Bioorganic & Medicinal Chemistry Letters, Vol. 4, No. 7, pp. 911-916, 1994

Pergamon Copyright © 1994 Elsevier Science Lid
Printed in Great Britain, All rights reserved

0960-894X/94 $6.00+0.00

0960-894X(94)E0075-P

SYNTHESIS AND IN VITRO CYTOTOXICITY OF 1,3-DIOXOLANE-2-(2-
ETHANAMINE)-2-METHANAMINE PLATINUM(II COMPLEXES

Dae-Kee Kim,* Jongsik Gam, and Key H. Kim

Life Science Research Center, Sunkyong Industries, 600, Jungja-Dong,
Changan-Ku, Suwon-Si, Kyungki-Do 440-745, Korea

Abstract : The synthesis and in vitro cytotoxicity of novel 1,3-dioxolane-2-(2-ethanamine)-2-
methanamine platinum(I) complexes having a seven-membered ring structure are described.
1t has been demonstrated that cisplatin-resistant murine L1210 leukemia cells have lower cross-
resistance to this class of compounds than to cisplatin and carboplatin, and the human stomach
cancer cell lines, SNU-1, SNU-5, and SNU-16, are highly sensitive to the members of this class.

Since the discovery of the antitumor properties of platinum compounds by Rosenberg et
all, cisplatin has demonstrated a remarkable chemotherapeutic potential in a large variety of
human solid cancers, such as testicular, ovarian, bladder, lung, and stomach carcinomas.?
However, the adverse effects that are observed in patients receiving cisplatin, such as
nephrotoxicity, gastrointestinal toxicity, ototoxicity, and neurotoxicity‘ as well as the low
activity for certain kinds of cancers, such as breast and colon cancers” strongly limit its clinical
use. Furthermore, the development of acquired resistance to cisplatin is frequently observed
during chemotherapy.5 In order to overcome these drawbacks of cisplatin, numerous
analogues have been synthesized and evaluated to develop alternative active agent with
equivalent or greater antitumor activity and lower toxicity than cisplatin. Among them,
carboplatin has proven to be the only second generation platinum complex commercially
available at present. Carboplatin has modified the problems of renal and gastrointestinal
toxicities of cisplatin.6 Carboplatin, however, has not achieved the enhanced therapeutic
efficacy7 and has not possessed the property to overcome cross-resistance to cisplatins. Recently,
it has been reported that two different classes of compounds, bis(platinum) complexes9 and
platinum(IV) ammine/amine dicarboxylateslo, showed significant activity against a number of
cisplatin-resistant murine and human tumor cell lines, however, these complexes did not
overcome resistance completely. Therefore, the search for the new potent platinum complexes
that possess a broader spectrum of the antitumor activity, lower toxicity, and lack of cross-
resistance is continuing.

Most of the platinum complexes reported to date have five-membered ring or six-membered
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ring structures between a bidentate carrier ligand and a platinum atom.”™ The reason why

reports are scarce on the synthesis of seven-membered ring complexes seems to be that the
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chelate effect in a seven-membered ring structure is considered to be weaker than that in a five-
or six-membered ring structure.'> The target compounds 9-12 have been designed to have a
seven-membered ring structure based on the recent findings of Nowatari et al.*, in which
1,4-butanediamine platinum(Il) complexes (seven-membered ring) have exhibited the higher
antitumor activity against L1210 cells in vivo and in vitro than ethylenediamine platinum(I)
complexes (five-membered ring) and 1,3-propanediamine platinum(II) complexes (six-membered
ring). A 1,3-dioxolane ring mojety has been introduced in the carrier ligand to render the
organoplatinum species more water-soluble, thereby facilitating intravenous administration
and being possibly less toxic due to a more facile excretion via the kidney. The reactivity of
platinum(Il) complexes is known to be reduced by steric hindrance around the reactive center,
platinum,13 therefore, a 1,3-dioxolane ring has been incorporated into the B-position of 1,4-
diaminobutane rather than the a-position.

Scheme 1°
Q

a b 0.0
HochcmcohoH  ——= HO M~ ——  HO O~

1 2

(;S(NHZ . ((—:CNa d (;S(OBS
NH, N, 0Bs

6 ] 4
f
NH2 NH NO
R
AN
)CNHZ N N, N03 NHp 1
crude-7 pure-7

*(a) Hg(OAQ),, H,0, reflux, 5 h; (b) (i) HO(CH,),OH, BF,Et,0, rt, 1.5 h, (ii) K,CO,, rt,
20 min, (iii) continuous extraction with CHCl;; (c) C;H,SO,Cl, pyridire, rt, 3 h; (d)
NaN,, DMF, 100 °C, 16 h; (e) 10% Pd-C, H, (50 psi), EtOH, 40 °C, 2 h; (f) K,PtCl,, KI,
H,0,60°C, 1h; (g) AgNO, H,0,60°C,2h; (hKL0°C,1h

The synthesis of key intermediate, diiodo platinum(II} complex 7, is outlined in Scheme 1.
1,4-Dihydroxy-2-butanone 2" which was easily prepared from 2-butyne-1,4-diol by hydration in
the presence of mercuric acetate, was reacted with ethylene glycol and boron trifluoride etherate
to afford 2-(2-hydroxyethyl)-2-hydroxymethyl-1.3-dioxolane 3" in 59% yield after a combination
of continuous extraction with CHCI; from the aqueous phase and flash column
chromatography. Treatment of dihydroxy compound 3 with benzenesulfonyl chloride in
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pyridine yielded bis(benzenesulfonate) 4% in91% yield. Compound 4 was reacted with sodium
azide in DMF to give 2-(2-azidoethyl)-2-azidomethyl-1,3-dioxolane 5" in 75% yield, which was
then reduced with hydrogen in the presence of 10% palladium on activated carbon in an
alcoholic medium to afford 2-(2-aminoethyl)-2-aminomethyl-1,3-dioxolane 6" in quantitative
yield. The diamino compound 6 was reacted with an equimolar amount of in situ generated
potassium tetraiodoplatinate(II) to produce a crude diiodo platinum(II) complex 7, which was
subsequently treated with an aqueous silver nitrate solution, followed by KI to yield a pure
product 7*° in 56% yield. Conversion of complex 7 into cis-dichloro[1,3-dioxolane-2-(2-
ethanamine)-2-methanamine]platinum(lI) 9 was accomplished in 72% yield by the similar
procedure described for the purification of 7.
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2@) () AgNO,;, H,0, 60°C, 2 h, (ii) NaCl, 0°C ,1 k; (b) 1,1-cyclobutanedicarboxylic
acid disilver salt, H,0, 60 °C, 16 h; (c) malonic acid disilver salt, H,0, 60 °C, 16
h; (d) oxalic acid disiver salt, H,0, 60°C, 16 h

Scheme 2*

Treatment of 7 with the disilver salt of 1,1-cyclobutanedicarboxylic acid, malonic acid, and
oxalic acid afforded the corresponding 1,1-cyclobutanedicarboxylato platinum(II) complex 10,
malonato platinum(Il) complex 11, and oxalato platinum(Il) complex 12, in 72%, 86%, and 55%
yields, respectively. The synthesized platinum complexes 9-12 were characterized by spectral
data and elemental analysis.zo The FAB mass spectra of these complexes showed typical three
protonated molecular ion peaks because of the isotopes 194p¢ (33%), Pt (35%), and %Pt (25%).
The purity of the target compounds was further determined by analytical reverse-phase HPLC,
and all complexes were found to be sufficiently pure ( >98%) for biological evaluation.”® The
dichloro complex 9 showed 6.1 times higher solubility in H,O compared to cisplatin (6.1 vs. 1.0
mg/mL at 25 °C). Compound 11 was highly water-soluble (28.2 mg/mL), while compounds 10
and 12 were marginally water-soluble (1.3 and 1.0 mg/mL, respectively).

In order to evaluate the antitumor property of these complexes to overcome acquired
cisplatin-resistance, we have established a cisplatin-resistant subline of L1210 (L1210/CFR) by
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continuous exposing L1210 cells to the increasing concentrations of cisplatin.22 The cytotoxicity
of the complexes 9-12 along with cisplatin and carboplatin against cisplatin-sensitive and -resistant
L1210 leukemia cell lines in vitro were tested by trypan blue dye-exclusion method”, and the
results are shown in Table I.

Table I. Cytotoxicity of Platinum(II) Complexes against Cisplatin-sensitive and
-resistant 1.1210 Murine Leukemia Cell Lines in vitro

IC,, (uM)?

compound L1210/parent L1210/CPR relative resistance®
9 0.29 0.82 2.8
10 242 8.98 37
11 0.72 4.35 6.0
12 0.98 5.40 55
cisplatin 0.10 3.27 327
carboplatin 1.83 44.20 24.1

*Mean value of 3 experiments. bIC50 resistant subline/IC;, parent cell line.

The relative resistance for these complexes in comparison with those for cisplatin and
carboplatin is defined by the ratio of IC,, of the resistant subline to that of the sensitive one.
L1210/CPR cells were found to be 32.7- and 24.1-fold cross-resistant to cisplatin and carboplatin,
respectively, in comparison with L1210 cells, while L1210/CPR cells were only 2.8- and 3.7- fold
cross-resistant to the complexes 9 and 10, respectively.

Table II. Cytotoxicity of Platinum(II) Complexes against Human Stomach and Lung
Cancer Cell Lines in vitro

IC;, (M)

compound SNU-1*  SNU-5° SNU-16"  PC-9° PC-14°
9 251 0.32 2.59 14.56 291

10 7.86 3.65 16.07 105.71 50.06

1 489 0.83 5.34 29.55 10.83

12 6.06 0.54 5.05 39.60 8.15
cisplatin 2.67 1.00 5.00 1.00 1.33
carboplatin 20.11 9.16 13.65 21.82 15.62

. b, . .
*Mean value of 3 experiments. ~“Stomach adenocarcinoma. ‘Lung adenocarcinoma.

The cytotoxicity of the complexes 9-12 were further tested toward three human stomach
cancer cell lines, SNU-1, SNU-5 and SNU-1624, and two human non-small cell lung cancer cell
lines, PC-9 and PC-14, by MTT assay25 (Table II).26 It was found that the human stomach cancer
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cell lines were much more sensitive to these complexes than the human non-small cell lung
cancer cell lines. In particular, the dichloro complex 9 was even more potent against all three
stomach cancer cell lines tested than cisplatin.

In conclusion, it has been shown that cisplatin-resistant murine L1210 leukemia cells have
lower cross-resistance to these 1,3-dioxolane-2-(2-ethanamine)-2-methanamine platinum(Il)
complexes than to cisplatin and carboplatin, and the human stomach cancer cell lines, SNU-1,
SNU-5, and SNU-16, are highly sensitive to this class of compounds. Based on these results, the
dichloro complex 9 has been selected for further evaluation to demonstrate its in vivo
antitumor activity and target organ toxicity profiles.
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