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The effect of B-ketoiminato ligand substitutents on the R values of 36 metal com-

plexes of Cu(Il) and Ni(Il) obtained by thin-layer chromatography on silica gel, was inves-

tigated. The chelate ligand was prepared by condensing a diamine with a -diketone. Three

series of complexes werc prepared (Fig. 1) in which the ligand contained ethylenediaminc

(en) as the amine part, whereas acetylacetone (acac) and/or benzoylacetone (phacac);

acetylacetone and/or trifluoracetylacetone (tfac) and benzoylacetone and/or tri-

fluoroacetylacetone were used as S-diketones. In addition, three analogous series containing
propylenediamine (pn) instead of ethylenediamine were also prepared. Finally, the separation
mechanism for the investigated complexes is discussed.

The effect of S-ketoiminato ligand substituents on the R values of metal
complexes obtained by thin-layer chromatography on silica gel has hitherto not becen
investigated. Several papers have dealt with the separation of these complexes by the
HPLC method,!* mainly by the reversed-phase mode, 3 the normal-phase mode being
applied only in one paper.4 Thus, using HPLC. Clark ez al* separated on silica gel
columns (Spherisorb SGP 8um and Partisil 10 gm) (25 cm X 4 cm) tetradentato-$3-
ketoiminato complexes of the type [M(acacytfac, ,dm)], where M = Cu(II), Ni(Il) and
Pd(Il); dm = 1,2-diaminoethane or 1 7-diaminopropane; acac = 2,4-pentanedionato
ion; tfac = 1,1,1-trifluoro-2,4-pentanedionato ion; and n = 0-2. These authors found
that non-fluorinated chelates of the three metals are much more strongly retained than
semi-fluorinated or fully fluorinated analogs. Besides, the substitution of a single
CF3-group was found to greatly reduce the column interaction, while a second group
substitution only marginally reduced retention further.

The effect of 8-diketonato ligand substituents of (tris)-3-diketonato complexes
of Co(III), Cr(111) and Ru(III), was also investigated by thin-layer chromatography on
silica gel.5 It was found that the substitution of acetylacetonato ligands by dibenzoyl-
methanato ligands caused an increase in the Ry values of the investigated complexes
if nonaqueous solvent systems were used. These findings were explained by the cor-
responding adsorption separation mechanism. However when aqueous solvent systems

*  Author for correspondence
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were applied, a reversed order of complexes was obtained. In this manner it was shown
{hat nonmodified silica gel can also be used for the reversed-phase chromatography.
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Fig. 1. General structure of investigated tetradentate B-ketoimine complexes.

In this work we wanted 10 examine the effect of B-ketoiminato Jigand sub-
stitutents of Cu(1I) and Ni(1) complexes, using a greater number of complexes and
applying a greater number of solvent systems for their chromatographic separation on
thin-layers of silica gel, as well as 10 compare the results of these investigations with

those obtained on HPLC columns® and silica gel thin-layers.

EXPERIMENTAL

Syntheses

All ligands and complexes were prep;ircd according to the earlier described procedures cited in Table L

Chromatography

Chromatographic secpartions were carried out by horizontal thin-layer chromatography on silica gel
plates (5%10 cm) (HPTLC Fertigplatten Kieselgel 60 fiir die Nano-DC, Merck, Germany). For this purpose
a Camag HPTLC Chamber under the Tank Configuration Developing Conditions was used. Standard
solutions (2 mg/cm3) of the investigated complexes Were prepared in acetone and the plates were spotted
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TABLE II Solvent systems used

No Composition Proportions (v/v)
1 Dichloromethane
2 1,2-Dichlorbenzene
3 1,2,3,4-Tetrahydronaphthalene
4 Chloroform
5 n-Amyl acetate
6 Benzene-tetrahydrofuran 70: 30
7 Chloroform — carbon tetrachloride 90: 10
8 Acetone — benzene 30:70
9 Benzene - dihloromethane 10: 90
(60‘ Toluene — dichloromethane 40 : 60
11 Toluene — dichlorbenzene 20:80
12 Benzene - ethyt methyl ketone 20:80
s
14\/] Acetonitrile - benzene 20:80

S

with 0.2 ul aliquots of freshly prepared solutions. Before development, the spotted plates were saturated with
vapours of the solvent system being used (Table II). All solvents used were of analytical reagent grade. Alter
development, the spots of individual complexes were visible, owing to their natural colours.

RESULTS AND DISCUSSION

The chromatographic investigation of the aforementioned substituent effect was
carried out with 36 complexes of Cu(II) and Ni(II). For chromatographic separations,
14 solvent systems were applied, five single component and nine two-component
(Table I1). The obtained RF values are given in Table L.

As seen from Table I, the substitution of acetylacetonc by trifluoracetylacetone
and benzoylacetone, respectively, in the ligand of B-ketoiminato complexes, gives rise
to an increase in the Ry values of the investigated complexes. This increase is consid-
erably greater in the case of substituting a single acetylacetone and much smaller in the
case of substituting a second acetylacetone. The same trend was observed in the
substitution of trifluoroacetylacetone by benzoylacetonc in the ligand of 5-ketoiminato
complexes. :

The results obtained are in agreement with those reported by Clark ez al* in
chromatographic separations of 8-ketoiminato complexes in which acetylacetone was
substituted by trifluoracetylacetone, in conditions of HPLC, as well as with results
obtained by TeSi¢ et al’ in thin-layer chromatography on silica gel of (tris)-B-
diketonato complexes of Co(IlI), Cr(Ill) and Ru(IIl) in which acetylacetone was
substituted by dibenzoylmethane. These findigs arc consistent with the generally
accepted separation mechanism for complexes on silica ge1'? in conditions of normal
phase chromatography, based on the specific interactions of these complexes with the
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sorbent which include the formation of hydrogen bonds between the silanol groups of
silica gel and ligator atoms (O, N) of the chelates. For the investigated complexes, the
strength of the hydrogen bonds is affected by two factors, namely by inductive and steric
effects, 11 Thus, due to the negative inductive effects of CF3- and CgHs- groups, the
clectron density on ligator oxygens of 8-ketoiminato ligands is smaller than in the case
of acetylacetone, and that causes the formation of weaker hydrogen bonds with the
sorbent and the greater mobility of the investigated complexes. Also, the substitution
of acetylacetone by trifluoroacetylacetone and benzoylacetone, respectively, due to the
presence of CF3- and CsHs- groups gives rise to steric hindrance so that the approach
of the ligator oxygen and nitrogen to silanol groups of silica gel is rendered more
difficult which results in the increased mobility of such complexes.

In addition, in all the investigated cases it was found that the S-ketoiminato
complexes which contain propylendiamine instead of ethylendiamine, exhibited higher
Rr values than the corresponding complexes with ethylendiamine. It is known in the
TLC separations that when monocomponent solvent sistems are used the Ry values of
the investigated complexes depend on two factors: the strength of the adsorption of
the dissolved substance to the adsorbent and the solubility of the substance in the
solvent system used.!?14 As can be seen from Table I, in chromatographic separation
of the investigated 3-ketoiminato complexes using non aqueous solvent systems the
first factor had the major influence because of their similar solubility in organic
solvents.

Finally, from Table I it is also seen that in most cases the Rf values of S-
ketoiminato complexes of Ni(1I) are higher than those of the corresponding Cu(Il)
complexes. '
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H3IBOJ

VTHUUAJ CVIICTUTVEHTA 8-KETOUMHWHATO JIMT'AHJA KOMILIEKCA BAKPA(II) X
HUKJIA(IT) HA Rr-BPEAHOCTH KOJE CY JOBMBEHE XPOMATOTPA®HIOM HA TAHKOM
CJ0JY CHJIMKA-TEJIA

PAJIA M. BAOIIUH 1 XXUBOCJAB Jb TEHIHR

Xemujcku daxynter YuusepsuteTa y beorpany, Ctymeneku Tpr 16, mp. 158, 11001 Beorpan

WCUTHBAH j€ YTHLIA] CYNICTUTYEHTA 3-KeTOWMHHATO JIMraH/a Ha RF-BpeIHOCTH 36 METaJIHHUX
komiiekca Cu(IT) uNi(II) koje cy go6uBere XpoMaTOTpahjoM HAa TAHKOM CJ10]y CUIIHKA-resa, XeJlaTHU
JMrags je JoOMBeH KOHJIeH3alujoM quaMuHa ca S-1ukeToHoM. Harpahene cy TpH cepuje Komrulekca
(Cauka 1) y KOjMMa je JIMran/] Kao aMUHCKH JIeo CafpIKaRao eTHIEHIMaMHH (en) 10K je Kao B-aukeToH
y3MMaH auieTUJ-aUeToH (acac) u/uiu GeH3ouI-aneToH (phacac), aueTHJI-aleTOH WHIAH TPH-
(uryopoalleTHII-aleToH M GeH30MII-alleTOH W/HIIK TpHITyopoaleTri-aleToH. 1Topeji oBUX HarpaljeHe
CY ¥ TPH @HaJIore CepHje Koje Cy YMECTO eTUIIEHANaMHMHA cajipyKaBasie IpoNuIeHuamuH (pn). Hajsan,
IMCKYTOBAH je MEXaHU3aM OfIBajarba UCIIMTHBAHHX KOMILIEKCa.

(Tlpummbeno 28. pebpyapa, pepuaupauo 9. jyna 1995)
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