
Acta Cryst. (2002). E58, m559±m561 DOI: 10.1107/S1600536802016379 Salim F. Haddad et al. � [Re(C12H8N2)(CO)3Cl] m559

metal-organic papers

Acta Crystallographica Section E

Structure Reports
Online

ISSN 1600-5368

fac-Tricarbonylchloro(1,10-phenanthroline)-
rhenium(I)

Salim F. Haddad,a* Jason A.

Marshall,b G. Full name? A.

Crosbyb and Brendan Twamleyc

aDepartment of Chemistry, The University of

Jordan, Amman 11942, Jordan, bDepartment

of Chemistry, Washington State University,

Pullman, WA 99164, USA, and cUniversity

Research Office, University of Idaho, Moscow,

ID 83844, USA

Correspondence e-mail:

haddadsalim@hotmail.com

Key indicators

Single-crystal X-ray study

T = 203 K

Mean �(C±C) = 0.009 AÊ

R factor = 0.027

wR factor = 0.067

Data-to-parameter ratio = 12.5

For details of how these key indicators were

automatically derived from the article, see

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

# 2002 International Union of Crystallography

Printed in Great Britain ± all rights reserved

The title compound, [Re(C12H8N2)(CO)3Cl], contains isolated

molecular units. Rhenium(I) is six-coordinated by the two N

atoms of 1,10-phenanthroline, three carbonyls and one

chloride anion. The coordination sphere is a distorted

octahedron, with the chloride anion trans to one of the

carbonyls. There is a signi®cant trans in¯uence, which

lengthens one of the ReÐC bonds by ca. 0.05 AÊ . The

bidentate 1,10-phenanthroline deviates slightly from planarity,

with a dihedral angle between its two heterocyclic rings of

5.5 (3)�, and is folded away from the chloride anion. The Re(I)

atom lies 0.192 (3) AÊ from the least-squares plane of 1,10-

phenanthroline. There are no � ring interactions between

adjacent 1,10-phenanthroline rings.

Comment

Charge-transfer excited states of rhenium(I) diimine

complexes result in properties which make these molecules

useful as photosensitizers in photochemical and photo-

electron transfer reactions (Luong et al., 1978; Richter et al.,

1996; Stufkens & Vlcek, 1998), as well as in situ chemical

probes (Lees, 1998; Tran et al., 1997). The existence of a

Frank±Condon-type barrier between close-lying metal-to-

ligand charge transfer (MLCT) and ligand-centered (LC)

states for both the singlet states and for the triplet manifolds

has been suggested (Striplin & Crosby, 1994; Striplin &

Crosby, 2001); also the possibility of preferential loading of the

triplet manifolds that is dependent on the nature of the singlet

state to which the molecule is excited or of the singlet state to

which the excited state initially deactivates through internal

conversion (IC). The title compound, (I), is one molecule in a

series of rhenium(I) complexes which have been synthesized

to examine the validity of the barrier proposal.

The asymmetric unit is shown in Fig. 1. The ReÐN

distances are 2.181 (5) and 2.186 (5) AÊ , and the bidentate bite

angle NÐReÐN is 75.8 (2)�. The ClÐReÐN bond angles are

83.40 (12) and 85.43 (12)�, signi®cantly less than expected for

octahedral geometry. There is a noticeable trans in¯uence
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induced by the Clÿ anion on the carbonyl ReÐC distance. The

ReÐC17 distance is ca. 0.05 AÊ longer than the ReÐC15 and

ReÐC16 distances. The bidentate 1,10-phenanthroline devi-

ates slightly from planarity, with a dihedral angle between its

two heterocyclic rings of 5.48(0.34)�, and is folded away from

the chloride anion. The Re(I) atom lies 0.192 (3) AÊ from the

least-squares plane of 1,10-phenanthroline (Fig. 2).

Some CÐH� � �Cl interactions exist (Neve & Crispini, 2001;

Freytag et al., 1999), also CÐH� � �O interactions, as shown in

Fig. 3: Cl� � �C2i 3.584 (6), Cl� � �C3ii 3.704 (6), O15� � �C9iii

3.498 (7), O16� � �C7iv 3.393 (8), O16� � �C14v 3.473, O17� � �C7vi

3.460 (8), O17� � �C9vii 3.378 (7) AÊ [symmetry codes: (i)ÿ1 + x,

y, z; (ii) 1 ÿ x, 1 ÿ y, ÿz; (iii) ÿx, 2 ÿ y, 1 ÿ z; (iv) 1 + x,

1 + y, z; (v) 1 + x, 1 + y, z; (vi) ÿx, 1 ÿ y, 1 ÿ z; (vii) 1 + x,

1 + y, z]. These long H contacts with electronegative Clÿ and

O may account for the folding in the 1,10-phenanthroline

moiety. There are no stacking effects between adjacent 1,10-

phenanthroline moieties; the closest atomic contact of

3.285 (11) AÊ is between C2 and C3viii [symmetry code: (viii)

1 ÿ x, 1 ÿ y, z].

Experimental

Rhenium pentacarbonyl chloride (0.1 mmol, 37 mg) and 1,10-

phenanthroline (0.11 mmol, 20 mg) were re¯uxed in toluene for 1 h

under N2. The resulting yellow precipitate was collected by vacuum

®ltration and chromatographed on a column of silica gel (60±200

mesh), ®rst with CH2Cl2 to elute unreacted starting materials, and

then with 5% methanol in CH2Cl2 to elute the desired product. Slow

evaporation of the solvent yielded the product as yellow crystals.

Crystal data

[Re(C12H8N2)(CO)3Cl]
Mr = 485.88
Triclinic, P1
a = 6.4536 (14) AÊ

b = 9.132 (2) AÊ

c = 12.841 (3) AÊ

� = 108.264 (3)�

� = 95.935 (3)�

 = 91.440 (3)�

V = 713.5 (3) AÊ 3

Z = 2
Dx = 2.262 Mg mÿ3

Mo K� radiation
Cell parameters from 950

re¯ections
� = 2.4±27.4�

� = 8.72 mmÿ1

T = 203 (2) K
Plate, yellow
0.13 � 0.08 � 0.03 mm

Data collection

Siemens SMART 1K CCD
diffractometer

! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 1999)
Tmin = 0.397, Tmax = 0.780

7351 measured re¯ections

2509 independent re¯ections
2286 re¯ections with I > 2�(I)
Rint = 0.031
�max = 25.0�

h = ÿ7! 7
k = ÿ10! 10
l = ÿ15! 15

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.027
wR(F 2) = 0.067
S = 1.04
2509 re¯ections
200 parameters

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

2) + (0.0427P)2]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 1.91 e AÊ ÿ3

��min = ÿ1.38 e AÊ ÿ3

H atoms were placed geometrically and re®ned using a riding

model, with Uiso values constrained to be 1.2Ueq of the carrier atom.

The largest residual electron density peak is 1.91 e AÊ ÿ3 and lies at

1.06 AÊ from the Re atom.

Data collection: SMART (Bruker, 1997±98); cell re®nement:

SAINT-Plus (Bruker, 1999); data reduction: SHELXTL (Sheldrick,

Figure 2
Equatorial view of the 1,10-phenanthroline moiety in (I).

Figure 1
A view of (I). Displacement ellipsoids are drawn at the 25% probability
level.

Figure 3
Intermolecular hydrogen contacts involving Clÿ and carbonyl O atoms.
Only one complete molecule of (I) is shown. Contacts to the 1,10-
phenanthroline units of other molecules are represented by dashed lines.



1998); program(s) used to solve structure: XS in SHELXTL;

program(s) used to re®ne structure: XL in SHELXTL; molecular

graphics: XP in SHELXTL; software used to prepare material for

publication: XCIF in SHELXTL.
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