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The synthesis of a pair of enantiomeric Pt(II) complexes, [Pt(.R,fl-eap)Cl2] and [Pt(S,S-eap)Cl2] 
(eap = iV,ZV-diethyl-2,4-pentanediamine), designed to bind enantioselectively to GpG and ApG 
sequences of DNA is described. The in vitro cytotoxicity of each of the enantiomers toward 
murine leukemia and human bladder tumor cells has been measured. The RJt enantiomer was 
found to be more active in the leukemia cells, but the difference was not as great as expected (ICso; 
RJt 14 nM, S,S 33 nM). In the bladder tumor cell line, no significant difference in activity was 
found. The two enantiomers had similar mutagenicity in the Salmonella reversion assay, but the 
RJi enantiomer was more cytotoxic in the bacterial cells. A structural analysis of the R Jt enantiomer 
revealed that the ligand adopted an unexpected configuration, and a strain energy minimization 
analysis showed that this was a consequence of interactions between the diamine ligand and the 
dichloro ligands. The significance of the structural preferences with respect to the lower than 
expected enantiospecificity is discussed. Crystals of [Pt(.R,ft-eap)Cl2] are monoclinic; space group, 
P2i2i2i; a = 7.909(5), b = 12.972(9), and c = 13.269(12) A; Z = 4; and the structure was refined 
to R = 0.025 (165720-

Introduction 

cf's-DDP and related compounds are believed to effect 
their anticancer activity by forming bifunctional adducts 
with DNA, thus interfering with the replication process.23 

It is yet to be unequivocally established which of the 
bifunctional adducts is primarily responsible for the 
anticancer activity, and it is clearly necessary to do so 
before the techniques of rational drug design can be fully 
used to aid in the development of new Pt(II)-based 
anticancer drugs. The approach we have been taking has 
been to use molecular modeling techniques to design 
compounds that preferentially form a single adduct.4-8 

For instance, we have recently reported the preparation 
and characterization of a compound designed to bind 
interstrand but not intrastrand.8 The low activity of this 
compound in vitro provides evidence that the interstrand 
adduct is not the adduct primarily responsible for effecting 
cell death and indirect evidence that the intrastrand adduct 
is responsible. The major intrastrand adducts are to GpG 
and ApG sequences.9,10 Our modeling of these adducts 
has led us to the design of compounds which can act as 
probes to investigate the importance of the adducts in the 
cytotoxic process and of the factors which mediate the 
formation of the adducts. 

Design Rationale. In our models of the GpG and ApG 
intrastrand adducts, and in models reported by others, 
the NH3 ligands form two H bonds; one to a phosphate 
O atom on the 5' side of the adduct and the other to the 
exocyclic oxygen of the guanine on the 3' side.4,5,11"13 Our 
studies of the reasons for the nonformation of the GpA 
adduct are consistent with the latter H bond being an 
important determinant of the binding process,5 and others 
have suggested that the former H bond is also important.14 
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We sought compounds which would test the hypothesis 
that these H bonds do mediate binding of Pt drugs to 
DNA. A schematic view of the cis-DDP/GpG adduct and 
the two H bonds is shown in Figure la. Since DNA is 
chiral, this adduct has a chiral sense, and it is possible to 
design a chiral complex which should interact enantiose
lectively at a GpG site. The interaction of a generalized 
pair of such compounds at a GpG site is shown in Figure 
lb. In one case the amine H atoms have the correct 
dispositions to allow formation of the two H bonds, but 
in the other, the R groups (methyl, ethyl, or bulkier groups) 
are disposed toward the potential H-bonding groups. Not 
only would these R groups not form H bonds, but perhaps 
more significantly, they would produce unfavorable in
teractions with the DNA, particularly with the exocyclic 
oxygen of the 3'-guanine which we have shown to te unable 
to totally avoid this interaction.5 If the enantiomer labeled 
1 in Figure 1 was found to be active, and the enantiomer 
labeled 2 to be inactive this would provide evidence for 
the importance of the H bonds in mediating binding and 
provide indirect evidence that these adducts are respon
sible for the activity of cis-DDP and related drugs. 

There have been a number of studies focusing on the 
different activities of the enantiomeric complexes [Pt-
(i?^-chxn)Cl2] and [Pt(S,S-chxn)Cl2]

15-17 and on other 
enantiomeric pairs.18 However, there have been relatively 
few studies where the chirality potentially resides on the 
N donor atoms.19-21 The difficulty in producing and 
resolving such pairs of enantiomers lies in the lability of 
N coordinated to Pt. Under biological conditions, rapid 
equilibration of the stereochemistry at coordinated N 
would occur, resulting in no observable chiral discrimi
nation. In order to overcome this we have used bidentate 
ligands in which there are also chiral centres in the C 
backbone of the ligand, the aim being that this nonlabile 
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Figure 1. (a) Schematic view of a intrastrand cis-DDP/GpG 
adduct. (b) Instrand interaction of two enantiomers with the 
GpG sequence. 

R1R S1S 
Figure 2. Schematic views of [Pt(fl,fl-eap)Cl2] (left) and [Pt-
(S,S-eap)Cl2] (right). 

chirality will impose the desired stereochemistry at the N 
atoms. Specifically, we expect that the ethyl substituents 
will adopt positions approximately trans to the methyl 
groups of the pentanediamine. The first pair of enanti
omers we have studied that have this arrangement of chiral 
centers, [Pt(fl,i?-eap)Cl2] and [Pt(S,S-eap)Cl2], are shown 
in Figure 2. In this paper we report the preparation and 
chemical and biological characterization of this pair of 
enantiomers. 

Experimental Sect ion 

Spectroscopy. 1H and 13C NMR spectra were recorded at 
50.239 and 200.13 MHz, respectively, on a Bruker AC 200F 
spectrometer with solvents D2O and CDCl3 of 99.6% isotopic 
purity. Chemical shifts are reported in ppm (S) relative to CDCl3. 
Infrared spectra were obtained on a Perkin-Elmer 1600 series 
spectrophotometer using Nujol mulls on NaCl plates. Mass 
spectral data were recorded on a Kratos MS902 mass spectrom
eter. Optical rotations were measured at the sodium D line (589 
nm) on a Perkin-Elmer polarimeter 241 at ambient temperatures. 
Solution circular dichroism spectra were measured with a JASCO 
J-500C spectropolarimeter and processed on a DP-500N data 
processor. 

Preparations, rac-and meso-2,4-Pentanediamine. Acetyl-
acetone dioxime was prepared from 2,4-pentanedione and 
hydroxylamine by standard methods and was reduced to 2,4-
pentanediamine with Raney nickel. Separation of the racemic 
and meso isomers was carried out as described by Bosnich and 
Harrowfield.22 

Resolution of j-ac-2,4-Pentanediamine. Resolution of the 
racemic form was by selective crystallization with (-)-diben-

zoyltartaric acid and (+)-dibenzoyltartaric acid as reported by 
Bosnich and Harrowfield.22 The [(fi,A)-2,4-ptn:(-)-dibenzoyl-
tartrate] and [(S,S)-2,4-ptn:(+)-dibenzoyltartrate] complexes 
were recrystallized to constant rotations of [afo • -88° and +87°, 
respectively (cf. literature22 value of -91°). These were converted 
to the diamine dihydrochlorides which gave rotations of M D • 
+17° and -16°, respectively (Ut.22 +17"). 

Preparation of meso-JVr2Vr-Diethyl-2,4-pentanediamine. 
The dihydrochloride salt was converted to the free base form by 
addition of a 5-fold excess of KOH and extraction into dichlo-
romethane. Acetic anhydride (22.5 g, 0.22 mol) was added 
dropwise to the free base (5.0 g, 0.050 mol) via an air condensor 
with continual stirring. Dry pyridine (3 drops) was added, and 
the mixture was left to stand for 12 h at 5-10 9C. Excess acetic 
anhydride and acetic acid were removed by rotoevaporation under 
reduced pressure, and any remaining acetic acid was removed 
under high vacuum (6 h, 0.1 mmHg), leaving the product meso-
2,4-diacetamidopentane (7.8 g, 0.045 mol, yield 10 %) as a viscous 
yellow liquid. The diacetamide (7.0 g, 0.044 mol) was dissolved 
in dry tetrahydrofuran (THF) (250 mL) in a 500-mL three-necked 
round-bottom flask equipped with a magnetic stirrer and a reflux 
condensor. After slow cooling to 0 0C, freshly ground lithium 
aluminum hydride (15.2 g, 0.40 mol) was added carefully and 
with vigorous, continual stirring. After slow equilibration to room 
temperature, the reaction mixture was refluxed and stirred for 
2 days. The suspension was then cooled to room temperature 
and transferred to a 1-L three-necked round-bottom flask, 
equipped with a magnetic stirrer. This was cooled to 0 0C, and 
a solution of water (36 mL) and THF (200 mL) was added 
cautiously with vigorous stirring. Solids were filtered off, and 
the filter-cake was extracted three times with boiling THF. The 
combined THF filtrate and washings were evaporated under 
reduced pressure to give meso-iVJV'-diethyl-2)4-pentanediamine 
(4.9 g, yield 72%). The resultant diamine was stored under 
nitrogen. 

Preparation of rac-Ar^V-Diethyl-2^-pentanediamine. The 
(RJl)-I-) and (S,S)-(+) enantiomers of 2,4-pentanediamine were 
converted to the free base and ethylated by the procedures 
outlined above for the meso isomer. Average yield based on the 
free base form was 35%: mass spectra found, M+ 158, CsH22N2 
requires 158.29; 1H NMR (CDCl3)«1.1 (t and s), 1.45 (dd), 2.6-
2.7 (quartet and sextet); 13C NMR (CDCl3) S 16, 21,41, 44, 51. 

Dichloro-jneso-(JV^V-diethyl-2,4-pentanediamine)plati-
num(II). The procedures outlined by Dhara29 and by Rochon 
and Kong24 were adapted as follows in the preparation of the 
Pt(II) complexes. An aqueous solution of K2[PtCU] (0.415 g, 
1.00 mmol, Aldrich) in water (3 mL) was mixed with KI (4.0 g, 
0.024 mol) and stirred for 15 min. The formation of K8[PtI4] 
was indicated by the formation of a dark black yellow color. To 
this solution was added an equimolar amount of meso-NJP-
diethyl-2,4-pentanediamine (0.607 g, 1.00 mmol) in water (1 mL), 
and a dark olive colored precipitate formed almost immediately. 
The mixture was left to stir for 24 h, and the [Pt(meso-eap)I2] 
complex was filtered, washed with cold water, and allowed to dry 
for 24 hover silica gel. To the complex (0.821 mmol, 82% yield), 
AgNO3 (0.0279 g, 0.164 mmol) in water (2 mL) was added, and 
the mixture was then stirred for 2 days. The resultant AgI 
precipitate was removed by filtration and washed with cold water, 
a further 2-3 drops of NaCl (0.5 M) was added to the filtrate to 
remove any excess silver ions. The procedure was repeated until 
there was no immediate precipitate after the addition of one 
drop of NaCl solution. The volume of the filtrate was then 
reduced to 4 mL by rotoevaporation, and a 25-fold excess of solid 
NaCl (0.021 g, 0.36 mmol) was added. After stirring (10 min), 
a pale yellow precipitate formed which was filtered and washed 
thoroughly with cold water to remove excess water-soluble salts. 
The product cw-[Pt(meso-eap)Cl2], was dried in a dessicator for 
12 h (0.148 g, yield 70% with respect to the ligand). 

Dichloro-(.RJZ)- and -(S,S)-(JV^V-diethyl-2,4-pentanedi-
amine)platinum(II). Both enantiomers were synthesized from 
the resolved diamine by a method analogous to that described 
for the meso isomer. The average yield based on the ligand was 
50%. 

Cytotoxicity Assays. The recently established human blad
der cancer cell line used was UCRU BL13/025 which was grown 
as a monolayer in RPMI1640 culture media supplemented with 
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Figure 3. Dose-response of human bladder cancer cell line 
UCRU BL13/0 to cis-DDP, [Pt(i?,JJ-eap)Cl2], and [Pt(S,S-eap)-
Cl2]. 

Table I. Cytotoxicity (IC50) Values QiM) Determined in Human 
Bladder Tumor and Murine Leukemia Cell Lines 

cell line [Pt(#,fl-eap)Cl2] [Pt(S,S-eap)Cl2] cis-DDP 

human bladder 
murine leukemia 

22 
14 

18 
33 

4 
0.6 

10% foetal calf serum (FCS), penicillin (50 ic units/mL), and 
streptomycin (50 Mg/mL) and maintained in a humidified 
incubator at 37 0C in 7.5% CO2, 5% O2, and 87.5% N2. Cells 
were maintained in exponential growth phase by subculturing 
routinely with trypsin-EDTA. IC6O values in the drug assays 
were determined using log-phase cultures grown in microtitre 
plates. [Pt(fl,fl-eap)Cl2], [Pt(S,S-eap)Cl2], and cis-DDP stock 
solutions were made up fresh in RPMI 1640 medium at 
concentrations of 2 mg/mL. Cells were exposed to the drug at 
a range of concentrations (0-95 11M) for a period of 4 days in 
tissue culture. In each drug assay, cis-DDP was used as a 
standard. Cell viability following treatment was determined using 
the MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl bromide; 
thiazolyl blue) cytotoxicity assay.28 The variation in cytotoxicity 
with drug concentration for the two enantiomers and for cis-
DDP are displayed in Figure 3, and IC50 values are listed in Table 
I. 

L1210 mouse leukemia cells were grown as suspension cultures 
in MEM (minimum essential medium, Eagle's) plus 1 % glutamine 
and 10% FCS (Flow Laboratories). [Pt(fl^-eap)Cl2] and [Pt-
(S,S-eap)Cl2] were dissolved in dimethyl sulfoxide (DMSO), and 
the mixture was then immediately added to the medium at several 
concentrations over a 2-log range with a final DMSO concen
tration in the medium of 0.5 %. cis-DDP was dissolved in saline. 
Growth inhibition was tested by incubation of log-phase cells at 
37 0C in a humidified incubator gassed with 10% COa/90% air 
for 48 h in the presence of the drug. Cells were then counted 
using a Coulter counter, and the IC50 OtM), or concentration 
causing 50% inhibition of cell growth, was determined from the 
curve of percentage growth versus dose. Control cultures exposed 
only to the vehicle were included with each test and were used 
to represent 100% growth. The results given in Table I are the 
mean of at least two determinations. 

Mutagenicity Assays with Bacteria. Salmonella typh-
imurium stains TA100, TA97a, TA102, TA98, and TA1535 were 
obtained from Provessor B. N. Ames, University of California, 
Berkeley, CA, and cultured as described.27 Fresh broth cultures 
of each strain were incubated at 37 ° C in a shaking water bath 
for 10 h prior to each assay. Top agar, supplemented with a trace 
of histidine and biotin, was dispensed in 2-mL volumes into 5-mL 
plastic vials in a 45 0C water bath. Broth culture and the test 
chemical (0.1 mL of each dissolved in freshly prepared DMSO 
solution) were then added to each vial. Duplicate plates at each 
dose level were incubated at 37 "C for 48 h before counting 
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Table II. Mutagenicity of [Pt(fl,fl-eap)Cl2] and 
[Pt(S,S-eap)Cl2] and cis-DDP in S. typhimurium TA100 

revertants/plate 

Ug/plate) 

0 
1 
2.5 
5 

10 
12.5 
25 
30 
40 
50 
60 

250 

[Pt(fl,fl-eap)Cl2] 

125,138 

172,174 
161,169 
220, 219 
toxic 

[Pt(S,S-eap)Cl2] 

125,138 

132.127 
157.158 
171.174 
162,172 
241, 234 
290,300 
302, 295 
360, 388 
389, 391 
861,900 

cis-DDP 

125,138 
451,470 
726,713 
892,823 
629,715 
toxic 

Table III. Mutagenicity of [Pt(i?,fl-eap)Cl2] and 
[Pt(S,S-eap)Cl2] and cis-DDP in S. typhimurium TA97a 

revertants/plate 

dose (Mg/plate) [Pt(A,R-eap)Cl2] 

0 
5 

10 
20 
30 
40 
50 

160,165 
238, 247 
276, 283 
toxic 

[Pt(S,S-eap)Cl2] 

160,165 

229, 245 
306, 297 
385,425 
410,433 
510,471 

Table IV. Crystal Data for [Pt(fl,fl-eap)Cl2] 

crystal system 
space group 
a, A 
b, A 
c, A 
V, A3 

formula weight 
Aaicd, g cm-3 

empirical formula 
Z 
absorp coeff, cm-1 

trans coeffs 
temperature, 0C 
X, A 
R(F0) 
Rw 

orthorhombic 
P2i2i2i 
7.909(5) 
12.972(9) 
13.269(12) 
1361.4(18) 
424.28 
2.070 
C9H22Cl2N2Pt 
4 
107.46 
0.356-0.105 
21 
0.71069 
0.025 
0.027 

revertant colonies with an Artek Model 880 counter. Mutage
nicities for TA100 and TA97a are recorded in Tables II and III, 
respectively. 

Crystallography. Cell constants were determined by least-
squares fits to the setting parameters of 25 independent 
reflections, measured and refined on an Enraf-Nonius CAD4-F 
diffractometer with a graphite monochromator. The crystallo-
graphic data are summarized in Table IV. Data were reduced 
and Lorentz, polarization, and absorption corrections were 
applied using the Enraf-Nonius structure determination package 
(SDP).28 The structure was solved by heavy-atom methods using 
SHELX-7629 and was refined by full-matrix least-squares analysis 
with SHELX-76. Hydrogen atoms were included at calculated 
sites (C-H, N-H 0.97 A) with individual isotropic thermal 
parameters. All other atoms except minor contributors to 
disordered groups were refined anisotropically. The absolute 
configuration was confirmed by inverting all coordinates and 
refining; at convergence the R value for the alternative config
uration was 0.037. Scattering factors and anomalous dispersion 
corrections for Pt were taken from ref 30, and for all others the 
values supplied in SHELX-76 were used. The atomic nomen
clature is defined in Figure 4.31 Listings of non-hydrogen atom 
coordinates, bond lengths and angles, H atom coordinates, 
anisotropic thermal parameters, close intermolecular contacts, 
torsion angles, and observed and calculated structure factor 
amplitudes are available as supplementary material. 
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Figure 4. ORTEP plot of [Pt(fl,fl-eap)Cl2] giving the crystal-
lographic atom numbering. The configuration at N(I) is R and 
at N(2) is S; 30% probability ellipsoids are shown. 

Table V. Strain Energies of the Conformers and Configurations 
of [Pt(fl^-eap)Cl2] and [Pt(S,S-eap)Cl2] 

strain energy, 
conformer [PtCR,fl-eap)Cl2] [Pt(S,iS-eap)Cl2] kJmol-1 

chair [RR1RR) [SS, SS) 53̂ 3 
{RR,RS] [SS, SR] 52.2 
[RR1SR) [SS, RS) 83.4 
[RR, SS) [SS, RR) 63.1 

skew-boat [RR1RR) [SS, SS) 61.8 
[RR, RS) [SS, SR) 63.3 
[RR, SS) [SS, RR) 91.8 

Molecular Modeling. All diastereomers of [Pt(fl^R-eap)-
Cl2] were subjected to strain energy minimization analysis using 
a force field described previously.32 Starting models were 
generated using the HyperChem system33 implemented on a 486
DX computer system, and strain energy minimization was 
performed using MOMECPC,34 a modified version of MOMEC-
87,^ also running on the 486-DX computer. Final strain energies 
are listed in Table V. Configurations are indicated by listing the 
chirality at each of the C atoms first followed by the chirality at 
each of the N atoms. 

Results and Discussion 

Ligand Synthesis. The aim was to produce an 
enantiomeric pair of N,N'-diethylated diamines. Reso
lution of the chiral diamine was carried out prior to 
ethylation as procedures for this were already well 
established. Next, a synthetic route which gave a product 
with exactly one ethyl substituent on each nitrogen atom 
was essential. Reactions of diamines with alkylating 
compounds such as alkyl halides produce a mixture of 
monoalkylated, N,N-dialkylated, trialkylated, and te-
tralkylated products in addition to the desired N1N'-
dialkylated compound. Extensive purification procedures, 
if at all possible, are required to produce this desired 
product with an acceptable purity for biological testing. 
Therefore, we developed a facile route to produce a N1N'-
disubstituted 2,4-pentanediamine. This involved forma
tion of a diacetamide from the parent diamine followed 
by the reduction of the amide groups to secondary amine 
groups. This method gave the desired products in high 
purity and with an acceptable yield. 

Description of the Structure. The structure consists 
of neutral [Pt(i?^J-eap)Cl2] molecules with only very weak 
H bonds between the H(amine) atoms of one molecule 
and the chloro ligands of a symmetry-related molecule. 
There are closer intramolecular contacts between the 

H(amine) atoms and the chloro ligands, though whether 
these should be described as H bonds is debatable since 
such contacts are inevitable in this configuration of the 
complex. The configuration of the ligand is not that which 
was anticipated; viz a configuration with the ethyl sub-
stituents trans to the methyl groups of the pentane moiety 
and therefore trans to each other. Rather, the configu
ration adopted has the ethyl groups disposed on the same 
side of the Pt atom. The ethyl group nearest C(5) is trans 
to this methyl group but that nearest C(I) is cis to that 
methyl group. The reasons for the occurrence of this 
unexpected configuration are discussed below. The 
chirality at N(I) is R and that at N(2) is S, and the overall 
configuration then is RR, RS. The conformation of the 
six-membered chelate ring is a chair; a least-squares plane 
through the four atoms defining the seat [N(I), N(2), C(2), 
and C(4)] reveals no deviations greater than 0.003 A. Pt-
(1) and C(3) lie 1.058 and 0.654 A, respectively, on opposite 
sides of this plane. One of the methyl groups [C(I)] of the 
pentane moiety is equatorial with respect to the chair and 
the other [C (5)] is axially disposed, as are both ethyl 
substituents. 

Molecular Modeling. The six-membered chelate ring 
in [Pt(J?^-eap)Cl2] (and in [Pt(S,S-eap)Cl2]) can adopt 
a chair or a skew-boat conformation, and both possibilities 
were subjected to strain energy minimization analysis. R 
and S chiralities are possible at each N atom which leads 
to four sets of configurations at the atoms (R Ji; R,S; SJi; 
S,S) for the chair conformer of [Pt(i?,fl-eap)Cl2] but only 
three for the skew-boat conformer (RJi; SJi; S,S) since 
the 2-fold symmetry of the skew-boat leads to the 
equivalence of the R,S and SJi configurations. There are 
a similar number of configurations for [Pt(S,S-eap)Cl2], 
and in order to distinguish the various combinations we 
have used the notation {RR, SR\ for example, where the 
first pair of chiralities are those at the C atoms and the 
second pair are those at the N atoms. Calculations were 
only performed on the configurations and conformations 
of [Pt(/?^-eap)Cl2], but the energies for those of [Pt-
(S,S-eap)Cl2] will be the same except the chiralities at the 
N atoms are inverted. 

The strain energies of the configurations skew-boat 
conformer are uniformly higher than those of the chair 
(Table V) so discussion hereafter is limited to configu
rations of the latter. Two configurations, {RR, RS) and 
[RR, RR), have similar energies, and these are substantially 
(>10 kJ mol-1) greater than those of the other configu
rations. The [RR, RR) configuration was the one we 
anticipated would be most stable because it has the ethyl 
substituents trans to the methyl groups of the ligand. 
However, the stability of the [RR, RS) configuration was 
not originally anticipated, though it is the configuration 
observed in the crystal structure. The reason this ap
parently unfavorable arrangement is adopted is related to 
the interactions between the diamine ligand and the chloro 
ligands. The [RR, RS) configuration is the only one in 
which both H(amine) atoms lie in or close to the coordi
nation plane. Other arrangements have one or more of 
the ethyl substituents adjacent to the chloro ligands 
resulting in repulsive Cl-H interactions where, in the [RR, 
RS) configuration Cl-H(amine) interactions, that are at 
least electrostatically favorable, are found. Bosnich and 
Sullivan36 have reported that the energy differences 
between different stereoisomers are influenced by other 
groups coordinated to the Pt atom. 
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The basis of our hypothesis that [Pt(i?,f?-eap)Cl2] would 
bind more readily to DNA than would [Pt(S,S-eap)Cl2] 
was that it would largely adopt the {RR, RR] configuration 
and [Pt(S,S-eap)Cl2] the {SS, SS] configuration. However, 
the availability of a low-energy configuration with different 
chiralities at N means that less than complete enanti-
oselectivity must be anticipated. 

Cytotoxicity Studies. Both enantiomers of [Pt(rac-
eapjCU] show significant cytotoxicity in L1210 murine 
leukemia cells and human bladder tumor cells. In the 
murine cells, the RJi is marginally more active than the 
S,S enantiomer which is contrary in both direction and 
magnitude to what was anticipated. In the bladder tumor 
cell line, no significant difference in activities was found 
for the two enantiomers. Possible reasons for these 
unexpected results are discussed below. Both complexes 
are substantially less active than cis-DDP. 

Mutagenicity Studies. The two enantiomers of [Pt-
(rac-eap)Cl2J were tested for their mutagenicity toward 
S. typhimurium strains TA97a, TA98, TAlOO, TA102, and 
TA1535. No significant activity was detected at up to 60 
Hg per plate for [Pt(S,S-eap)Cl2] and 10 ng per plate for 
[Pt(fl^-eap)Cl2] with strains TA98, TA102, and TA1535. 
Significant activity was observed against strains TA97a 
and TA100 and these results are given in Tables II and 
III. All compounds gave linear or near-linear dose-
response curves between 2.5 and 10 jug/plate. At concen
trations above 10 jtg/plate, [Pt(i?,i?-eap)Cl2] was cytotoxic, 
and this hampered the reliable determination of the 
mutagenicity of this enantiomer. Interestingly, the RJi 
showed much greater cytoxicity than the S,S enantiomer 
in this system. The two enantiomers had similar, but not 
significant, mutagenicities at concentrations below 10 fig/ 
plate. [Pt(S,S-eap)Cy caused a doubling in revertant 
colonies at 30 /ig/plate in TAlOO and at 20 Mg/plate in 
TA97a. cis-DDP, by comparison, showed a highly mu
tagenic response (330 revertants above background) at 1 
pg/plate in TA100. This is more mutagenic than was 
reported by Benedict et al. where 200 revertants were 
induced at the same concentration.37 TA97a was found 
to be more sensitive to both enantiomers than was TA100. 
TAlOO reversions are caused by base-pair substitutions, 
and TA97a is sensitive to frame shifts. 

Conclusions 
The aim of this study was to develop and prepare an 

enantiomeric pair of Pt(II) complexes that would show 
highly enantioselective interactions with DNA and there
fore, by inference, enantiospecific cytotoxicity. The 
synthesis of a resolved pair of N,N'-dialkylated enanti
omeric ligands was achieved as was the synthesis of their 
dichloroplatinum(II) complexes. The RJi enantiomer had 
a higher in vitro cytotoxicity in L1210 cells, but this 
difference was not as large as expected on the basis of our 
working hypothesis. A crystal structure analysis of the 
RJi enantiomer revealed that the ligand did not adopt the 
arrangement that was originally expected. Strain energy 
minimization analysis of the possible configurations is 
consistent with the observation of that seen in the crystal 
structure and showed that its relative stability is due to 
interactions between the amine ligand and the chloro 
ligands. A consequence of the availability of more than 
one configuration is that the complex, [Pt(rac-eap)Cl2], 
does not meet the design criteria of having the H(amine) 
atoms rigorously disposed on opposite sides of the coor
dination plane and this in turn may explain the lower 

than expected enantioselectivity in its action. Curiously, 
the enantiomers have similar mutagenicities, but the RJt 
is substantially more cytotoxic toward bacterial cells than 
is the S,S enantiomer. These data confirm the observa
tions of Kidani and co-workers that chiral Pt(II) complexes 
behave enantioselectively in their interactions with their 
biological targets. In order to test our hypothesis that 
higher enantioselectivity can be achieved by having chiral 
N atoms, we are currently persuing the preparation of 
ligands that more rigorously impose the desired chirality. 
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