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SOME SULFONYL DERIVATIVES OF SALICYLIC ACID AND 
RELATED COMPOUNDS 

RICHARD CREMLYN, FREDERICK SWINBOURNE, JOHN ATHERALL, LYNN COURTNEY, 
T H E 0  CRONJE, PAUL DAVIS, STUART LANGSTON, and MICHAEL ROGERS 

School ojNatura1 Sciences, Hatjield Polytechnic, Hatjield, Hertfordshire, England. 

(Receiivd Nooeniher 3 ,  1979: in,finalform January 18, 1980) 

o-Methoxybenzamide, salicyclic acid, salicylamide and N-acetylsalicylamide have been converted to the corresponding 
5-sulfonyl chlorides. and p-hydroxybenzoic acid to the 3-sulfonyl chloride. The sulfonyl chlorides were characterized by 
the preparation of various derivatives, e.g. amides, hydrazides. hydrazones and azides. Chlorosulfonation of 0-acetyl 
compounds showed either complete or partial deacetylation. 0-Acetyl compounds were therefore obtained by subsequent 
acetylation. 0-Acetylsalicylamide on heating was converted to  the N-acetyl derivative and the isomerization was followed 
by h.p.1.c. In contrast both nz- and p-acetoxybenzamides were relatively stable. Salicylanilide and 0-methylsalicylanilide, 
with chlorosulfonic acid gave the 1,4'-disulfonyl chlorides. On the other hand, 4'-chloro- and 4-chloro-0-methyl-sali- 
cylanilides afforded the corresponding monosulfonyl chlorides. The i.r., n.m.r. and mass spectra, together with the 
algaecidal and antibacterial results are briefly discussed. 

INTRODUCTION 

Many sulfonyl derivatives, such as amides,' azides,2 
and h y d r a ~ i d e s ~ ~ ~  have shown useful biological 
activity as for instance antibacterials, fungicides, 
and nematicides. Phenols are important biocides6 
and accordingly hydroxybenzenesulfonyl deriva- 
tives are of particular interest as candidate bio- 
cides. In addition the value of aspirin, and related 
derivatives, such as salicylates and salicylamide, as 
bactericides, antipyretics, and analgesics are well 
known.7 Salicylanilide (" Shirlan") was also one 
of the earliest organic fungicides.6 Comparatively 
little has been reported on the chemistry of the 
sulfonyl derivatives of salicylic acid, aspirin, 
salicylamide and salicylanilide and these com- 
pounds 'were therefore worthy of further in- 
vestigation. 

DISCUSSION 

o-Methoxybenzamide with excess of chlorosul- 
fonic acid (4 mols) gave 3-amido-4-methoxyben- 
zenesulfonyl chloride (86 %) (1) (Table I) which 
was converted to the amide (2), hydrazide (3) 
and hydrazones (4-10). Chlorosulfonation of sali- 
cyclic acid gave the 5-sulfonyl chloride (11),8-9 the 
optimum yield (90%) was obtained using a large 

excess (6 mols) of chlorosulfonic acid, which 
agrees with the proposed mechanism' for the 
chlorosulfonation of aromatic carboxylic acids. 
Reaction of the sulfonyl chloride (11) with 
aromatic amines (1 -2 mols) as previously de- 
scribed" gave the amides (12-15). However the 
procedure was unsuccessful 'with aliphatic amines 
which are sufficiently basic to break the intra- 
molecular hydrogen-bonding between the OH 
and COzH groups. Consequently formation of the 
cyclohexylamide (16) needed more amine (at 
least 3 mols). 

Acetylation of the sulfonamides (excess acetic 
anhydride) gave the N,O-diacetyl derivatives (17- 
19). The sulfonyl chloride (11) with sodium azide 
gave the azide (20) acetylated to the O-acetyl- 
azide (21) ; both azides with triphenylphosphine 
gave the phosphinimines (22,23). The sulfonyl 
chloride (11) was also converted to the phenyl- 
hydrazide (24), hydrazide (25) and hydrazones 
(26-33). The 0-acetyl derivative (34) of com- 
pound (11) was prepared by acetylation; sub- 
sequent condensation with amines caused de- 
acetylation so the 0-acetyl-amides (35-38) were 
prepared by acetylation (1 mol of acetic anhydride) 
of the salicylic acid-5-sulfonamides. Salicylamide 
with chlorosulfonic acid (3 mols) gave the sulfonyl 
chloride (39) (55 %). Reaction with N,N-dimethyl- 
and phenylhydrazine afforded the hydrazides (40, 
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TABLE I 

Salicylic acid sulfonyl derivatives 

NO. X 
Found ( ",) Required ( " J  

Y Z m.p. Formula C H N  C H N 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 

17 
18 
19 
20 
21 
22 
23 
24 
2s 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 

c1 
NH2 
NHNH, 
NHN=CHPh 
NHN=CHC,H,Me-nz 
NHN=CHC,H,Br-p 
NHN=CHC,HSNO,-p 
NHNZCH-CH=CHPh 
NHN=CMe2 

N H N o  

CI 
NHPh 
NHC,H,CI-I, 
NHC6H4I-p 
NHC,H3CI2-2,4 

ONH 
N(Ac)Ph 
N(Ac)C,H,Cl-p 
N(Ac)C,H,I-p 
N3 
N3 
Ph3P=N 
Ph3P=N 
NHNHPh 
NHNH, 
NHN=CHPh 
NHN=CHC,H,NOZ-p 
NHN=CHC6H,CI-~ 
NHN=CMe, 
NHN=CEtMe 
NHNXCH-CH=CHPh 
NHN=CHPh 
NHN=CEtMe 
CI 
NHPh 
NHC,H,Cl-/, 
NHC,H,C12-2,4 
NHNHPh 
CI 
NHNMez 
NHNHPh 
NHC,H,CI-p 
NHC6H4Cl-o 
NHC,H,CI-m 
NHPh 
NHC,H,C1,-2,4 
NHC,H,CI,-2.5 
NHC,H,C12-2.6 
NHC,H,CI,-3.4 

NHZ 
NH2 
NHZ 
NH, 
NH, 
NHZ 
NH, 
NHZ 
NHZ 

NH, 

OH 
OH 
OH 
OH 
OH 

OH 

OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
NH2 
NHZ 
NH, 
NH2 
NH2 
NHZ 
NH 1 
NH, 
NH2 
NHZ 
NH2 

Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 

Me 

H 
H 
H 
H 
H 

H 

Ac 
Ac 
Ac 
H 
Ac 
H 
Ac 
H 
H 
H 
H 
H 
H 
H 
H 
Ac 
Ac 
Ac 
Ac 
Ac 
Ac 
Ac 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

140" 
200" 
180" 
160'' 
192" 
188' 
214" 
178' 
205" 

186" 

162--164Oa 
20Yb 
222'b 
223' 

214-215' 

176-178" 

180' 
183-185" 

179" 
135" 
207" 

104- 106'' 
185" 
161" 

182-1 83"' 
193'd 
208" 
2 14"' 
178@ 
152' 

162-164 
144" 
162" 

137--138" 
176- 177' 
179-180" 
160-162" 
240-241 
178-180" 
148- 149" 

160" 
238-239' 
205-206" 
2 17-21 8" 

216" 
217- 

160- 162" 
179" 

215-216" 

38.3 3.4 5.8 38.5 3.2 5.6 
41.3 4.4 12.2 41.3 4.3 12.0 
39.0 4.4 22.5 38.85 4.4 21.5 
53.8 4.7 12.5 54.05 4.5 12.6 
55.5 4.8 12.3 55.3 4.9 12.1 
47.2 3.9 11.2 47.4 3.7 11.0 
47.7 3.8 15.1 47.6 3.7 14.8 
56.5 5.2 11.9 56.7 5.0 11.7 
46.4 5.3 14.8 46.3 5.3 14.7 

52.0 5.9 12.7 51.7 5.8 12.9 

53.0 4.0 4.9 53.2 3.1 4.8 
47.8 3.0 4.3 47.7 3.1 4.3 
37.6 2.5 3.6 37.2 2.4 3.3 
43.1 2.4 4.0 43.1 2.5 3.9 

52.5 6.0 5.1 52.2 5.7 4.1 

54.5 4.3 3.7 54.1 4.0 3.7 
49.4 3.3 3.4 49.6 3.4 3.4 
40.4 2.9 3.1 40.6 2.8 2.8 

37.8 2.7 14.5 37.9 2.5 14.7 
62.6 4.4 3.2 62.9 4.2 2.9 
62.1 4.3 2.8 62.4 4.3 1.7 
50.8 4.2 8.7 50.6 3.9 9.1 

52.3 3.9 8.9 52.5 3.75 8.75 
45.7 3.3 11.5 46.0 3.0 11.5 

52.4 3.8 8.8 52.5 3.75 8.75 
55.7 4% 7.9 55.5 4.0 8.0 
53.2 3.8 7.9 53.0 3.85 7.7 
48.0 5.1 8.6 47.55 4.9 8.5 
38.6 2.7 12.9 38.8 2.5 12.75 
53.9 4.0 4.0 53.7 3.9 4.2 
49.3 3.5 3.9 49.2 3.5 4.1 
44.3 3.0 3.4 44.5 2.7 3.5 
51.6 3.8 8.2 51.4 4.0 8.0 
35.5 2.7 6.1 35.7 2.55 5.9 
41.7 5.1 15.9 41.7 5.0 16.2 
50.7 4.2 13.6 50.8 4.2 13.7 
47.5 3.2 8.7 47.8 3.4 8.6 
47.9 3.5 8.5 47.8 3.4 8.6 
47.8 3.6 8.3 47.8 3.4 8.6 
53.0 3.8 9.9 53.4 4.1 9.6 
42.8 3.1 7.9 43.2 2.8 7.8 
42.9 2.7 8.0 43.2 2.8 7.8 
43.0 3.1 7.6 43.2 2.8 7.8 
43.1 3.1 7.7 43.2 2.8 7.8 
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SULFONYL DERIVATIVES OF SALICYLIC ACID I57 

No. 
Found ('lo) Required (",) 

Y Z m P  Formula C H N  C H .  N 

50 
51 
52 
53 
54 

55 

56 

57 
58 

59 
60 
61 
62 
63 

NH&H,CI - 
NHN=CMe2 
N HN=C( Ph)C6HdNOZ-p 
NHN=CWC,H,NOZ-p 
NHN=CHC,H,CI-p 

liHNQ N3 
C1 

NHC,H3CIz-2,4 
NHPh 
NHNHPh 
N3 
N3 

NH, 
NH 2 

NHZ 
NH* 
NH, 

NH2 

NH2 

NHZ 
NHAc 

NHAc 
NHAc 
NHAc 
NHAc 
NH2 

H 
H 
H 
H 
H 

H 

H 

H 
H 

H 
H 
H 
H 
Ac 

175 
157 
232 

220-222 
188' 

200-20 1 

190-191 

I79 
146 

230-23 1 
194- 196 

160 
169-1 70 ' 

128" 

31.4 3.8 15.9 31.4 3.7 15.7 
44.7 4.8 15.5 44.3 4.4 15.5 
47.4 3.7 14.7 47.6 3.7 14.8 
46.3 3.2 15.6 46.1 3.3 15.4 
47.8 3.0 12.1 47.5 3.4 11.9 

49.8 3.8 11.7 49.6 3.6 11.6 

51.9 5.3 12.6 52.0 5.3 13.0 

35.0 2.8 22.9 34.7 2.5 23.1 
38.7 3.0 5.0 39.0 2.9 5.0 

44.8 2.7 7.0 44.7 3.0 6.9 
54.0 4.2 8.6 53.9 4.2 8.4 
54.1 4.3 12.8 53.9 4.5 12.6 
38.3 2.8 19.8 38.0 2.8 19.7 
38.1 3.0 20.0 38.0 2.8 19.7 

(Cl, 12.8; S, 11.5) (C1, 12.3; S, 11.7) 

Lit. '  164 166". 
Lit."' 216-218, 235-237'. 
Lit.' 138-140". 
Lit.' 229-230". 
Lit.' 182". 

' Lit.' 217-218. 
8 Lit.' 180'. 

41); the sulfonyl chloride (39) was also converted 
to the amides (42-49), azide (57) and the acetyl- 
azide (63). 3-Amido-2-hydroxybenzenesulfono- 
hydrazide was obtained as the hydrochloride 
(50) and was characterized as the hydrazones 

0-Acetylsalicylamide was obtained in excellent 
yield (95 %) by acetylation of salicylamide with 
acetic anhydride-pyridine ;' under basic con- 
ditions salicylamide probably exists substantially 
'in the phenoxy form which favours 0- rather than 
N-acetylation. This is supported by the lower 
yield obtained (67%) in the presence of a little 
sulfuric acid. In contrast, N-acetylsalicylamide was 
prepared (50 %) by acetylation of salicylamide 
(1) under acidic conditions (acetic anhydride- 
acetic acid).12 An effort was made to improve the 
yield of N -acetylsalicylamide by using more drastic 
conditions (acetic anhydride-sulfuric acid at 120" 
for 3 h); however this gave an unknown compound, 
m.p. 193". This compound did not contain a 

(51-56). 

phenolic OH group and the mass spectrum showed 
a molecular ion (M', 364), suggesting the forma- 
tion of the tricyclic compound ( l l ) ,  possibly by 
the mechanism shown later (p. 162). 

The provisional structure (11) is supported by the 
microanalytical data and the i.r. spectrum which 
shows the presence of the 0-Ac and N-Ac groups 
(bands at 1750 and 1680 cm-I), these two acetyl 
groups are also indicated by the n.m.r. and mass 
spectra. Further work on this interesting compound 
is proposed, to definitely establish the structure and 
to examine biological activity. 

0-Acetylsalicylamide with boiling methanol is 
known13 to be converted to the N-acetyl deriva- 
tive. The isomerization was followed using high 
performance liquid chromatography and was vir- 
tually complete after 1; h; previously14 the reaction 
was followed by n.m.r. spectroscopy. We found that 
isomerization of 0-acetylsalicylamide to the N- 
acetyl derivatives was the best method for the 
preparation of the latter compound. Early 
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R. CREMLYN et al. 

J 
NCOCH, - 

workers' suggested that the process was intra- 
molecular which may be rationalised by the 
mechanism: 

OCCH, 

CNH, 

0 
II 

n 

0 

\ 
L 

The reaction could take place intermolecularly, 
but we found that m-acetoxy- and p-acetoxy- 
benzamide were relatively stable in boiling me- 
thanol. This supports the intramolecular mechan- 
ism as neighbouring group participation is not 
possible in the m- and p-compounds. 

Standard texts in practical organic chemistry 
(e.g.' ' . I6)  indicate that hydroxybenzoic acids can 
be converted to the hydroxybenzamides by suc- 
cessive treatment with thionyl chloride and am- 
monia. The procedure was successful with salicylic 
acid (60 %), and m-hydroxybenzoic acid (40 %), 

- "H 

but p-hydroxybenzoic acid gave mainly ammonium 
3-chloro-4-hydroxybenzoate. Previous work- 
e r ~ ~ ~ ~ ~ ~  showed that the conversion of hydroxy- 
benzoic acids to amides is complex yielding several 
by products, but that excellent yields can be 
obtained by acetylation of the hydroxyl group. By 
this routep-acetoxybenzamide was prepared (90 %). 
Salicyclic acid gives a reasonable yield of the 
amide by the standard procedure, probably because 
the hydroxyl group is protected by intramolecular 
hydrogen bonding with the carbonyl group. 

N,O-Diacetylsalicylamide was prepared (54 7;) 
by treatment of the N-acetyl derivative with acetic 
anhydride-pyridine, but direct acetylation (acetyl 
chloride-sodium acetate) of salicylamide was un- 
satisfactory (cf. Ref. 12). 

N-Acetylsalicylamide on chlorosulfonation gave 
the sulfonyl chloride (58) which was characterized 
as the amides (5941) and azide (62). The relative 
lability of the O-acetyl derivatives was demon- 
strated on chlorosulfonation : N, O-diacetylsalicyl- 
amide gave the N-acetyl sulfonyl chloride (58); 
O-acetylsalicylamide gave a mixture of the 0- 
acetyl- and N-acetyl- benzenesulfonyl chlorides; 
and aspirin gave 5-chlorosulfonylsalicylic acid 
(11). The O-deacetylation is a very interesting 
reaction, but we have not proposed a formal 
mechanism. 

p-Hydroxybenzoic acid has been converted to 
the 3-sulfonyl chloride, which was characterized 
as the hydrazide and acetone hydrazone: the 
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SULFONYL DERIVATIVES OF SALICYLIC ACID 1.59 

TABLE I1 

Salicylanilide disulfonyl derivatives 

No 
Found ( ' I , )  Required ( ' 'J 

x Y m.p. Formula C H N S C H N S  

64 
65 
66 
67 
68 
69 
70 

71 

72 

73 

74 
75 

76 

77 

78 

79 

80 

81 

82 
83 
84 

85 

OH 
c1 
NHCH2Ph 
N(C,H,), 
NMez 
NHPh 
NHNHPh 
f-7 

NH2 

N X N O C l  

NHNH? 
NHN=CHC,H,NOZ-p 

NHN=CHC,H,OMe-p 

NHN=CHC,H,NOZ-o 

NH-N=CH 

OMe 
NkI-N=CHClIH,, 

"""B 

H 
H 
H 
H 
H 
H 
H 

H 

H 

H 

H 
H 

H 

H 

H 

H 

H 

H 

Me 
Me 
Me 

Me 

103" 
3001 
239" 

159-160' 

--_ 315' 

200" 

> 300" 

180" 

> 300' 

182" 
190" 

191" 

225" 

268" 

168"' 

181' 

153' 

I Y I  192 

168' 
180" 
192" 

147 

C i 3 H i  i N 0 6 S Z  32.6 4.5 2.9 ~ 32.9 4.3 2.7 ~ 

C27H,,N,06Sz 58.4 4.3 7.4 11.7 58.8 4.6 7.6 11.6 
C,,H,,N,06SZ 58.7 7.8 7.0 10.8 58.5 7.6 7.05 10.8 
CI7H,,N3O6S2 47.5 4.8 9.7 14.8 47.8 4.9 9.8 15.0 
C2,H,,N306S, 57.1 3.9 7.7 12.7 57.4 4.0 8.0 12.3 
C2,H2,N506S2 54.2 4.1 12.3 11.6 54.2 4.2 11.6 11.6 

38.0 2.2 3.4 ~- C,,H,C12NO6SZ 37.6 2.2 3.4 ~ 

CZlH25N,O,S2 49.3 4.9 8.4 - 49.3 4.9 8.2 -- 

C,2H13N306S2 41.6 3.6 11.1 16.9 42.0 3.5 11.3 17.3 

C32H,,C12N,06S2 54.2 4.6 9.5 ~ 54.3 4.6 9.6 - 

38.9 3.8 17.5 - C 1 ~ H 1 ~ N 5 0 h S ~  38.9 3.7 18.0 ~ 

C27H21N70,,Sz 46.7 3.4 13.8 9.3 46.7 3.5 14.1 9.2 
1.5 H,O 

C2,H,,N,0,S2 51.6 4.3 10.4 9.8 51.7 4.6 10.4 9.5 
2 H,O 

C,3H,,N,0,zS, 51.8 5.0 8.9 
1 MeOH 

51.7 5.0 8.9 

C,,H,,N,O,S, 60.8 8.6 9.3 8.5 60.5 8.1 9.5 8.7 

C,,H,,N,O,S, 50.1 5.6 11.6 10.9 50.2 5.9 11.7 10.7 
2 H z O  

58.5 6.3 11.4 C',,H,,N,O,SZ 58.4 6.5 11.3 - 
1 HCONMe, 

C,,H,,Cl2NO6S3 39.4 2.9 3.0 15.1 39.6 2.6 3.3 15.1 
C,,H,,N50,S2 40.4 4.2 16.5 15.3 40.5 4.1 16.8 15.4 
CzHH23ClzN,O,Sz 52.2 3.7 11.0 - 52.3 3.7 11.0 ~ 

4 C,H,N 
C,,,H,7N,O,SL 59.2 8.0 6.7 - 59.1 7.8 6.9 ~ 

hydrazide did not undergo cyclisation in hot 
dioxan; this treatment was expected to cause intra- 
molecular dehydration with consequent cyclisa- 
tion. 

Salicylanilide with chlorosulfonic acid (4 mols.) 
at 50" gave the 1,4'-disulfonic acid (64); with more 
chlorosulfonic acid (at least 6 mols.) the disulfmyl 

chloride (65) was obtained (84%); the latter was 
also prepared (91 "4) from the disulfonic acid with 
phosphorus pentachloride. Efforts to achieve selec- 
tive sulfonation paru to more electron-donating 
hydroxyi group were unsuccessful, which suggests 
that both aromatic rings have similar reactivity 
to the reagent. The disulfonyl chloride was charac- 
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160 R. CREMLYN et a1 

terized as the amides (66-73), hydrazide (74) and 
hydrazones (75-81). 

0-Methylsalicylanilide with chlorosulfonic acid 
(6 mols.) similarly gave the disulfonyl chloride 
(82) (87 %) which was characterized as the hydra- 
zide (83), p-chlorobenzaldehyde hydrazone (84) 
and the dibutylamide (85). 4'-Chlorosalicylanilide 
with chlorosulfonic acid (4 mols.) gave the sulfonyl 
chloride (86) (83 %); this was converted into the 
derivatives (87-89). Chlorosulfonation of 4'-chloro- 
0-methylsalicylanilide similarly gave the sulfonyl 
chloride (90) which was characterized as the 
derivatives (91-93). 

The i.r. spectra of the amidobenzenesulfonyl 
derivatives often showed two carbonyl stretching 
absorptions associated with the CONH, group 
in the ranges 1680-1660 and 1635-1610 cm-' (cf. 
Ref. 19a). The compounds containing the 0-acetyl 
group exhibited an appreciably higher carbonyl 
stretching absorption band in the range 1780- 
1735 cm- ' which was clearly distinguishable from 
the lower carbonyl absorptions associated with 
the COOH or CONH g r o ~ p s . ' ' ~  

Then.m.r. spectra showed the deshielded SO,NH 
protons as a broad singlet at low field within the 
range 612.5-9.5 (cf. Ref. 20). In the aromatic 
sulfonohydrazones, the presence of electron-with- 
drawing substituents tended to move the resonance 
further downfield to 612.5-1 1.0, whereas with 
electron-donating substituents and in the aliphatic 
sulfonohydrazones the signal appeared at -69.5. 
In contrast, the N=CH signal in the aromatic 
hydrazones was little affected by the nature of 
the substituents and always appeared within the 
range 68.0- 7.5. The aromatic protons generally 

showed as a broad multiplet (68.5-7.0); however 
in the salicylanilide sulfonyl derivatives, the aro- 
matic proton resonances exhibited a characteristic 
pattern. The protons Ha and Hb are ortho- 
coupled (J, 9Hz) and also the proton Hb appears 
as a double doublet since it is also metu- coupled 
(J, 3Hz) to the proton Hc. The protons of the 
anilide moiety appeared as a sharp singlet (67.75- 
7.6). 

The mass spectra of the various sulfonyl de- 
rivatives generally showed the molecular ions and 
fragment ions corresponding to nitrogen-sulfur 
bond cleavage with base peaks representing the 
parent aromatic compounds. 

Salicylanilide 1,4'-disulfonyl chloride (Table 11, 
65) and the diamides showed the molecular ions, 
but the corresponding dihydrazide (74), hydra- 
zones and the phenylhydrazide (70) failed to give 
satisfactory mass spectra by either chemical ioniza- 
tion or electron impact. The total observed ion 
current was low with respect to the amount of 
sample and the ions had low masses. A graph of 
total ion current against time showed a sharp peak 
instead of the usual gradual hump as the tempera- 
ture of the probe was increased, suggesting 
explosive decomposition. 

Studies of 20 electron impact mass spectra of the 
disulfonohydrazide (74) using source temperatures 
varying between 100 and 260" and probe tempera- 
tures of 60-400" showed that with a large sample 
and a source temperature of 200" and a probe 
temperature of 250 or 275", a fragment ion of mass 
371 (M-NH=NH) was sometimes observed. 

The salicylic acid sulfonyl derivatives were 
tested against two species of freshwater algae: 

TABLE 111 

Hc 

Found (%) Required ('x) 
No. X Y m.p. Formula C H N S CI C H N S CI 

86 
81 
88 
89 
90 
91 
92 
93 

CI 
N(C4H,)2 
NHNH,  
NHN=CHC,H,Cl-p 
CI 
NHNH, 
NHN=CHC,H,Cl-p 
N(C4H9)2 

H 
H 
H 
H 
Me 
Me 
Me 
Me 

121" C,,H,CI,NO,S 
142-1 43" C, H, ,CIN,O,S 

145" C,3H,,CIN,O,S 
232" C,,H, SC12N,04S 
135" C,,H, ,CI,NO,S 
150" C14H14C1N304S 
233" C,,H,,CI,N,O,S 
163" C22H29CIN20,S 

45.0 2.6 4.0 9.1 - 45.1 2.6 4.0 9.2 - 

57.6 6.5 6.4 -- - 51.5 6.2 6.4 - - 

45.7 3.6 12.0 9.9 10.5 45.7 3.5 12.3 9.4 10.4 
52.0 3.3 9.2 7.2 15.3 51.7 3.3 9.1 6.9 15.3 
46.4 3.0 3.8 - - 46.7 3.1 3.9 - - 

47.2 4.0 11.6 9.1 10.1 47.3 4.0 11.8 9.0 10.0 
52.8 3.6 8.8 6.9 15.0 52.7 3.6 8.8 6.7 14.8 
58.1 6.1 6.1 - - 58.3 6.4 6.2 - - 
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Clilorella Ji4.sc.a and Aizabaeila variabilis; and the 
bacteria Escherichia coli (gram ( -)Ve species) 
and Staphylococczrs clureus (gram ( + )"' species). 
The compounds generally showed little algaecidal 
activity, indeed they often caused an initial en- 
hancement of algal growth followed by slight 
inhibition, e.g. the acetamido-azide (Table I, 62) 
at 1 mg/l after 10 days caused 50% stimulation 
in the growth of C.fiisca, but after 19 days resulted 
in 15 7; inhibition. The 2,4-dichlorosulfonamide 
(15) at 10 mg/l after 7 days gave 100% stimulation 
of growth and after 19 days 30 :{ inhibition. In the 
antibacterial tests the majority of compounds 
were inactive. The most active were the N- 
acetamido 2,4-dichlorosulfonamide (59) and the 
corresponding 0-acetyl derivative (37) which gave 
50°< inhibition of E .  coli and 67% inhibition of 
S. aweus  at 100 mg/l. 

EXPERIMENTAL 

1.r. spectra were determined as Nujol mulls using a Perliin 
Elmer 237 spectrophotometer. N.m.r. spectra were measured 
with a Varian H A  100 spectrometer using tetramethylsilane as 
internal standard. Mass spectra were determined with an 
AEI MS9 spectrometer at 70 eV. Melting points were determined 
with a Kofler hot-stage apparatus and are uncorrected. T.1.c. 
was carried out on silica gel G plates developed with iodine 
vapour. High performance liquid chromatography (h.p.1.c.) was 
carried out with a stainless steel column (150 x 5 mm) with 
Spherisorb detector and a chart speed of 15 cmjh. Microanalyses 
were carried out by the Butterworth Microanalytical Con- 
sultancy Limited, Teddington. England. 

The following preparative details are representative examples 
for the different types of sulfonyl derivatives described. 

3-Amido-4- Merhos~hen:eriesu~fon~~l Chloride ( 1) 

o-Methoxybenzamide ( 14g) was added portionwise to chloro- 
sulfonic acid (4 mol. equivs.) in tetrahydrofuran (20 ml) a t  0". 
The solution was warmed at 50" for 30 min. and poured onto 
ice to give the szr!fun.vl chloride (19.8g. 86",,). v,,,,,, 3480 (NH,), 
1685 (CO), 1580, 1490 (arom C-H), 1380. 1170 (SO?), 1260, 
1030 (C-0-C) cm- ' .  Ms showed the molecular ion (Mi ,  
251. 249) and a fragment ion at 150 (2-Methoxybenzamide). 
N.ni.r. ((CD,)ISO)ii7.59-8.50m(3ArH). 7.2 brs (2H.CONH2) .  
4.0 s ( 3  H, CH,). The signal at 67.2 was removed by D,O treat- 
ment. 

3-Amido-4-~~etho.\;l~herl-rrlesu!fbr?oh~.dr~iirie (3) 

The sulfonyl chloride (1) (6g) was reacted with hydrazine 
hydrate (2.2 mol. equiv.) in tetrahydrofuran (25 ml) at 0" and 
left at room temperature for 12 h. Addition of ice-water (150 ml) 
gave the hydrazide (5g. 86";). \',,,,, 3550 (NH,) 3450 (NH),  1650 
(CO), 1580, 1490 (arom C-H), 1380, 1170 (SO,), 1260, 1030 
(C-0-C) cm- ' .  Ms gave the molecular ion (M', 245) and 
fragment ions at 214 (M-NHNHJ, 150 (2-methoxy- 
benzamide). The acetone hydrazone (9) showed M'(285), 214 
(M-NHN=CMe,), 200, and 150. 

-'-H~dro.~!'-5-(N-Pheiz.vl) Suljonamidobenzoic Acid (1 2). 

This was obtained (49 ?J by reaction of 2-hydroxy-5-chloro- 
sulfonylbenzoic acid (11) with aniline (1 mol. equiv.) in boiling 
benzene as previously described." The yield was improved 
(78"") by using more aniline (2 mols.). The other aromatic 
amides (13-15) were similarly prepared, but the method was 
unsuccessful with aliphatic amines. 

- 7 - H ~ ~ ~ r 0 . ~ ~ - 5 - N - ( c y e l o h e u ~ / ) s i r l f o ~ i o a m i d o h e n , - o i c  Acid (16) 

2-Hydroxy-5-chlorosulfonylbenzoic acid (5g) was reacted with 
cyclohexylamine (6.3g; 3 mol. equivs.) and triethylamine (21.3g, 
10 mol. equivs.) in tetrahydrofuran (50 ml) at room temperature 
for 24 h. Triethylamine hydrochloride was filtered off and 
evaporated under reduced pressure. The residue was acidified 
(dilute HCI) and the oil extracted with ether. Evaporation gave 
a solid which was recrystallised from aq. ethanol to give the 
N-cyc/o/ir?c~~lsuIfonumide (16) (40, , ) .  I',,,,~, 3350 (NH), 1695 
(CO), 1340, 1160 (SO2) cm-'. N.m.r. ((CD,),CO) 610.6 s (2H, 
CO,H, O H )  7.05-8.40m (3ArH). 1.50m (11 cyclohexyl H). 
The NH signal was not located. 

Acetvlation of'  rhe suljonamides (12-14) was carried out by 
heating the sulfonamides (2g) with acetic anhydride (10 ml) and 
concentrated sulfuric acid (3 drops) on a srream-bath for 15 
min. Dilution with ice-water (150 ml) and crystallisation (ethyl 
acetate) afforded the corresponding N,O-diacetyl derivatives 
(17-19). Attempted acetylation of the N-cyclohexylsulfonamide 
(16) only gave a brown gum. 

17 (98O,,). i',,,,,, 1770 (OCOCH,). 1730 (N-COCH,). 1695 
(COOH), 1360, 1170 (SO,) cm-'. 

(COOH). 1360, 1180 (SO,) cm-'. 
19 (83:'<), v,,, 1780 (O.COCH,), 1730 (NCOCH,), 1710 

(COOH), 1360,1160 (SO,)cm-'. In allcases no N-H stretching 
bands at -3300 cm were observed. 

In contrast, when acetylation of the amides was carried out 
with less acetic anhydride (1 mol. equiv.) with concetrated 
sulfuric acid (2 drops) the corresponding 0-acetylsulfonamides 
(35-38) were obtained. 

18 (31 "h), v,,, 1775 (OCOCH,), 1720 (NCOCH,), 1770 

3 - H y d r o x ~ ~ - 5 - ( s u ~ o ~ z . v ~ ~ ~ i d o ) b e n ~ o i ~  Acid (20) 

2-Hydroxy-5-chlorosulfonylbenzoic acid (11) was reacted with 
sodium azide as described by Cremlyn' to give the azide (87",), 

2120 (N,), 1665 (CO), 1365, 1170 (SO?) cm- ' .  Heating the 
azide (20) (2g) with acetic anydride (10 ml)-concentrated 
sulfuric acid (3 drops) on the steam-bath for 15 min. gave the 
2-acetoq~ aride (21) (2.lg. 91 O h )  as  needles from toluene. v,,,,~, 
2120 (N3). 1785 (OCOCH,), 1695 (COOH), 1370, 1180 (SO,) 
c m - ' .  N.m.r. ((CD,),SO) 67.60-8.40 m (3ArH). 2.30 s (3H. 
CH3). 

Reaction of the Azide (20) wxith Triphenylphosphine 

The azide (2g) was boiled with triphenylphosphine (2. lg) in dry 
ether (40 ml) for 30 min. Cooling gave the triphenyliminophos- 
phorane (22) as a pale yellow powder (1.8g). v,,, 1680 (CO). 
1360 (SO,) cm-' (no azide band at 22100 cm-'). N.m.r. 
((CD,),SO) 67.1L8.25 m (18ArH). The acetoxy-azide (21) 
also reacted with triphenylphosphine to give the imino-phos- 
phorune(23) (170(,), ~~,,,1770 (OCOCH,), 1720 (COOH), 1365 
(SO,) cm- ' .  N.m.r. (CD,)2SO) 67.1-7.9 m (18ArH), 2.25 s 
(3H. CH,). 
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0- A cetvlsalicylamide 

Salicylamide (8.2 g) was reacted with acetic anhydride (20 
ml)- pyridine 5 ml) as previously described' ' to give O-acetyl- 
salicylamide as plates (92",,). m.p. 144-145" (lit." 145'). 
(Found: C, 60.1; H, 5.1; N, 7.8. Calc. for C9HyN0,:  C, 60.3; 
H, 5.0; N, 7.8";,).vn1,,, 3400. 3190 (NH), 1745 (OCOCH,). 1680 
(CONH,) cm-I. N.m.r. (CDCI,) 67.10-7.90 m (4ArH), 6.10 s 
(2H. CONH?), 2.38 s (3H,COCH,). The signal at 62.38 was 
removed by D,O treatment. T.1.c. (Me,CO-Et,O 1 :9) gave a 
single spot, R ,  0.41) and the product gave a ( - )ve  ferric chloride 
test. 

0-Acetylsalicylamide was also obtained (67 ",) by acetylation 
of salicylamide using acetic anhydride-concentrated sulfuric 
acid (3 drops). 

N- Acetj~lsalicylamide 

Salicylamide (14g) was boiled with acetyl chloride (25 ml)- 
acetic acid (25 ml) for 20 min. to give N-acetylsalicylamide (50 yo), 
m.p. 147" (lit." 146"). (Found: C, 60.3; H, 5.2; N, 7.7. Calc. for 

2800 br (OH). 1720 (NCOCH,), 1650(CONH). N.m.r. (CDCI,) 
ii7.20-7.81m(4ArH).6.10s(1H.CONH),2.63s(3H,COCH3), 
T.1.c. (Me2CO-Et,O 1.9) showed a single spot, R, 0.81. and 
the product gave a (+)" ferric chloride test. 

N-Acetylsalicylamide was best obtained (95 :!J by boiling the 
0-acetyl derivative with methanol (10 O0 w/v) for 3 h. It was also 
prepared (85" , , )  by heating the 0-acetyl derivative at 120" for 
2 h (cf. Ref. 14). 

Aitenipted Preparation of' N-Acrtj~lsalicylrmide~mide 

Salicylamide (1) (2Og) was boiled under reflux with acetic an- 
hydride (50 nil)-concentrated sulfuric acid (10 drops) at 120" for 
3 h. Cooling and shaking with ether gave a reddish-brown solid 
which was crystallised (benzene-ethyl acetate) to give an 
unknown product (12g), m.p. 193". (Found: C, 66.3; H, 4.6; 
N. 7.6. Calc. for N-Acetylsalicylamide CyHyN03:  C, 60.3; 
H, 5.0; N, 7.8",,,). The suggested structure (11) (see discussion 
p. 157). C,,H,,N20, requires: C. 65.9; H, 4.4; N, 7.7%. The 
product gave a ( - ) v e  ferric chloride test. Molecular mass = 364 
M.s. showed an ion of mass 364 and major fragment ions at 321 

I> , , , , ,  1760 (OCOCH,). 1680 (CON-) cm-'. N.m.r. (CDCI,) 
08.20-7.21 m (8ArH),  5.20 q (2H. C=CH2), 4.72 s (I H. OH ?), 
2.64 s (3H. CH,CON). 2.34 s (3H. CH,COO). The signal at 
64.72 was removed by D, treatment. 

Esnniination of tl7e Conversion of' 0-Ac~erylsrrlicq~ltrniide to N- 
A crtylsalic~~laniide 

0-Acetylsalicylamide (0.5g) was boiled under reflux with 
methanol (50 ml) and samples were removed at 4 h intervals and 
analysed by high pressure liquid chromatography (h.p.1.c.). 
A small peak corresponding to the N-acetyl derivative appeared 
after 4 h and after 2 h the conversion was practically complete as 
shown below: 

CyHyNO,: C, 60.3; H, 5.0; N, 7.8"). ~,,,3270 (NH), 3200- 

(M-CH,CO), 303 (M-CH,CO-H,O). 121, 77 (C,H,). 

N . 0 -  Diacetvlsalic~lamidr 

N-Acetylsalicylamide (14g) in pyridine (40 ml) was treated with 
acetic anhydride (I4 ml) at 0". After 24 h at room temperature, 
pyridine was evaporated under reduced pressure and the oil 
extracted with ether (100 ml). The extract was washed with 
dilute HCI (2 x 40 ml), dried (MgSO,), and evaporated to give 
the N,O-diacetyl derivative (9.4g, 54 ?J, m.p. 63-64' (lit.'3 68"). 
(Found: C, 59.7; H, 5.0; N, 6.4. Calc. for C,,H,,NO,: C, 59.7; 
H, 5.0; N. 6.3",,). v ,,,,,, 3280 (NH), 1765, 1735 (COCH,), 1680 
(CONH)  c m - ' .  N.m.r. (CDCI,) 68.90 b r s ( l H ,  CONH), 
7.11--7.80m (4ArH), 2.48 s (3H,  CH,CON), 2.30s (3H, 
CH,COO). The signal at 68.90 was removed by D,O treat- 
ment. Ms showed the molecular ion ( M i .  321) with major 
fragment ions at 178 (M-CH,CO), 135 (M--ZCH,CO) 2nd 
119. T.1.c. (Me,CO-Et,O 1:9) showed a single spot, R, 0.85 
and the product gave a ( -)ve ferric chloride test. 

N,O-Diacetylsalieylamide was also prepared in very poor 
yield (-1 ",) by reaction of salicylamide with acetyl chloride- 
anhydrous sodium acetate (cf. Ref. 13). 

3N-Aretamido-4-Hydroxybenzenesulfonyl Chloride (58) 

N-Acetylsalicylamide (5.6 g) was heated with chlorosulfonic 
acid (9 ml; 4 mol. equivs.) at 60" for 2 h. to give the sulfonjd 
chloride (6.0g. 699,). 1' ",,,3460 (NH), 3200-2300 br (OH), 1730 
(COCH,), 1660 (CONH). 1370, 1170 (SO,) cm-'. N.m.r. 
(CDCI,) (510.80 br s ( l H ,  OH), 8.90 br s (1 H, CONH), 7.10 
7.80 m (3ArH), 2.48 s (3H. CH,CON). The signals 
at S10.80 and 8.90 were removed by D,O treatment. 
T.1.c. (Pr'OH-C,H,CH,-EtOAc-H,O 5 :  I : 2.5: 1.25) showed 
a single spot. RF 0.75. 

This product also resulted (50";) from attempted chloro- 
sulfonation of N,O-diaeetylsalieylamide. 

3N-Acetamido-4-Hydro.uybenzenesulJonyl Azide (62) 

This was obtained (89"") from the sulfonyl chloride (58) by 
reaction with sodium azide. v,,,, 3450, 3260 (NH). 3250-3100 
(OH), 2140 (N,), 1680, 1625 (CO), 1590 (arom C=C). 1365, 
1180 (SO,) cm-'. 

Chlorosulfonation o f  O - A c e t ~ ~ l s a l i c ~ b n ~ i ~ e  

0-Acetylsalicylamide (5.6g) was warmed with chlorosulfonic 
acid (8.9 ml, 4 mol. equivs.) at 50-60" for 2 h. Recrystallisation 
(petroleum ether 60-80") gave a mixture of 0-acetyl and N- 
acetyl-benzenesulfonyl chlorides (5.6g), m.p. 144-160". I,,,, I, 

1630 (CONH), 1590 (arom C=C), 1390, 1330, 1195 (SO,) 
cm-I. T.1.c. (Pr'OH-C6H,CH,-EtOAc-H,0 5: 1 :2 .5 :  1.25) 
showed two spots, R, 0.60, 0.77 corresponding to 0- and N- 
aeetyl derivatives respectively. The product showed a ( +)ve  
ferric chloride test. 

3500, 3250 (NH), 3350-3150 (OH), I750 (CH3COO). 1680, 

~ 

Time (h) N-Acetyl derivative 

0 0 
0.5 21 
1 .o 73 
1 .5 99 
2.0 100 

Attempled Chlorosulfonntion of 0-Acetylsalicvlic Acid 

0-Acetylsalicyelic acid with chlorosulfonic acid (4 mol. equivs.) 
at room temperature for 2 h gave 5-chlorosulfonylsalicylic acid 
(11) (51 U@, m.p. 165-166" (m.m.p. with an authentic sample 
164-167") ( l k 9  164-166"). v mBx 3500-2500 (OH), 1675 (CO). 
1610, 1580 (arom C=C), 1380, 1180 (SO,) em-'. The product 
gave a (+)"' ferric chloride test. 
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I?-Aceta.uv-5-Chlorosi~lfun~~lbenzaic Acid (34) 
5-Chlorosulfonylsalicylic acid (11) (1.5g) was heated with acetic 
anhydride (10 ml)-concentrated sulfuric acid (2 drops) at 50-60" 
(or 15 min. Dilution with ice-water and recrystallisation (aq. 
acetic acid) gave the aceto.xy-sulfonyl chloride (1.6g, 91 ",). 

(arom C=C), 1365, 1170 (SO,) cm-'. The product gave a 
( - )ve  ferric chloride test. 

\ ' n u &  3100-2500 (OH), 1780 (OCOCHJ, 1700 (COOH), 1600 

m-A celo.ryben:amide 

m-Hydroxybenzoic acid (log) was boiled with thionyl chloride 
( 1  5 ml; 3 mol. equivs.) for 4 h. Treatment of the residual oil with 
ammonium hydroxide (15 ml of 0.88) at 0" and acidification 
(concentrated HCI) gave m-hydroxybenzaniide (4g. 40 "k). m.p. 
169c(lit.2' 170.5").1~,,,,,, 3400,3250(NH2),3300-3150(OH), 1650 
!C'ONH,). 1615, 1580 (arom C=C) cm- ' .  Treatment with 
acetic anhydride (16 m1)-pyridine (4 mi) at 0" for 4 h gave 
in-acetoxybenzamide ( 1 . 1  g. 5 8 " J  mp.  139-140. (Found: 
C, 60.4; H, 5.2; N, 7.9. C,H,N03 requires: C, 60.3; H, 5.0; 
N ,  7.8"#,). '2 ,,,.,, 3400, 3190 (NH,), 1765 (CH3COO), 1650 
(CONH?). 1585 (arom C=C), cm-'. The product gave a 
ferric chloride test. 

Stahilitjj of m- Acetoxyheri_.arnide in Ethanol 

When m-acetoxybenzamide was boiled with ethanol (I0 ":, wjv) 
for 1 h, the compound was recovered (98") unchanged (cf. 
the behaviour of 0-acetylsalicylamide (p. 159). 

A irempted Preparation ojp-Hydroxybenznmide 

p-Hydroxybenzoic acid (30g) was boiled with thionyl chloride 
(135 ml) for 3 h. Acidification gave an unknown product (35g) 
m.p. > 300" (lit." m.p. ofp-hydroxybenzarnide 162"). Sodium 
fusion was (+)'e for CI and ammonia was evolved with cold 

NaOH indicating an ammonium salt. v,,,3700-3000 br (NH,), 
3200-2800(OH). 1740 (CO), 1580(aromC=C)cm-'. (Found: 
C. 42.6; H, 4.6; N, 7.4; CI. 17.4. Amrnoniutn 3-chloro-4-hviiroui.- 
benzoate, C,H,CINO, $H,O requires: C, 42.3; H, 4.6; N. 7.4; 
CI, 17.8 "c). 

p -  Acetosyben~amide 

p-Hydroxybenzoic acid (5Og) was acetylated (acetic anhydride- 
concentrated sulfuric acid) to givep-acetoxybenzoic acid (90 "J, 
m.p. 183" (lit.'' 181"). (Found: C. 60.1; H, 4.5. Calc. for 
CqH804: C, 60.0, H. 4.4.). 

p-Acetoxybznzoic acid (log) was boiled with thionyl chloride 
(8 ml; 2 mol. equivs.) and the product reacted with ammonia as 
previously described '' to give p-acetoxybenzamide (90 I , : > ) ,  

m.p. 18I'(lit.'* 181").(Found:C,60.2;H,5.0;N,7.8.Calc.for 
C,H,NO,: C, 60.3; H. 5.0; N, 7.9",). v,,,,3400, 3192 (NH,). 
1760 (OCOCH,). 1650 (CONH2). N.m.r. (CDCI,) ri7.0--8.20 rn 
(4ArH). 4.40 s (?H,  CONH,, 2.32 s (3H. COCH,). D 2 0  treat- 
ment removed the signal at 64.40. 

Siahilitjs of p-Acetosybenramide in Methanol 

When p-acetoxybenzamide was boiled with methanol (10 ' I c ,  

wiv) for 3 h, the starting material (92'") was recovered (cf. the 
behaviour of 0-acetylsalicylamide p. 159). 

3-Chlorosulfonyl-4-Hydra~ybenzoic Acid 

p-Hydroxybenzoic acid (log) was heated with chlorosulfonic 
acid (24 ml, 5 mol. equivs.) at 65" for 4 h. The solution was 
poured onto crushed ice (1OOg) to give the sulfonj'l chloride 
(10.2g, 60S<), m.p. 159-162". (Found: C, 35.0; H, 2.4; CI, 14.5: 
S, 13.8. C,HSCI05S requires: C ,  35.2; H, 2.1; CI. 14.8: 

1170, (SOz) cm- ', 
3- H~dra~inosulfon~~1-4-H~~dro.uybenzoic Acid 

3-Chlorosulfonyl-4-hydroxybenzoic acid (5g) was treated with 
hydrazine hydrate (4 ml, 4 mol. equivs.) in ethanol (20 ml) at 0". 
After 12 h at room temperature. ethanol was decanted off and 
the oily solid freeze dried to give a hygroscopic solid. (Found : 
C. 24.4; H, 5.4; N, 25.2; S, 9.9, there was no Cl). This appeared 
to be the dihydrazinium salt of the sulfonohydrazide. 
C7Hl,N6O5S requires: C, 28.4; H,  5.4; N, 28.4; S, 10.8",,. The 
product (4g) was acidified (concentrated HCI) to pH4 and left 
at 5' for 3 days to give the J-su/foriohydraiide (2.3 8). m.p. 218 . 
(Found: C,36.0; H,3.7;N, 12.1;S, 13.5. C,H,N,O,Srequires: 
C.36.2;H,3.5;N, 12.1;S, 13.89;). i8,,,3340(NH,).3300(NH). 
3200-2600 (OH), 1700 (COOH). 1370. 1175 (SO,) cm- ' .  This 
was characterized as the acetone hydrazone (65",,), m.p. 256 
(Found: C, 43.9; H, 4.5; N,  10.6. CLoHl3N2OSS requires: C. 
44.1; H, 4.7: N, 10.3'/,). ii,,,3300 (NH), 3200-2600 (OH), 1690 
(COOH). 1370,1170 (SO,) cm-'. Ms. did not show the molecu- 
lar ion (M', 273), the highest fragment ion was 256. there were 
also intense ions at 135 (SOZNHN = CMe,) and 71 (NHN'= 
CMe,). 

Attrnipted Cvclisation of3-Hydraz inosuI fonyl -C~ydro~~het~~oic  
Acid 

3-Hydrazinosulfonyl-4-hydroxybenzoic acid (0.5g) was boiled 
under reflux withdioxan (20 ml) for 8 h. Evaporation and tritura- 
tion withethanol gave the unchanged hydrazide (0.4g). m.p. 218' 
(m.ni.p. with the authentic hydrazide 218-219"). (Found: C, 
36.3; H, 3.8; N, 12.0; S, 13.4. The hydrazide, C,H,NZO,S 
requires: C, 36.2; H, 3.5; N, 12.1; S, 13.8%). 

S, 13.6",,). \',,,.I, 3540, 3200-2800 (OH), 1715 (COOH). 1370. 

Salicyionilide- 1.4'-Disulfonic Acid (64) 

Salicylanilide (log) was heated with chlorosulfonic acid (22g. 
4 mol. equivs.) at 50' for 2 h to give the disulfonic acid hera- 
hydrate (from concentrated hydrochloric acid (14.2 g, 63 ' I ( , )  

and the solid was dried in uacuo (SO0, P,O,). N.m.r. ((CD,)?SO) 
613.95 s ( I  H. OH). 10.6 s (I H, CONH), 8.3 d J 2.5 Hz ( I  H, Hc). 
7.75 m (SH. 1 H Hb. 4anilino H), 7.1 d J 8.5 H z f l H ,  Ha). D,O 
treatment removed signals at 613.95, 10.6. 

Salicylanilide-l,4'-Disiiljonyl Chloride (65) 

Salicylanilide (log) was reacted with chlorosulfonic acid (50 ml) 
at 0" for 7 h to give the disiilfunyl chloride (16.2g. 84",,). M.S. 
showed the molecular ion (M', 410) and ions at 374 (M-CI), 
192 (NH,C,H,SO,CI)+, 156 (NH2C6H,S0,)+. The disulfonyl 
chloride was also prepared (91 ?d)  be heating the disulfonic acid 
(64) with phosphorus pentachloride (3 mol. equivs.) at 50 for 
1 h. 

SN iic vlnniMe- I ,4'-Diben~~ls1rIfotianiide (66) 

The disulfonyl chloride (65) (3g) was reacted with benzylamine 
(4.25g; 5.2 mol. equivs.) in tetrahydrofuran (20 ml) at room 
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temperature for 2 h. Benzylamine hydrochloride was filtered off 
and the filtrate concentrated and acidified (dil. HCI) to pH6. 
The precipitate (3.4g) was recrystallised (EtOH) to give the 
dihenz~~lsir/f~nar?iide (2g, 70",,). 18 mi,x 3300, 3250 (NH), 1642 
(CO), 1350, I160 (SO,) cm- ' .  N.1n.r. ((CD,),SO) (513.9 ( I  H. 
OH). 10.75 s ( I  H. CONH).  5.3 d J 2.5Hz ( I  H, Hc), 8.15 d, 
J 7Hz (2H. 2 x S0,NH).  8.0- 7.7 ni (5H.  I Hb. anilino H). 7.3 s 
(10H, 2 x C,H,CH,). 7.2 d J 8.5Hz ( I H .  Ha). 4.05 d J, 7Hz 
(4H. 2NHCH2). Treatment with D 2 0  removed the signals at 
613.9; 10.75 and 8.15. Ms. (chemical ionization) showed the 
molecular ion (M' + I .  552). T.1.c. (CHCI,-MeOH 10: I )  
showed a single spot, R, 0.30. 

The other amides (67-69, 72, 73) also showed ions corre- 
sponding to M + I in their mass spectra by chemical ionization. 

Sa/ ic~~Irr1 i i l i~ ie - / .4 ' -Dis icI f~t~ol i~~/~trz ic (r  (74) 

The disulfonyl chloride (65) (log) was reacted with hydrazine 
hydrate (6.6g of 9.8",,; 5 mol. equivs.) in methanol (15 ml) at 
room temperature for f h. Water (50 ml) was added and the 
solution acidified (concentrated HCI) to pH6. After 1 h a t  0". the 
precipitate was collected, washed with water, methanol, and 
ether to give the dicrilfonol71,tlrcriitlr (7.4 g. 76",,). I',,,,, 3300, 3260, 
31x0 (NH), 1678 (CO). 1340. 1155 (SO2) cni I. Ms. showed 
fragment ions at 37! (M-NH=NH). 354, 324. 307. 292, 777. 
245. 217, 200. 173. 125, 93, 79. 74, 64 (SO,). 

The p-Nitrohe~imldeljde hydvorotle (75). I' mdX 3320, 3 190 
(NH),  1675 (CO), 1340. 1167 (SOz) cm-I .  N.m.r. ((CD,)$O) 
1513.9 s (1  H, O H )  1075 s ( 1  H. CONH).  8.3 d J 2.5 Hz ( 1  H, Hc), 
8.2-7.7 m (ISH. I3ArH. 2 x N=CH).  7.2 d J 9Hz ( 1  H. Ha). 
3.51 s (2H.  2 x SO,NH). Treatment with D 2 0  removed the 
signals at 613.9, 10.75 and 3.51. T.1.c. (CHCI,-MeOH 10: I )  
gave one spot, R F  0.25. 

Attempted Preparri t ion of' the p-Clilorohrn~aldel~jde Hydrorone 

Only I mol. of the aldehyde condensed with the disulfono- 
hydrazide (74) to give the nionohydrazone m.p. 222-223'. 
(Found: C, 46.1; H,  3.4: N ,  13.0; CI, 6.9: S, 12.5. 
C,,H,,CIN,O,S, requires: C. 45.9; H. 3.5:  N, 13.4; CI, 6.8; 
S. 12.2",,). v ,,,,,, 3560(HN2),3310, 3190(NH), lhlO(CO). 1350, 
I16X (SO?) cm- ' .  N.m.r. ((CD,)2SO) 613.95 s ( I H .  OH),  10.8 s 
( 1  H,CONH),8.35d J 3 H z ( l  H, Hc),8.20-7.31 m (IOH.9ArH. 
1 N=CH),7 .20dJ  Y H z ( 1 H , H a ) , 5 . 2 s ( 4 H , 2 S 0 2 N H , N H , ) .  
Treatment with DzO removed the signals at J13.95. 10.8 and 
5.1. T.1.c. (CHCI,-MeOH 10: I )  showed a single spot, R, 0.50. 

0-Meth~~l.sal ic~~la~i i l i r l r-1.4'- Disulfonjl chloride (82) 

0-Methylsalicylanilide (10 g) was reacted with chlorosulfonic 
acid (50 ml) a t  room temperature for 7 h to give the disrcljonjd 
chloride (87";). v,,,,,, 3440 (NH), 1684 (CO). 1375, 1169 (SO,) 

cm-I .  N.m.r. ((CD,)2SO) d13.95 s ( I H ,  OH). 10.2 s ( 1  H. 
C O N H ) . 7 . 9 d J 3 H z ( l  H,Hc). 7.85 7.50m(5ArH),7.2dJ9Hz 
(1 H, Hb). 3.95 s (3H,  CH,). The signals at 613.95, and 10.2 
were removed by D,O treatment. 

4'-C'lilorostilic:l.Irrnilide~siilf on?/ Chloride. (86) 

4-chlorosalicylanilide with chlorosulfonic acid (4 mol. equivs.) 
at room temperature (5 h) gave the sii/fon~d chloride (83 'lo), 

1',,,,,, 3400 (NH).  1650 (CO), 1360, 1172 (SO2) cm-I .  N.m.r. 
((CD,)2SO) 613.9 s ( I  H. OH).  10.55 s ( I  H. CONH). 8.31 d J 3 
HI ( I  H, Hc), 7.68 d J 9 Hz ( I  H. Hb). 7.60 d (4H,  anilino H), 
7.0 d. J 9Hz ( I  H. Ha). D,O treatment removed the signals at 
ii13.9 and 10.55. 
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