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In an effort to introduce N-chloroarylsulphonamides of different oxydising strengths, sixteen
sodium salts of N-chloro-mono- and di-substituted benzenesulphonamides of the configuration, 4-
X-CgH4SO,NaNCI (where X = H; CH3; CoHs; F; CI; Br; 1 or NO») and i-X,j-YCgH3SO,NaNCI
(where i-X, j-Y = 2,3-(CH3); 2,4-(CH3),; 2,5-(CH3)p; 2-CH3,4-Cl; 2-CH3,5-Cl; 3-CHs,4-Cl; 2,4-
Cl, or 3,4-Cl,) are prepared, characterized through their infrared spectra in the solid state and NMR
spectra in solution. The vy_c frequencies vary in the range 950927 cm~L. Effects of substitu-
tion in the benzene ring in terms of electron donating and electron withdrawing groups have been
considered, and conclusions drawn. The chemical shifts of aromatic protons and carbon-13 in all the
N-chloroarylsulphonamides have been calculated by adding substituent contributions to the shift of
benzene. Considering the approximation employed the agreement between the calculated and exper-
imental chemical shift values for different protons or carbon-13 is quite good. Effects of phenyl ring
substitution on chemical shift values of both *H and 13C are also graphically represented in terms of

line diagrams.
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1. Introduction

Many sulphonamides and their N-chloro com-
pounds exhibit pharmacological, fungicidal, and her-
bicidal activities because of their oxidising action in
aqueous, partial aqueous and non-aqueous media [1 -
7]. Therefore an understanding of the formation, prop-
erties and reactions of sulphonamides is central to fu-
ture development in such areas as medicinal and re-
dox chemistry. A great deal of work on the spectro-
scopic aspects of amides needs to be done for corre-
lating the frequencies with the chemical bond para-
meters. Thus we are interested in spectroscopic stud-
ies of amides in their crystalline state [8—16]. We
have recently reported the infrared and NMR spectra
of several arylsulphonamides of the configuration, 4-
X-CgH4SO2NH>» and i-X, j-YCeHgSOgNHz [16].

Infrared; Nuclear Magnetic Resonance; N-Chloroarylsulphonamides.

In this paper we report the results of infrared and
NMR (*H, 13C, and %Na) spectral studies of sixteen
sodium salts of N-chlorosubstituted benzenesulphon-
amides of the configuration, 4-X-CgH4SO,NaNCI
(where X = H; CHgs; CoHs; F; CI; Br; 1 or NOy) and i-
X, j-YCgH3SO,NaNClI (where i-X, j-Y = 2,3-(CH3);
2,4-(CHgs)y; 2,5-(CH3),; 2-CH3,4-Cl; 2-CH3,5-Cl; 3-
CH3,4-Cl; 2,4-Cl; or 3,4-Cl, ).

2. Experimental

2.1. Materials and Methods

Preparation of arylsulphonamides and sodium salts
of N-chloroarylsulphonamides:

The substituted benzenesulphonamides were pre-
pared by chlorosulphonation of substituted benzenes
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Table 1. Melting points of mono- and di-substituted benzenesulphonamides and their N-chloro compounds.

SI. No Substituted m. p. (°C) Substituted m. p. (°C)
benzene-sulphonamides obs. [20] N-chloro-benzenesulphonamides obs. [20]
1 4-CyH5-CgHsSO2NH, 99-101 4-CyHs-CgHsSO2NCI(Na).H, O 194
2 4-F-CgH4SO2NH; 125(124-125) 4-FCgH4SO,NCI(Na).H, O 198
3 4-Cl-CgH4SO,NH; 143(142-143) 4-CICsH4SO,NCI(Na).Ho 0 191(190)
4 4-Br-CgHsSO,NH, 162(161.5) 4-BrCgH4S0,NCI(Na).H,0 179(178)
5 4-1-CgH4SO,NH, 176(176) 4-1C5H4S0,NCI(Na).H2 0 184(185)
6 4-p-NO2-CgH4SO,NH; 167(167) 4-NO2CgH4SO2NCI(Na).H, 0 188(189)
8 2,3-(CH3)2-CsH3SO0,NH; 138-140 2,3-(CHg)2-CsH3S0,NCI(Na).H20 167
9 2,4-(CH3)2-CH3SO2NH, 140-142 2,4-(CH3)2-CgH3S0O,NCI(Na).H, O 154
10 2,5-(CH3)2-CsH3SO2NH; 149-151 2,5-(CH3)2-CsH3S0,NCI(Na).H20 192
11 2-CHg,4-Cl-CgH3SO,NH, 158160 (184 —185) 2-CHs,4-Cl-CgH3S0,NCI(Na).Ho O 172
12 2-CH3,5-CI-CgH3SO2NH; 139-141 (142-143) 2-CHj3,5-Cl-CgH3SO,NCI(Na).H,0 188
13 3-CH3,4-Cl-CgH3SO2NH, 132-134(126) 3-CHjz,4-CI-CgH3SO,NCI(Na).H,0 174
14 2,4-Cly-CgH3SO2NH; 178-180 (179-180) 2,4-Cl,-CgH3S0O,>NCI(Na).H, O 210
15 3,4-Cly-CgH3SO2NH; 141-143 (134-135) 3,4-Cl,-CgH3SO,NCI(Na).H,0 192

Table 2. Infrared spectral frequencies (cm~1) of sodium salts of N-chloro-mono-substituted benzenesulphonamides.

Assignment i-X-CgH4SO,NaNCI-H, 0, i-X =
Parent 4-CHs 4-CyHs 4-F 4-Cl 4-Br 4-1 4-NO,
C—H (Ar sym str) 3061.4 w 2930.3 w 3061.4 w 31019 w 3118.3s 3097.1w 30749 w 3081.6 w
C—H (Alk str) 2923.7w
- 2924.3 m - - - - -
2861.8 w
combination bands 1955.3 w 1912.3 w 1917.7w 1912.3 w 1912.3w 1912.7 w 1917.3w 1987.2 w
1893.4 w 17685w  1793.2w
1818.5w
C==C (Ar in-plane str) 1683.5w 1679.6 m 1641.1 m 1642.0 m 1644.9 m 1644.9 m 1639.2 m 1606.4 m
1639.2 s 1599.6 m 1598.7 m 15958 s 1573.6s 1576.5m 1568.8 m 1530.2 s
1497.1w 1493.6 w 1449.2 m 14955 1476.2 s 1472.3 m 1447.3
S==0 (Asym str) 1309.6 w 1302.6 m  1368.3w 1380.8w  1331.6s 1387.5m  1382.7m 13518 s
C—H (Ar in-plane bend) 10924 s 1084.7 s 10934 s 109155 1090.5 s 1089.5s 1089.5s 11175s
1021.1w  10172m  1017.3w  1022.3w 10105m  1007.6m  1070.3s
N—CI (Str) 940.1 s 926.6 s 941.0s 938.0s 9295s 9285s 940.1s 949.7 s
C—H 752.1s 808.0' s 786.8 w 831.2s 8215s 820.6 s 814.8s 734.0s
(Ar out-of-plane-bend) 725.1s 700.0 s 702.9s 71355 754.9s 743.4s 735.7s 668.2 s
C—X (Str) - - - 12545 10134 s 598.8 s 594.0s -
C==C (Ar out-of-plane bend) 457.1m 463.8 m 443.6 m 443.6 m 480.2 m 4214 m 460.9 m 464.8 m

to the corresponding sulphonylchlorides and subse-
quent conversion of the latter to the respective sub-
stituted benzenesulphonamides by procedures reported
in [16 —21]. The sulphonamides were recrystallized to
constant melting point (Table 1) from dilute ethanol
and dried at 105 °C. The purity of all compounds
was further checked by recording their infrared spec-
tra (Tables 2 and 3). The sulphonamides were then
N-chlorinated as follows to give sodium salts of N-
chloroarylsulphonamides.

Pure chlorine gas was bubbled through clear aque-
ous solutions of substituted benzenesulphonamides in
4M NaOH at 70 °C for about 1 hr. The precipitated
sodium salts of N-chlorosubstituted benzenesulphon-
amides (CASB) were filtered, washed, dried and re-

crystallised from water. Purity of all the reagents was
checked by determining the melting points? (Table 1)
and by estimating iodometrically the amounts of active
chlorine present in them [2, 3, 17, 21].

Infrared spectral measurements were carried out on
a JASCO-430 (Japan), FT-IR spectrophotometer. The
resolution was set to 2 cm~! and the scanning range
was from 400 to 4000 cm~1. The spectra were mea-
sured in the solid state as pressed KBr pellets (13 mm).

3. Results and Discussion

3.1. Infrared Spectra

The selected infrared absorption frequencies of six-
teen sodium salts of N-chlorosubstituted benzenesul-
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Table 3. Infrared spectral frequencies (cm™1) of sodium salts of N-chloro-di-substituted benzenesulphonamides.
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Assignment i-X,J-Y-CgH4SO2 NaNCI-H;0, i-X,j-Y =
2,3-(CHs); 24-(CH3); 25-(CH3), 2-CHs, 4-Cl 2-CHg, 5-Cl 3-CHs, 4-Cl 2,4-CH, 3,4-CH,
C—H (Ar sym str) 3016.1w 3007.4 m 3021.9m 3062.2 w 3073.9w 3068.2 m 3099.0s 3068.1s
C—H (Alk. str) 29742w  3007.2w 30234 w
2942.2 w 2980.0 w 2987.3 w 2987.0 w 2987.0 2980.2 w - -
29202w  2931.3w  29312w  2930.0w 2937.3w 2924.1w
combination bands 19242 w 1937.2w 1857.0 w 1930.0 w - 1917.7 w 19304 w 19242 w
1755.4w 1843.4w 1930.0 w 1811.0w 1861.2w
C==C (Ar in-plane str) 1638.2 s 1633.4s 1638.2 m 1635.3 m 1639.0 m 1639.2 s 1633.4s 1639.2m
14492 s 1602.5s 1486.8 m 1588.3 m 1562.1 w 1568.8 m 15745s  1569.7w
1480.1s 1458.1w 1468.5m 1467.7 s 1468.5 s 1556.2s 1454.0s
14540 s 1450.2 m 1443.4 s 1455.0 s
S==0 (Asym str) 13904 m  1386.5w  1370.1w  1381.7m 1381.7m 1384.6 s 1370.1s 13715s
S==0 (Sym str) 1189.8 m 1169.6 s 11474 s 1139.1s 1147.4s 1132.0s 1137.8s 1130.0s
C—H (Ar in-plane bend) 1126.2 s 11232 1125.2s 1100.1s 1128.3s 1096.3 s 1098.2s 1095.3s
S—N (Sym str) 995.0 m 9719w 912.2m - 907.3m 9449 m - -
N—CI (Str) 9449 s 936.2s 937.2s 930.4s 939.1s 9449s 937.2s 942.0s
C—H (Ar out-of-plane bend)  816.7m 827.3s 815.7 s 833.1m 814.8 m 817.6s 860.1s  832.1ls
696.1s 693.2s 703.8s 711.6 m 7029 m 7714 819.6 s 817.7s
C-X (Str) - - - 1056.8 s 1059.7 s 1050.0 s 1040.4s 1033.6s
C==C (Ar out-of-plane bend)  447.4s 461.9s 469.6 m 463.8 m 463.8 m 448.4 s 459.9s 451.3s

* The signal at 7.53 integrates for 3 protons corresponding to 3, 4, 5.

Table 4. 'H NMR observed and calculated & (ppm) values
of sodium salts of N-chloro-mono-substituted benzenesul-
phonamides 1-X-CgH4SO> NaNCI-H,O.

0 Values (in ppm)
Ho (2,6) Hm (3,5) Hp (4) alkyl H
i-X Obs. Calc. Obs. Calc. Obs. Calc.
Parent  7.82(d) - 7.53(d) - * -
4-CHz 7.69(d) 7.72 7.20(d) 738 - - 225(d)
0.91(m)
4-CoHs 7.64(d) 7.72 7.08d) 7.38 - - 2.30(m)
4-F  7.76(m) 7.84 7.17(m) 7.83 - -
4-Cl  7.92(m) 7.82 7.58(m) 7.53 - -
4-Br  7.69(s) 7.82 7.54(d) 753 - -
4-1 7.41(d) 7.62 7.62(d) 7.83 - -
4-NO, 8.20(m) 812 845(s) 853 - -

* The signal at 7.53 integrates for 3 protons corresponding to 3, 4, 5.

Table 5. 'H NMR observed and calculated & (ppm) values
of sodium salts of N-chloro-di-substituted benzenesulphon-
amides i-X, j-Y-CgH4SO2NaNCI-H; 0.

o Values (in ppm)
2-H 3-H 4-H 5-H 6-H alkyl
i-X, j-Y  Obs.Calc.Obs.Calc. Obs.Calc.Obs.Calc.Obs.Calc. H

23-(CH3), - - - - 715702762733764762216
24-(CH3), - - 676723 - - 7.617.287.647.622.38
25-(CH3), - - 729728 - 702 — - 7.96757277
2-CHg4-Cl — - 771738 - - 7.747.438267.722.98
2-CHg,5-Cl — - 742738731717 - - 8067.72272
3-CH,4-CI7557.67 — - - - 7.487.438087.72231
24Cl, - - 748753 - - 761753812782 -

3,4-Clp - - 755753741727 - - 821782 -

Table 6. Shifts in the position of benzene protons (67.27)
caused by substituents.

Substituent ortho meta para
CHjs 0.17 0.09 0.18
COOH —0.80 —0.14 -0.20
COOCH;3 -0.74 —0.07 —-0.20
CN -0.27 -0.11 —0.30
CONH3 0.50 0.20 0.20
-COR 0.60 0.30 0.30
SR 0.10 -0.10 -0.20
NH; 0.75 0.24 0.63
| —0.40 0.26 0.03
Br -0.22 0.13 0.03
Cl —0.02 0.06 0.04
F 0.30 0.02 0.22
CHO —0.58 -0.21 -0.27
NHCOR 0.40 —0.20 —-0.30
NO, 0.50 0.14 0.40
OH —0.95 -0.17 —0.33
OCH3s 0.43 0.09 0.37
OCOCHS3 0.21 0.02 -

Ph —0.18 0.00 0.08
cocl —0.83 —0.16 —0.30

phonamides are shown in Tables 2 and 3. The assign-
ments of various frequencies to different modes of vi-
brations are indicated in the tables. The discussion is
similar to the ones described under arylsulphonamides,
except for the assignment of frequencies to N-Cl vibra-
tions.
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Table 7. 13C NMR observed and calculated & (ppm) values of sodium salts of N-chloro-mono-substituted benzenesul-
phonamides.

i-X- 6 Values (in ppm)
-Ce¢H4SO2 NaNCI-H,0 Ci Cos C3,5 Cy aIkyI C
where i-X = Obs Calc Obs Calc Obs Calc Obs Calc
Parent 133.6 — 130.3 — 128.3 — 141.1 — —
4-CH3 139.5 138.2 130.8 130.2 128.3 128.9 144.2 142.8 21.8
29.4
4-CyHsg 138.7 138.5 129.4 130.3 128.6 127.8 149.8 149.1 15.9
4-F 137.5 136.6 131.1 131.2 117.3 114.0 167.4 168.6 —
4-Cl 138.9 139.1 130.2 131.3 129.9 128.5 139.8 139.8 —
4-Br 166.4 140.1 1334 1325 130.3 131.7 128.8 128.1 —
4-1 130.4 133.8 128.5 132.9 140.4 138.2 101.3 101.3 —
4-NO, 1435 147.1 131.9 131.2 123.6 123.0 149.1 153.1 -

Table 8. 3C NMR observed and calculated & (ppm) values of sodium salts of N-chloro-di-substituted benzenesulphon-
amides.

i-X,J-Y-CgH3-SO> 6 Values (in ppm)

-NaNC|~H20 C1 Cy C3 Cy C5 CG aIkyI [&
where i-X,j-Y = Obs. Calc. Obs. Calc. Obs. Calc. Obs. Calc. Obs. Calc. Obs. Calc.
2,3-(CHz3)2 1425 1417 1388 1402 1385 1383 131.0 1341 1259 1253 129.1 1273 20.2
2,4-(CHa)» 137.6 1389 1384 1395 131.2 129.7 1436 1427 1276 1261 1343 130.1 21.8
2,5-(CHz3)2 139.3 1417 137.2 136.7 1315 1289 1341 1341 1355 1347 1339 1309 21.6
2-CHgs, 4-Cl 1412 1418 139.2 1406 1328 129.2 1385 139.8 1273 1256 1335 131.2 21.2
2-CHgs, 5-Cl 1421 1428 1378 1376 1296 1299 1333 1336 1325 1318 1309 1304 20.9
3-CHgs, 4-Cl 141.0 1410 131.3 1314 1279 1279 139.1 138.7 1274 1274 1295 1295 21.3
2,4-Cl, 139.2 139.3 138.6 137.7 1286 128.7 1399 1409 1282 1265 1326 1323 -
3,4-Cly 1421 1401 131.0 1315 1344 1349 1418 1401 130.2 1295 1287 129.3 -

The various vibrations in N-chloroarylsulphon-
amides and their characteristic absorption frequencies
are discussed below.

The N—CI vibrational frequencies, vn—ci, vary
in the range 950-927 cm~!. Asymmetric and
symmetric SO, stretching vibrations appear in the
ranges, 1388—1303 cm ! and 1150-1132 cm~? for
the mono-substituted N-chloroarylsulphonamides and
1390-1370 cm~! and 1190-1130 cm~! for the
di-substituted N-chlorocompounds, respectively. The
ranges reported for the non-chlorinated compounds
are 1389-1327 cm ! and 1187-1147 cm ™1, respec-
tively [16].

The other frequencies are assigned to various other
vibrations of the ring (Tables 2 and 3). The discussions
are similar to those of other organic aromatic com-
pounds, dealt in detail in [22, 23]. The ranges of group
absorptions are assigned based on many compounds
in which the groups occur. The precise frequency or
wavelength at which a specific group absorbs is depen-
dent on its environment within the molecule and on its
physical state.

As may be seen in the Tables, like with non-N-
chlorinated sulphonamides, there is no regular trend

in the variation of the frequencies on substitution with
either electron withdrawing or donating groups.

3.2. NMR (1H, 13C, and 2Na) Spectra

'H NMR Spectra

The proton NMR spectra of the compounds were
measured on a BRUKER Ac 300F, 300 MHz FT-NMR
spectrometer. H spectra were recorded in D,O with
tetramethylsilane (Me4Si) as internal standard. The ex-
perimental conditions employed are as follows: The
spectral frequency (SF) was kept at 300.134 MHz,
sweep width (SW) at 6024.096, pulse width (PW) at
8.0, relaxation delay (RD) of 1.0 (sec), acquisition time
(AQ) 1.360 sec, receiver gain (RG) 10, decoupling
power (DP) 63L CPD, filter to suppress noise (LB) 0.0.
The reference value (SR) was set at 4125.36 ppm for
H,O internally.

The *H spectra of N-chloro-arylsulphonamides and
the chemical shifts are shown in Tables 4 and 5. The
chemical shift is dependent on the electron density
around the nucleus, or associated with the atom to
which it is bonded. Hence empirical correlations relat-
ing the chemical shifts to the structures are discussed.
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Thus the chemical shifts of aromatic protons in all the
N-chloroarylsulphonamides have been calculated by
adding substituent contributions (Table 6) to the shift
of benzene (7.27 ppm), as per the principle of sub-
stituent addition:

SO,NCINa SO,NCINa

1
6 2
+ + =
5 3
4 i-X j-Y i-X -y

The incremental shifts of the aromatic protons (ppm
from those of benzene proton values of 7.27) for dif-
ferent substituents are shown in Table 6 and are used
in the calculation. The shifts in aromatic protons due
to SO,NaNCI were calculated comparing the values
of the sodium salt of N-chlorobenzenesulphonamide
(7.82, 7.53) with those of benzene proton value of
7.27 ppm. The values are Hy(2,6) = +0.55 and
Hm(3,4,5) = +0.26. The calculated chemical shifts
for different protons compared with the experimental
values are shown in Tables 4 and 5. Considering the ap-
proximation employed, the agreement between the cal-
culated and experimental chemical shifts is quite good.

13C NMR Spectra

The Carbon-13 NMR spectra of the compounds
were measured in D,O. Tetramethylsilane was used
as the external reference standard. The following ex-
perimental conditions were employed in the spectral
measurement of carbon-13: The spectral frequency
(SF) was kept at 75.469 MHz, sweep width (SW) at
22727.273, pulse width (PW) at 5.0, relaxation delay
(RD) of 1.0 (sec), acquisition time (AQ) was 0.360
(sec), receiver gain (RG) 400, decoupling power (DP)
was 14H CPD, filter to suppress noise (LB) 6.0, refer-
ence value (SR) was set at 701.89 ppm for DMSO at
39.5 ppm externally.

The 13C spectra of the sodium salts of N-
chlorosubstituted benzenesulphonamides are shown in
Tables 7 and 8.

As in the case of 'H NMR, the chemical shifts of
aromatic carbon are also dependent on the electron
density around the nucleus or associated with the atom
to which it is bonded. The chemical shifts of aromatic
carbon-13 in all the N-chloroarylsulphonamides have
been calculated by adding a substituent contribution
(Table 9) to the shift of benzene (128.5 ppm), similar
to the procedure employed with aromatic protons.

Table 9. Incremental shifts of the aromatic carbon atoms
of mono-substituted benzenes (ppm from benzene at
128.5 ppm, +downfield, —upfield).

Substituent C-1 C-2 C-3 C-4 Cof
substituent
(ppm from

(Attachment) TMS)

H 0.0 0.0 0.0 0.0 -

CH3 +9.3 +07 -01 -29 213

CH,CH3 +15.6 -0.5 00 -26 29.2(CHyp),
15.8 (CH3)

CH(CH3), +20.1 -2.0 00 -25 34.4(CH),
24.1 (CH3)

CeHs +12.1 -18 -01 -16 -

OH +26.6 —-127 +16 -73

OCH3 +31.4 -144  +1.0 -—-7.7 541

COOH +2.9 +13 +04 +4.3 168.0

NH; +19.2 —-124 +13 -95 -

NO, +19.6 -53 +09 +6.0 -

F +35.1 —-143 +09 —-45 -

Cl +6.4 +0.2 +1.0 -20 -

Br -5.4 +34 422 -10 -

| -32.2 +99 +26 73 -

SO2NH; +15.3 —-29 404 433 -

The incremental shifts of the aromatic carbon-13
(ppm from those of benzene carbon-13 values of
128.5) for different substituents [22, 24] are shown
in Table 9 and are used in the calculation. The shifts
in aromatic protons due to —SO,NaNCI were calcu-
lated by comparing the values of the sodium salt of
N-chlorobenzenesulphonamide with those of benzene
carbon-13 of 128.5 ppm. The values are 13C-1 = +
4.959, 13C-4 = +12.616, 13C-2 or 6 = +1.764 and 1°C-3
or5=-0.23.

The calculated chemical shifts for different aromatic
carbons compared with the experimental values are
shown in Tables 7 and 8. The agreement between the
calculated and experimental chemical shifts is quite
good.

2Na NMR Spectra

Sodium-23 NMR spectra of the compounds were
measured using a BRUKER Ac 300F, 300MHz FT-
NMR spectrometer 2*NaCl, dissolved in D,0, was
used as the external reference standard. The exper-
imental conditions employed for the measurement
of 2Na NMR spectra are as follows: The spec-
tral frequency (SF) 79.391 MHz, sweep width (SW)
22727.273, pulse width (PW) 5.0, relaxation delay
(RD) 1.0 sec, acquisition time (AQ) 0.360 sec, receiver
gain (RG) 20, decoupling power (DP) 14H DO, filter to
suppress noise (LB) 0.0, the reference value (SR) was
set at 3262.03 ppm for NaCl externally.
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Table 10. 22Na NMR & (ppm) values of sodium salts of N-
chloro-mono- and di-substituted benzenesulphonamides.

i-X-CgH4SO2 %Na § i-X,j-Y-CgH3S0, XNa §

NaNCI-H,0, values NaNCI-H, 0, values

i-X = (in ppm) i-X,j-Y = (in ppm)
Parent —0.8267 2,3-(CHs)2 —0.8893
4-CHs —0.9598 2,4-(CHs), —0.8014
4-CyHsg —0.7937 2,5-(CHs), —1.2062
4-F —0.8035 2-CHgs, 4-Cl —1.0479
4-Cl —1.0216 2-CHjs, 5-Cl —1.2218
4-Br —0.7584 3-CHjs, 4-Cl —1.3267
4-1 —0.7912 2,4-Clp —1.0126
4-NO; —0.8802 3,4-Cl, —1.4352
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