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Abstract

A new synthesis of cis-dichlorobis(methylamine)-
platinum(II) is described. It appears that during the
crystallization process at least two types of crystals
are formed. Form A is monoclinic with space group
P2/n and unit cell dimensions e = 6.272,b=15.726,
c=7419 R, $=9986°, V=721 A® Z=4, R=
0.055. Form B is monoclinic, with space group
P2,/c and unit cell dimensions @ = 16.078,b = 6.372,
c=21459 A, =92.7°, V=2196 A3, Z=12, R=
0.057. The two forms can be readily distinguished by
IR spectroscopy.

Introduction

cis-Dichlorodiammineplatinum(II) (cisplatin or
cis-DDP) is a leading antitumor drug with a wide
spectrum of activity against human tumors. However,
due to its severe dose-limiting side effects, an inten-
sive search for analogues of cisplatin with reduced
toxicity and more favorable properties has been
initiated during the past two decades.

Most of the complexes evaluated either involve
the substitution of ammonia molecules with other
amino ligands (monodentate or bidentate), or the
alteration of the leaving group (monodentate or
bidentate) [1, 2].

The antitumor activity of cis-Pt(MeNH;),Cl,,
the simplest analogue of cis-Pt(NH;),;Cl, has been
disappointing in spite of its increased solubility in
water [2]. As part of a study to compare effects of
different ligands on the toxicity and mutagenicity
of cis-platinum(Il) compounds in bacteria [3], the
cisdichloro complex of Pt(Il) with methylamine
was synthesized.

While this complex has been known for some
time, it has only been characterized by infrared
spectroscopy . Moreover, the various infrared spectral
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studies [4,5] are not at all in accordance. The
physical properties of the complexes Pt(am),X, vary
gradually on replacing one of the protons of NHj,
successively with an alkyl group, but there is a break
at the methylamine complex. For example, in the
series am = NHj3, MeNH,, EtNH,, PrNH,, BuNH,, the
methylamine complex has the highest solubility in
water [2a] and the lowest enthalpy of formation and
decomposition [6].

In order to resolve the discrepancy in the literature
on the infrared spectra of Pt(MeNH,),Cl,, we have
re-examined its preparation and physicochemical and
X-ray structural investigations were undertaken.

Experimental

Commercially available methylamine (Fluka, 40%
in water) was used without further purification.
K,PtCl, was obtained from Johnson Matthey.

Preparation of the Complexes

cis-Pt{MeNH, },Cl,

This complex was synthesized by a slight modifica-
tion of the method of Dhara [7]. A mixture of
K,PtCl; (2.4 g, 5.4 mmol) and KI (54 g, 32 mmol)
was stirred at room temperature for 1 h. The resulting
brown solution was filtered and methylamine (1.5 ml,
11 mmol) was added to the stirred solution of
[PtI,]*~. The immediate orange precipitate was
stirred for 1 h (the precipitate turned slightly paler),
filtered, washed with water (several times) and dried
in vacuo over silica-gel. The yield of the diiodo com-
plex is almost quantitative. Silver nitrate (0.74 g,
4.36 mmol) was added to a solution of [Pt(MeNH;),-
I,] (1.12 g, 2.2 mmol) in acetone (40 ml) and the
mixture stirred vigorously for 1 h. Agl was removed
and the yellow filtrate was evaporated to dryness at
room temperature. Addition of a few drops of con-
centrated hydrochloric acid to the nitrato complex
dissolved in either acetone, water or methanol
gradually precipitated the cis-chloro complex.

The compound can be recrystallised from water
or acetonitrile.
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trans-[Pt(MeNH2}2Cl2]

Methylamine (5 ml) was added to a filtered solu-
tion of K,PtCl, (0.66 g, 1.59 mmol) in water and the
solution warmed for 1 h. The green precipitate of the
Magnus salt which formed initially redissolved slowly.
The almost clear solution obtained was filtered and
concentrated to 5 ml. Concentrated hydrochloric acid
(6 ml) was added and the resulting yellow solution
warmed gently with stirring for 1 h. A flocculant
yellow precipitate gradually separated. The mixture
was kept at 5 °C for 15 h, the product was separated,
washed with cold water and dried in vacuo over
silica-gel.

Analysis

C, H and N analyses were carried out by standard
procedures by the Interuniversity Microanalytical
Services, Ecole Nationale Supérieure de Chimie de
Toulouse.

All analytical data are in good accordance with the
formula Pt{MeNH,),Cl,.

Spectral Measurements

IR spectra were recorded (4000—200 cm™!) on a
Perkin-Elmer 983 spectrophotometer as nujol mulls
(Csl plates) or as CsBr discs. There is no reaction of
the compounds with CsBr, because the spectra are
comparable to those obtained as nujol mulls.

TABLE I. Summary of Crystal Data and Intensity Collection

S. Wimmer et al.

Proton NMR spectra were recorded on a WH 250
Bruker Fourier-transform spectrometer equipped
with a wide band probe (23—103 MHz). The & values
are quoted with respect to TMS. Solutions were
nearly saturated in DMSO-ds. %Pt spectra were
recorded at 323 K in D,O as solvent. Typical param-
eters were: pulse width 20 us, 2750 transients were
collected. **Pt of H,PtClg in D,0 solution was used
as external reference at 53770768 MHz. Data were
collected on freshly prepared samples.

Measurements of electrolytic conductance were
carried out with 107> M dimethyl sulfoxide solutions
at 25 °C using a Beckman conductivity bridge.

Solutions and Refinement of the Structures

The X-ray measurements for forms A and B were
carried out on a Nonius CAD4 diffractometer using
monochromated Mo Ka radiation (A =0.71069 A) at
room temperature. The cell dimensions for forms A
and B were calculated from 25 reflections. The struc-
tures were determined by the heavy atom method. A
Patterson map revealed the position of the platinum
atom. All non-hydrogen atoms were located by the
usual combination of the Fourier and least squares
calculations. Hydrogen atoms were introduced with
a theoretical bond length of 0.97 A, but were left
free in the last cycle of refinement. Crystal data and
other parameters related to data collection are sum-
marized in Table I.

A B
Compound PtCIHN,CyHyo (PtCI3N,CyH 10)3
Crystal system monoclinic monoclinic
Space group P2y/n P2y/c
a (A) 6.272 16.078(2)
b (A) 15.726 6.372(1)
c (A) 7.419 21.459(4)
8 () 99.86 92.7(2)
z 4 4
V (A3) 721 2196
F(000) 1776 1776
1 (Mo Ka) (cm™) 200.1 200.1
Peale (& cm™) 3.02 2.977
Temperature (K) 293 293
Instrument Nonius CAD4 diffractometer
Radiation Mo Ka from monochromator (A Mo Ka = 0.71069 A)
Take-off angle (°) 3 4
Scan mode 0/26 68/26
Max. Bragg angle (°) 26 26
Periodicity 3600s 100 reflections 3600s 100 reflections
No. independent reflections 2070 3496
No. observed reflections 2058 3419
No. refined parameters 65 191
R = Zj|Fo|—K|F|l/Z1Fol 0.055 0.057
Ry = [Ew(IFql — KIFDY E41Fo1?)12 0.063 0.068




cis-Dichlorobis{methylamine)platinum(II)
Results and Discussion

The complex cis-[Pt(MeNH,)I,] was prepared by
the method of Dhara [7] and converted to cis-
[Pt(MeNH,),(ONO,),] using silver nitrate in acetone.
The conversion of the nitrate complex to the chloro
analogue using hydrochloric acid was tried in various
solvents (water, acetone, methanol), but this resulted
in the formation of two types of crystals or some-
times a mixture of two. Under these mild conditions
it is anticipated that the cis-isomer is formed
exclusively.

No special conditions could be found favorizing
the formation of one of the modifications. Both
forms are yellow, but form A is paler than form B.
Recrystallization of the compound from acetonitrile
or water would either: (i) not change the compound,
(ii) cause one form to change to the other, or (iii) give
a mixture of the two forms. All these compounds
analysed as [Pt(MeNH,),Cl,]. The two forms A and
B can easily be differentiated using IR (vide infra)
and their melting points (form A: m,p.=185—
187 °C, form B: m.p.=171—-175 C).

Isomers of the composition PtL,X, can exist as
[PtL4] [PtX,], [PtL;X][PtLX3] or as cis- or frans-
[PtL,X;]. The geometric isomers of PtL,X, can also
cocrystallize to give a mixed crystal [8]. Poly-
morphism is known amongst ionic compounds, eg.
[Pt(NH3)4] [PtCl4] [9], and neutral monomeric com-
pounds, eg. Pt(2,2'bipyridine)Cl, [10] and cis-
Pt(N-methylimidazole),Cl, {11].

In our case, forms A and B cannot be ionic isomers
as they are both non-electrolytes in DMSO*.

IR Spectra
There have been two independent studies of the
IR spectra of cis-[Pt(MeNH,),Cl,] [4, 5]. However,

*There is a slow solvolysis in DMSO over a period of 24 h
to give a 1:1 electrolyte such as [Pt(MeNH3),(DMSO)C1]Cl.
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the IR spectrum of the compound published by Watt
et al. [4] differs considerably from that of
Kharitonov et al. [5]. In our work, the IR spectrum
of form A corresponds to that published by
Kharitonov and coworkers, while form B corresponds
to that published by Watt et al.

The main differences in the spectra are in the
region for 6NH, and in the region for the Pt—Cl
stretch (see Table II). The positions of the other
bands are similar for the two forms, except that the
relative intensities are different. A distinct splitting
of the »(Pt—N) band is observed for both modifica-
tions, as expected for a cis-complex, but form B has
slightly higher frequencies than form A. In both
modifications, the lower frequency band is the more
intense of the two.

Modification A, instead of showing two absorp-
tions in the Pt—Cl stretching region as expected for a
cisisomer, shows only a broad band (width at half
height = 20 cm™) which is normally indicative of a
trans-isomer. It is important that the cis-compounds
of the type [PtL,X,] tested for antitumor activity
are isomerically pure as the trans-isomers have no
activity [2].

To settle the possibility that cis-trans isomeriza-
tion** might have occurred during the preparation of
cis-Pt(MeNH;),Cl,, such that modification A is in
fact a trans-isomer or B is contaminated with some
trans-isomer, the trans-isomer was prepared by
treating [Pt(MeNH;)4]Cl, in HCl and the IR spectra
compared (m.p. of trans-isomer: 228-230 °C). How-

**In aqueous solutions, Pt(II) complexes are normally inert
to isomerization. In aprotic dipolar solvents (DMF, DMSO),
pyridine and pyrimidine complexes such as cis-[PtL,Cl;]
isomerize [12], albeit slowly, for example 65 °C for 3 days.
On the other hand, it has been reported that cis-complexes of
cycloalkylamines (R = butyl, hexyl) isomerize under milder
conditions in acetone or chloroform [13]. Meanwhile com-
plexes such as Pt(phosphine),X5 isomerize in the presence of
catalytic amounts of phosphine [14].

TABLE II. Important Bands in the Infrared Spectra? of cis- and trans-[Pt(MeNH,),Cl; ]

This work Literature values
Form A Form B trans- Kharitonov [5] Watt [4]
cis- trans- cis- trans-

§NH, 1595(s) 1596(s) 1592(s) 1598(s) 1596(s) 1596(s) 1594(s)
1571(w) 1582(m) 1575(sh) 1577(m) 1581(m)
1571(w) 1575(m)

v(Pd—N) 518(w) 525(w) 514(s) 517(m) 513(s) S17(m) 518(s)
506(m) 510(m) 505(m) 506(m)

v(Pt-Cl) 318(br) 329(m) 336(s) Not given 318() 334(vs)

314(m)

Aw = weak, m = medjum, s = strong, vs = very strong, br = broad.
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ever, it is difficuit to use IR spectroscopy to detect
the presence of trans-[Pt(MeNH,),Cl;] as an
impurity in cis as the main bands in the spectra of
trans are not significantly different from forms A
and B. The number of bands in the Pt—Cl stretching
region of IR is not always an unambiguous method
for differentiating the cis- and the frans- isomers*.
Normally, the frenuencv of the Pt—Cl qtretch_;_n_g
vibration for complexes PtL,X, is in the order
Vasym(17aN8) > Vagym(cis) > vgym(cis). However, for
the methylamine complex, there is not a significant
difference in the position of the Pt—Cl vibration for

the trans- isomer and the asymmetric drpfnhmg

vibration for form B.

NMR Spectra
The 'H spectra of the two forms A and B in

DMSO are identical. The methvl resonance is a well

resolved triplet at 2.39 ppm (J(H-H) = 6.2 Hz). The
broad NH, resonance at 4.86 ppm shows two side
bands due to the coupling with platinum (J = 67 Hz).
The position of the NH, resonance suggests that the

forms have a cis-geometry, the NH,; signals for the

1028 Ay a LI§-goOllICld |8 £ LY Sipiidiy AV b

trans-compounds are snuated more upfield [17].

For the trans-complex, the solvolysis in DMSO is
very rapid as two sets of methyl resonances and
amine resonances are observed. Conductance mea-

surements fnr fhn ﬂ-nnc-nnmn]pv |n nMQﬁ ch(\\xl fl'\nf
1CINCINS 106 Ui 7GR5-COIM I Vio

solvolysis to give a 1:1 electrolyte is complete within
40 min.
The '**Pt NMR spectrum of a mixture of A +B

in D, 0 exhibits only one signal at —2238 ppm**.
Thn I NMR cnectrum {chamical chifte of THY mav

he "H NMR spectrum {chemical shifts of 'H) may
not be sufficiently sensitive to the subtle differences
in the environment between forms A and B, but the
9Pt chemical shift is highly dependent on the donor
atom, the complex geometry [19] and has also been

nead to cstudv intercaonvarsion of diacsternisomears
UseG 10 StUdY ImiSIeonvyersicnlt i Glasteroisomers

[20]. We can therefore be confident that the two
forms A and B have the same structure in solution.

In order to gain further insight into the charac-
terization of these complexes we have undertaken an

Y rayu ctripotnral nvactiogntion of tha +wa forme
Ix'l‘l] ol uviuzIal ulvvousauuu vi v twu Lr1i1id

isolated.

Structure Studies
Table I summarizes the crystal data and intensity

*For example, only one Pt—Cl stretching vibration is
observed for Pt(NH3),Cl, [15], the red form of [Pt(bipy)-
Ciz] [10] and for severai cycloalkylamine compiexes, cis-
[Pt(RNH;),Cl;] [16]. This usually comes about when the
symmetrical and unsymmetrical bands have similar fre-
quencies and therefore not well resoived in the spectra.

**The 195pt chemical shift compares quite well, after allow-
ing for solvent effects, with that of ¢is-Pt(NH3),Cl, in DMSO
{2097 ppm upfield from Na,PiCig {18]).

S. Wimmer et al.

Form A

The complex consists of monomeric Pt(MeNH,),-
Cl, units which are well separated (a view of the
molecule is given in Fig. 1).

The coordination around platinum is square planar
with a Ci—Pt—Ci angle of 93.55° and an N—-Pt—N
angle of 91.4° The Pt—Cl and Pt—N distances are
comparable with values found in related complexes.

However, more interestingly, it may be underlined
that in this complex the two methyl groups lie on the
same side of the plane delimited by the two chioride
and the two nitrogen atoms. This structure could
conform with the C, point group.

Moreover, if hydrogen bonding in methylamine
complexes is frequently invoked in order to inter-
relate the vibrational assignments, the structure here

resolved evidenced a great number of such bonds,
viz. between the N-H of one molecule and the
chlorine of another one. All these hydrogen bonds
imply N—H---Cl distances shorter than 2.7 A and
N-H---Cl angles close to 180°. Bond distances and

bond angles are reported in Table III.

Form B

This complex consists of three types of mono-
meric Pt(MeNH;)Cl, units. In each case, the coordi-
nation around platinum is square planar. However,
two units look like form A with the two methyl
groups lying on the same side of the square delimited
by platinum and its four coordinated atoms. In the
third unit, one of the methyl groups is above the
plane while the other one is located below. In this

caca the netwark of hvdrosen honde ic mare com-
€ase, g NeIwWOerK of ayqaregen oonds 15 more com

plex than in structure A. However, it may be under-
lined that no hydrogen bond exists between units

®
§ \_\ 87.0° l 03.55°
- ) Par
> )
c1 N1 Pt
Cl!
é 91.4° 88 1% !
Na
FORM A

Fig. 1. View of the only molecule implied in Form A.
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TABLE III. Interatomic Distances (A) and Angles (°)

Form A

Pt—CI(1) 2.306(2) CI(1)-Pt-Cl(2) 93.55(8)

Pt—Cl(2) 2.308(2) CI(1)-Pt—-N(2) 88.1(2)

Pt—N(1) 2.027(7) N(1)-Pt—N(2) 91.4(3)

Pt—N(2) 2.040(7) CH(2)-Pt—N(1) 87.0(2)

N(1)-C(1) 1.390(11)

N(2)~C(2) 1.430(11)

Motify(A") Motify1(A")  Motify;(B")

Form B

Pt—CI(1) 2.334(2) 2.307(2) 2.319(2)

Pt—CI(2) 2.295(2) 2.316(2) 2.284(2)

Pt—-N(1) 2.064(6) 2.058(6) 2.048(6)

Pt—N(2) 2.052(6) 2.084(6) 2.034(6)

N(1)-C(1) 1.458(10) 1.455(12) 1.452(12)

N(2)-C(2) 1.459(11) 1.467(10) 1.495(11)

CI(1)~-Pt—CK2) 93.30(7) 93.88(7) 91.68(8)

CI(1)-Pt—-N(2) 88.4(2) 89.1(2) 87.3(2)

N(1)-Pt—-N(2) 89.5(2) 91.2(3) 93.7(2)

CI(2)-Pt-N(1) 88.8(2) 85.9(2) 87.4(2)
Dihedral
angle (°)

Selected geometric features of the Form B

Pt; coord plane (A")—Pty; coord plane (A') 6.5

Pty coord plane (A")—~Pty; coord plane (B') 132.6

Pty; coord plane (A')—Pty; coord plane (B') 136.8

B,

2
57.4° 91,68°
%j g Pt Q
c, M 03,7 87.3° cl,
MOTIF B’
in FORMB
Ny
C»

Fig. 2. View of the molecule B’ implied in Form B.

of the same cell but only between homologous units
of non-adjacent cells.

Neutral complexes of stoichiometry PtL,X,
generally crystallize in linear stacks unless very bulky
ligands hinder the necessary close approach of the
platinum atoms.
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In form B, A’ molecules exhibit a columnar frame-
work with the molecular planes perpendicular to the
stacking axis, here the A axis; however the platinum
chain is distorted from a fully linear arrangement and
this results in a zig-zag metal chain. Moreover though
in this columnar arrangement all the A’ molecules
have the methyl groups lying on the same side of the
platinum plane, these methyls are alternatively above
and below the plane. This order appears different to
that found in Wolfram’s red salt [21] where all ethyl
substituents lie on the same side of platinum atoms.

Between the stack of A’ molecules appears the
chainlike structure of B’ molecules (Fig. 2), the
dihedral angle between A’ and B’ planes being ~135°.
Taking in mind that in B’ one methyl lies below the
molecule plane and the other above, the Pt—Pt
distance is much greater than in the A’ stack.

Conclusion

The complex cis-[Pt(MeNH,),Cl,] exists in the
solid state in at least two different crystallographic
forms. These forms are stabilized by the network
of hydrogen bonds. Some years ago, Ducanson and
Venanzi [21] interpreted infrared spectra of some
amine complexes of platinum(Il) in terms of con-
formational changes which arise from restricted
rotation of the amine about the Pt—N bond. In our
study, it appears that only intermolecular hydrogen
bonding may be responsible for the two forms
observed. Upon dissolution, the network is destroyed,
facilitating rotation around the Pt—N bonds. Under
these conditions, solution spectroscopy such as NMR
or UV does not differentiate between forms A or B.

The differences observed in the infrared spectra of
the two forms are caused by different orientations of
the methyl group due to different crystal packing
effects. The spectrum of form B is particularly com-
plex due to the presence of two types of conformers

(Fig. 3).

-c-~C-
-8 .

{\\H‘L}
IS et

MOTIF A’

—l
sy
| Lo d o
N e

Fig. 3. Drawing of the molecular arrangement in crystal of
the two different motifs showing favorable intermolecular
interactions.

o

wmoTiF e

P




30

References

1

2

M. J. Cleare, P. C. Hydes, B. W. Malerbi and D. M.
Watkins, Biochimie, 60, 835 (1978).

(a) M. J. Cleare and J. D. Hoeschele, Bioinorg. Chem., 2,
187 (1973); (b) M. J. Cleare, P. C. Hydes, D. R. Hebburn
and B. W. Malerbi, in A, W, Prestayko, S. T. Crooke and
S. K. Carter (eds.), ‘Cis-platin: Current Status and New
Developments’, Academic Press, New York, 1980;(c) W.
T. Bradner, W. C. Rose, J. B. Huftalen, in A. W.
Prestayko, S. T. Crooke and S. K. Carter (eds.), ‘Cis-
platin: Current Status and New Developments’, Academic
Press, New York, 1980, p. 171; (d) M. J. Cleare, Inorg.
Perspect. Biol. Med., 1, 19 (1977); (e) G. R. Gale, M. G.
Rosenblum, L. M. Atkins, E. M. Walker, A. B. Smith and
S. R. Meischen, J. Natl. Cancer Inst., 51, 1227 (1973).

M. Razaka, F. Wimmer, S. Wimmer, G. Villani and N. P.
Johnson, Chem. Biol. Interact., 61, 265 (1987).

G. W. Watt, B. B. Hutchinson, D. S.Klett,J. Am. Chem.
Soc., 89, 2007, (1967).

(a) Y. Y. Kharitonov and 1. K. Kireeva, Russ. J. Inorg.
Chem., 16, 733 (1971); (b) Y. Y. Kharitonov, I. K.
Dyminia and T. N. Leonova, Russ. J. Inorg. Chem., 13,
709 (1968).

G. A. L. Takhin, H. A. Skinner and A. A. Zaki,J. Chem.
Soc., Dalton Trans., 2323 (1983).

S. C. Dhara, Indian J. Chem., 8, 193 (1970).

F. Rosenblatt and A. Schleede, Chem. Ber., 66, 472
(1933).

17 V.

S. Wimmer et al.

9 J. M. Jgrgensen and S. P. L. Sovensen, Z. 4norg. Chem.,
48, 441 (1906).

10 E. Bielli, P. M. Gidney, R. D. Gillard and B. T. Heaton,

J. Chem. Soc., 2133 (1974).

11 B. G. Graves, D, J. Hodgson, C, G. Van Kralinger and

J. Reedijk, Inorg. Chem., 17, 3007 (1978).

12 (a) P. C. Kong and F. D. Rochon, Can. J. Chem., 56,

441 (1978); (b) P. C. Kong and F. D. Rochon, Can. J.
Chem., 57, 526 (1979).

13 (a) C. 1. L. Lock and M. Zvagulias, Inorg. Chem., 20,

1817 (1981); (b) C. J. L. Lock and M. Zvagulias, Acta
Crystallogr., Sect. B, 36, 2140 (1980); (c) J. P. Bradford,
R. Faggiani and C. J. L. Lock, Acta Crystallogr., Sect. B,
37,243 (1981).

14 J. Chatt and R. G. Wilkins,J. Chem. Soc., 525 (1976).
15 D. M. Adams, J. Chatt, J. Gerratt and A. D. Westland,

J. Chem. Soc., 734 (1964).

16 P. D. Braddock, T. A. Connors, M. Jones, A. R. Khokhar,

D. H. Melzack and M. L. Tobe, Chem. Biol. Interact., 11,
145 (1975).

Cherchi, G. Faraglia, L. Sindellari and S. Sitran,
Transition Met. Chem., 10, 76 (1985).

18 S. J. S. Kerrison and P. J. Sadler, J. Chem. Soc., Chem.

Commun., 861 (1977).

19 P. S. Pregosin, Coord. Chem. Rev., 44, 247 (1982).
20 D. G. Crummin, E. M. A, Rattila and N. M. Kostic, Inorg.

Chem., 25, 2429 (1986).

21 B. M. Craven and D. Hall, Acta Crystallogr., 14, 475

(1961).

22 L. A. Duncanson and L. M. Venanzi,J. Chem. Soc., 3841

(1960).



