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trans-Dichlorobis(tri-m-tolylphosphine)palladium(ll)

In the title compound, trans-[PdCl,{P(C;H)3},], where
P(C;H;); is tri-m-tolylphosphine, the Pd atom is on an
inversion centre, resulting in a trans-square-planar geometry.
Selected geometric parameters are Pd—P and Pd—Cl
distances of 2.3289 (4) and 2.2897 (4) A, respectively, and a
P—Pd—Cl angle of 87.77 (2)°. The effective cone angle for the
tri-m-tolylphosphine is calculated to be 165°.

Comment

Transition metal complexes containing phosphine, arsine and
stibine ligands are being widely investigated in various fields
of organometallic chemistry (Spessard & Miessler, 1996). As
part of a systematic investigation involving complexes with the
general formula trans-[ M X,(L),] (M is Pt or Pd, X is halogen,
Me or Ph, and L is a group 15 donor ligand), crystals of the
title compound, (I), were obtained.

P-Pld-P
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[PACl,(L),] (L is tertiary phosphine, arsine or stibine)
complexes can conveniently be prepared by the substitution of
1,5-cyclooctadiene (COD) from [PdCl,(COD)]. The title
compound, trans-[PdClL{P(C;H5)3},], (I), crystallizes in the
triclinic space group P1 (Z = 1), with the Pd atom on an
inversion centre and each pair of equivalent ligands in a
mutually frans orientation. The geometry is, therefore, slightly
distorted square planar and the Pd atom is not displaced from
the coordination plane. All angles in the coordination of Pd
are close to the ideal value of 90° (Table 1). Some weak
interactions are observed and these are reported in Table 2.

The most widely used method for determining ligand steric
behaviour at a metal centre is by calculating the cone angle, as
described by Tolman (1977). For the current study, the actual
M —P distances were used, resulting in effective cone angles,
Ok (Otto et al., 2000). The substituents of the phosphine may
have different orientations, resulting in variations in cone
angle sizes. For example, the cone angles for PPh; were
reported to have a mean value of 148°, with a standard
deviation of 5° and a spread from 129 to 168° (Bunten et al.,
2002). Data of this sort attest to the ability of phosphine
ligands to adjust to their individual environment, specifically
in the solid state. The value of 165° obtained from effective
cone-angle calculations for (I) illustrates this point, when
compared with the previously reported values of 155 and 160°
for trans-[Rh(CO)CI{P(C;H;)3},] (Meijboom et al., 2005).
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In Table 3, the title compound is compared with other
closely related Pd" complexes from the literature containing
two chloro and two tertiary phosphine ligands in a trans
geometry. Compound (I), having a Pd—CI bond length of
2.2897 (4) A and a Pd—P bond length of 2.3289 (4) A, fits well
into the typical range for complexes of this kind.

Experimental

Dichloro(1,5-cyclooctadiene)palladium(Il), [PdCL(COD)], was
prepared according to the literature procedure of Drew & Doyle
(1990). A solution of tri-m-tolylphosphine (28.6 mg, 0.2 mmol) in
dichloromethane (2.0 ml) was added to a solution of [PdCL(COD)]
(60.3 mg, 0.1 mmol) in dichloromethane (3.0 ml). Slow evaporation
of the solvent gave yellow crystals of trans-[PdClL{P(C;H,)s}.], (1),
suitable for X-ray analysis, in quantitative yield.

Crystal data

[PACly(Cy1Hy P)s]
M, = 786
Triclinic, P1
a=10.1864 (3) A

V =938.17 (7) A’
Z=1

D,=1391 Mgm™
Mo Ka radiation

b =104434 (3) A =075 mm™*
c=11.1137 (5) A T=100 (2) K

o =108.102 (2)°
B = 114.206 (2)°
y = 102.811 (2)°

Block, yellow
0.21 x 0.15 x 0.13 mm

Data collection

Bruker X8 APEX-II area-detector
diffractometer

 and ¢ scans

Absorption correction: multi-scan
(SADABS; Bruker, 2004)
Tmin = 0.858, Tax = 0.909

Refinement

Refinement on F>

R[F? > 20(F?)] = 0.027

WR(F?) = 0.069

S=1.04

4673 reflections

217 parameters

H-atom parameters constrained

44847 measured reflections
4673 independent reflections
4360 reflections with 1 > 20(1)
Rine = 0.032

Omax = 28.4°

w = 1/[0*(Fy?) + (0.0319P)*
+ 1.0272P]
where P = (F,” + 2F2)/3
(A/0) max < 0.001
Apmax = 1.33 ¢ A3
Apmin = =050 e A3

Table 1

Selected geometric parameters (A, °).

Cl—P 1.8189 (17) P—Pd 23289 (4)
C8—P 1.8188 (19) Cl—Pd 2.2897 (4)
Cl5—P 1.8215 (18)

C8—P—Pd 114.66 (6) Cl—Pd—P 87.772 (16)
Cl—P—Pd 109.91 (6) P'—Pd—P 180
C15—P—Pd 113.96 (7)

Symmetry code: (i) —x+ 1, —y +1, —z + 1.

Table 2 .

Hydrogen-bond geometry (A, °).

D—H---A D—H H --A DA D—H- A
C19—H19. - -CIt 0.95 2.76 3.531 (2) 139
C21—H21---Cl 0.95 2.82 3.467 (2) 126

Symmetry code: (i) —x + 1, —y, —z + 1.

C12 C10\ C11

Figure 1

The structure of (I), showing the atom-numbering scheme and with
displacement ellipsoids drawn at the 50% probability level. H atoms have
been omitted for clarity. The primed atom and the unlabelled atoms are
generated by inversion (1 —x,1—y,1—2).

Table 3
Comparative geometric parameters (A) for selected trans-[PdCl,(L),]
complexes (L is a tertiary phosphine ligand).

L Pd—P Pd—Cl Reference
PPh; 2.337 (1) 2.290 (1) (a)
PPh; 2.345 (1) 2.296 (1) (b)
2.353 (1) 2.281 (1)
P(m-tol); 2.3289 (4) 2.2897 (4) (c)
PCy,t 2.3628 (9) 2.3012 (9) (d)
PPh(‘Bu), 2.398 (2) 2.301 (2) (e)
PPh,Cyt 2.3257 (9) 2.2995 (9) N
PPh,[p-(‘BuNO)Ph] 2.3298 (6) 2.2865 (7) (8)
PPh,CHCO,H 2.326 (1) 2.305 (1) (h)
PPh,(NCsH,) 2.324 (2) 2.289 (2) @)

1 Cy is cyclohexyl. References: (a) Ferguson et al. (1982); (b) Kitano et al. (1983); (c)
this work; (d) Grushin et al. (1994); (e) DiMeglio et al. (1990); (f) Meij et al. (2003); (g)
Leznoff et al. (1999); (h) Edwards et al. (1998); (i) Burrow et al. (1994).

The methyl and aromatic H atoms were placed in geometrically
idealized positions and constrained to ride on their parent atoms, with
C—H = 095098 A and Ug(H) = 1.5U(C) and 12U(C),
respectively. The methyl groups were generated to fit the difference
electron density and the groups were then refined as rigid rotors. The
maximum electron-density peak is 0.48 A from atom H20, presenting
no physical meaning.

Data collection: APEX2 (Bruker, 2005); cell refinement: SAINT-
Plus (Bruker, 2004); data reduction: SAINT-Plus and XPREP
(Bruker 2004); program(s) used to solve structure: SIR97 (Altomare
et al., 1999); program(s) used to refine structure: SHELXL97 (Shel-
drick, 1997); molecular graphics: DIAMOND (Brandenburg & Putz,
2005); software used to prepare material for publication: WinGX
(Farrugia, 1999).
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