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

II. SEPARATION AND QUANTITATION OF DISULPHIDES. THIURAMS; 
XANTHATES. THIOUREAS AND OTHER ORGANIC SULPHUR COM- 
POUNDS’ 

SL’MMAKY 

The separntion and qutlntitrttion of organic sulphur con~pounds were in- 
vestig_ated by thin-layer chromatography (TLC) on silica gel layers containing a 
mixed ftuorcscent material. The separation of dialkyl disulphidcs. alkylsanthates and 
thioureas \vas performed successfuIIy by reversed-phase TLC using liquid paraffin as 
the stationary phase_ Thiurtlms and aromatic disuiphides \vere \\ell separated by ad- 
sorption TLC. The non-destructive in situ quantitation of these compomids on chro- 
mawgraphic plates \\‘;ts achieved by plottin, cx the lo~drithm of the amount of com- 

pound :tgsinst the square root of the area of the spot revealed under an ultraviolet 
I;1111p_ 

lKTKODl_KTlON 

The analysis of organic sulphur compounds by thin-layer chromatography 
(TLC) or paper chromatography has been performed calorimetrically and fiuori- 
metrically, mainly using various spray reagents_ Ho\vever_ in the preceding paper’ \ve 
described a new means of qualitative analysis that permitted the in siru non-destruc- 
tive detection of organic sulphur compounds on TLC plates by using the mixed 
Ruorescent material method”. Organic sulphur compounds that absorb UV radiation 
at 250-400 nm were detected as diKerent coloured spots with limits of detection of 
1O-s-IO-11 mole according to their UV absorption spectra and molar absorption 
coefficients_ 

So tk as the TLC separation of organic sulphur compounds is concerned. there 
have been reports of studies on asymmetrical heterocyclic disulphides”. thiolactones-* 
and thioureas”, but the analysis of dialkyl disulphides. thiurams and szlnthates has not 
been reported. 

* Presented at the Y3th Annual Meeting of the Pharmaceutical Society of Japan. Sendni. April 
1974. 
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This paper. describes the rapid separation and quantitation 01~ disulphides, 
thiurams, alkylxanthates and thioureas on silica gel layers containing a mixed fluores- 
cent material. The RI-- values of thiolactones and thioesters have aho determined. 

EXPERIMENTAL 

The organic sulphur compounds. reagents rind soIvents useal \vere the same 
as those specified in the preceding paper’. 

All of the esperiments \\ere performed with commercially avuilahle chromato- 
graphic plates (Wakogel FM plate_ IO :- 5 cm: Wake. Osaka_ Japan) \vhich contained 
S97,; of silica gel, I ‘.I;, of starch and 7.9 ‘,‘;;; of ;I mixture of three inorganic tluorescent 
additives’. 

When reversed-phase TLC was performed. the plates \vere dipped 
solution of liquid paraffin in light petroleum (b-p. 30-70 ) f&r IO set_ then 
for I5 min at room temperoturc (25 )_ 

Stock solutions ofvrtrious organic sulphur compounds ofconcenrration 50 m.tl 
were prepared with appropriate solvents and :I I rcl aliquot, corresponding to 5- 10. * 
mote of the compound. \\as applied \i ith ;t micro-pipette (“RIicrocttps-‘. Drunmonci. 
Broomall. Pa., U.S.A_) on to 02 cm of the louver edge ofa TLC plate. The subsequent 
procedures for the separation and detection of the compounds \\-ere performed as 
described in the preceding paper*_ 

Sob-mr .s_l-srenls 
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Stationary phase. 5 1!;, liquid p:tr:tllin: mobile phase. methanol. 
Diosane-methanol ( 1 3). 
Benzene. 
n-Butrtnol-acetic acid-water (5:2:3)_ 
n-Propanol-ZS:.!.:, ammonia (7:3)_ 
Ethyl acetate-fz-hesane (1:6)_ 
Benzene-diosane-ZS 7: ammoni;l-water saturated a ith sodium tetra- 
borate (1:30:0.5 2). 
Stationary phase. 5 9; liquid pardttin: mobile phase_ 5 ‘.‘I :tmmonia w!u- 

tion. 
Stationary phase, 5yr; liquid pa&in: mobile phase, IO:,;; sodium acetatc 
solution_ 
Stationary phase. 5 y,!, liquid paraffin: mobile phase_ chloroform. 
Stationary phase, 5% liquid paraffin: mobile phase. water. 

Proc-ecCrrre _ fk- q~rmztitntio~l 0J comporul~ls 

Stock solutions of representative members of several c1asses of organic SU1- 
phur compounds were used as follows: 

(a) Dialkyl disulphides: 100 mi\I di-trrt_-hesyl disulphide in ethanol. 
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(b) Aromatic disuiphides: 10 mM 2,2’-dibenzothiazolyl disulphide in chloro- 
form-carbon disulphide ( 1 I I )_ 

(c) Thiurams: 100 m&I tetramethylthiurani monosulphidc in chloroform and 
100 mM tetraethylthiuram disulphide in chloroform_ 

(d) Xanthates: a mixture of 100 mM potassium ethyl santhatc and 100 m&f 
potassium n-butyl santhate in 5 y:, ammonia solution. 

(e) Thioureas: a misture of 20 mA1 I-I-diphenyl-2-thiourea, 20 mt\l I.% 
diphenyl-2-thiourea and 20 mill N.N’-dic_vclohes_vlthiourea in chloroform_ 

Standard solutions were prepared from rhecorresponding stock solutions using 
the same solvents. and 1 ~‘1 of each standard solution was applied as a circular spot 
on to 0-Y cm of the lower edge of a chromatographic plate by means of the micro- 
pipette. Usually six or seven spots were applied on a plate_ After development for a 
distance of S.59 cm with one of the above solvent systems, each plate \vas air dried 
and rht spots of the compound(s) present were made visible with a Pan UV lamp’. 
The shapes of the spots were traced from the back of the plate on the surface of the 
glass and \verc then copied on to a sheet of thick paper. Thearea ofeach spot was cal- 
culated by comparison of its weight with that of 100 I~II? of the paper. The lognri~hm 

of the amount (nanomoles) of sample applied was plotted against the square root of 
the area (square millimetres) of spot thrmed”_ 

RESULTS 

TABLE I 

R, \‘ALUES OF DIALKYL DISULPHII>ES 

I-4 1 rl~rI.-lfIlnrnI‘,~Ii~.~~ 

[fCH,K(CH:),,,-S], 
[(CH.d,C(CH&S]: 
[(CHd,C(CH,),-S], 
[(CH,).,C(CH,)~-S]z 
[(CH,)jC-CH,-S], 
KHAC-S], 

I Bj n-ff~iot,rof~,_~lrc~.~ 
[CH,KH&S], 
[CH,KH,),-S), 
[CHJCH,),-S], 
[CH,(CH+S]2 

! C) 0rllc~r.s 

[(CHJ)LCHKH&-S]~ 
[(CHJ)KH-CH~-S]~ 
[CH, = CH-CHZ-S J2 

* I: Solvent system 2. 
*_ 11: Solvent system I. 

l ** Obtained with solvent system I. 

R\, 
. . . 

- IX 
.- 1.01 
- 0.55 

- 0.11 

. 0.23 

.. 0.11 
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successfuul with many solvents, diosane-methanol (I :3) giving the best resolution 
(Tabte I)_ However. satisfktory results were obtained by reversed-phase partition 
chromatography using 551 liquid paraffin as the stationary phase and methanol as the 
mobile phase_ As tl typical esample, the separation of di-rerr.-dinky1 disulphidra is 
shown in Fig. S, and a linear relationship w;1s observed betlveen the R-11 values [inhere 
R-11 =- log( I/RF - I)] and the number of carbon atoms (Martin rel:itionship% ~1s 
shown in Fig. 2. 

Fifteen aromatic disulphides Lvere successfully seprtrated oil silica gel layers 
with benzene as the developing solvent (Table II), and Fig 3 shoxs typical chromztto- 

grams. 
The RF values of thirteen polar aliphatic disulphides, two S-sulphonic acids 

and other related compounds in n-butanol-zrceric acid-\\-rtter (5 :2 13) and rz-propttnol- 

Fig- 2. RF f....) and I?.,, ( _ ) values of symmetri4 di-fur_-dhlk~l disulphides, CnHLn+lSSCnHzniI. 
TLC conditiom as in Fig_ I. 
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TABLE II 

RF VALUES OF AROMATIC POLYSULPHIDES 

Developing agent, benzene: TLC plate. Wakogel FM I developing time. IS min (ZS’)_ 
___-.-_-____ _______-____------- 

coI?lpoIlltcl RP :-.: I00 

Uridine+disulphide 0 
Thiamine disulphide 0 
5.5’-DithiobisQ-nitrobenzoic acid) 0 
Z.ZI-Dihydrosy-6,6’dinaphfhyl disulphide 7 
4$-Dithiodianiline 6 
2,2”-Dithiodibenzanilide 12 
Diquinolyl-S.S’-disulphidr 2s 
X2’-Dithiodianiline 2s 
Bis(Z.4-dinitrophenyl) disulphide 42 
I?.?‘-Dibenzothiazolyl disulphide 52 
p-p’-Dinitrophcnyl disulphide 74 
o.u’-Dinitrophenyi disulphide 7s 
Benzyl disulphide S-I 
Z-Naphthyl disulphidr 56 
Diphe& disulphide SJ 

Bis(ZA,S-trichlorophenyl) disulphids s7 
Bis(2.15trichlorophenyl) trisulphide ss . 
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Fig_ 3_ Separation of aromatic polysulphides. TLC conditions and numbers as in Table 11. 

2s”. ,,,, ammonia (7:3) are given in Table 111. Table ill and Fig_ 4 show that these t\vo 
solvent systems are suitable for the separation of polar aliphritic disulphides and S- 
sulphonic acids_ The possibility of the degradation of the disulphidc bond by the 
strongly alkaline ammoniacal solvent was esamined using four disulphides containing 
primary amino groups. viz_ cystamine, formamidine disulphide, r-cystine and homo- 
cystine- Amounts of 5- lO-s mole of each compound \vere separately developed with 
wpropanoL2S yi ammonia (7:3) and detected tirst by the mixed tluorescent materitil 
method’ and then with ninhydrins_ The spots developed with ninhydrin corresponded 
completely to those revealed by UV light and their RF values Lvere different from those 
of the corresponding thiols. These results indicate that degradation of the disulphides 
into the corresponding tfiiols or cleavage of the disulphide bond is not likely, although 
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TABLE 111 

RF VALUES OF POLAR ALIPHATIC DISULPHIDES AND OTHER COMPOUNDS 

ConIporrnLi RF :-: I(lU 

I’ II” 

I a) Acidic cfidpbitle_s 

Dithiodiacetic acid 
tc.cc’-Dithiodipropionic acid 
fl.F-Dithiodipropionic acid 
Lipoic acid 

(6) Basic ciisuiphidcs 

Formamidine disulphidc-2HCI 
Cystamine 
ri-Alrthine 

64 
S1 
78 
91 

7s 
36 
49 

(c-1 Alnirlo acids 
L-Cystinr 
Homocystine 
L-GIutathione oxidized 

frfj Panrrrltim- amzlo_~~tr~ 
Pantethine 
D-Pantethine-Y.3”-diphosphnte 
Di-D-pantothmoyl-Lxystine 
Pantetheine-S-stdphonic acid 
4’-Phosphopantetheinc-S-snlphol 

. ! e] Others 
: Morphotine N.N’-disuIphide 

Ssnthane hydride 
Sulphur 

33 
47 
II 

7s S6 
40 2 
60 46 
65 70 

nit acid 36 0 

9-l 
s9 

s9 
71 

34 
44 
44 
65 

73 
SI 
70 

29 
34 

S 

- 1: Solvent system-4_ 
-- il: Solvent system 5_ 

--- Failing. 

osidative modificxion of the disulphide bond in alkaline medium to give thiosulphina- 
tes (RSOSR), thiosulphonates (RSO,SR). etc.. may be possible. 

Separation of tltirrratns 

The complete separation of several thiurams \\as achieved by adsorption TLC 
using benzene (Fi_e. 5) or ethyl acetate-whesane ( 1 r6) as the developing solvent. and 
RF values are given in Table IV_ 

The RF values of seven alkylxanthates of C,-CB alcohols obtained in three 
soIvent systems and also the R.11 values are shown in TabIe V. As in the separation of 
dialkyl disulphides, the separation of alkylxanrhates by adsorption TLC was ittcotn- 
plete, whereas they xxere completely separated by reversed-phase TLC usins 51:.:, 
Liquid paraffin as the stationary phase and 5”’ I,, ammonia or IOU/; sodium acetate solu- 
tion as the mobile phase. As already pointed out by GaspariP and Rorecky’, marked 
degradation of santhates occurred in neutral solvent systems, and even in 10% sodium 
acetate solution trace amounts of de@idation products. which \\ere distinguishable 
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TABLE IV 

RF VALUES OF THIURAM COMPOUNDS 

CUI~IpUINILI RF :’ IO0 
___ ~___ _.. _ 

I’ II” 
._ 

Tetramethylthiuram monosulphide 17 16 
TetramcthyIthiuram disulphide 31 26 
TetraethyIthiumm disulphidc 57 47 
Te:ra-lr-but~hhiurm disulphide Sl %l 
Dipentamethylenethiumm tetmsulphidc 65 59 

- I f Solvent system 3_ 
*- II: Solvent system 6. 

TABLE V 

RF VALUES OF ALKYLXANTHATES 

CH,OCSSK 29 74 91 - 1.01 
C,HSOCSSK 35 7-l Sl -- 0.63 
rr-C,H,OCSSK 35 53 62 -. 0.21 
&J-C,H,OCSSK 44 61 63 --- 0.27 
rr-C,H,OCSSK 52 34 39 - 0.19 
.%:o-C,H,OCSSK 49 37 II - 0.16 
,r-C5H,,0CSSK 5’ IS 2’ -: 0.55 

* 1: Solvent system 7_ 
-_ II: Solvent syitem 9. 

_-I III: Soknt system 8. 
p Obtained \vith solvent syxem S. 

from the bluish green colour ofsanthates by their red colour under the Pan UV I:tmp_ 
\\ere also observed_ Hop:ever. no degradation of alkylsanthates was observed in 5’;,, 
ammonia solution (Fig- 6)_ The relationship between the RF and R-111 slurs obtained 
by teveked-phase TLC and the number of carbon atoms in n-alk~lxttnthates is sho~vn 
in Fig. 7, which indicates the adaptation of the separation system used to the Mnrtin 
relationshipy_ 

The separation of thiourras x\as unsuccessful on silica gel lagers but satistk- 
tory results were obtained on 5:,; liquid paraffin-coated silica gel layers. Eleven 
thioureas were separated on such layers by reversed-phase TLC usins writer as the 

mobile phase, but LL better separation was achieved with chloroform as the mobile 
phase (Table VI, Fig. 8). 

On liquid par&n-coated plates. a relationship \\;fs observed bet\veen the RF 
or R-11 values and the number of carbon atoms in di-zz-alkyltlllour~s (Fig_ 9)_ 
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Fig. 6. Srparation of alkylsanthntes. 1. CH,OCSSK: 2. C.H,OCSSKr 3. rr-C,H,OCSSK: -I. iw- 
C,H,OCSSK: 5. II-C,H.,OCSSK: 6. is-o-C,H,OCSSKr 7, n-C5H,,0CSSK_ Stationary phase, 5:;; 
liquid paralfin on Wakogel FM plate: mobile phase. 5 7; ammonia solution: developing time. 
35 min (75”). 

Fig. 7. RF (.f.) rend R,, t -. ) va1~1c~ of rr-nIkyl.wnthatcs. C,H:,, ,OCSSK_ TLC conciitions as Fig. 6. 
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11 

Thiourea 0 
Thiosemicarbrlzidc-2HCI 1 
I-~lilethvlthiosemi~rb~zidc 3 
I-j-Dim~th~lthiour~~ 6 
I-Acctvl-‘-thiour~~ 1’ 
1.3-Dicth_vlthiour~~ 10 
l,l-Diphenyl-2-thioura 12 
N-N’-Diisopropylthiourtxt 3-l 
i.3-Diphcnyl-l-thiourti 4-l 
N.N’-Di-Iz-butyhhiourea 44 
N,S’-Dic_vclohes~lthiour~ 55 

’ Ir Solv2 svstem IO_ 
_ II I Solvent &stsm I I_ 

95 
56 
67 
60 
67 
7’ 

0 
s 
0 
0 
0 

-rO_ll z-2 

StyJot-orion of‘ rhiof3rers mrri z/~iolocromfs 
The Rl-- values of several organic sulphur coxnpounds containing the -S-CO- 

group. i-c_ thioesters and thiolactones. are given in Table VII. 
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Fig. S. Stzparation of thiourea derivatives. The numbers indicate the thiourea derivatives listed in 
Tabic VI. Starionaty phase, 5tL liquid pnratiin on Wnko~el FM plater mobile phase_ chloroform_ 

Fig_ 9. RI- ( ) and RI, ( -- ) values of symmetrical n-alkylthioureas. (CnHLn+ ,NHkC- S. Sfrtrionary 
phase_ 5”; liquid prtrat?in on WakogeI FM plater mobile phase, chloroform (1) or wzuc‘r tli). 

TABLE WI 

Rr- VALUES OF THIOESTERS AND THIOLACTONES 

Developing acent. Ii-butanol-acetic acid-\varer (5:7:3): TLC plate. Wakogel Fhl. 

ConlpoIrlrfl RF I-’ IO0 

S-Acetylglulrtthione 41 
Acet~Ithiocholine iodide 21 
S-Carbamyl-r-cysteine 42 
I-Thioglucopyranose pentxtcetate s7 
tx_-Homoeysteinc thiolactone- HCI 61 
N-Acetvl-DL-homoLsteille thiolactone 73 

Non-destructive quantitative anaIyses of some classes of organic sulphur com- 
pounds on thin layers containing the mixed tluorescent material \\eere successfully 
performed using the best separation conditions for the respective classes described 
above. A linear relationship was obtained between the logarithm of the amount of 
compound and the square root of the area of the spot formed in both partition and 
adsorption TLC. The limits of detection of di-tcw_-hexyl disulphide (Fig_ IO), X2’- 
dibenzothiazolyl disulphide (Fi_e. 1 I), thiurdms (tetrdmethylthiuram monosulphide 
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Fig. 10. Working curve for di-ferr.-hesyl disulphide. TLC conditions as in Fig-. I_ 

Fig. 1 I. Working curve for ‘,2’-dibenzothiazolvl disulphide. TLC conditions as in Table II. 

and tetraethylthiurarn disulphidr: Fig. 12). n-alkylsrtnthates (porassium crhyisanrhare 
and potassium II-butylsanthate: Fig. 13) and thioureas (I,I-diphenyl-2-thiourea, 

I ,3-diphen_vl-2-thiourril. N.N’-diisoprop~lthiourert and N-N’-dicyclohesylthiourea: 
Fie_ 14) \vere 3_3-IO- lo-“_ Z-7.5- lo-‘“. -l--20- lo--?‘. 1_65-5- 10 w9 and Z-15- IO.-” mole. 

respectively_ 

DISCUSS!ON 

The Martin relzitianship~_ in which R-11 values plotted against carbon number 
should eivc a straight line. has been shown to be obeyed in a large number of inkmces'". 
With organic sulphur compounds_ Prinzler CI al_ *I have demonstrated that this rule 

holds true for diallql sulphides and alkyl ar_vl sulphides. A similar relationship cas 
also observed in this investigation in the reversed-phase partition chromatography of 
s_vmmetrical di-w-r.-alkyl disulphides (Fig. I ) and II-alkyl santhates (Fig. 6)_ 

Fig. 12. Working curvty for rrtramrrhglrhiumm monosulphidc ( . .) and ttztraerh_vlthiumn~ disulphide 
( ;-: )_ TLC condirions ~1s in Fig_ 5. 
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