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Antitumor Complexes of Platinum with Carrier Molecules.
2 [1]. Mixed Complexes of Amino Acids and tert-Butylamine
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Abstract

In the search for a fine modulation of cisplatin
analogues we have synthesized complexes with two
different inert ligands bound to platinum in the
cis- position. This paper reports on compounds of
formula cis-[PtCl,(aaH)(tba)] (aaH, amino acid;
tba, tert-butylamine). These complexes have been
synthesized with the aim of obtaining liposoluble
cisplatin analogues bound to natural carrier groups.
The derivatives of glycine, D-alanine, L-threonine,
and L-serine were found to be moderately active
against murine P388 and L1210 leukemia models.
The compound K[PtCls(tba)] was also found to be
active against the same tumor models. Their
activity and potency was, however, much lower than
that of cisplatin.

Introduction

The toxic side effects of cisplatin** pose severe
limitations on its clinical utility [2]. Much effort
has therefore been devoted to finding cisplatin
analogues with lower toxicity and improved
effectiveness [3, 4]. Since most of the toxic effects
of the antitumor drugs arise from their lack of
selectivity, it has been proposed that antitumor
agents should be bound to carrier molecules [5],
with the hope of obtaining compounds which dis-
play their cytotoxic effects only in the tumor
tissues.

In our laboratories we have applied this concept
to cisplatin analogues, preparing and testing for

*Authors to whom correspondence should be addressed.
**Abbreviations. Cisplatin, cis-dichlorodiamminoplatinum-
(II); aaH, amino acid; glyH, glycine; alaH, alanine; pheH,
phenylalanine; serH, serine; threH, threonine; lysH, lysine;
tba, tert-butylamine, DMF, dimethylformamide. aa is an
amino acid anion.
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antitumor activity platinum complexes in which
the chemically active site of the drug, ie. the
cis-PtX,; moiety (X = a leaving group), is bound
to ligands which could act as carrier groups.
One example has been a platinum complex of sulfa-
diazine (sulfanilamidopyrimidine) which has been
reported to accumulate in cancer tissues [6]. This
complex has been found to display an antitumor
activity towards murine P388 leukemia higher than
that expected from the in vitro cytotoxicity data
[1].

The high requirement and uptake of important
nutrients, such as amino acids, by tumor cells [7,
8], has been exploited to produce selective cyto-
toxic effects towards specific tumor tissues, by
depriving cells of an adequate supply of the meta-
bolic precursor (i.e. depleting enzyme therapy [9]).
These nutrients have already been used as carriers of
alkylating agents [10]. In the field of cisplatin ana-
logues it has been reported that solutions of tetra-
chloroplatinate(I) and amino acids (viz. glutamine,
asparagine, but also glycine and serine) show
some activity against P388 and L1210 leukemias in
mice [11, 12]. Moreover K[PtCl,(gly)] (in which
glycine is chelated), although it does not inhibit
sarcoma 180 growth [13], is active against murine
L1210 leukemia [14]. Beck [15, 16] has reported
that cis-dichlorobis(ethylglycylglycinate)platinum(II)
(where the peptide ester molecules are N-coordinat-
ed) is active against some experimental tumors, and,
more important, that analysis of the Pt content of
the tissues of the treated rats suggests that these
ligands induce some selectivity in the platinum
complex towards the tumor cells [16, 17]. Finally,
compounds of the type cis-O-[Pt(amino acidato),]
(in which the amino acid moieties are chelated)
were found to be inactive [18].

The results of a recent thorough study [19] have
suggested that toxicity of cisplatin analogues corre-
lates, at least in the first approximation, with the
lability of the leaving groups, while cytotoxicity can
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TABLE 1. Analytical Data.

E. Bersanetti, A. Pasini, G. Pezzoni, G. Pratesi, G. Savi, R. Supino and F. Zunino

Compound Found (Caled.) %
C H N
cis-[PtCl, (glyH)(tba)] (1) 17.4 4.2 6.8
174) 3.9 (6.8)
cis-[PtCly (L-alaH)(tba)] (L-2) 19.5 43 6.5
(19.6) “4.2) 6.5)
cis-[PtCly(D-alaH)(tba)] (D-2) 19.4 4.2 6.4
(19.6) “4.2) 6.5)
cis-[PtCl,(L-pheH)(tba)] -H, O (3) 29.9 4.7 5.4
(29.9) “4.7) (5.5)
cis-[PtCly(L-serH)(tba)] (4) 18.8 4.3 6.0
(18.9) “.1) (6.3)
cis-[PtCl, (L-threH)(tba)] (5) 20.9 4.0 6.1
(21.0) “4.3) (6.1)
cis-K[PtCly (L-lys)(tba)] - 2H, O (6) 21.8 4.6 7.0
(21.5) 4.6) (7.5)
K[PtCl5(tba)] (7) 11.5 2.8 3.4
(11.6) 2.8) 3.9)
K[PtCl, (gly)] 6.5 1.1 3.6
(6.3) (1.1) 3.7

be modulated by the nature of the inert ligands.
Up to now the majority of the reported cisplatin
analogues are of the type cis-[PtX;L,] (X = leav-
ing group, L = inert ligand], but we believe that a
finer tuning of the antitumor activity can be
achieved by preparing compounds of the type
cis-[PtX,AB], ie. by binding two different inert
ligands, A and B, to the platinum ion, in order to
confer some specific properties to the drugs. In this
paper we wish to report the properties of com-
pounds 1—6 in which platinum is bound to N-coordi-
nated amino acids, as potential carrier groups, and to
tert-butylamine, which should increase the liposolu-
bility of the compounds.

ci_ NHEICH,),

Pt
7N\
ci NH,CHCOOH

1 R=H

2 R=CH; (L and D)
3 R=CH,C¢H; (L)

4 R=CH,0OH (L)

5§ R=CHOHCH; (L, threo)
6 R =(CH,),NH, 65)
Experimental

Analyses, see Table I, were from the microanalyti-
cal laboratory, the University, Milan. Infrared spectra

were obtained on a Nicolet MX-1 FTIR instrument.
Circular dichroism spectra were recorded on a Jobin
Yvon Mark III. All chemicals were reagent grade.

Preparation of the Complexes

Potassium Dichloroglycinatoplatinate(Il)
It was prepared according to ref. [20].

Potassium tert-Butylaminetrichloroplatinate(Il)

(7)

This compound was prepared following a sugges-
tion of Kong and Rochon [21], by heating at 70 °C
for 15 hours a DMF solution of potassium tetra-
chloroplatinate(II) and freshly distilled tert-butyl-
amine in the ratio 1:1. (Typically two mmol of reac-
tants in 40 ml). The reaction mixture was then
evaporated to 6—7 ml under reduced pressure and
stored at 5 °C for 24 h. The filtered, clear orange solu-
tion was then treated with a large excess of ether. The
crude product was dissolved in cold water, and the
filtered solution was evaporated to dryness under
reduced pressure at a temperature below 45 C.
Yields 70%. The product must be stored in the
dark.

cis-Amino acidtert-butylaminedichloroplatinum-

(1)

General procedure for compounds 1-5. 1 mmol of
the amino acid (glycine, alanine, phenylananine,
serine, and threonine) was treated, in 30 ml of water,
with 1 mmol of 7, and heated at 50—60 °C for 10 h.
During this time the pH of the slurry decreases from
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TABLE II. Cytotoxic Activity Against HeLa Cells in vitro.2

Compound IDsg (ug/ml)

cisplatin 0.14
1.1
1.6
2.5
3.0

11.0

[- N RN )

3For details see experimental.

5 to approximately 2.5. The filtered solution was
evaporated to dryness under reduced pressure, and
the residue was treated with methanol. After removal
of KCl by filtration, addition of ether gave a yellow
product, the analysis of which showed it to be a
mixture of [PtCl,(aaH)(tba)] and K[PtCl,(aa)(tba)].
The desired ‘acidic’ complex could be easily obtain-
ed by addition of 0.1 N HCl to the water solution of
the mixture, to pH 1.5. Evaporation to dryness af-
forded [PtCl,(aaH)(tba)] which could be freed from
KCl by dissolving the product in the minimum
amount of CHCls/methanol (8/2 v/v) and precipitat-
ing the complex by addition of a large excess of ether
to the filtrate. Yields 50—70% based on 7.

For the preparation of 6, the amino acid was
liberated in situ from lysine hydrochloride by treat-
ment with KOH. The solution was heated at 60 °C
for 10 h, the final pH being about 9. From this
solution the potassium salt K[PtCl,(lys}tba)]
obtained was analytically pure (see Table T) and was
used as such.
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Biological Expeirments

Cell Survival Determination

HeLa cells were exposed to the drugs for 24 h.
Survival was determined by the ability of the treated
cells to form colonies. After treatment the medium
was removed and cells were washed and suspended in
Eagle’s minimal essential medium containing 10%
fetal calf serum, and plated colonies were counted
after 8 days of incubation. IDsq values were
determined by dose-response curves and are reported
in Table II.

Tumor Models and Antitumor Testing

BDA/2 and BDF1 mice of both sexes were obtain-
ed from Charles River Laboratories (Calco, Como,
Italy). After arrival, the animals were acclimated for
a week and randomized into experimental groups.
Tumor lines were maintained as previously describ-
ed [22, 23]. The experiments with L1210 and P388
leukemias were carried out in BDF1 female mice
inoculated i.p. with 1 X 10° and 1 X 10° cells
per mouse respectively. The drugs were adminis-
tered ip. as a single dose on day 1 after tumor
cell transplantation. The dose range was deduced
approximately by cytotoxic activity. Animals
were observed daily. Comparative antitumor effects
of various doses were determined from the median
survival time (MST), in days, for treated (T)
versus control (C) groups and expressed as T/C
(%). A drug was considered active if it produced
a T/C % higher than 125. The results are collected
in Table III.

TABLE 1I1. Antitumor Activity against P388 and L1210 Leukemia Models.?

Compound Dose range tested (mg/Kg) oD (mg/Kg)b T/C (%)

P388:

cisplatin 7-10 246 (170-322)
7 5-200 50 165

1 10-80 80 155
K[PtCl,gly] 50-60 50 150 (144-156)
5¢ 12.5-100 >100 150

D-2 25-200 100 155

4 25-200 25 133

3¢ 25-200 25 110

L-2 25-200 25 85

6 100-200 100 20

L1210:

cisplatin 7 178 (168—187)
7 10--28.5 >28.5 137

5¢ 10-250 200 137

L-2 10-25 15 115

2For details see experimental.
in saline with hydroxymethylcellulose.

bOptimal dose, corresponding approximately to LDyp.

®These compounds were suspended
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Results and Discussion
Preparation and Characterization of the Compounds

Potassium tert-Butylaminetrichloroplatinate(Il)

(7)

If the equimolar amounts of an amine and K,-
[PtCl,] are reacted in water the insoluble cis-[Pt-
Cly(amine),] precipitates eventually. However, fol-
lowing a suggestion of Kong and Rochon [21], com-
pounds of the type [PtCls(amine)]™ are easily prep-
ared in DMF solution presumably because of the
solubility of the cis-dichlorodiamine complex in this
solvent. The other methods of preparation of [Pt-
Cls(amine)]™ are time and reagent consuming [21,
24, 25]. Although we could prepare by the DMF
method a number of derivatives of other amines in
reasonably good yields (70—80%) we failed to prep-
are the ammonia derivative in a yield higher than
10%, in contrast to what was reported in the original
paper [21].

The infrared spectrum of 7 (nujol mull on Csl
disks) shows three bands attributable to the Pt—Cl
stretching vibrations (312, 325, and 330 cm )
as expected for a [PICI;L] species [25, 26] (cf.,
for instance, [PtCls(NMej3)]™, 314, 329, and 337
em ! [25]). The molar conductivity of a 107> mol
dm™ water solution of 7 (110 ohm™! c¢cm?® mol™)
is consistent with a 1:1 electrolyte. The structure of
this compound is therefore as in 7.

N NHC(CHy);| ™
Pt
4
ci” e
7

Reaction of 7 with Amino Acids

When equimolar amounts of 7 and an amino acid
are reacted in water solution, a decrease of pH, from
about 5 to about 2.5 is observed, since HCI is liber-
ated in the reaction

K[PtCls(tba)] + aaH —>K[PtCl,(aa)(tba)] + HC]

The slightly acidic pH should favour N-coordina-
tion, rather than chelation of the amino acid. The pH
decrease should also favour protonation of the N-
coordinated amino acid carboxylic group (or rather
disfavour its deprotonation). Since however the
N-coordinated amino acids are completely protonated
at pHs of about 1.5 (see below), at pH 2.5 the crude
product is a mixture of the acidic complex and its
potassium salt [PtCly(aaH)(tba)] and K[PtCl,(aa)-
(tba)], as inferred also from spectroscopic evidence.
In fact the infrared spectra of this mixture (KBr
discs or nujol mulls) show a band at about 1730

em' (C=0 of the unionized carboxylic group)

and two bands at about 1620 and 1400 cm !
attributable to the free, uncomplexed ionic carboxy-
late [27-29]. Incidentally these data also confirm
the unidentate (N-coordinate) nature of the amino
acid [29].

By treatment with dilute aqueous HCl to pH 1.5
the pure acidic form [PtCl,(aaH)(tba)] can be isolat-
ed, whereas from basic solutions we were unable to
obtain the anionic complex: at pHs higher than 8 the
compounds are not stable and materials with
irreproducible analyses were obtained. At physiolo-
gical pH the compounds are stable enough and could
be recovered after 48 h. In the preparation of the lys
derivative the final pH is about 9, and the compound
was obtained as its potassium salt (see Table I) and
used as such.

All the mixed aaH—tba complexes are soluble both
in water and in polar organic solvents.

Substitution of a chloride ligand in 7 should give
rise to complexes with the cis-configuration because
an amino group has a poorer frans effect than Cl.
The cis-configuration of compounds 1-6 was con-
firmed by the Kurnachev test and by the appearance
of two Pt—Cl stretching vibrations (330 and 340
cm™ ) in the infrared spectrum [26, 29]. The struc-
ture of the complexes is therefore as in 1-6.

An interesting feature of these complexes is their
conformation in solution, as inferred from circular
dichroism spectra. In fact the L-phe derivative dis-
plays a spectrum opposite to those of complexes
of the other amino acids of the same absolute confi-
guration. This situation is not altered either at dif-
ferent pHs or in DMF solution. Similar behaviour
has been reported for another series of N-coordi-
nated amino acid complexes of platinum(Il)
[30]. Presumably this difference in the circular
dichroism spectra arises from a peculiar conformation
of the phe moiety dictated by the bulky phenyl

group.

Biological Studies

The complexes were tested for in vitro cytotoxic
activity on HeLa cells and for antitumor activity
against i.p. transplanted leukemia models. The results
are collected in Tables II and III respectively,
together with the data obtained with cisplatin as a
standard compound of this class of agents.

The in vitro cytotoxicity of these compounds,
as well as the potency in the in vivo experiments, is
one to two orders of magnitude lower than that of
cisplatin. The activity of 7, which possesses only
one inert ligand, is not surprising, since [PtCl;-
(NH3)]™ has already been reported to be active
[13, 19] and suggested to be the prototype of a new
class of antitumor compound [19]. It is likely,
however, that this type of complex transforms,
in vivo, into cis-dichloro derivatives by reaction with
some nucleophile in the body fluid.
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The activity of K[PtCl,(gly)] against these leuke-
mia models has been confirmed [14]. The only active
mixed tba aaH complexes are the derivatives of gly-
cine (1), D-alanine (D-2), serine (4), and threonine
(5). The lysine and the L-alanine complexes are
inactive and toxic, the former being particularly
so. With these exceptions the other compounds are
less toxic than cisplatin.

In the single injection treatment, the antitumor
effects were not always dose-dependent. For instance
a dose of 25 mg/kg of 4 produced an increase of
life span similar to that obtained with 100 mg/kg.
The therapeutic potential of these compounds
should therefore be further evaluated following a
multiple injection treatment.

The data of Tables II and IIT suggest that the
structure of the amino acid plays some role in the
potency, toxicity, and therapeutic potential which
could arise from some transport discrimination,
although this should be demonstrated by a pharma-
cokinetic study, which we hope to carry out in
the future. We believe that such a mechanism
could be the origin of the differences observed
between D-2 and L-2, since chiral discrimination
between chiral cisplatin analogues and DNA (which
is the likely [31], although not widely accepted
[32], target molecule) is very unlikely [33—36].
Preliminary results from our laboratories indicate
the absence of such discrimination also for these
compounds, since the circular dichroism spectra of
the adducts between calf thymus DNA and D-2 and
L-2 are indistinguishable. Relevant to this discussion
is the fact that, while the two enantiomers of cyclo-
phosphamide have similar antitumor activities [37]
(the small differences probably arising from some
difference in the metabolism [38]), the derivatives
of phosphoramide with D- and L-amino acids display
different activities and toxicities [10].

It also tempting to correlate the inactivity of 3
with its anomalous conformation in solution, but it is
rather difficult to prove this hypothesis.

Finally the lower activity of these complexes in
comparison with that of cisplatin, could arise, inter
alia, from the fact that at physiological pHs the
carboxylic group of the amino acid is ionized, giving
rise to negatively charged species, less reactive
towards the nucleophilic sites of the target molecule
inside the cells. As a matter of fact all the anionic
Pt complexes which have been found to display
some antitumor activity (including 7 of the present
study) are less active and potent than cisplatin [1, 13,
19].

Conclusions

Amino acid derivatives of cytotoxic agents were
synthesized on the grounds of the concept that
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attachment of an antitumor agent to a naturally
occurring carrier might increase the drug effective-
ness because of the increased affinity for certain
tumor cells, or the possibility of involvement
in various metabolic pathways of tumor cells [5,
10, 39]. However, in the case of the complexes
reported in this paper, only compounds with low
activity have been obtained, and there seems to
be little hope that further modulation of these com-
pounds will produce more cytotoxic drugs. As a
matter of fact one can even be doubtful of the role
of the amino acid, since the activity of the precursor
7 is similar to that of the active amino acid deriva-
tives 1, 2, and 5. In conclusion the limited activity
of these compounds has discouraged further tests
on different schedules or different tumor models.

Up to now the results reported on the binding
of carrier molecules to antitumor drugs are rather
contradictory [1, 5, 6, 10]. In fact one of the major
drawbacks of this approach is the fact that the
chemical and biological properties of both the carrier
and the drug molecules become unpredictable when
bound together to form a new molecule. For
instance, a sulfadiazine-mustard derivative has
been reported to lack the selective uptake by tumor
tissues of sulfadiazine itself [6], whereas the pep-
tide platinum complex reported by Beck [15—17]
has shown some degree of specificity.

Although the results reported in this paper are not
encouraging, we believe that the study of anti-
tumor drugs linked to carrier molecules must be
developed, together with studies aimed at under-
standing the mechanism of drug transport and the
difference in the mechanisms of drug uptake prob-
ably existing between normal and tumor cells
[39,40].

Finally the results here reported show that the
binding of two different inert ligands to the cis-
PtX, moiety increases the possibility of modulating
the antitumor properties of a cisplatin analogue.
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