
Journal of the Arkansas Academy of Science

Volume 54 Article 19

2000

Hammett Correlations of the Sulfonamide Proton
Chemical Shift in a Series of N-(substituted aryl)-p-
Toluenesulfonamides
Frank L. Setliff
University of Arkansas at Little Rock

Tyson K. Spradlin
University of Arkansas at Little Rock

Follow this and additional works at: http://scholarworks.uark.edu/jaas

Part of the Organic Chemistry Commons

This article is available for use under the Creative Commons license: Attribution-NoDerivatives 4.0 International (CC BY-ND 4.0). Users are able to
read, download, copy, print, distribute, search, link to the full texts of these articles, or use them for any other lawful purpose, without asking prior
permission from the publisher or the author.
This Article is brought to you for free and open access by ScholarWorks@UARK. It has been accepted for inclusion in Journal of the Arkansas Academy
of Science by an authorized editor of ScholarWorks@UARK. For more information, please contact scholar@uark.edu.

Recommended Citation
Setliff, Frank L. and Spradlin, Tyson K. (2000) "Hammett Correlations of the Sulfonamide Proton Chemical Shift in a Series of N-
(substituted aryl)-p-Toluenesulfonamides," Journal of the Arkansas Academy of Science: Vol. 54 , Article 19.
Available at: http://scholarworks.uark.edu/jaas/vol54/iss1/19

http://scholarworks.uark.edu/jaas?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol54%2Fiss1%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholarworks.uark.edu/jaas/vol54?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol54%2Fiss1%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholarworks.uark.edu/jaas/vol54/iss1/19?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol54%2Fiss1%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholarworks.uark.edu/jaas?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol54%2Fiss1%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/138?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol54%2Fiss1%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
http://scholarworks.uark.edu/jaas/vol54/iss1/19?utm_source=scholarworks.uark.edu%2Fjaas%2Fvol54%2Fiss1%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholar@uark.edu


113

JxcininiGtt C^orrGlRtions ot thG ouliQiicimiciG 1roton LvhcmiCcil oiiiitin <l

Series of N-(substituted aryl)-p-Toluenesulfonamides

Frank L.Setliff* and Tyson K.Spradlin
Department of Chemistry

University of Arkansas at Little Rock
Little Rock, AR 72204

?Corresponding Author

We have shown previously that excellent correlations of
amide proton chemical shifts with standard Hammett sub-
stituent constants (a) are obtained in several N-(4-substitut-
ed aryl) carboxamide systems (Setliff et al., 1992; Setliff et
al., 1995). In this regard we were curious as to whether sim-
ilar correlations would exist in sulfonamide systems. Thus,
we prepared a series of N-(4substituted phenyl)-p-toluene-
sulfonamides and plotted the sulfonamide proton chemical
shift (§nh)» as determined in dimethyl sulfoxide (DMSO),
vs the standard Hammett substituent constant (cq) (Exner,
1988) for the substituent G in the 4-position. As in the afore-
mentioned carboxamide series, this note also reports the
results of an additivity study using two phenyl substituents.
In addition, the validity of the heterocyclic nitrogen 3-aza
and 4-aza replacement constants determined previously
(Setliff et al., 1993) was tested.

The N-aryl-p-toluenesulfonamides were prepared from

the appropriate arylamine and p-toluenesulfonyl chloride as
shown in Fig. 1. The general procedure employed was as
follows: The arylamine (0.50 g), dry pyridine (2.5-3.0 mL)
and 1. 1molar equivalent of p-toluenesulfonyl chloride were
combined and heated under reflux . For compounds where
G=(CH3)2N,CH3O, and CH3

,the reflux time was 15 min-
utes. For all other compounds the reflux time was extended
to 45 minutes, except for G =NO2 which required one hour.

Upon completion of reflux, the reaction mixture was
cooled to room temperature and poured into cold water
(300 mL). After the water was decanted, the residual oilwas
taken up inethanol (200 mL) and water was slowly added in
50 mL portions until the precipitation of the sulfonamide
was complete. The crude product was collected by suction
filtration, washed on the filter with cold water, and recrys-
tallized from aqueous ethanol. Yieldand melting point data
are reported in Table 1.

Fig. 1. Preparation of the p-toluenesulfonamides.

Table 1. Experimental data for the p-toluenesulfonamides.

lit
G mpt (°C) mpt (°C) % Yield 5NH (ppm) aG

(CH3)2N 124-125 ™- 59.3 9.58 -0.63
OCH3 113-114 114 81.7 9.85 -0.28
CH3

'

118-119 118 93.5 10.05 -0.14
H

'

101.5 103 79.0 10.24 0
F 79-80

—- 80.2 10.18 0.06
4-Br-3-Me 144-145

—- 64.4 10.37 0.16
Br 101 101 93.2 10.38 0.22
3-aza 171-172 91.0 10.52 0.26
COCH^, 202-205 203 85.0 10.81 0.47
CF3 139-140 28.8 10.84 0.53
CN 180-181 -- 83.8 11.00 0.71
NO2 180 191 68.3 11.24 0.81
4-aza 190 ---- 53A 1^20 171
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Most of the sulfonamides' melting points were available
in readily accessible tables (Rappoport, 1967), and our
obtained values agreed well with those listed. The low melt-
ingpoint of the 4-nitrophenyl derivative was attributed to a
trace quantity of residual 4-nitroaniline, as revealed in the
proton NMR spectrum. Structures of all sulfonamides were
verified by their infrared and NMR spectra as well as
C,H,N elemental analyses (Quantitative Technologies Inc.,
Whitehouse, NJ). The Infrared spectra were obtained (KBr
disks) on a Nicolet 500 Magna FTIR instrument. The N-H
stretch of the sulfonamide group was present in all com-
pounds in the range v 3190-3390 cm 1.The symmetrical and
unsymmetrical stretch frequencies of the O=S=O group (v
1140-1160 and 1300-1350 cm' 1) respectively, were visible in
all of the spectra..

Samples were prepared for lH NMR spectroscopy

(Bruker ACF-200 MHz instrument) at a concentration of
20mg/mL of deuterated DMSO containing 0.1% tetram-
ethylsilane. The sulfonamide proton resonance in all com-
pounds was clearly visible as the farthest downfield signal in
the range 5 9.5-12.2 ppm (Table 1). The aromatic ring pro-
tons appeared in the expected range with the proper inte-
gration and exhibited the expected splitting patterns.
Methyl,methoxy, and acetyl proton resonances appeared as
sharp singlets at their normal ppm values.

Excellent linear correlation of 5^^ with the Hammett
substituent constant Oq (correlation coefficient 0.98) was
obtained (Fig.2), and the linear relationship is expressed in
slope intercept form by the equation below. The positive
slope

5NH
= 1.16 oG

+ 10.22
indicates the sensitivity of the sulfonamide proton to elec-

Fig. 2. Correlation of the sulfonamide proton chemical shift with the Hammett substituent constant.
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tron withdrawing groups as was the case in the previous
carboxamide studies. Itis noteworthy that the sulfonamide
slope of 1.16 is larger than any of the carboxamide slopes
which were of the order 0.57 - 0.70 (Setliff et al., 1993). A
direct comparison of the p-toluenesulfonamide and benza-
mide correlations (Setliff et al., 1995) are shown in Fig. 3.
The difference in slope is likely due to the greater acidity of
the sulfonamide protons owing to the adjacent sulfonyl
group. Enhanced acidity in turn results in more efficient
hydrogen bonding to the DMSO solvent, thus causing
greater deshielding of the amide proton signal. The sub-
stituents exert proportional effects in the two systems as
noted inFig. 3.

As we had done in our earlier studies on the various
carboxamide systems, we checked for additivity of the effects
of two substituents on the N-phenyl ring. Thus, we prepared
N-(4-bromo-3methylphenyl)-p-toluenesulfonamide and ob-
served the 5nh at 10.37 ppm (Table 1). When the algebra-
icsum of C4.hromo (0.22) and O3.methyi(-0.6) is substituted for
Cq in the correlation equation, the calculated value for 5^^
is 10.40 ppm. This small deviation (0.03 %) from the exper-

imental value suggests that the bromo and methyl sub-
stituents do exert a predictable additive effect on the chem-
ical shift of the sulfonamide proton.

Finally, we were curious to see if our heterocyclic
replacement constant values of o~3.aza and o^_ aza as
determined in the previously studied carboxamide systems
would be valid in the sulfonamide system. Therefore, we
prepared N-(3-pyridyl)-p-toluenesulfonamide (G = 3-aza in
Table 1) and N-(4-pyridyl)-p-toluenesulfonamide (G =4-aza
in Table 1) and observed their respective 5^^ values as
shown in Table 1. Substitution of these experimental values
into the correlation equation and solving for Cq yields a
replacement constant value of 0.26 for C73_ aza,and 1.71 for
°4-aza- The positive values indicate the electron withdrawing
nature of the heterocyclic nitrogen, and the magnitude of
the 4_aza should be greater since the electron withdrawing
"through conjugation" resonance effect that establishes a
formal negative charge on the ring nitrogen is operative.
Although the 3-aza value is fairly close to the mean value of
0.34 determined from the various carboxamide systems
(Setliff et al., 1993), the 4-aza value of 1.71 is much greater

Fig. 3. Comparison of the p-toluenesulfonamide (A) and the benzamide (B) correlations.

Journal of the Arkansas Academy of Science, Vol. 54, 2000

115

Journal of the Arkansas Academy of Science, Vol. 54 [2000], Art. 19

Published by Arkansas Academy of Science, 2000



:

>

?

<

116

N-(substitutedaryl)-p-Toluenesulfonamides

than the mean carboxamide value of 0.55. This could be
explained in terms of poor competitive delocalization of the
sulfonamide nitrogen's lone pair with the sulfonyl oxygens
owing to inefficient 2pN-3pS Koverlap. This, in turn, would
allow for very efficient "through conjugation" to the 4-aza
nitrogen. However, in the carboxamide systems competitive
delocalization of the nirogen lone pair with the the carbonyl
group, which involves 2pN-2pC n overlap is more effective
allowing less efficient "through conjugation" to the 4-aza
nitrogen in those systems.

Although we conclude that Hammett correlations exist,
and that effects of two groups are predictably additive, we
can not say that the heteroatomic replacement values are
interchangeable with those in carboxamide systems.
Actually, the literature reports numerous values for c-^.aza
and c»4.aza which vary according to the methods used to

determine them (Charton, 1978). Unlike the classical
Hammett substituent constants, heterocyclic atomic replace-
ment constants are not truly constants at all.
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