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N-Acetyl -N-t richloromet hylsul phenylarenesul phonamides 
By R. Brans and R. J. W. Cremlyn,' Department of Chemical Sciences, The Hatfield Polytechnic, Hatfield, 

In a search for new fungicides, N-acetyl-N-trichloromethylsulphenylbenzenesulphonamide and the following 
derivatives have been prepared : p-methyl, p-chloro, o-nitro, p-ethoxy, p-acetamido, p-methoxy. 2.5-dimethoxy. 
p-phenylazo, 3-bromo-4-methoxy, 5-bromo-2-methoxy, 5-chloro-2-methoxy, 4-chloro-3-nitr0, 2.3.4-trichloro, 
4-chloro-3-methyl, and 2-chloro-5-methyl. These compounds were synthesised by condensation of trichloro- 
methanesulphenyl chloride with the appropriate N-acetylarenesulphonamide ; this reaction and the formation 
of the N-acetylsulphonamides are briefly discussed. 

H ertfordshire 

MANY trichloromethylsulphenyl derivatives are fungi- 
cidal; l s 2  this is particularly true of those containing 
the N-S-CS group and several of these compounds 
have been developed c~mmercially.~-~ Certain N-tri- 
chloromethylsulphenyl-sulphonamides are also fungi- 
cidal , and we have examined a range of their N-acetyl 
derivatives (I) as potential fungicides. 

The only N-acetyl-N-trichloromethylsulphenylarene- 
sulphonamide reported is the derivative (11) which has 
car cinol yt ic activity . 

These compounds are closely related to the AT-tri- 
chloromethylsulphonylsulphonarnides, several of which 
are powerful fungicides.8 Although several methods for 
the acetylation of sodium sulphonamides 9a and free 
sulphonamides have been reported acetyl chloride or 
acetic anhydride with catalysts are claimed to be the 
most satisfactory agents.15J8 We have re-investigat ed 
three reagents and have found their effectiveness to be 
generally in the order acetic anhydride-sulphuric acid > 
acetic anhydride-pyridine > acetyl chloride. The 
acetylation species are probably AcO-SO,H, AcNC5H5, 
and AcCl re~pective1y.l~ Attempted preparations of 
N-acetylsulphonamides by reaction of the appropriate 
arenesulphonyl chloride with acetamide were unsuccess- 
ful presumably due to the very weak basic character of 
the latter. An analogous condensation does occur with 
acet imidic es ters.Qb, 20 

4- 

+-AcNH*C~H,*SO&~ + 2HN:CMeOEt + 
P-AcNHmC H SO,N:CMe-OEt jHY&dFi 

~&-NH,*C,H,~O~~NHAC 
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Since N-acetylsulphonamides are more acidic than 
sulphonamides they can be freed from the latter by 
their preferential dissolution in warm aqueous sodium 
hydrogen carbonate. N-Trichloromethylsulphenyl de- 
rivatives are prepared by condensation of trichloro- 
methanesulphenyl chloride with a compound containing 
an acidic hydrogen atom: 3s21 

Base 
R-H + ClSCCl, RS-CC1, + hHC1- 

(B) 

In the synthesis of N-acetyl-N-trichloromethylsul- 
phenylarenesulphonamides two condensation procedures 
were used. (1) A heterogeneous system in which a 
solution of the N-acetylsulphonamide in aqueous 
sodium hydroxide was treated with trichloromethane- 
sulphenyl chloride in ether. (2) A homogeneous 
system in which both the N-acetylsulphonamide and the 
sulphenyl chloride were dissolved in dioxan in the 
presence of triethylamine. The second procedure 
usually gave better yields. The variable, and often 
unsatisfactory, yields from the first method are probably 
due to side reactions, such as the hydrolysis of trichloro- 
methanesulphenyl chloride, the N-acetylsulphonamide 
(c j .  ref. 15), or the trichloromethylsulphenyl deriv- 
ative.21s22 These reactions cause the mixture to become 
acid and precipitate the N-acetylsulphonamide ; ad- 
dition of further sodium hydroxide solution to redis- 
solve the precipitate resulted in lower yields. 

The formation of N-acetyl-N-trichloromethylsul- 
phenyl arene sulphonamides involves nucleophilic at tack 
of the N-acetylsulphonamide anion on the electrophilic 
sulphur atom in trichloromethanesulphenyl chloride : 

AC CCL3 Ac 
I 6+ f I 

ArS02.NHAc ArSOiN: - c .  ArSO$+S-CC13 
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In the biological tests, fungicidal activity was shown 
by the following derivatives of N-acetyl-N-trichloro- 
methylsulphenylbenzenesulphonamide : +-methyl and 
p-chloro were active against Ftmariztm wilt; also 
5-bromo-2-methoxy and 2,5-dimethoxy were strongly 
active against Vine Downy Mildew, Potato Blight, and 
Apple Scab. 

EXPERIMENTAL 

1.r. spectra were measured with an Infracord 237 and 
n.m.r. spectra with a Varian A-60 for solutions in deuterio- 
chloroform with tetramethylsilane as internal standard. 

In the preparation of the N-acetylarene sulphonamides 
(Table 1) three different acetylation methods were employed, 
and these are illustrated by the following examples: 

N-A cetyl-p-chZorobenzenesu1phonamide.-Method (1) with 
acetyl chloride. p-Chlorobenzenesulphonamide (1 00 g.) 
was boiled under reflux with acetyl chloride (5 c.c.) and 

m-nitrobenzene ( S O Y o ) ,  m.p. 189' (lit.,lO 190") ; p-methoxy- 
benzene (45%) , m.p. 143-145' (lit.,15 140') ; fi-ethoxy- 
benzene (40y0), m.p. 148-149' (fit.,15 151.5') ; p-acet- 
amidobenzene (42%), m.p. 251-253' (lit.,16 254'). The 
other N-acetylsulphonamides are listed in Table 1. 

A ttempted Preparation of N-Acetyltolzcene-p-sul'honamide 
by Condensation of the Sulphonyl Chloride with Acetamide (1). 
A solution of toluene-p-sulphonyl chloride (20 g.) in hot 
acetone was treated with acetamide (54 g.) in water (50 
c.c.) and G~-sodium hydroxide (20 c.c.). The mixture 
was stirred for 1 hr. at 60" and acidified (glacial acetic 
acid), but no precipitate of the N-acetylsulphonamide 
was formed. 
(2) Toluene-p-sulphonyl chloride was boiled with acet- 

amide in pyridine for 3 hr.; again no N-acetyltoluene- 
p-sulphonamide was formed. 

The i.r. spectra of the N-acetylarenesulphonamides in 
ethanol showed the SO stretching vibrations in the region 
1170-1155 cm.-l (c j .  ref. 23a); the single N-H stretching 

TABLE 1 
N-Acetylarenesulphonamides RSO,*NHAc 

Found (%) Required (yo) 
Yield (%) Formula 'C H C1 N S' 

43" Cl4H1,NsO,S 55.4 4.1 14.1 
65 CloHlsNO,S 46.1 4.9 5.2 

73" CBHloCINO,S 41-0 3.8 5-2 
74 c C8H,C1N206S 13-0 11.7 

71 b CBHloBrNO,S 35.2 3.3 4.4 

60 b C8H6C1,NOsS 32.0 1.9 4.7 
68 8 C,HloBrNO,S 34.7 3.1 4.3 
63 a CBHloC1N03S 14.3 13.0 
62 * CBHloC1N03S 14.1 13.2 
51 0 C,H,,C1NOsS 13-9 12.5 

75' C,HBNO,S 44.3 3.3 6.1 
60 6 CIoH,,ClNO4S 12.6 11.1 

4 = Method (1). b = Method (2). c = Method (3). 

7 c 
55.5 
46.3 
35.0 
41.0 

31.7 
35-0 

44.4 

H C1 N S' 
4.3 13.9 
5.0 5.4 
3.2 4.5 
3.8 5.3 

2.0 4.6 
3.2 4.5 

12.75 11.5 

14.3 12.9 
14.3 12.9 
14.3 12.9 
12.2 11.0 

3.7 5.8 

glacial acetic acid (1-5 c.c.) for 1 hr. Evaporation of the 
solvent left a white powder (1.1 g.) which upon treatment 
with warm aqueous sodium hydrogen carbonate (20 c.c.) 
and acidification of the filtrate (by glacial acetic acid with 
Congo Red indicator) gave N-acetyl-p-chlorobenzene- 
sulphonamide as needles (0.5 g., 45y0), m.p. 192" (1it.,l1 
192.5") (from aqueous ethanol). 

Method (2) with acetic anhydride-pyridiute. p-Chloro- 
benzenesulphonamide ( 1.0 g.) was boiled under reflux with 
pyridine (2 c.c.) and acetic anhydride (2 c.c.) for 1 hr. 
The solution was poured on ice to give a white powder 
(1.1 g.) which, purified as above, gave the N-acetylsulphon- 
amide as needles (0.6 g., 55%), m.p. 192". 

N-A cetyl-o-utitrobenzenesu1phonanzide.-Method (3) with 
acetic anhydvide-conc. sulphuric acid. o-Nitrobenzene- 
sulphonamide (10 g.) was boiled under reflux with acetic 
anhydride (10 c.c.) and a few drops of concentrated sulphuric 
acid (0.1 c.c.) for 3 hr. The mixture was poured on ice 
to  give a fawn powder (11.5 g.) which when purified as 
above gave N-acetyl-o-nitrobenzenesulphonamide as a 
pale yellow powder (10.0 g., SO%), m.p. 189' (lit.,l0 190'). 
With p-chlorobenzenesulphonamide this method gave a 
65% yield of the N-acetylsulphonamide with a reaction 
time of 1 hr. 

The following known N-acetylarenesulphonamides were 
prepared: benzene (62y0), m.p. 125-126' (lit.,l5 124- 
125') ; p-toluene (SOYo) ,  m.p. 135-136' (1it.,l2 136-137') ; 

band a t  3360-3125 cmrl (c j .  ref. 23b); and the carbonyl 
absorption band at 1720-1690 cm:l (cf. ref. 23c). 

Preparation of N-Acetyl-N-trichloromethyZsulphenylarene- 
su1phonamides.-The condensation of trichloromethane- 
sulphenyl chloride with the N-acetylarenesulphonamide 
was effected by two procedures, as illustrated by the 
following examples. 

anzide: method (1). An ethereal solution of trichloro- 
methanesulphenyl chloride (2.1 g., 1-2 c.c.) was added 
dropwise to a stirred solution of N-acetyltoluene-p-sulphon- 
amide (2.0 g.) in aqueous N-sodium hydroxide (11 c.c.) 
a t  0'. After 2 hr. the product was collected, washed with 
water, and recrystallised from ethanol to give the N-tri- 
chloromethylsulphenyl derivative as a white powder 
(2.1 g., 60y0), m.p. 143-145' (Found: C, 33-5; H, 2.8; 
N, 3.9; S, 18.3. CloHl,C1,NO,S, requires C, 33.1; H, 
2.8; N, 3.9; S, 17*9y0). 

N-Acetyl-5-brov~zo-2-methoxy-N-tr~~hlo~omethylsul~henyl- 
benzenesulphonamide : method (2). A solution of trichloro- 
methanesulphenyl chloride (1.2 c.c.) in dioxan (10 c.c.) 
was added dropwise to a stirred solution of N-acetyl- 
5-bromo-2-methoxybenzenesulphonamide (3.1 g.) and tri- 
ethylamine (1.0 c.c.) in dioxan a t  5". After 3 hr., water 

23 L. J. Bellamy, The Infra-Red Spectra of Complex 
Molecules,' Methuen, 2nd Edn., 1958; (a) p. 363; (b) p. 205; 

N-A cetyl-N-trichloromethylsul~honyltolu~ne-p-sul~h~n- 

(c) p. 211. 
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TABLE 2 
N-Acetyl-N-trichloromethylsulphenylarenesulphonamides RSO,NAc*S*CCl, 

Found ("/o) Required (%) 

3J.p. Yield (%) Formula 'C H 61 N ? 'C H 61 N S' 
159-160" 52 a CgHeC13NO3S2 30.4 18.2 30.6 18.4 
142 77b C,H,C1,N03S2 28.35 1.8 3-65 16.9 28.2 1.8 3-65 16.7 
144 58 a CloHl,C13N04S, 27.8 17.3 28-1 16.9 
133-135 60 a C11H12Cl,N04S, 26-9 16.2 27.1 16-3 
144-145 60 a Cl,HloC13N0,S2 33.5 2.8 3.9 18-0 33.1 2.8 3.9 17.7 
200 45 a C,,H1,Cl3N3O,S, 23.2 13.7 23.5 14-15 
138-139 70 b cl~HBc1~No3s,  36.1 15.8 35.8 16.1 
194-195 45 a Cl1Hl,Cl3N,O4S, 25.9 16.15 26.3 15.8 
142-143 75 6 CloHBBrC1,N0,S2 26.4 2.2 3-15 14.3 26.2 2.0 3.1 14.0 
153-154 85 ' C1oHBCl~NO,S, 29.4 2.2 3.3 15-8 29.1 2.2 3.4 15.5 
134-135 746 CllHl2Cl3NO6S2 32.6 3-1 3-4 16.0 32.3 2.9 3.4 15.7 
142 706 C9H,C1,N205S2 25.5 1.5 6.5 15.1 25.1 1.4 6.5 15-0 
172-173 806 CBH6C1,NO3S2 24.3 1.25 2.9 14.5 24.0 1-1 3.1 14.2 
155-157 42 0 CloH,C1,N03S2 35.6 15.7 35.8 16.1 

6 = Method (2). = Method (1). 

(100 c.c.) was added and the precipitate was collected and 
triturated with ethanol (10 c.c.) to give the N-trichloro- 
methylsulphenyl derivative as a powder (3-7 g., 82%), 
m.p. 166-168" (Found: C, 26.6; H, 2.1; N, 3.1; S, 
14.2. CIoH,BrC1,NO4S, requires C, 26.2; H, 2.0; N, 3.1; 
S, 14.0%). 

The other N-acetyl-N-trichloromethylsulphenylarene- 
sulphonamides prepared are listed in Table 2. 

The i.r. spectra of the N-trichloromethylsulphenyl deriv- 
atives in ethanol showed bands at 1170-1160 cm.-l (SO,) 

and a t  1740-1720 cmr1 (CO); there was no band in the 
N-H stretching region. 

The n.m.r. spectrum of N-acetyl-4-chloro-hT-trichloro- 
methylsulphenylbenzenesulphonamide showed signals at 
z 2.0-2.5 (4ArH in a 9-substituted benzene), and a singlet 
a t  't 7.4 (CH, protons). 

The authors thank Boots Pure Drug Co. Ltd. for the 
microanalyses and biological testing of these compounds. 

[9/867 Received, May 22nd, 19691 
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