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THIN-LAYER CHROMATOGRAPHY OF ORGANIC SULPHUR COM-
POUNDS BY THE MIXED FLUORESCENT MATERIAL METHOD

I. DETECTION OF VARIOUS CLASSES OF COMPOUNDS”

H. NAKAMURA and Z. TAMURA
Fuculty of Pharvaceutical Sciences, University of Tokyo. Hongo-7-3-1, Bunkyo-ku, Tokye 113 (Jupunj
{Received May 13th, 1974) '

SUMMARY

Organic sulphur compounds were detected on silica gel layers containing a
mixed fluorescent material. Disulphides. thioureas. isothioureas. thioamides. thio-
lactones, thioesters. thiurams. dithiocarbamates. xanthates. S-sulphonic acids. thio-
cvanates. isothiocvanates and organothiophosphorus compounds were detected as
coloured spots in amounts of” 10 “*~10 -t mole according to their ultraviolet absorp-
tion spectra and molar absorption coeflicients. Thiols. sulphides. sulphonic acids,
sulphinic acids. sulphates. sulphamates. sulphones and sulphoxides did not give any
coloured spots in amounts of 10 -* mole. When the sulphur was replaced with oxyeen.
the positive compounds above were no longer detected even in amounts of 10-* mole.

INTRODUCTION

Organic sulphur compounds have been detected on chromatograms mainly
by using various spray reagents of relatively low specificity. The spraying method
often requires troublesome procedures and lucks reproducibility. whereas the quali-
tative analvsis of ultraviolet (UV)-absorbing compounds by the mixed fluorescent
material method. recently developed by Tamura'. requires no complicated proce-
dures and is non-destructive unless the compounds are sensitive to UV light. Some
classes of organic sulphur compounds. such as disulphides. thiurams. thioureas and
xanthates. may absorb UV light at wavelengths above 250 nm. and the mixed fluores-
cent material method may therefore provide a unique analytical method for these
compounds, especially disulphides. whose detection on chromatograms in an intact
form. i.e.. without reduction to thiols or oxidation of the-disulphide bonds. has not
been reported. - S : '

This paper describes the in situ non-destructive detection of organic sulphur
compounds on silica gel lavers containing a mixed fluorescent material. '

* Presented at the 94th Annual Meeting of the Pharmaceutical Society of Japan. Sendai, April
1974,
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Reagents and solvents

L-Glutathione (oxidized). S-carbamyl-L-cvsteine. S-acetylglutathione, pr-ho-
macysteine hydrochloride, [-thioglucopyranose peniaacetate and bp-glucose-6-sul-
phate potassium salt were purchased from Seikagaku Kogyo Co.. Tokyo. Japan.
and diquinolyl-8.8"-disulphide and 2.2°-dihydroxy-6.6"-dinaphthyl disulphide from
Wako. Osaka. Japan. 2-Naphthyl disulphide was obtained from Eastman-Kodak.
Rachester, N.Y.. U.S.A__and b(-:-)-biotin from E. Merck, Darmstadi, G.F.R. Uridine-
+-disulphide and p-pantoyltaurine calcium salt were purchased from Sigma, St
Louis. Mo.. US.A. Pantethine. p-pantethine 4 4”-diphosphate and di-D-panto-
thenoyl-L-cvstine were provided by Daiichi Seivaku Co.. Tokvo. Japan. Fenthion
(Baytex). ethion. disyvston and mesurol were kindly provided by Nihon Tokushu
Novaku Seizo Co.. Tokyo. Japan. Panietheine-S-sulphonic acid and 4'-phospho-
pantetheine-S-sulphonie actd were prepared in this laboratory. All other reagents and
solvents were purchased from Tokyo Kaser Kogvo Co.. Tokvo. or Kuanto Chemical
Co.. Tokyo. Japan.

Apparctus

A Pan UV lump (Type PUV-1A. Tokyvo Kogaku Kikai. Tokvo. Japan) was
used. which provides continuous UV radiuation at 2506-400 nm through an available
surface area (7.5 - 4.5 cm) of luminescence.

Thin-laver cliromatographic pletes

Thin-laver chromatography (TLC) was performed with commerctally available
chromatographic plates (Wakogel FM plate. 10 - 5 em: Wako). The laver (250 ¢m
thickness) on the plates contained. in addition to silica gel and starch. three inor-
ganic fluorescent additives. SraPLO:/Sn (Lnax, 260 nm blue tfuorescence). Zn.SiG,. Mn

(Zmax. 280 nm. green fluorescence) and YVO [ Eu (Zipay. 320 nme red fleorescence). in
2 ratio of 20:3:1.

Solvent sysrems

The wwo solvent svstems used were (A) mcthanol-dioxane (I:1) and (B)
a-propanol-287, ammonia (7:3). Most of the test compounds were developed with
the neutral solvent system A with Ry values of above 0.5, Xanthates were developed
with the alkaline solvent svstem B in order to prevent their decomposition.

Chromatographic procedure

Stock solutions of test compounds of concentration 0.1 A7 were prepared with
appropriate solvents (water. methanol, ethanol. ethyl acetate. acetone. carbon disul-
phide. chlorotorm. benzene. 0.2 N hydrochloric acid. 0.2 ¥ sodium hydroxide solu-
tion. 5%, ammonia solution and their mixtures) and were diluted as reguired with the
same solvents. A volume of 1 #1 of a stock solution or its dilution was applied with a
micro-pipeite (“"Microcaps™. Drummond. Broomall. Pa.. US.A) on to 0.8cm of
the lower edge of a TLC plate. After air-drying. the plate was developed for a dis-
tance of 8.5-9 ¢m in a small chromatographic chamber (ambient temperature ca.
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257). The developed plate was dried with a stream of air using a hair-dryver and was
viewed from the back under UY light from the Pan UV lamp in the dark2.

The compounds that gave no coloured spots in amounts of 1-10-° mole were
designated as negative compounds. o

RESULTS

The colours and the limits of detection of various classes of organic sulphur
compounds on Wakogel FM plates are summarized in Table I, together with Zpax.
and log # values taken from the literature. In general. disulphides. thioureas, isothio- -
ureas. thiocarboxyvlic acid derivatives (thiol acids. thioamides. thiolactones and thio-
csters), thiocarbamic acid derivatives (thiuram compounds and dithiocarbamates),
~xanthates. S-sulphonic. acids, organothiophosphorus compounds. thiocvanates and .
isothiocyvanates were detected as coloured spots in amounts of less than 1-10 % mole.
On the other hand. thiols. sulphides. sulphonic acids. sulphinic acids, sulphates. sul-
phamates. sulphones and sulphoxides did not give any coloured spots at this level.

As expected. the positive compounds in Tablel were exclusively those with
Zmax. values above 230 nm and the sensitivities of detection depended mainly upon
their log # values. The colours of the positive compounds on the TLC plates under
UV light differed according to their UV spectra. The characteristic colours of the sul-
phur-containing functional groups were altered by the presence of a linked aromatic
ring. while an additive colour was developed by the presence of a separated aromatic
ring. A representative example is aromatic disulphides: diphenyl disulphide and 2-
naphthyl disulphide were visible as violet spots. benzyl disulphide gave red spots. In
general. the linkage effect in aromatic disulphides contributed to the increase in
sensitivity by a factor of approximateiy 10-100. In fact. the limits of detection of
dialkyl disulphides and polar aliphatic disuiphides were 10 %-10-* mole. wherecas
those of aromatic disulphides. except benzyvi disulphide. were 10-1"-10!' mole.

When the sulphur was replaced with oxygen. the above compounds were no
longer detected. even in amounts of 1-10°7 mole. In view of the UV spectra and the
log # values given in Table I1. these results are reasonable: no large absorption above
250 nm was observed.

DISCUSSION

The qualitative analysis of UV-absorbing substances has previously been per-
formed on thin layers with fluorescent additives. the most popular being silica gel
F..yand HF.;, 4 (Merck). On these lavers, however, all types of UV-absorbing sub-
stances are rendered visible as dark. uncoloured spots. while on lavers containing the
mixed fluorescent material used in the present work, different colours accur according
to the wavelength of the UV light absorbed by the substances. Thus various organic
sulphur compounds have been detected with a clear distinction of colour. Forexample.
although disulphides. thiocvanates, isothiocvanates. thiolactones. thioureas. isothio-
ureas and S-sulphonic acids generally showed a red colour on Wakogel FM plates.
the colours of dithiocarbamates and thiuram compounds were reddish violet and that
of alkylxanthates was bluish green.. The presence ol substituted groups that exert
electromeric effects on the -SS- bond of disulphides gave rise to clear ditferences of
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colour. As can be seen from the results on disulphides in Table 1. such characteristic
colours were useful for the identification of different compounds.

As shown in Table 111, the response of the mixed fluorescent material method
~ to organic sulphur compounds is different from that reported with other methods.

The fact that most biologically active organic sulphur compounds. including sul-
phonamides and pesticides, were detected by the present method indicates a promising
establishment of a screen test for them, based upon a unique principle.

There are no other non-destructive methods for the detection of disulphides on
paper or thin-laver chromatograms. In most instances of assay of disulphides, the
sodium nitroprusside procedure® or the 5,5'-dithiobis(2-nitrobenzoic acid) (DTNB)
method®* has been used after reduction of the disulphides with potassium cyanide or
sodium borohvdride. However. these methods are not specific for disulphides®-*1,
On the other hand, the detection of disulphides by the mixed fluorescent material
method involves no destructive procedure unless the compounds In question are
sensitive to UV light. Moreover. the limits of detection of simple disulphides are in
the range 10-%-10-* mole, which indicates almost the same sensitivity as in conven-
.tional colorimetric methods® %2 The present method is now conveniently utilized in
our laboratory in checking ihe synthetic reactions of mixed disulphides and also in
the detection of lipophilic disulphides which are not easily subjected to cvanolysis.

The organic sulphur compounds designated as positive (detectable in amounts
of less than [-10-7 mole) can be classitied into four groups. according to their
chemical structures. The first group contains thioureas (>N-CS-N<). thiuram
compounds (>N-CS-S,-CS-N<). xanthates (-O-CS-S-) and dithiocarbamates
( =-N-CS-S-). which contain at least one chromophore C=S group. The compounds
belonging to the second group are disulphides (-SS-) and S-sulphonic acids (-SSO;H).
and their UV absorption at about 250 nm can be attributed to the S=:S'bond. The
third group consists of isothioureas (-S-C(=NH)NH.). thiolactones (§-CO-) and

thioesters (-S-CO-) which can be represented in the resonanced C==S form as follows:

5-C-“NH = -SNH-: -5 C- = SeC-
NH, NH. o o-

The fourth group consists of organothiophosphorus compounds (>-l|"~—-S)-The pres-
ence of two pairs of lone-pair electrons on the sulphur atom (divalent sulphur) and
a group that resonates with them is considered to be neccessary for the detection of
compounds by the present method. This assumption is supported by-.considering
the negative compounds, which can be classified into compounds that contain no
divalent sulphur {RSO,H, RSO,H, ROSO,H, RSO.R’ and RSOR’) and compounds
that contain a divalent sulphur atom but no resonating group (RSH and RSR').
Organic solvents that absorb UV light at 250-400 nm, e.g.. ketones and aro-
matic compounds, may interfere in the detection, but then volatile solvents such as
benzene. acetone and carbon disulphide can be used. Alcohols. ethers. esters and
hydrocarbons can be used without difficulty. In the analysis of compounds that have-
large Ry values, the use of plates developed once with the same solvent in order to '
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npumul

‘ols
‘ol acids
phinic acids
phonic acids
phates
phamates
phenamides
phinamides
phonamides
iocyanates
thiocyanates
ioketones
ioamides
ioureas
ithioureas
ioesters
iolactones
focarbamates
thiocarbamates
jurams
mthates
Iphides
Iphoxides
Iphones
sulphides
iiosulphinates
itosulphonates
5°-Dioxides
Sulphonic acids
tiophosphorus
compounds
iophene
riazole
ilphur
ilphide
tlphite
slphate
osulphate
hiccyvanate

Present
method*

1-—1\

Iada- C Illoru~
platinare®™-*®  platinic
acid®®-=°

e

HCIO -—HsIOJl

KI—I-IC 22

remove iraces of interfering substances in the adsorbent often increases the sensitivity.
The use of the present method prior to the application of spray reagents would
markedly increase the reliability of detection.
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