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SUMMARY 

Organic sulphur con~pounds wxc detected on silica gel lavcrs containing a _ 
nliscd fluorescent material. Disulphides. thioureas. isotliiourcns_ thioarnides. thio- 
lactones. thioesters. thiucuns. dithioc~~rb3mr~tcs. sa~~thutcs, S-sulphonic acids. rhio- 
cyanatcs. isothiocyanates and or~tn_anothiophosphorus compounds were detected as 
coioured spots in amounts ol- 10 -*--lo -I* ~iiolr according to their ultraviolet absorp- 
tion spectra and molar absorption coeltlcienrs. Thiols. sulphides. sulphonic acids. 
sulphinic acids. sulphates. sulplwnates. sulphones and sulphosides did not give any 
coloured spots in amounts of 10 i mole. When the sulpliur was rephced with os!:zen_ 
the positive compounds above were no longer detected even in ;unounts of- IO-’ nmle. 

INTRODUCTiON 

Organic sulpliur compounds lixve been dctectcd on cliromato~rams mainl_v 
bv usins various spmv rcagrnts of‘ rehivclv low specilicity. The spraying method 
often requires troublesome procedures am! laciis reproducibility_ whereas the quali- 
tati\-s analysis of ttlrrrtviolet ( UVj-absorbing co~~qmmls by the miscd fttot-ascent 
material method. recently developed by Tatnttra’. rcqttires no complicated procc- 
dures and is non-destructive unless the compounds are sensitive to UV light. Some 
classes of orsmic sulphur compounds_ such as disulphides. thiurams_ thioureas and 
santht~tes. may absorb UV light ;tt ma\-elcngths ;tbove 250 IXI, and the niiscd iluorcs- 
cent material nietliod may tlierelixe provide ;L iuiique an2lgtical method for these 
compounds. especially disulphides_ whose detection on chromatograms in an intact 
f~orm, i_r._ \vithout reduction to thiols or oxidation of- the disulphide bonds_ Ius not 
been reported. 

This paper describes the in sirrr non-destructive detection of organic sulphur 
compounds on silica gel layers containing :I mixed fluorescent material. 

_ Pramted at the 91th _Ann~d hlseting of the Pharmnccutid Society of Japan. SmJrti. .1priI 
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ESPERlhlEXl-Ai- 

r-Glutathionc (oxidized)_ S-carbamgl-r-c~steint, S-acet_vl~lutnthionc, DL-ho- 
mocgtcinc hydrochloride, I-thi~~~lucopyrtrnosc pentaacctatc and 1~-~lucose-6-sul- 

t&m potassium salt wre pttrcI~tsed from Scikttgztku Kosyo Co._ Tokyo. Japan. 
and diclttinol_vI-S.S’-disulphidc and 2.2’-dihudrosv-6.~-dintlphrhgl disulphidt from i 
Wttko_ Or:~ka, Japan. 2-Ntlphthyl disttlphidc \,a; obtained from Eastman-l&d:&_ 
Rochester. KY_, U_S_A__ttnd D( -:- )-biotin front E. iklcrck, Darmstadt. G.F.R. Uridinc- 
-l-disulphide and rqxmtoyltaurine calcium salt were purchased from Sigma. St. 
Louis_ Mo.. U.S.A. Pantcrkinc. I>-prmterhinc 3’_1”-diphosphate and di-t,-panto- 

thenoy!-t_-cystine \\erc provided by Daiichi Sciyaku CO.. Tokyo. Japan. Fcnthion 

(Baytesl_ ethion_ disyston 2nd mrsurol were kindly provided by Nihon Tok~~sl~~~ 

Noycaku S&m Co__ Tokyo_ Japan. Pttntcthcine-S-sulphonic acid and A’-phospho- 

pzlnretlicin~-S-sulphori;c acid \\crt2 prepared in this Irib0rator~--. All other rcasmttr mid 
solvent?; mere purchased from Tokyo Kasei Kogyo Co.. Tokyo. or Kanto Chemical 
Co__ Tokyo. Japan. 

Stock solutions of- test coinpounds crfconcentration O_ I .\i v.crc prcparcd \vith 
appropriate solvents (v:ater_ niethanol, ethanol. ethyl acctatc. acetonc_ carbor: disul- 
phide. chloroform, bcnzcnc. 0.2 N h_vdrochloric acid_ 0.2 5 sodium hydroxide solu- 
tion_ 5’,:;, am-nonia solution and their miaturc~) and were diluted :I?; required \vith the 
s~rnt so!vents. A volume of‘ I 111 of a stock solution or its di!ution \v;ls applied v. ith a 
micro-pipette (‘-Microcaps”_ Drunmmnd. Broomall_ Pa__ U_S_A_) on to 0-S cm of‘ 
the lowx- cd-- + 01~ ~1 TLC plate_ After air-drying_ the plutc \S;IS dcuelol-cd for ;L Jis- 
ttlnce of- S.59 cm in 3 snial! clironirrtograpl:ic chamber (miibient teniperature (‘11. 
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25”). The developed plate was dried with a strcanl of air using a hair-dryer and W:LS 
viekd from the back under UV ligbr from the Pan UV lamp in the dtlrk~- 

The compounds that gave no coioured spots in mnounts of I - IO-; mole were 
designated as negative compounds. 

RESU L-IS 

The colours and the limits of detection of \-arious classes of organic sulphur 
compo~~nds on Wako~el FM plates are surnnurized in Table I1 rogether \vith illt:,x. 
and log F vrrlues taken from the litertlttmz In general. disulphides_ thioureas, isothio- 
ureas, thiocarbos_vlic acid derivatives (thiol acids. thioamides. thiolactoncs and thio- 
esters), tliiocarhaniic acid derivatives (tliiurani compounds and ditliioctirbt~matcs), 
santliatcs_ S-sillphonic acids or~a~~otllioplloSplli~r~iS compounds. tliioqxmtes SilLI 

isothiocyanates were detected as colourec! spots in amounts of less than I - IO -; nmlc. 
On the other lund. thiols. sulphides. sulphonic acids. sulphinic acids, s~:lphatcs. sul- 

l~l~3tnate~_ sulphoncs and sutpliosides did not give am coloured spots at tliis level. 

As espcctcd_ the positive compounds in Tahl~ I t=.ere csclusively those \virh 

L~,,~,~. values above 250 111n and the sensitivities of detection dcpcndcd mainly upon 
their log :.- values_ The calours of the positive compounds cm the TLC plates under 
UV li!jit difkrcd according to their UV spectra. The characteristic colours ofrhe SLII- 

phLlr-conttlining functional groups \verc altered bv the preserxe of a linked aronmic 
ring. \vhile an adc!itivc colour \~a?; dcvelopcd by the presence of a separated ttromatic 
riny. A rcprescntative emtnple is :Iromatic disulpliides: diphen?l disulphide and 2- 

napl~th~l disulphide \\ere visible ~1s violet spots. hcnzyl di~Lilphidc gave red spots. In 
~wwral_ the linkage elkct in aromatic clisulphidcs contributed to the incrcr:se in 
Lisitivity by a factor of approsimatriv 10-100. In t&t, the limits of detection of 

dialkyl disulphidcs and poltlr aliphatic disu~l~hides \vcrrl IO “-IO ~!’ mole_ u9iercas 
rhose of aromatic disulphides_ except henzyl Jisulphidc. \;.ere IO *“-IO I’ n~ole_ 

The qualitative analysis of UV-absorbin, nr suhstanccs has previaiisl\- been per- 
fotxncd on thin layers \vith fluorescent additives. the next populur being silica gel 
F?,, and H F,,, _:t,i,i (h’lerck). On these layers, homcvsr. all types of UV-:absorbing sub- 

stances are rendered visible as dark, ~rr;coloured spots. \\hile on Ittyers contriining the 
niiscd fluorescent niarcrixl LlsCd in the presenr \v-ork, differcnr colours occur accardir:f 
to the awelength of the UV Ii&t absorbed by the substances. Thus various organic 
sulphur compounds have been detected witI1 a cleat- Jisrinctiorl ofco!aur_ Forcsamplc, 
although disulphides. thiocyanates, isotlliocy;mates_ tliiolactones_ thioureris. isoiliio- 
ureas and S-sulphonic acids _ wncmllv should a red colour on Wskogel FM pl:ttes_ 
the colours oTdithiocarbam~ltes and thiurttni con~pounds \\-ere redr!islr violet tmd that 
of nlkvlsanthates was bluish _ “rem_ The presence of substituted groups t!ut e.xcrt 
electromcric etkcts on the -SS- band of disulphidcs slvc rise to clear diti~ercnccs of 
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colour. As can be seen from the results on disulphides in Table I, 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 ofdisulphides on 
paper or thin-layer chromatograms. In most instances of assay of disulphides, the 
sodium nitroprusside procedure’” or the 5,5’-dithiobis(I-nitrobenzoic acid) (DTNB) 
method”’ has been used after reduction of the disulphides with potassium cyanide or 
sodium borohydride- Holvever, these methods are not specific for disulphides”“-“_ 
On the other hand, the detection of disulphides by the mised 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 1O-s-1O-!1 mole. which indicates almost the same sensitivity as in conven- 

:tional calorimetric n~etl~odsL~l-ZvL. The present method is nova conveniently utilized in 
our laboratory in checking the synthetic reactions of mixed disulphides and also in 
the detection of lipophilic disulphides \vhich are not easily subjected to cyanolysis.~ 

The organic sulphur compounds designated as positive (detectable in amounts 

of less than 1 -lo-; mole) can be classitied into four groups, according to their 
chemical structures_ Tile first group cont::ins thioureas ( :-N-CS-N <)_ thiuram 
compounds ( ::-N-CS-S,!-CS-NC). santhates (-0-CS-S-) and dithiocarbamates 
( --N-CS-S-). \vhich contain at least one cl~ron~opl~ore C=S group. The compounds 
belonging to the second group are disulphidcs (-SS-) and S-sulphonic acids (-SSO,,H). 
and their UV absorption at about 250 run can be attribursd to the S==:S-bond. The 

third group consists of isothioureas (-S-C( ==NH)NH,)_ thiolactones (S-CO- ) and 

thioestcrs (-S-CO-) \vhich can be represented in the resonanced C-S form as tollo\vs: 

-&:-NH ‘--7 -&NH--: -i-C- + -&C- 
__ __ . 

NH, LH, d O- 

The fourth group consists of or~nnorliic~phosphorus compounds (>-P==S)_The pres- 
ence of t\vo pairs of lone-pair electrons on rhe sulphur atom (divalent sulphur) and 
a group that resonates with them is considered to be neccessary t-or 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 250400 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 thrt have 
larse RF wlues, the use of plates developed once with the same solvent in order to 
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remove traces 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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