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Trichlorooxo[1,3-propanediylbis(diphenylphosphine)-P,P0]-
rhenium(V), [ReCl3O(C27H26P2)], crystallizes with four

formula units per unit cell. The crystal structure consists of

neutral complexes of [ReOCl3(dppp)] [dppp is 1,3-bis(diphe-

nylphosphino)propane] packed by H� � ��-ring interactions.

The Re atom is octahedrally coordinated to the oxo anion,

three Cl atoms and two P atoms from the dppp ligand. The six-

membered ring formed by the bidentate dppp ligand and the

rhenium metal centre is in a chair conformation. The title

compound is an intermediate in the synthesis of bis(dppp)

complexes of rhenium.

Comment

Tertiary phosphine ligands have a strong stabilizing effect on

rhenium complexes in most oxidation states. [ReI(dppm)3]I

(Rivero et al., 2000) and [ReVO2(dppe)2]I (Kremer et al., 1999)

can be cited as good examples. The stability of such complexes

has been exploited in two ways. Firstly, rhenium complexes are

widely used as non-radioactive models for technetium

equivalents used in nuclear medicine. Secondly, rhenium itself

(186/188Re) also has potential in radiotherapy. In the course of

our investigation on ReV complexes with diphosphines, we

have prepared and characterized by single-crystal X-ray

diffraction the mixed-ligand neutral complex [ReV-

OCl3(dppp)], (I), analogous to [ReVOCl3(dppe)] (Sergienko,

1994), (II), and [ReVOCl3(dppm)] (Rossi et al., 1993), (III),

starting from ReCl5.

Compounds (I), (II) and (III) share the ReOCl3P2 coordi-

nation polyhedra with the ring conformation changing as the

ReÐPÐCnÐP ring grows from n = 1 in (III) to n = 3 in (I).

The conformation of the ring causes severe distortions in (III)

due to the rigidity of the four-membered ring formed, whereas

there is no cause of distortion in (I) due to the ¯exibility of the

six-membered ring formed. The compounds pack in the

centrosymmetric space group P21/c, but are reported in different

settings, i.e. P21/a for (I), P21/n for (II) and P21/c for (III).

The coordination around the Re metal centre is a distorted

octahedron as in (II) and (III). Compound (I) shows an

approximate Cs symmetry with the Re1, O1, Cl1 and C2 atoms

located at the pseudo-mirror plane. This feature is also

observed in the other odd n member of this series, (III). The

equatorial plane of the octahedron is formed by both P atoms

from dppp and two Cl atoms (Cl2 and Cl3). The apical posi-

tions are occupied by the oxygen (O1) and the third Cl atom

(Cl1). The short Re1ÐO1 distance [1.671 (2) AÊ ] indicates the

presence of a triple bond, as in (II) and (III), with distances of

1.679 (5) and 1.671 (6) AÊ , respectively. The high electron

density located in the Re1 O1 region forces the negatively

charged Cl atoms, located cis to the O1 atom, to be pushed

away from the O1 atom. This effect is not observed for the

neutral P atoms. The O1ÐRe1ÐP angles have values of

90.80 (9) (P1) and 89.33 (9)� (P2), while the O1ÐRe1ÐCl

angles are 100.54 (9) (Cl2) and 101.04 (10)� (Cl3). The same

effect is observed in (II) and (III); the OÐReÐP angles are

84.3 (2) and 91.4 (2)� in (II), and 88.7 (3) and 91.3 (3)� in (III),

while the OÐReÐCl angles are 103.9 (2) and 101.4 (2)� in

(II), and 105.1 (2) and 102.7 (2)� in (III). The Re atom of (I) is

displaced 0.2246 (5) AÊ from the equatorial mean plane

towards the O1 atom. The three ClÐReÐCl angles are

expected to be approximately constant within the different

complexes and near to the ideal value of 90�. This is observed

in (I) where the ClÐReÐCl angles are 89.37 (3), 87.55 (4) and

86.03 (4)� for Cl1ÐRe1ÐCl2, Cl1ÐRe1ÐCl3 and Cl2Ð

Re1ÐCl3, respectively. The corresponding ClÐReÐCl angles

are 87.73 (8), 91.50 (8) and 86.32 (10)� in (II), and 89.1 (1),

87.7 (1) and 86.3 (1)� in (III). The P1ÐRe1ÐP2 angle is

mainly affected by the size of the ReÐPÐCnÐP ring. This

angle increases from 69.2 (1)� in (III) to 91.27 (3)� in (I), while

in (II), the angle takes the intermediate value 83.29 (8)�. The

O1ÐReÐCl1 angle deviates signi®cantly from linearity due to

the in¯uence of the Re1 O1 bond and the consequent shift

of the equatorial Cl atoms from the ideal location. This angle

is 167.23 (9)� in (I), 163.0 (2)� in (II) and 162.8 (1)� in (III).

The Re1ÐCl1 bond distance is 2.4611 (9) AÊ , while the Re1Ð

Cl2 and Re1ÐCl3 bond distances are 2.3639 (10) and

2.3772 (10) AÊ , respectively. This difference in distances is

ascribed to the trans in¯uence suffered by the Cl1 atom. This is

also observed in (II) and (III) where the equivalent bond

distances are 2.4291 (15), 2.380 (3) and 2.377 (3) AÊ for (II),

and 2.452 (3), 2.365 (4) and 2.373 (3) AÊ for (III). Finally, the

ReÐP bond distances show no systematic trend related to the
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PÐReÐCnÐP ring size. The values are 2.4578 (10) and

2.4777 (9) AÊ in (I), 2.463 (2) and 2.445 (2) AÊ in (II), and

2.439 (3) and 2.449 (2) AÊ in (III), for Re1ÐP1 and Re1ÐP2,

respectively.

The six-membered ring is in a chair conformation in (I), as

can be clearly observed by the shifts of the Re1 and C2 atoms

from the P1ÐC1ÐP2ÐC3 mean plane [0.840 (3) AÊ for Re1

andÿ0.736 (5) AÊ for C2]. Other conformations were observed

in [ReVO2(dppp)2]+ complexes like [ReO2(dppp)2]I�-
H2O�CH4O (Suescun et al., 1999), while the compound

[ReO(OCH3)(dppp)Cl2]�C2H6O (Kremer et al., 1999) contains

a single dppp ligand in a chair conformation. The phenyl rings

bonded to P1 form a dihedral angle of 77.07 (12)� and those

bonded to P2 an angle of 82.05 (12)�. Similar values were

observed for the equivalent angles between adjacent phenyl

rings in dppp complexes (Kremer et al., 1999; Suescun et al.,

1999). The packing of the structure is directed by H� � ��-ring

interactions forming a three-dimensional network. The main

CÐH� � ��-ring interactions are: C2ÐH2B� � �(C41±C46)i, with

H� � �ring = 2.961 AÊ , a CÐH� � �ring-centroid = 163.63� and

C� � �ring-centroid = 3.950 AÊ ; C25ÐH25� � �(C11±C6)ii with the

respective parameters 3.157 AÊ , 129.76� and 4.015 AÊ ; C26Ð

H26� � �(C11±C16)ii with parameters 2.960 AÊ , 130.02� and

4.013 AÊ and C35ÐH35� � �(C11±C16)iii 2.726 AÊ , 163.58� and

3.645 AÊ [symmetry codes: (i) ÿ 1
2 + x, 3

2 ÿ y, ÿz; (ii) ÿx, 2 ÿ y,

ÿz; (iii) 1
2 + x, 3

2 ÿ y, z].

Experimental

Dppp (0.97 g, 2.35 mmol) was dissolved in dry methanol (20 ml).

ReCl5 (0.51 g, 1.40 mmol) was added and the mixture was re¯uxed for

1 h. Dichloromethane (5 ml) was then added and the suspension was

re¯uxed for 10 h. A green solid was obtained and ®ltered off from a

brown solution (yield 25±30%). The solid was recrystallized from a

mixture of CH2Cl2 and methanol (10:3 v/v). The presence of the

Re O bond was con®rmed by the IR stretching frequency of

998 cmÿ1, consistent with that observed in (III) (Rossi et al., 1993) of

� (Re O) 990 cmÿ1.

Crystal data

[ReCl3O(C27H26P2)]
Mr = 720.97
Monoclinic, P21=a
a = 16.5579 (19) AÊ

b = 10.9208 (13) AÊ

c = 16.5426 (19) AÊ

� = 114.748 (8)�

V = 2716.6 (5) AÊ 3

Z = 4

Dx = 1.763 Mg mÿ3

Mo K� radiation
Cell parameters from 24

re¯ections
� = 18.41±19.81�

� = 4.905 mmÿ1

T = 293 (2) K
Plate, green
0.35 � 0.20 � 0.05 mm

Data collection

Rigaku AFC-7S diffractometer
�/2� scans
Absorption correction:  scan

(Molecular Structure Corpora-
tion, 1993)
Tmin = 0.279, Tmax = 0.792

7599 measured re¯ections
6247 independent re¯ections
5069 re¯ections with I > 2�(I)

Rint = 0.023
�max = 27.50�

h = ÿ1! 21
k = ÿ1! 14
l = ÿ21! 19
3 standard re¯ections

every 150 re¯ections
intensity decay: none

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.026
wR(F 2) = 0.072
S = 1.049
6247 re¯ections
307 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0264P)2

+ 0.5301P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 1.36 e AÊ ÿ3

��min = ÿ1.17 e AÊ ÿ3

Data collection, cell re®nement and data reduction: MSC/AFC

Diffractometer Control Software (Molecular Structure Corporation,

1993); program(s) used to solve structure: SHELXS97 (Sheldrick,

1990); program(s) used to re®ne structure: SHELXL97 (Sheldrick,

1997); software used to prepare material for publication: PLATON98

(Spek, 1990) and CSD (Allen & Kennard, 1993).
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Supplementary data for this paper are available from the IUCr electronic
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Figure 1
ZORTEP (Zsolnai & Pritzkow, 1995) drawing of (I) with displacement
ellipsoids at the 50% probability level.


