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STUDY OT SOME PLATINUM (II) COMPOUNDS

: ‘ IT. THE SEPARATION OF _
cis- AND #rans-DIHALOGENODIAMMINEPLATINUM (II) COMPLEXES

‘ F. BASOLO”, M. LEDERER, L. OSSICINI anp K. H. STEPHEN"*
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INTRODUcTiON

In‘a precedmg paper! the separa.t1on of the ¢is- and’ tmns« [Pt(NHa) 2C12]° comple\esh
from each other'and from other pla.tmum (II) complexcs was descnbed using aqueous
solvents as‘eluents on cellulose filter paper. This kind of adsorptlon cellulose chroma-
tography appea.red of interest since the adsorptmn mechanism 'of neutral comple*{es
had not been prev1ously investigated?. In addition preparatlve work (by F.B. and
K.H.S)):also’ requlred a method. for establlshmg the purlty of the d1bromo-, dnodo- ,
chlormodo- ‘and’ ‘chlorobromo- clla.mn'uneplatmum (11)- complexes Thus this pa.per‘-
reports the genernl study made on ‘these ha.logeno complexes. ‘The' choice of methods
- is rather 11m1tcd Owing to the non-10n1c character of all the compounds, ion e'ccha,nge
and’: papcr elcctrophoretw methods ‘are’ clea.rly unsultable During prehmmary e\-'
per1ments it was also’ found that development for more than 1—z h with’ part1t10n
solvents (such as’ buta.nol—-water ‘butanol-z N HCI etc. ) produced long comets
1nd1ca1:1ng tra.nsforma.uons durlng the’ development The presence of mmeral amds:
even as dilute as 0.1 N led to substitution reactions at room tempera.ture durlng a
short development. Good sepa,ratmns were finally obtained by using neutral solvents
under such conditions as to minimize hydrolysis during development.

TECHNIQUE

~ Ascending dcveloprnent in tlghtly closing jars (26 cmm X 12 cm) was used throughout
with Whatman No. 3 MM paper. Samples had to be dissolved in water only minutes
before being placed on the paper to avoid hydrolysis. All spots were shown up on the
developed chromatogram by holding the paper over iodine vapours which, depending
- on the compound, yielded yellow, brown or wviolet spots on a paler background. All

Ry values given here are strictly relative. Considerable variations were observed from

day to day and from one batch of paper to another. Thus the absolute Ry values for

example in Tables I-IV are only indicative: however, the Ry differences are always
‘readily reproducible. For identification purposes reference substances must be run
- on the same sheet of paper with the samples to be tested.

"f On leave from Northwestern Univei‘sity, Evanston, Ill., U.S.A.
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EXPERIMENTAL i

(z) Studws on tlw adsorj)tzon of czs- aml trans- [Pt(N H ) 2Clg:lO o

The Rp values of cis- and trans- [Pt (NH3) Cl 2]" in. HCI LiCl, NaCl and KCl of varymg
concentratlon are shown in Fig, 1. Unlike: with chloraunc ac1d and other chloro-ac1d53
there is .no notable salting-out. effect with these two complcxes However, it is inter-
estmg to note that the Rp values of the ¢is-. and the trans-forms. approach each other
in. hlgher concentratlons oi HC] The. aclsorptmn seems to 'be related to the polanty ‘
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F1g 1. The, varm,tlon of the Ry values of ¢is- and. trans-[Pt(NH,),Cl,]° on Whatman No. 3 MM
paper at 20°. Eluent (a) aqueous HCI, o.1-10 NV; (b) aqueous LiCl, 0.1-9 N; (c) aqueous NaCl,
’ ‘ -3 N ((1) a.queous KCl 1—3 N .

of the cornple\es and thelr enwronment Thus whenever the 1onlc c]oud around both
cornple\:es is very large the dlffercnces in hydratlon (and adsorptlon) dlsappear. ThlS
agrees with the results in Fig. 2 which show the changes in Rp values of the two B
isomers with increasing concentrations of ethanol in 0.5 N HCL Agaln the separab111ty

-decreases w1th a decrease 111 the polarlty of tho solvent system
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AI‘xg 2 The varntxon of the Rp values of cis- ‘and; trans-[Pt(NHa)ZCIQ]" on VVha.tma.n No .3 MM
! paper at '20° with &lcoholic o. 5 N HC
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(¢1) Separations of the dichlovo- dibrvomo- and diiodo-diammineplatinum (I1) compléws

The first attempts were to use butanol-water as partition solvent for these compounds,
Long trails were formed which 1nd1cated that under the dynamic conditions of
development the hydroly51s reactions were too fast to yield separations. In order to
- repress the extent of hydrolysis, it was decided to acidify (0.x V' HCI) the aqueous and
ethanolic solvents. ‘At room temperature (x8° '+ 1°) the Ry values shown in Fig. 3a
and 3b were obtained,; thus it was possible to separate the czs-compounds from' each
other'and from the #rans-compoiinds, but not the tmns—compounds from' each other.
The largest Ry differences were found to be in the region of very low or very high
ethanol concentrations with an inversion of the sequence at about 40 % ethanol.
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'[‘1g 3. The variation of the R, values of [Pt(N Hj3)eX,1% on Whatman No. 3 MM paper at 18°
using’ mlxtures of ethanol-water (all bemg 0.1 N with respect to HCI) as solvent. (a)
czs-[Pt(NH 12X 31?; (b) trans-[Pt(NH,,)QXa]" : ‘

It would appear that the adsorptlon differences are due to the ]1ydrat10n differ-
ences in aqueous solvents, the cis-diiodo being, least hydrated and hencé most ad-
sorbed and the cis-dichloro being most hydrated and thus least adsorbed. This would
be in accord with the greater electronegathty of chlorine versus iodine so that the
dichloro system is expccted to have the lugher dipole moment and thus be more
solva.ted The z‘mns-compounds havmg no d1pole moment are not dlfferentlated in
aqueous solvcnts

"An attempt was made to apply these m1~<tures of etha.nol-—wa.ter (contalmng
0.1 N HCl) to the identification of the ¢7s- chlorobromod1amm1neplat1num (I1). How-
ever, it was noted that with a small increase in the room temperature (from 18°to 21°)
the Ry values were no longer reprodumble The effect of temperature on the Rp values
is shown in Table I. By carrying out chr omatograms of solutions which were allowed
to.stand (in o.x N HCI]) it could be shown that the change of Rr values was not
due to temperature changes but to the conversion of the bromo complexes into the
corresponding chloro complexes during development (see Table II) In o.x N HBr
the reverse reaction could be observed (Table III). |

- Both hydrolysis and replacementreactions could be avmded by chromatographing
in a refrlgerator (+5°) with distilled water. Round spots and good separatmns were -
‘obtained with all of the cis-compounds as shown in Table IV,

After obtaining these results, a search was made for solvents capable of separating
‘thle trans-compounds. Thls search was limited to fast flowing solvents without the

L J. Chromatog., 10 (1963) 262267
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PO SO e TABLE I v , el S
" Rp VALUES OF ¢iS-DIHALODIAMMINEPLATINUM (II) COMPLEXES AT VARIOUS TEMPERATURES * |
(Solvent: aqueous 0.1 N HCI; paper: Whatman No. 3 MM) ..., ‘

2635.

"t

o Ry
Complex - -

) 5a 18° - ar°
Pt(NH,),Cl, ' 0.63 0.70 0.70
Pt(NH,),CIBr 0.60 —_ 0.68
Pt(NH,),Br, 0.54 0.62 0.66 "

TABLE II

EFFECT OF AGEING ON SOLUTIONS OF ¢{S-DIHALODIAMMINEPLATINUM (II) IN 0.1 N HCI
(Paper: Whatman No. 3 MM; tempcrature for ageing and development: 18°)

. , ' Rp after ageing for'
Complex - ‘
: oh ah ag'h
Pt(NH,),Cl, 0.71 0.70 0.71
- Pt{NH,),ClIBr 0.68 -0.69 0.71
Pt(NH,,)‘szj2 ‘ 0.64 0.67 0.G8

"TABLE II1
EFFECT OF AGEING ON SOLUTIONS OF Cis-DIHALODIAMMINEPLATINUM (11) IN o.1 N HBr
(Paper: Whatman No. 3 MM; temperature for ageing and development: 18°)

Ry afler agzing for:

"Complex

oh 2 h a4 b
Pt(NH,),Cl, . 0.69 0.67 0.66
Pt(NH,),ClBr 0.66 0.66 0.66
Pt(NH,),Br, 0.60 0.62 0.64

TABLE 1V
I’y VALUES OF ¢is-DIHALODIAMMINEPLATINUM (1I) COMPLEXES
(Solvent: water; paper: Whatman No. 3 MM; temperature: 5°)

Complex

- Rp

Pt(NH,) .Cl,

- Pt(NHg),ClBr
Pt(NH,) 2 Br,
Pt(NHg),Cl1
Pt(NHj),lq

0.65, 0.65, 0.65

0.58,0.58, 0.58 .
0.52, 0.53, 0.53"

0.56 .
0.44, 0.44,0.43

-t
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add;tmn of mlneral acids. Nelther pure mctha.nol nor ethanol yielded good separations;
however mixtures of acetone and water at IS° gave e*cc.ellent separatlons of both the
cis- and the zmns—compounds. o , : : -

- The Ry values are shown in Tlg 4a and 4b

@

107
-
-
4 »
O‘BJ 4:_0___.@
o6
R b~
F
OAW
0.24
20 40 60 80 100°% 20 40 60 80 100%
% Acetone . - % Acetone
o_.ClI o
°._Br
.1

Fig. 4. (a) Ry values of cis- [Pt(NI-Is).,‘ 210 with acetone-water mixtures. Temmperature: 20°; paper:
Whatman No. 3 MM. (b) I?y values of trans- [Pt(INH;) 2 X,]1° with acetone-water mixtures. Temper-
ature: 20°; paper: VVhatman No. 3 MM.

RESULTS

The ¢is- and trans-dibromo and dnodo complexes were all prepared by reacting the
dichloro complex with two equivalents of AgNOQO;, filtering off the precipitated AgCl
and then adding two equivalents of either NaBr or KI. This resulted in the separation
from solution of the desired compounds. Paper chromatography showed all these
reactmns to y1eld only a single qpot corresponding-to the dihalogeno complex of the
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Fig. 5. Some tvpxcal chromatograms obtained with acetone~water (9 1) at 20° on Whatman No. 3

MM paper. Bottom line: line of application; top line: l1quxd front. (a) Samples of cis- [Pt(NH a) 2 Xq]°

run side by side on the same sheet. Note that cis-ClI is impure containing also ¢is-Cl, and Iy

complexes, (b) Samples of trans-[Pt(NH,),X,]° run side by side on the same sheet. Note that

trans-ClI contams also trans-Cl, and I, complexes (c) Samples of trans-[Pt(NH,),X,1° run sxde by
side on the same sheet.
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same geometric structure. It may thus be concluded that chrornmtograplucally pure
compounds are formed by this reaction. :
. . The mixed dihalogeno complexes were prepared by reactmn of the requlred
dlchloro complex with one equivalent of AgNO, after which the precipitate of AgCl
was removed on a filter and one. equlvalent of either NaBr or KI was added. The-
chlorobromo compounds so prcparcd were also found to be pure within the limits of
detectability on a paper chromatogram. On the other hand the presumed chloroiodo
complexes yielded usually three spots: the ‘dichloro, the chloroiodo. and the diiodo
complexes (Fig. 5). The reaction .of #rams-dichloro with equivalent amounts of
tvans-diiodo in boiling water was also tried and yielded only a wealk spot of the chloro-
iodo complex in presence of prcponderant quantitites of the dichloro and the diiodo
complexes.

The details of these syntheses as well as further prepm atlve worls will be descnbed
elsewherc : o : ’

SUMMAI\Y

f he sepamtmn of czs- and trans-dlhalogenocharnrmneplatmum (IT) complexes was
effected by paper chromatography using neutral fast flowing solvents such as water
at 5° or acetone—water (9:1). Practically all mixtures of ¢is- and trans- as well as of
dichloro-, dibromo-, diiodo as well as" chloromdo- and chlorobromo-comple*ces could
be separated.. L : : - : N =
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