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X-ray crystal structures and properties of the two Pd(II) and Pt(II) complexes
[bpeH,][PdCl,] and [Pt(bpe)CL]. [bpe = 1,2-bis(pyridin-2-yl)ethane] are described and corre-
lated with the IR and '"H NMR/!*C NMR spectroscopic data. In the case of the Pt(II) com-
plex, the 1.2-bis(pyridin-2-yl)ethane is bound to the metal by the heterocycle nitrogen atoms
but no direct bond is found in the case of the Pd(II) complex. The ligand exhibits low energy
geometries in both compounds: the cis-conformation in the Pt(II) complex. and the trans-

conformation in the Pd(II) complex.

I. Introduction

The interactions of platinum group metal com-
plexes with constituents of the nucleic acids have
been reported in recent years [5]. The main aim of
these studies was the investigation of the mecha-
nisms related to the antitumoral properties of cis-
Pt(NH;),Cl, and analogues [6-8]. We now de-
scribe the synthesis of some new compounds of
Pd(II) and Pt(II) with nitrogen bases related to
heterocycles such as 1,2-bis(pyridin-2-yl)ethane or
1,2-bis(pyridin-2-yl)methane. Reedijk et al. [9-10]
reported the structure of the products of the inter-
action of Pt(II) with 1.2-bis(pyridin-2-yl)ethane
and other N-donor ligands such as the hypoxan-
thine derivative. Previous work [11] on X-ray crys-
tal structures of [PdCl,]?~ salts containing the N—
N’-dimethyl-4-4'-bipyridylium cation have shown
that the Pd(II) ion remains uncoordinated to the
nitrogen base. However, coordination of bipyri-
dine to palladium is easier when the metal is in
the highest oxidation state Pd(IV) [12]. Recently,
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A. Baker [13] described the crystal structure of
a Pd(II) complex with a similar ligand: 1,2-bis(6-
methylpyridin-2-yl)ethane. In this case, the metal
ion is coordinated to the N atoms and forms a che-
late complex.

The reaction of K,[PdCl,] with 1,2-bis(pyridin-2-
yl)ethane in methanol yields brown needles which
can be studied by X-ray diffraction. The reaction of
K,[PtCly] with 1,2-bis(pyridin-2-yl)ethane in water
yields pale-yellow needles which could be studied
in the same way. We now report the structures and
spectral properties of these compounds.

II. Experimental
Materials and methods

The complexes were prepared using K,[PdCly]
and K,[PtCl,] Johnson Matthey and 1,2-bis(pyri-
din-2-yl)ethane (bpe) synthesized at the Univer-
sity of Central Lancashire Organic Laboratory.

The analyses of carbon, hydrogen, nitrogen and
chlorine were carried out using a Carlo Erba mo-
del 1106 microanalyzer at the Institut de Bio-Or-
ganica del CSIC at Barcelona. The infrared spec-
tra were recorded in solid state (KBr pellets) on a
Perkin Elmer 683 IR spectrometer with an IR data
station PE 1600 and on a FT-IR Nicolet 5DZ spec-
trometer. 'H and '*C NMR spectra were obtained
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on a Varian 200 Gemini spectrometer. Chemical
shifts were measured relative to TMS.

Crystals suitable for X-ray diffraction experi-
ments were mounted on an Enraf-Nonius CAD4
four-circle diffractometer. Unit cell parameters
were determined from 25 reflections and refined
by the least-squares method. Intensity data were
collected using graphite monochromated MoK,
radiation. Three standard reflections were moni-
tored each hour during data collection showing a
decay of 0.47% for the Pd(Il) complex and 0.72%
for the Pt(II) complex. Three reflections were
measured every 50 to test for crystal misorien-
tation. Lorentz and polarization corrections were
applied. The absorption was corrected using the
DIFABS program [14]. Trans. max./min.: 1.237/
0.726.

Both structures were solved by locating the
metal atoms by direct methods using the MUL-
TAN 11/84 program [15]. The positions of the re-
maining non-hydrogen atoms were determined by
weighted Fourier synthesis. Both C7 and C8 were
found to be disordered on two sites with half occu-
pancy each. In the case of the Pd(II) compound,
hydrogen atoms were located by difference Four-
ier syntheses and introduced in the refinement
with a global isotropic temperature factor after the
convergence of the anisotropic thermal param-
eters for non-H atoms. For the Pt(Il) complex the
hydrogen atoms were introduced in calculated
positions. Refinement was carried out using the
SHELX-76 program [16]. A summary of the crys-
tal data and data collection and refinement param-
eters shown in Table II.*

* Further details may be obtained from: Fachinfor-
mationszentrum Karlsruhe, Gesellschaft fiir wissen-
schaftlich-technische Information mbH, D-76344
Eggenstein-Leopoldshafen, by quoting the Registry-
No. CSD 58152, the names of the authors and the
journal citation.

Syntheses of the complexes

a) [bpeH>][PdCl,] (1). 1 mmol of K,[PdCly]
and 1 mmol of finely powdered 1,2-bis(pyridin-2-

yl)ethane (bpe) were mixed and about 20 ml of
ethanol with a few drops of HCI were added. The
solution was stirred for 3 h at 20 °C and after 2d
bright brownish needles were formed.

Analysis for C;,H 1 ;N>CLPd (434.4 g/mol)
Caled C33.15 H3.22 N6.44 Cl132.68%,
Found C33.32 H3.01 N6.40 Cl33.12%.

b) [Pt(bpe)Cl;] (2). 0.5 mmol of K,[PdCl,] was
dissolved in 10 ml of H,O, and an aqueous suspen-
sion of 1,2-bis(pyridin-2-yl)ethane (0.5 mmol in 5
ml of H,O) was added. The mixture was stirred
for 2 h at 60 °C. After the solution was concen-
trated to 10 ml, a crude, yellow product was iso-
lated, which, on recrystallization from water gave
2 as yellow needles.

Analysis for C;5H;>N>CLPt (459.1 g/mol)
Caled C32.07 H2.67 N6.24 Cl15.59%,
Found C31.93 H2.61 N6.21 Cl15.54%.

III. Results and Discussion
IR spectra

The infrared spectra of the obtained compounds
were recorded down to 200 cm~! and compared
with that of the ligand 1.2-bis(pyridin-2-yl)ethane
(bpe). The assignment was carried out according
to the literature [17-18]. The most important
bands are recorded in Table I.

In both spectra there are important changes in
frequency and intensity on the v ring bands of the
bpe ligand as a consequence of protonation or met-
alation. The 1594 cm~! band related to v(C=N) +
v(C=C) of the heterocyclic ring shifts to a higher
frequency in the two cases with splitting in the
spectrum of the N-protonated system. Other
bands due to 6(C-H) and y(C-H) are also
shifted. In the lower frequency region of the spec-
trum of 2, two weak intensity bands appear at 479
and 463 cm~! assignable to Pt—N stretching vi-
brations which are absent in the spectrum of 1.
The strong absorptions at 325 (1) and 331 (2) are
assigned to v(M—Cl). The broad character of the

Table I. Characteristic IR bands (cm~!) for the bpe ligand and complexes.

Compound Vrings VC=N+vC=C 0C-H yC-H vM-N vM-Cl

bpe 1594s 1570s 1476s 1310 m 1153 m 787s 752s

[bpeH,][PdACl,] 1629 s 1539s 1463s 1314m 1273 m 1173 m 797s 752s 325 s, sp
1616 s

[Pt(bpe)Cl,] 1611s 1570 m 1484s 1315m 1286 m 1161m 792s 777s 479w 463 m 331 s, br
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Table II. Crystal data and summary of data collection and refinement.

Complex [bpeH,][PdCly] [Pt(bpe)Cl;]
Composition PdC,>H4sN-Cl, PtC,>H>N-Cl,
Crystal system Monoclinic Monoclinic
Space group P2,/c P2,/n

a(A) 8.647(8) 8.410(1)

b (A) 7.293(1) 14.591(2)
c(A) 12.581(4) 10.858(2)

B (°) 105.21(4) 99.92(1)

V (A%) 766(8) 1312.4(1)

V4 2 4

Mol.wt. 434.4 452.25

F(000) 428 848

D.(g cm~?) 1.88 2.29

Crystal size (mm) 0.14x0.28%x0.47 0.24x0.35%0.36
w(em™1) 18.9 . 1119
Radiation MoK, (4=0.71069 A)

Scan method w-20 w-26

Data collection range (26) 2-50° 2-50°

Range of hkl -10<h<10, 0<k<8, 0<i<14, -10<h<10, -17<k<17,0<l<12
N. of refl. measured 1538 4850

N. of unique refl. 1336 2295

N. of obs. refl. (I1=20(1)) 1200 1600

N. of variables 110 153

R 0.037 0.040

R, 0.044 0.044

v(Pt-Cl) band is indicative of the cis-configur-
ation. The cis-position of chloride atoms was also
confirmed by the Kurnakov reaction.

X-ray study

A perspective view of the two molecules, includ- Pd1
ing the atom labeling, is presented in Fig. 1 and 2.
Fractional atomic coordinates and equivalent iso- ci

tropic displacement parameters are listed in Tables
III and IV for 1 and 2 respectively. Tables V and
VI contain important bond distances and angles.

Fig. 1. Molecular structure of [bpeH,][PdCl,].

Table III. Fractional atomic coordinates (x10%) with
equivalent temperature factors for [bpeH,|[PdCl,].

Atom x/a v/b z/c Beq
Pd1* 5000 0 0 2.72
Cl1 7500(1) 958(2) -96(1) 3.97
Cl2 5807(2) 117(2) 1891(1) 4.19
N1 2602(5) 515(7) 2750(3) 3.30
C2 3098(5) 540(6) 3861(3) 2.81
C3 1948(6) 1004(7) 4408(4) 3.88
C4 416(6) 1443(8) 3823(4) 4.50
C5 =21(5) 1381(7) 2684(4) 4.14
Co6 1120(5) 933(7) 2164(4) 4.02
C7 5186(7) -25(5) 5618(5) 2.98 CL1 CL2

* Fixed at the special position. Fig. 2. Molecular structure of [Pt(bpe)Cl,].
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Table IV. Fractional atomic coordinates (x10*) with
equivalent temperature factors for [Pt(bpe)Cl,].

Table VI. Selected bond lengths (in A) and bond angles
(in degrees) with their e.s.d.’s for [Pt(bpe)Cl].

Atom  xa v/b /e Beq
Pt1 9569.6(5) 1152.4(3)  6864.8(4) 4.72
cl1 11432(4) 9(3) 7334(4) 7.08
Cl2 11587(4) 2227(3) 6948(3) 6.78
N1 7753(9) 230(6) 6670(8) 4.74
C2 6642(11) 174(6) 7431(9) 4.40
C3 5458(11) - 495(7) 7223(11) 5.99
C4 5382(15) —1098(8) 6424(12) 6.31
C5 6514(15) -1036(8) 5446(11) 6.04
Co6 7691(13) - 363(8) 5699(11) 5.61
Cc7 6286(37) 848(13) 8362(23) 6.46
C8 7077(32) 1785(13) 8435(15) 5.12
C9 6795(12) 2304(7) 7223(11) 5:37
C10 5699(12) 3027(8) 6924(13)  6.72
Cl11 5740(18) 3594(10) 5907(13) 7.40
C12 6891(19) 3399(10) 5158(14) 8.40
C13 7961(16) 2672(9) 5453(11) 6.92
N14 7902(10) 2152(7) 6482(9) 5.09
C7 7035(30) 783(12) 8533(15) 4.39
Ccg 6418(45) 1743(16) 8264(26) 8.69

Table V. Bond lengths (in A) and bond angles (in de-
grees) with their e.s.d.’s for [bpeH,]|[PdCl,].

Cl1-Pd1  2.305(1) Cl2-Pd1-Cl1 90.5(1)
Cl2-Pd1  2.298(1) Cl2-Pd1-Cl2 180.0(1)
N1-C2 1.350(5) N1-C2-C3 116.1(4)
N1-C6 1.335(6) N1-C6-C5 120.1(4)
C7-C7 1.51(1) C6-N1-C2 124.6(4)

In the structure of [bpeH,]|[PdCl,] the tetrachlo-
ropalladate anion crystallizes with the dipronated
ligand, 1,2-bis(pyridin-2-ylium)ethane, in the trans
conformation. In [Pt(bpe)Cl,], the crystal struc-
ture shows the neutral ligand in the cis-confor-
mation coordinated to the metal as a bidentate li-
gand by the two nitrogens atoms of the

Cl1-Pt1  2285(3)  Cl2-Pt1-Cl1 90.9(1)
Cl2-Pt1  2301(3) NI1-Pt1-Cll 90.8(3)
N1-Ptl  2.019(9) NI1-Pt1-CI2 176.2(2)
N14-Pt1 2.016(9) NI14-Pt1-Cl1  178.7(3)
C2-N1 1.353(12) N14-Pt1-CI2 89.8(3)
C6-N1 1.358(13) N14-Pt1-N1 88.5(4)
C7-C2 1.478(9) C2-N1-Ptl 124.5(7)
C7'-C2  1481(9) C6-N1-Ptl 115.7(7)
CR-C7 1.515(10) C6-N1-C2 119.8(9)
C8-C7  1.504(10) C3-C2-NI 119.8(9)
C9-N14  1.349(13) C7-C2-N1 128.3(12)
C13-N14 1.358(15) C7-C2-C3 110.9(12)
C8-C9 1.502(9)° C7'-C2-N1 112.0(12)
C8-C9  1.474(10) C7'-C2-C3 127.5(13)
C5-C6-N1 122.4(10)
C8-C7-C2 119.8(18)
CR' =CT=C2 112.4(19)
C9-N14-Pt1 121.5(7)
CI3-N14-Pt1  116.8(8)
CI3-N14-C9  121.7(10)
C10-C9-N14  118.7(10)
C8-C9-N14 114.7(13)
C8-C9-C10 125.5(14)
C8 -CY9-N14  128.8(14)
C8' -C9-C10 112.1(14)
CI12-C13-N14  120.1(13)
C9-C8-C7 114.1(18)
C9-C8'-C7' 123.6(20)

heterocycle. The other two coordination sites in
the square plane geometry of the Pt(II) are occu-
pied by chloride anions. The Pt—-N and Pt-Cl
bond distances are as expected. The torsion angles
Cl,PtyN, G, = 113.6°, CLLPt;N;.Cg: = 57.6° indicates
the relative conformation between the pyridine
rings and the platinum coordination plane.

'"H NMR chemical shifts [ppm] for bpe and [Pt(bpe)CL]".

Table VII. '"H NMR and °C
NMR chemical shifts.

Compound H(6) H(4) H(3), H(5) CH,
bpe 842(d)  741(t)  7.00, 6.97 3.11 “CDCl; as solvent: " AB
[Pt(bpe)Cl,] 9.02(d)  7.59(t) 7.14,7.08 4.82(q). 3.34(q)° quartet pattern centered at

the values given.

13C NMR chemical shifts [ppm] for bpe and the complexes

Compound C(2) C(6) C(3) Cc(5) C4) C(7)

bpe® 160.00 14820 13538 127.15 121.99 36.82

[bpeH,][PdCI,]¢ 154.65 14737 14243 12803 12627 3241 .

[Pt(bpe)Cl,J? 159.68 15336 13836 12630 123.46 33.14 In CDCly/DMSO-d4(6:4):

4In DMSO-de.
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"H and 3C NMR study

The 'H and '*C NMR data are summarized in
Table VII. Unfortunately, solvent conditions were
not the same owing to solubility problems. The
spectra of 1 was registered in DMSO-dg¢ solution
and the spectra of 2 and that of the ligand were
registered in a mixture of CDCl; with DMSO-d¢
(6:4).

In the 'H spectrum of [Pt(bpe)Cl,] the down-
field shift of H(6) from 8.42 ppm to 9.02 ppm and
of H(3) from 7.00 to 7.14 ppm can be observed.
The signal corresponding to the CH, group ap-
pears as an AB quartet centered at 4.82 and 3.34
indicating the loss of equivalency of the two H of
each CH, group as the Pt(II) atom is bound to
the ligand.

By comparison of the complex 2 and bpe spectra
(which are recorded in the same solvent) it can be

observed that the signals corresponding to the
C(6) and C(CH,) are considerably modified. The
signal of C(6) in the bpe spectrum (148.20 ppm) is
shifted downfield by about 5 ppm, and the C(CH,)
signal is shifted upfield by ca. 4 ppm. These
changes are consistent with Pt—N binding and the
cis-configuration of the coordinated ligand. By
contrast, the C(6) signal in the spectrum of 1 re-
mains almost unaltered.

We are grateful do DGICYT Ref. PB-89-0-223
for financial support and to The British Council
and Spanish Ministerio de Educacién y Ciencia for
the British-Spanish Joint Research Programme
and to Dr. P. Ballester for *C NMR spectra
recorded.

[1] N. Farrel in Transition Metal Complexes as Drugs
and Chemotherapeutic Agents, Vol. 11 from Cataly-
sis by Metal Complexes, R. Ugo, B. R. James (eds.),
Kluwer Academic Publishers, Dordrecht (1989).

[2] P. Umapathy, Coordination Chem. Rev. 95, 129
(1989).

[3] S. E. Sherman, S.J. Lippard, Chem. Rev. 87, 1153
(1987).

[4] S. J. Lippard, Science, 218, 1075 (1982).

[5]J. Tullius (ed.), Metal-DNA Chemistry, ACS Sym-
posium Series No. 402, American Chemical Society,
Washington (1989).

[6] B. Rosenberg, L. Van Camp. T. Frigas, Nature 205,
696 (1965).

[7] M. P. Hacker, E.B. Douple, I. H, Krakoff (eds.):
Platinum Coordination Complexes in Cancer
Chemotherapy Martinus Nijhoff, Boston (1984).

[8] J. Reedijk, P. H. M. Lohman, Pharm. Week. Sci. Ed.
7, 173 (1985).

[9] A. T. M. Marcelis, H. J. Korte, B. Krebs, J. Reedijk,
Inorg. Chem. 21, 4059 (1985).

[10] W. Kleibohmer, B. Krebs, A. T. M. Marcelis, J. Re-
edijk, J. L. Van der Veer, Inorg. Chim. Acta 75, 45
(1983).

[11] C. K. Prout, P. Murray-Rust, J. Chem. Soc. (A)
1969, 1520.

[12] L. R. Gray, D. J. Gulliver, W. Levason, M. Webster,
J. Chem. Soc. Dalton Trans., 1983, 133.

[13] A. T. Baker, personal communication.

[14] N. Walker, D. Stuart, Acta Crystallogr. A 39, 158
(1983).

[15] P. Main, S.J. Fiske, S. E. Hull, L. Lessinger, G. Ger-
main, J. P. Declercq, M. M. Woolfson, MULTAN 11/
82. York University, England, and Louvain,
Belgium (1982).

[16] G.. Sheldrick, SHELX-76, Cambridge University,
England (1976).

[17] M. Keeton, A.B.P. Lever, Inorg. Chem. 10, 47
(1971).

[18] D. A. Thornton, Coord. Chem. Rev. 104, 251 (1971);
K. Nakamoto, Infrared and Raman Spectra of Inor-
ganic and Coordination Compounds. Wiley, New
York (1978): J.R. Ferraro, Low-Frequency Vi-
brations of Inorganic and Coordination Com-
pounds, Plenum, London (1971).



