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New benzyliminoether derivatives [P¥CN(H)=C(OMe)CHPH ;] of cis(1a, 1b) andtrans(2a, 2b) geometry

were prepared and characterized by means of elemental analysis, multinuclear NMR and FT-IR techniques,
and X-ray crystallography; this latter was carried outXbr The cytotoxic properties of these new platinum-

(I1) complexes were evaluated in terms of cell growth inhibition against a panel of different types of human
cancer cell linescis-[PtClL{ E-N(H)=C(OMe)CHPH} ] (1a) was significantly more potent than cisplatin
against all tumor cell lines tested, showingd®alues from about 2- to 17-fold lower than the reference
compound. Chemosensitivity tests performed on cisplatin-sensitive and -resistant cell lines have demonstrated
that complexda is able to overcome cisplatin resistance. Analyzing the mechanism by which cofrglex

led to cell death, we have found that it induced apoptosis in a dose-dependent manner, accompanied by the
activation of caspase-3. The in vivo studies carried out using two transplantable tumor models (L1210 leukemia
and Lewis lung carcinoma) showed that derivatieenduced a remarkable antitumor activity in both tumor
models, as measured by prolonged survival and reduced tumor mass compared to control groups.

Introduction Scheme 1.Antitumor Platinum(ll) Complexes Derived by

. . . S . . Nucleophilic Additions of MeOH and Primary (MeNHand
Fpllowmg the discovery of mspla’urc(s—dlammlned.lchloro.- Secondary Amines (M&IH) to Coordinated Organonitriles in

platinum(ll), cis-[PtCl(NH3)2]) and the understanding of its trans[PtCL(NCR)] (R = Me, Ph) to Obtain Iminoether) and

potent anticancer properties in the late 1960s, there has beemmidine (b andc) Complexes, Respectively

an explosion of activity aimed at optimizing the antitumor Me

potential of this inorganic coordination complésany hun- o \
dreds of cisplatin (and also transplatin) analogs have been H S /ST Me
described with the attempt either to reduce the toxic side effects NN
and to circumvent acquired cisplatin resistaficke. MeO=C ¢ H

Within this research area, a relevant class of biologically Me
active Pt(Il)-based drugs has been prepared from the syntheti- a
cally useful organonitrile Pt(ll) complexess- andtrans[PtCl,- Me
(NCR)] (R = Me, Ph) by taking advantage of their ability to H—n Ph Me
undergo nucleophilic additid of alcohols (ROH)"¢ and o a
amines (RNH; and R'NH)%10at the G=N triple bond to obtain H RV N SN
iminoether (iminoethex (HIN=C(OR)R, where R= Me, Ph; //N_/Pt_N\ Mo AN Me
R = Me, Et) and amidine (amidine (H)N=C(NHR)R and PR=C ci H NS o
(HIN=C(NR,)R, where R= Me, Ph; R = Me) derivatives, N—H Me Ph
respectively (Scheme 1). me

b c

Most of the biological studies reported by Coluccia and Natile

have.peen concerned with the iminoether Pt(II). spetiies. 1o the degree of DNA platination was greater frans
Specifically, trans-[PtCl{ E-(H)N=C(OMe)Mg o, derived by platinum iminoether complexes than that of the reference drug,
the addition of MeOH to the diacetonitrile complteans[PtCIz- suggesting that DNA is an intracellular target for these
(N=CMe),],® proved to be an excellent antitumor agent, able compoundé? It has also been shown that this nevens

to overcome cisplatin resistance and displaying a marked compound forms mainly monofunctional adducts at guanine
intracellular accumulation with respect to cisplatin. Moreover, residues on DNA, thus modifying DNA in a different way than
cisplatinl® In particular, these monofunctional adducts, bending
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by the addition of primary and secondary amines to the THF were distilled from sodium benzophenone. Potassium tetra-
dibenzonitrile complexis- andtrans[PtCl,(N=CPh}], were chloroplatinate, KPtCl, was prepared as described in the litera-
endowed with significant antitumor activi#j.It is worthwhile ture® Benzylcyanide is a commercially available product from
noting that, among this type of complexes, the benzamidine pt-Aldrich and was used as received. Deutherated solvents were
(I1) speciestrans{PtClL{ N(H)=C(NMe,)PH} ;] appeared as the purchased from Cambridge Isotope Laboratories (CIL) and were

; R : : . stored under molecular sieves. Transplatin and cisplatin were
most effective derivative in the biological assays. It yielded obtained from Sigma Chemical Co., St. Louis, M- Thymidine

dggrees of qytotoxigity greater (from 2-fold to 9-fold) .than (4.77 TBgmM-1), %C-thymidine (11 KBgmM 1), and®H-leucine
cisplatin against various hu_man cancer cell lines and circum- (6,33 TBgmM-1) were obtained from Amersham International,
vented the acquired cisplatin resistance. The results obtainednc., U.K. The benzyliminoether complexeka and 2a were
studying the cellular uptake indicated that the cellular accumula- dissolved in DMSO (dimethyl sulfoxide) just before the experi-
tion of trans{PtCL{N(H)=C(NMe,)Ph},] was about 3-fold ments; calculated amounts of the drug solution were added to the
higher than that of cisplatin. It has been suggested that thegrowth medium containing cells to a final solvent concentration of
greater biological activity observed, with respect to the reference 0-5%, which had no discernible effect on cell killing.

drug, could be related to the presence of a phenyl ring in the ~ Synthesis ofcis-[PtCIo(NCCH,Ph);] (1).5 The compound was
amidine ligand, which likely increases the lipophilicity of the ~Prepared by reacting 4RtCl, (2 g, 4.82 mmol) dissolved in
metal complex. Thus, this condition could favor the crossing deionized water (30 mL) with an excess oFECH,Ph (5.6 mL,

; 48.2 mmol) for 10 days at room temperature. The yellow product
mechanism through the cell membrane. Moreover, the frequency,, < avtracted with CKCI, (3 x 20 mL), and the solution was dried

of DNA—protein cross-links induced blyans{PtCl{N(H)= over anhydrous N&Q, for 3 h, then filtered off and taken to
C(NMe,)Pht 7], being greater than that of cisplatin, might dryness. Addition of ED (30 mL) gave a yellow solid, which was
underlie a different mechanism of action from the reference filtered off and treated with chloroform, which caused only the
metallodrug. transisomer @) to dissolve, while soliatis-(1) was recovered from
In view of the above, and to further explore this/trans the glass frit after washing with D (3 x 3 mL) and drying under
structure-activity relationship of Pt(Il) antitumor complexes, vacuum. Yield 2.08 g (86%). Anal. Calcd {§114CloNoPt): C,
we thought it was interesting to investigate whether the 38.41; H, 2.82; N, 5.60. Found: C, 38.25; H, 2.79; N, 5.55. IR
introduction of a pheny! ring into the iminoether ligand structure (KBN): ve=n 2318. IR (PE): vpici 358, 348.8H NMR (CDCly):

o - . 0 4.17 (s, Gy, 3ppy = 11.96 Hz), 7.26-7.42 (m, Ph)13C {1H}
may have an effect on the biological activity of this class of NMR (CDCl): 0 25.6 (5.CHp, o ¢ = 11.0 Hz), 118.33 (sC=

compounds. o . _ N, 2Jpic = 231.7 Hz), 129.8130.8 (m, Ph).

As a part of our investigations aimed at developing new gynthesis oftrans-[PtCI(NCCH,Ph),] (2).3” The reaction was
platinum antitumor drugs, this paper describes the synthesis ant;arried out as reported fdrstarting from KPtCl (2 g, 4.82 mmol)
the spectroscopic and crystallographic characterization of a newand an excess of sCCH,Ph (5.6 mL; 48.2 mmol) in deionized
class of iminoether derivatives. The in vitro antitumor activity water (30 mL) fo 3 h at 75°C. The product, a mixture afis-and
of these new benzyliminoether derivatives against a wide paneltrans[PtCl,(NCCH,Ph)], was separated by treatment with chlo-
of human tumor cell lines, also including different cisplatin- roform, which dissolves the more solubi@nsisomer @). The
resistant phenotypes, was evaluated. Actually, it is well-known solution was evaporated under reduced pressure and then treated
that one of the main goals in the search for new metal-based"ith EtO affording2 as a yellow solid. Yield 2.13 g (88%). Anal.
anticancer agents is the circumvention of the cellular resistance S2ICd (GeHiCLNoPY: C, 38.41; H, 2.82; N, 5.60. Found: C,

S . . '38.29; H, 2.78; N, 5.53. IR (KBr):vc=y 2318. IR (PE): vpic
The inhibition of macromolecular synthesis and the ability to 34211 NMR (CDCl): 6 4.22 (s, G, 3pen = 12.7 Hz), 7.26-

induce apoptosis were investigated to get insight into the ; 45 (m, Ph)23C {1H} NMR (CDCL): & 24.9 (5,CHy, 3Jprc =
mechanism of action of compleka, which was found to be 133 Hz), 116.6 (SC=N, 2Jp.c = 280.2 Hz), 126.7129.9 (m,
the most effective derivative. Finally, we have investigated the ph).

in vivo antitumor activity oflain comparison with cisplatin in Synthesis ofcis-[PtCl A Z-N(H)=C(OCH3)CHPh} ;] (1b). Com-

two different murine tumor models. plex 1 (0.3 g, 0.6 mmol), dissolved in dichloromethane (5 mL)
. i and methanol (5 mL), was treated with a catalytic amount of KOH

Experimental Section (0.02 mmol in 1 mL of methanol). The reaction mixture was stirred

Instrumental Measurements. IR spectra were recorded on a for 1 h at room temperature. The solution was then concentrated
FT-IR AVATAR 320 of the Nicolet Instrument Corporation (KBr  to a small volume (5 mL) and treated with,Btto afford a pale
or polyethylene (PE) films) spectrophotometer; the wavenumbers yellow solid. The product was collected and dried under vacuum,
(v) are given in cm?. 1H and3C NMR spectra were obtained at  affording purelb. Yield 0.12 g (35%). Anal. Calcd ((gH22CloN2O2-
298 K as CD({ solutions on a Bruker DRX-400 spectrometer Pt): C, 38.31; H, 3.93; N, 4.96. Found: C, 37.98; H, 3.89; N, 4.92.
operating at 400.13 and 100.61 MHz, respectively, and equipped IR (KBr): vn-n 3226, vc—n 1645. IR (PE): vprci 342, 329.1H
with a BVT2000 temperature controller. The chemical shift values NMR (CDCly): ¢ 3.73 (s, Gy), 4.38 (s, OC®l3), 7.22-7.25 (m,
are given ind units with reference to internal M8i. Suitable Ph), 8.92 (s, NH)}3C {1H} NMR (CDClg): ¢ 41.90 (sCH,), 57.63
integral values for the proton spectra were obtained by a prescan(s, OCHs), 127.63 (s, Php-C), 128.95 (s, Phin-C), 129.02 (s, Ph,
delay of 10 s to ensure a complete relaxation for all the resonances0-C), 133.08 (s, PhC;), 175.00 (sC=N). The mother liquor was
The proton assignments were performed by standard chemical shiftthen concentrated to a small volume and addition eDEjave a
correlations as well as by 2D correlation spectroscopy (COSY), mixture ofZZ, ZE, andEE isomers, which were not further purified
total correlation spectroscopy (TOCSY), and nuclear overhauserand characterized. Yield 0.20 g (59%).
enhancement spectroscopy (NOESY) experiments. ¥f@eeso- Synthesis oftrans-[PtCl{ Z-N(H)=C(OCH3)CH,Ph},] (2b).
nances were attributed through 2D-heteronuclear correlation experi-The reaction was carried out as reported for compdimsitarting
ments (heteronuclear multiple quantum correlation, HMQC, with from 2 (0.5 g, 0.99 mmol) dissolved in dichloromethane (5 mL)
bilinear rotation-decoupling, BIRD, sequeftand quadrature along  and methanol (5 mL) and treated with a catalytic amount of KOH
F1, achieved using the time-proportional receiver phase incremen-(0.03 mmol in 1 mL of methanol). The reaction mixture was stirred
tation, TPPI, method for the quaternary ones). The elemental for 1 h atroom temperature. Yield 0.33 g (60%). Anal. Calcd
analyses were performed by the Microanalysis Laboratory of the (C;gH2.CI,N,O,Pt): C, 38.31; H, 3.93; N, 4.96. Found: C, 37.92;
Department of Chemical Sciences, University of Padova. H, 3.87; N, 4.90. IR (KBr):vn-n 3264,vc—n 1646. IR (PE):vpic

Starting Materials. Solvents were distilled under Norior to 304.1H NMR (CDCly): 6 4.88 (s, OCl3), 3.71 (s, ®i,), 7.33 (s,
use: CHCI, and MeOH were distilled from CaiHand E:O and 1H, Ph,p-H), 7.30 (s, 2H, Phm -H), 7.21 (s, 2H, Pho-H), 7.50
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(s, br, NH). 3C {*H} NMR (CDCls): ¢ 43.48 (s,CH,), 58.80 (s,
OCHg), 127.19 (s, Php-C), 128.53 (s, Phm-C), 129.57 (s, Ph,
0-C), 134.14 (s, PhC,), 176.0 (s,C=N).

Synthesis ofcis-[PtCl{ E-N(H)=C(OCH3)CH,Ph} ;] (1a). Com-
plex 1 (0.3 g, 0.6 mmol) dissolved in dichloromethane (10 mL)
and methanol (10 mL) was treated with a catalytic amount of KOH
(0.02 mmol in 1 mL of methanol). The reaction mixture was stirred
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U20S human osteosarcoma cell lines were kindly provided by Prof.
Zunino (Division of Experimental Oncology B, Istituto Nazionale
dei Tumori, Milan, Italy), along with the cisplatin-resistant coun-
terparts, A431/Pt and U20S/Pt cells. All cisplatin-resistant sublines
were selected after continuous in vitro exposure to increasing
concentration of cisplati?f~2” Murine leukaemia cisplatin-sensitive
L1210 and -resistant L1210/R cells were harvested from the

for 1 day at room temperature. The solution was then concentratedperitoneal cavity of the tumor bearing BALBfc DBA/2 F; mice

to a small volume (5 mL) and treated with,Btto afford a yellow

solid. The product was collected and dried under vacuum. Yield

0.25 g (74%) Anal. (@szC'zNzOth): C,H,N. IR (KBF): VN—H
3245,vc—y 1646. IR (PE): vpi_¢ 338, 325.H NMR (CDCL): ¢
3.88 (s, O®l3), 4.37 (s, ®ly), 7.29 (s, 1H, Php-H), 7.31 (s, 2H,
Ph, m-H), 7.29 (s, 2H, Php-H), 8.27 (s, NH).*C {*H} NMR
(CDCly): 6 41.67 (s,CHp), 57.12 (s, @HS3), 127.67 (s, Php-C),
128.99 (s, Phin-C), 129.69 (s, Phe-C), 134.10 (s, PhC,), 173.26
(s, C=N).

Synthesis oftrans-[PtCl{ E-N(H)=C(OCH3)CH,Ph} ] (2a).
The reaction was carried out as reported for compdLanstarting
from 2 (0.5 g, 0.99 mmol) dissolved in dichloromethane (10 mL)
and methanol (10 mL) and treated with a catalytic amount of KOH
(0.03 mmol in 1 mL of methanol). The reaction mixture was stirred
for 1 day at room temperature. Yield 0.45 g (80%). AnakgtG,-
CIL,N,O.Pt): C, H, N. IR (KBr): vN—p 3222,vc—y 1639. IR (PE):
vpr—c) 304.7.1H NMR (CDClg): 6 3.80 (s, OCl3), 4.53 (s, Gy,
7.23 (s, 1H, Php-H), 7.28 (s, 2H, Phm-H), 7.51 (s, 2H, Pho-H),
8.05 (s, br, ). 3C {*H} NMR (CDCly): 6 41.50 (s,CHy), 55.60
(s, OCHg), 127.19 (s, Php-C), 128.53 (s, Phin-C), 129.57 (s, Ph,
0-C), 134.14 (s, PhCy), 171.95 (sC=N).

Molar Conductivity. The molar conductivity values fdra, 2a,

cisplatin, and transplatin were determined using Crisom 522 digital

10 days after transplantation (see In Vivo Studies).

Cell lines were maintained in the logarithmic phase at@7n
a 5% carbon dioxide atmosphere using the following culture
media: (i) RPMI-1640 medium (Euroclone, Celbio, Milan, Italy),
containing 10% foetal calf serum (Biochrom-Seromed GmbH&Co,
Berlin, Germany) and supplemented with 25 mM HEPES buffer,
with L-glutamine, and with antibiotics penicillin (50 unitsL 1)
and streptomycin (5qg-mL~?%) for MCF7, HL60, 2008, C13*,
A431, A431/Pt cells, L1210, and L1210/R; (ii) McCoy’s (Euro-
clone, Celbio, Milan, Italy) medium, supplemented with 10% foetal
calf serum (Euroclone, Celbio, Milan, Italy), 0.1% gentamicin for
U20S and U20S/Pt cells; (iii) D-MEM (Dulbecco’s modified
eagle’s) medium (Euroclone, Celbio, Milan, Italy), supplemented
with 10% foetal calf serum (Euroclone, Celbio, Milan, Italy),
penicillin (50 unitsmL~1), and streptomycin (58g-mL~1) for A375
and A549 cells; (iv) MEM (minimum essential Eagle’s) medium
(Euroclone, Celbio, Milan, Italy), supplemented with 10% foetal
calf serum (Euroclone, Celbio, Milan, Italy), penicillin (50 units
mL~1), and streptomycin (5@&g-mL-1) for HepG2 and CaCo-2
cells; (v) F-12 HAM'S (Sigma Chemical Co.), containing 10%
foetal calf serum,-glutamine, penicillin (50 unitmL™1), and
streptomycin (5Q«g-mL~1) for HelLa cells.

Cytotoxicity Assay. The growth inhibitory effect toward tumor

conductimeter, available at the Department of Chemical Science, cell lines was evaluated by means of MTT (tetrazolium salt

University of Padova. The compounds were dissolved in DMSO,

reduction) assa$f Briefly, between 3 and & 10° cells, dependent

and the measurements were done at the following concentrations:upon the growth characteristics of the cell line, were seeded in 96-

0.05 mM, 0.2 mM, 0.5 mM, 1.25 mM, and 2.5 mM. The molar
conductivity (Ay) was calculated ag\,, = k/c, wherek is the
specific conductivity and is the concentratio? The molar con-

well microplates in growth medium (1Q@L) and then incubated
at 37°C in a 5% carbon dioxide atmosphere. After 24 h, the medium
was removed and replaced with a fresh one containing the

ductivity values were plotted against concentration, and the curve compound to be studied at the appropriate concentration. Triplicate

was extrapolated to zero concentration to obtain the limiting value.

X-ray Crystallography. Crystal data for compleib-MeOH:
C19H26N03CILPt, Mr 596.41, triclinic space groupl, a= 9.813-
(2),b=11.532(3),c = 10.847(3) Ao = 66.59(2),8 = 92.16(3),
y = 105.10(3Y, V = 1084.6(5) B, Z = 2, pcaica = 1.823 g cm?,
Mo Ko radiation ¢ = 0.71073 A);u = 6.735 mnt?, F(000) 578.

A pale yellow crystal of compoundb-MeOH obtained by
recrystallization from CHCI,/MeOH/EtO was lodged in Linde-

cultures were established for each treatment. After 48 h, each well
was treated with 1@L of a 5 mgmL~1 MTT (3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide) saline solution, and
after 5 h of incubation, 10Q:L of a sodium dodecylsulfate (SDS)
solution in HCI (0.01 M) was added. After overnight incubation,
the inhibition of cell growth induced by tested compounds was
detected by measuring the absorbance of each well at 570 nm using
a Bio-Rad 680 microplate reader (Milan, Italy). Mean absorbance

mann glass capillary and centered on a four circle Philips PW1100 for each drug dose was expressed as a percentage of the control
diffractometer using graphite monochromated Ma. Kadiation untreated well absorbance and plotted vs drug concentratigg. IC
(0.710 73 A), following the standard procedures at room temper- Values represent the drug concentrations that reduced the mean ab-
ature. All intensities were corrected for Lorentz polarization and Sorbance at 570 nm to 50% of those in the untreated control wells.
absorptior?® The structures were solved by the heavy-atom Inhibition of Macromolecular Synthesis. A total of 4 x 1C°
method® and were refined by full-matrix least-squares procedures cellsmL~1 2008 were seeded in 60 mm Petri dishes in RPMI-1640
(based onF.?) using anisotropic temperature factors for all growth medium (5 mL). After 24 h, the medium was removed and
nonhydrogen atoms. Hydrogen atoms were introduced at calculatedreplaced by a fresh one containing the compound to be studied,
positions in their described geometries and during refinement were previously dissolved in the minimum required quantity of DMSO
allowed to ride on the attached carbon atoms with fixed isotropic (to a final organic solvent concentration of 0.5% (v/v)) at the

thermal parameters (1.2¢k4y of the parent carbon atom). Final
agreement factorwR = [EwW(F2 — FA)¥Xw(F,2)3Y2 = 0.076,S
= 1.152, and conventiond& = 0.029, based on thE values of
4582 reflections having) = 20(l). Structure refinement and final
geometrical calculations were carried out with the SHELX 4197
program, implemented in the WinGX packafe.

Cell Cultures. HelLa, A549, CaCo-2, MCF7, and HepG2 are

appropriate concentration; cells were then incubate®fo at 37

°C in a 5% carbon dioxide atmosphere. Triplicate cultures were
established for each treatment. Hence, the cells were centrifuged,
and the harvested precipitate was resuspended in an aqueous
solution constituted by 0.5 mL of PBS solution, 0.1 mL of
physiological solution, and 3540 KBq of tritiated thymidine,
uridine, or leucine and reincubated for 30 min at87 The labeling

human cervix, lung, colon, breast, and hepatocellular carcinoma reaction was stopped by cooling in ice and adding 1 mL of a 5

cell lines, respectively, which were obtained from ATCC (Rockuvill,
MD), along with the malignant melanoma (A375) and human
promyelocytic leukemia (HL60). Human ovarian cancer cell line
(2008) and its cisplatin-resistant variant, C13* cells, were kindly
provided by Prof. G. Marverti (Department of Biomedical Science
of Modena University, Italy). A431 human cervix carcinoma and

mM solution of unlabeled precursor in physiological solution. Cells
were then harvested by filtration through a Whatman GF/C glass
microfibre filter (1.2 um), washed three times with cold PBS
solution, and treated with 5 mL of 5% trichloroacetic acid solution.
After 3 min, the samples were filtered again, washed several times
with 10 mL of 1% trichloroacetic acid solution, and air-dried at
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room temperature. Radioactivity of the acid-precipitable fraction Scheme 2.Synthesis of the Benzyllminoether Complexes
was determined by dipping the dried filters into 5 mL of a toluene- with E-Configuration

base scintillator (5 g of 2,5-diphenyloxazole, 0.25 g of 1,4-bis(4-

methyl-5-phenyloxazol-2-yl)benzene, and toluene addition up to 1

L of solution) and using a liquid scintillation TriCarb 1900TR OMe
counter. The results were calculated as the percentage of radioactiv- <

ity incorporated into the DNA with respect to untreated control {

N\
H SH
cells. _ . a) Gis-[PICI,(NCCHoPh);] _MeOH, KOHieay “N—pi—cl
Induction of Apoptosis. Caspase-3 activity was detected by CH,Cl, RT, 1d Vi
using the ApoAlert Caspase-3 Fluorescent Assay Kit (Clontech) MeO—C” ci

according to the manufacturer recommended procedures. In the
amount of 108 2008 cells were collected following 24 h of
incubation of tested compounds (at concentrations corresponding
to ICso values) and lysed on ice in 50 of lysis buffer for 10 min
and then treated with 50L of reaction buffer containing dithio-
threitol (DTT) and 5uL of caspase-3 substrate solution (Asp-Glu- H Cl //C—OMe
Val-Asp-7-amino-4-trifluoromethyl-coumarin [DEVD-AFC], Clon- MeOH, KOH gy NS
tech). The fluorescence was determined with a Perkin-Elmer 550 b) trans-[PICILNCCH,Ph):] W » /Pt N\H
spectrofluorometer (excitation 440 nm, emission 505 nm). The MeO-C_ ¢
caspase-3 activity was expressed as the increase of the AFC-emitted
fluorescence. The Student’s t-test was used for data analysis.
In Vivo Studies. All of the animal experiments were carried
out in accordance with the Guide for the Care and Use of Laboratory scheme 3. Synthesis of the Benzyllminoether Complexes
Animals, as adopted and promulgated by the NIH. All the animals ith z-Configuration
were allowed food and water ad libitum.
Acute toxicity studies were performed in BALB/c mice (Charles
River, Italy), both male and female, in groups of 10 animals per MeO
dose. The tested compounds, at different concentrations, were \c
injected i.p. one time, and animal weight and survival were observed Il
for 1 month H S~H
' . . . . . MeOH, KOH cat) N i
The L1210 leukaemia and Lewis lung carcinoma lines were @ @ TPtCRlNCCRPR - —m—ty NS
obtained as frozen stock from NCI (National Cancer Institute, ' C\ Cl
U.S.A)) and maintained in DBA/2 and C57BL/6 syngenic mice, OMe
respectively (Charles River, Italy). L1210/R, a cisplatin-resistant
subline of L1210, was established in this institute by intraperitoneal
treatment of a single dose of cisplatin{8 mg-kg~?!) administered
2 days after the passage of®101210 cells over successive MeO Q
generations in BALB/cx DBA/2 F; mice?8 H S oe
For in vivo antitumor activity studies against mouse leukaemia b) trans-[PtCI,(NCCH,Ph),] _MeOH, KOHeay SN—pi—N
L1210 and L1210/R 6 weeks aged BALB/CDBA/2 F, mice (18 CHClz RT, 1 h < 4 H
+ 2 g body weight, 8 mice/group, 10 controls) were inoculated \OMe
i.p. with 1 x 1 cells/0.1 mL/mouse on day 0. Test compounds,
freshly dissolved in DMSO, were administrated i.p. on days 1, 5, 2
and 9 (2.5-10 mgkg? for lacomplex, 1 mgx kg1 for cisplatin)
after tumor implantation. The in vivo antitumor activity was Complexesl and 2 (Scheme 2), dissolved in a mixture of
evaluated by comparing the mean survival time of treated groups dichloromethane/methanol (1:1, v/v) and in the presence of a
(T) with that of control groups) and was expressed by percentage catalytic amount of KOH, undergo, at room temperature,
value of T/C (%T/C). nucleophilic addition of MeOH, affording (after 24 h) the di-
Lewis lung carcinoma was implanted i.m. as ax21(® cells iminoether derivativesis- andtrans[PtCl{ E-N(H)=C(OMe)-

inoculum into the right hind leg of C57BL/6 mice (243 gbody CH,PH,] (1a 2a; Scheme 2a,b), where both ligands are in the
weight, 8 animals/ group, 10 controls). The treatment with tested g configuration.

drugs began 24 h after implant and was performed i.p. from day 1 . .
to day 6 in 10% DMSO/90% PBS at its predetermined nontoxic The reaction of complexek and 2 with MeOH, performed

dose (2.5-10 mgkg™! for 1a complex, 1 mekg™? for cisplatin). in shorter reaction times and with a higher concentration of
At day 11 animals were sacrificed, the legs were amputated at the'®actants, leads to the isolation of complexds and 2b,
proximal end of the femur, and the inhibition of tumor growth was respectively, bearing the two iminoether ligands in the
determined according to the difference in weight of the tumor- configuration (Scheme 3).
bearing leg and the healthy leg of the animals expressed as % Once isolated, complexdb and2b, which are the kinetically
referred to the control animals. favored species, are stable in the solid state and in an organic
solvent solution, but they undergo isomerization into the
thermodynamically more stable isoméisand2a, respectively,
Synthesis and Characterization of the ComplexesAs in the presence of a small amount of base (KOH). Zhe E
mentioned in the Introduction, the addition of alcoholsQR) isomerization process has been described in detail by Natile
to nitriles (NCR) coordinated to platinum(ll) takes places readily and co-worker&for similar compounds.
in the presence of a catalytic amount of a base. As previously Compoundsla, 2a, 1b, and 2b were characterized by
reported by Natile et al:8 the iminoether ligand formed can  microanalysis, IR, anH and3C NMR spectroscopy (see also
have eitherE or Z configuration at the &N double bond, Experimental Section), arth was also characterized by X-ray
corresponding to ais- or trans-addition of the alcohol to the  diffraction (see later). The IR spectra (KBr) show the-N
C=N triple bond, respectively. stretching band in the range 3222264 cn1?, while the G=N

2 2a

Results and Discussion
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Table 1. SelectedtH NMR and!3C NMR Data for Compoundéa, 2a,
1b, and 2b

H NMR? 13C{1H} NMR?
cmpd On-H OcH,—c—N  OcH)c—N OcH,—c=N O(OCHy)—C=N OR—C—N
la 8.27 4.37 3.88 41.67 57.12 173.26
2a 8.05 4.53 3.80 41.50 55.60 171.95
b 8.92 3.73 4.38 41.90 57.63 175.00
2b 7.50 3.71 4.88 43.48 58.80 176.00

aThe spectra were recorded in CRCd in ppm, rt.

vibration appears in the range 1639646 cntl. The PtCl
absorptions are found in the expected range of- 38 cnr1.16
Selected'H NMR and 3C NMR data, in CD{, for these
complexes are collected in Table 1.

The E or Z conformation of the iminoether ligand can be
readily inferred by théH NMR data upon observing the position

of the chemical shifts of the methylene and the methoxy groups
because a downfield shift is expected for the protons that come

close to platinun§;l” that is, the CH protons in theE
configuration and the OC4protons in theZ configuration. In
particular, we observed that for tReconfiguration the methoxy
group displays a singlet resonance)a.80 andd 3.88 forla
and?2a, respectively, and that corresponding to the,@irbup

is observed ab 4.37 andd 4.53 for 1a and 2a, respectively.
For the Z species, this trend is reversed, that is, the,CH
resonances are shown updat.38 ando 4.88 for1b and2b,
respectively, while the OCkresonances are shifted $03.73
andod 3.71, respectively.

The E andZ configuration of the iminoether ligands is further
confirmed by NOESY experiments by the observation of the
Overhauser dipolar correlation between thid,COCH3, and
NH signals. In the case of the ligands in tBeconfiguration,
the NOESY maps display correlations between theNf and
OCH; proton signals; while, in the case of th&isomers,
correlations between the PNH and the CH proton signals
are detected. The proton NMR spectratainsisomers either
in the Z or the E configuration exhibit signals of the aromatic
protons in the rangé 7.20-7.51, clearly showing an interaction
between the phenyl ring and the metal. In particulardtibo-
protons of2a are shifted downfield due to their position with
respect to the platinum cent€f. The conformation of2b
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Figure 1. Perspective ORTEP drawing of a “dimer” &b with the
atom-labeling scheme. H atoms involved in theit--Cl bridges were

set in calculated positions (' at -X, -y, 1-z). Selected bond lengths
(A) and angles 9: Pt—N(1) 1.991(4), P£N(2) 2.022(4), PtCI(1)
2.303(2), P+Cl(2) 2.307(2), N(1}C(1) 1.281(6), C(1)}O(1)
1.320(6), C(1yC(3) 1.499(7), Pt-Pt 3.457(1); CI(1)-Pt—CI(2)
91.8(1), N(1)-Pt—N(2) 86.7(2), CI(1}-Pt—N(1) 89.9(1), CI(1)}-Pt

N(2) 176.0(1), CI(2yPt=N(2) 91.4(1), CI(2y-Pt—N(1) 174.5(1),
N(1)—C(1)-0(1) 116.2(5), G+H---N average 153.

X-ray Diffraction Study of 1b. The ORTEP drawing ofb
is reported in Figure 1 together with selected bond distances
and angles.

The structure of the complex consists of one “dimgPt-
ClsL4} (L = iminoether ligand) formed by two Ptgl, units
intermoleculary held together by fourNH---Cl hydrogen bonds
(H-+-Cl 2.58 A) involving the chlorines and the iminoetheric
protons of the centro-symmetrically related molecules. The
Pt---Pt contact distance of 3.457(1) A is not short enough for
a metat-metal interaction, but is a consequence of the hydrogen
bond intermolecular interactions which determine the dimer
formation. A similar feature was previously observed in the
crystal structure of the bis-amidine complexas-[PtCl{ E-

N(H)=C(NMe;)Me} ;] 2andtrans [PtCly{ N(H)=C(I\ECH2)-

reported in Scheme 3 is supported also by dipolar correlations pr ,] 20 where two PtGIL, units are associated through four

between the OCkland theortho-phenyl protons, which are
absent in the case &@a. In the 'lH NMR spectra of thecis-
isomersla and 1b, the aromatic protons show quite similar
chemical shift values, giving rise to largely overlapping signals.

N—H:--Cl hydrogen bonds (H-Cl average 2.6 A and 2.4 A,
respectively) with Pt-Pt contact distances of 3.469(1) A and
3.443(5) A, respectively.

The square planar geometry around the metal is characterized

The presence in the NOESY maps of correlations between thepy cis-position of the ligands. The two iminoether molecules

OCH; and theortho-protons support the conformations reported
in Schemes 2 and 3.

It is known that the chloride substitution process at the

have theZ configuration and similar geometric parameters, but
a slightly different shape to bring one OMe group toward the
phenyl ring of the iminoether iris-position (with a CI(1)-

platinum coordination sphere is usually considered to be a O(1) contact of 2.565 A).

necessary prelude to biological activif/Preliminary results
indicated that the two complexds and 2a show a markedly
different conductivity behavior in DMSO, the solvent used in
the biological assays, while complexéb and 2b were not
studied owing to their poor solubility (see below). The molar
conductivity of a series of DMSO solutions at different
concentrations was determined for compoubala, cisplatin,
and transplatin. The limiting values of molar conductivity (in
ohntt cm? mol~1) at zero concentration dfaand cisplatin are
33 and 34, respectively. While the limiting values of molar
conductivity (in ohnt® cm? mol~1) of 2a was found to be 18

Biological Activity. Cytotoxicity on Human Cancer Cells.
cis- and trans-Benzyliminoether derivativeda and 2a, were
evaluated for their cytotoxic properties against a panel of human
tumor cell lines containing examples of cervix (HelLa), breast
(MCF7), lung (A549), colon (Caco-2), and hepatocellular
(HepG2) cancer, leukaemia (HL60), and melanoma (A375). For
comparison purposes, the cytotoxicities of transplatin and
cisplatin were examined under the same experimental conditions.
cis- andtransIsomers having &Z configuration (b and2b)
were much less soluble in common solvents and their solubility
was not sufficient for biological testing, as also previously

(44 for transplatin), all of these values fall in the range expected observed for a similar compound, thattigns [PtCl,{ Z-N(H)=

for 1:1 electrolytes in DMSQG?

C(OCHs)CHgz} 2], by Coluccia and co-worker&.
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Table 2. Cytotoxic Activity?

ICs® (uM) % S.D¢

cmpd Hela MCF-7 A375 A549 Caco-2 HepG2 HL60
la 3.01+0.4 19.11+1.3 9.15+ 1.2 233+ 1.7 537+ 1.4 7.05+1.2 8.59+ 2.7
2a 65.32+ 2.0 68.12+ 1.0 77.55+ 1.8 87.90+ 2.6 80.12+ 2.3 79.21+£ 25 89.98+ 1.2
cisplatin 117515 30.18+ 1.5 20.28+ 1.3 39.27+ 1.9 3537+ 1.4 2154+ 1.3 18.35+ 1.6
transplatin >100 >100 >100 >100 >100 >100 >100

aCells (3-8 x 10* mL™1) were treated for 48 h with increasing concentrations of the tested compounds. Cytotoxicity was assessed by RITEdest.
values were calculated by probit analyss € 0.05, ¥ test).¢ S.D. = standard deviation.

Table 3. Cross-Resistance Profifes

ICs® + S.DE (uM)

cmpd 2008 C13* A431 A431/Pt U20Ss U20S/Pt L1210 L1210/Pt
1la 5.45+ 2.7 11.48+21 912423 8.58+ 2.4 1.66+0.1 3.31+£ 25 6.07+ 1.0 8.49+ 1.1
(2.1) (0.9) (1.9) (1.4)
2a 8334+ 1.2  >100 >100 90.03:1.2  87.2+21 >100 97.09£ 25  >100
cisplatin 126917  89.1845  2206+21  57.76+18  20.16+68  7588:17  214+17 64.89+ 4.5
(7.0) (2.6) (3.8) (30.3)
transplatin~ >100 >100 >100 >100 >100 >100 >100 >100

aThe numbers in parentheses are the values for RF (resistance fa¢i@s, — resistant cell line)/(IG, — parent cell line)? ICso values were calculated
by probit analysis® < 0.05,y? test). Cells (3-8-10*mL~1%) were treated for 48 h with increasing concentrations of the tested compounds. Cytotoxicity was
assessed by MTT testS.D. = standard deviation.

IC5o values, calculated from the dossurvival curves leukaemia cells were developed by treatment of L1210-bearing
obtained after 48 h of drug treatment by the MTT test, are shown mice with a single dose of cisplatin according to the literature
in Table 2. procedure?®

Similarly to transplatin, which was found to be scarcely  Cytotoxicity of tested complexes in sensitive and resistant
effective, thetransisomer @a) showed a negligible activity in - cells were assessed after a 48 h drug exposure by MTT test;
all cancer cell lines. On the contrary, tti-isomer (&) showed  for comparison purposes, the cytotoxicity of cisplatin was also
a growth inhibitory potency markedly higher than that of eyaluated under the same experimental conditions. Cross-
cisplatin. In particular, in HepG2 and HeLa cells, the obtained resjstance profiles were evaluated by means of the resistance
ICso values were about 3 and 4 times lower than those calculatedsgctor (RF), which is defined as the ratio betweenrg@lues
for cisplatin, respectively. calculated for the resistance cells and those arising from the

Moreover, in Caco-2 colon cancer cells, intrinsically resistant gensitive ones (Table 3).
to cisplatin??2 and A549 non-small lung adenocarcinoma cells,
with notoriously poor chemosensitivity to cisplafhgomplex
la cytotoxicity exceeded that of the reference metallodrug by
a factor of about 8 and 16, respectively, thus indicating ilaat
is able to circumvent intrinsic resistance to cisplatin.

It is worthwhile noting that the compleka represents the
first example of an iminoether derivative, havicig-geometry,
endowed with a marked cytotoxic potent.21.24

The interesting results that we have obtained against the in-
house panel of human tumor cell lines, prompted us to test the
cytotoxic activity of the new benzyliminoether derivatives onto
additional human cell line pairs selected for their resistance to
cisplatin after in vitro exposure to an increasing concentration
of cisplatin: 2008/C13* (human ovarian carcinoriap431/
A431-Pt (human squamous cervix carcinorffd)20S/U20S-

While transplatin and compleXa proved to be quite
ineffective in all cell line pairs, compleka appeared to be much
more cytotoxic than cisplatin on both cisplatin-sensitive and
-resistant sublines. In fact, against the ovarian, cervix cancer,
and osteosarcoma, RF values were about 4, 3, and 2 times lower
than those calculated for cisplatin, respectively. With regard to
murine leukaemia cell line pairs, L1210/R cells were shown to
be about 30-fold more resistant to cisplatin than were the
parental L1210 cells. Noticeably, compléa showed an almost
equal growth inhibitory effect on both the original and the
resistant L1210/R cells, displaying an RF value about 22 times
lower than that calculated for cisplatin. These results, confirming
the circumvention of cisplatin resistance by complex are
particularly interesting as L1210-R cells, in respect to the
Pt (human osteosarconfd)Although cisplatin resistance is res?stant gubl!nes previou;ly mentioned, had acquired t.heir
multifactorial, the main molecular mechanisms involved in resistance in vivo, thus evading all the host defense mechanisms.
resistance in these sublines have almost been defined. In C13* The overcoming of cross-resistance phenomena in all cell line
cells, resistance is correlated to reduced cellular drug uptake,pairs supports the hypothesis of a different pathway of action
high cellular glutathione levels, and enhanced repair of DNA 0f this benzyliminoether platinum complex than that of cisplatin.
damagé?® In human squamous cervix carcinoma A431-Pt cells, In particular, the cellular response of A431/Pt and U20S/Pt cells
resistance is due to a defect in drug uptake and to decreasednight be consistent with the formations of different types of
levels of proteins involved in DNA mismatch repair (MSH2), DNA lesions, as compared to cisplatin, or less efficiently
causing an increased tolerance to cisplatin-induced DNA repaired by DNA mismatch repair systeffsMoreover, by
damage® In osteosarcoma U20S-Pt cells, an analysis of their virtue of a possible enhanced lipophilicity due to the presence
phenotype indicated that resistance is associated to a reducedf the phenyl ring in the iminoether structure, the complex
drug uptake, to a reduced formation of DNA lesions and to a could enter resistant cells with a kinetic uptake very similar to
defect in the DNA mismatch repair and upregulatiofpddNA that achieved in parental cell lines. The results obtained with
polymerasé’ C13* cells strongly support its ability to overcome the modifica-

Chemosensitivity tests were also carried out on cells that hadtions in the plasma membrane belonging to resistant cells and
acquired resistance to cisplatin in vivo. L1210-R murine responsible for a reduced cisplatin accumulaffon.
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Figure 2. Macromolecular synthesis inhibition in 2008 cells treated3dh with 12xM (O) and 254M (M) of complex1a or cisplatin. Bars
represent the corresponding standard deviations: (@) inhibition of DNA synthesis; (b) inhibition of RNA synthesis; and (c) inhibition of protein
synthesis.

60 Induction of Apoptosis. To investigate the mechanism of
T cell death induced by the new benzyliminoether complex, we
50 - examined its effect on the induction of apoptosis in 2008 cells.

Apoptosis is generally considered as one of the main mecha-
nisms of the antitumor effect of cisplatin. Caspase-3 is a well-
known executor enzyme in apoptodisnd cisplatin may cause
apoptosis associated with increased caspase-3 actviym-
30 1 plex lawas tested for its ability to induce caspases-3 activation
in lysates of 2008 cells after a period of 24 h.
As shown in Figure 3, the increase of enzyme activity after
cell treatment with |G concentrations of complebawas time-
T dependent. Trials revealed that caspase-3 reached the maximum
of activation after a 12 h treatment. In fact, a6 hincubation,
- only a modest increase of enzyme activity was detected, possibly
: T : . because after this time the cell death pathway had not already
cow® a8 e g2 i begun, as confirmed by cytotoxicity experiments (data not
Figure 3. Induction of caspase-3. 2008 cells were incubated witg IC ~ SNOWN). After a 24 h incubation, there was a lower enzyme
concentrations of compleka or cisplatin and then submitted to the ~ activity than that obtained after 12 h but still higher than the
test on caspase-3 induction as described in the Experimental Sectioncontrol value, probably because 24 h might be too long an
Data are the means of at least three independent experiments. Erroincubation time to point out an early event in the apoptotic
bars indicate standard deviatiof? * 0.05 compared to untreated cells.  cascade like the caspase activafidiWhen cells were harvested
after a 12 h treatment, enzyme activationliatreated cells
was about 9- and 1.3-fold higher than that detected in untreated
Inhibition of the Macromolecular Synthesis. To assessthe  gpq cisplatin-treated cells, respectively.
main biological target of the new benzyliminoether complex,  aAjpeit preliminary, this result, agreeing with cytotoxicity data,
the macromolecular synthesis |nh|b|_t|on has b(_ae_n rr_10_n_|tored ONappears encouraging because it is particularly advantageous to
treated cells. DNA, RNA, and protein synthesis inhibition was the development of new agents able to induce tumor cell death
evaluated in terms of tritiated thymidine, uridine, and leucine by means of an apoptotic mechanism rather than a necrotic
incorporation into the acid-insoluble fraction of 2008 cells, gpe33
exposed fo 3 h to increasing concentration dfa. Again, In Vivo Studies. On the basis of the in vitro studies, the
cisplatin was used as a reference compound. most active benzyliminoether derivatite was selected fain
Complex 1a, regarding the inhibition of DNA synthesis  iy0 studies. First of all, the toxicity ofa was assessed from
(Figure 2a), promoted a strong dose-dependent decredisie of  the lethality in BALB/c mice within 30 days. The median lethal
thymidine incorporation, reducing DNA synthesis by about 60% dose (55 mekg™?) attests to a noticeably lower systemic toxicity
even at the lowest concentration (2®1) and showing a trend  than that of cisplatin (11.4 mig™1).
very similar to that exhibited by the reference metallodrug. The antitumor activity of compounthwas evaluated, at four
Regarding théH-uridine incorporation data (Figure 2b), deriva-  dose levels, in two murine tumor models, L1210 leukaemia and
tive lainhibited RNA synthesis in a dose-dependent way, but [ewis lung carcinoma, and compared with that of cisplatin.
with a trend very similar to that exhibited by cisplatin, that, as  To determine the therapeutic efficacy against murine leu-
expected, was not very effective; in fact, it has been proven kaemia L1210, cisplatin or complébawere administrated i.p.
that its antitumor activity is not related to a direct inhibition of gn days 1, 5, and 9 after tumor implantation. The data, expressed
RNA synthesig® With regard to protein synthesis (Figure 2¢), as a percentage value d/C (%T/C), are summarized in
it seemed not to be affected by treatment with cisplatin, and Taple 4.
even the completa showed a very humble inhibitory effect. It was found that compleka, at the highest dose, significantly
In conclusion, the cytotoxicity of compleka is mainly due prolonged the life span of treated animalsT{@ = 245,p <
to the inhibition of DNA synthesis and less to that of RNA or 0.01), demonstrating an antitumor effect about 1.5-fold higher
protein synthesis. These data agree with those previouslythat that of cisplatin (%/C = 160). Survival time of mice treated
observed in the case of the benzamidine derivdfiteans with the benzyliminoether derivative at the lowest dose was
[PtCI{N(H)=C(NMe,)PHh} o], and suggest that derivativis, 19.71 days compared with 19.20 days in the case of treatment
as cisplatin, may interact with cellular DNA. with cisplatin and 12.01 days of survival of the control

40 -
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Table 4. In Vivo Antitumor Activity of Complex1a and Cisplatin in
Murine L1210 Leukemi&

dosé survival time body weight
cmpd (mg-kg™1) (days+ S.D.) 9%r/C¢  variatiorf (%)
control 12.01+ 0.51 +10
la 25 19.71+ 0.43 164.1 +8
5 21.50+ 0.64* 179.1 +5
7.5 26.21+ 0.70* 218.2 +3
10 29.50+ 0.07** 245.6 0
cisplatin 1 19.20t 0.65* 159.9 -5

a[1210 leukaemia cells (Bonouse) were implanted on day 0 in BALB/c
x DBA/2 F; mice (18+ 2 g body weight body weight, 8 mice/group, 10
controls).P The treatment with tested compounds freshly dissolved in DMSO
was performed i.p. on days 1, 5, and®96T/C, mean survival time (%) of
treated animals vs controléBody weight variation at the end of treatment
with respect to day 0.P < 0.05, statistical significance by Student’ t-test
compared to the control. # < 0.01, statistical significance by Student’
t-test compared to the control.

Table 5. In Vivo Antitumor Activity of Complex1a and Cisplatin in
Murine L1210/R Leukemia

dosé survival time body weight
cmpd (mgkg™) (days+ S.D.) %T/Ce  variatiorf (%)
control 12.04+ 0.43 +10
la 25 20.01+ 0.35 166.2 +7
5 21.97+ 0.53* 182.5 +4
7.5 27.00+ 0.61* 224.2 +3
10 29.95+ 0.04** 248.7 0
cisplatin 1 13.1G6t 0.65 108.8 -5

a1 1210/R leukaemia cells (20nouse) were implanted on day O in
BALB/c x DBA/2 F; mice (18+ 2 g body weight body weight, 8 mice/
group, 10 controls)? The treatment with tested compounds freshly dissolved
in DMSO was performed i.p. on days 1, 5, and* %T/C, mean survival
time (%) of treated animals vs controfsBody weight variation at the end
of treatment with respect to day OP*< 0.05, statistical significance by
Student’ t-test compared to the control.P*< 0.01, statistical significance
by Student’ t-test compared to the control.

Table 6. In Vivo Antitumor Activity of Complex1a and Cisplatin in
the Murine Lewis Lung Carcinonta

dose avg tumor weight tumor growth
cmpd (mgkg™) (g+£S.D) inhibition (%)
control 1.025+ 0.14

la 25 0.612+ 0.03 40.29
5 0.360+ 0.01* 64.88
7.5 0.254+ 0.04* 75.22
10 0.124+ 0.02* 87.90
cisplatin 1 0.352t 0.05* 65.65

aTumor was implanted i.m. as a2 1(° cells inoculum into the right
hind leg of C57BL/6 mice (24 3 g body weight, 8 animals/group, 10
controls). The treatment with tested drugs began 24 h after implant and
was performed i.p. from day 1 to day 6. At day 11, the animals were
sacrificed, the legs were amputated at the proximal end of the femur, and
the inhibition of tumor growth was determined according to the difference
in weight of the tumor-bearing leg and the healthy leg of the animals,
expressed as % referred to the control animals. The body weight variation
at the end of treatment with respect to day B. ¥ 0.05, statistical
significance by Student’ t-test compared to the control.

(untreated) group. Moreover, the treatment with complex
was much less toxic toward the host; in fact, treated mice, even
at the highest dose (10 nigy 1), exerted a body weight loss
significantly lower than that provoked by cisplatin.

The antileukemic activity of derivativeawas evaluated also
in mice inoculated i.p. with L1210/R cells that acquired
resistance to cisplatin in vi#d (see Table 5).

In L1210/R, the %/C values obtained in mice treated with
lawere similar to those obtained in mice implanted with L1210.
On the other hand, cisplatin appeared to be almost ineffective
in L1210/R bearing mice. From these data, the cisplatin
resistance overcoming effect of complga has been further
confirmed. The mechanism by which the lack of cross-resistance

Hita et al.

developed between cisplatin and complexare not yet clear
and need to be deepened.

Chemotherapy witiLa was performed also on Lewis lung
carcinoma bearing mice i.p. from day 1 to day 6, and the tumor
growth was assessed on day 11 post-implantation. The results
are presented in Table 6.

Complexlashowed, at 5 mgkg~! dose, a significant tumor
growth inhibition (64.88%), in comparison to untreated controls
that appeared similar to that provoked by cisplatin. At the highest
dose, instead, compleda displays an antitumor activity
noticeably higher (87.9% of tumor growth inhibitiom,< 0.05),
about 1.3 times, than that of the reference drug (65.65%).

All the in vivo efficacy results correlated with the data
obtained in the cytotoxicity studies where compotactlicited
an activity markedly higher than that of cisplatin. Further studies
are now in progress, aimed at establishing the efficacy profile
of complexlain tumor xenograft models.

In conclusion, this report reveals for the first time that an
iminoether ofcis-geometry shows a higher biological activity
than the correspondingans-species.

Considering the potential advantages in terms of markedly
high cytotoxic activity, the overcoming of acquired and intrinsic
cisplatin resistance, delineation of an apoptotic cell-death
mechanism and the noticeable in vivo antitumor activity against
both transplantable tumor models represents a very interest-
ing candidate for the development of a new class of antitumor
Pt-based drugs.
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