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Abstract : The synthesis and in vitro cytotoxicity of cis-(glycolato-O,0")[2-substituted-(4R,5R)-4,5-
bis(aminomethyl)-1,3-dioxolane]platinum(Il) are described. Among them, cis-(glycolato-
0,0")[(4R,5R)-4,5-bis(aminomethyl)-2,2-diethyl-1,3-dioxolane]platinum(II) (26) was found to be
almost equally cytotoxic to cisplatin against two human non-small cell lung cancer cell lines,
PC-9 and PC-14, and two human stomach cancer cell lines, MKN-45 and KATO III.
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Since the discovery of the antitumor properties of platinum compounds by Rosenberg et
al?, cis- dlchlorodlammmeplatmum(II) (cisplatin) has demonstrated a remarkable chemo-
therapeutlc potential in treating testicular, ovarian, bladder, head and neck, lung, and stomach
cancers.” However, the adverse effects that are observed in patients recexvmg cisplatin, such as
nephrotoxicity, severe nausea and vomiting, ototoxicity, and neurotox1c1ty as well as the low
activity for some kinds of cancers, such as breast and colon cancers® have stimulated the search
for new platinum-based antlcancer agents that will display reduced toxicity and different
spectrum of antitumor activity.*

In an attempt to develop a new water-soluble antitumor platinum drug, we have recently
prepared a series of 2-substituted-4,5-bis(aminomethyl)-1,3-dioxolane platinum(II) complexes
with malonate, dlmethylmalonate, ethylmalonate, 1,1-cyclobutanedicarboxylate, glycolate, or L-
lactate as a leaving ligand.® Of these complexes, cis-malonato[(4R,5R)-4,5-bis(aminomethyl)-2-
isopropyl-1,3-dioxolane]platinum(II) (SKI 2053R) and cis-(glycolato-O,0")[(4R,5R)-4,5-bis(amino-
methyl)-2-isopropyl-1,3-dioxolanelplatinum(Il) (SKI 2034R) showed the excellent antitumor
activity against a number of murine tumors including cisplatin-resistant L1210 leukemia and
human tumor cell lines, reduced renal toxicity in animals compared to cisplatin, desirable
pharmacokmetlc characteristics, and suitable physicochemical properties such as high solubility
and stability in aqueous solution.® SKI 2053R is currently undergoing Phase II clinical trials in
Korea and SKI 2034R has been selected as a clinical candidate. It has been previously shown that
the glycolato platinum(I) complexes in an above-mentioned series were the most potent and
highly water-soluble and the substitution of a hydrogen at the 2-position of the 1,3-dioxolane
ring moiety by the isopr 5pyl group remarkably increased the cytotoxicity against a number of
human tumor cell lines.” On the basis of the previous structure-activity relationships, we
decided to synthesize the additional glycolato platinum(Il) complexes with a C,, alkyl group or
C,_, dialkyl groups at the 2-position of the (4R,5R)-4,5-bis(aminomethyl)-1,3-dioxolane carrier
ligand for the refinement of 2-substituents. These complexes are expected to be not only more
active but also more lipophilic than those with unsubtituted or a lower C,, alkyl group at the
2-position of the 1,3-dioxolane ring, thus, penetrating into the tissues of solid tumors more
efficiently.
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Scheme 1°
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1 2:R; =n-Pr,R; =H (95 %) 7:R; =n-Pr,Ry = H (96 %)
3:R, =i-Bu,Ry= H (92 %) 8:R, =i-Bu, Ry = H (95 %)
4:R; = tert-Bu, Ry = H(88 %) 9 :Ry = tert-Bu, Ry =H (97 %)
5:R; =Et, Ry =Me (90 %) 10:R; = Et, Ry = Me (95 %)
6:R; =R, =Et (86 %) 11:R; =Ry = Et (98 %)
l c
NH
t -—
NH R2 o / N\ R; O
2 NH, | NHp
22:R, =n-Pr,Ry = H (64 %) 17:R, = n-Pr,R, = H (62 %) 12:R; =n-Pr,Ry =H (99 %)
23:R, = i-Bu, Ry = H (52 %) 18:R, = i-Bu, Ry = H (66 %) 13:R, =i-Bu, Ry = H (99 %)
24: R, = tert-Bu, R, = H (61 %) 19 : R, = tert-Bu, Ry = H (65 %) 14: R, = tert-Bu, R, = H(99 %)
25:R, = Et, R, = Me (70 %) 20: R, =Et, Ry = Me (71 %) 15:R, =Et, R, =Me (%9 %)
26:R; =R, = Et (68 %) 21:R; =Ry = Et (74 %) 16:R; =Ry =Et (99 %)

@) R,COR, (1.1 equiv. for 2—4 or 2.0 equiv. for 5 and 6), anhydrous CuSO, (1.5 equiv.), MsOH (cat.),

benzene, rt (for 2—4) or reflux (for 5 and 6), 16 h, then K,CQ;, rt, 20 min; (b) NaN, (4 equiv.), DMF, 100 °C,
16 h; () 10 % pd/C, H, (50 psi), EtOH, 40 °C, 2 h; (d) K,PtCl, (1 equiv.), KI (6 equiv.), H,0, 60 °C,1 h, N,
atmosphere; (e) AgNO, (2 equiv. based on the crude diiodo platinum complex), H,0O, 60°C, 2 h; (f) KI (10

equiv.), 0 °C, 1 h; (g) glycolic acid (2 equiv.), Ag,O (2 equiv.), H,0-MeOH (9:1), 60 °C, 16 h.

The synthesis of the glycolato platinum(II) complexes 22-26 is outlined in Scheme 1.
Reaction of D-threitol 1,4-bis(methanesulfonate) (1)° with an appropriate aldehyde or ketone in
the presence of anhydrous CuSO, and an acid catalyst gave (4R,5R)-4,5-bis[(methylsulfonyloxy)-
methyl]-1,3-dioxolanes 2-6 in 86-95 % yields. These were then reacted with NaN, in DMF to
give (4R,5R)-4,5-bis(azidomethyl)-1,3-dioxolanes 7-11 in 95-98 % yields. Hydrogenation of the
diazides 7-11 at 50 psi in the presence of 10 % pd/C in EtOH afforded (4R,5R)-4,5-bis(aminomethyl)-
1,3-dioxolanes 12-16 in almost quantitative yields. The diamino compounds 12-16 were reacted
with an equimolar amount of in situ generated K,PtI, from K,PtCl, (1 equiv.) and KI (6 equiv.) to
produce the crude diiodo platinum(Il) complexes 17-21, which were subsequently treated with
an aqueous silver nitrate solution, followed by KI to give the pure diiodo platinum(Il) complexes
in 62-74 % yields. Treatment of the complexes 17-21 with glycolic acid in the presence of
silver(I) oxide in a mixture of H,0-MeOH (9:1) produced the glycolato platinum(II) complexes
22-26 in 52-70 % yields. Most of the glycolato platinum(ll) complexes were sufficiently water-
soluble (22, >30; 23, 4.6; 24, 2.1; 25, 11 6; 26, 30.0 mg/mL); therefore, they were purified by
preparative HPLC on Delta pak C,-100-A reversed-phase bonded silica cartridge with MeOH-H,O
system as the mobile phase, freeze-dried, and characterized by spectral data and elemental
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analysis.” As previously observed,’ complexes 22-25 were present as a mixture of two
geometrical isomers, which were not readily distinguishable each other in their "H NMR spectra
but confirmed by their ®C NMR spectra. For example, the "C NMR spectrum of 22 in D,O
showed a pair of C-5 and C-5' resonances at 48.62, 48.71, 48.89, and 49.01 ppm. A recent study of
Miyamoto et al® with the four optical isomers of (mandelato)(trans-1,2-diamino-
cyclohexane)platinum(II) showed that the chirality of both carrier ligands and leaving ligands
influenced the antitumor activity of platinum complexes. Thus, it seems necessary to separate
afore-mentioned geometrical isomers before biological evaluation. However, since the
separation of those isomers was practically difficult even by using HPLC, they were tested
without further separation.

”"(NHZ 0 o NHg O
Rz o} Hz O'C

22:R;=n-Pr,Ry=H
23:R,=i-Bu,R,=H
24:R; =tert-Bu, Ry =H
25:R1=Et,R2=Me

The cytotoxicity of the glycolato platinum(Il) complexes 22-26 along with SKI 2034R,
cisplatin, and cis-diammine(1,1-cyclobutanedicarboxylato)platinum(I) (carboplatin) were tested
against two human non-small cell lung cancer cell lines, PC-9 and PC-14, and two human
stomach cancer cell lines, MKN-45 and KATO III,” by MTT assay™’ (Table 1).

Table 1. Cytotoxicity of Platmum(II) Complexes against Human Lung and
Stomach Cancer Cell Lines in Vitro®

ICy, (uM)°
compound PC-o° PC-145  MKN-45®  kaTOmI®
2 71 28 53 7.0
23 7.0 2.1 8.1 6.1
2 6.9 5.0 72 65
25 8.4 19 58 46
26 6.4 18 38 44
SKI 2034R 97 11 41 6.1
cisplatin 5.0 15 37 5.2
carboplatin 60.5 9.7 324 49.7

*Tested by MTT assay. ®Mean value of 3 experiments. “Non-small cell lung
cancer cell line. Stomach cancer cell line.

All of the tested compounds 22-26 exhibited high cytotoxicity against these four human
cancer cell lines, and among them, the compound 26 was almost equally cytotoxic to SKI 2034R
and cisplatin. On the basis of this pronounced in vitro cytotoxicity and high solubility in
aqueous solution, extensive in vivo studies of 26 to demonstrate its antitumor activity and target
organ toxicity profiles are currently under way.
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