
Acta Cryst. (2004). E60, m17±m19 DOI: 10.1107/S160053680302720X Sùren T. Klint et al. � [PtCl(C36H37P3)]ClO4 m17

metal-organic papers

Acta Crystallographica Section E

Structure Reports
Online

ISSN 1600-5368

[Bis(3-diphenylphosphinopropyl)phenyl-
phosphine-j3P,P000,P000000]chloroplatinum(II)
perchlorate

Sùren T. Klint, Ole Simonsen,

Lars V. Andreasen, Andrew D.

Bond and Ole Wernberg*

University of Southern Denmark, Department

of Chemistry, Campusvej 55, 5230 Odense M,

Denmark

Correspondence e-mail: owe@chem.sdu.dk

Key indicators

Single-crystal X-ray study

T = 145 K

Mean �(C±C) = 0.020 AÊ

R factor = 0.092

wR factor = 0.221

Data-to-parameter ratio = 16.0

For details of how these key indicators were

automatically derived from the article, see

http://journals.iucr.org/e.

# 2004 International Union of Crystallography

Printed in Great Britain ± all rights reserved

The crystal structure of the title complex, [PtCl(C36H37P3)]-

ClO4, at 145 K contains the trimethylene-bridged triphosphine

chelate ligand Ph2P(CH2)3PPh(CH2)3PPh2 coordinated in a

tridentate manner to the PtII atom. The coordination

geometry about Pt is distorted from square planar as a

consequence of the geometrical constraints of the chelating

ligand.

Comment

Platinum metal complexes of triphosphine chelate ligands

R2P(CH2)3PR0(CH2)3PR2 (R,R0 = alkyl, aryl) have been

investigated for their capabilities to activate catalytically small

molecules such as CO2 or H2 (Niewahner & Meek, 1982;

Wander et al., 1996). The interest in this ®eld has led to the

preparation of a range of PdII, PtII and RhI complexes of the

triphosphine chelate ligand Ph2P(CH2)3PPh(CH2)3PPh2 (ttp)

and its closely related trimethylene-bridged phosphine

analogues with various R substituents, some of which have

been characterized crystallographically (Wander et al., 1996;

Nappier et al., 1973; Tau & Meek, 1979; Goikhman et al., 2002).

We are currently investigating the relationship between

structure and reactivity of PtII complexes coordinated in a

tridentate manner by the triphosphine ligands (ttp) and

PhP(CH2CH2PPh2)2 (triphos), or by the mixed phosphine±

thioether ligand S(CH2CH2PPh2)2 (PSP) (Andreasen et al.,

1999). Of special interest ia the manner in which the coordi-

nation geometry is affected by the size of the chelate ring, and

the in¯uence that this geometry has on the reactivity of the

respective PtII complexes.

In the title complex, [Pt(ttp)Cl]ClO4, (I), all three phos-

phine donors of the ttp ligand are coordinated to the PtII

centre, with the chloride ligand occupying the fourth co-

ordination site. The coordination geometry is distorted from

square-planar such that the P2ÐPt1ÐP3 angle of 171.59 (11)�

is smaller than the other trans angle [P1ÐPt1ÐCl1 =

179.46 (12)�]. Both of the cis-PÐPtÐP angles are greater than

90� [P1ÐPt1ÐP3 = 91.62 (11)� and P1ÐPt1ÐP2 =

93.38 (11)�], while the corresponding cis-PÐPtÐCl angles are

somewhat smaller [P3ÐPt1ÐCl1 = 88.24 (11)� and P2ÐPt1Ð

Cl1 = 86.82 (11)�]. This is consistent with other PtII and PdII
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complexes of trimethylene-bridged chelate ligands, in which

the cis-XÐPtÐY angles between two connected donors of a

chelate ring are generally greater than 90� (Wander et al.,

1996; Cheng et al., 1997; Loeb & Mans®eld, 1996). Non-

chelated tris(tertiary phosphine) complexes may also show cis-

PÐPtÐP angles well above 90�, for example [PtCl(PMe3)3]Cl

(Favez et al., 1980), with reported angles in the range

94.49 (9)±100.09 (9)�. In contrast, complexes of chelate ligands

incorporating ethylene linkages between the phosphine-donor

atoms generally exhibit cis-PÐPtÐP bite angles signi®cantly

less than 90�. This is also observed in the PtII complexes of

triphos and PSP [cis-PÐPtÐP/S angles in the range 84.0 (1)±

86.6 (2)�; Andreasen et al., 1999; Sevillano et al., 1999; Anni-

bale et al., 2000] and can be ascribed to the ring strain asso-

ciated with ®ve-membered chelate rings.

The PtÐP bond distances to the terminal phosphine groups

in the title complex [Pt1ÐP3 = 2.302 (3) AÊ and Pt1ÐP2 =

2.313 (3) AÊ ] are well within the range usually observed for two

mutually trans PPh2 moieties in PtII complexes (Andreasen et

al., 1999; Sevillano et al., 1999; Annibale et al., 2000). The bond

distance to the central phosphine donor of the ttp ligand is

signi®cantly shorter [Pt1ÐP1 = 2.239 (3) AÊ ]. This feature

conforms to the difference in trans in¯uence of chloride

compared to phosphines (Favez et al., 1980). It is also of

interest to compare the Pt1ÐP1 bond distance in the title

complex with the distance of 2.207 (2) AÊ to the central phos-

phine donor in [Pt(triphos)Cl]Cl (Sevillano et al., 1999). The

shorter PtÐP distance in the latter may be attributed to the

ring strain of its ethylene-bridged chelate system. The Pt1Ð

Cl1 bond distance of 2.365 (3) AÊ in the title complex is in good

agreement with literature values for chloride trans to tertiary

phosphine ligands (Favez et al., 1980; Sevillano et al., 1999).

Experimental

The tridentate chelate ligand bis(3-diphenylphosphinopropyl)-

phenylphosphine, ttp (C36H37P3), was synthesized according to a

published method (Green & Meek, 1990). The title complex

[Pt(ttp)Cl]ClO4 was prepared by a slightly modi®ed version of the

literature method (Tau, 1978). A water/ethanol solution of K2PtCl4

was added to a toluene solution of ttp and the mixture was re¯uxed

for ®ve hours. The toluene phase was discarded and the volume of the

residual aqueous/ethanolic solution was reduced to a few ml under

reduced pressure. A portion of ethanol was added and the salt

[Pt(ttp)Cl]Cl was precipitated by addition of excess cyclohexane. The

product was isolated by ®ltration. The elemental analysis and

multinuclear NMR spectra of this compound are in agreement with

the chemical formula (Klint, 1996). The title complex was precipi-

tated as its perchlorate salt by addition of a saturated aqueous LiClO4

solution to a water/ethanol solution of the puri®ed salt [Pt(ttp)Cl]Cl.

Crystals suitable for X-ray diffraction were grown by slow diffusion of

diethyl ether into an acetonitrile solution of the complex.

Crystal data

[PtCl(C36H37P3)]ClO4

Mr = 892.56
Orthorhombic, P212121

a = 10.256 (3) AÊ

b = 15.738 (5) AÊ

c = 20.980 (6) AÊ

V = 3386.4 (18) AÊ 3

Z = 4
Dx = 1.751 Mg mÿ3

Dm = 1.70 Mg mÿ3

Density measured by ¯otation in
CCl4 and CH2ClBr at 293 K

Cu K� radiation
Cell parameters from 25

re¯ections
� = 17.7±22.2�

� = 10.87 mmÿ1

T = 145 (2) K
Prism, colourless
0.21 � 0.21 � 0.07 mm

Data collection

Enraf±Nonius CAD-4F
diffractometer

Pro®le data from !/2� scans
Absorption correction: by

integration (ABSORB in Xtal3.2;
Hall et al., 1992)
Tmin = 0.147, Tmax = 0.530

3784 measured re¯ections
3784 independent re¯ections

3702 re¯ections with I > 2�(I)
�max = 73.9�

h = 0! 11
k = 0! 19
l = 0! 26
3 standard re¯ections

every 100 re¯ections
intensity decay: none

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.092
wR(F 2) = 0.221
S = 1.13
3784 re¯ections
236 parameters
H-atom parameters constrained
w = 1/[�2(Fo

2) + (0.1922P)2]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 11.86 e AÊ ÿ3

��min = ÿ4.98 e AÊ ÿ3

Extinction correction: SHELXTL
Extinction coef®cient: 0.0016 (2)
Absolute structure: Flack (1983); no

Friedel pairs
Flack parameter = ÿ0.02 (2)

The data set comprises only the unique octant of re¯ections and

the re®ned structure is of relatively low precision. The large

maximum and minimum residual electron density of 10.78 and

ÿ6.05 e AÊ ÿ3, respectively, are close to atom Pt1. The data do not

support anisotropic re®nement of the C atoms, and these were re®ned

with isotropic displacement parameters. H atoms were positioned

geometrically and allowed to ride during subsequent re®nement, with

CÐH = 0.95 (aromatic) or 0.99 AÊ (aliphatic) and Uiso(H) =

1.2Ueq(C).

Data collection: CAD-4F Software (Enraf±Nonius, 1989); cell

re®nement: CAD-4F Software; data reduction: DATARED

(Norrestam & Nielsen, 1982), and ADDREF and SORTRF in Xtal3.2

(Hall et al., 1992); program(s) used to solve structure: SHELXTL

Figure 1
The structure of the title complex, with displacement ellipsoids drawn at
the 50% probability level. H atoms have been omitted for clarity.



(Sheldrick, 2000); program(s) used to re®ne structure: SHELXTL;

molecular graphics: SHELXTL; software used to prepare material

for publication: SHELXTL.
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