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Abstract

A series of compounds of formula cis-[PtCl,-
(aaH)(tba)] (1) (aaH, N-coordinate amino acid;
tba, tert-butylamine) were synthesized. The circ-
ular dichroism spectra of these compounds show that
the phenylalanine and proline derivatives have an
anomalous conformation in water solution. By reac-
tion with guanosine (guo) compounds 1 give cis-
[Pt(aaH)(tba)(guo),]Cl, (2), in which infrared and
nuclear magnetic resonance evidence suggest N(7)
coordination of guo. NMR and circular dichroism
data suggest that in 2 the two guanosine ligands are
arranged head-to-head and form a right-hand helix.
The bulkiness of the other ligands make rotation
around the Pt—N(7) bonds a slow process on the
NMR time scale. The chiroptical properties of 2
are not greatly influenced by the absolute configura-
tion of the amino acid, the right-hand screw probably
arising by some guo-guo interaction since the deriva-
tives of 9-methylguanine with chiral amino acids do
not possess this conformation.

Preliminary results on the reaction between 1
and calf thymus DNA are also briefly reported. They
show that the interaction of 1 with DNA is of a lower
extent than in the case of cisplatin and its diamine
analogues, and that it is independent on the
configuration of the amino acids.

All these results are briefly discussed and tenta-
tively correlated with the low antitumor activity of
1 reported in a previous paper.

Introduction

In the recent years a number of cisplatin** ana-
logues have been proposed [1] in the hope of over-

* Author to whom correspondence should be addressed.

** Abbreviations. Cisplatin, cis-dichlorodiamminoplatinum-
(I1); aaH, N-coordinate amino acid; guo, guanosine, 9-MeG,
9-methylguanine; guo(-lI), N(1) deprotonated guanosine;
dijam, 1,2-diamine.
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coming some of the toxic side effects of this power-
ful antitumor agent [2].

We have recently prepared and tested for anti-
tumor activity a number of compounds in which the
cis-PtCl, moiety (i.e. the reactive part of cisplatin)
has been bound to carrier molecules as the inert
(non-leaving) ligands, viz. some dichlorosulfadiazine-
platinum(IT) derivatives [3] and complexes of the
type 1 in which the non-leaving ligands are tert-
butylamine and N-coordinated amino acids [4].
These compounds have been prepared on the
rationale that sulfadiazine has been reported to

a NH,; C(CHy),
N 373

Pt
/N
G NH,CHCOOH
R
la, R=H

1b, R = CH; (L- and D)

1c, R =CH(CH;), (L- and D-)

1d, R = CH,CH(CH3), (L- and D-)

le, R =CH,C4Hs (L- and D-)

1f, R =CH,0H (L- and D-)

1g, R = CHOHCHj, (L-, threo)

1h, N-coordinate amino acid = proline (L-)

accumulate in the tumor tissues [5], whereas for
compounds 1 tba was choosen to increase liposolu-
bility and the amino acids because of the high
requirements for nutrients of tumor tissues [6, 7].
Indeed, amino acid derivatives of alkylating agents
[8] and of platinum(if) [9—11] have already been
reported. Moreover, in the case of cis-dichlorobis-
(ethylglycilglycinate)platinum(lf) a  preferential
uptake by tumor tissues has been demonstrated
[11].

Antitumor tests of most of these compounds gave,
however, contrasting results. This was true also for
1. In this series the antitumor activities (all lower
than that of cisplatin) depend in an unpredictable
way on the nature of the amino acid [4]. These
results prompted us to undertake further studies on
compounds 1 in the hope of obtaining informations
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on the role of the carrier ligands and clues on a
better modulation of cisplatin analogues. The uptake
of compounds 1 by tumor cells is currently under
investigation. In this paper we wish to report some
results obtained with model systems that mimic the
molecular aspect of the mode of action.

It is widely accepted that the target of cisplatin
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of action of the analogues are similar. The results
of these type of studies will help in elucidating
the general problem of the interaction between heavy
metal ions and biologically relevant ligands.

In this paper we therefore wish to report on some
properties of compounds la—h and of their adducts

is the chromosomal DNA [12]. More precisely it aaH\ /t 3
has been established that the preferential binding
of platinum occurs at N(7) of guanine [13, 14], as ?6 / \ (|)|
has been found in the model reaction of cisplatin yd N \/\
with nucleobases [15]. It is also likely that cis- HN' 5 \\C"H / NH
platin binds to two guanine bases forming, as other /k |4 \ L )\
bialkylating agents, inter- or intra-strand crosslinks H,N \N N 7S NH,
[16—18], the letal lesion probably being the intra-
strand one [17]. In any case, at least in vitro, the
cisplatin-DNA interaction yields compounds in which HOCH, ° CH,OH
Pt is bound to two guanine bases of the same strand
[17, 18]. H
Two problems arise. First, whether DNA is the OH OH OH OH
primary target of cisplatin has been questioned
[19] (see also ref. [20]); moreover the mode of 2a, aaH = glycine
action of cisplatin analogues, particularly of the 2b, aaH = L- and D-alanine
type 1, may be different from that of cisplatin. We 2¢, aaH = L- and D-valine
believe, however, that a study of the interaction of 2d, aaH = L- and D-leucine
cisplatin analogues with DNA and nucleobases is of 2e, aaH = L- and D-phenylalanine
general validity because DNA is a target, even if not 2f, aaH = L- and D-serine
the primary one [19], and because in the absence of 2g, aaH = L-threonine
contrary evidence it is likely that the mechanisms 2h, aaH = L-proline
TABLE 1. Elemental Analyses.*
Compound Found (calcd) %

C H N
cis-[PtCl,(L-valH)(tba)] (L-1c) 23.4(23.7) 4.6(4.8) 6.2(6.1)
cis-{PtCl, (D-valH)(tba) ] D-1c) 23.8(23.7) 4.7(4.8) 6.4(6.1)
cis-|PtCl, (L-leuH)(tba) ] (L-1d) 25.4(25.5) 5.1(5.1) 5.8(6.0)
cis-[PtCl, (D-leuH)(tba) |+ H,O D-1d) 24.8(24.6) 5.4(5.3) 575D
cis-[PtCly (D-pheH)(tba) | (D-le) 31.1(31.0) 4.5(4.4) 5.4(5.6)
cis-[PtCly (D-serH)(tba) | D-1f) 18.9(18.9) 4.3(4.1) 6.0(6.0)
cis-[PtCl,(L-proH)(tba)] (L-1h) 23.7(23.8) 4.4(4.4) 6.4(6.4)
cis-[ Pt(glyH)(tba)(guo), | Cl, (2a) 31.9(31.8) 4.2(4.3) 17.0(17.1)
cis-[Pt(L-alaH)(tba)(guo), ] Cl, (L-2b) 32.3(32.6) 4.6(4.4) 16.9(16.9)
cis-[Pt(D-alaH)(tba)(guo), | Cl, (D-2b) 32.6(32.6) 4.4(4.4) 16.5(16.9)
cis-[Pt(L-valH)(tba)(guo), | Cl, (L-2¢) 34.5(34.1) 4.8(4.7) 16.1(16.4)
cis-[Pt(D-valH)(tba)(guo), ] Cl, (D-2¢) 33.9(34.1) 4.7(4.7) 16.5(16.4)
cis-[Pt(L-leuH)(tba)(guo), | Cl, (L-2d) 34.8(34.8) 4.2(4.8) 16.1(16.2)
cis-[Pt(D-leuH)(tba)(guo), | Cl, (D-2d) 34.7(34.8) 4.7(4.8) 16.2(16.2)
cis-[Pt(L-pheH)(tba)(guo), | Cl, (L-2¢) 36.9(37.0) 4.6(4.5) 15.9(15.7)
cis-[Pt(D-pheH)(tba){guo), ] Cl, (D-2e) 37.3(37.0) 4.5(4.5) 15.7(15.7)
cis-[Pt(L-serH)(tba)(guo), | Cl, (L-2f) 31.9(32.1) 4.3(4.4) 16.4(16.6)
cis-[Pt(D-sert)(tba)(guo), |Cl,-H,0 (D-2f) 31.4(31.5) 4.6(4.5) 16.3(16.3)
cis-[Pt(L-thrH)(tba)(guo), | Cl, (L-2g) 32.7(32.8) 4.5(4.5) 16.5(16.4)
cis-[Pt(L-proH)(tba)(guo), ]Cl,*H,O  (L-2h) 35.5(35.5) 4.7(4.6) 16.4(16.2)
cis-[Pt(L-valH)(tba)(9-MeG), ] C1, 32.5(32.1) 4.1(4.1) 21.4(21.4)
cis-[Pt(L-serH)(tba)(9-MeG), ] Cl, 29.4(29.5) 4.03.9) 21.5(21.7)

3The analytical characterization of compounds la, L-1b, D-1b, L-1e, L-1f, and L-1g has alrcady bcen reported [4].
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with two moles of guanosine (2a—h). Some very
preliminary results on the interaction of 1 with DNA
will also be briefly reported.

Experimental

Analyses (Table I) were from the microanalytical
laboratory of the University of Milan.

The following spectrometers were used: Nicolet
MX-1 FTIR for infrared spectra, Perkin-Elmer lambda
5 for electronic spectra, Jasco J 500 A for circular
dichroism measurements, and a Bruker WP80 for
'H and 3C NMR spectra. All chemicals were reagent
grade.

Trans-diamminedichloroplatinum(1I) was prepared
according to ref. [21].

cis-Aminoacid-tert-butylaminedichloroplatinum(II)
(la—h)

These complexes were obtained as already describ-
ed [4], by reaction in water solution of K[PtCl;-
(tba)] and the proper amino acid in the molar ratio
1:1

cis-Aminoacidtert-butylaminebis(guanosine Jplatinum-
(2+) Chloride

These complexes were obtained [22] by mixing
in water compounds la—h and guanosine in the ratio
1:2. The slurries heated at 60 C for 20 h yielded
colourless solutions which were filtered and concen-
trated to 2—3 ml. The white compounds were crystal-
lized by addition of a large excess of acetone or
methanol. The derivatives of 9-methylguanine were
prepared in a similar way.

Reactions of 1 with DNA

Calf thymus DNA (43% G + C content) was a
generous gift from Dr. A. Gambetta, Istituto
Nazionale dei Tumori, Milan, and was prepared
according to ref. [23]. DNA and the appropriate
amounts of platinum complexes were mixed and
diluted to 10 ml in a volumetric flask with a pH 7
phosphate buffer. The solutions were incubated
in the dark for 48 h at 30 °C. No further spectral
change was observed after this time. In all experi-
ments the base concentration was 0.0974 1073
mol dm™!, corresponding to an optical density
of 0.640 (1 cm cell path) for unreacted DNA.
Circular dichroism spectra were recorded in 1 cm
path cells.

Results and Discussion
The preparation and characterization of

compounds la, L- and D-1b, L- and D-1f, and L-1g
have already been described [4]. Compounds lc—e
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and 1h were prepared in a similar way. Infrared data
are in accordance with a cis-structure and with the
presence of N-coordinate, non-ionized amino acids
(for details see ref. [4]).

The circular dichroism spectra of some represen-
tative compounds are reported in Fig. 1 (water solu-
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Fig. 1. Electronic spectrum in water solution (pH 5) of la
and circular dichroism spectra, under the same conditions
of , L-1b; —.—.— , L-1e; ------5 L-1f; and ...... Y
L-1h. The electronic spectra of these latter compounds are
similar to that of la.

tions; pH 5. No relevant change was observed in the
pH range 1.5-7). The Cotton effects in the 260~
460 nm region are of a rather low intensity, as
expected for unidentate amino acids. The spectra of
the derivatives of L-valH and L-leuH are almost
superimposable to that of L-alaH. The spectra of
the compounds with L-serH and L-thrH are also
superimposable and are similar to those of the above
mentioned compounds.

On the contrary the spectra of the complexes with
L-pheH and L-proH display rather different patterns.
A similar behaviour was observed for another series
of N-coordinate amino acids platinum complexes,
trans-[Pt(aaH),(thio),]Cl, (thio = thiocarbamide)
[24], in which the derivative of the aromatic amino
acid L-tyrosine (the phe derivative was not reported)
displays a C.D. spectrum with a pattern opposite to
those of the complexes with amino acids with aliphatic
side chains of the same absolute configuration. This
behaviour was attributed to some dominant role of



262

the bulky hydroxyphenyl group in determining
the rotational strength of the d—d transitions [24].
For our compounds, however, this behaviour
could have a conformational origin. Molecular models
show that in type 1 complexes the tert-butyl group
and the amino acid residue can rest either on the
opposite sides (Fig. 2-a) or on the same side (2-b)

(‘:O,H
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)

\

|
\Pt /?HR \’t
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a b
Co.H
(I:HR
N N N N

"
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d

Fig. 2. The possible arrangements of tba and aaH with respect
of the coordination plane.

of the coordination plane. The former structure
(2-a) seems the more likely, being less sterically
hindered. Moreover models show that there is the
possibility of hydrogen bond formation between the
carboxylic group of the amino acid and the amino
group of tba in 2-a and not in 2-b. The chirality of
molecules similar-to 2-a has already been discussed
by Cramer [25], but for a square planar molecule
of formula cis-[PtX,AB] (where A # B) structure
2-b is also is disymmetric, 2-d being its enantiomer.
The two enantiomeric pairs (2-a vs. 2-¢c and 2-b vs.
2-d) both acquire a diastereoisomeric relationship
when the amino acid is chiral, and one can imagine
some diastereoselectivity in the reaction between
a chiral amino acid and K{[PtCls(tba)]. At the
present stage we have no evidence either in favour
or against such a selectivity, but it could be that
the observed differences of the C.D. spectra of
Fig. 1 arise from different ratios of structures
2-a and 2-¢c (and presumably also 2-b and 2-d) of
the various derivatives.

The highest optical activity is displayed by the
complex with L-proH, an amino acid which on com-
plexation acquires a new center of chirality (the
secondary nitrogen atom). It is likely that-the for-
mation of the Pt—N(proH) bond is stereo-
selective. The high optical activity is in accordance
with the presence of an asymmetric atom in the
coordination sphere [24].

Work is in progress to elucidate the stereochemical
problems posed by these compounds.
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TABLE II. Infrared Spectra of some Representative Guano-
sine Derivatives.?”

Compound v(cm 1)
band1  bandII  band III

2a 1698 1585 1538, 1497
L-2¢ 1694 1585 1537,1497
L-2e 1698 1587 1540, 1497
L-2g 1694 1588 1539, 1498
L-2h 1695 1588 1537, 1498
[Pt(en)(guo); ] C1,© 1698 1587 1539, 1500
[Hg(Ph)(guo)]NO;2 1690 1594 1538, 1508
[Hg(Ph)(guo(—H))]®  1650sh 1579 1525, 1508

8K Br pellets; sh, shoulder. PEor the assignments of bands
(Ii, II and 111, see ref. [28]. °N(7) coordination [38].
N(7) coordination [28]. eN(l) coordination {28].

Bis guanosine Derivatives of 1

Compounds 2 were prepared by reaction of 1
with two moles of guanosine. The white, water-
soluble compounds were precipitated by addition
of guo (cf. Table II). Coordination through N(1)
infrared spectra (KBr pellets, see Table II) the bands
due to the guanosine moiety are similar to those
found in cis-[Pt(NH3),(guo),]Cl, and [M(diam)-
(guo),]Cl, (M = Pt, Pd) [26, 27]. This spectral
pattern seems representative of N(7) coordination
of guo (¢f. Table II). Coordination through N(1)
is kinetically unfavourable under neutral or slightly
acidic conditions [31], as it should occur with depro-
tonated guanosine, and it should give rise to different
stoichiometries of 2, in contrast with the analytical
data. Moreover the N(7) mode of coordination seems
the most common in the Pt(I)-guo interaction [15,
31]: it has been found in a number of crystal struc-
tures of Pt guanosine complexes [15, 32--35], and
it is relevant since this type of binding occurs in the
reaction of cisplatin with DNA [12].

N(7) coordination to platinum should give rise
to the coupling of the resonances of H(8) and C(8)
with the '*°Pt nucleus [22], but the complexity
of the spectra makes such an observation rather
unreliable (see Figs. 3 and 4 and below). NMR
spectroscopy, however, provides other evidence for
such a binding. These are the downfield shifts of the
resonances of H(1), H(2) and H(8) and the shifts of
the resonances of C(5) (upfield) and C(8)
(downfield), with respect to free guanosine or to
N(1) coordinated guanosine [28, 31, 36]. These
shifts have been proposed to indicate N(7) binding
[31, 36]. Interestingly even the C(1") resonance is
shifted upfield by such a binding, as already observ-
ed in other compounds [31, 36]. This fact may be
related to a change of the ribose conformation
(from C(2'yendo to C(3'}yendo) which occurs upon
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TABLE IIL  and 3C NMR Data for some Representative Guanosine Derivatives.?

Compound H(1) H(2) H(8) c(s) C(8) ca)

guo b 10.7 6.5 7.95 116.5 135.6 86.3

D-2¢ 11.2-11.6 7.2 8.2-8.6 113.3-113.5 136138 87.2-87.8
[Hg(CH3)(guo) | NO5€ 11.4 6.9 8.6 113.2 138.8 87.8
[Hg(CH3)(gu0(-H))]d 6.5 7.9 118.0 135.8 86.4
Pt-guo® . 113.0 138.8 87.6
[Pt{en)(guo), | Cl, 11.6 7.2 8.5

2DMSO solutions. & values in ppm from TMS as external standard.
text. The spectra of the other compounds of type 2 are similar.

°DMSO solution of [PtCl, (DMSO), ] and guanosine, see ref. [31].

e

c
12 L 10 . 8 . 8,/

.9 8 N 8

& (ppm)
Fig. 3. Parts of the *H NMR spectra, at 80 MHz, of L-2c in
D, O solution (pD 6.5) at 25 °C (a); 80 °C (b); L-2¢c in DMSO
solution at 25 °C (c); L-2d in D, O solution (pD 6.5) at 25 °C
(d) and at 80 °C (e). 5 values are in ppm relative to TMS as
external reference.

N(7) coordination [32, 33]. The data in Table III
summarize the above discussion.

During the preparation of 2 we observed a pH
raise from 3 to 6, presumably because of a lower
acidity of the carboxylic group in 2. In fact in the
IR spectra of 2 the bands of the carboxylic groups,
although partly obscured by the absorptions of the
guo moiety, appear at 1750 and 1250 ¢cm™" in agree-
ment with the formulation [Pt(aaH)(tba)(guo),]Cl,.
The alternative zwitterionic structure (with the same
elemental analysis) [Pt(aa”)(tba)(guo)(guoH")] Cl,
should in fact show a different IR spectrum and is
therefore unlikely, because both N(3) and N(2)H,
are rather weak basic sites. In compounds of the
type [PtCly(aaH)(guo)] the N-coordinate amino
acid has been reported to be non-ionized at pH 7
[37]. Interestingly, 1 compounds are partly ionized
at pH 6 [4].

[

bMost of the nuclei give rise to multiple resonances, see
N§7) coordination, see ref. [36]. dN(l) coordination [36].
Prepared according to ref. [38].

2
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b, 5
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Fig. 4. The ribose (a) and guanine (b) regions in the B¢
NMR spectrum at 20.148 MHz of L-2¢ (D,0O solution, pD
6.5) at room temperature. § values are in ppm relative to
TMS as external standard.

The inert nature of the Pt—N bonds should ensure
the retention of the cis-configuration during the
reaction 1 — 2. Proof of the cis-configuration of 2
is given by the C.D. spectra, which are different from
that of trans-[Pt(NH3),(guo),]*" and are similar to
those of compounds with two guo bound to Pt in the
cis position [38] (see below).

The 'H and C NMR spectra (D,0 solutions)
are rather complicated, since most of the nuclei give
rise to a set of resonances which vary little with
temperature (Figs. 3 and 4. Assignments were made
according to literature data [22, 31, 36, 39, 40]).
This behaviour has been observed also in (CD3),SO
solutions, and therefore it does not arise from inter-
molecular stacking of the guanine rings, since DMSO
has been reported to minimize these particular inter-
actions [41]. Moreover in this solvent H(1) and H(2)
(not observable .in D,0) also give rise to complex
patterns (see Fig. 3).

A similar behaviour has already been reported
for compounds of the type [Pt(diam)(guo),]** [25,
38, 42] and other cis-bis(oxopurine) complexes [43],
and attributed to the presence of unequivalent purine
moieties with hindered (i.e. slow on the NMR time
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scale) rotation around the Pt—N(7) bonds [25,
38, 42, 43]. In 2 compounds, however, the two
guo are in different chemical environments and
may not be equivalent even in the case of fast rota-
tion. However the NMR spectra of compounds 2
usually show, for a given nucleus, two intense reso-
nances (of different intensities) and a number of ill-
resolved peaks. This pattern could arise from the
presence of all (or some of) the possible rotamers
slowly interconverting. These rotamers originate
from structures 2-a to 2-d and from the various rela-
tive dispositions (ie. head-to-head and head-to-tail)
of the guanine rings in each isomer of Fig. 2. Inter-
estingly, the non-equivalence of the guo moieties is
also reflected on the non-equivalence of the H(1")
and to the carbon atoms of the ribose rings (Figs.
3 and 4). Similar findings have already been observ-
ed [38, 42], but to our knowledge this is the first
case of cis-bis(guo) compounds in which all the ribose
carbon atoms are non-equivalent.

Circular Dichroism Spectra

The representative CD spectra of 2 compounds in
water solutions (pH 6.5) in the range 220—320 nm
are reported in Figs. 5 and 6. The spectra consist of
a broad negative band in the 270—320 nm range,
usually with a shoulder at 275 nm, a positive band

1074

Fig. 5. Electronic spectrum (Water solution, pH 6.5) of 2a
and circular dichroism spectra of: , [Pt(diam)(guo); |-
Cl; (diam = §,S-2,3-diaminobutane, the spcctra of the deriva-

tives of other diamines are all similar {38]); ------- , GpG
[45}; -------- , guanosine [38]; ....... , [Pt(en)(guo)}-
(NO3), f{26]; —.—-— , trans-{Pt(NH3),(guo), ]Cly; and
e —, 2a.
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Fig. 6. Circular dichroism spectra (water solutions, pH 6.5)
of: , L-2¢; —o—-. -, D-2¢; --1----y L-2e; ——-—

at 255 nm and a negative band at 230 nm. These
spectra are all alike, except for the higher intensity
(especially of the 255 nm band) of the spectra of the
compounds with the hydroxyamino acids and
proline. The derivatives of 9-methylguanine are
inactive in the 220—300 nm region and their spec-
tra are not reported here. The absolute configura-
tion of the amino acids has no influence on the
sign of the dominant Cotton effects in the range
studied. The phe and pro derivatives do not show
any anomaly, in contrast to what we observed with
1 compounds.

The general trends of these spectra resemble those
of [Pt(diam)(guo),]?*, i.e. complexes with two guo
moieties bound to the metal ion via N(7) and in the
cis-configuration [38], and bear no resemblance to
the spectra of guanosine itself, to complexes with
only one guanosine [26], or to two guanosines in
the trans-position (see Fig. 5). This difference has
been attributed to interaction of the electronic transi-
tions responsible for the Cotton effects, giving rise
to a characteristic positive-negative exciton splitting
[38]. Such an interaction can only occur if the two
guanine planes are arranged in a helical fashion, a
structure clearly unattainable for the trans-configura-
tion. We can therefore assume that the presence of
such a splitting is proof for the cis-configuration of
a bis guo compound.

In the case of [Pt(diam)(guo),]** analysis of the
spectra and the knowledge of the direction of
polarizations of the transitions localized on the
guanine planes [44] allowed us to determine the
‘time averaged’ orientation, in solution, of the purine
planes as that of a right-hand propeller, with the two
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guanine arranged head-to-tail [38]. In the spectra of
2 compounds the positive component of the doublet
centered at about 240 nm is also at higher wave-
lengths, suggesting a helical arrangement of the gua-
nine planes of the same handedness as the diamine
derivatives discussed above, but the two components
of the doublets have different intensities, the positive
one being more intense (see Fig. 5). The overall
shape and the intensity ratio of the bands in the
spectra of 2 resemble those of GpG in the B DNA
conformation [45] and those of Ipl and its platinum
complex [Pt(NH,),(IpI)]* [46, 47], for which a
stacked head-to-head arrangement of the dinucleotide
has been proposed [47].

The CD spectra of the cisplatin adducts of GpG
and d(GpG) (which should have a similar conforma-
tion) are different from that of the dinucleotide
[48, 49]. These differences have not been discussed
in detail, but it could be that in these particular
cases there is some de-stabilization of the helical
arrangement. In the case of our complexes, CD
spectra suggest that it is the formation of the com-
plex that stabilizes the helical head-to-head conforma-
tion.

CD spectroscopy suggests that the most abundant
conformers in solution are those in which the two
guo moieties are head-to-head and arranged as a
right-hand helix. In such a conformation the two
guanosines are not magneticaily equivalent, thus also
accounting for the NMR results. Moreover, this
conformation does not depend on the absolute
configuration of the amino acids or on the possible
spatial orientations of aaH and tba of Fig. 2, but
arises only from some interaction of the two
guanosine moieties, presumably via the ribose groups.
In agreement with these points the derivatives of
9-MeG present no optical activity in the 220—300 nm
region in complexes of chiral amino acids.

For the head-to-head arrangement it is worth
noting that the majority of the cis-(guanine), com-
plexes so far reported are in the head-to-tail
conformation [15, 31—35], but head-to-head disposi-
tions have been described both in solution [50], and
more recently also in the solid state [51]. The head-
to-head rotamer is of interest because it is a more
realistic model of the intra-strand crosslink, G—Pt—G,
in DNA-cisplatin adducts [51].

Interaction of 1 with DNA

Compounds 1la, L-1b, D-1b, L-1d, D-1d, L-1f,
and D-1f were incubated with calf thymus DNA
at ?H 7 in Pt/G ratios of 0.4 and 1.0 for 36 h at
30 C. After this time no further spectral change
could be detected. Under these conditions and at these
Pt/G ratios in the case of cisplatin and its diamine
analogues, reaction with DNA is complete, i.e. all
the charged platinum complex is essentially bound
to DNA [52, 53]. This may not be the case for
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1 compounds, but no analytical technique is as yet
available to check this point. These results are there-
fore preliminary, but we wish to report them briefly
because they are relevant to the overall discussion.

In Fig. 7 we have reported only the spectra obtain-
ed upon reaction of DNA with la, since they are
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Fig. 7. Circular dichroism spectra of solutions of calf thymus
DNA and 1a (a) and [PtCly(en)] (b), at Pt/G ratios; —.—.— ,
0;.+5-..-,0.4; and ------- , 1. Cell path = 1 ¢cm, for other condi-
tions see text.

exactly superimposable to the spectra obtained with
the other Pt complexes. The spectral changes are
therefore independent on the nature and the abso-
lute configuration of the amino acid bound to
platinum. Such a lack of chiral recognition between
DNA and chiral cisplatin analogues have already been
described in other instances [54—56].

The changes of the DNA spectrum observed upon
reaction with compounds 1 consist of a rise of the
positive part of the bisignated curve at 275 nm (with
a slight batochromic shift) and in a decrease of the
positive band at 220 nm whereas the negative band
is practically unaffected. This behaviour is different
from what is found in the case of cisplatin [57]
and its diamine analogues [55], ie. a relevant
increase of the positive band at 275 nm until Pt/G =
0.4, followed by a decrease at higher Pt/G ratios
(see Fig. 7). As we have no means to check how
much platinum is bound to DNA we do not know
whether this difference is due to a lower reactivity
of 1 or if the secondary structure of DNA is less alter-
ed by 1 than by cisplatin. Whichever the explanation
it is tempting to correlate these results with the
fact that the antitumor activities of compounds 1
are lower than those of cisplatin [4].

If the letal lesion produced by cisplatin to DNA
is the formation of intrastrand crosslinks between
two guanine bases [17], it has been proposed that
an important step of thc formation of such a cross-
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link is the rotation around the Pt—N(7) bond in
the intermediate (NHj3),PtGCl (cisplatin bound mono-
functionally to DNA) in order to reach a second base
and give rise to the bifunctionally bound species
(NH,),PtG, [42]. The hindered rotation observed
in compounds 2 can therefore correlate with the
small variation of the DNA structure when reacted
with 1 and/or with their low reactivity towards
DNA.

Conclusions

This work was undertaken with the hope of find-
ing some relationship between the antitumor activi-
ties of compounds 1 and some of their chemical
properties, but, within the series, the different anti-
tumor activites [4] do not correlate with any of the
properties reported in this paper, such as the chit-
optical properties of 1, or those of the DNA and guo
derivatives. It seems therefore that the techniques
used in this work yield results that contribute to the
general knowledge of the chymism of cisplatin ana-
logues, but are not sensitive to the fine chemical
modulations of such closely-related compounds as
la—h. More detailed studies on cellular aspects, such
as membrane transport and cell uptake of 1, are cur-
rently underway with the hope of obtaining more
insight into the mechanism of action and clues for
a better modulation of the activity of cisplatin
analogues.

It appears that the results obtained with the
techniques here reported allow only some compari-
son between different classes of compounds such
as 1, cisplatin, and other analogues. For instance
we feel that this paper adds new evidence to
Reedijk’s proposal [42] that free rotation around
the Pt—N(7) (guanine) bond is important in the
mechanism of formation of the intra-strand cis-
platin—~DNA adducts and, therefore [17], ultimately
of the antitumor activity. Type 1 compounds, as a
series, show only marginal (or no) antitumor activity
[4] and in their guo adducts (2) rotation around the
Pt—N(7) bond is slow on the NMR time scale. Cis-
platin is highly active and the guanine bases rotate
freely in [Pt(NH3),(guo).}** [25].

This correlation holds also for other compounds.
[PtC1,(CH3),NCH,CH,N(CH3;),] shows a very poor
anticancer activity [58], and in [Pt(CH3),NCH,-
CH;N(CH3),(guo)2]** the guanosine ligands have
been shown by Cramer to rotate slowly on the
NMR time scale [25]. This also applies for [PtCl,-
(dipy)] (dipy = 2,2'-dipyridine) (inactive [59]) and
its  guanosine adduct [Pt(dipy)(guo),;]** (slow
rotation [42]), but not for [PtCl,(a-picoline),] and
[PtCl,(CH;NHCH,CH,CH,NHCH;)] and their oxo-
purine adducts (cf. the data of refs. [42] and [59]).
It appears therefore that such a correlation must be

A. Pasini and E. Bersanetti

considered more as suggestion for further experi-
ments than as a criterion.

In compounds la—f the absolute configuration
of the amino acid plays no relevant role in the inter-
action with both guanosine (since all compounds
2a—f possess the same overall conformation) and
DNA. This absence of chiral recognition appears
to be a general rule for cisplatin analogues, since it
has also been found with [PtCl,(chiral diamine)]
[54-56, 60, 61]. The damage induced by cisplatin
and its analogues to DNA may be such that it
destroys the stereochemical feature of DNA, at least
in the neighbourhood of the site of attack, in a way
that makes any chiral recognition impossible [55,
61].

This is probably a reflection of the kind of inter-
action of this type of compounds with DNA (i.e.
covalent, bifunctional, binding) since, with chiral
intercalating compounds, which do not destroy the
helical structure of DNA, a high degree of chiral
recognition is usually observed [62—64].
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