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Novel platinum(lV) complexes with asymmetric chiral diamine ligacidscis,transA,PtCh(X), (X = OH,

OCOCH;, OCOGHSs, A;=NH,CH(CHs)CH,NH(c-CsH11)(apcha), NHCH(CHs)CH:NH(c-CsHg)(apcpa))

have been prepared. One of the platinum(lV) complexes, (apcp#{POCIGHs)2(6), was subjected to X-ray
crystallographic analysis. The crystal structure of (apcpa@ICOGHs), (monoclinic, P2 (No. 4), a=
9.1391(1), b =22.2517(1), ¢ = 10.0687(1)Fs 109.105(19, V = 1934.80(3) & Z = 4, R = 0.0532) exhibits

that the platinum atom achieves a typical octahedral arrangement with two nitrogen atisipasitions and

two carboxylato group itranspositions. The spectroscopic data disclose that these platinum(IV) complexes
are stable and their molecular structures are retained in aqueous solution. The title complexes are highly cyto-
toxic in vitro but do not exhibit oral anticancer activityvivo.

Introduction Experimental Section

The conventional structure-activity relationship has played Materials and Instrumentation. Potassium tetrachloro-
a key role in attempts to optimize the structure of the cisplplatinate(ll) purchased from Kojima, and S-alanine(ala),
atin analogues. The relevant studies have led to some impdiecbz)-glycine, cyclohexylamine(cha), cyclopenthylamine(cpa),
tant guideline™ for the design of new complexes, and new benzylchloroformate (cbzCl), and N,N'-dicyclohexylcarbo-
strategies have recently been develdpéd. diimide(DCC) from Aldrich were used as received.,8H

A desirable alternative approach to reduce side effects an@Hs)CHNH(c-GsHi1)(apcha), NHCH(CHg)CHoNH(c-GsHg)
to enhance the quality of life in the treatment of cancer patiertepcpa) and their platinum(ll) complexes, (apcha)Raad
is to develop an orally active platinum antitumor agent. Plat{apcpa)PtGlwere prepared by our previous metitd®
inum complexes suitable for oral adminstration should be Elemental analyses were performed by the Advanced Anal-
neutral, liphophilic, water soluble and stable in gastric enviysis Center at KISTH- and*3C NMR spectra were recorded
ronment. In order to meet such criteria, platinum(lV) com-on a Bruker 250MH/52MM spectrometer relative to TMS as
pounds are usually prepared by carboxylation of dihydroxoan external standard. The infrared spectra in the 4000-400
platinum(lV) complexes which are attainable by oxidationcm™ region were measured as KBr pellets on a Nicolet
of the platinum(ll) species with hydrogen peroxide. Impact 400 FT-IR spectrophotometer. Melting points were

cis,trans,CisNH3(c-CsH11)Pt(OCOCH).Cl, (JM216) is  observed with a Mettler FP 82 Hot Stage and a Mettler FP
one of such platinum complexes currently in clinical tri- 90 Central Processor.
als®*However, the impediment to the development of this Synthesis of APtCI,(OH), (A2 = apcha, apcpa) To a
series of compounds and other platinum(lV) complexes witlsuspension of #tChb (0.2 mmol) in water (20 mL) was
two different amines irtis positions has been the difficult added an agueous solution of 30% gDk(2.0 mL), and the
access to theis-Pt(II)CLAA" core, because of difficulty to solution was stirred for 2 h. The resulting pale yellow solu-
prepare the [Pt(I)GNH3]™ anion. tion was concentrated to 5 mL in a rotavapor af@gto

In order to overcome such drawbacks of the conventionalvhich acetone (100 mL) was added. The light yellow pre-
synthetic methods, we have recently repdftadacile syn-  cipitate was filtered and washed with ethyl ether. The crude
thetic method to prepare a series of chelating asymmetriproduct was recrystallized from water to obtain the crystal-
diamineplatinum(ll) complexes, which exhibited excellent anti-line solid product.
tumor activity against the leukemia L1210 cell line. There- (apcha)PtG(OH), - HO (1). Yield 40%; Found (Calc. for
fore in this study we have synthesized platinum(lVV) complexe€£sH2NPtCLO, - H0): C, 22.4 (22.8); H, 4.9 (5.1); N, 5.7
with chelating asymmetric diamine ligands by oxidation of(5.9). IR (KBr cm®): v (PtO-H), 3450y (N-H), 3200, 3140;
these platinum(ll) complexes to investigate their oral anticanv (C-H), 2932, 2857y (Pt-O), 556.!H NMR (D;O, ppm):
cer activity along with their physicochemical properties. 3.1-3.2 (m, 1H), 2.90-2.95 (m, 3H), 2.31-2.35 (m, 1H), 1.3-

1.8 (m, 8H), 1.41 (d, 3H}=5.6 Hz), 1.0-1.2 (m, 2H).
(apcpa)PtG(OH), (2). Yield 68%; Found (Calc. for

*Author to whom correspondence should be addressed. Phon&sHz0N2PtCkO;): C, 21.9 (21.7); H, 4.5 (4.6); N, 6.1 (6.3).
02-361-2639; Fax: 02-364-7050; E-mail: mjjun@alchemy.yonseilR (KBr cm™): v (PtO-H), 3430y (N-H), 3230, 3171y (C-
ac.kr H), 2959, 2870y (Pt-0O), 544H NMR (D0, ppm): 3.7-3.8
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(m, 1H), 3.4-3.5 (m, 1H), 2.8-3.0 (m, 2H), 1.9-2.2 (m, 2H), with 10% fetal bovine serum (Gibco). Cell were adjusted to
1.4-1.7 (m, 6H), 1.41 (t, 3H,= 7.0 Hz). 1x 1 cells/mL and distributed to 24 well tissue culture
Synthesis of APtCI,(OCOR), (A2 =apcha, apcpa; R=  plates (0.5 mL/well). Test complexes were serially diluted
CH3,C,Hs).  To a suspension of RtCL(OH), (0.7 mmol)  and added to the wells (0.5 mL/well). Following 48 h incu-
in CHxCl, (50 mL)was added acetic anhydride (5.0 mL) or bation in 5% CQ atmosphere at 37C, cell counts were
propionic anhydride (5.0 mL), and the mixture was stirreddetermined with a Coulter model ZM cell counter. Cell
until the solution became clear. The solvent was removed bgrowth in the presence of test complexes was expressed as a
evaporation under reduced pressure and the residue wpsrcentage of growth in untreated control wells and the con-
recrystallized from methanol. centration of complexes producing 50% inhibition of cell

(apcha)PtGIOCOCH;), - HO (). Yield 40%; Found (Calc. growth was determined (EE). In vivo assayvas carried out
for CisH26N2PtCLO, - HO): C, 28.2 (28.0); H, 4.9 (5.1); N, using the ascites cell of L1210 lymphoid leukemia, which
5.0 (5.0). IR (KBr cn): v (C=Osym 1623;Vv (C=O)sym, was obtained from DBA/2 donor mice bearing 3-5 day
1299.'H NMR (D0, ppm): 3.12-3.20 (m, 1H), 2.9-3.0 (m, tumor growth. L1210 leukemia cells ¥110°) in acetic fluid
2H), 2.2-2.3 (m, 1H), 1.9-2.1 (m, 1H), 2.01 (s, 6H), 1.6-1.8were implanted i.p. in BD2Fmice (6-8 week old, 20-25 g; 8
(m, 4H), 1.10-1.41 (m, 2H), 1.38 (t, 381= 6.8 Hz). mice per group), and the test compound was given orally at

(apcpa)PtG{OCOCH;), - HO (4). Yield 48%; Found 1, 2, 3, 4 and 5 days after leukemia inoculation. Mice were
(Calc. for GoH24N.PtCLO, - H,0): C, 26.2 (26.5); H, 4.7 observed daily and antitumor drug activity was determined
(4.8); N, 5.4 (5.2). IR (KBr c): v (C=Oksym 1623;v based upon the T/C (%).

(C=O)ym 1292.*H NMR (D;O, ppm): 3.8-3.9 (m, 1H), 3.4-
3.5 (m, 1H), 3.0-3.1 (m, 2H), 2.01-2.19 (m, 3H), 2.03 (s, Results and Discussion
6H), 1.55-1.68 (m, 5H), 1.40 (t, 38=7.0 Hz).

(apcha)PtG{OCOGH:), (5). Yield 40%; Found (Calc. Synthesis and Properties A new class of asymmetric
for CisHaoN2PtCLO,): C, 31.5 (31.7); H, 4.9 (5.3); N, 5.0 diamineplatinum(ll) compounds were reported in our previ-
(4.9). IR (KBr cn?): v (C=Osym 1628;v (C=O)ym 1333,  ous work* and the APtCh (A, = apcha, apcpa) complexes
1233.'H NMR (D,O+CD;0D, ppm): 3.12-3.20 (m, 1H), were synthesized by the literature metHo@.
2.9-3.0 (m, 2H), 2.42 (qu., 4Kd,=6.8 Hz), 2.2-2.3 (m, 1H), The oxidation of these platinum(ll) complexes with hydro-
1.9-2.1 (m, 1H), 1.6-1.8 (m, 4H), 1.41 (t, 3H=6.4 Hz), gen peroxide afforded smoothly the octahedral platinum(lV)
1.1-1.4 (m, 2H), 1.04 (t, 6H,= 6.7 Hz). complexes with two hydroxyl groups in axial positions.

(apcpa)PtG{OCOGH:s), (6). Yield 68%; Found (Calc. These complexes were further reacted with acetic or propi-
for CiaH2eNPtCLO,): C, 30.0 (30.3); H, 5.0 (5.1); N, 5.0 onic anhydride in dichloromethane to generate the corre-
(5.1). IR (KBr cm?): v (C=Osym 1624;v (C=O)ym 1329,  sponding trans-(dicarboxylato)PtACl, complexes. The
1233.*H NMR (D,O+CDs;0D, ppm): 3.8-3.9 (m, 1H), 3.4- products were recrystallized by precipitation using a solvent
3.5 (m, 1H), 2.82-3.03 (m, 2H), 2.43 (qu., 4H; 6.7 Hz),  pair of n-hexane or ethyl ether and methanol.
2.0-2.1 (m, 2H), 1.54-1.68 (m, 6H), 1.44 (t, 3H; 6.5 Hz), The (dicarboxylato)Pt4Cl, complexes are all soluble in
1.03 (t, 6HJ = 6.5 Hz). water and polar organic solvent such as alcohol and acetone

X-ray Crystallography. The crystallographic data were but insoluble in diethylether and n-hexane. The acetylaion
obtained on an Enraf-Nonius CAD4 automatic diffractome-products of the platinum(lV) complexes could be readily
ter with graphite-monochromated MoaKradiation § = identified by their characteristic PtO-H and Pt-O stretching
0.71073 A) at ambient temperature. Unit cell parameters anflequencies at 3450 and 3430 ¢nand at 556 and 544 ¢in
orientation matrix for the crystal were obtained from a leastespectively, which disappeared after carboxylation. The IR
squares procedure with setting angles of 25 reflectionsspectra of the carboxylated platinum(ll) complexes display
Absorption correction were applied to the data. The structuréypical patterns expected for coordination of the carboxylate
was solved by a conventional heavy atom method, followedigands to the platinum atom in a unidentate fashion. The
by successive full-matrix least-squares refinement and difbroad asymmetric and symmetric stretching absorptions of
ferent Fourier synthesis. Hydrogen atoms were placed in cathe carboxylate ligands were observed in the range of 1624-
culated positions and refined isotropically. The C(7) and1628 cm* and 1233-1333 ci respectively, resulting i
C(25) atoms are disordered and should have been expressed300 cni* for the trans-dicarboxylatoplatinum(lV) com-
respectively, as C(7a) and C(7b) and C(25a) and C(25bplexes®
These disordered atoms, however, have been refined isotro-The *H NMR spectra of thérans-diacetatoplatinum(1V)
pically and labeled as C(7a) and C(25a) in Figure and Table&eomplexes show that the methyl protons of the two axial
The occupancy factor is (C(7a), C(7b) = 0.66, 0.34) and (Gacetato ligands resonate at 2.01 and 2.03 ppm as singlets due
(25a), C(25b) = 0.62, 0.38). All calculations were performedto their interactions with the asymmetric amine ligands.
using SDP running on VAX/VMS V5.3 and SHELXL-97 pro- Thus the'H NMR spectral data of the octahedral platinum
grams running on P& A listing of observed and calculated (V) complexes are consistent with the structures in the solid
structural factor is available as supplementary material.  state. For th&ransdipropionatoplatinum(lV) complexes the

In Vitro and in vivo Assay Murine leukemia L1210 methylene and methyl protons of the twanspropionate
cells were cultured in RPMI 1640 medium supplementedjroups resonate at 2.42 and 2.43 ppm as quartets and at 1.04



Pt(IV) Complex, Chiral Diamine Bull. Korean Chem. S99 Vol. 20, No. 11 1297

Table 1 Crystal parameters and experimental details for (apcpa)

PtCL(OCOGHs),
complex (apcpa)PtelOCOGHSs),
formula G4H28Cl.N2O4Pt
fw 554.37
space group RZNo. 4)
a(A) 9.1391(1)
b(A) 22.2517(1)
c(A) 10.0687(1)
B 109.105(1)
V(A3 1934.80(3)
Z 4
Deay, g/Cl’Tf 1.884
Figure 1. ORTEP drawing of (apcpa)P#BDCOGHs), along with U (abs. coeff), mmt 7.546
the atomic labelling Scheme. The disordered C(7b) and C(25b)q. total observation 8877
were omitted. no. unique data 4910
and 1.03 ppm as triplets, respectively. Such results suggegp F on '2. . 1.188
that the symmetrical coordination of both propionate group{nal R_ indicies R=0.0532,
to the platinum atom is retained in aqueous solution. Thus a | > 2§|gma(|)] WR = 0.1251
spectral data of the (apcpa)Rt@DCOGHS:), complex are R indices(all data) Wﬁ: 98518;569
2= U.

consistent with the X-ray structure.

Crystal Structure of (apcpa)PtCh(C,HsCOO),. For
(apcpa)PtCG{OCOGHE:), there are two independent mole- Table 2. Selected
cules in the asymmetric region of the monoclinic unit cellPtCL(OCOGHs),

bond lengths (A) and angl8sfer (apcpa)

and the features of the two molecules are within error oby1).0(3)
being identical. One of the molecules and its labelling schemgy(1).n(1)

for (apcpa)PtG{OCOGH:): is depicted in Figure 1. The py1).0(1)
local geometry around the platinum atom is an approxipy1).n(2)
mately octahedron: the distances of Pt(1)-N(1), P(1)-Cl(1py1)-ci(2)
and Pt(1)-O(1) are 2.01(1), 2.317(5) and 2.035(12) A, respegsy(1)-ci(1)
tively, and the bond angles of N(1)-Pt(1)-N(2), N(1)—Pt(1)-N(1)_C(2)
O(1), N(1)-Pt(1)-Ci(1), and CI(1)-Pt(1)-CI(2) are 84.8(6) N(2)-c(3)
88.0(6), 90.6(5} and 91.97(19) respectively. The distor- N(2).c(4)

tion appears to be caused by limitation of the bite angle of1).c(g)

the chelating ligand. Two adjacent corners of the Pt(IV) plangy).c(g)

are occupied by the nitrogen atoms of the apcpa ligand, ang3).c(12)

the remainingis equatorial positions are used for two chlo- 54).c(12)
ride ions. Two additional axial positions are occupied byo(3)-pt(1)-N(1)
propionato ligands. The average Pt-N bond length of 2.04 %(3)_pt(1)_o(l)
in within the normal range for other diamine platinum(IV) N(1)-Pt(1)-O(1)
0(3)-Pt(1)-N(2)
N(1)-Pt(1)-N(2)
O(1)-Pt(1)-N(2)
O(3)-Pt(1)-CI(2)
N(1)-Pt(1)-CI(2)
O(1)-Pt(1)-CI(2)
N(2)-Pt(1)-CI(2)
O(3)-Pt(1)-CI(1)
N(1)-Pt(1)-CI(1)
O(1)-Pt(1)-CI(1)
N(2)-Pt(1)-CI(1)
CI(2)-Pt(1)-CI(1)

2.00(1)  Pt(2)-0(5) 2.01(1)
201(1)  Pt(2)-0(7) 2.02(1)
2.04(1)  Pt(2)-N(@3) 2.07(2)
2.06(2)  Pt(2)-N(4) 2.07(2)
2.305(4)  Pt(2)-Cl(4) 2.306(6)
2.317(5)  Pt(2)-CI(3) 2.322(5)
1.54(2)  N(3)-C(16) 1.47(2)
1.44(3)  N(4)-C(17) 1.46(2)
151(3)  N(4)-C(18) 1.55(2)
127(2)  O(5)-C(23) 1.29(3)
121(2)  O(6)-C(23) 1.22(3)
1.31(2)  O(7)-C(26) 1.30(2)
121(2)  O(8)-C(26) 1.21(2)

94.86)  O(5)-Pt(2)-0(7) 174.1(6)
176.4(7)  O(5)-Pt(2)-N(3)  96.5(6)
88.0(6)  O(7)-Pt(2-N(3)  87.1(6)
89.47)  O(5)-Pt2)}-N@4) 89.4(7)
84.8(6)  O(7)-Pt(2-N(4)  95.7(6)
92.9(7)  N(@3)-Pt(2)-N@4)  82.1(6)
87.2(5)  O(5)-Pi(2)-Cl(4) 86.5(5)
176.7(5)  O(7)-Pt(2)-Cl(4)  90.2(5)
90.0(5)  N@3)-Pt(2)-Cl(4) 175.9(5)
92.75)  N(4)-Pt(2)-Cl(4)  95.1(5)
91.3(4)  O(5)-Pt(2)-CI(3)  89.9(4)
90.6(5)  O(7)-Pt(2)-CI(3)  85.3(4)
86.6(4)  N(@3)-Pt(2)-Cl(3) 91.2(5)
175.3(5)  N(4)-Pt(2)-Cl(3)  173.1(4)
91.97(19) CI(4)-Pt(2)-CI(3) 91.7(2)

Symmetry transformations used to generate equivalent atoms:

8~21 £ i
Figure 2. View showing the weak paring of (apcpa)RtOCO- complexgé. Tht_e two axial Pt(IV)-O bond distances are
C:Hs)> molecules within the unit cell. not significantly different from each other. The averaged Pt-
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Table 3. Antitumor activity of cisA,PtCbX, against leukemia
L1210 cell line

in vitro in vivo (oral)
complexes A X EDso Dose TIC?
(Hg/mL)  (mg/kg) (%)
1 apcha OH 3.6 150 107.6
2 apcpa OH 3.1 150 101.2
3 apcha OCOCH 1.7 150 101.2
4 apcpa OCOCH 29 150 93.6 1
6 apcpa OCO@Hs 1.6 150 100.0 '
JM216 0.9 150 160.0 2

aT/C (%) = T/Cx 100: T = mean survival time of the drug treated mice;
C = mean survival time of the control mice.

3
O bond length is 2.02 A, which is comparable with those 4
found in other Pt(IV) carboxylate complexé<omparison

of the bond distances between the C=0 double bonds and”
the C-O single bonds indicates no significant delocalization g_
of the C=0 bond$ Figure 2 gives a view of the molecular
packing in the unit cell. Hydrogen bonding between the 7.
neighboring molecules in a crystal is comm®R: The two 8.
independent (apcpa)PEDCOG-Hs), molecules depicted

in Figure 2 show a dimeric interaction through the intermo- 9-
lecular N-HO hydrogen bonding interactions- (M0 dis-
tance 2.907 A).

Antitumor Activity . The present Pt(IV) complexes were
subjected tan vitro andin vivo assay against murine leuke-
mia L1210 cell line and the results are listed in Table 3. It is
surprising that all the title platinum(lV) complexes exhibit
significantly high cytotoxicity comparable to that of their
parent platinum(ll) complexes. However, these platinum(IV)12.
complexes do not show significant oral anticancer activity
regardless of variation of their axial ligands. It is generally13.
accepted that Pt(IV) complexes are inert in ligand substitu-
tion reactions and therefore, must be reduced to Pt(Il) spe-#-
cies before binding to DNA. Iin vivo reduction rate to
platinum(ll) is the only important factor in the mechanism of
action of the Pt(IV) compounds, the trans-dicarboxylate ana-
logues should be more active than theins-dihydroxoplat- 15
inum(lV) complexes, since the carboxylate complexes are
known to have the greatest destabilization effect on PH#IV). 16.
However, as is seen in the table, there is no significant differ-
ence in the oral antitumor activity, and therefore, it is pre-17.
sumed that these platinum(IV) complexes are not efficiently
absorbed in the gastrointestinal tract regardless of the struc-
tures of their axial ligands.

In conclusion, a series of the platinum(lV) complexes
involving asymmetric diamine ligands were synthesized an&g'
characterized. The crystal structure of (apcpa)f@ClO-
C2Hs), exhibits that platinum atom achieves a typical octa-
hedral arrangement with two nitrogen atomsigpositions 1.
and two propionate groups trans position. The spectro- 22,
scopic data disclose that these platinum(IV) complexes are
stable and their molecular structures are retained in aqueous
solution. These platinum(lV) complexes are highly cytotoxic

10.

Eun Ju Lee et al.

in vitro but do not show significant oral anticancer activity.
Supporting Information Available.

x-ray data collection parameters, atomic coordinates, aniso-

tropic thermal parameters, bond length and angles, hydrogen

atom parameters, and torsion angle&d@rdering informa-

tion is given upon your request to the correspondence author.

Table for details of
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