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The reversed-phase high-performance liquid chromatography of some selected, industrially important
aromatic sulfones has been investigated. The chromatographic behaviour of three groups of aromatic
sulfones has been studied. The optimum conditions of separation and UV spectra of the sulfones and
some of their hydroxy and benzyloxy derivatives are presented. The dependences of capacity factors
vs methanol content in mobile phase are mentioned. The results obtained have been applied to the
quantitative analysis of different technical-grade samples and isomer mixtures. For all the separation
methods mentioned the concentration ranges of linear calibration curves have been determined.

Various methods have been proposed for the analysis of aromatic sulfones and their
derivatives such as volumetry1 and polarography2,3. From among separation methods
the most frequently adopted are the thin-layer chromatography4 – 6 and gas-liquid chro-
matography7 – 11.

The high-performance liquid chromatography (HPLC) was used in medicine for ana-
lysis of dapsone – an antileprotic and antimalarial medicament. The separation of dap-
sone (4,4′-diaminodiphenyl sulfone) from its metabolites was performed on columns
packed with silica gel12 – 14.

HPLC analyses of aromatic sulfones in mixtures with aromatic sulfonic acids have
not been described yet, although aromatic sulfones are known to be by-products in
sulfonations of aromatic hydrocarbons. Naphthalene sulfonic acids (C10H7SO3H) are
important intermediates in the production of synthetic dyes. The formation of dinaphthyl
sulfones as possible by-products of sulfonation of naphthalene is known to consist in
secondary reactions of naphthalene sulfonic acid.
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C10H7SO3H  +  C10H8                         (C10H7)2SO2

2 C10H7SO3H                         (C10H7)2SO2

The reaction course, amount and ratio of dinaphthyl sulfone isomers depend upon
the sulfonation conditions.

Hydroxy derivatives of diphenyl sulfone are intermediates in syntheses of some
important colour components in photochemistry.

Diaryl sulfones Ar2SO2 can also be found as by-products of syntheses of arene-
sulfonyl chlorides due to subsequent reaction of sulfonyl chloride with aromatic hydro-
carbon.

ArH  +  2 HOSO2Cl                         ArSO2Cl  +  H2SO4  +  HCl

ArSO2Cl  +  ArH                         Ar2SO2  +  HCl

The present paper describes in detail the separation of the following diaryl sulfones
Ar−SO2−Ar′:

I, Ar = Ar′ = 1-naphthyl
IIa, Ar = 1-naphthyl; Ar′ = 2-naphthyl
IIb, Ar = Ar′  = 2-naphthyl
IIc, Ar = phenyl; Ar′ = 2-naphthyl
IId, Ar = 4-methylphenyl; Ar′ = 2-naphthyl
IIe, Ar = 2-methylphenyl; Ar′  = 2-naphthyl
IIf, Ar = 2,5-dimethylphenyl; Ar′ = 2-naphthyl
IIIa, Ar = Ar′  = phenyl
IIIb, Ar = Ar′  = 4-hydroxyphenyl
IIIc, Ar = 2-hydroxyphenyl; Ar′  = 4-hydroxyphenyl
IIId, Ar = 4-hydroxyphenyl; Ar′  = 4-benzyloxyphenyl.

EXPERIMENTAL

The analyses were carried out on the HPLC systems HP 1090 M equipped with diode-array detector
and ChemStation HP 9000 Model 310 and Varian 5020 with a UV-50 photometric detector. The col-

  −H2O

  −H2SO4
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umn of 150 mm length and 3 mm i.d. was packed with Separon SGX C 18, 5 µm grain size. The
methanol–water mobile phase was used at a flow rate of 0.5 ml min−1. All the sulfones were syn-
thesized in the Research Institute of Organic Syntheses where also their structure and purity were
checked with the help of NMR spectrometry15.

RESULTS AND DISCUSSION

An isocratic separation of the dinaphthyl sulfone isomers and their UV spectra are
shown in Figs 1a, 1b. As it can be seen, the retention times of the isomers increase in
the order: 1,1′  < 1,2′ < 2,2′ .

FIG. 1
Separation (a) and UV spectra (b) of dinaphthyl sulfones: mobile phase methanol–water (80 : 20 v/v),
UV detection (230 nm); curves and peaks: 1 I, 2 IIa, 3 IIb

FIG. 2
Separation (a) and UV spectra (b) of hydroxydiphenyl sulfones: mobile phase methanol–water, gra-
dient program: 50 vol.% methanol isocratically for 2 min and then from 50 to 100 vol.% methanol
linearly during 3 min; UV detection (260 nm); curves and peaks: 1 IIIb, 2 IIIc, 3 IIId
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All the three dinaphthyl sulfones were detected in samples of crude 2-naphthalene-
sulfonate before hydrolysis. On the other hand, no dinaphthyl sulfones were found in
samples taken from the production of 1,3,6-naphthalenetrisulfonic acid where the sulfo-
nation of naphthalene is carried out at different conditions (higher temperature and
stronger oleum).

In the analyses of technical samples the aromatic sulfonic acids (being highly polar)
are eluted nonseparated in a short time. At the above-mentioned conditions of chroma-
tographic separation, the residual unreacted naphthalene present in the samples remains
trapped in the column and must be removed after several analyses. The individual sep-
arated dinaphthyl sulfones were determined by the method of calibration curve. The
calibration curves are linear in the required interval of dinaphthyl sulfone concentra-
tions, the detection limit being 5 µg ml−1.

The separation of hydroxy and benzyloxy derivatives of diphenyl sulfone using the
gradient elution and the corresponding spectra are shown in Figs 2a, 2b. The lower
polarity and higher molecular weight of the benzyloxy derivative significantly increase
its retention time. 4,4′-Dihydroxydiphenyl sulfone is an intermediate in the production
of 4-benzyloxy-4′-hydroxydiphenyl sulfone where the presence of the 2,4′-dihydroxy
isomer is undesirable. Therefore the separation and determination of the individual di-
hydroxydiphenyl sulfones is of considerable practical importance.

Figure 3 presents the chromatogram of a mixture of diphenyl sulfone, phenyl-,
methylphenyl-, and dimethylphenyl-2-naphthyl sulfones. The 2-naphthyl derivatives
were synthesized by the reaction of 2-naphthalenesulfonyl chloride with benzene, to-
luene, and p-xylene, respectively, in the presence of anhydrous ferric chloride15. The
above-mentioned separation method was applied to quantitative analysis, the detection
limits being 5 µg ml−1 for all the sulfones.

4-Methylphenyl-2-naphthyl sulfone contains the 2-methyl isomer as an impurity
which was separated by decreasing the elution strength of the mobile phase, identified
by its UV spectrum (Figs 4a, 4b), and verified by NMR spectrometry.

FIG. 3
Separation of diaryl sulfones: mobile phase meth-
anol–water (70 : 30 v/v); UV detection (230 nm);
peaks: 1 IIIa, 2 IIc, 3 IId, 4 IIf
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The dependences of capacity ratios (k) vs methanol content in mobile phase are li-
near in all the cases (Fig. 5).
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FIG. 5
Dependence of capacity ratio (k) of aro-
matic sulfones vs methanol content (vol.%)
in methanol–water mobile phase: ■  I, ❒

IIa, ▼ IIb, ∆ IIc, ❍  IId, ❍  IIf, ❍  IIIa, ▲
IIIb, ●  IIIc, ∇  IIId

FIG. 4
Separation (a) and UV spectra (b) of methylphenyl-2-naphthyl sulfone isomers: mobile phase meth-
anol–water (62 : 38 v/v); UV detection (230 nm); curves and peaks: 1 IIe, 2 IId
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