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The crystal structure of cis-[PtCl2(C6H15As)2], (I), is isostruc-

tural with a previously reported structure of cis-[PtCl2-

(C6H15P)2], (II). A new polymorph of (II) is also reported

here. Selected geometrical parameters in the arsine complex

are PtÐCl 2.3412 (12) and 2.3498 (13), PtÐAs 2.3563 (6) and

2.3630 (6) AÊ , ClÐPtÐCl 88.74 (5), AsÐPtÐAs 97.85 (2), and

ClÐPtÐAs 171.37 (4) and 177.45 (4)�. Corresponding para-

meters in the phosphine complex are PtÐCl 2.364 (2) and

2.374 (2), PtÐP 2.264 (2) and 2.262 (2) AÊ , ClÐPtÐCl

85.66 (9), PÐPtÐP 98.39 (7), and ClÐPtÐP 170.26 (7) and

176.82 (8)�.

Comment

Although dihalo±bisphosphine complexes of platinum(II) are

well documented in the literature, very few crystallographic

studies are reported for the analogous arsine complexes. Some

complexes with a trans geometry have been documented (Otto

& Roodt, 1997; Johansson et al., 2000), but only one complex

of this nature, with a cis geometry, viz. cis-[PtCl2(AsPh3)2]

(Otto & Johansson, 2001), has appeared in the literature.

Crystallographic studies on these complexes are important for

understanding the coordination mode of the ligands involved,

especially to establish their respective trans in¯uences.

As part of our systematic investigation of these systems,

crystals of cis-dichlorobis(triethylarsine)platinum(II), (I),

were obtained and the structure solved. We have also rede-

termined the structure of the analogous cis-dichlorobis-

(triethylphosphine)platinum(II) complex, (II), for which only

a preliminary report was found (Caldwell et al., 1977) and for

which no geometrical parameters were available. Compound

(I) is isostructural with the polymorph reported by Caldwell et

al. (1977), while (II) was found to be a new polymorph of the

previously reported complex.

Both complexes have a distorted square-planar geometry,

with the neutral ligands in a cis con®guration, see Figs. 1 and 2.

They crystallize on general positions in the monoclinic space

groups P21/n and Cc for (I) and (II), respectively, resulting in

the chemically equivalent ligands being crystallographically

different.

In (I), the PtÐAs1 and PtÐAs2 bond distances are

signi®cantly different (see Table 1), while PtÐCl1 and PtÐCl2

are more similar. The As1ÐPtÐCl1 angle differs by 6.08 (4)�

from the As2ÐPtÐCl2 angle, while the As2ÐPtÐCl1 and

Cl1ÐPtÐCl2 angles are close to 90�. The As1ÐPtÐAs2 and

As1ÐPtÐCl2 angles of 97.85 (2) and 83.18 (4)� suggest that

As1 is sterically repelled from As2 to compensate for the

crowding between these two large ligands. These angles can be

understood by studying the ClÐPtÐAsÐC torsion angles

describing the orientation of the arsine ligands around the

PtÐAs bonds. Each As ligand has one substituent, C111 and

C211, almost in the coordination plane, with Cl2ÐPtÐAs1Ð

C111 and Cl1ÐPtÐAs2ÐC211 torsion angles of 177.4 (2) and

ÿ7.68 (19)�, respectively. In the case of As2, C211 points

towards Cl1, while on As1, C111 points towards As2. The

compression in the As1ÐPtÐCl1 angle is thus facilitated by

the resulting staggered conformation of As1 with respect to

Cl2, as illustrated by the Cl2ÐPtÐAsÐC121 and Cl2ÐPtÐ

AsÐC131 torsion angles of ÿ60.69 (17) and 52.0 (2)�,
respectively. A consequence of this effect is that As2 is

orientated with its remaining two substituents in a staggered

conformation with respect to As1, as indicated by the As1Ð

PtÐAs2ÐC221 and As1ÐPtÐAs2ÐC231 torsion angles of

ÿ68.20 (17) and 53.83 (16)�, respectively.

In (II), both the PtÐCl1 and PtÐCl2 distances, and the

PtÐP1 and PtÐP2 distances (see Table 2) are quite similar for

the respective ligands. Due to the shorter PtÐP bond distance,

compared with PtÐAs, a larger repulsion between the PEt3

ligands results in a P1ÐPtÐP2 angle of 98.39 (7)�. The P2Ð

PtÐCl1 angle is close to that obtained for (I), while the Cl1Ð

PtÐCl2 and Cl2ÐPtÐP1 angles are compressed to 85.66 (9)

and 84.63 (9)�, respectively. The orientation of P1 was very

similar to that found for As1 in (I), with a Cl2ÐPtÐP1ÐC111

torsion angle of 176.7 (4)�, while the Cl1ÐPtÐP2ÐC211

torsion angle differed by more than 7� from the corresponding

angle in (I) with a value of ÿ0.1 (4)�. A staggered confor-

mation was observed for P1 with respect to Cl2 [similar to As1

in (I)], as shown by the Cl2ÐPtÐP1ÐC121 and Cl2ÐPtÐ

P1ÐC131 torsion angles of ÿ60.5 (4) and 53.8 (3)�, respec-

tively. A similar behaviour was exhibited by P2 with respect to

P1, with P1ÐPtÐP2ÐC221 and P1ÐPtÐP2ÐC232 torsion

angles of ÿ61.8 (4) and 61.5 (4)�, respectively.

The expected elongation of ca 0.1 AÊ is observed for the

AsÐC bond distances [average 1.949 (5) AÊ ] compared with

the PÐC distances [average 1.827 (9) AÊ ], in correspondence

with the increase in the atomic radii. Furthermore, the average

CÐAsÐC angle of 102.6 (2)� is slightly smaller than the
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average CÐPÐC angle of 104.0 (5)�, in accordance with the

normal geometry for these ligands.

The ethyl substituents have different orientations in the

solid state (see Figs. 1 and 2), resulting in different effective

steric demands. A modi®ed calculation of the Tolman cone

angles (Tolman, 1977) was used to calculate the effective cone

angles for the ligands (Otto et al., 2000). The effective cone

angle is based on Tolman's model but the crystallographically

obtained geometry is used without any modi®cations. A van

der Waals radius of 1.2 AÊ for hydrogen and calculated CÐH

bond distances of 0.97 AÊ for CH2 and 0.96 AÊ for CH3 were

used. In (I), the effective cone angles for As1 and As2 were

calculated as 144 and 155�, while in (II), values of 146 and 147�

were obtained for P1 and P2, respectively. Values for the

effective cone angles, obtained in this way, can thus give a

qualitative indication of the similarity/difference between the

packing modes of ligands in different crystallographic envir-

onments. The larger value for As2, compared with the other

three ligands, can be attributed to the orientation of C211 and

C212, which are almost perpendicular to the coordination

plane. In the other ligands, this group is bent to point away

from the coordination plane, resulting in the smaller and

comparable cone-angle values. The accepted value for the

Tolman cone angle for PEt3 is 132�, but this value was calcu-

lated using models in which the steric demand for all the

substituents was minimized according to the original de®nition

(Tolman, 1977). This, however, is not the case when calculating

the effective cone angle, resulting in the larger values obtained

for the latter.

In Table 3, the title compounds are compared with related

complexes, illustrating the effect of phosphine, arsine and

stibine ligands on the geometrical parameters. The increase

observed in the PtÐL bond distances when going from P to

As to Sb donor ligands is consistent with the increase in the

atomic radii of these elements. In the PEt3 and AsEt3 struc-

tures, an elongation is observed in the PtÐCl bond distances

trans to the phosphine ligand compared with those trans to the

arsine. This is in agreement with the established trans in¯u-

ence series for these ligands (Otto & Johansson, 2001). In the

PtÐCl bond distances trans to the triphenyl-substituted

ligands, a clear tendency is, however, not observed, with the

bond distances affected to the same extent by packing forces

(within the same molecule) and by the trans in¯uences of the

respective L ligands.

Experimental

For the preparation of cis-[PtCl2(AsEt3)2], (I), AsEt3 (0.043 ml,

0.30 mmol) was added to a nitrogen-¯ushed solution of cis/trans-

[PtCl2(SMe2)2] (50 mg, 0.13 mmol) in dry dichloromethane. After 1 h,

the solvent was removed while maintaining a positive nitrogen

pressure. The crude product was washed with ether and was recrys-

tallized from dichloromethane. cis-[PtCl2(PEt3)2], (II), was prepared

according to the literature procedure of Parshall (1970) and was

recrystallized from a mixture of acetone and dichloromethane.

Compound (I)

Crystal data

[PtCl2(C6H15As)2]
Mr = 590.19
Monoclinic, P21/n
a = 8.0566 (16) AÊ

b = 17.754 (4) AÊ

c = 13.083 (3) AÊ

� = 94.20 (3)�

V = 1866.4 (6) AÊ 3

Z = 4

Dx = 2.100 Mg mÿ3

Mo K� radiation
Cell parameters from 6559

re¯ections
� = 2.3±30.9�

� = 11.31 mmÿ1

T = 293 (2) K
Rectangular, colourless
0.12 � 0.11 � 0.04 mm

Data collection

Siemens SMART CCD
diffractometer

! scans
Absorption correction: empirical

(SADABS; Sheldrick, 1996)
Tmin = 0.328, Tmax = 0.651

19 330 measured re¯ections
5905 independent re¯ections
4285 re¯ections with I > 2�(I)

Rint = 0.071
�max = 31.9�

h = ÿ11! 11
k = ÿ25! 24
l = ÿ19! 17
First 50 frames repeated after data

collection
intensity decay: none

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.034
wR(F 2) = 0.072
S = 0.93
5905 re¯ections
162 parameters

H-atom parameters constrained
w = 1/[�2(Fo

2) + (0.0281P)2]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.002
��max = 1.14 e AÊ ÿ3

��min = ÿ2.05 e AÊ ÿ3

Figure 2
The structure of cis-[PtCl2(PEt3)2] showing the atom-numbering scheme
and displacement ellipsoids at the 30% probability level. The H atoms are
of arbitrary size.

Figure 1
The structure of cis-[PtCl2(AsEt3)2] showing the atom-numbering scheme
and displacement ellipsoids at the 30% probability level. The H atoms are
of arbitrary size.



Compound (II)

Crystal data

[PtCl2(C6H15P)2]
Mr = 502.29
Monoclinic, Cc
a = 19.773 (4) AÊ

b = 7.5310 (15) AÊ

c = 13.726 (3) AÊ

� = 117.31 (3)�

V = 1816.1 (6) AÊ 3

Z = 4

Dx = 1.837 Mg mÿ3

Mo K� radiation
Cell parameters from 6951

re¯ections
� = 2.3±31.7�

� = 8.18 mmÿ1

T = 293 (2) K
Rectangular, colourless
0.35 � 0.30 � 0.18 mm

Data collection

Siemens SMART CCD
diffractometer

! scans
Absorption correction: empirical

(SADABS; Sheldrick, 1996)
Tmin = 0.092, Tmax = 0.229

9281 measured re¯ections
4284 independent re¯ections
4059 re¯ections with I > 2�(I)

Rint = 0.053
�max = 32.0�

h = ÿ28! 22
k = ÿ10! 11
l = ÿ19! 17
First 50 frames repeated after data

collection
intensity decay: none

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.034
wR(F 2) = 0.092
S = 1.02
4284 re¯ections
162 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0648P)2]

where P = (Fo
2 + 2Fc

2)/3
(�/�)max < 0.001
��max = 0.98 e AÊ ÿ3

��min = ÿ2.06 e AÊ ÿ3

Absolute structure: Flack (1983)
Flack parameter = 0.035 (10), 1109

Friedel pairs

For both complexes, the H atoms were re®ned as riding, with CÐH

distances of 0.96 or 0.97 AÊ . Both the minimum and maximum residual

electron densities for both structures are located within 1.5 AÊ of the

Pt atom.

For both compounds, data collection: SMART (Siemens, 1995);

cell re®nement: SAINT (Siemens, 1995); data reduction: SAINT;

program(s) used to solve structure: SHELXS97 (Sheldrick, 1997);

program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997);

molecular graphics: DIAMOND (Brandenburg & Berndt, 1999).
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Table 1
Selected geometric parameters (AÊ , �) for (I).

PtÐCl1 2.3412 (12)
PtÐCl2 2.3498 (13)
PtÐAs1 2.3563 (6)
PtÐAs2 2.3630 (6)
As1ÐC111 1.942 (5)

As1ÐC131 1.946 (4)
As1ÐC121 1.952 (5)
As2ÐC221 1.949 (5)
As2ÐC231 1.950 (5)
As2ÐC211 1.957 (5)

Cl1ÐPtÐCl2 88.74 (5)
As1ÐPtÐAs2 97.85 (2)
As1ÐPtÐCl1 171.37 (4)
As2ÐPtÐCl2 177.45 (4)
As1ÐPtÐCl2 83.18 (4)
As2ÐPtÐCl1 90.11 (4)

C111ÐAs1ÐC131 104.6 (2)
C111ÐAs1ÐC121 104.3 (2)
C131ÐAs1ÐC121 100.5 (2)
C221ÐAs2ÐC231 103.9 (2)
C221ÐAs2ÐC211 101.2 (2)
C231ÐAs2ÐC211 100.8 (2)

Cl2ÐPtÐAs1ÐC111 177.4 (2)
Cl2ÐPtÐAs1ÐC121 ÿ60.69 (17)
Cl2ÐPtÐAs1ÐC131 52.0 (2)
Cl1ÐPtÐAs2ÐC211 ÿ7.68 (19)
Cl1ÐPtÐAs2ÐC221 108.44 (17)
Cl1ÐPtÐAs2ÐC231 ÿ129.54 (17)

As1ÐPtÐAs2ÐC211 175.68 (19)
As1ÐPtÐAs2ÐC221 ÿ68.20 (17)
As1ÐPtÐAs2ÐC231 53.83 (16)
As2ÐPtÐAs1ÐC111 ÿ4.96 (19)
As2ÐPtÐAs1ÐC121 116.96 (17)
As2ÐPtÐAs1ÐC131 ÿ130.3 (2)

Table 2
Selected geometric parameters (AÊ , �) for (II).

PtÐP1 2.264 (2)
PtÐP2 2.262 (2)
PtÐCl1 2.364 (2)
PtÐCl2 2.374 (2)
P1ÐC111 1.824 (8)

P1ÐC131 1.827 (9)
P1ÐC121 1.827 (7)
P2ÐC211 1.821 (9)
P2ÐC231 1.829 (9)
P2ÐC221 1.831 (9)

Cl1ÐPtÐCl2 85.66 (9)
P1ÐPtÐP2 98.39 (7)
P1ÐPtÐCl1 170.26 (7)
P2ÐPtÐCl2 176.82 (8)
P1ÐPtÐCl2 84.63 (9)
P2ÐPtÐCl1 91.33 (7)

C111ÐP1ÐC131 103.7 (4)
C111ÐP1ÐC121 104.0 (5)
C131ÐP1ÐC121 103.7 (5)
C211ÐP2ÐC231 102.3 (4)
C211ÐP2ÐC221 103.6 (5)
C231ÐP2ÐC221 106.5 (5)

Cl2ÐPtÐP1ÐC111 176.7 (4)
Cl2ÐPtÐP1ÐC121 ÿ60.5 (4)
Cl2ÐPtÐP1ÐC131 53.8 (3)
Cl1ÐPtÐP2ÐC211 ÿ0.1 (4)
Cl1ÐPtÐP2ÐC221 118.8 (4)
Cl1ÐPtÐP2ÐC231 ÿ117.9 (4)

P1ÐPtÐP2ÐC211 179.3 (3)
P1ÐPtÐP2ÐC221 ÿ61.8 (4)
P1ÐPtÐP2ÐC231 61.5 (4)
P2ÐPtÐP1ÐC111 ÿ4.3 (4)
P2ÐPtÐP1ÐC121 118.5 (4)
P2ÐPtÐP1ÐC131 ÿ127.2 (3)

Table 3
Comparative bond distances (AÊ ) for cis-[PtCl2(L)2] complexes.

L PtÐL1 PtÐL2 PtÐCl1 PtÐCl2 Note

PEt3 2.264 (2) 2.262 (2) 2.364 (2) 2.374 (2) (i)
AsEt3 2.3563 (6) 2.3630 (6) 2.3412 (12) 2.3498 (13) (ii)
PPh3 2.267 (3) 2.244 (3) 2.329 (3) 2.360 (3) (iii)
AsPh3 2.3599 (9) 2.3770 (9) 2.3515 (18) 2.3251 (18) (iv)
SbPh3 2.491 (1) 2.510 (1) 2.354 (3) 2.326 (4) (v)

Notes: (i) this work; (ii) this work; (iii) Anderson et al. (1982); (iv) Otto & Johansson
(2001); (v) Wendt et al. (1998).


