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Novel platinum(LV) complexes with asvmumetric chiral diamine ligands c¢is.cis, frans-A-PtCl:(X)~ (X = OH.
OCOCH; OCOC:I‘L A: = NH:CH(CH})CH:NH{C-C(;H] l)(l‘lpChil). NH:CH(CH3)CH:NH(C-C;Hq)(ElpCp{-]))
have been prepared. One of the platinum([V) complexes. (apcpa)PtC1:(OCOC-Hs)-(6). was subjected to X-ray
crystallographic analysis. The crystal structure of (apcpa)PtCl,(OCOC-Hs): (monoclinic. P2; (No. 4). a =
9.1391(1). b =22.2517(1). ¢ = 10.0687(1) A. f=109.105(1)°. V = 1934.80(3) A*. Z = 4. R, = 0.0532) exhibits
that the platinum atom achieves a typical octahedral arrangement with two nitrogen atoms in ¢is positions and
two carboxylato group in frais positions. The spectroscopic data disclose that these platinum([V) complexes
are stable and their molecular structures are retained in aqueous solution. The title complexes are highly cyto-
toxic i vitro but do not exhibit oral anticancer activity in vivo.

Introduction

The conventional structurc-activity relationship has plaved
a key role in atiempls (o oplimize the structure of the cispl-
atin analogucs. The rclevant studics have led to some impor-
tant guidclines' * for the design of new complexes. and new
stratcgics have recently been developed.™ 7

A desirable alticmative approach to reduce side cllects and
1o cnhance the quality of lifc in the treatment of cancer paticnt
is 10 develop an orally active platinum antitumor agent. Plat-
inum complexes suitable [or oral adminstration should be
ncutral. liphophilic. walcr soluble and stable in gastric cnvi-
ronment. [n order to mect such critena. platinum(lV) com-
pounds arc usvally prepared by carboxylation ol dihydroxo-
platinum(IV) complexes which arc atlainable by oxidation
of the platinum(Il) speeics with hydrogen peroxide.

cis,trans.cis-NHa(c-CeHy P(OCOCH)-Cl= (JM216) is
onc of such platinum complexes currently in ¢linical tri-
als.¥ ¥ However. the impediment to the development of this
scrics of compounds and other platinum(1V) complexcs with
two different amines in cis positions has been the difficult
access 1o the cis-PI(INCI:AA’ core. because of difTiculty 1o
prepare the |PYINCI;NH;[™ anion,

In order 1o overcome such drawbacks of the conventional
svnthetic methods. we have recently reporied™ a facile syn-
thetic method Lo prepare a scrics ol chelating asymunctric
diamincplatmum(11) complexes. which exhibited excellent anti-
tumor activity against the Icukemia L1210 cell line. There-
fore in this study we have synthesized platinum(IV) complexcs

with chelating asvmmetric diamine ligands by oxidation of

these platinum(1l) complexes 1o mvestigate their oral antican-
cer activity along with their physicochemical propertics.

*Aunthor to whom correspondence should be addressed. Phone:
(12-361-2639: Fax: 02-364-7030; E-mail: mpuni@alchemy yonser.
ac.kr

Experimental Scction

Matcrials and Instrumentation.  Potassium tetrachloro-
platinate(l) purchased from Kojima. and S-alaninc(ala).
(cbz)-glycine. cyclohexylamine(cha). cyclopenthy lamine(cpa).
benzylchlorolormate (cb#Cl). and N.N'-dicyclohexylearbo-
diimide(DCC) [rom Aldrich were used as received. NH.CH
(CH;)CH:NH(c-Cg.H]])(apcha). NH;CH(CH;)CH:NH(C-C;‘.H\;J)
(apcpa) and their platinum(11) complexes. (apcha)PtCls and
(apcpa)PIClLa were prepared by our previous method, '™ 1

Elcmental analyses were performed by the Advanced Anal-
ysis Center at KIST. 'H- and '*C NMR spectra were recorded
on a Bruker 250MH/32MM spectrometer relative to TMS as
an cxicrnal standard. The infrarcd spectra in the 4000400
em™ region were measured as KBr pellets on a Nicolet
[mpact 400 FT-IR spectrophotometer. Mclting points were
obscrved with a Mettler FP 82 Hot Stage and a Mcttler FP
90 Central Processor.

Synthesis of A;PtCL(OH); (A; = apcha, apepa). Toa
suspension of A-PtCls (0.2 mmol) in water (20 mL) was
added an aqucous solution of 30% of H-0- (2.0 mL). and the
solution was stirred for 2 h. The resulting pale yellow solu-
tion was concentrated to 5 mL in a rolavapor at 40 °C. to
which acctone (100 mL) was added. The light vellow pre-
cipitate was filtered and washed with cthyl cther. The crude
product was recrystallized from walcr to oblan the cryslal-
Iin¢ solid product.

(apcha)PCI1-(OH)- - H-Q (1). Yicld 40%: Found (Calc. lor
CoHN-P{CL-0- - H-0): C. 224 (22.8): H. 4.9 (5.1): N. 5.7
(5.9). IR (KBrem™): v (PIO-H). 3450: v (N-H). 3200, 3140:
v (C-H). 2932, 2857. v (P-0). 556, 'H NMR (D:O. ppm):
3.1-3.2 (m. LH). 2.90-2.95 (m. 3H). 2.31-2.35 (m. IH). 1.3-
1.8 (m. 8H). 141 (d. 3H..7 = 5.6 Hx). 1.0-1.2 (m. 2H).

(apcpa)PICI(OH)- (2). Yicld 68%: Found (Calc. flor
CxHN-PCl1-O-). C. 21.9 (21.7): H. 4.5 (4.6): N. 6.1 (6.3).
IR (KBrem™): v (PtO-H). 3430: v (N-H). 3230. 3171 v (C-
H). 2959. 2870 v(P1-O). 544. "H NMR (D-Q. ppm): 3.7-3.8
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{(m. IH). 3.4-3.5 (m. 1H). 2.8-3.0 (m. 2H). 1.9-2.2 (m. 2H).
1.4-1.7 (m. 6H). 1.41 (t. 3H../ = 7.0 Hz).

Synthesis of A;PtCL(OCOR); (A; = apcha, apepa; R=
CH;,C:Hs).  To a suspension of A:PIC1:(OH)- (0.7 mmol)
in CH:Cl: (30 mL) was added acctic anhydride (5.0 mL) or
propionic anhydride (5.0 mL). and the mixturc was stirred
until the solution became clear. The solvent was removed by
cvaporation under reduced pressurc and the residue was
recryvstallized from methanol.

(apcha)PICI(OCOCH:): - H-0 (3). Yicld 40%: Found (Calc.
for C13HxN=PICILO; - H-0): C. 28.2 (28.0): H. 4.9 (3.1): N.
50 (3.0). IR (KBr cm™): v (C=0)sym. 1623: v (C=0)ym.
1299. 'TH NMR (D-O. ppm): 3.12-3.20 (m. 1H). 2.9-3.0 (m.
2H). 2.2-2.3 (m. 1H). 1.9-2.1 (m. 1H). 2.01 (s. 6H). 1.6-1.8
(m. 4H). 1.10-1.41 (m. 2H). 1 38 (1. 3H..J = 6.8 H).

(apcpa)PtCI(OCOCH;): - H:O (4). Yicld 48%: Found
(Cale. for C2H-yN-PIC-04 - H-O): C. 26.2 (26.5): H. 4.7
(4.8): N. 54 (5.2). IR (KBr em™): v (C=0)yym. 1623: v
(C=0)y. 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.
6H). 1.55-1.68 (m. 5H). 1.40 (1. 3H../ = 7.0 Hz).

(apcha)PICI-(OCOC-Hs): (5). Yicld 40%: Found (Calc.
for C)sH:oN-PIC1:Oy): C. 31.5 (31.7): H. 49 (5.3): N. 5.0
(4.9). IR (KBr em™). v (C=0)sqmn. 1628 v (C=0)y. 1333.
1233. 'H NMR (D-O+CD;OD. ppm): 3.12-3.20 (m. 1H).
2.9-3.0 (m. 2H). 2.42 (qu.. 4H..J = 6.8 Hz). 2.2-2.3 (m. 1H).
1.9-2.1 (m. 1H). 1.6-1.8 (m. 4H). 1.4]1 (L. 3H. J = 6.4 Hz).
1.1-1.4 (m. 2H). 1.04 (1. 6H..J = 6.7 Hz).

(apcpa)PICI-(OCOC-Hs)- (6). Yicld 68%: Found (Calc.
for CaHsN=PIC1-0y): C. 30.0 (30.3): H. 5.0 (5.1): N. 5.0
(5.1). IR (KBr cm™): v (C=O)yymn. 16241 v (C=0)yyn. 1329.
1233, 'H NMR (D-O+CD;OD. ppm): 3.8-3.9 (m. 1H). 3 4-
3.5 (m. 1H). 2.82-3.03 (m. 2H). 243 (qu.. 4H..J = 6.7 H2).
2.0-2.1 (m. 2H). 1.34-1.68 (m. 6H). 1.44 (1. 3H../= 6.5 Hx).
1.03 (L. 6H..J = 6.3 Hy).

X-ray Crystallography. Thc crystallographic data were
obtained on an Enral-Nonius CAD4 automatic dillractome-
ter with graphitc-monochromated Mo K radiation (A=
0.71073 A) at ambicnt temperature. Unit ccll parameters and
oricntation matrix for the crvstal were oblained (rom a least
squarcs proccdurc with sctting angles of 23 refleclions.
Absorption corrcction were applicd Lo the data. The structure
was selved by a conventional heavy atom method. followed
by successive lull-matnx Icast-squarcs refincment and dif-
ferent Fouricr svnthesis. Hydrogen atoms were placed in cal-
culated positions and rcfined isotropically. The C(7) and
C(25) aloms arc disordered and should have been expressed.
respectively. as C(7a) and C(7b) and C(23a) and C(23b).
These disordered atoms. however. have been refined isotro-
pically and labceled as C(7a) and C(25a) in Figure and Table.
The occupancy factor 15 (C(7a). C(7b) = 0.66. 0.34) and (C
(25a). C(25b) =0.62. 0.38). All calculations were performed
using SDP running on VAX/VMS V3.3 and SHELXL-97 pro-
grams running on PC.'7 A listing of obscrved and calculated
structural factlor 1s available as supplementary material,

In Vitro and in vive Assay. Murnine lcukemia L1210
cells were cultured m RPMI 1640 medium supplemented
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with 10% fetal bovine scrum (Gibeo). Cell were adjusted to
1% 109 cells/mL and distributed to 24 well tissuc culture
plates (0.3 mLAwcell). Test complexes were serially diluted
and added to the wells (0.3 mLAscll). Following 48 h incu-
bation in 3% CO: atmosphere at 37 °C. ccll counts were
determined with a Coulter model ZM ¢ell counter. Cell
growth in the presence of test complexes was expressed as a
percentage of growth in untreated control wells and the con-
centration of complexces producing 3% inhibition of cell
growth was detcrmined (EDsy). £n vive assay was carried out
using the ascites cell of L1210 [vmphoid leukemia. which
was obtained [rom DBA/2 donor mice bearing 3-3 day
tumor growth. L1210 leukemia cells (1 x 10°) in acctic Muid
were implanted 1.p. in BD2F) mice (6-8 week old. 20-25 ¢: 8
mice per group). and the test compound was given orally at
1. 2. 3. 4 and 3 days alter lcukemia inoculation. Mice were
obscrved daily and antitumor drug activity was determined
bascd upon the T/C (%).

Results and Discussion

Synthesis and Properties. A new class of asymmetric
diamincplatinum(11) compounds were reported in our previ-
ous work'® and the A:PICL: (A- = apcha. apcpa) complexcs
were synthesized by the literature method. ™

The oxidation of these platinum([l) complexes with hy dro-
gen peroxide allorded smoothly the octahedral platinum([V)
complexes with two hydroxyl groups in axial positions.
These complexces were further reacted with acctic or propi-
onic anhydride in dichloromcthanc to generate the corre-
sponding  trans-(dicarboxylato)PtA:Cly  complexes, The
products were recryvstallized by precipitation using a solvent
pair ol n-hexanc or cthy | cther and methanol.

The (dicarboxylato)PtA:Cl: complexes are all soluble in
walcr and polar organic solvent such as alcohol and acclone
but insoluble in dicthylcther and n-hexane. The acelylaion
products of the platinum(lV) complexcs could be readily
identificd by their characteristic PtO-H and Pt-O strciching
frequencics at 3450 and 3430 ¢cm™ . and at 556 and 544 cm™'.
respectively. which disappeared after carboxylation. The 1R
spectra of the carboxylated platinum(Il) complexcs display
typical patterns expected for coordination of the carboxylate
ligands to the platinum atom in a unidentate fashion. The
broad asymmetric and symmetnc stretching absorptions of
the carboxylate ligands were observed in the range of 1624-
1628 cm™ and 1233-1333 cm™' . respectively. resulling in Ay
> 300 em™ for the rrems~dicarboxylatoplatinum(IV) com-
plexes. ™

The 'H NMR speetra of the rrans-diacctatoplatinum(IV)
complexes show that the methyl protons of the two axial
acctato ligands resonate at 2.01 and 2.03 ppm as singlels duc
to their mteractions with the asymmetric amine ligands.
Thus the 'H NMR spectral data of the octahedral platinum
(IV) complexes are consistent with the structures i the solid
statc. For the rrans-dipropionatoplatinum(I'V) complexes the
methylene and methy] protons of the two trams-propionate
groups rcsonate at 2.42 and 2 .43 ppm as quartets and at 1.04
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Figure 1. ORTLP drawing of (apepa)PtCl{OCOC! Is): along with
the atomic labelling Scheme. The disordered C(7h) and C{25b)
were omitted.

and 1.03 ppm as triplets, respectively. Such results suggest
that the symmetrical coordination of both propionate groups
to the platinum atom is retained in aqueous solution. Thus all
spectral data of the (apcpa)PtCly (OCOC;H:). complex are
consistent with the X-ray structure.

Crystal Structure of (apepa)PtCl(C,HsCOO),. For
(apcpa)PtCl:(OCOC,Hs); there are two independent mole-
cules in the asymmetric region of the monoclinic unit cell
and the features of the two molecules are within error of
being identical. One of the molecules and its labelling scheme
for (apcpa)PtCL(OCOC:Hs), is depicted in Figure 1. The
local geometry around the platinum atom is an approxi-
mately octahedron: the distances of Pt(1)-N{1). Pt(1)-CI(I)
and Pt(1)-O(1) are 2.01(1), 2.317(5) and 2.035(12) A. respec-
tively. and the bond angles of N(1)-Pt(1)-N(2). N(1)-Pt{1)-
O(1). N()-P{1)-CI(1}, and CI{1)-Pt(1)-CI(2) are 84.8(6)°.
88.0(6)°, 90.6(5)° and 91.97(19)°, respectively. The distor-
tion appears to be caused by limitation of the bite angle of
the chelating ligand. Two adjacent corners of the Pt([V) plane
are occupied by the nitrogen atoms of the apcpa ligand, and
the remaining cis equatorial positions are used [or two chlo-
ride jons. Two additional axial positions arc occupicd by
propionato ligands. The average PG-N bond length of 2.04 A
in within the normal range for other diamine platinum{IV)

Figure 2. View showing the weak paring of (apepa)PtCl(OCO-
C:Hs)z molecules within the unit cell.
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Table 1. Crystal parameters and experimental details for (apepa)
PICIOCOCal 15)A

complex {apepa)PtCL{OCOC:Hs )

lormula (..1|4I |;3C|3N1(-)4pl

1w 554.37

space group 12 (No. 4)

a(A) 9.1391(1)

biA) 222517(1)

c(A) 10.0687(1)

ﬁ 109.105(1)

V(AT 1934.80(3)

zZ 4

Deal. gicm’ 1.884

H (abs. cocth). mm™ 7.546

no. total obscryvation 8877

no. unique data 4910

GOF on I* 1.188

final R indicics R, = 0.0532.

|1 > 2sigma(l)] wR.=0.1251

R indices(all data) R, =0.0583
wR-=0.1269

Table 2. Sclected hond lengths (A) and angles [°] Tor (apcpa)
PtCl{OCOC-1 14)A

P -O(3) 2.00(1) LY 2)-0X5) 2.01(1)
PL-N(T) 2.01(1) PY2)-0(T) 2.02(1)
PH-O(1) 2.04(1) PI{2)-N(3) 2.07(2)
P 1)-N{2) 2.06(2) Pi{2)-N(4) 2.07(2)
PU)-CL2) 2305()  PU2)-Cld) 2.306(6)
PU-CIT) 23175 PU2CI3) 2.322(5)
N(D-C(2) 1.54(2) N(3)-C(16) 1L47(2)
N2)-C(3) [.44(3) N()-C(17) 1.46(2)
N(2)-C(d) 1.51(3) N()-C(18) 1.55(2)
OUN-C) 1.27(2) O(5)-C(23) 1.29(3)
O2)-C) 1.21(2) O(6)-C(23) 1.22(3)
O3)-C(12) 1.31(2) O(7)-CA26) 1.30(2)
OA)-C(12) 1.21(2) O(8)-C(26) 1.21(2)
OG-PU-N(D) 94.8(6) OS-PRMOTY  1741(6)
O3)-PUD-O(1) 17647 OEKP2FNG3)  96.5(6)
NCD-PUD-O(1) 38.06) OM-PU2)NG3Y  87.1(6)
OG-PU-NZY  R9.4(7) OS-PI2)NE)  89.4(7)
NCD-PUD-NY 34.8(6) OM-PL2)NE)  95.7(6)
ON-PU-NY 92,97 NGHP2)NE  82.1(6)
O3-PUD-CI2)  87.2(5) OS-PIR2)-Cled)  86.5(5)
NCD-PUD-CH2Y 17675 O-P2)Cled)  90.2(5)
O-PHD-CI2)  90.0(5) NG-PQR)RCUD) 175.9(5)
NE-PUD-CH2)  92.7(5) NE-P2)-CU)  95.1(5)
OG3-PUD-CI) 91.3(4) OS-PIR2)-CI3Y  89.9(4)
NCD-PUD-CIY 90,65 OMN-PIR2)-CI3Y 8334
ON-PUD-CI) 86.6() NGHPR)-CU3)  91.2(5)
NE-PUD-CHD 175.3(5)  N@-P)-ClU3)y  173.1¢4)
2

CI2)-PU-CHLY  91.97(19)  ClE-P2)-Cl3)  91.7¢2)

Symmetry transformations used to gencrate equivalent atoms:

complexes.'® ! The two axial Pi(IV)-O bond distances arc
not significantly different from cach other. The averaged Pt-
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Table 3. Antitumor activity of ¢is-A-PtC1:X against leukemia
1.1210 cell line

i vitro i vivo (oral)
complexes Az X EDso Dose TiC?
(pe/ml)  (me/ke) (%)

1 apcha OH 36 150 107.6

2 apcpa OH 31 150 101.2

3 apcha OCOCH: 1.7 150 101.2

4 apcpa OCOCH: 29 150 93.6

6 apepa  OCOC,Hs 1.6 130 100.0)
JM216 0.9 130 160.00

CIC(%e) = T4C x 100: T — mean survival time of the drug treated nuice:
C — mean survival ime of the control mice.

O bond length is 2.02 A. which is comparablc with thosc
found in other P(IV) carboxylate complexes.”! Comparison
of the bend distances between the C=0 double bonds and
the C-O single bonds indicates no significant delocalization
of the C=0 bonds.~’ Figure 2 gives a view of the molecular
packing in the unit ccll. Hydrogen bonding beiween the
ncighboring molccules in a crystal is common, ¥ The two
independent (apepa)PICl(OCOC--H;s): molecules depicted
in Figure 2 show a dimeric interaction through the intermo-
Iccular N-HO hydrogen bonding interactions (N O dis-
tancc 2.907 A).

Antitumor Activity, The present PI(IV) complexes were
subjccted 10 i vitro and in vivo assay against muring Icuke-
mia L1210 cell line and the results arc lisied in Table 3. [t is
surprising (hat all the title platmum(1V) complexes cxhibil
significantly high cytotoxicity comparable (o that of their
parcnt platinum(11) complexcs. However. these platinum(1V)
complexcs do not show significant oral anticancer aclivily
regardless of vanation of their axial ligands. 1t is gencrally
accepled that Pi(TV) complexes are cert m ligand substitu-
tion reactions and therefore. must be reduced o PI(II) spe-
cics before binding (o DNA. [T i vive reduclion rale 1o

platmum(11) is the only important factor in the mcchanism of

action of the PI{1V) compounds. the trans-dicarboxylatc ana-
logues should be more active than their frans-dihy droxoplat-
mum(IV) complexcs. since the carboxylate complexcs are
known 1o have the grealtest destabilization eilcet on P(1V).™
Howcever. as is scen in the table. there is no signilicant differ-
ence n the oral antitumor activity. and therefore. it is pre-
sumed that these platinum(1V) complexes are not cfficiently
absorbed in (he gastromicestinal tract regardless of the struc-
turcs of their axial ligands.

In conclusion. a scrics of the platinum(1V) complexes
involving asvmmetric diaming ligands were svnthesized and
characterized. The crvstal structure of (apepa)PICL(COO-
C~Hs)> exhibits that platinum atom achicves a tvpical octa-
hedral arrangenment with two nitrogen atoms in ¢is positions
and (wo propionalc groups m #rans position. The spectro-
scopic data disclosc that these platinum(IV) complexcs arc
stablc and their molecular structurcs are refained in aqueous
solution. These platinum(IV) complexes arc highly cyviotoxic

Lun Ju Lee ef dl.

in vitro but do not show significant oral anticancer activity.
Supporting Information Available, Table for details of
x-rav data collection parameters. atomic coordinates. aniso-
tropic thermal parameters. bond length and angles. hydrogen
atom parameters. and torsion angle [or 6, Ordering informa-
tion is given upon vour request 1o the correspondence author,
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