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Twenty three N-(2-/3-substituted phenyl)-4-substituted benzenesulphonamides of the general for-
mula, 4-X’CgH4SO,NH(2-/3-XCgH4), where X’ = H, CH3, CoHs, F, Cl or Br and X = CH3 or
Cl have been prepared and characterized, and their infrared spectra in the solid state, 1H and
13C NMR spectra in solution were studied. The N-H stretching vibrations, vy_n, absorb in the
range 3285-3199 cm~1, while the asymmetric and symmetric SO, vibrations vary in the ranges
1376 -1309 cm~1 and 1177 -1148 cm™1, respectively. The S-N and C-N stretching vibrations ab-
sorb in the ranges 945-893 cm~! and 1304-1168 cm™1, respectively. The compounds do not
exhibit particular trends in the variation of these frequencies on substitution either at ortho or
meta positions with either a methyl group or Cl. The observed 1H and 13C chemical shifts of

@LL

i-X

are assigned to protons and carbons of the two benzene rings. Incremental shifts of the ring
protons and carbons due to —SO,NH(2-/3-XCgH,4) groups in CgHsSO,NH(2-/3-XCgHy), and 4-
X’CgH4S0,- and 4-X’CgH4SO,NH- groups in 4-X’CgHsSO,NH(CgHs) are computed and em-
ployed to calculate the chemical shifts of the ring protons and carbons in the substituted compounds,
4-X"CgH4SO,NH(2-/3-XCgH4). The computed values agree well with the observed chemical shifts.

Key words: IR; IH and 23C NMR; N-(Substituted phenyl)-4-substituted Benzenesulphonamides.

1. Introduction

Sulphonamides exhibit pharmacological, fungicidal
and herbicidal activities due to their oxidizing ac-
tion in aqueous, partial aqueous and non-aqueous me-
dia [1-19]. Thus we have recently reported the synthe-
sis, characterization, and spectral studies on N-(p-sub-
stituted phenyl)-p-substituted benzenesulphonamides
of the general formula p-X’CgHsSO>NH(p-XCgHy,),
where X or X = H, CH3, CyHs, F, ClI or Br [16].
This paper reports the synthesis, characterization,
infrared, 'H and !3C NMR spectral studies on
twenty three N-(2-/3-substituted phenyl)-4-substituted
benzenesulphonamides of the general formula 4-
X’CgH4SO,NH(2-/3-XCgHy), where X = H, CHg,
C,Hs, F, Cl or Brand X = CHj3 or Cl.

2. Experimental
2.1. Materials and Methods

N-(2-/3-substituted phenyl)-4-substituted benzene-
sulphonamides were prepared by the chlorosulphona-
tion of substituted benzenes to substituted benzene-
sulphonylchlorides and subsequent conversion of the
latter to substituted benzenesulphonamides by pro-
cedures similar to the ones described in [16,20-
23]. N-(2-/3-substituted phenyl)-4-substituted ben-
zenesulphonamides so prepared were recrystallized to
constant melting points from dilute ethanol (Table 1).

2.2. Spectral Measurements

Infrared spectral measurements were carried out in
the solid state as pressed KBr pellets (13 mm) on a
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Table 1. The melting points of N-(2-/3-substituted phenyl)-
p-substituted benzenesulphonamides.
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Table 2. The comparison of N-H stretching, S=O (asym) and
S=0 (sym) infrared absorption frequencies [cm~1] of N-(2-
/3-substituted phenyl)-4-substituted benzenesulphonamides.

XX 4-XC4H, 50, NH(2-/3-XCg Hy) M.p. [°C]
H,2-CH;  N-(2-methylphenyl)-benzenesulphonamide 76 4-X*CgH4SO2NH(i-XCgHg) where X’ =
H, 3-CH3 N-(3-methylphenyl)-benzenesulphonamide 62 i-X H CH3 CoHsg F Cl Br
H, 2-Cl N-(2-chlorophenyl)-benzenesulphonamide 72 N-H stretching
H, 3-Cl N-(3-chlorophenyl)-benzenesulphonamide 89
CHgs, 2-CH3  N-(2-methylphenyl)-4-methylbenzenesulphonamide 70 H 3284.2w 3254.3w 3278.4w 3218.6s 3259.1m 3257.2m
CHs, 3-CH;  N-(3-methylpheny!)-4-methylbenzenesulphonamide 88 2-CH3 3216.7m 3268.8s 3266.8m 3275.5s 3284.2w 3266.8s
CH3, 2-Cl  N-(2-chlorophenyl)-4-methylbenzenesulphonamide 87 3-CH3 3234.0s 3230.2w - 3258.1s 3266.8m 3264.9s
CHa, 3-CI  N-(3-chlorophenyl)-4-methylbenzenesulphonamide 111 4-CHs 3270.7s 3234.0w 3263.9s 3270.7s 3233.1m 3234.0s
gz:sé-g:"a m-g-fﬁthwPhhenyl;)zl-eglylg’enzenesullPg‘onam_'dde 191)8 2-Cl  3253.3s 3263.9w 3268.8s 3255.3s 3272.6m 3246.6s
25, & -(2-chlorophenyl)-4-ethylbenzenesulphonamide 3-Cl  3199.3s 3246.6m 3248.5s 3285.1s 3258.1s 3236.0s
CyHs, 3-Cl  N-(3-chlorophenyl)-4-ethylbenzenesulphonamide 85 ’ ’ ’ ’ ’ ’
F, 2-CH3 N-(2-methylphenyl)-4-fluorobenzenesulphonamide 92 4-Cl  3284.2w 3305.4s 3262.0m 3284.2m 3259.1s 3258.1w
F, 3-CH3 N-(3-methylphenyl)-4-fluorobenzenesulphonamide 80 S=0 (asym)
F, 2-Cl N-(2-chlorophenyl)-4-fluorobenzenesulphonamide 96 H 1376.9s 1373.1s 1373.0s 1337.4s 1343.2m 1374.0s
EIPEC(';H m-Eg-chlogorhhenyll))-‘:f'Lﬁ?robgnzenesulllﬁhﬁnamids 12? 2-CH3 1326.8s 1318.1s 1330.6m 1331.6s 1376.0m 1332.6s
»2-CHs - N-(2-methylphenyl)-4-chlorobenzenesulphonamide 3-CH3 130855 1330.65 - 1327.8m 1328.7m 1331.65
Cl,3-CH;  N-(3-methylphenyl)-4-chlorobenzenesulphonamide 90 8 ’ ’ ’ ’ '
Cl, 2-Cl N-(2-chlorophenyl)-4-chlorobenzenesulphonamide 87 4-CHz 1318.1m 1334.5m 1328.7s 1339.3m 1339.3s 1340.3s
Cl, 3-Cl N-(3-chlorophenyl)-4-chlorobenzenesulphonamide 106 2-Cl 13345m 1373.1s 1318.1s 1326.8s 1342.2s 1374.0s
Br,2-CH;  N-(2-methylphenyl)-4-bromobenzenesulphonamide 119 3-Cl  1314.3m 1331.6m 1328.7m 1340.3s 1336.4m 1332.6s
Br,3-CHz  N-(3-methylphenyl)-4-bromobenzenesulphonamide 104 4-Cl  1376.0m 1327.8s 1326.8m 1332.6m 1332.6m 1374.0s
Br, 2-Cl N-(2-chlorophenyl)-4-bromobenzenesulphonamide 101 $=0 (sym)
Br, 3-Cl N-(3-chl henyl)-4-b b Iph id 119
! (3-chlorophenyl)-4-bromobenzenesulphonamide H 116295 117355 1174.4s 1152.3s 1161.9s 1160.9s
2-CHsz 1154.2s 1148.4s 1163.8s 1156.1s 1163.8m 1164.8s
JASCO-430 (Japan),_lzT-IR spectr(_)meter. The resolu- 3-CH, 115425 117255 — 115425 115615 115425
tion was set to 4 cm~*. The scanning range was from  4.cH, 115525 1174.4s 1159.0s 115235 1164.85 1165.85
400-4000 cm 1L, 2-Cl  1168.7s 1173.5s 1148.4s 1155.2s 1167.7s 1166.7s
1 (9.2 : 3-Cl  1155.6s 1161.9s 1158.0s 1177.3s 1160.9s 1150.3s
The “H NMR spectra of all the N-(2-/3-substituted /%, 115360 136000 115715 116105 115005 116095

phenyl)-4-substituted benzenesulphonamides were
recorded in CDCl3 and DMSO with tetramethylsilane
(Me4Si) as internal standard on a BRUKER Ac 300F,
300 MHz FT-NMR spectrometer. The experimental
conditions employed were as follows: The spectral fre-
guency (SF) was kept at 300.134 MHz, sweep width
(SW) at 6024.096, pulse width (PW) at 8.0, relaxation
delay (RD) 1.0 s, acquisition time (AQ) 1.360 s,
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 13C NMR spectra of all the compounds were
also measured in CDCl3 and DMSO with tetramethyl-
silane as the external reference standard. The fol-
lowing experimental conditions were employed in
the 13C spectral measurement: The SF was kept at
75.469 MHz, SW at 22727.273,PW at 5.0, RD of 1.05s,
AQ was 0.360 s, RG 400, DP was 14H CPD, LB 6.0,
SR was set at 701.89 ppm for DMSO at 39.5 ppm ex-
ternally.

3. Resultsand Discussion
3.1. Infrared Spectra

The selected infrared absorption frequencies of
all the twenty three N-(2-/3-substituted phenyl)-

s = strong, m = medium and w = weak

4-substituted benzenesulphonamides have been as-
signed to various modes of vibrations in confor-
mity with the literature values for similar compounds
[7,8,10,11,15-17, 24 -26], considering the fact that,
although the ranges of frequencies for various groups
are quite well defined, the precise frequency at which a
specific group absorbs is dependent on its environment
within the molecule and on its physical state.

The N-H stretching vibrational frequencies, vn_n,
of N-(2-/3-substituted phenyl)-4-substituted benzene-
sulphonamides vary in the range 3285-3199 cm L.
These are in conformity with the values of N-H
symmetric stretching vibrations in the range 3334-
3219 cm~1, observed for N-(4-substituted phenyl)-4-
substituted benzenesulphonamides. Asymmetric and
symmetric SO, stretching vibrations appear in the
ranges 1376-1309 cm~! and 1177-1148 cm™1,
respectively, compared to the ranges of 1377-
1311 cm~! and 1182-1151 cm~?!, observed for
the N-(4-substituted phenyl)-4-substituted benzene-
sulphonamides, respectively [16]. These ranges agree
also with the assignments of bands in other substi-
tuted benzenesulphonamides. The N-(2-/3-substituted
phenyl)-4-substituted benzenesulphonamides exhibit
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Table 3. The observed chemical shifts (8, ppm) of various aromatic and other protons in N-(2-/3-substituted phenyl)-4-

substituted benzenesulphonamides.

S

5 g
i-X H-2 H-3 H-4 H-5 H-6 H-2’,6’ H-3’5’ H-4° N-H Alkyl H
where X" = H
H 7.37d 7.17d 7.05d 7.17d 7.37d 7.96d 7.51d 7.81d 7.72 -
2-CH3 - 7.10m 7.07m 7.16m 7.28t 7.73t 7.51m 7.57Tm 6.78 1.97
3-CH3 7.40d - 6.90m 7.10t 7.47m 7.97t 7.55m 7.79% 7.26 2.25
4-CHz* 7.42d 6.98d - 6.98d 7.42d 7.95d 7.52d 7.76m 7.26 2.24
2-Cl - 7.22d 7.06d 7.15m 7.39d 7.76d 7.53m 7.67d 7.08 -
3-Cl 7.36m - 7.00m 7.05m 7.18t 7.84d 7.41d 7.48m 8.74 -
4-Cl* 7.37Tm 7.32m - 7.32m 7.37m 7.91d 7.75m 7.79m 8.01 -
CH3
H 7.22d 7.11m 7.07m 7.11m 7.22d 7.67d 7.26d - 6.91 2.37
2-CHs - 7.10m 7.04m 7.20m 7.14m 7.62d 7.29d - 6.43 2.36, 2.00
3-CHs 7.06t - 6.86t 6.90t 7.11t 7.68d 7.23m - - 2.36,2.25
4-CHz* 7.00m 6.93m - 6.93m 7.00m 7.65d 7.20d - 7.10 2.37,2.24
2-Cl - - 6.96d 7.02d 7.16t 7.67m 7.21t - - 231
3-Cl 7.28d - 7.00d 7.07d 7.19t 7.74d 7.21m - 7.42 231
4-Cl* 7.18d 7.12m - 7.12m 7.18d 7.68d 7.25d - 7.41 2.64,2.29
Csz

H 7.16d 7.11d 6.94d 7.11d 7.16d 7.73d 7.43d - 9.70 257,115
2-CHs - 7.08d 7.05d 7.12d 7.22d 7.66t 7.32d - - 2.64,2.15,1.20
4-CH3* 7.20d 6.98d - 6.98d 7.20d 7.70d 7.25d - 7.32 2.65,2.24,1.20
2-Cl - 7.13d 7.00d 7.06d 7.21d 7.68d 7.42t - 10.55 261,117
3-Cl 7.20t - 6.96d 7.06d 7.20t 7.80d 7.22t - 8.14 2.58,1.13
4-CI* 7.21d 7.13d - 7.13d 7.21d 7.71d 7.41d - 10.04 2.63,1.19

F
H 7.22d 7.10m 7.04m 7.10m 7.22d 7.83m 7.80m 7.70s -
2-CHs - 7.06d 7.09d 7.12d 7.16d 7.73m 7.78m - 7.26s 2.02
3-CHs3 7.11d - 6.88t 6.94t 7.03d 7.87d 7.82d - 7.73s 2.22
4-CHz* 7.07m 7.00m - 7.00m 7.07m 7.83m 7.77Tm - 7.50s 2.27
2-Cl - 7.10d 7.02d 7.14d 7.19d 7.88d 7.92d - 8.11s -
3-Cl 7.26d - 7.03d 7.10d 7.21d 7.84t 7.77d - 7.35s -
4-CI* 7.10d 6.78s - 6.78s 7.10d 7.33d 7.81d - 10.17s -

Cl
H 7.19m 7.15m 7.06d 7.15m 7.19m 7.76d 7.30d - 7.94s -
2-CH3 - 7.11t 7.08d 7.15d 7.27d 7.88t 7.50t - 6.75s 2.03
3-CHs3 7.08t - 6.91t 7.13t 7.38t 7.87d 7.47d - 7.26s 2.26
4-CH3* 7.04m 6.96m - 6.96m 7.04m 7.70d 7.37d - 7.265 2.26
2-Cl - 7.24t 7.06d 7.10d 7.37t 7.67d 7.40t - 7.18s -
3-Cl 7.18d - 7.01d 7.06d 7.11d 7.89d 7.37d - 7.99s -
4-CI* 7.20d 7.04d - 7.04d 7.20d 7.71d 7.49d - 7.265 -

Br
H 7.20d 7.12m 7.06 7.12m 7.20d 7.65d 7.47d - 7.80s
2-CH3 - 7.13d 7.10d 7.18t 7.27d 7.79d 7.59d - 6.63s 2.02
3-CHs3 7.05t - 6.87d 6.95d 7.11t 7.79t 7.60t - - 2.21
4-CH3* 7.02m 6.95m - 6.95m 7.02m 7.62d 7.48d - 9.20s 2.26
2-Cl - 7.68d - 7.68d 7.68d 7.83d 7.70d - - -
3-Cl 7.18d - 7.00d 7.06d 7.14d 7.70t 7.56d - 7.81s -
4-CI* 7.20d 7.04d - 7.04d 7.20d 7.64d 7.56d - 7.265

S-N and C-N stretching vibrations absorbing in the
ranges 945—-893 cm ! and 13041168 cm 1, respec-
tively. These absorptions in N-(4-substituted phenyl)-
4-substituted benzenesulphonamides were observed in
the ranges 937-898 cm ! and 1310—1180 cm 1, re-
spectively [16]. The assignment of other frequencies
to various modes of vibrations of the ring (Tables 2—
5) are similar to those in arylsulphonamides [7], N-
haloarylsulphonamides [8, 10, 11, 15] and other aro-
matic organic compounds [24, 25].

The VN-H, Vs—0o(asym)» @Nd Vs_o(sym) Vibrations of
all the N-(2-/3-substituted phenyl)-4-substituted ben-
zenesulphonamides are summarised in Table 2 and
compared with those of N-(4-substituted phenyl)-4-
substituted benzenesulphonamides [16]. The varia-
tions of these absorption frequencies with substitu-
tion in the phenyl ring in N-(2-/3-substituted phenyl)-
4-substituted benzenesulphonamides had no particular
trends, with either electron withdrawing or electron do-
nating groups.
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3.2. 'H NMR Spectra

1H chemical shifts of aromatic and alkyl protons
of all the N-(2-/3-substituted phenyl)-4-substituted
benzenesulphonamides are shown in Table 3.
The aromatic protons and carbons were num-
bered as shown in the following general structure:

The various chemical shifts were assigned to the
protons of two benzene rings, in line with those for
similar compounds [16,24-32]. *H chemical shifts
of benzene and substituted benzenes were also mea-
sured under identical conditions. Further, the incre-
mental shifts due to —-SO,NH(2-/3-CgH,) groups in the
compounds of the general formula CgHsSO,NH(2-/3-
XCgH4) and 4-X’CgHsSO,NH- groups in the com-
pounds of the type 4-X’CgH4SO,NH(CgHs) were
computed and used to calculate the *H chemical shifts
of the substituted compounds 4-X’CgHsSO,NH(2-/3-
XCgHj) as described below.

The incremental shifts of the aromatic protons
in N-(2-/3-substituted phenyl)-4-substituted benzene-
sulphonamides due to —SO,;NH(2-/3-XCgH,4) (X =
CHj3 or ClI) were calculated by comparing the chemical
shifts of these protons in CgH5SO,NH(2-/3-XCgHg)
(X = CHg or CI) with that of the benzene proton value
of 7.29 ppm. The calculated values are shown in Ta-
ble 4. Then the chemical shifts of the H-2’,6” and H-
3’,5” protons in 4-X’CgH4SO,NH(2-/3-XCgHg) were
calculated in two ways. In the first way (calc. 1), the
chemical shifts of H-2°,6” and H-3’,5" protons were
calculated by adding the incremental shifts due to —
SO,NH(2-/3-XCgHy4) (Table 4) and of the substituent
X’ (CHs, CyHs, F, ClI or Br) [24,25] to the ben-
zene proton value of 7.29 ppm. In the second method
(calc. 2), the chemical shifts of H-2,6" and H-3",5’
protons in 4-X’CgH4SO,NH(2-/3-XCgH,4) were com-
puted by adding the incremental shifts due to -SO,NH
(2-13-XCgHy) to the chemical shifts of the correspond-
ing protons in substituted benzenes. The good agree-
ment between the two sets of calculated values and the
experimental chemical shifts show that the two meth-
ods of calculations lead to almost the same values.

Similarly, the incremental shifts of H-2,6; H-3,5 and
H-4 protons due to 4-X’CgH4SO,NH- (X’ = H, CH3,
CyHs, F, Cl or Br) groups in 4-X’CgH4SO,NH(CgHs)
were computed by comparing the chemical shifts of

Table 4. The incremental shifts (8, ppm) of aromatic protons
due to -SO,NH(i-XCgHy) groups in CgH5SO,NH(i-XCgH4)
and 4-X’CgH4SO,NH- groups in 4-X’CgHsSO,NH(CgHs).

Group H-2’,6 H-3’,5’ H-4

-SO2NHCgHs 0.67 0.22 0.52
-SO2NH(2-CH3CgHa) 0.44 0.22 0.28
-SO2NH(3-CH3CgHa) 0.68 0.26 0.50
-SO2NH(4-CH3CgHa) 0.66 0.23 0.47
-SO2NH(2-CICgH4) 0.47 0.24 0.38
-SO2NH(3-CICgH4) 0.55 0.12 0.19
-SO,NH(4-CICgH4) 0.62 0.46 0.50
Group H-2,6 H-3,5 H-4

CsH5SO2NH- 0.08 —-0.12 —0.24
4-CH3CgH4SO,NH- —0.07 -0.18 -0.22
4-CyH5CH4SO2NH- -0.13 —-0.18 —0.35
4-FCgH4SO2NH- —0.07 -0.19 —0.25
4-CICgH4SO2NH- —0.10 -0.14 —-0.23
4-BrCgH4SO2NH- —0.09 -0.17 -0.23

H-2,6; H-3,5 and H-4 protons in these compounds
with the benzene proton value of 7.29 ppm. The com-
puted incremental shifts are also shown in Table 4.
The chemical shifts of the H-2,6 and H-3,5 protons
in the substituted compounds 4-X’CgH4SO,NH(2-/3-
XCgHg) were also calculated in two ways (calc. 3
and 4). In the method 3, the chemical shifts of H-2,6
and H-3,5 protons were calculated by adding the incre-
mental shifts due to 4-X’CgH4SO,NH- (X’ = H, CH3,
CyHs, F, Cl or Br) (Table 4) and of the substituent
2-/13-X (X = CHj3 or CI) [24,25] to the benzene pro-
ton chemical shift of 7.29 ppm. In the other method
(calc. 4), the chemical shifts of H-2,6 and H-3,5 pro-
tons were calculated by adding the incremental shifts
due to 4-X’CgH4SO,NH- (X’ = H, CH3, CyHs, F, Cl
or Br) groups (Table 4) to the corresponding proton
chemical shifts of the substituted benzenes. The com-
parisons between the values calculated by the meth-
ods 3 and 4 and the experimental values revealed that
there is a good agreement between the two sets of cal-
culated chemical shifts and the experimental values, in-
dicating the validity of the principle of additivity of the
substituent effects in these compounds.

It is evident from the analysis of the chemical shifts
of the N-(2-/3-substituted phenyl)-4-substituted ben-
zenesulphonamides that there are no particular trends
in the variation of the chemical shifts with the nature
of substitution, either the electron withdrawing or elec-
tron donating groups.

3.3. 13C NMR Spectra

The measured *C chemical shifts of the aromatic
and alkyl carbons of all the N-(2-/3-substituted
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Table 5. Observed chemical shifts (6, ppm) of various aromatic and other carbons in N-(2-/3-substituted phenyl)-4-substituted

benzenesulphonamides.

3 o E rl 2 3iX
4@1' 41@
56 LL 6 5

X o1 c2 c3 c4a TS o3 cr 76 35 CF AkyTC

A
A 65 1245 1200 152 1200 1215 1388 2756 1293 1333 =
2-CHy 1344 1308 1297 1248 1264 1248 139.7 126.9 1290 1318 1756
3-CH, 1331 1224 1333 1203 1277 1186 1394 1277 1290 1333 214
4CHy* 1333 1224 1208 1354 1298 1224 139.1 127.7 1293 1337 208
2-Cl 1333 1277 1201 1254 1261 1228 138.8 127.2 1279 1294 -
a-Cl 1382 1206 1346 1247 1302 1187 138.8 127.0 1290 1330 -
4l 1334 1247 1204 1303 1204 1247 139.1 127.9 1294 1334 -

CH3
A 172 127 1204 154 1204 1217 1359 1274 1297 1440 =
2-CH, 1367 1314 1308 1262 1272 1244 1346 127.0 1297 1438 216,17.7
3-CH, 1393 1220 1393 1260 1201 1183 1365 1273 1297 1438 216,214
4CHy* 1339 1222 1301 1353 1301 1222 136.1 127.4 1297 1438 215,204
2-Cl 1358 1274 1205 1251 1258 1224 1334 1277 1293 1441 214
a-Cl 1380 1207 1348 1250 1303 1188 1356 127.3 1298 1443 20.9
4-cl* 1354 1227 1294 1328 1204 1227 137.1 127.3 1306 1442 215

CyHs
A 1378 1205 1206 1259 1206 1205 1371 1275 1289 1492 =
2-CH, 1369 1307 1317 1261 1268 1244 1345 127.2 1284 1498 287,176,150
4CH;* 1339 1220 1298 1351 1298 1220 136.3 127.4 1285 1498 268,208
2-Cl 1374 1261 1208 1268 1276 1256 133.9 1273 1278 1466 287,154
a-Cl 1380 1205 1346 1248 1308 1186 1356 127.3 1286 1502 286,147
4-cl* 1337 1216 1294 1300 1204 1216 136.6 128.2 1287 1492 283,154

F
A 163 1207 1204 156 1204 1217 1349 1301 1162 1669 =
2-CHy 1357 1310 1300 1250 1266 1160 134.2 129.9 1161 1669 176
3-CH, 1362 1222 1394 1263 1300 1185 134.9 129.1 1161 1635 212
4CHy* 1335 1224 1301 1356 1301 1224 1348 129.9 1162 1668 208
2-Cl 1375 1301 1304 1254 - 1211 1348 130.0 1163 1636 -
3-Cl 1348 1235 1303 1259 1300 1167 133.0 127.9 1160 1669 -
a-cl* 1354 1233 1295 1329 1295 1233 136.2 128.7 1158 1627 -

al
A 161 1206 1201 1255 1201 1216 1371 12856 1297 1394 =
2-CHy 1382 1310 1298 1267 1270 1248 1395 1286 1293 1402 1756
3-CH, 1360 1224 1395 1265 1292 1186 1375 128.7 1293 1403 214
4CH;* 1333 1225 1209 1358 1299 1225 1374 1288 1292 1395 209
2-Cl 1329 1291 1203 1265 1279 1233 137.3 128.7 1295 1398 -
a-Cl 1374 1211 1349 1255 1304 1191 136.8 1286 1295 1399 -
a-cl* 1347 1232 1292 1314 1292 1232 137.0 128.7 1297 1399 -

Br
A 160 1206 1285 1255 1285 1216 13756 1292 1325 1280 =
2-CH, 1340 1810 1287 1268 1271 1247 138.7 129.2 1328 1268 177
3-CH, 1360 1221 1394 1280 1284 1184 137.8 128.7 1327 1263 213
4CHy* 1342 1217 1295 1345 1295 1217 1386 1318 1326 1286 2056
2-Cl 1323 1282 1287 - - - 1396 128.7 1323 1282 -
3-Cl 1375 1212 1351 1256 1305 1192 137.7 1288 1326 1286 -
a-cl* 1346 1232 1292 1314 1202 1232 137.6 129.2 1325 1280 -

phenyl)-4-substituted  benzenesulphonamides  are
shown in Table 5. The various chemical shifts are
assigned to the different carbons in the two benzene
rings in conformity with the literature for similar
compounds [16,24—-32]. The 3C chemical shifts
of benzene and substituted benzenes were measured
under identical conditions. Further, the incremental
shifts of C-1’; C-2’,6"; C-3’,5” and C-4’ carbons due
to —SO,NH(2-/3-XCgHy) groups in CgH5SO,NH

(2-/3-XCgHy) were calculated by comparing the chem-
ical shifts of the carbons in these compounds with
that of the benzene carbon value of 128.4 ppm. Sim-
ilarly, the incremental shifts of C-1; C-2,6; C-3,5 and
C-4 carbons due to 4-X’CgH4SO,NH- groups in 4-
X’CgH4SO,NH (CgHs) were computed by comparing
the chemical shifts of the carbons in these compounds
with the benzene carbon value of 128.4 ppm. The cal-
culated incremental shifts of C-1’; C-2°,6’; C-3’,5’
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Table 6. The incremental shifts (6, ppm) of aromatic carbons due to -SO,NH (i-XCgHg) groups in CgHs SO,NH (i-XCgHy)

and 4-X’CgH4 SO, NH- groups in 4-X’CgH4S0O, NH (CgHs).

Group C-r C-2°,6’ C-3'5 C-4 Group C-1 C-2,6 C-35 C-4
-SO2NHCgHs 10.40 —0.80 0.90 4.90 CsH5SO2NH- 8.10 —6.90 0.60 -3.20
-SO2NH(2-CH3CgHa) 11.30 —1.50 0.60 3.40 4-CH3CgH4SO2NH- 8.80 —6.70 1.00 —3.00
-SO2NH(3-CH3CgHa) 11.00 —0.70 0.60 4.90 4-CyH5CgH4SO2NH- 9.40 —7.90 1.20 —2.50
-SO2NH(4-CH3CgHa) 10.70 —0.70 0.90 5.30 4-FCgH4SO2NH- 7.90 —6.70 1.0 —2.80
-SO2NH(2-CICsH4) 10.40 —-1.20 1.00 4.90 4-CICsH4SO2NH- 7.70 —6.80 0.70 —2.90
-SO2NH(3-CICgH4) 10.40 —1.40 0.60 4.60 4-BrCgHsSO,NH- 7.60 —6.80 0.10 —2.90
-SO2NH(4-CICsH4) 10.70 —0.50 1.00 5.00

and C-4’ carbons due to —SO,NH(2-/3-XCgHg) groups
in CeH5SO,NH(2-/3-XCgHy) and those of C-1; C-
2,6; C-3,5 and C-4 carbons due to 4-X’CgH4SO,NH-
groups in 4-X’CgH4SO,NH(CgHs) are shown in Ta-
ble 6. These incremental shifts due to the above groups
(Table 6) and those of the substituents [24,25] were
used to calculate the chemical shifts of C-1"; C-2°,6;
C-3’,5" and C-4’ carbons and those of C-1; C-2,6; C-
3,5 and C-4 carbons in the substituted compounds 4-
X’CgH4SO,NH(2-/3-XCgH4) by the methods similar
to the ones described under *H NMR spectra. The good
agreement between the various calculated 3C chemi-
cal shifts and the experimental values showed that the
different procedures of calculation lead to almost the
same values in most cases, testing the validity of the
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