=CH3, OCH3,15" OH,1s1-5'3 CI, Br) 
have been reacted with chlorosulfonic acid (4-6  equivalent^).'^^ When X was an 
electron-donor group, chlorosulfonation occurred at 40-90°C (1 -2 hours) to give 
the corresponding 5-sulfonyl chloride in good to excellent yields (21, 60-90%). 

X 6- - Q- 
(20) (21) 

The presence of X as an electron-withdrawing substituent required rather more 
forcing conditions, (e.g., 12O-13O0C, 2-3 hours). Forp-substituted acids, the yields 
of the 3-sulfonyl chlorides (22) were lower (50%) and when electron-withdrawing 
groups (e.g., ch10ro)'~~ were present the chlorosulfonation required prolonged 
reaction (e.g.. 150°C 2 days). 

x 

Salicyclic acid has been converted into the 3,5-disulfonyl chloride and the 5- 
bromo and 5-chloro derivatives into the corresponding 3-sulfonyl chlorides and a 
range of derivatives has been r e p ~ r t e d . l ~ ' . ~ ~ ~ - ' ~ '  

m-Toluic acid (23, X=CH3) reacted with the chlorosulfonic acid (4 equivalents, 
150°C 24 hours) to give a mixture of the 4- and 6-sulfonyl chlorides. The latter 
was claimed'4y to be the major product, possibly involving intramolecular rear- 
rangement of the mixed anhydride intermediate. Cinnamic acid, due to the acti- 
vating influence of the ap-alkenic double bond, reacted readily with chlorosulfonic 
acid at 50-60°C to give the p-sulfonyl chloride (60%).'49 

Phenoxyacetic acid was even more reactive and chlorosulfonation occurred at 
O"C, but with the o-chloro derivative the yield of sulfonyl chloride was very 
The chlorosulfonation of 2,4- and 2,5-dichlorophenoxyacetic acids has also been 
reported.15H 

The attempted chlorosulfonation of phenylacetic acid, rn-nitroboenzoic acid and 
phthalic acid was unsuccessful. 149 
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2.7 Amides and Related Compounds 

2.7.1 Amides 

Aromatic carboxamides react with excess chlorosulfonic acid without effect on the 
amide (CONH,) group, cf. carboxylic acids. 14y The chlorosulfonation occurs rather 
more easily than with the corresponding carboxylic acid, because the amido group 
is a less strongly electron-withdrawing substituent probably due to the slightly 
greater +M effect of the amino constituent of the group compared with that of 
OH. Amides substituted in the 2-position by electron-donor groups (e.g., (a), 
X=CH,, OCH,, OH) undergo facile reaction with chlorosulfonic acid under com- 
paratively mild conditions, (e.g., 5O-7O0C, 4-2 hours), to give excellent yields of 
the 5-sulfonyl chlorides (25)Isy: 

&- h Q- 
C L  

(24) (25) 

With 24 (X=OCOCH,), the reaction afforded a mixture of 25 (X=OCOCH3) 
and the corresponding hydroxy compound. 159 The analogous p-substituted amides 
require rather longer reaction times due to the steric effect of the substituent; thus 
p-methoxybenzamide reacted with the reagent over 4 hours to give 5-amido-2- 
methoxybenzenesulfonyl chloride. 

Cinnamide reacted easily with chlorosulfonic acid at 30-50°C to give the p- 
sulfonyl chloride due to the electron-donating effect of the 7r-electrons of the ap- 
alkenic double bond.156 Substituted cinnamides, e.g., the dimethylamide and mor- 
pholidate were similarly chlorosulfonated.160 

Phenoxyacetamide reacted readily with chlorosulfonic acid at room temperature 
or at 70°C and gave an excellent yield of the p-sulfonyl chloride.161 2,4-Dichloro- 
and 4-chloro-2-methylphenoxyacetamide (26) reacted with the reagent at 80°C to 
give moderate yields of the corresponding 6-sulfonyl chlorides (27)161: 

CH$0NNa =&?=% &. / -""6" / 
CC CL 

(26; X-C1 or CB,) (27; x-Cl or ca,) 

1-Phenylethylacetamide (28) has been treated with chlorosulfonic acid followed 
by ammonia to give a low yield of the sulfonamide (29): 
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These sulfonamides are reported to possess anti-diabetic activity. 162 

Chlorosulfonic acid is particularly useful for the conversion of acetanilide (30) 
and substituted anilides into the monosulfonyl chlorides. I h 3  

4-(Acetamido)benzenesulfonyl chloride (31), prepared by the chlorosulfonation 
of acetanilide (M), is an important intermediate in the synthesis of sulfonamide 
anti-bacterial drugs. A great deal of work has therefore been devoted to optimising 
the yield of the following reaction: 

(30) (21) 

Smiles and Stewart16j reported that chlorosulfonic acid ( 5  equivalents) reacted 
with (30) to give (31) in good yield. Studies of the reaction of (30) with the reagent 
(5 equivalents) in the temperature range of 0" to 100°C indicated that the most 
satisfactory temperature for formation of the monosulfonyl chloride (31) was 55- 
60°C; some disulfonation occurred above 40"C, polysulfonatin was observed above 
70°C and at 100°C (2 hours) the reaction gave no sulphone.Ihs lmprovements in 
the manufacture of (31) involved recovery of sulfuric acid? the use of more 
reagent (6 equivalents) at 40°C (3 hours) and subsequent treatment with dilute 
H2S0, gave an excellent yie1d.l"' The reaction of (30) with chlorosulfonic acid in 
the presence of benzene (<95"C) gave a mixture of (31) and benzenesulfonic acid. I h x  
The reaction of chlorosulfonic acid with dichlorobenzenesulfonanilides gave good 
yields of the dichlorobenzenesulfonylsulfanilyl chlorides at low temperatures ( - 10" 
to 10°C).16xx" although similar chlorosulfonation of carboxylic anilides occurred at 
50" to 60°C. The difference in behaviour is presumably largely a reflection of the 
greater strength of the C-N bond (184 kcal/mol) as compared with that of the 
N-S bond ( 1 11 kcal/mol). IhHh 

Side-chain substituted a-mono, a,a-di- and a,a,a-trichloroacetanilides reacted 
smoothly with chlorosulfonic acid (5 equivalents) at 60°C to give excellent yields 
of the corresponding p-sidfonyl chlorides.169 a-Bromoacetanilide-p-sulfonyl chlo- 
ride is used as an amide-linking agent.17" p-Methyl-a,a,a-trichloroacetanilide" 
reacted with the reagent at room temperature to give the 5-sulfonyl chloride (50%). 
but the p-chloro analogue did not react. The a,a-di-and a,a,a-trichlorosulfonyl 
chlorides reacted with dimethylamine to give the corresponding dimethylsulfon- 
amides without displacement of the alkyl chlorine atoms. In contrast, with the a- 
chloro derivative both chlorine atoms were substituted.169 

2-, 3-Chloro, 2,5- and 2,6-dichloroacetanilides reacted with chlorosulfonic acid 
to give the corresponding 4-sulfonyl chlorides. 1 7 1  The reaction became increasingly 
difficult due to the steric and electronic effects of the chlorine atoms. 2-Chloroac- 
etanilide afforded a 30% yield of the sulfonyl chloride after 4 hours, but the 2,6- 
dichloro analogue required prolonged reaction. All attempts to chlorosulfonate 
2,3-dichloroacetanilide failed, possibly due to a "buttressing effect" of the acetam- 
ido group on the 2-chlorine atom.I7' 

The introduction of the electron-donating methoxyl group into acetanilide greatly 
facilitates chlorosulfonation. Thus 2- and 4-methoxyacetanilide reacted with chlo- 
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rosulfonic acid at room temperature to give excellent yields of the 5- and 3-sulfonyl 
chloridesIn2 respectively. However, 3-methoxyacetanilide gave a moderate yield of 
the 4-sulfonyl chloride. loz a-Methyl, 2-methoxy and 4-methylacetanilides with chlo- 
rosulfonic acid in boiling chloroform gave good yields of the corresponding sulfonyl 
chlorides. Several of the derived hydrazides/hydrazones showed anti-bacterial ac- 
tivity. 172 2,5-Dimethoxyacetanilide reacted at 60°C to give the 4-sulfonyl chloride 
(53%)17'; while prolonged reaction with a mixture of chlorosulfonic acid and thionyl 
chloride gave an increased yield (93%)173; the product is used in the dye industry. 
2-Acetoxyacetanilide (32) reacted with chlorosulfonic acid in chloroform at 50- 
60°C with o-deacetylation to give a good yield of the sulfonyl chlorides (33, 34); 
p.m.r. spectroscopy indicated that (33) was the major component. 

The 3-acetoxy analogue gave black tars but 4-acetoxyacetanilide afforded 5- 
acetoxy-2-hydrox ybenzenesulfonyl chloride. 174 

2,4-Dimethylacetanilide reacted with chlorosulfonic acid to give 5-acetamido- 
2,4-dimethylbenzenesulfonyl and 1-acetamidonaphthalene was con- 
verted to the 4-sulfonyl chloride (45%). 176~177 

2.7.2 Anilides 

Several o-substituted carboxylic acid anilides (35; X S H ,  OCH3, Y=H or X S H ,  
Y X I )  reacted with chlorosulfonic acid (4- 10 equivalents) at room temperature 
to give high yields of the corresponding 4-sulfonyl chlorides (36)? 

Under these mild conditions, chlorosulfonation occurred selectively in ring A 
because this is more reactive than ring B. On the other hand, benzoic acid anilide 
and the 4-chloro, 3-nitro and 2,4-, 2,5- and 3,4-dichloro derivatives (37) reacted 
with warm excess chlorosulfonic acid (4 equivalents) with exclusive chlorosulfon- 
ation in ring B, which is now relatively more reactive than ring A due to the 
adjacent amino group, to give the p-sulfonyl chlorides (38).'7R 
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(21) (38) 

Nicotinic acid anilide reacted similarly except that more reagent was required, 
possibly salt formation occurred due to the presence of the basic centre.L7R 2,4- 
Dichlorophenoxyacetamide reacted with warm chlorosulfonic acid to give the p- 
sulfonyl chloride (39; X=H) but with more reagent (7 equivalents), the disulfonyl 
chloride (39; X=SO,CI) was isolated.178 

(39) (40) 

The lower susceptibility of ring A relative to ring B is probably the result of 
some steric hindrance imposed by o-substitution which is absent in ring B. 

Cinnamic acid anilide reacted with a large excess of chlorosulfonic acid at room 
temperature to give a very high yield of the disulfonyl chloride (40; X=S02C1).'7y 
The corresponding p-chloroanilide with a large excess of the reagent at 50°C only 
gave the monosulfonyl chloride (40; X S I )  due to steric factors and deactivation 
of ring B. 

However, p-chlorocinnamic acid anilide reacted rapidly (5 minutes) with chlo- 
rosulfonic acid at 50°C to give a very high yield of the monosulfonyl chloride (41),17y 
since it is now ring A that can be more easily attacked. 

(41) (42) 

Several dicarboxylic acid dianilides have been treated with large excesses of 
chlorosulfonic acid to give excellent yields of the 4,4'-disulfonyl chlorides (42). The 
chlorosulfonation was more difficult with oxalic acid dianilide and required treat- 
ment at 8&85"C (4 hours), the yield (60%) was also appreciably lower than that 
of the higher homologues: malonic (n = l ) ,  succinic (n = 2) and glutaric (n = 3) 
acid dianilides. The latter generally required reaction at 50°C (10 minutes) followed 
by a period at room temperature (3  hour^).^^^.^^ Oxalic acid dianilide disulfonyl 
chloride (42, n = 0) was difficult to characterize as its derivatives had very high 
melting points and low solubilities in organic solvents. 

Furan and thiophene-2-carboxanilides reacted with warm chlorosulfonic acid and 
gave excellent yields of the corresponding p-sulfonyl chlorides (43; X=O,S). 
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(43) (44) 

In both cases there was selective chlorosulfonation in the anilide ring B presum- 
ably due to the deactivating effect of the amide moiety on the heterocyclic ring, 
A. I H I  However, with the p-chloro derivatives treatment with chlorosulfonic acid 
under similar conditions afforded the 4-sulfonyl chlorides (44) involving selective 
substitution in the heterocyclic ring. Ix1 

2.7.3 Ureas 

PhenylureaIH2 and N,N-dimethylphenylurealx" ( 4 9 ,  R=H, or CH3) reacted easily 
with chlorosulfonic acid to give the p-sulfonyl chlorides (46). 

2-Substituted phenylureas reacted with chlorosulfonic acid, under similar con- 
ditions, to give the sulfonyl chlorides. 2-Chloro and 2-methylphenylurea afforded 
the corresponding 4-sulfonyl chlorides,lM whereas the 2-methoxy derivative gave 
a better yield of the 5-sulfonyl chloride in which the orientation of sulfonation 
occurred with respect to the more strongly electron-donating methoxyl group. IX5 

When the substituents were in the rn- or p-positions, chlorosulfonation was more 
difficult and much lower yields were obtained. For instance, 3methylphenylurea 
with chlorosulfonic acid afforded the corresponding 4-sulfonyl chloride (15%); 
while the 4-methyl derivative gave an even lower yield of the 2- and 3-sulfonyl 
chlorides.IM The 3- and 4-chlorophenylureas failed to give sulfonyl chlorides under 
comparable conditions. IX3 

Phenylthiourea by warming with chlorosulfonic acid behaved abnormally and 
gave a product considered to be the iminosulfonic acid (47) which did not react 
with phosphorus pentachloride.1R5 The product could 

(2) cg, 

arise from sulfonation of the thiol tautomer and the proposed zwitterionic structure 
accounts for its inertness towards phosphorus pentachloride. 
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N,N’-Diphenylurea reacted normally with chlorosulfonic acid to give the 4,4’- 
disulfonyl chloride. I n 2  4-Methyldiphenylurea reacted similarly to give the 4’-sulfonyl 
chloride. Ins 
N-Phenyl-N’-(4-pyridyl)urea reacted normally with chlorosulfonic acid gave the 

4-sulfonyl chloridelXs; however, the 2-pyridyl analogue, afforded a low yield (20%) 
of the 2,4-disulfonyl chloride (48).Ins 

2,2’-Dimethyl and 3,3’-dimethyldiphenylurea were both reacted with hot chlo- 
rosulfonic acid to give moderate yields of the corresponding 4,4‘-disulfonic acids, 
both of which were converted into the corresponding disulfonyl chlorides by heating 
with phosphorus pentachloride. IX2 The 4,4’-dimethyl analogue afforded the 2.2’- 
disulfonic acid (49) under similar conditions, but it did not react with phosphorus 
pentachloride due to zwitterion formation. 

(49) 

The disodium salt, which cannot exist as the zwitterion, was however converted 
into the 2,2’-disulfonyl chloride on heating with phosphorus pentachloride. Ix7 

Some diarylthioureas have been treated with chlorosulfonic acid; thus N-phenyl- 
N‘-(2-pyridyl)-N‘-(2-thiazolyl)thio~rea’~~ reacted with chlorosulfonic acid to give 
the corresponding p-sulfonyl chlorides. lxs.lw 

2.7.4 Imides 

Several N-arylmaleimides have been converted into sulfonyl chlorides by treatment 
with chlorosulfonic acid. 

N-Phenylmaleimide reacted under mild conditions to give an excellent yield of 
N-(p-chlorosulfonylphenyl) maleimide. lx7 Various N-arylmaleimides have been 
similarly chlorosulphonatedlXH and a,a’-dichloro-N-phenylmaleimide reacted rap- 
idly to give the corresponding p-sulfonyl chloride (80%).IH’ 

N-( p-Chlorosulfonylphenyl)maleimide can be used as a dienophile in Diels-Alder 
reactions without effect on the chlorosulfonyl moiety. Ivo Treatment of N-(p-chlo- 
rosulfonylphenyl)maleimide with amines in acetonitrile generally gave a mixture 
of the sulfonamides (50) and (51). 
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The succinimide (51) resulted from simultaneous Michael addition to the acti- 
vated alkenic double bond, the pure imido sulfonamide (50) was obtained by column 
chromatography.IR7 Other workers"' reported that reaction of the sulfonyl chloride 
with aqueous ammonia gave the sulfonamide (51, R'=RZ=H). while reaction with 
various substituted anilines afforded the succinimides (51, Rt=H, R2=NC6H4Y). 
Reaction of a-chloro-a'-phenoxy-N-phenylmaleimide with a large excess of warm 
reagent gave the disulfonyl chloride (52).IR7 

N-Phenylsuccinimide reacted similarly to give the p-sulfonyl chloride (87%). Ish 

N-Phenylsuccinimide, -glutarimide and -comphorimide (53. X=H) were all con- 
verted into the corresponding p-sulfonyl chlorides (e.g., 53. X=SOICI) by chlo- 
rosulfonic acid-in yields of 85, 10 and 55% respectively.ty2 

N-Phenylphthalmide and the 2-chloro derivative reacted similarly with chloro- 
sulfonic acid to give the corresponding p-sulfonyl chlorides in excellent yields. 4- 
Chlorophenylphthalimide was similarly converted into the 3-sulfonyl chlorideIv3 
(54) * 

2.8 Amines , 

Normally aromatic amines are protected before treatment with chlorosulfonic acid, 
e.g., by acetylation, to avoid extensive decomposition. However, in several cases 
unprotected amines have given sulfonyl chlorides by direct reaction with the 
reagent. Sulfonation of primary amines with chlorosulfonic acid gave products 
which were substituted in the 0- and/or p- positions with respect to the amino 
group."+'yX 

pJ / cc cLp @ CL a_ 
c 

2.3- 2,s- 3 , 4 -  3,s- 

These dichloroanilines each reacted with a large excess of chlorosulfonic acid to 
give the sulfonyl chlorides as indicated by the arrows. Iys 2,5-Dichloroaniline in 
contrast, did not give chlorosulfonation ortho to the amino presumably 
due to steric inhibition. 

Sulfonation of diphenylamine with chlorosulfonic acid in nitrobenzene at 90°C 
gave the 4-sulfonic acid and/or the 4,4'-disulfonic acid depending upon the reagent 
to substrate ratio.2"' However, attempts to reproduce the reported preparation of 
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(55) 
the 4.4’-disulfonyl chloride”” were unsuccessful. Reaction of diphenylalmine with 
a large excess of chlorosulfonic acid at 80°C gave the 2,2’,4,4‘-tetrasulfonyl chlo- 
ride.77 The reaction mechanism involved initial N-s~ l fona t ion .~~  

The reaction of chlorosulfonic acid with N-methylformanilide (55) gave the p- 
N-methylformylaminobenzenesulfonyl chloride. The preparation and attempted 
chlorosulfonation of N.N-dimethylbenzylamine-sulfur trioxide complex were re- 
ported. w3 

Synthesis of 3-amino-6-methylbenzenesulfonic acid from p-toluidine,”“ 2-ami- 
nobenzene- 1.3.5-trisulfonic and 6-amino-4-methoxybenzene-l.3-disulfonyl 
chlorideIyx from m-methoxyaniline were also reported. 

2.9 Heterocyclic compounds 

Only a limited range of heterocyclic compounds has been studied. Interest has 
been shown in some monocyclic systems, notably with more than one hetero atom, 
and in several polycyclic systems. 

2.9. I Monocyclic Systems 

Thiophene was converted into the 2-sulfonyl chloride in fair yield.’0h For the few 
derivatives which were studied only 2-substitution was r e p ~ r t e d . ~ ” ~ - ~ ~ ” - ’  I t  is inter- 
esting to note that this was the case with the 3-CH,0CH2CF, derivative,”” where 
presumably initial attack at the ether oxygen directs the course of the reaction. 

The kinetics of the reaction of 5-substituted-2-thiophenesulfonyl chlorides (56) 
with aniline in methanol were studied””: 

(56) 

Imidazole-4-sulfonyl chloride was obtained from imidazole in good yield.”I The 
4-sulfonyl chloride was also obtained from 2-( p-chloropheny1)imidazole-ring sub- 
stitution presumably being favoured by steric and electronic factors.’“ The latter 
conclusion is supported by the formation of the 4’-sulfonyl chloride from 1-(p- 
phenoxyethy1)imidazole.”” In this instance a mixture of chlorosulfonic acid and 
phosphorus pentachloride was used as the reagent. 
2-Methyl-4,5-diphenyloxazole and 3,4-diphenyl-l,2,5furazan each gave the cor- 

responding 4’,4“-disulfonyl chloride.”J These reactions illustrate the dominance of 
the + M  effect of the ring oxygen atom. 
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2-Amino-5-methylpyridine was converted into the 3-sulfonyl chloride under forc- 
ing conditions.”s whereas 2,3-diphenylpyrazine gave the corresponding 3’.3”-di- 
sulfonyl chloride more easily and in excellent yield.’I4 These reactions demonstrate 
the significant deactivation caused by the ring nitrogen atoms, particularly under 
acidic conditions and the product from the latter reaction, the transmission of the 
- M effect of the ring atoms. The deactivation of the pyridine ring can be further 
illustrated by the conversion of an alkyl 2-aminopyridine-3-ester into the sulfamic 
acid 2-Picoline was used as an exchange reagent in the conversion of methyl 
anthranilate into 2-Me0,CC,H,NHS02NHCHMe2, via the intermediate sulfamic 
acid salt.”’ 

2.9.2 Polycyclic Systems 

The corresponding 5-sulfonyl chloride was obtained from 2-carbomethoxy-6,7-di- 
chloro-2,3-dihydrobenzofuran in good and the 5-derivative from l-acetyl- 
6-chl0roindoline.~” The chlorosulfonation of carbazole22‘b222 and 3,6-dinitro- 
~ a r b a z o l e ~ ~ ~  have been successful. 

Side-chain substitution was reported in the synthesis of 3-(chlorosulfonylmethyl)- 
1,2-dihydrobenziso~azole.~~~ Benzimidazole was converted into the 5-sulfonic acid, 
but 2-( p-nitrophenyl)imidazole gave the 5-sulfonyl chloride .221 

Coumarin gave the 6-sulfonyl chloride,22s.22h dimethyldinaphthopyran the bis- 
product, (57) ,227 and xanthotoxin the mono-product, (S8)22H: cqp,%cL I! 

Q*zmmoH X x 

o + o  Q 

0% 

(58) 

/ L + j  
(57) 

Treatment of 2-(cyanoacetyl)coumarone resulted in rearrangement and substi- 
tution, with the formation of 2-(cyanoacetyl)-3-benzofuransulfonyl 8- 
Methoxyquinoline‘”’ and 2,4-dimethyIquinoline””’ gave respectively the 5- and 8- 
sulfonyl chlorides. 
6-Chloro-l,2,4-benzothiadiazine-l, 1-dioxide gave the corresponding 7-sulfonyl 

chloride, and on reduction with stannous chloride the 7-mercapto derivative, which 
has application in the treatment of gout and arthritis. 

Xanthone-2-carboxylic acid (59) substituted in position 5 (X = methyl, ethyl, 
isopropoxyl, isopropyl, n-octyl, methoxyl, ethoxyl, n-propoxyl), with chlorosulfonic 
acid under forcing conditions gave the 

(2) (60) 
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7-sulfonyl chloride (60) .232.233 

nation para to the X 
A variety of 5-aryltetrazoles (61) reacted with chlorosulfonic acid, with sulfo- 

X 

Treatment with chlorosulfonic acid of the following: 2-(2',3'-dimethoxy- 
phenyl)benzothioazole, 4-fluoro- 1,2,3-benzoxadiazole. 1.2-benzisoxazole-3-acetic 
acid gave 3-( 2'-benzothiazolyl)-4,5-dimethoxybenzenesulfonyl chloride (62)"5 and 
4-chlorosulfonyl-7-fluoro-2-benzoxadiazole (63).'3" 

Preparation of the N-chlorosulfonamide derivative of cross-linked polystyrene 
made by amidation of chlorosulfonated polystryene.'3h" is useful in decreasing the 
COD of water. The preparation of polymerizable acrylamides containing sulphate 
groups have also been reported.23hh 

Treatment of naptho[2,3-f]indole-5.IO-dione with chlorosulfonic acid in dioxane 
containing sodium sulphate gave the sulfonyl chloride'37 (64) (63%). 

0 

Treatment of a range of benzimidazol-2-ylcarbamates (R,  = C , ,  alkyl) with 
chlorosulfonic acid at 40°C gave the 5-sulfonyl ~hloride'"~' (65).  
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2. I0 Miscellaneous 

2.10. I Further Observations 

2-(Perhaloalkyl)anilines, (up to C, and 13 halo substituents) were converted into 
the 3,5-disulfonyl chlorides,23H whereas (2-halo-1-methy1)ethylbenzenes (CI, Br, I)  
underwent 4-s~bstitution.’~~” 

The influence of the position of substitution on the reaction rate is illustrated 
by substituted ethyl 2-pheno~yacetates.~~~ For the series studied, it was observed 
that the rates of substitution decreased in the order 2 x 1  > -1 > 4-CI > 

Ferrocene has been successfully converted into the monosulfonyl chloride using 

Tetraphenoxysilane gave (CIS02C6H40)4.,SiCI, (n = 0, 1, 2, 3) which on re- 

Treatment of aryl isocyanates gave sulfanilic acids.242.243 
Chlorosulfonic acid was used in the formation of isoquinoline derivatives by the 

cyclisation of 3,4-dimethoxybenzylidenearninoacetal.~~ Cyclic phenylsulfonium salts, 
useful for improving the water resistance of carboxylated polymers, were prepared 
by cyclisation of hydroxyalkylaryl sulfides using chlorosulfonic acid.’lS 

Azobenzene by prolonged heating with a large excess of chlorosulfonic acid 
afforded the 4,4’-disulfonyl chloride in excellent yield.’4h The comparatively drastic 
conditions required are probably due to initial protonation of the azido group in 
the strongly acid medium. 

Diphenyl sulphone with chlorosulfonic acid (8 equivalents, 140°C 4 hours) gave 
the 3,3‘-disulfonyl chloride (77%).”’ 

2,4-(C1)2 > 2,5-(C1)2. 

a mixture of chlorosulfonic acid and phosphorus trichloride.24’. 

duction with zinc yielded 4-hydroxythiophen01.~~’ 

2.10.2 Other Applications of Chlorosulfonic Acid 

Chlorosulfonic acid was used as a cyclising agent in the conversion of benzylimino 
acetals (66) into i~oquinolines:~~’ dm R ’ W ! M ( D %  _3_ 

R \  R 

(66; R,R’-H; MeO; Me0,H; A,Me) 

In the alkylation of benzene,’4x toluene,24y ethylbenzene24X and halobenzenes’J’ 
(X = F, CI, Br, I); ethylbenzene with ethylene, propylene and but-Zene, it proved 
to be a suitable catalyst. Polyalkylation was reduced and p-substitution increased. 

Chlorosulfonic acid acts as a chlorinating agent under homolytic conditions in 
the conversion of nitrobenzene into pentachloronitrobenzene,””l in the presence 
of iodine. Chlorination under heterocyclic conditions is illustrated by the following 
reaction:’s’ 

(?jLCF3 = (yiC% 
s4s -=%i 
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In the homolytic bromination of disubstituted benzeneszs2 and the conversion of 
biphenyl into octabromobiphenyl,'5J chlorosulfonic acid was used as solvent. 

I t  has been used both as an oxygenating and deoxygenating reagent; thus, 1.4- 
bis(trichloromethy1)benzene was converted into benzene-1 ,4-dicarboxylic acidzsS- 
the formation of the 2,5-dichloro derivative has also been reported.'s6 Iodoaz- 
oxybenzene was transformed into iodoazoben~ene.'~~ 

Examples are repo~ted'5h~'s8~'s'' of its use as a sulfating reagent. 
The a-chlorination of aromatic acids of the type Ar(CH,),COIH (n > 1) can be 

mediated by chlorosulfonic acid in the presence of chlorine and oxygen.'"' 
Chlorosulfonic acid functions as a chlorinating agent at elevated temperatures,"' 

e.g., 1,2,4,5-tetrachIorobenzene by prolonged boiling with the reagent (165°C) 
yielded hexachlorobenzene."' 

In the presence of iodine, chlorosulfonic acid has been used to chlorinate a 
number of aryl halides under mild conditions; thus under the optimum conditions 
( 5  equivalents ClS02H. 2.5 equivalents of iodine), p-dichlorobenzene afforded 
hexachlorobenzene (82% yield). A mechanism for the chlorination reaction has 
been proposed involving both homolytic and heterolytic stages." Aromatic iodo 
compounds behave abnormally with chlorosulfonic acid and generally yield chlor- 
inated products, but not sulfonyl chlorides. Iodobenzene with the reagent (3 equiv- 
alents) at 60-80°C (3 hours) gave 4,4'-diododiphenylsulfone (53%). 

3. CONCLUSIONS 

In the period covered by this review, although the types of substrates studied are 
limited, a considerable number of investigations have been carried out. Chloro- 
sulfonic acid is a versatile reagent and the experimental conditions can be modified 
appropriately depending upon the substrate. The sulfonyl chlorides which have 
been prepared are good synthetic intermediates which provide a wide range of 
useful derivatives by treatment with nucleophilic reagents. 

There is no doubt that considerable scope exists for further work. Many other 
substrates remain to be studied and in several instances previous investigations 
could be extended. particularly where the optimum experimental conditions for 
the reactions have not been precisely determined. In addition, further work to 
define the mechanistic features of chlorosulfonation reactions would be most wel- 
come. 
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