
APPLECATION OF TEUBUTYL-I-IN CHLORIDE TO THE SEPARATION -AND 
COLUMN CHROMATOGRAPHY Or” THIOLS 

Tributykin chIoride (TBT) has the properties of .z liquid anion exchanger with 
a special afkity for sufphydryf groups. Thiols such as cysteine can be separated by 
extraction from aqueous solution with organic solvents in the form of TBT mercaptides. 
The graphs of extraction coefkient versics pH have maxima whose positions depend 
on the nature of the thiots. Thiols can be separated from each other by using TBT 
on polyamide as the column packing and eMIon with buffers of gradually increasing 
or decreasing pK. 

There are few methods available for the setective separation and column chro- 
matogaphic resolution of thioIs that permit their recovery in an uncban~ed state. 
Several of the methods suggested are based on the application of mercury compounds 
anchored to polymer mzteriak. Eldjarn and .FeellmxG achieved the separation and 
chromatographic fractionation of SH-proteins by using SH-Sephadex treated with a 
bifrrnctionzl mercmy compound and etution with cysteirie. Thiols such 2s cysteine 
2nd gMa&ione are retzained by mercury-treated phenol-formaldehyde resin’, and by 
a resin prepared from ethylene, maleic acid and p-acetoxymercrrrianirinej. Thiols cxn 
also be separated by precipitation as the mercaptides ofp-mercuribenzoic acid’. 

The limited use of mercm-y compounds in chromatoraphic procedures is con- 
nected with their ready decomposition in the presence ofacids and mercury completing 
zents. 

A new approach to the sepazztion and resolution of thiofs involves their ex- 
traction in the presence of organolezd compounds of the type RSPbX, which zre 
mercaptide-forming a~~&. Triethyaead chloride or acetate can be Gsed successfully 
for several separations, e.g., cysteamine from cysteine, but cannot be recommended 
for the separation of &ids such as cysteine from dilute aqueous solrrtion because the 
extrzction coefticients a.~ too iow. This disadvantage could be ovenzome by using 
organolead compounds with higher organic radicals, but for chromatographic pur- 
poses or,oanoIead compoands are not very suitable OE account of their instability in 
acidic sdutions. Unlike orgmomercuq compounds and organokzd compounds, 



or~anotin conpounds of ‘Jre type R&IX are resistint towards acids and very stable 
in soWion. Although the strength OF the metal-srrI@mr bond decrases in :he order 
mercury > Ie& > tin, the stability of t&&y&in mercaptides is great enough to 

ensure the sektive separ;rtion of thiols in the presence of an excess of foreign anions. 

A comparison of sever21 organodn compounds silch 2s tributyyltin chloride (TBT), 
triphenyltin chloride 2nd tribenzyltin 2ce+tite, indkted that TBT is the most suitable. 

It is 2 liquid that is aimost insoluble in water but miscib!e with organic scIvents, 
wizich CZE be used for spreadin g on carriers. TBT ha already been applied to the 
separ”ction of vo!atiie thiols from gases5. 

The present investigation ~2s carried out using TBT (96 7; ti$ supplied by EGA 

Chemie (Steinheim/Albuch, G.F.R.). The extraction coeSciems were determined at 

Xl0 2s fo!lows. An aqueous samp_ le containing 10 ,umoIe of the thiol under investiga- 
tim 2nd 4 ml of buffer solution, prepared by nk&g 1 IV sodium hydroxide soh~tion 
with 2 solution of 0.2 M orthophosphoric acid plus 0.2 M boric acid plus 0.0567 M 

citric acid, was diluted to 6 ml 2nd equilibrated with 3 mi of 2 sofution of TBT in iso- 

octanoi. Afier equifibrztion 2nd phase separation, 2 ml of the orgzcic phase, diluted 

mith ethanol, 2nd 2 ml of the equeous ph2se, made 2lksEine with 2 N po&ssium 
hydroxide solution, were titrated with Q.O~l M o-hydrosymercuribenzoic acid (HMB) 
using dithiofluorescein as indicator’. The pH of the aqueous phase was measured after 

equilibration. The extraction coefkient +‘k) was calculated 2s the rho of the total 

thiol concentration io the organic phe to that in the aqueous phase. 
The coh~mn packing was prepared by mixing a solution consisting of 2 mI of 

TBT and 32 ml of acetone with 10 g of polyamide for column chromztography 
(Woelm, Eschwege, G.F.R.) and drying. The material was filled into the tube 2s a. 

siurry in water. Elution was carried out with three solutions: 
(A) 0.1 34 citric acid f 0.3 3-J boric acid f 0.2 M monosodium phosphate; 
(E) 0.3 Mdisodium phosphate f 0. I Mtrisodium phosphate + 0.5 $1 EDTA- 

Ha,; 
(C) a.1 M potassium hydroxide f 0.5 &I EDTA-Na2. 

Moreover, to solutions B and C, just before use, L g of sodium sulphite per 106 ml 
~2s added k order to prevent the oxidation of thiofs by dissolved oxygen. Befoie use: 

&e column was washed with the buffer, and the thfol was then piaced on the column 

2nd subjected to gradient elution. The p2ssag of the solution ~2s assisted by gentle 
aspiration in order to obtain 2 flow-rate of L mfjmin. The column eEiuent was im- 
mediately mzde alk&ne with 2 N po’assium hydroxide solution and titrated with 
Cl.001 X HMB using dithfo4uorescein or dithizone irs indicator. The elution curves of 
thiols in mixtures were identified by comparison with the eMion curves of single 
compounds obtained -under the same conditions. 

REsULT§ _4ND DISCUSSION 

It can easily be seen from Fig. E that the cnlrves of log k IWSYS pH each have 
2 rn~ximum Neutral thiols and ihiols cont.&ing both 2n -74H, and 2 -COOH group 

hzve a m&mum ne~.r pM 7.5. Acidic thiok (thiomalic acid) and aikaiine thiols have 
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Fig. I. Effect of pK on extraction coefkients of thiols in isaoctanol-water (cwve 4: bemy1 aIcohoI) 
in the presence of TBT. I, Glut2thione, 0.5 M TET; 2, cysteine, 0.02 M TBT; 3, thht22Iic acid, 

0.1 &f TBT; 4, gfutathioae, 0.5 M TBT; 5, thiogiucose, f3.1 34 TH; 6, cysteine, 0.5 MTET; 7, 
ethyl ester of cysieice, 0.02 A4 TBT. 

the maximum shifted towards the acidic OF alkaline region, respectively. The stro~ig 

dependence of the extraction coefEkient on $2 is favourable for the prtrposes of 
separation. By using an appropriate pH for extraction and re-extraction and a suit- 
able COn~nti~?iOn of TBT 2nd the organic solvent, several &ok c21z be sepaixated 

from dilute solution 2nd fro= each other. For example, by using lfirst 0.02 M TBT 
end then 0.5 M TBT in isooctmof, one cao separate the ethyl ester of cysteine from 
cysteine (Fig. I, curves 2 and 7)* and subseqaently cysteine from glutathione (curves 
I and 6). Glufathione itself czn be separated by nsing 0.5 M TBT in benzyl alcohol, 
and higher SK-peptides by satur2tion of the aqueous phase with ammonium sulphate. 
Et is important that the solutions of TBT merczptides in organic solvents should 
remain unchanged when kept for at IeasE E morith. The mercaptldes can be decomposed 
by treatment with 2n acid, an alkali or sodium sulphide. 

The TBT-compiexing eqtriEbtium of thiok in the acidic, neutral and alkaline 
retions cm be described by the reaztions 

Consequently, the increase in concentration of X- and M@- ions in the acidic region 

and of OH- ions in the alkaline region results in z decrease in the extraction coefZ- 
cient. Moreover, the carboxyt and amino groups in tiol mokcutes have a great 
Infuence on the extinction eqi_&bdum. 

The relationship between the total concentration of TET in the organic phase 
(B), the to@ thiol content per voIume of organic phase (A) and the ratio of aqueous 



tc organic phase voI’~me (v), czn be expressed as folfows. ff B is greater than ii, the 
e.x%aciicn coefkient cz.n be expressed by the ratio 

w&e b is the concen~~ztion of TBT mere&de in the organic phase and t is tlx con- 
centratiion of free tErio1 io the aquxx~s phase. The ccmcentrations of free thief ia the 
organic pbzse a=d TBT merczptide in the aqueous phase are omitted. At constant 
pH, the extraction equilibr’ium construct, K, can be expressed by the equation 

where KY represents the acriviq coeEcient of the eqniIib&m constituents. Inserting 
b, xkukted from the equation; A = b f x-t = b f vb/k. into eqn. 2, one obtains 

Fcr practical purpases, a balf-empiriczl approximation can be recommended: 

where both K znd N are constant .X constant pK and constat conditions. A more 
detailed study on this subject will be carried out later. 

The ccmrse of the separatioc demonstrated in F&s. 2-5 can be readily ex- 
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Fig_ 3. EIution curves of cysteioe (I) and penictiamize (2) using a coIurm of L6 rniTI diameter CUR- 
taking 18 g of polyamide covered with 3.6 ml of TBT_ The mlumn ws wz&ed v&b HIS sakbon 
48 + A ad eiuted using L pH decrezkg from 8 to 4 with gmdierxt e!ution by addition OF A TV 50 nf 
of the sofufion 43 + I%_ 

Fig_ C EIutiun curves of thiio&co~ (I) u~d cytieine (2) us~g .ZS cokmn of 20 mm diameter COR- 
&king 15 g of pofyzmide covered vii& 2 ml of TBT. The column wzs wxshed with 4B L A and eluted 
using a pH kcrevhg from 8 to 10 with gcdier;t efction by addition of C to 2.5 ml of 43 + A. 

plained QIZ the basis of the relationship between extraction coefkients and pIi. 
Glutathione (Fig 2) is only sfighttiy retained by TBT and can be removed from the 
cc&mm w&out affecting cysteine. By gradually acidifying the ehent, cysteiae is 
duted at PH T-6, and subsequently mercqtoethanol at pH 5-2.5 of the column 



Fig. 5. Ehtio;l CUIIZS of f%io~~Ec acid (1) ud thiogIyco!Iic acid (2) using a 20 rncr dkmeter cohmm 
coxaidog 5 g cf &amide cwe_red wit5 I d of TET. The COIUEE wzs w&xd v.ith I3 and eIuted 
using .a $3 ixreekg from 10 to 12 ivith gxtdient efutios by addition of C to 25 nl cf B. 

effluent. This the &!I sepwation sf the three thiok is p~~ibk. Fig. 3 demonstrates 
rhz separation of the c!o~eely related compounds cysteine and peoiciIIamine usin,o 
gadual acidi&ztion of the eluent. The separation of QI~G&KGS~ CGZI cysteke 

(f;ig.G) andtbiomzlicacid from thicgiycolEic acid fFig.5) can be performed by using 
~a~enheIu~Gn~vi'~incre~ingpH.~er~Gve~of thiok,asf@_mdby rapidtitration 
of the cohunn eflkent contair?in,o Sodium srrlphite, is almost tEeoretic2l.A~ rhe TBT 
is slowly leashed out oftbe cGiIumn the column; material should be regeenerzted after 
Several runs. 

On&e basisof'&ereSufts obtzined,onecrtnsu~ges:srschemefortheinvestiga- 
tiGl3 GfthiGIS io aqUeGUS SOhItiGnS.l+& erextrzcfion at@ 7.5 with a solution GfTBT 
in 2 hI&er alcohol, z fk: re-extraction is carried out with water 2E pH 3 (neutnf 
tbiols) zad 2 second re-extraction with 0.1 M potassium hydroxide solution (acidic 
thiols). Thefkstz~xtractis r~ofv~by TBTcolrrmnnchrom~tG~~hyusiog~adient 
dntion from pHS to 3, and from $3 S to II, aird tZze second re-extract from pK9 
tc 12.Tbeseparated thiobc~ beatacted a,--jn as TBTmercaptideS and preserved 
in ormnic soivent~ for more detailed investigation. 


