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Reaction of [ReOCl;(PPhj3),] with 2 equiv. of 1,3-diisopropyli-
midazol-2-ylidene (iPr-carbene) affords [ReOCl;(iPr-car-
bene),] (1). When an excess of free carbene is used, the dica-
tionic species [ReOCI(iPr-carbene),][Cl], (2) is isolated. The
cationic dioxorhenium complex [ReO,(iPr-carbene),]* has
been isolated as its I” (3) and ReO," (4) salts by different reac-
tions. Treatment of [ReO,I(PPhj3),] with an excess of 1,3-diiso-
propylimidazol-2-ylidene yields compound 3 in quantitative

yield. The cationic species is also isolated as an ReO,~ salt
from the reaction of [ReO,Me(PhCCPh)] with 1,3-diisopropy-
limidazol-2-ylidene. The molecular structures of [ReOCl;(iPr-
carbene),] (1) and [ReO,(iPr-carbene),][ReO,] (4) have been
determined by single-crystal X-ray diffraction.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2004)

Introduction

Since the first isolation and X-ray structural characteriz-
ation of free stable Wanzlick carbenes!!! by Arduengo, a
new area of transition metal complexes with these imidaz-
olylidene-type carbenes as ligands has developed.!

Acting as strong Lewis bases, N-heterocyclic carbenes
(NHC) are promising alternatives for the well-established
phosphane ligands in organometallic catalysis. A rich vari-
ety of transition metal complexes with this type of ligand
is known. However, few examples of oxometal complexes
containing N-heterocyclic carbenes have been reported. In-
deed, the first example of an oxometal-NHC derivative
[ReOsMe-NHC] was published in 1994 by Herrmann et al.,
although no structural characterization was possible.’] To
the best of our knowledge, the X-ray diffraction studies of
[TiCl;3(1,3-diisopropyl-4,5-dimethylimidazol-2-ylidene)(p-
0)],  [VOCIs(1,3-dimesitylimidazol-2-ylidene)]|?  and
[UO,Cl,(1,3-dimesitylimidazol-2-ylidene),]!®! are the only
examples of oxo transition metal and actinide derivatives
containing NHCs that have been reported in the literature.
During the preparation of this manuscript the X-ray dif-
fraction studies of the cationic dioxorhenium(v) and -tech-
netium(v) complexes [ReO,(1,3-diisopropyl-4,5-dimeth-
ylimidazol-2-ylidene),][PFs] and [TcO,(1,3-diisopropyl-
4,5-dimethylimidazol-2-ylidene),][TcO4]:2.5THF were re-
ported.]
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In the present study we describe the synthesis of oxorhen-
ium derivatives containing an NHC ligand and the first X-
ray molecular structure of a chlorooxorhenium(v)—NHC
complex.

Results and Discussion

Reaction of [ReOCl;(PPhs),] with 2 equiv. of 1,3-diiso-
propylimidazol-2-ylidene in toluene at room temperature
affords [ReOCl5(iPr-carbene),] (1; iPr-carbene = 1,3-diiso-
propylimidazol-2-ylidene), which was isolated as a green
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Scheme 1. Synthesis of [ReOCl;(iPr-carbene),] (1) and [ReOCI(iPr-
carbene)4][Cl], (2)
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crystalline solid. Double substitution of the triphenylphos-
phane is preferred since treatment of [ReOCl3(PPhs),] with
1 equiv. of 1,3-diisopropylimidazol-2-ylidene yields a mix-
ture of compound 1 and unchanged starting material. The
reaction of [ReOCl3(PPhs),] with an excess of free carbene
in dichloromethane gives the green dicationic complex [Re-
OCI(iPr-carbene),][Cl], (2). Compound 2 is the result of the
displacement of two chloride ions and both triphenylphos-
phane ligands by the imidazol-2-ylidene ligand (Scheme 1).

The 'H NMR spectrum of 1 displays a doublet at § =
1.40 ppm for the methyl protons of the isopropyl group, a
multiplet at 6 = 5.75 ppm for the CH proton of the isopro-
pyl group and a singlet at 6 = 7.10 ppm for the olefinic
protons of the carbene ligand. In contrast, two signal
groups of the carbene ligands can be observed for 2, indi-
cating two inequivalent sets of iPr substituents. This is in
agreement with an approximate octahedral environment for
the rhenium atom in 2, with the oxygen and chlorine atoms
trans to each other. The '"H NMR spectrum of 2 shows two
doublets at 6 = 2.63 and 2.94 ppm for the methyl protons
of the isopropyl group, two multiplets at 6 = 4.92 and
5.35 ppm for the CH proton of the isopropyl group and
two multiplets at 6 = 8.52 and 8.43 ppm for the olefinic
protons of the carbene ligand. The '*C NMR signal of the
metal-coordinated carbene C atom is shifted by about
85 ppm to higher field upon complexation of the ligand to
the metal atom (6 = 175 ppm for 1 compared with J =
260 ppm for the free ligand). The IR spectra of 1 and 2
show strong v(ReO) absorptions at 972 and 989 cm™!,
respectively. The mass spectrum of 2 gives the molecular
ion m/z (%) = 423 (100). The main fragment corresponds
to the loss of one carbene ligand.

Solid samples of compounds 1 and 2 showed no de-
composition in air when exposed for shorts periods of time,
but solutions of 1 and 2 are moisture-sensitive; traces of
water lead to formation of [ReO,(iPr-carbene),][ReQ,].")
Compound 1 is soluble in aromatic hydrocarbons such as
benzene or toluene, while compound 2 is insoluble in tolu-
ene, dichloromethane, tetrahydrofuran or diethyl ether, and
slightly soluble in acetonitrile.

Crystals of 1 suitable for an X-ray structure analysis were
grown from toluene at —20 °C and its molecular structure
was determined by single-crystal X-ray diffraction.

The reaction of [ReO,I(PPhjs),] with excess of 1,3-diiso-
propylimidazol-2-ylidene in dichloromethane at —20 °C af-
fords [ReO,(iPr-carbene)y][I] (3) [Equation (1)]. The dis-
placement of the iodine atom and both triphenylphosphane
ligands in [ReO,I(PPhs),] by a carbene affords the monoc-
ationic species 3. A similar displacement has been observed
previously upon treatment of [ReO,I(PPh;),] with 2 equiv.
of dppe yielding [ReO,(dppe),][I].1'! Compound 3 was iso-
lated as a brown solid, soluble in dichloromethane and in-
soluble in hexane or diethyl ether. Its '"H NMR spectrum
shows two resonances for the methyl protons of the isopro-
pyl group, a doublet at 6 = 0.70 ppm and a doublet at § =
1.18 ppm, indicating a hindered rotation of the isopropyl
groups, a multiplet for the CH proton of the isopropyl
group at 0 = 5.74 ppm, and a singlet at 6 = 7.09 ppm for
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the olefinic protons of the carbene. The resonance of the
metal-coordinated C atom appears at 6 = 172.6 ppm which
compares well with other rhenium—carbene complexes
such as [Re(1,3-dimethylimidazol-2-ylidene),I(CO);] (0 =
175.1 ppm)I'"!1 and [ReO;Me(1,3-dimethylimidazol-2-ylid-
ene),] (6 = 176.7 ppm).>) The mass spectrum of 3% gives
the molecular ion m/z (%) = 827 (100). The Re=0 vi-
bration of the central dioxorhenium(v) unit appears at
782 cm~!. Similar values have been reported for the Re=O
vibration in [ReO,(1,3-diisopropyl-4,5-dimethylimidazol-2-
ylidene)4][PF¢],®! and in [ReO,(dppe),][1].['"
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The [ReO,(iPr-carbene),]* cation is also formed by reac-
tion of [ReO,Me(PhCCPh)] with an excess of 1,3-diisopro-
pylimidazol-2-ylidene in tetrahydrofuran [Equation (2)].
When a solution of [ReO,Me(PhCCPh)] in THF was
treated with an excess of 1,3-diisopropylimidazol-2-ylidene,
a brown solution was obtained. After removal of the sol-
vent, the residue was extracted into toluene and the solution
was cooled to —20 °C. Light-yellow crystals separated from
the solution. On the basis of elemental analysis, spectro-
scopic evidence and X-ray crystallography, the yellow crys-
tals were formulated as [ReO,(iPr-carbene),;][ReOy4] (4). The
'H NMR spectrum of the toluene-insoluble brown residue
shows a mixture of complexes which could not be separated
by recrystallisation. It seems reasonable to explain the for-
mation of 4 as the result of the reaction of adventitious
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Crystallographic Studies

A single crystal of the carbene complex 1 was obtained
from toluene by standard cooling techniques and its molec-
ular structure was determined by single-crystal X-ray dif-
fraction. Figure 1 shows an ORTEP-style plot of the mono-
meric neutral molecule. Selected bond lengths and bond
angles are reported in Table 1. The asymmetric unit shows
two crystallographically independent molecules A and B,
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each of which is located around a center of inversion, and
one solvent molecule (toluene). The intrinsic symmetry of
the carbene moiety implies a 50:50 disorder of one chlorine
atom and of the oxo ligand. As expected from NMR and
IR spectroscopic data, the rhenium atom is coordinated by
two carbene ligands in the apical positions of the octahedral
coordination sphere. Three chloro and one oxo ligand com-
plete the octahedron in the equatorial plane.

C15

Figure 1. ORTEP representation of compound 1-toluene (molecule
A) in the solid state; thermal ellipsoids are at the 50% probability
level; hydrogen atoms are omitted for clarity; dashed lines indicate
a disorder (see Exp. Sect.)

Table 1. Selected interatomic distances [A] and angles [°] for [Re-
OCl;5(iPr-carbene),(toluene)]  (1-toluene) and [ReO,(iPr-car-
bene)y][ReO,4] (THF) (4 THF)

1-toluene 4-THF
Rel—ClII1 2.3943(12)
Rel—Cl12 2.298(3)
Rel—-01/011 1.770(8) 1.796(4)
Rel—-02 1.798(4)
Rel—-Cl11 2.181(4) 2.185(5)
Rel—C21 2.184(3)
Rel—C31 2.208(5)
Rel —C41 2.207(5)
Cl11—-Rel—Cl112 83.83(10)
Cl11-Rel—-011 90.1(3)
Cll11-Rel—-Cl11 89.63(11)
Ol—Rel-02 178.92(15)
Cl1—Rel—C21 89.9(2)
Cl1—Rel—C41 89.5(2)
C21—Rel—-C31 89.9(2)
C31—Rel—C41 90.7(2)

All bond lengths and bond angles of the N-heterocyclic
carbene ligand lie within the typical ranges. The very short
Rel—Cl12 distance [2.298(3) A] and the very long Rel=
O11 double bond [1.770(8) A] in comparison to the statisti-
cal range given by the CCDCI!?4 are caused by the dis-
order, and therefore have to be regarded as artificial effects.
With 2.3943(12) A, the Re—Cll11 distance fits the mean
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value of 2.376!'221 A very well. The dihedral angles
N11-Cl1—Rel—=Cll1 and NI11-Cl11—-Rel-0O11 are
—50.5(4)° and 39.4(5)°, respectively. Thus, the carbene moi-
ety defined by N11—-C11—NI12 is staggered with respect to
the planar ReCl;0 unit.

Cooling of a saturated THF solution of 4 to —20 °C for
several days yielded clear yellow crystals suitable for X-ray
analysis. Figure 2 shows an ORTEP-style plot of the mono-
meric cationic part of compound 4. Selected bond lengths
and bond angles are reported in Table 1. The asymmetric
unit shows one cationic tetrakis(carbene)dioxorhenium
moiety, one perrhenate anion, and one solvent molecule
(THF). As expected from NMR and IR spectroscopic data,
the rhenium atom is coordinated by two oxo ligands in the
apical positions and four carbene groups in the basal plane
of the octahedral coordination sphere. All bond lengths and
bond angles of the N-heterocyclic carbene ligand lie within
the typical ranges. The Rel=O0l11 double-bond lengths
[1.796(4) A and 1.798(4) A] represent the upper end in the
statistical range given by the CCDC.!'?"! The dihedral
angles NI1-Cl11—Rel—-0l, N21-C21—Rel—-0l,
N31-C31—Rel-01, and N41-C41—-Rel-0O1 are

143.6(4)°, 147.5(4)°, 142.0(4)°, and 149.5(5)°, respectively.
Thus, the four carbene species are arranged in a propeller
mode around the central linear O=Re=0 moiety fitting an
approximate D4 symmetry in the solid state.

Figure 2. ORTEP representation of the cationic part of compound
4-THF in the solid state; thermal ellipsoids are at the 50% prob-
ability level; hydrogen atoms omitted for clarity

Conclusions

A series of oxorhenium(v) derivatives containing the N-
heterocyclic carbene 1,3-diisopropylimidazol-2-ylidene have
been prepared. The strong Lewis base carbene easily re-
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places the triphenylphosphane and halide ligands to give
neutral and cationic oxorhenium—carbene complexes.

Experimental Section

General Remarks: All manipulations were carried out under dini-
trogen using standard Schlenk-line and glovebox techniques. Sol-
vents were purified by conventional methods and distilled under
nitrogen prior to use. NMR spectra were recorded with a Bruker
AMX 300 spectrometer. Infrared spectra were recorded with a Un-
icam Mattson Model 7000 FTIR spectrophotometer using KBr
pellets. Electrospray mass spectrometric experiments were per-
formed with a Bruker Daltonic esquire 3000 plus spectrometer. El-
emental analyses were performed in our laboratories (ITQB). 1,3-
Diisopropylimidazolin-2-ylidene,['¥  [ReOCl;(PPh;),].'  [Re-
O,I(PPhj3),],I'31 and [ReO,Me(PhCCPh)]!'®! were prepared accord-
ing to literature procedures.

Trichlorobis(1,3-diisopropylimidazol-2-ylidene)oxorhenium(v)  (1):
1,3-Diisopropylimidazolin-2-ylidene (4.82 mL of a 0.34 M solution
in THF, 1.64 mmol) was added to a suspension of [ReOCl;(PPhjs),]
(0.68 g, 0.80 mmol) in toluene (0.40 mL) at —20 °C and the reac-
tion mixture was stirred for 30 min. The mixture was then allowed
to warm up to room temperature and was stirred for a further 16 h.
The toluene solution was filtered and the volume of the filtrate was
reduced in vacuo to about 10 mL. Cooling to —20 °C yielded green
crystals of 1. Yield: 0.30 g (65%). C,13H3,CIsN4ORe (613.05): calcd.
C 35.27, H 5.26, N 9.14; found C 35.37, H 5.32, N 9.25. Selected
IR data (KBr): v(ReO) = 972 vs cm~!. '"H NMR (300 MHz,
CD,Cly): 6 = 7.10 (s, 2 H, CHCH), 5.75 (m, 2 H, CHMe,), 1.40
(d, Juu = 6 Hz, 12 H, CHMe) ppm. '3C NMR (75 MHz, CD,Cl,):
0 = 174.9 (ReClurbene)s 119 (CHCH), 49 (CHMe,), 23 (CHMe,)
ppm.

Chlorotetrakis(1,3-diisopropylimidazol-2-ylidene)oxorhenium(v) Di-
chloride (2): 1,3-Diisopropylimidazolin-2-ylidene (15.23 mL of a
0.34 M solution in THF, 5.18 mmol) was added at —20 °C to a
suspension of [ReOCIl3(PPhs),] (1 g, 1.29 mmol) in dichlorometh-
ane (30 mL). When the addition was completed, the mixture was
allowed to warm up to room temperature and was then stirred for
a further 20 h. The dichloromethane solution was then filtered, the
filtrate was concentrated in vacuo to about 10 mL and was cooled
to —20 °C, giving deep-green crystals of 2. Yield: 0.82 g (72%).
C36HesCI3NgORe (917.53): caled. C 47.13, H 7.03, N 12.21; found
C 46.98, H 6.82, N 12.02. Selected IR data (KBr): v(ReO) = 989
vscm~!. 'TH NMR (300 MHz, NCMe): 6 = 8.52 (m, 2 H, CHCH),
8.43 (m, 2 H, CHC), 5.35 (q, Jun = 6 Hz, 2 H, CHMe,), 4.92 (q,
Jun = 6 Hz, 2 H, CHMe,), 2.94 (d, Juu = 6 Hz, 12 H, CHMe,),
2.63 (d, Junu = 6 Hz, 12 H, CHMe,) ppm. MS (ES): m/z (%) =
423/422 (100) [M*].

Tetrakis(1,3-diisopropylimidazol-2-ylidene)dioxorhenium(v) lodide
(3): 1,3-Diisopropylimidazolin-2-ylidene (14.70 mL of a 0.34 ™M
solution in THE, 5 mmol) was added at room temperature to a
solution of [ReO,I(PPhs),] (1 g, 1.14 mmol) in dichloromethane
(20 mL). The reaction mixture was stirred for 16 h and was then
concentrated in vacuo to about 8 mL. Cooling of the dichlorometh-
ane solution to —20 °C afforded the title compound 3, which was
isolated as a brown solid. Yield: 0.84 g (78%). CssHgsINgO-Re
(954.07): caled.C 45.32, H 6.76, N 11.74; found C 45.03, H 6.69,
N 11.65. Selected IR data (KBr): v(ReO) = 782 vs cm~!. 'H NMR
(300 MHz, CDCl;): 6 = 7.09 (s, 2 H, CHCH), 5.74 (m, 2 H,
CHMe,), 1.18 (d, Jyu = 6 Hz, 12 H, CHMe,), 0.70 (d, Jyu =
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6 Hz, 12 H, CHMes) ppm. '3C NMR (75 MHz, CDCl,): 6 = 172.6
(Re-Crarbenc), 117.9 (CHCH), 49.8 (CHMe,), 23.2(CH Mes) ppm.

Tetrakis(1,3-diisopropylimidazol-2-ylidene)dioxorhenium(v) Per-
rhenate (4): 1,3-Diisopropylimidazolin-2-ylidene (5.5 mL of a 0.14
M solution in THE, 0.77 mmol) was added to a solution of [Re-
0,Me(PhCCPh)] (0.32 g, 0.77 mmol) in tetrahydrofuran (20 mL) at
—30 °C. The mixture was stirred at low temperature for 20 min and
at room temperature for 2 h. All the volatiles were removed under
vacuum and the residue was extracted into toluene. The volume of
the toluene solution was reduced in vacuo to about 10 mL and was
kept in a refrigerator at —20 °C to yield the title compound 4 as
light-yellow crystals. Yield: 0.28 g (47%). C3sHesNgOgRe, (1077.4):
caled. C 40.13, H 5.99, N 10.40; found C 39.89, H 5.86, N 10.35.
Selected IR (KBr): v(ReO) = 910vs cm~'. '"H NMR (300 MHz,
CDCl;): 0 = 7.09 (s, 2 H, CHCH), 5.74 (m, 2 H, CHMe,), 1.18 (d,
Jun = 6 Hz, 12 H, CHMe,), 0.70 (d, Jyu = 6 Hz,12 H, CHMe,)
ppm. *C NMR (75 MHz, CDCl;): § = 172.6 (Re-Ceorpene)> 117.9
(CHCH), 49.8 (CHMe,), 23.2(CHMe,) ppm. MS (ES): m/z (%) =
827/825 (100) [M*].

Table 2. Summary of the crystallographic data for [ReOCl;(iPr-
carbene),(toluene)] (1-toluene) and [ReO,(iPr-carbene)y][ReOy]
(THF) (4 THF)

1-toluene 4-THF
Empirical formula C,sH40ClN4ORe  CygH7NgO-Re,
Formula mass 705.17 1149.48
Crystal system monoclinic monoclinic
Space group P2y/c (no. 14) Cc (no. 92)
a[A] 18.7146(2) 16.3702(1)
b [A] 11.0958(2) 16.2740(1)
¢ [A] 14.5390(2) 18.6526(1)
N 102.468(1) 106.0127(3)
V [A3] 2947.87(7) 4776.41(5)
Z 4 4
Peatcd [grem ™3] 1.589 1.599
p [mm™1 4418 5.116
T [K] 123 153
F(000) 1408 2296
Crystal size [mm] 0.61 X 0.18 X 0.15 0.35 X 0.27 X 0.14
® range [°] 2.45/25.35 2.50/25.35
Index ranges h/k/l +£22/%13/%17 +19/£19/£22
Reflections collected 66812 48058
Independent reflections 5391/4598/0.037 8550/8209/0.053
[I, > 20(1,)/all data/R;,]
Data/restraints/parameters 5391/0/340 8550/2/531
R1 [I, > 20(I,)/all data]  0.0325/0.0391 0.0213/0.0235
wR2 [I, > 20(I,)/all data] 0.0590/0.06615 0.0499/0.0510
GOF 1.136 1.024
Weights alb 0.0000/12.8838 0.0213/11.5906
APmax/min [6:A 7] 0.87/—-0.78 0.69/—0.78

Crystal Structure Determination of 1 and 4: Details of the X-ray
experiment, data reduction, and final structure refinement calcu-
lations are summarized in Table 2. Crystals of complex 1 (or 4)
suitable for X-ray structure determination were grown from a tolu-
ene (THF) solution, fixed with perfluorinated ether in a glass capil-
lary and transferred to the diffractometer. Preliminary examination
and data collection were carried out on a Kappa-CCD device
(Nonius Mach3) at the window of a rotating anode (Nonius Fr591;
50 kV; 60 mA; 3.0 kW) and graphite-monochromated Mo-K,, radi-
ation (4 = 0.71073 A). Data collection was performed at 123 (153)
K with an exposure time of 30 (15) s per frame [¢- and ®-scans,
rotation modus, A¢/Aw = 2.0° (1.0°)]. A total number of 66812
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(48058) reflections were collected.['78 After merging, a sum of 5391

(8550) independent reflections remained and was used for all calcu-
lations. Data were corrected for Lorentz and polarization effects.
Corrections for absorption and/or decay effects were applied during
the scaling procedure. The unit-cell parameters were obtained by
full-matrix least-squares refinements of 5725 (4535) reflections with
the program SCALEPACK.!'7"! The structures were solved by a
combination of direct methods and difference-Fourier syn-
theses.['7l All non-hydrogen atoms of the asymmetric unit were
refined with anisotropic thermal displacement parameters. All hy-
drogen atoms were calculated in ideal positions riding on the parent
carbon atom. Full-matrix least-squares refinements were carried
out by minimizing w(F,> — F.?)?> with the SHELXL-97 weighting
scheme and stopped at a maximum shift/err value < 0.001.0'7d]
Neutral-atom scattering factors for all atoms and anomalous dis-
persion corrections for the non-hydrogen atoms were taken from
the International Tables for Crystallography.['”¢l All other calcu-
lations (including ORTEP graphics) were done with the program
PLATON.I'"T Compound 1-toluene crystallizes with two crystallo-
graphically independent molecules A and B in the asymmetric unit.
Each of them is located around a center of inversion. This implies
a 50:50 disorder of one chlorine ligand and the oxygen atom. Com-
pound 4-THF appears to be a twin. Twin refinement ends with
Flack’s parameter at ¢ = 0.443(6). Despite the virtual symmetry of
the molecule there is no way to transform the coordinates into
the centrosymmetric space group C2/c. Attempts to solve and to
refine the experimental data in C2/c¢ failed. CCDC-229836 (1)
and -229837 (4) contain the supplementary crystallographic
data for this paper. These data can be obtained free of charge at
www.ccde.cam.ac.uk/conts/retrieving.html [or from the
Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK; Fax: (internat.) + 44-1223-336033;
E-mail: deposit@ccdc.cam.ac.uk].
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