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Much research has been devoted to the identification of new Scheme 1

cytotoxic non-platinum metal complex&s} among which, Ti(IV) R R OiPr OiPr R
complexes revealed promising antitumor activity toward various R' OH HO R Ti(OiPr), R o;Ti'fO R'
inag5-12 in thi —_— 7\ .
cell lines> 12 Notably, research in this area for the last two decades R" N_ NG R" R.%\N N R
. - . e
has been restricted to two families of complexes, the titanocene R" \‘." '
dichloride (CpTiCl,) and Budotitane ((bzag)i(OEt),) and their HoL LTi(iPr),

derivatives. These compounds undergo rapid hydrolysis of, first,

the cis labile ligands (Cl, OR), followed by the inert ones (Cp,
bzac), leading to unidentified aggregaté313 Their exact mech-
anism of activity is thus poorly understood, yet it is normally

assumed that the ligand hydrolysis leads to formation of the active

species?15 although some ligand inertness is apparently re-
quired!®17 Additional studies indicated that the serum protein
transferrin leads to complete ligand stripping from,Tgl, and
transfers the Ti ion to the celf-2! However, an early loss of the
inert ligands should abolish their influence on the interaction with
the cellular target and hampers their use as a target for structure
reactivity relationship studies. Herein we report a new family of
cis-bis(isopropoxide)Ti(IV) complexes of diamine bis(phenolato)

ligands, obtained as single isomers in quantitative yields, leading

to appreciable in-vitro cytotoxic activity against colon and ovarian

cells, where the ligand features have strong influence on reactivity

L""R=tBu;R =H; R"=t-Bu
LZ R=Me;R' =H;R"=Me
L% R=H;R'=Me;R" = Me

Scheme 2. Preparation and ORTEP Drawing of L*Ti(OiPr), at
50% Probability Ellipsoids
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which is not transferrin-dependent and apparently involves a ligand- (Scheme 2) reveals@ symmetrical isomer with similar structural

bound active species.
As a part of our interest to develop cytotoxic well-defined Ti-

(IV) complexes, we focus on chelating alkoxo ligands suitable for

forming strong binding to the oxophilic Ti(IV) ion. The biologically
active Budotitane which includes two monoanionic diketonato

ligands exhibits several cis and trans isomers, and the symmetrical

analogues of the active cis isomer feat@esymmetry. To mini-

features to those of 1L3Ti(OiPr), in terms of the coordination
sphere and general geometry.

The cytotoxicity was studied on ovarian OVCAR-1 and colon
HT-29 cell lines, employing the MTT assay for establishing cell
viability. The 1G5 values are summarized in Table 1.

The bulkiest complex iTi(OiPr), is inactive against both cell
types. However, decreasing the steric bulk around the metal to Me

mize the number of isomers and increase thermodynamic stability, or H groups leads to significant reactivity, which is not observed

yet maintain the general symmetry, we turned to dianionic diamine
dialkoxo ligands, which were expected to lead to LTi¥pe

for any of the free ligands (Figure 2, S1). The;d@alues obtained
for both L2Ti(QiPr), and L2Ti(OiPr), are significantly lower than

octahedral complexes. The diamine bis(phenolato) ligand family, those measured for GpiCl, and (bzagjTi(OiPr),, and are even

easily synthesized in a single-step procedéimnveniently leads
to the desired racemiC, symmetrical complexes as single isomers
in quantitative yield$3-25 We thus synthesized three such com-

plexes exhibiting ortho groups to the donor atom of varying sizes:

lower than those measured for Cisplafi(iTable 1). Interestingly,
the aliphatic analogue*Li(OiPr), is inactive against both cell types,
despite having similar symmetry, donor atoms, and general
geometry as well as no significant steric demands. To further

t-Bu, Me, and H (Scheme 1). In comparison, we studied the aliphatic evaluate the role of the complex symmetry, we synthesize€¢he

analogous ligand (Scheme 2), having no major steric demands.

symmetrical analogue®Ti(OiPr), as previously described (Sup-

L1=3Ti(QiPr), (Scheme 1) were synthesized according to known porting Information, Scheme S1). This complex is inactive toward

procedures by reacting,H~2 with one equiv of Ti(OiPr) to give
the Ti(IV) complexes quantitativeBZ 25> 1H NMR analysis has

verified that the desired isomers were formed solely. Single crystals

of LeTi(OiPr), were obtained from diethylether at room temperature
and the crystal structure (Figure 1) featuresCasymmetrical
octahedral complex with two cis-isopropoxide group&Li(QiPr),
(Scheme 2) was synthesized by reacting Hwith 1 equiv of Ti-
(OiPr). The resulting bis(isopropoxide) complex crystallized from
toluene at=5 °C to give yellow single crystals. The crystal structure

12098 = J. AM. CHEM. SOC. 2007, 129, 12098—12099

both cell types, despite having similar coordination number, donor
atoms, and substitutions.

We also explored the influence of the protein transferrin on
reactivity and cell insertio# 2! As expected, addition of the protein
to the biological medium increases the reactivity o, Ggl, to
some extent (Table 1). However, different behavior is observed
for the complexes described herein, which resembles more the one
observed with (bzagJi(OiPr),. No change in reactivity was
observed for the unreactivé Ti(OiPr),, suggesting some resistance

10.1021/ja0753086 CCC: $37.00 © 2007 American Chemical Society
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Figure 1. ORTEP drawing of ETi(OiPr), at 50% probability ellipsoids.
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Figure 2. Dependence of HT-29 cell viability on added concentration
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Table 1. 1Cso (uM) Values? for L1-4Ti(OiPr), on HT-29 and
OVCAR-1 Cells and Comparison to Known Compounds

HT-29 + OVCAR-1 +
reagent HT-29 OVCAR-1 Trb Tre

Cp.TiCl, 710+ 120 780+ 90  460+40 520+ 30
(bzac)Ti(OiPr), 53+1 53+1 57+1 65+ 1
LITi(OiPr), unreactive  unreactive unreactive  unreactive
L2Ti(OiPr), 12+1 12+1 20+ 3 40+ 4
L3Ti(OiPr), 12+1 14+1 16+ 3 15+ 3
L4Ti(OiPr), unreactive  unreactive unreactive  unreactive
Cisplatin® 33+3 17+ 4

aQObtained afte3 d incubation? Tr: transferrin.c See reference 16.

to the protein promoted ligand striping (Table 1). Additionally,
L273Ti(QiPr), did not reveal any improvement in reactivity in the
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Figure 3. Dependence of HT-29 cell viability at different incubation and/
or medium interaction times on added concentration

from faster hydrolysis rate or may suggest a role of the planar
aromatic moieties in £3Ti(OiPr), in DNA interchelation as
suggested for Budotitarté although this activity clearly depends

on the Ti center as the free ligands are unreactive. We are currently
studying additional mechanistic aspects of the hydrolysis and
reactivity of this new family of easily accessible well-defined highly
cytotoxic Ti(IV) complexes.
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