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Note

Counter-current distribution of hydrophilic thiols mthepreseneaeftri-
butyitin hydroxide

MIECZYSLAW WRONSKI _ o
Department of Chemicel Tecknology, University of £dd%, Nowotki 18, LddE (Poland)
(First received July 19th, 1979; revised manuscript received September 24th, 1979)

Themﬂuenceofpﬂonthed:sm‘buuonofhydrophiﬁcthmlsbetweenwater
andorgamcsolventmthe presence of tributyltin hydroxide (TBT), andtheapplianon
'of TBT to column chromatography of thiols have been described in a previous paper!.
The application of TBT to the counter-current distribution (CCD) of thiols, presented
mtb:spapetseemstobevetysmtab!eforthetsoluﬁonofcompkm:xmrsof
hydrophilic thiols such as cysteine peptides on a preparative scale. -

EXPERIMENTAL

_ThestocksolutionofTBTwasptepa:edbyshakingtogetherSOmloftﬁ-
butylitin chloride, 200 m! of butanol and 100 ml of 2 2/ aqueous KOH, followed by
separation and filtration of the upper phase. The final concentration of TBT was
determined by titration of a sample, diluted with methanol, with 0.2 M hydrobromic
acid using methylorange as indicator.

The buffer solutions were: Buffer A, 0.3 M citric acid and 0.675 M KOH
pH 5.0; Buffer B, 0.04 M sodium sulphide and 0.005 M sodium pyrosulphite, pH 7.2,
fresh daily; Bnﬂ‘erC,OOd-Msodmmsnlphxteando.013usodxnmborate.pH93
fresh daily. Thethxolcontentsweredetermmedhynuanonmtho-hydroxymetcnn
- benzoic acid (HMB)'4.

Before measurements were takm, t.hc buffer solntxons were equilibrated with
butanol containing TBT. Then the buffer solution containirig added thiol was equi-
Iibrated with a butanol solution of TBT followed by separation and titration of the
aqueous phase. The procedure was repeated again and again using the same butanol
phase, whxehwastm'atedaﬂerthehsteqnih‘brauon.mdutﬁbuuonofthml
betwemthetwophasesaﬂaachstepeonldth:nbemknhted )

RESULTS AND DISCUSSION |

The process of the formation of a complex from a thiol and TBT and its
extraction into the organic phase can be expressed as one heterogenous equilibrium:

RSH,, -+ (CiHy)sSnOHoy 7= (CiHp)sSnSR oy + HO



'NG!B: 157

‘wgt&_mgmmemﬂh‘bdqusmgx.mbewﬂmas

-t —— N - ‘- 3 - .t -‘ t
R St~ == - SN LD - @
where b is moles of tributyltin mercaptide in the organic phase, B is total moles of
TB‘randcxstheeoneentrahonofthmlmtheaqueonsphase.mvalueofblsfomd
bytma.tmnoftheorgamcpbaseandthatot‘cbyumonoftheaqneousphase.

. - The_plot of 5/(B—b) against c, at constant B, shounld thus be a straight line.
W'thsomeexcephonsth:swmdeedthecase(ﬁg.l}Cystme.homocyswmcand
penicillamine satisfy eqn. 1 at every pH, acetylcysteine satisfies eqn. 1 at pH §

and 9 but not at pH 7, and thiomal.c acid does not satisfy eqn. 1 at either pH 5 or
pH 7. The volume of the organic phase and volume phase ratio do not influence the
equilibrium constant, and the influence of TBT content results in only a small shift

= - {,
. o5 D 5 C el

Fig. 1. The ratio of thiol content in butanal to the difference between TET content and thiol content
in butanol as function of the thiol concentration in the aqueous phase after equilibration. Upper
pl:aseSml,luwerphaselOml'Bmpmol.l=Glnuth:one,pﬂ1.2,3=lso,2=-aoetyleysﬁme.
pH 9.3, B = 480; 3 = thiomalic acid, pH 7.2, B = 240; 4 = penicillamine, pH 7.2, B = 160; 5 =
cysteine, pH 7.2, B = 240 (A\, upper phase 10 ml, lower phase 5 ml; %, B = 120); 6 = thiomalic
ecid, pH 5.0, B = 240; 7 = scetylcysteine, pH 7.2, B = 240; 8=hnmcymn=.pﬂ1.2.3=&0




ot'x. whnﬂumeassshghﬂymthdeammgk fotqmupﬂr‘!zateﬂ
values of 100, lmmdzsopmoltheealeuhtedxvalwareoss.o.saandOSI.A
amﬂarshﬁhasbemfommrotherth:ok.maeetyhﬁtuneeqniﬁbnmmsnnt
at pH S has been found at B — 240 umol in the range 0.345-035S; and at B — 480
gmol in the range 0.295-0.305, for cight determinations at different concentrations
‘ofdbmmm&tbm&ame@.ls&supHTformdsﬁat
also have an acid function. It may be concluded’that ‘the ‘carboxyl group;-if not
counterbalanced by an amino group, combines with TBF: The strongest deviation is
shownbythmmhcaud.amodm&eonebyamybysmme,mdashght'omby
glumhone.mm&omeqn.lwiﬂhaveanadmeﬂ‘ectonthe@
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TBEEQU]L!BRIUM CONSTANTS OF THIOISWITHTB!‘AT VARIOUSPHVALUB AT
”.

Values are in mi/umol, corrected for B = 100 zamol.

Txiol pH
50 72 93

Lysteine 4-102 0.35 0.13
Homocysteine 0.026 0.87 0.40
Peaicillamine 3-10°* 0.25 0.077
Acetylcysteine 036 12" 0.14
Ghutathione - 0.08°
Thiomalic acid 094° 0.56* 6- 10-?

* Extrapolated to ¢ = 0.

Thenmrynumberoftransfets,n,forasepamnonoftwosnbsmmby
theCCDmchmqnedepmdsonthe:rmovmgfmcuanmthesystem.md:mm
of eqn. 1 for the calculation of moving fraction is very inconvenient because it changes
with concentration. If B > b, then eqn. lcanbeappronmanedtothcformK b[Bc.
wh:d:ymldsaoonstantmovmgﬁaoﬁon. ) .

1= gpry o P*‘—4=W @
where g is the moving fraction for moving aqueous phase,

P is the moving fraction for moving organic phase and~ . o
V:sthevolumeofaqueousphase.'l‘hevaheofueanthcnbeealmlated&om

the equation. . RN,

Vi = 3K B+ V)“V’x_z-i-(KzB-i-V)VfJ LT -(3)

- ’ VB {xz"‘xz} . LT e
Equ.shasammmnmat T - ) -1* S
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If the two equilibtium constants are known, the conditions for a successful separation
can be calculated. To improve the calculation however, the B value should be corrected
by addition of the average b value, because the B values in the derived equations are
really the difference of B and b. As the average concentration, ¢, in the aqucous phase
is equal to the initial concentration, ¢,, divided by the band width Ar = 6V n(1—q)g,
the average & value will be given by the equation

=282 = eikB + V)| 505 0

Let us take as an example the separation of acetylcysteine (K, = 0.36) from
homocysteine (K; = 0.026), at pH 5, V = 10 ml. From eqn. 4 we obtain B/V = 10.3,
so B = 103 gmol. The minimum transfer number, n, calculated from egn. 3, is 18.
Assuming the initial concentrations of both thiols to be 10 zmol/ml, from eqn. 5 we
obtain b; = 35.6 and &, = 2.6; the corrected B value becomes 103 4 356 + 2.6 =
141.2. The experimental verification of the above calculation is presented in Fig. 2.
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and 10 ml lower phase, at pH 5.0, B = 141 amol in cach unit, 20 transfers, and log of equilibrium
constant, K, in each unit.



10 . NOTES
TheOCDhasheeneamédontmmsepammfameh(zsm),achonemummg
l4lymolofTBTmSmlofbuunolmd10mlofmA,mouslyeqnﬂibn&d.
These resuls are in satisfactory agreement with the calculations.
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