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1.2-propanediamine, H,NCH(CH,)CH2NH, 
2-amino-1-propanol, H ,NCH(CH,)CH ,OH 
2,4_pentanediamine, H~NCH(CH~)~H~CH(CH~)~H~ 
pYridine 
sarcosinatc, MN(CH,)CH,COO- 
1,2-diphenyl-1,2-ethanediamine, H,NCH(C,,H,)CH(C,,E-I,)NH, 
l,l,l-tris(aminomethyl)ethane, (H,NCH,),CCH, 
tartrate,-OOCCH(OH)CH(OH)C00- 
1,4-butaI~edianli~le, H~~~H~CH~~H~CH~NH~ 
1,3-propanediamine, H,NCH,CH,CHINH, 
2,2’,2”-triaminotriethylamine, (H,NCH,CH,),N 
triethylenetetramine, N,NCI-I,CH,NHCH~CH,NHCH,CII,NI-1, 
valinate, H,NCI-I[CM(CH,),~COO- 

A. INTRODUCTION 

It is well known that Werner, the founder of coordination chemistry, 
established the octahedral configuration of cobalt(III) complexes by proving 
experimentally the presence of geometrical isomers and, further, by resolving 
optical isomers [ 11. Since then the classical fractional crystallization of dia- 
stereoisomers initiated by Pasteur has been widely used. This method, how- 
ever is tedious; numerous attempts have been made to find other ways of 
resolving optical isomers, and various methods have been proposed [2-5 ]_ 

In this review the results of the chromatographic resolution of optical iso- 
mers and the separation of geometrical isomers of mostly cobalt(II1) compleses 
using methods which we have developed will be presented [6a-cl. 

B. CI-IROMATOGRAPI-IIC RESOLUTION OF METAL COMPLEXES 

In 1935 Tsuchida and co-workers, in trying to find out whether the neutral 
complex ~CoCl(dnlgH)~(NH~)] has a resolvable structure, devised a method 
called preferential adsorption 171. They put powders of dextro- and laevo- 
rotatory quartz into an aqueous solution of the above neutral complex, and 
observed a small angle of rotation for the supernatant liquid. For example, 
when 1.03 g of dextrorotatory quartz powder was put into 10 ml of a 0.054 M 
aqueous solution of [CoCI(dmgH),NH,], the supernatant solution showed an 
angle of rotation of -0.03” for the Fraunhofer C line. Similarly, when laevoro- 
tatory quartz (1.42 g) was used, an angle of +0.02” was observed for the same 
wavelength. The method invented by Tsuchida was followed by many similar 
methods using optically active substances, such as quartz [ 8,9], starch [lo- 
141, cellulose [13,143, acetylcellulose [15], sodium chlorate 1161, lactose 
[ 17,18 3, alumina treated with (+I-tart&c acid [19], and ion exchange resins 
saturated with optically active ions f20], etc. Ion exchange cellulose was also 
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used to resolve cobalt(II1) complexes [21,22] chromatogaphically, and total 
resolution of a polynuclear cobalt chelate was observed for the first part of its 
effluent [ 211, although complete separation of the adsorbed band was not 
found. Further, paper { 231, gas [24], paper electrophoretie 1251, thin layer 
126,271, and centrifuged column [28] chromatographic methods have been 
developed. 

In the course of our studies of optically active complexes, we tried to im- 
prove the method of Tsuchida, using an ion exchange cellulose, P-cellulose, 
as the adsorbent instead of quartz powder [6a,c]. As the compIex ion, [Co- 
(en),f”’ was used and loaded on a column of P-cellulose. When eluted by 
0.1 lL1 IICl, resolution of only 7% was observed for the first effluent fraction. 
The resolution percentage, however, was greatly enhanced to 80% by the use 
of optically active eluting agents like sodium (+)-tartrate. After several 
attempts to increase resolution percentage, ion exchange Sephadex was 
finally adopted as the adsorbent, and total resolution of [Co(en),]“’ was 
achieved. This was the first example of column chromatographic preparation 
of both optical antipodes in pure states. This method is not only effective for 
the complete resolution and preparative separation of optical isomers, but is 
also effective for the separation of geometrical isomers, which is difficult by 
other chromatographic methods. Other adsorbents may also be used [ 6a,c,29] 
to test resolvability, but the numerous examples listed in Table 2 clearly indi- 
cate the usefulness of this method for preparative purposes. 

C. SEPHADES ION ESCHANGERS 

Sephades is composed of a three dimensional network in which dextran is 
bridged by epic~llorohydrill 130,311. Dextran is a polysaccharide composed 
of D-glucose units which are joined mainly by means of at-1,6-glycosidic 
bonds, and partially by a-l ,3- and/or a-l ,4-bonds [ 32]_ Sephadex is stable to 
alkali and weak acids [33,34] and can be heated without any change in proper- 
ties to 110°C in the swollen state and to 120°C in the dry state. 

The hydroxyl groups of the dextran gels are reactive; therefore, ion- 
exchanging groups can be introduced into them by etherification or esterifica- 
tion. For cation-exchanging SE-, SP-, and CM-Sephadex, sulfoethyl, sulfo- 
propyl, and carboxymethyl groups respectively are chemically bound (Fig. 1). 
For anion-exchanging DEAE- and QAE-Sephadex, diethylaminoethyl and 
diethyl-Z-hydroxypropyIammonium groups are bound, respectively. There 
have been very few examples of chromatographic applications to anionic me- 
tal complexes (see p_ 223), and in this review mostly cationic complexes will 
be dealt with. 

As the commercially available Sephadex ion exchangers are produced as 
colorless beads, they are suitable for dealing with colored complexes. The 
problem is that Sephadex is rather expensive, although it can be used repeat- 
edly after appropriate conditioning- 

As will be shown in the examples to be given later, chromatography on 
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Sephades ion eschangers is very effective in separating multivalent cations 
which cannot be separated by other techniques such as chromatography 
using ion eschange resins. This is one of the characteristics of Sepkades ion 
exchangers. They swell in water much more than resins, and their ion 
exchange groups become well separated from each other in the three-dimen- 
sional network structures. This may be one of the reasons why multivalent 
cations which are strongly bound on ion exchange resins axe adsorbed moder- 
ately on Sephadex ion esehangers and eluted rather easily. 

D. ESPERIiMENTAL TECHNIQUES 

Since the experimental technique is basically similar to those of column 
chromatography on ion eschange resins, only the salient features involved in 
practice will be described here, and the solvent used is limited to water. 

(i) General precari tions 
Usually a glass tube is employed for a column 50 cm long or shorter, and 

the outlet of the tube is kept open. Air does not permeate into such a column, 
while for a longer column the outlet of the tube must be closed in order to 
prevent air from permeating into the column. Small air bubbles trapped in a 
column during packing may be left intact, because they do not affect the elu- 
tion of adsorbed bands, and in most cases they disappear during elution. 
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(ii) Adsorption of complex ions 

First, water is poured into the column; then, after the top surface is 
settled *, the same ion exchanger adsorbed in advance with the complex is 
sprinkled into water. The other technique is first to pipette out water on the 
top of the column and then add the loaded Sephadex suspended in water uni- 
formly on the top of the column. 

(iii) Start of efrr ti012 
The gravity-feed method is satisfactorily used For regulation of the fIow 

rate. The escess water on the top of the column is pipetted off, and then an 
eluting agent solution is poured slowly and uniformly onto the column after 
opening the outlet. \Vhen the upper end of the adsorption band has sunk 
about 1 cm, further addition of the eluent can be done easily without disturb- 
ing the adsorption band. 

The following technique requires less skill and is suitable for a beginner. 
The unloaded Sephades ion eschangcr is added in a layer l-2 cm thick, into 
the water on the top of the loaded layer. Thus, the added eluting agent does 
not disturb the loaded layer, and the elution of the adsorbed band can be 
carried out smoothiy. 

(iv) Colleclion of effluents 
The effluents of each elution band are collected and diluted with water 

about ten times for a tervalent complex, and more for bivalent or univalent 
comples ions. Each diluted solution is passed through a short column of the 
same ion exchanger and adsorbed on it. If the cornpIes is stabIe in acids, we 
can elute the complex ions with 0.5-l .O h? HCI after washing the acisorbed 
co1um11 with a large amount of 0.01-0.02 M HCI. In this case, the Sephadex 
ion exchanger must previously be conditioned with the eluent, i.e., 0.5-1.0 M 
HCl. By evaporating the eluted solution containing HCI, a pure comples can 
be obtained. Sephades is not hydroIyzed in OS-l.0 M WC1 in a short time. 

(v) Special tecftniques 

(a) When a large amount of the sampIe is to be treated, or when a minor 
component in a misture is to be isolated in substantial quantity by using a 
long column, the following technique is useful. Before the first sample is com- 
pletely eIuted out of the coIumn, the next one is chromatographed in the 
same coiumn. More samptes can be chromatographed consecutively at such 
intervals as the fastest moving band of the succeeding sample does not over- 
lap with the slowest moving band of the preceding sample. One of the advan- 
tages of this technique is economy of eluting agent. 

(b) In column chromatography, the flow rates decrease gradually with 

* The top surface of the cofumn can be effectively brought to a horizontal lerel by 
rapidly rotating the tube. 



time because the column bed shrinks and/or the passage of eluents is clogged 
by the clegradation of ion exchangers or the growth of mold during prolonged 
use of the column. It is thus advisabfe to add an antimold agent such as tolu- 
ene to any eluting agent. Occasionally an upward-fIow method is effective in 
getting a satisfactory stability of the flow rate. 

(c) As eluting agents, NaCl, Na,SO,, Na,PO,, sodium (+)-tartrate, sodium or 
potassium (+)-tartratoantimonate( III) are usually used. Sodium (+)-tartratoar- 
senatc(Il1) is also effective, hut dibutyltartrate and cliacetyltartrate ions are 
less effective than the tartrate ion itself f35]. Among these agents, tartrate and 
tartratoant.imonate ions are used for the separation of optic4 isomers as wcI1 
as geometrical isomers. If the isomers to be separated are stable only in acids, 
eluents must be acidified with HCI, H,SO,, etc.; tartratoantimonate is suitable 
because of its intrinsic acidity. In some cases monobasic (+)-tartrates, various 
phosphates, and salts of other organic acids may be effectively used. As occa- 
sion demands, a misture of eluting agents or the technique of gradient elu- 
tion may also be used effectively. 

(cl) A very long column is often used in chromatography of isomers which 
are difficult to separate, but recycling chromatography is more practical for 
such isomers, 

The SE-Sephades(C-25) :i:, Na-form, swollen in water for one hour, was 
packed into a glass tube with a sintered glass plate at the lower end, ancl a 
column of Q 1.1 X 120 cm was prepared. Ahout S mg of [Co(en),]CI.% - 3 I-f,0 
dissolved in a few ml of water was poured into the column and then eluted 
hy a 0.4 M sodium chloride, 0.2 iv1 sodium sulfate, 0.15 or 0.2 i~1 sodium (t)- 
tartrate solution at the elution rate of 0.3-0.5 ml per minute. The ahsorb- 
ance of effluent at 465 nm (cell thickness, 1 cm) was plotted against the 
volume of the effluent (Fig. 2). After the complex had been eluted, the 
column shrank to a length of ca. 90-100 cm **_ As is clear from F+. Zb, the 
complex was completely separated into two portions when eluted by a 0.15 M 
sodium (+)-tartrate solution. The first portion showed L~E~w = +l.S9, and the 
second portion, -1.85. These values are in good agreement with the value ob- 
tained by the conventional fractional crystallization technique, &WO = +l.S9 
for the (+)s.zs (or A)-[Co(en),]-” ion, indicating complete resoIution. Figure 2a 
shows the elution curves with three kinds of eluents containing an equal 
amount of sodium ions. The elution by a 0.2 M sodium (+)-tatrate solution 
caused less separation than a 0.15 M solution. The two optical isomers were 

* SE-Sephadcs is now replaced by SP-Sephades because of its better reproducibility. 
According to the manufacturer, the two are almost the same in their physical and chemi- 
cal properties; our experiences confirmed this so far as metal compleses are concerned. 

** The column height may remain constant if the same eluting agent is used for condi- 
tioning the column. 
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Fig. 2. Etution curves of [Co(en)~]~’ on an SE-Sephades column. (a) Eluent: A, 0.2 31 
sodium suffate; B, 0.2 M sodium (+)-tartrate; C, 0.4 M sodium chloride. (b) Efuent: 0.15 !‘Vl 
sodium (+)-tartrate. 

not separated by 0.4 M sodium chloride nor by 0.2 R? sodium sulfate, only a 
few %I and zero resolutions being found, respectively. The fast-moving isomer 
eluted by NaCI was (--jSS9-[ Co(en)S]3t, in contrast to the (+),89-isonler eluted 
by sodium (+)-tartrate, and the elution order agrees with that in P-cellulose 
chromatography with 0.2 &I HCI as the eiuent [6a]. 

The association constants between anions in the eluting agents and [Co- 
(en),13’ ions are known to decrease in the following order: sulfate > (+)-tar- 
trate > chloride; furthermore, the (+)-tartrate ion has a larger ion-pair forma- 
tion constant with A-[Co(en),]” than with A-[Co(en),]‘+ [36-401. Thus, it 
is reasonable that an anion with a larger association constant for the complex 
gives a larger elution rate. 

The resolution was more effectively achieved by 0.15 M sodium (+)-tartra- 
toantimonate(II1) * [ 411, and the elution bands were completely separated on 

* Sodium (~)-tarttatoantimonate~II1) was prepared by the following method. To a sofu- 

tion of sodium hydrogentartrate monohydrate (NaC4H$36 _ HzO) (600 g) in 1.2 1 of 
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S-fat me.- U-fOC 

Fig. 3. Three gwmctrical isomers of the [Co(dien), j3+ ion: s-/w (Iruw-/w), I!ft’r, and u-/‘uc- 
(cis~/w) isomers. 

a column 50 cm long. The clution order was the same as that by a sodium (+)- 
tartrate. Recently, sodium (+)-hydrogentartrate has been found to be effec- 
tive for the complete resolution of the same complex [423. 

F. OTHER EXA&IPLES OF THE SEPARATION AND RESOLUTION OF CA’I’IONIC 

CO~IPLEXES 

(i) The bis(diethylenell-iar?~irze)cobalt(III) ion, [Co(dien),J”‘ (refs. 43, 44) 

(a) Separation of geometrical isomers. Diethylenetriamine is a terdentate 
ligand; the comples ion, [Co(clien),]J+, exists in three geometrical isomers 
(Fig. 3), and the u-fat and met- isomers have configurationally and conforma- 

il- 

mer 

u-fat .,n.n 
Elution wlume / 1 

Fig. 4. Elution curves ol’equimolar (0.02 mmol) mixture of three isomers of [Co(dien)2]-‘+ 
on an SE-Sephndex column. Eluent: 0.15 hI sodium (+)-tartrate. 

_-- 
water, 162 g OF diantimony trioxide was slow!y .tdded with constant stirring. The misture 
was stirred Tar 2 h at SO-90°C. After cooling, the residue was Tiltwed off, and the riltratc 
was used as the eluting agent arter suitable di!tition with water. If necessary, the! crystals 
were precipitated by the addition of a large amount of ethanol to the Filtrate; these 
crystals were filtered nnd air-dried, and found to be Na$!Gb~(C~H206)2 - 5 HzO. This saft 
readily dissolves in water and the solution is acidic (pH 2.4 for the 0.1.5 hi solution). 
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tionally resolvable structures respectively. Though the formation ratio of 
these three isomers depends on the preparative methods used, an equimolecu- 
lar misture (0.02 m&l) was used here for illustration (Fig. 4). The mixture 
was poured into a column (# 1_- 3 X 120 cm) of SE-Sephades (C-25) and was 
eluted with a 0.15 M sodium (+)-tartrate solution at the rate of 12-1.4 ml 
min-‘. The s-fat, u-/kc and ~zer isomers were cluteci in this order. 

(b) Resolution of Clue u-fat and tner isotnets. The same chromatographic 
method was applied with success to the complete resolution of the u-fuc and 
mer isomers. \Vlien eluted by a sodium (+)-tartrate solution, the u-fffc isomer 
was not clearly separated into two bands, but the initial and last fractions 
eluted indicated an almost complete resolution. The use of a 0.15 M sodium 
(+)-tartratoantimonate(II1) solution completely separated two bands corl-e- 
sponding to (+ J5,,2 and {-_)j,2 catoptromers :F in the column (0 2.7 X 120 
cm). The fast-moving band corresponds to the {+I s,,2 catoptromer chloride 
with Aejo, = +0.9S. 

The resolution of the tner isomer was first carried out by the conventional 
fractional crystallization of the diastereoisomers [433 and later by the same 
chromatographio method as was used for the u-fat isomer [ 44]_ \Vhcn the 
trier isomer adsorbed on a column (Q 2.7 X 140 cm) of SE-Sephades was 
eluted by a 0.15 &I sodium (+)-tartratoantimonate(II1) solution, first the 
(+).i,3 catoptromcr (3~ = +0.096 for the chloride) and then the (-- ) j ,.1 catop- 
tromer were eluted, with complete separation. These catoptromers of the ttzet 
isomer racemize quickly in neutral and alkaline solutions; all the operations 
have to be performed in an aqueous solution acidified with 0.01 M HCl until 
the crystals are isolated. 

(iii R~~ol~it~ot~ of t/t, M,~t’,N’,tV’-tetmfzis(2-atttitzoeCftyf)ethylet~edintrtit~e- 
cobnlf(IIl) ion, (Co(penten)]“+ ft-ef_ 35) 

N,N,N’,N’-Tetrdkis(2-an~i~~oetl~yl)etl~ylenediamine is a sesadentate ligand 
of the same type as EDTA, and the comples ion [ Co(l~enten)].3’ is resolvable. 
Both cntoptromers were completely separated on a column of SE-Sephades 
(Q 2.‘i X 140 cm) hy the use of a 0.15 iLI sodium (+)-tartratoantimonate(III) 
solution as eluent. First, the (--} T ,” isomer and then the {+ )510 isomer were 
eluteci _ The CD value for the { + ) J 1o chloride was AE = +3 64. 

The comples ion [Co(mepenten)]‘+ (mepenten being N,K,N’,N’-tetraliis- 
(2’-an~inoetl~yl)-l,2-l~ro1~a~~ecliamine) was resolved in the same manner as [CO- 
(penten)].” 1451. 

(iii) The (litzenr pett tuet~ty~et~e}~e~att~itle)cob~~t~rII) ion, rCo~lit~pet1~~ ‘+ (ref. 
IS) 

Lincw ~~~~~tacthyIenehesamine is able to fun&on as a sesadentate lignnd 

* The symbols {+ } and (-1 represent tfle sign of the CD spectrum at 21 certain wnvefenf$h 
which usunfly cor~esponris to the maximum CD intensity of the approprinte fxtnd. For 
csampic, {+ }502 corresponds to (-)2?s~j in the u-fat isomer. 
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c (C-l, C-2) D(3-l,D-Z,D-3) 

Fig:. S. Four ~eomct~rical isomers of the [Co(linpcn)]J+ ion. The alsolutc configur:ttion (I2 

of stereochemical importance. In the [Co(linpen)j”” complex ion, four differ- 
ent configurational isomers can be expected (Fig. 5). If the absolute configura- 
tions around the secondary amine-N atoms are taken into account, each of the 
B, C, and D structures can exist in two or three isomers, which are designated 
in parentheses (Fig. 5). 

The chromatographic separation of all the isomers was very difficult; the 
procedure finally evolved is illustrated in Fig. 6. A column (Q 2.7 X 140 cm) 

Fig. 6. EIution curves of the isomers of [Co(linpen) 13’ on an SP-Sephadcu column. Three 

kinds of c4uents (El, E2, and E3) were used, and five stages of separntion (a-e) are shown. 



‘I’ABLE 1 

The nssi~ncd strwttrres :tnd absotutc conri‘igurations or tflc isomers of [Co(linpen) 1” ion 

fsonwr Structure (cf. Fig. 5) 

I+)-1 
{+ }-II 

I’]_-;; 

{“j-v 

{-}-vi 
{-}-VII 

A 
Mistitre 0r conrormational 
isomers, B-l nnd B-2 
C-l or c-2 
c-2 or C-l 
D-l(SS) 
D-B(IIS) 
D-3(RR) 

of SP-Sephac?es(C-25) was used. As the eluting agents, 0.1s RI sodium (+)- 
fxrtrate (El ), a misture of a 0.18 kl sodium sulfate and 0.01 &I MC1 (EZ), and 
0.3 &I sodium (+)-tartratoantimonate (E3) were used. The absorbance of the 
effluents at 470 nm was plotted against effluent volume. As is shown in Fig. 6 
isomers I, II, VI, and VII were chromatogwphically separated and resolvecl by 
using eluting agents Ef, E2 and E3. The resolution of isomers III and IV, how- 
ever, was difficult by cllromato~-apIly afone, and optically pure isomers of III 
and IV were obtained by isomerixing isomers {+ )J,,2- and (-1 41,2-11 at pH 12. 
The latter gave ;L mixture of {+ ] 4xj-III and {+ 1 _,53-1V, which were then separ- 
ated by elution with E2. Similarly isomer {- ) 4(,u-VI which was isolated by (d) 
in Fig. 6, isomerized readily in neutral and alkaline solutions to give a mixture 
of {--}qj-V, I- }4t,,j-VI, and a small amount of {-)Jb,)-ViI. ‘I’hcse isomers 
were then separatecl by repeating procedures (c) and (cl) (Fig. 6). AS isomers 
III-VII are labile, they sl~oulcl be treated in acid solution. 

The structures of thus isolated isomers I-VII were assigned on the basis of 
the electronic absorption, CD, and P&IR spectra (Table 1). These results were 
supported by conformational analysis [47a] and X-ray structure cletermina- 
tion [47b]. 

(iv) The t~islisobrct),lerlediatnine)coOalt(IIi) ion, [Co(ibrz).,] .‘+ (ref. 38) 
As isolx~tylcneclian~inc(2-metllyl-l,2-t)ropanedian~i~~e) is an unsymmet;rical 

bidentate ligand, geometrical isomers can be expected in addition to optical 
isomers for the tris(ibn)cobalt comples. i 1 misture of [Co(ibn),]“’ isomers 
prepared by the reaction of the Iigand and [CoBr(NH,),~]‘* was subjected to 
column chromatography (Q 2.7 X 130 cm) on SP-Sephadpx with 0.15 &I sodi- 
um (+)-tartrate as the e!uent. First, the {+ }4,J5-J7zer(/\) isomer was eluted, with 
the it- ~,,~5-~~c(A) isomer following. The third band which seemed to be a 
misturc was again chromatographed on SP-Sephades; the {-j4~j5-n2er(A) and 
(-- ~+&nc(A) isomers were subsequently eluted by a 0.15 M sodium (+)-tar- 
~ratoa~l~imo~~ate(III) solution. If sodium t~tratoanti~lloIlate was used first as 
the eluent, A-mm and A-wer were separated; then folIowed a mixture of 



A-f~c and A-fat isomers, which was then separated by sodium tartrate. Thus, 
sodium tartratoantimonate is effective in separating geometrical isomers, 
whereas sodium tartrate is effective in separating optical isomers. 

(u) The ~~~oD~1-t~is(R-l,2-l~~opat~edia~~~it~c)col>alt ion, A(oO&[Co(R-pn)J ‘+ 
(ref. 49) 

There are four possible isomers for the [Co(R-pn),]“’ ion, rl(lel)(fw), 
A(lel)(~?zer), 3(00)(&), and /\(ob)(l?zer). Among them, the A(lel)(fcx) iso2ner 
has been well studied for various properties, including the absolute configura- 
tion. In 1965 hlacDermott separated the A(lel)(nzer) isomer from the 
A(lel)(fccc) isomer by fractional crystallization, but the former was isolated 
only as amorphous glasses, and it was not possible to determine its crystal 
structure [SO]. The two ob isomers were isolated for the first time by chroma- 
tography on SD-Sephadex. When a reaction misture of R-pi-opylenediamiile 
and [CoBr( MI,) ;]Br, was subjectecl to ~~~rornato~~l~lly on SP-Sephades 
(column size: 0 2.7 X 135 cm) with a 0.1s &I sodium sulfate solution as the 
eluent, first the leiJ and then 00~ isomers were eluted with complete scpara- 
tion. The fractions of the oh., isomers were again chromatographed on an SP- 
Sephadcs column with a 0.15 M sodium (+)-tartrate solution, and the we2 
and fat isomers were &ted as fast-moving and slow-moving fractions respec- 
tively with complete separation. The CD values were k-5,5 = +2,&S for the 
,22er-l\(ob3) chloride, and 4~~~~ = +3_.45 for the fat-r1(ob,) chloride. The for- 
mation ratio was lel,: r72eV(ob,) : fac(ob,) = 30-45 : 3 : 1. 

By chromatography on SP-Sephades with a 0.1s hI sodium tartrate solu- 
tion, the lel, isomers can be separated into fast-moving 222er and slow-moving 
fix isomers, but the separation is not complete. 

(ui) The tt’is[(~)-I,2-~~~o~~a~zecliumi~~e]eoIjnlt(ilIl ion, [Co {ff]p12 1 _7]3* (ref- 51) 
‘l%c comples ion [Co ((k )pn} _,]-I+ can exist in 24 isomers, including those 

described in the preceding section (v). The mixture of these isomers was first 
separated into 4 fractions: lel,, le120b, lel(ob),, and ob, with a column of SP- 
Sephades, using a 0.1 &I sodium phosphate solution as the eluent. Then each 
isomer fraction was separated into equal amounts of catoptric forms (A and 
(1) on SP-Sephades with 0.15 M sodium (+)-tartrate as the eluent, the 11 
forms being eluted first. By a combination of paper and column chromato- 
gxaphy some of the methyl group isomers have been partly separated. 

(uii) The Crisfmeso-2,3-butar2edinmine)cob~lt(llf) ion, ~Co~~~l~n)~] 3i (ref. 52) 
Meso-Z,3-butanediamine is a symmetrical bidentate ligand, but for the tris- 

(diamine) complex geometrical isomers, /22er and ~uc, are formed by the align- 
ment of two asymmetric carbons, R and S, for each of the absolute configura- 
tions, 4 and 11. Theoretically, eight (lel,, 3lel,oD, 3lel(ob), and 06,) and four- 
(lel,, iel,ob, leftob), awl ob,) energetically unique conformational isomers 
can be espected for the r22er and fat isomers respectively, but a rapid inver- 
sion of the &elate rings in solution will make only four isomers detectable: 
222el--A, trier-11, fat-A and fat-A. These four isomers were separated by column 



chromatography on SP-Sephades, with sodium (+)-tartratoantimonate(III) 
and (+)-tartrate as eluting agents. The former was effective in separating geo- 
metrical isomers and the latter, in separating optical isomers. The CD values 
found were 4~,,$, = +2.02 for the :+}q.,J-mer(r\) and 4~,,), = +3.28 for the 
{ + }~,ol-@e( A) chloride. 

(viii) The Dis(ethyletzcdia~~zir~c)(tet~~a~~~etf~~~~~~ediat~i~~e)coDalt(lI~) ion, {Co- 
(etz),(tmd)] ‘+ (ref_ 53) 

Tetrarnethylenediaine coordinated to the cobalt(II1) ion as a bidentate 
ligand forms a seven-membered &elate ring. The comples ion [Co(en),- 
(tmd)]“‘ gives the first example of a comples with a higl~er-n~elnbe~-ed ohelate 
ring than six. The two catoptromers (4 and I\ isomers) were obtained by 
column chromatography (Q 3 X 100 cm) on SP-Sephades, with a OS hI sodi- 
um (+)-tartratoantimonate(II1) solution as the eluent. The two isomers were 
completely separated on the CO~UI~II, the fast-moving band corresponding to 
the {+ frUj isomer with 4cstts = +0.96. 

The same technique was also successfully applied to the complete resolu- 
tion of a comples with a much higher-membered &elate ring, [Co(en)l(clon)]“+, 
don being doclecan~ethylencclinmine, NH,(CH2), :NH?. 

(ix) The msytnmetrical faciul diethyler~etria~~zir~e(i~nirzoclincetato)cobalt(III) 
ion, u-fac-ICu(icin)fdielz)l+ (refi 54) 

The comples ion [ Co(ida)(clien)] f can exist in three geometrical isomers, 
just as [Co(clien),lJ’ (Fig. 3) can, and only the u-fczc isomer has a configura- 
tionally resolvable structure. The resolution, however, has not been reported 
by Legg and Cooke, who first isolated these three geometrical isomers by 
chromatography on ion eschange resin [ 55al. The chromatographic resolution 
of the u-fat isomer was carried out with a column (Q 1.3 X 130 ml) of SE- 
Sephades, using a 0.015 M sodium (+)-t~tratoatitimoIiate(III) solution as the 
eluent. First, the (-- ) s-), isomer was eluted, and then the { + ) sJt isomer. The 
effluents were clilutecl 20 times or more, and comples ions were adsorbed on a 
short column of the same Sephacles and then eluted again. The procedure 
was repeated until the intensity ratio of the CD spectrum at 541 nm to the 
absorption spectrum at 513 nix became constant. The CD value of the f-)35t 
isomer is 4ciA, = -1.53. and its absolute configuration was identified as A 
4 .A on the basis of the electronic absorption, circular clichroism data, etc. 
[5Ll]. 

Okamoto et al. [ 551~1 obtained the (+)ss,-u-fac-[Co(icla)(dien)]’ isomer by 
the conventional fractional crystallization technique, and their results agreed 
well with ours [ 5cl: J. 

C:. I’UK’IWER 13SA\hlI’LES OF THE RESOLLJTION OF OPTICAL ISOMERS AND THE 
Siwf\IiATION OF DIr\STI:IIEOISO~IERS 

Further examples of the chromatographio resolution and separation of 
metal compkses on Sephades ion es&angers (mainly SP-Sephades) are 
s~iliiln~i~ecl in Table 2. 



TABLE 2 

Resolution and separation of oPtica isomers and diastereoisomers 

CornpIes il Elurxlt Fast-moving isomer, 
tlegree oi sclx~ration 

Ref. 

[Co(tmcl)3]3+ 
[Co(snr)(cn),]” 

0.15 7x1 K~ttlrtatl b 
0.11 M Na2tartan 

[Co {(+)-tart )(l~hen)z j + 0.15 nr NilZtartnn 
jCoI(-)-tart)(Phetl)l 1’ 0.15 &I Na2tnrt:m 

[Co {(-)-cptn 13 I .3+ 
[Co(cis-cptn)3 13+ 

(g:eomctrical isomers) 
[Co(cis-cl~tn)~]3+ 

(optical isomers) 
a-[Co(cl.il,p)(trien))J+ . 
[Co(t,pv),(dabp)J”+ 

if [Co(S-PmH)(rn)~ ]- 
[&I( tn)J 1-j’ 
[ Co( 1>1,!:)3 jq3+ 
[Co(bpy)(en)l]J+ 

ICo(lws)~(e~~) 1 3+ 

[Co(phen)(rn)~ ]‘+ 
ris-[Co(Nli.~),(cn), ]‘+ 
[ Co(nteen)(en)2 13+ 
[C&-nccn)l(cn)j-‘* 
(co(s-l~crt)~ I”+ 

[Co(NH3)J( R,S-isoprxH~~3’ 
[ Co( R ,S-isopraH)(en)~ 1. 

[Co(etnH)( R,R-chsn)_t 1-l’ 

[Co(CN)2( R,K-chxn)? ]’ 

[Co(L-ala)(en)~]‘+ 0.1 $1 Na2tartan 
[Co(os)(en)2 ]+ 0.03 M Nn2tartan 
[Co(mal)(en)-, j’ 0.03 b1 Naztartnn 
cis-[Co(CN)z(cn),]+ 0.03 hI Na2tartan 
[Co(I.-;lla)(N~lJ)(tame)]~+ O.Oi.‘, b1 Nnztartan 
[Co(L-val)(NH~)(tame)]‘f O.O’i5 iv1 Nn2tartan 
[Co(L-ileu)(NH3)(tame)] 2+ 0.075 M Naztnrtnn 
cis-[CoCl(py)(cn)2 I’+ 0.2 %I ha(+)-tart 

0.2 bl NaK(+)-tart 

0.15 Xl Na2(+)-tart 
0.125 M Nn,tartnn 
o.oi hl al:!(+)-tart 
0.1-I &I Na2tartrm 
0.14 M Na,tnrtan 
0.1 &I Na2tartun 
0.1 &I Na~tnrtan 
0.1 h1 Nn2tnrtun 
0.15 $1 Na2tnrtnn 
0.15 %I Na~tnrtan 
0.15 $1 Nn~twtan 
0.1 XI Nn$GO., 

0.1 hI K~tnrtnn 
0.1 hI K~turtntl 

0.15 $1 Nal(+)-tart 
+O.OQ isI HCI 

0.05 &I NaCI 

(+ j_~~h. incomplete 
~-[Co(K-snr)(cn)r I~+, 

complete 
{- )530, complete 
(+ j5z5, complete (Simi- 

lar resuits were oh- 
tnitiecl for the corre- 
sponding bpy 
coml~lcscs.) 

Mj, complete 
- C, complete 

- C, complete 

1. fru~. complrte 
2. cis-A 
3. c&-A 
{+ jjOzr complete 
(-- )SZct, trnscp;kratecl 
(-- )jt_j, unsryxuxtcc! 
{-)J(,;, incomplete 
{--&. conlpl”tu 
{- +,5, complctr 

{-- [Jhj, con11,lete 
{+ }Jb5. unseparated 

56 

57 

5s. 59 
58,59 

GOd 
60 d 

6.5 

65 

GG 

-I 1 
41 
41 
-I 1 
67 
G7 
G7 
G8 4 
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TABLE 2 (continued) 

Comples i, Eluent Fast-moving isomer, 
degree of separation 

Ref. 

[Co(ruc-pea),]J’ 

ci.s-[Coax] 
+ 

fCo(gly)(en)z I’+ 
[Co(gry)(tn)~J~+ 

cis(O)eis(h’)-[Co(~l~)~(en)]’ 
ris(O)cis(N)cis(N~i~)- 

[Co(gly),(NH3)2 1’ 
[Co(chsn)_~ I.‘+ 

fCo(cllsn)~ j-j+ (e;u$ 

raccwlic pair) 
[CO(~rIVSO-ptn)3 IJ* 

(g!comctrical isomers) 
[ Co(nwso-ptn)3 13+ 

(each rncemic pair) 
[Co(acac)(bpy)~ ]‘f 
[Co(acac)(phen)~]2+ 
[Co(acac)_r(l,py)]+ 

0.2 M NaH?PO_J 
+0.03 &I 
Na2HP04 

0.09 &I Nat(+)-tart 
+ 0.0-I RI 
INnH( +)-tart 

0.09 &I Naz(+)-tart 
+0.01 hl 
NaH(+)-tart 

0.09 &S Na~(+)-tart 
+0.0-l M 
NaH(+)-tart 

0.09 h1 Na?_(+)-tart 
+0.04 XI 
NnH(+)-tart 

0.0’75 AI K2tartan 
0.1 %I K2tartan 
0.075 AI K~tart?n ‘ 
0.025 h1 Kitartan 
-c 

0.2 b1 Na3PO., 

0.1 hI (NH4)z(+)-tart 

(The four racomic pairs 
(lcl_,. lello6. 06&l. 
and 063) were oh- 
tained.) 

:\, - = 

0.16 XI Na~tartan 

0.16 XI Nn~tnrtan A, incomplete 

0.04 M hia?(tartan c + j-195, unseparated 
0.0-l RI Na2(+)-tart {--}j43, unseparated 
0.01 M Na,(+)-tart {- ),,j. unseparated 

u-few[Co(daes), p+ 

lCo(ntc-dppn)(cn):!]’ 

[Co(JTzr-dppn)(en)~ 1 
(raccmie pair 1) 

1_ fat-lei3 complete 
2. fat-lel2ob complete 
3. fat-obzlel complete 
-1. fat-063 complete 

5. nwr(mixture) 
i\, incomplete 

A, complete 

t\, cornplate 

:\, complf?tc 

(+)ss&,, incomplete 
(+&w, complete 
(--f5s% complete 

(+)sn*,, compietc 

- =, complete 

(-) 589% complete 

69 

69 

GS 

69 

69 

TO 
70 
70 
70 
‘70 

71 tl 

71d 

i3 

72 

73 
‘73 
i3 

74 

3+ 

3+ 

0.3 M Nnltartan 
2 M NaCIOJ 

0.3 RtI Naltartan 

i;--~;;,:lt;segrated , _ 
2. n-ss + A-RR 

complete 
A-SS, complete 

75 
76 

76 
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TABLE 2 (continued) 

Complex a Eluent Fast-moving isomer, 
degree of separation 

Rel-. 

[Co(rw-dppn)(en)2]3* 
(racemic pair 2) 

[Co(rac-dppn)(NHa)a]“+ 
[Co(l-stien)(en);l] 

Cu-[ Co(en)( trien) ] ‘+ 
/3-[Co(cn)(tricn)]‘+ 

[Co(NH~)l(S,S-dppn)21”+ 
(geometrical isomers) 

cis-[Co(NH3)2(S,S-dppn)~ j’+ 

[Co(NH3),(S,S-stienfz 1”’ 
(geometrical isomers) 

[Co(en)(tn)(tmd)]“+ 
[Co(tn)2(tmd)]‘+ 
[Co(en)(tmd)z]31 
[Co(tn)(tmd)l]3C 
[Co(en)l(tn)]3+ 
[Co(en)(tn)l13+ 
[Cr {(+)-tart )(pIien)* ]+ 
[Cr{(+)-tart)(bpy)zi+ 

0.3 M Nnztartnn A-RR, complete 

0.15 M Naztartan 
-c 
-c 

0.18 M Na?(+)-tart 
0.18 M Naltnrtan 

(--hs9. -c 76 

fr j:;::zc’ 
‘76 
‘76 

{+ )aga, complete 77 
{+ }~vo, complete (for 77 

each conrormational 
isomer) (Similar 
results were obtained 
for a- and fi-[ Co- 
(NIi~)~(trien))“+.) 

(+f js‘~, complete 78 0.1 M Naa(+)-tart 
or 0.08 $1 
Naztartan 

0.1 M Naz(+)-tart 
or 0.08 M 
Na2tartan 

0.1 M Nnz(+)-tart 
or 0.06 M 
NaI-tartan 

0.15 M Naltartan 
in H20: DMSO 
(-I :l) 

0.7 &I NaClOq in 
Hz0 : MeOH 
(2 Il) 

0.15 M Naztartan 
in Hz0 : DMSO 
(-1 : 1) followed 
by 0.7 M NaCIO_, 
in Hz0 : MeOH 
(2:l) 

0.7 M NaC.10~ in 
Hz0 : MeOH 
(2 : 1) fallowed 
by 0.5 M NaCI 

0.18 M Naztartnn 
0.18 M Naztartnn 
0.15 M Naztartan 
0.18 M Na-tartan 
0.18 M Naztartan 
0.18 IM Naztartan 
0.2 M Naztartan 
0.2 M Naztartnn 

76 

(+hfi9, complete 7s 

lf)S8% complete 78 

frarw. complete 79 

CC+/\, compkde 79 

It-am, complete 79 

cis-,1, compfete 

(-1589, complete 80 
(+)ss9, incomplete SO 
(-)3fi9, incomplete so 
(+)ssg, incomplete so 
(+)S89r compkte 80 
(+)589, incomplete 80 
(-)589, complete 81 
(-)589,complete 51 

79 
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TABLE 2 (continued) 

Complex a Eluent Fast-moving isomer, 
degree of separation 

Ref. 

~Cr(cis-chsn)_~ j3* 
(geomf~trical isomers) 

/UC- or rrff’~-[Cr(cis-chsn)3 J3+ 

[Co(R,R-ptn).? I”+ 
[Co(NH3)7(R R-ptn)#+ _ * 

jCo(NH3),(R R-ptn)z]“+ 
(gcometrick isomers) 

[Co(trcn)(dmbpy)13+ 
[Co(en)I(dml,py)]-‘+ 
cisir-[Co(trien)(dmbpy)]~’ 
[ Co(S-bn)J j3+ 

(gcomctricai isomers 
and diastcrcoisomers) 

[Co(S-bn)3]“+ 
(geometrical isomers, 
me+A aid /a~-/\) 

[C0{(0II)~C0(en)~}~]“+ 
(gcwmrtrical and 
optical isomers) 

u-fat-[Co(dicn)(dema) J3’ 
nlcr-[Co(dien)(dema)13’ 
[Co(liesacn)]“+ 
[ Cr {(-)chsn )3 13+ 
[Ci-{(r)chxn)~]3c 

[Cr((i:)cbsn}j]3+ 
(each rncemic pair) 

IZo(rncso-tart)(phen)z]+ 
(linkage isomers) 

[Co(nzcso-t.art)(phcn)z 1’ 
(diastercoisomers 1) 

[Co(nzeso-tart)(phen)Z]* 
(diastereoisomers 2) 

[Co(D-malate)(phen)z]+ 
rCo(dcb)(en)~ 13* 
IRb(en)s 13+ 

0.15 M Na~tartan 

0.2 M Na,(+)-tart 
0.2 M NazSO., 
0.18 M Na?tartan 

0.2 M NnrSO~ 

I 0.1 M hztartan 
0.15 M Kztartan 
0.15 M Kltartan 
0.2 M Naz tartan 

0.2 M 

Na2SOd 

0.3 M Naz(+)-tart 

0.15 M Naztartan 
0.15 M Na2tartan 
0.18 M Nar(+)-tart 
0.1 M Na3P04 
0.1 M Na3PO.J 

0.3 M Naz(+)-tart 

0.15 RI Na?tartan 

0.2 M Na?tartan 

1. A-DL -I- A-QL 
2. A&D + A&D 

complete 
A-IJL. complete 

0.2 M Naztartan A-LD, complete 

0.125 M Naztartan 
0.15 hl Kztartan 
0.15 M Nal(+)-tart 

A-D, complete 
c _E 

c j3 19, complete 

fat, -c 

A,--C 
A(Icl3), complete 

1. cis-(-).J,” + frarzs 
2. cis-(+)_i,o 

complf~te 

trarzs, complete 

f-}s~~5, unseparated 
{+ )4x3. incomplete 

{+ 34.~2. complete 
1 _ mrr-3, 
2. f~c-A, complete 
3. nzcr-l\ + fat-A 
fat-A, complete 

(The four pairs of catop- 
tromers completety 
separated. First the 
{+ j,,,e isomer was 
&ted of each pair.) 

{+}jaJ, complete 
(+}523, complete 
{+ j,,,,, unseparated 
IcI3, - c 

(The three racemic 
pairs (lcf~, ielzob and 
ob~lcl) were ob- 
tained.) 

_c -c * 

82 

S2 
s3 
83 

s3 

S-l 
EM 
84 
85 

SG 

6-i 
537 
ss 
89 
89 

s9 

90 

90e 

90 c 

90= 
91 
92 

n See commencement of article for ligand abbreviations. 
b The notation, tartan, represents [Sbz {(+)-C4H206 )2 J2-, (+)-tartratoantimonate(II1) ion. 
c This was not described in the report. 
’ An SE-Sephadex column was used. 
e A CM-Sephadex column was used. 
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H . RESOLUTION OF NEUTRAL COMPLESES, fat-[Co(&ali~)~ J (REF. 93) 

The complex of p-alanine, fat-[Co@-ala),] is a neutral complex which can- 
not be resolved by the formation of diastereoisomers. The resolution of this 
comples was attempted on a column (4 3 X 113 cm) of CM-Sephadex, with 
30% aqueous ethanol as the solvent. The column was charged with 70 mg of 
the complex dissolved in 10 ml water, and then eluted with a 0.1 R,I sodium 
I+)-tartrate in a 30% aqueous ethanol solution. First, the {-} 5 ,-) isomer, and 
then the (+ ) s14 isomer, were eluted with complete separation. A further im- 
provement in technique is, however, desirable to make it applicable to other 
neutral complexes. 

I. RESOLUTION OF ANIONIC COMPLESES 

The c~lroI~lato~ap~lic resolution of anionic complexes, such as [Co(edta)]-, 
and u-fee-[Co(ida),]-, was attempted on a column of DEAE-Sephades with 
optically active eluents like (-) a-methylbenzylamine, sodium (+)-tartrate, 
and sodium (+)-tartratoantimonate [94 1. No total resolution with a complete 
separation of adsorbed bands has yet been achieved, although rather high CD 
values were observed for the first fraction of the effluents. Further improve- 
ment in the kinds of ion es&angers and eluting agents will be made in the 
future. 

J. SEPI-IADES ION EXCHANGERS WITH OPTICALLY ACTIVE ION ESCHANGE 

GROUPS AND THEIR CI-IROkIATOGRAPkIIC APPLICATIONS 

Sephadex consists of D-glucosidic units, but they seem to contribute little 
to the resolution of complex ions; as was shown in the preceding examples, 
some optically active eluting agents, such as sodium (+)-tartrate or (+)-tar- 
tratoantimonate are needed for resolution. If ion exchangers possess optically 
active groups, resolution may be achieved even with inactive eluting agents. 
Furthermore, the use of optically active eluting agents will cause a more effec- 
tive separation of optical isomers. From this point of view, preparation of 
some optically active Sephades ion exchangers has been attempted. 

(i) Preparation of TA-Seplzadex 
Sephadex which has a (+)-tartrate residue as the ion-exchanging group has 

been prepared and named as TA-Sephadex. As Sephadex has many hydroxyl 
groups capable of reacting as secondary alcohols, tartaric acid was made to 
react with Sephadex and to form an ester- or ether-form compound. The two 
types of TA-Sephadex thus prepared were named TA( ES)- and TA( ET)- 
Sephadex. 



(a) TA(ET)-Sephadex (ref. 95). 

I: YEt 
Sephadex-OH f (+)-C4H,0&t2 5 Sephades-O~-$YO~~ 

EtOOC H 
H COONa 

u Sephadex--Q-&t&H 

NaOO:: I: 

The ‘rA(ET)-Seplladex obtained after three etherification reactions was 
slightly yellowish in color, and it.s exchange capacity was 0.24 mmol (Co- 
(en),]” per g (dry). 

(B) TA(ES)-Sephadex (ref. 95). 
OHH 

Sephadex-OH c (+)-C,H,.O,, 9 Sephades-O0C&&--C00H 

2I &-I 
The H-form of TA(ES)-Sephadex was converted to the Na-form with 0.1 RI 

NaOH, because the H-form scarcely adsorbed any [Co(en)3]3+ ions. The ester 
linkages in the TA(ES)-Sephadex may be hydrolyzed in an alkaline solution. 
Therefore, the pH of the solution should not be raised higher than 7 during 
conversion to the Na-form. The ion eschange capacity measured was 0.31 
mmol [Co(en)J]3’ per g (dry), and the product was white in color. 

(c) D-TA(ES)-Sephadex with D- or (-). sss-tartmte exchange groups (ref. 96). 
D-TA(ES)-Sephades was prepared in a way similar to that described in Sec- 
tion J(i)(b)_ The resulting D-TA(ES)-Sephadex is yellowish-white in color, and 
the ion exchange capacity was found to be 0.17 mmol [Co(en)3]3’ per g (dry). 

(ii) Chromatographic resolrrtiorz of (Co(en)J ‘+ on TA-Sepkadex 
The elution curve of [Co(en),13’ by TA-Sephadex with (+-)-tartrate groups 

showed that the A-form was eluted faster than the A-form for both TA(ES)- 
and TA(ET)-Sephadex. This elution order was to be expected from the previ- 
ous finding that (+)-tar-irate ions interact with the A-form of the complex 
more strongly than with the A-form (Fig. 7) [36,37,97]. 

On the other hand, as is shown in Fig. 8, the A-form was eluted faster than 
the A-form on the D-TA(ES)-Sephadex, with (+)-tartrate as the eluent. The 
very effective separation of the complex into the catoptromers in spite of the 
Iow ion exchange capacity is ascribed to the double stereoselective effects of 
f-)- and (+-)-tartrates on [Co(en),]3+. The (+)-tartrate ion in the eluent inter- 
acts more strongly with the A-form than with the A-form, making D-TA(ES)- 
Sephadex hold the A-form more firmly. Thus, the A-form is eluted much 
faster. 

(iii) Chromafographic resolution of [Co(tn)J 3+ on D-TA(ES)-Sephadex (ref. 
981 

A Q 1.5 X 96 cm column of D-TA(ES)-Sephadex was prepared, and the [Co- 
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Fig. 7. Elution curves of [Co(en)J]‘+. (a) TA(ET)-Sephadex, with 0.5 M sodium t,romidc 
as an cluent. (lo) Tn(ES)-Sephndes, with 0.37 M sodium bromide as an eluent. 
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Fig. 8. Elution curves of [Co(cn)x] 3c on a D-TA(ES)-Sephadcx coIumn. Eluent: (a) 0.06 M 
sodium (+)-tartrate. (b) 0.04 M sodium sulfate. 
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Fig. 9. Elution curves of’ lCo(tnfj J”+ on a D-TA(ES)-Sephadeu column. Eluent: 0.1 iX+l socii- 
urn (+)-tnrtmtc. 

(tn)J]3+ adsorbed was eluted with a 0.15 M sodium (+)-tartrate solution as the 
eluent (Fig. 9). A [Coftn),]3+ was eluted faster than the a-form, like [Co- 
(en),]“’ (cf. Section J(ii)). The separation was not complete, but both pure 
isomers were obtained from the initial and last fractions of the effluent. This 
comples was difficult to resolve on a column of SE-Sephades, with sodium 
(+)-tartrate or (+)-tartratoantimonate as the eluent (Table 2). Therefore, the 
double stereoselective effect of the ion exchanger and the eluent seems to be 
the cause of the resolution. 

The further application of this chromatographic method using the double 
stereoselective effect seems promising for complexes which are difficult to 
resolve. 
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