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Reactions of [ReX2(�
2-N2COPh-N0,O)(PPh3)2] with 3-methylbenzonitrile give two iso-

structural complexes, [ReX2(N2COPh)(CH3PhCN)(PPh3)2] (X¼Cl, Br). The crystal and
molecular structures of [ReCl2(N2COPh)(CH3PhCN)(PPh3)2] (1) and [ReBr2(N2COPh)
(CH3PhCN)(PPh3)2] �CH2Cl2 (2) were determined. The electronic structures were examined
with density functional theory (DFT). The spin-allowed electronic transitions were calculated
with the time-dependent DFT method, and the UV-Vis spectrum has been discussed.

Keywords: Rhenium; X-ray structure; Electronic structure; Nitrile

1. Introduction

The coordination chemistry of rhenium is of growing interest from synthetic aspects,
structural, physicochemical properties, and reactivity, as well as applications to radio-
therapeutic cancer agents, materials chemistry, nitrogen fixation, and catalysis [1]. The
186Re (1.07 MeV �-emitter, t1/2 90 h) and 188Re (2.12 MeV �-emitter, t1/2 17 h) are
among the most attractive isotopes for therapeutic applications. For example 188Re is in
demand for a variety of research and clinical applications, including treatment of
metastatic bone cancer, non-resectable liver cancer, non-melanoma skin cancer,
treatment of arthritis, and inhibition of arterial restenosis following balloon angioplasty
[2–5]. Diazenido complexes are important because of their significance in nitrogen
fixation [6–8]. The diazenido complexes, for example, [ReCl2(N2COPh)(Hpz)(PPh3)2]
(Hpz¼ pyrazole), [ReCl2(N2COPh)(Hpz)2(PPh3)], [ReClF(N2COPh)(Hpz)2(PPh3)], and
their precursors [ReX2(�

2-N2COPh-N0,O)(PPh3)2] (X¼Cl, Br) act as selective catalysts
in a single-pot process for oxidation of ethane [9]. The complexes
[ReCl(NNAr)2(PPh3)2] (Ar¼ 4-substituted phenyl) form efficient catalysts for metath-
esis and ring-opening metathesis polymerization [10].

This article is focused on examination of the reaction of [ReX2(�
2-N2COPh-

N0,O)(PPh3)2] with 3-methylbenzonitrile, presenting the synthesis and spectroscopic
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data for [ReCl2(N2COPh)(CH3PhCN)(PPh3)2] (1) and [ReBr2(N2COPh)(CH3PhCN)
(PPh3)2] �CH2Cl2 (2) with cis halides and trans triphenylphosphines. X-ray studies have
been performed for 1 and 2, and electronic structures have been calculated with density
functional theory (DFT). The spin-allowed singlet–singlet electronic transitions of
[ReX2(N2COPh)(CH3PhCN)(PPh3)2] have been calculated with time-dependent DFT
method (TDDFT). The UV-Vis spectrum of [ReCl2(N2COPh)(CH3PhCN)(PPh3)2] has
been discussed on this basis.

2. Experimental

2.1. General procedure

Ammonium perrhenate and triphenylphosphine were purchased from Aldrich
Chemical, 3-methylbenzonitrile was purchased from Fluka AG; all were used without
purification. [ReX2(�

2-N2COPh-N0,O)(PPh3)2] was prepared according to the literature
method [11, 12]. The solvent used in the reaction was argon saturated.

2.2. Synthesis of [ReCl2(N2COPh)(CH3PhCN)(PPh3)2] (1)

[ReCl2(�
2-N2COPh-N0,O)(PPh3)2] (1 g, 1.1mmol) was added to 3-methylbenzonitrile

(0.2 g, 1.7mmol) suspended in acetone (50mL) and stirred at room temperature for
48 h. The brown crystalline precipitate of 1 was collected by filtration. The product was
washed with Et2O (3*10mL). Crystals suitable for X-ray structure determination were
obtained by recrystallization from a mixture of chloroform and dichloromethane (1 : 1,
v/v). Yield: 0.97 g 87%. IR (KBr): 3264 �ArH; 3056 �CH; 2246 �C¼N; 1640 �NN–CO; 1577,
1507 �(C¼C); 1482, 1307 �(C–CH in the plane); 1434 �Ph(P–Ph); 1230 �(C–C(O)NN); 1092, 1017
�(C–CH in the plane); 743 �(C–C out of the plane); 692 �(C–C in the plane); 518, 497 �(Re–NNC(O)Ph).
UV-Vis (methanol; nm): 510, 378, 277, 250, 211. 1H NMR (�, CDCl3): 7.871 (Ph–
C(O)NN), 7.624–7.203 (PPh3), 6.714 (C6H4–CN), 2.309 (CH3).

31P NMR (�, CDCl3): –
4.266, –2.376 (s, PPh3). Anal. Calcd for C51H42Cl2N3OP2Re: C, 59.36; H, 4.10; N, 4.07.
Found (%): C, 59.40; H, 4.12; N, 4.12.

2.3. Synthesis of [ReBr2(N2COPh)(CH3PhCN)(PPh3)2] .CH2Cl2 (2)

A procedure similar to that for [ReCl2(N2COPh)(CH3PhCN)(PPh3)2] was used with
[ReBr2(�

2-N2COPh-N0,O)(PPh3)2] (1 g, 1mmol) and 3-methylbenzonitrile (0.2 g,
1.7mmol). The brown crystalline precipitate of 2 was collected by filtration. The
product was washed with Et2O (3*10mL). Crystals suitable for X-ray structure
determination were obtained by recrystallization from a mixture of chloroform and
dichloromethane (1 : 1, v/v). Yield: 1.07 g 90%. IR (KBr): 3266 �ArH; 3057 �CH; 2244
�C¼N; 1644 �NN–CO; 1572, 1513 �(C¼C); 1482, 1308 �(C–CH in the plane); 1433 �Ph(P–Ph); 1229
�(C–C(O)NN); 1090, 1015 �(C–CH in the plane); 742 �(C–C out of the plane); 692 �(C–C in the plane);
518, 498 �(Re–NNC(O)Ph). UV-Vis (methanol; nm): 530, 382, 257, 211. 1H NMR
(�, CDCl3): 7.911 (Ph–C(O)NN), 7.597–7.179 (PPh3), 6.703 (C6H4–CN), 5.419 (CH2),
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2.311 (CH3).
31P NMR (�, CDCl3): –7.731, –4.272 (s, PPh3). Anal. Calcd for

C52H44Br2Cl2N3OP2Re: C, 51.80; H, 3.68; N, 3.48. Found (%): C, 51.82; H, 3.70;
N, 3.50.

2.4. Physical measurements and DFT calculations

Infrared (IR) spectra were recorded on a Nicolet Magna 560 spectrophotometer from
4000 to 400 cm�1 with the samples in the form of potassium bromide pellets. Electronic
spectra were measured on a Lab Alliance UV-Vis 8500 spectrophotometer from 180 to
600 nm in methanol. 1H and 31PNMR spectra were obtained at room temperature in
CDCl3 using a Bruker 400 spectrometer. Elemental analyses (C, H, and N) were
performed on a Perkin-Elmer CHN-2400 analyzer.

The calculations were carried out using the Gaussian 09 program [13]. The DFT/
B3LYP [14, 15] method was used for geometry optimization and electronic structure
determination. Electronic spectra were calculated by the TDDFT method [16] with use
of the CAM-B3LYP functional [17]. The calculations were performed using the Lanl2dz
basis set [18] on rhenium and bromine and polarization functions for all other atoms:
6–31G** for chlorine, carbon, nitrogen, oxygen, and 6–31G for hydrogen. The PCM
solvent model was used in the Gaussian calculations with methanol as solvent. Natural
bond orbital (NBO) calculations were performed with the NBO code included in
Gaussian 09. GaussSum 2.2 [19] was used to calculate group contributions to the
molecular orbitals and to prepare the partial density of states (DOS) and overlap
population DOS (OPDOS) spectra. The contribution of a group to a molecular orbital
was calculated using Mulliken population analysis. PDOS and OPDOS spectra were
created by convoluting the molecular orbital information with Gaussian curves of unit
height and FWHM of 0.3 eV Mayer bond orders were calculated with use of QMForge
program [20].

2.5. Crystal structure determinations and refinement

Crystals of [ReCl2(N2COPh)(CH3PhCN)(PPh3)2] (1) and [ReBr2(N2COPh)(CH3PhCN)
(PPh3)2] �CH2Cl2 (2) suitable for X-ray structure determination were obtained by
recrystallization from a mixture of chloroform and dichloromethane.

Brown crystals of 1 and 2 were mounted on an Xcalibur, Atlas, Gemini Ultra Oxford
Diffraction automatic diffractometer equipped with a CCD detector and used for data
collection. X-ray intensity data were collected with graphite monochromated Mo-Ka
radiation (�¼ 0.71073 Å) at 295.0(2) K, with ! scan mode. Ewald sphere reflections
were collected up to 2�¼ 50.10. The unit cell parameters were determined from least-
squares refinement of the setting angles of 14,594 and 24,009 strongest reflections for
1 and 2, respectively. Details concerning crystal data and refinement are gathered in
table 1. During the data reduction the decay correction coefficient was taken into
account. Lorentz, polarization, and numerical absorption corrections were applied. The
structures were solved by the Patterson method. All non-hydrogen atoms were refined
anisotropically using full-matrix least-squares on F 2. The Olex2 [21] and SHELXS-97,
SHELXL-97 [22] programs were used for all the calculations. Atomic scattering factors
were those incorporated in the computer programs.

Rhenium complexes 1191
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3. Results and discussion

3.1. Preparation and IR data

Reactions of [ReX2(�
2-N2COPh-N0,O)(PPh3)2] (X¼Cl, Br) with CH3PhCN result in

opening of the chelate ring through displacement of coordinated carbonyl by
3-methylbenzonitrile and lead to [ReX2(N2COPh)(CH3PhCN)(PPh3)2]:

½ReX2ð�
2-N2COPh-N0;OÞðPPh3Þ2� þ CH3PhCN

! ½ReX2ðN2COPhÞðCH3PhCNÞðPPh3Þ2� ðX ¼ Cl;BrÞ

The products were isolated as brown microcrystalline solids, soluble in common organic

solvents.
In contrast to [ReX2(�

2-N2COPh-N0,O)(PPh3)2] the IR spectra for 1 and 2 show

several bands in the range 1550–1650 cm–1 assigned to �(N¼N), �(C–N), and �(C¼O),

which confirm the opening of the chelate ligand [23]. The complex contains

triphenylphosphines and thus shows the characteristic pair of bands at approxi-

mately 1430 and 1480 cm–1 and typically the lower frequency band is more intense [24].

Table 1. Crystal data and structure refinement details of [ReCl2(N2COPh)(CH3PhCN)(PPh3)2] (1) and
[ReBr2(N2COPh)(CH3PhCN)(PPh3)2] �CH2Cl2 (2).

1 2

Empirical formula C51H42Cl2N3OP2Re C51H42Br2N3OP2Re, CH2Cl2
Formula weight 1031.92 1205.76
Temperature (K) 295.0(2) 295.0(2)
Crystal system Monoclinic Monoclinic
Space group P21/n P21/n
Unit cell dimensions (Å, �)
a 12.8918(7) 13.0313(3)
b 17.9560(10) 18.9375(4)
c 20.4005(11) 20.5785(6)
� 90 90
� 100.644(5) 101.361(2)
	 90 90
Volume (Å3), Z 4641.2(4), 4 4978.9(2), 4
Calculated density (Mgm–3) 1.477 1.609
Absorption coefficient (mm–1) 2.842 4.257
F(000) 2064 2376
Crystal size (mm3) 0.14� 0.11� 0.07 0.20� 0.11� 0.09
� range for data collection (�) 3.38–25.05 3.38–25.05
Limiting indices –15� h� 15;

–21� k� 21;
–24� l� 23

–15� h� 15;
–22� k� 22;
–24� l� 24

Reflections collected 35,650 46,976
Independent reflections 8214 [R(int)¼ 0.0387] 8807 [R(int)¼ 0.0320]
Data/restraints/parameters 8214/0/542 8807/0/569
Goodness-of-fit on F2 1.054 1.044
Final R indices [I4 2
(I)] R1¼ 0.0362,

wR2¼ 0.0840
R1¼ 0.0327,
wR2¼ 0.0766

R indices (all data) R1¼ 0.0546,
wR2¼ 0.0900

R1¼ 0.0448,
wR2¼ 0.0787

Largest difference peak and hole (e Å�3) 1.418 and –0.826 1.381 and –0.717
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The 1H NMR spectra of [ReCl2(N2COPh)(CH3PhCN)(PPh3)2] reveal resonances
typical for aromatic protons of coordinated PPh3, N2C(O)Ph, and 3-methylbenzonitrile
[25, 26]. The lack of paramagnetic shift broadening of resonances in the 1H NMR
spectra of 1 and 2 confirms diamagnetism of the complex. In the 31P NMR spectra of
the complexes two singlets at –4.266, –2.376 ppm and –7.731, –4.272 ppm indicate the
PPh3 ligands are not exactly trans, which is in agreement with the structures of the
complexes. On the other hand, the monodentate Re–NNC(O)Ph in these complexes (see
crystal structure) is not plane symmetrical. Thus, unless this ligand undergoes free
rotation, which seems unlikely given the Re–N bond character, there is no reason to
expect the two phosphines to be equivalent. Rather, it is suspected that this ligand does
not rotate and so one phosphorous is in the neighborhood of the carbonyl oxygen,
while the other is not. Thus, their electronic environments are different and this is
reflected in the different chemical shifts observed. Therefore, the inequivalence of the
two 31P nuclei in the 31P NMR spectrum results from steric and electronic factors.

3.2. Crystal structures

Both complexes are iso-structural in the solid state, crystallize in the monoclinic space
group P21/n, and their structures consist of discrete and well-separated monomers.
Intramolecular and intermolecular interactions strong enough to govern crystal packing
or molecule conformation were not found in the structures of 1 and 2. Only
intermolecular short contacts which could be considered as weak hydrogen bonds were
detected (table 2).

The molecular structures of 1 and 2 are presented in figure 1 and selected bond
distances and angles are collected in table 3. The complexes show octahedral
coordination geometry. The rhenium center exhibits mutually trans triphenylphosphine
molecules minimizing steric congestion and chloride/bromide trans to the monodentate
organodiazenido and to 3-methylbenzonitrile which displaced the carbonyl oxygen of
the diazenido substituent. Angular distortions from an ideal octahedron are caused by
the presence of multiple bonding ligand (–NNR) in the cis position to 3-methylbenzo-
nitrile. The Re(1)–N(1)–N(2) angles are essentially linear and the N(1)–N(2)–C angles

Table 2. Hydrogen bonds for 1 and 2.

D A H � � �A D � � �A D–H � � �A

1

C(7) N(2) 2.47 2.791(7) 100.6
C(10) O(1) 2.38 3.221(7) 150.0
C(21) Cl(1) 2.72 3.450(7) 135.5
C(21) Cl(2) 2.79 3.333(7) 118.7
C(23) O(1) 2.51 3.414(7) 163.8
C(35) Cl(2) 2.73 3.555(6) 148.7
C(45) Cl(2) 2.72 3.576(7) 153.7

2

C(35) Br(1) 2.85 3.614(7) 140.7
C(29) Br(2) 2.84 3.705(6) 155.0
C(21) Br(2) 2.82 3.556(6) 137.2
C(10) O(1) 2.58 3.323(9) 136.8
C(7) N(2) 2.45 2.791(8) 101.8

Rhenium complexes 1193
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are near 120�, indicating ‘‘singly bent’’ benzoyldiazenido complexes. The short Re–N(1)
and N(1)–N(2) distances suggest extensive delocalization and multiple bonding
throughout the N2COPh unit and this observation is confirmed by the virtual planarity
of the entire Re–N–NCOPh as well as linearity of the Re–N–N unit. The Re–N(1),
N(1)–N(2), and N(2)–C bond lengths and N(1)–N(2)–C, Re–N(1)–N(2) angles are in
good agreement with values found for other ‘‘singly bent’’ organodiazenido complexes
[27, 28]. Significant lengthening of the Re–X bonds results from chloride/bromide trans
to the strongly �-interacting benzoyldiazenido and 3-methylbenzonitrile. The Re–X(2)
bond trans to the NNR ligand is shorter than the Re–X(1) bond trans to
3-methylbenzonitrile, which indicates stronger trans influence of 3-methylbenzonitrile
in comparison with benzoyldiazenido. The Re–N(3) bond lengths (2.056(3) and
2.050(5) Å) are in agreement with analogous values found previously in similar
rhenium compounds containing the organonitrile ligands [29, 30]. Both complexes
have structures similar to those reported by Dilworth et al. [31] with aromatic
hydrazines forming diazenides and with coordinated acetonitrile (similar
to benzonitrile).

Figure 1. ORTEP drawing of [ReX2(N2COPh)(CH3PhCN)(PPh3)2] with 50% probability displacement
ellipsoids. Hydrogen atoms and solvent molecule are omitted for clarity.
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3.3. Electronic structure

To gain insight into the electronic structures and bonding properties of these complexes,

DFT calculations were carried out. Before calculation of electronic structures, their

geometries were optimized in triplet states using the B3LYP functional. From the data

collected in table 3 one may see that the bond lengths are elongated by �0.1 Å in the
calculated gas phase structures and the change of bond angles does not exceed 3�.

Figure 2 shows that calculated and experimental IR spectra of 1 are in good agreement.
The benzoyldiazenido ligand (N2C(O)Ph) is a uni-negative four electron donor and

the formal oxidation state of the rhenium in [ReX2(N2C(O)Ph)(L)(PPh3)2] is assigned

as þ3. The atomic charges from the natural population analysis for the complexes
show considerably lower values than the formal charge of þ3 on rhenium (–0.6),

corresponding to a d4 configuration of the central ion. It results from significant charge

donation from the ligands.
Mayer bond orders of Re–P, Re–N2C(O)Ph, Re–N¼C, and Re–X are similar in the

complexes, 1.4, 2.7, 0.7, and 1.6 for chloride and 1.8 for bromide complexes,
respectively. Bond orders between rhenium and nitrile ligands lower than 1 indicate

ionic character in the bond. The value of the bond order between rhenium and

diazenido confirms the considerable donor ability of the ligand and there is indication

that the d4 configuration of rhenium is probable.
The simplified diagrams of frontier molecular orbitals of the complexes are presented

in figure 3. Among the occupied molecular orbitals of the complexes the largest

numbers constitute orbitals of the PPh3 and nitrile type ligands which are not relevant

for the discussion. The dyz, dxy, dzx orbitals of rhenium contribute to the highest

Table 3. Selected bond lengths (Å) and angles (�) for 1 and 2.

1 2

Exp Calcd Exp Calcd

Re(1)–N(1) 1.749(2) 1.758 1.791(5) 1.759
Re(1)–N(3) 2.056(3) 2.036 2.050(5) 2.046
Re(1)–P(1) 2.463(9) 2.525 2.469(13) 2.541
Re(1)–P(2) 2.488(9) 2.525 2.465(14) 2.532
Re(1)–X(1) 2.424(9) 2.522 2.5797(6) 2.675
Re(1)–X(2) 2.416(8) 2.488 2.5656(6) 2.637
P(1)–Re(1)–P(2) 175.71(2) 174.73 174.18(4) 176.26
P(1)–Re(1)–N(1) 90.58(7) 91.88 93.40(14) 91.65
P(1)–Re(1)–N(3) 88.16(7) 91.81 90.90(13) 90.71
N(1)–Re(1)–N(3) 89.55(10) 91.56 90.94(18) 91.00
P(2)–Re(1)–N(1) 93.32(7) 91.78 92.41(14) 92.46
P(2)–Re(1)–N(3) 90.09(7) 91.87 88.64(13) 90.28
N(1)–Re(1)–X(1) 97.05(8) 97.38 92.20(13) 93.98
N(1)–Re(1)–X(2) 171.79(7) 170.64 172.90(13) 171.76
N(3)–Re(1)–X(1) 173.27(7) 171.06 176.48(13) 174.60
N(3)–Re(1)–X(2) 82.26(7) 79.09 82.19(13) 81.33
X(1)–Re(1)–X(2) 91.15(3) 87.86 94.72(2) 93.81
P(1)–Re(1)–X(1) 93.03(3) 91.98 90.50(3) 90.39
P(2)–Re(1)–X(1) 88.26(3) 88.53 89.64(3) 87.41
P(1)–Re(1)–X(2) 88.61(3) 87.86 84.93(3) 86.54
P(2)–Re(1)–X(2) 87.27(3) 87.86 89.26(3) 90.59

X denotes Cl in 1 and Br in 2.
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occupied molecular orbitals (HOMOs) and are in the range from HOMO–1 to
HOMO–3. These molecular orbitals are mixed with � orbitals of the benzoyldiazenido
and chloride/bromide. The dx2–y2 and dz2 orbitals are visible in the lowest unoccupied
molecular orbital (LUMO) and LUMOþ1/þ2 with an antibonding admixture of
benzoyldiazenido, halogen, and CH3PhCN ligand orbitals. From figure 3 it may be
concluded that the bromide complexes have a slightly smaller HOMO–LUMO
gap (3.16 eV) than the chloride one (3.28 eV) which is connected with the difference
in 
- and �-donor properties between these halides.

Figure 2. IR spectrum of [ReCl2(N2COPh)(CH3PhCN)(PPh3)2] (1) with calculated IR acts.

Figure 3. The simplified molecular orbital diagram of the complexes.
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In the frontier region, neighboring orbitals may show a quasi-degeneracy of the
energy levels. In such cases consideration of only the HOMO and LUMO may not yield
a realistic description of the frontier orbitals. For this reason partial DOS in terms of
Mulliken population analysis were calculated using the GaussSum program. They
provide a pictorial representation of the MO compositions and their contributions to
chemical bonding. The DOS diagram for 1 is shown in figure 4. The DOS plot mainly
presents the composition of the fragment orbitals contributing to the molecular
orbitals. As may be seen from the DOS plot, the HOMOs have dRe and pCl character
with some contribution of � CH3PhCN orbitals and the LUMOs are localized on
d rhenium and �* orbitals of the benzoyldiazenido ligands. The HOMO–1/–2/–3 are
composed from the dRe,�N2CðOÞPh, � orbitals of the triphenylphosphine ligands and
phalogen. In the LUMOþ1/þ2 the � orbitals of the CH3PhCN ligands play a significant
role (40–45%).

3.4. Electronic spectra

UV-Vis spectra of the complexes are similar and the maxima are located at 510, 378,
277, 250, 211 nm and 530, 382, 257, 211 nm for 1 and 2, respectively. Assignments of the
calculated transitions to the experimental bands are based on the criteria of energy and
oscillator strength of the calculated transitions. In description of the electronic
transitions only the main components of the molecular orbitals are taken into
consideration. The electronic transitions were calculated with application of the
CAM-B3LYP functional using the Coulomb-attenuating method.

Figure 5 presents the experimental and calculated electronic spectra of 1. The first
transitions (510 and 530 nm) in the spectra have HOMO!LUMO/LUMOþ1
(90–83%) character. As the frontier HOMO and LUMO are localized on the d rhenium
orbitals with an admixture of � X/N2C(O)Ph these transitions are associated with
metal–ligand charge transfer (MLCT). The low intensity bands with maxima near
380 nm have the same character and the transitions between HOMO–3/–2!LUMO

Figure 4. The DOS diagram for 1.
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were calculated. The bands with maxima near 270 nm are attributed to transitions of
ligand–metal charge transfer (LMCT) and MLCT types. The highest energy bands with
maxima near 200 nm are attributed to transitions of ligand–ligand charge transfer type
(�!�*C¼N) with contribution of MLCT transitions. Table 4 presents the calculated
transitions for 3 and 4.

Figure 5. The experimental electronic spectrum of 1 with the calculated transitions.

Table 4. Calculated electronic transitions for 1 and 2 with the TDDFT method.

� (nm) Contributions f Experimental � (nm)

[ReCl2(N2COPh)(CH3PhCN)(PPh3)2] (1)
502.6 HOMO!Lþ 1 (90%) 0.0013 510
423.8 HOMO!LUMO (83%) 0.0002
381.3 HOMO–3/–2/–1!LUMO (46%/14%/13%) 0.0166 378
367.1 HOMO!Lþ 2 (64%) 0.0403
289.1 HOMO–2!Lþ 1 (37%) 0.0576
280.0 HOMO–2!LUMO (44%); HOMO–1!LUMO (23%) 0.081
278.3 HOMO–2!LUMO (16%); HOMO!Lþ 2 (46%) 0.1126 277
260.9 HOMO–15!LUMO (16%); HOMO–3!Lþ 1 (28%);

HOMO–1!LUMO (22%)
0.2872

254.8 HOMO–1!Lþ 3 (53%) 0.054
217.0 HOMO–1!Lþ 5 (15%); HOMO–8!Lþ 1 (12%);

HOMO–19!LUMO (19%)
0.2137 211

[ReBr2(N2COPh)(CH3PhCN)(PPh3)2] �CH2Cl2 (2)
506.9 HOMO!Lþ 1 (90%) 0.0010 530
426.6 HOMO!LUMO (83%) 0.0007
369.6 HOMO–3!LUMO (29%); HOMO–2!LUMO (21%) 0.0545 382
280.7 HOMO!Lþ 2 (59%) 0.2612 368
268.6 HOMO–3!Lþ 1 (33%); HOMO!Lþ 2 (21%) 0.3693
255.6 HOMO–4!Lþ 1 (48%); HOMO–12!LUMO (19%) 0.2616 257
229.8 HOMO–2!Lþ 3 (26%) 0.1366
218.2 HOMO–1!Lþ 5 (46%); HOMO–5!Lþ 4 (10%) 0.3284
213.1 HOMO–2!Lþ 7 (11%); HOMO–1!Lþ 7 (14%) 0.2216 211
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The shape of the UV-Vis spectra of the complexes is appropriate to the d4

configuration of rhenium. In octahedral symmetry the ground 5D term splits into
5E and 5T terms which in the lower symmetry (D2h) of the complexes split into 5B1,

5A1,
5E, and 5B2 levels. In this manner the lowest energy band above 500 nm is assigned to
the 5B1!

5A1 transition. The bands with maxima near 380 nm are assigned to 5B1!
5E,

and the 5B1!
5B2 transition corresponds to bands at 270 nm. The ligand field

parameters 10Dq are equal to 19,608 cm–1 and 18,868 cm–1 for 1 and 2, respectively.

Supplementary material

CCDC 813589 and CCDC 813272 contain the supplementary crystallographic data for
[ReCl2(N2COPh)(CH3PhCN)(PPh3)2] and [ReBr2(N2COPh)(CH3PhCN)(PPh3)2] �CH2

Cl2. These data can be obtained free of charge from http://www.ccdc.cam.ac.uk/conts/
retrieving.html, or from the Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK; Fax: (þ44) 1223-336-033; or E-mail: deposit@ccdc.
cam.ac.uk.
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