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The Ir-NHC complex 6 was successfully synthesized from the reaction of axially chiral binaphthyl
dibenzimidazolium salt 5 with [Ir(COD)Cl], (COD = 1,5-cyclooctadiene) in tetrahydrofuran in the
presence of KO'Bu base under reflux. Its unique crystal structure is unambiguously disclosed
by X-ray diffraction. Complex 6 is orthorhombic, with space group P212;2;, unit cell dimensions
a =12.1406(16) A, b = 19.110(3) A, ¢ = 20.312(3) A, « = B = y = 90° and volume 4712.6(11) A3, Z = 4,
Dcaic = 1.930 Mg m~3. Copyright © 2004 John Wiley & Sons, Ltd.
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INTRODUCTION

In 1968, Ofele! and Wanzlick and Schénherr concurrently
prepared the first authentic metal complex of N-heterocyclic
carbene. These two reports received little attention until
Arduengo and co-workers®>* synthesized the stable free car-
bene. Herrmann’s group made progress in this field by
preparing numerous N-heterocyclic carbenes and their metal
complexes, and further applied them in homogeneous cataly-
sis; see Refs 4 and 5 for reviews. Numerous papers concerning
this topic have appeared in the past few years. The complexes
of N-heterocyclic carbenes have been applied to a broad spec-
trum of catalytic reactions.’> On the other hand, although
a few examples of good or excellent enantioselectivities
have been made with the asymmetric catalytic process using
chiral metal-NHC complexes,’~!! to date this process not
been investigated extensively.!? The first axially chiral NHC
chelated complexes of palladium(Il) and nickel(II) derived
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from 2,2'-bis(bromomethyl)-[1,1']binaphthalenyl were pre-
pared by RajanBabu’s group,® in which the two chelating
N-heterocyclic carbenes orient in a trans-geometry, however,
using them as catalysts has not appeared in asymmetric
catalysis. For a similar case, a trans-geometry of the chelating
N-heterocyclic carbene palladium(II) complex gave very poor
chemical yields and enantioselectivities in an intramolecular
Heck reaction.'* Zhang and Trudell’® also prepared simi-
lar diimidazolium salt bearing binaphthyl skeleton for the
Pd-catalyzed Suzuki cross-coupling reaction. Two rhodium
complexes derived from the axially chiral binaphthyl diben-
zimidazolium salt 5 have been reported.!® Hence, we report
here on the synthesis of an axially chiral Ir-NHC complex
derived from axially dissymmetric 1,1'-binaphthalenyl-2,2'-
diamine (1; BINAM).

RESULTS AND DISCUSSION

Synthesis of axially chiral binaphthyl
dibenzimidazolium salt 5 and its Ir-NHC
complex 6

The preparation of the NHC complexes began with the bis(2-
diphenylphosphinophenyl) ether (DPEphos)-Pd-catalyzed
coupling reaction of 2-bromo-nitrobenzene with (S)-1,1'-
binaphthalenyl-2,2’-diamine (1, BINAM) in toluene in the
presence of Cs,CO; to give compound 2 in quantitative
yield.'”’® Reduction of 2 by means of Pd/C-H, pro-
duced compound 3. Subsequent cyclization with triethyl
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orthoformate catalyzed by toluenesulfonic acid (TsOH) at
100°C afforded product 4; quaternization of the benzimi-
dazole ring of 4 by methyl iodide then gave the diben-
zimidazolium salt 5 in quantitative yield (Scheme 1). The
desired compound 5 was treated with [Ir(COD)Cl], (COD =
1,5-cyclooctadiene) without further purification in tetrahy-
drofuran (THF) in the presence of KO'Bu base to give the
iridium(I) complex 6 (effects at preparing the Ir(III)-NHC
complex using Crabtree’s method!®? were unsuccessful),
which was separated by silica-gel column chromatography
as a yellow solid (Scheme 2). This complex is stable under
ambient atmosphere and its structure was determined by 'H
NMR spectroscopic data and X-ray diffraction.

Molecular structures of complex 6

The single crystal of the Ir(I)-NHC complex 6 was obtained
by careful recrystallization from CH,Cl,. Finally, its crystal
structure was unambiguously disclosed by X-ray analysis
(Figs 1 and 2). The crystal data are shown in Table 1. Selected

e

Axial chiral Ir-NHC complex synthesis

bond lengths and bond angles are given in Tables 2 and 3
respectively.

From Figure 1 it is very clear that the dibenzimidazolium
precursor 5 binds two iridium atoms with two N-heterocyclic
carbenes and the dihedral angle of the two naphthyl rings is
70.65°. The X-ray structure shows the iridium atom with a
square-planar arrangement of the ligands and a bond angle
I1-Ir1-C11(carbene) of 90.1(4)°. The Ir—C(carbene) distances,
2.059(12) and 1.924(19) A, are normal for Ir-C o bonds. The
two iridium metal centers are far away from the axially chiral
environment (Fig. 1). The study of the application of this
axially chiral Ir-NHC complex in asymmetric catalysis is on

going.

CONCLUSIONS

In conclusion, we have explored an Ir—-NHC complex from the
reaction of an axially chiral binaphthyl dibenzimidazolium
salt 5 with [[r(COD)Cl], in THF in the presence of KO'Bu base
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Scheme 1. Synthesis of the axially chiral dibenzimidazolium salt.
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Scheme 2. Synthesis of the axially chiral Ir-NHC complex.
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Figure 1. Crystal structure of complex 6.

Figure 2. Crystal packing of complex 6.

under reflux. Its unique crystal structure is unambiguously
disclosed by X-ray analysis. We expect that our results will

Copyright © 2004 John Wiley & Sons, Ltd.

lead to the development of a new strategy on the synthesis of
chiral metal-NHC complexes that can be used for asymmetric
catalysis. Further studies in this area are in progress in our
laboratory.

EXPERIMENTAL

General procedures

'H NMR spectra were recorded on a Bruker AM-300
spectrometer in solution in CDCl; with tetramethylsilane
(TMS) as an internal standard; J-values are in hertz. Mass
spectra were recorded with an HP-5989 instrument. Optical
rotations were determined at 589 nm (sodium D line) by using
a Perkin—Elmer-241 MC digital polarimeter; [«] D values are
given inunits of 107!° cm? g~!. THF and toluene were distilled
from sodium under anorgon atmosphere. All of the solid
compounds reported in this paper gave satisfactory CHN
microanalyses with a Carlo-Erba 1106 analyzer. [Ir(COD)CI],
was prepared according to the literature.”!’ Commercially
obtained reagents were used without further purification.
All reactions were monitored by thin-layer chromatography
with Huanghai GFs4 silica-gel coated plates. Flash column
chromatography was carried out using 300-400 mesh silica
gel at increased pressure.

Preparation of chiral Ir-NHC complex 6
The preparation of the axially chiral binaphthyl dibenzimida-
zolium salt 5 has been reported in the supporting information
of a previous publication.!®

A mixture of 5 (77 mg, 0.10 mmol), [Ir(COD)Cl], (33 mg,
0.05 mmol), KO'Bu (25 mg, 0.20mmol), and KI (33 mg,
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Table 1. Crystal data and structure refinement of 6
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Table 2. Selected bond lengths (A) of complex 6

Empirical formula Cs5,HsoNy LI, Ir(1)-C(19) 1.99(4)
Formula weight 1369.16 Ir(1)-C(11) 2.059(19)
Temperature (K) 293(2) Ir(1)-C(23) 2.11(2)
Crystal system Orthorhombic Ir(1)-C(20) 2.172(2)
Lattice type Primitive Ir(1)-C(24) 2.27(2)
Unit cell dimensions Ir(1)-1(1) 2.6691(17)
a(4) 12.1406(16) 1r(2)-C(37) 1.90(2)
b (A) 19.110(3) Ir(2)-C(45) 1.99(3)
c(A) 20.312(3) Ir(2)-C(46) 2.05(2)
o (®) 90° Ir(2)-C(50) 2.14(3)
B 90° Ir(2)-C(49) 2.193(18)
y (©) 90° Ir(2)-1(2) 2.6583(19)
v (A% 4712.6(11) Ir(2)-H(39) 2.1(3)
Space group P2,2,24
Z value 4
Deac(Mg m™) 1.930 Table 3. Selected bond angles () of complex 6
F 000 2600
© range for data 1.46 to 28.33 C(19)-Ir(1)-C(11) 87.6(10)
collection (°) C(19)-1Ir(1)-C(23) 99.0(10)
Reflections 7301/5081 (Rine = 0.0361) C(11)-Ir(1)-C(23) 158.9(11)
collected /unique C(19)-Ir(1)-C(20) 36.5(10)
Completeness to 95.0% C(11)-Ir(1)-C(20) 91.4(8)
6 = 25.50°(%) C(23)-1Ir(1)-C(20) 82.5(8)
Absorption correction SADABS C(19)-1r(1)-C(24) 81.1(12)
Max. and min. 1.0000 and 0.60169 C(11)-Ir(1)-C(24) 163.9(11)
transmission C(23)-Ir(1)-C(24) 36.3(7)
Refinement method Full-matrix least-squares on F> C(20)-Ir(1)-C(24) 86.4(9)
Data/restraints/ 10831/3/547 C(19)-Ir(1)-1(1) 163.4(8)
parameters C(11)-Ir(1)-1(1) 89.0(6)
Goodness-of-fit on F? 0.635 C(23)-Ir(1)-1(1) 89.9(5)
Final R indices [[ > 20(I)] ~ R; = 0.0601, wR, = 0.1058 C(20)-Ir(1)-1(1) 160.0(9)
R indices (all data) Ry = 0.2241, wR, = 0.1354 C(24)-1Ir(1)-1(1) 98.5(8)
Largest diff. peak and 1.181 and —1.085
hole (e~ A7)
Crystallography

0.20 mmol) was stirred in THF (10 ml) under reflux for
24 h. After cooling, volatiles were removed under reduced
pressure and the residue was purified by a silica-gel flash
column chromatography (eluent: hexane/ethyl acetate, 8/1)
to give the yellow solid iridium(I) complex 6.

(5)-(—)-Diiodo-[1,1-(1,1-binaphthyl)-3,3'-dimethyldiben-
zimidazoline-2,2'-diylidene]bis-(1*-1,5-cyclooctadiene)diiri-
dium(I) (6). A crystal suitable for X-ray analysis was obtained
by recrystallization from CH,Cl,. Yield: 18 mg (26%). M.p.
>200°C, 'H NMR (300 MHz, CDCl;, TMS) § 1.45-1.50 (m,
4H, COD-CHy), 1.55-1.70 (m, 4H, COD-CH,), 1.80-2.00
(m, 8H, COD-CH,), 2.55-2.72 (m, 2H, COD-CH), 2.85-2.98
(m, 2H, COD-CH), 3.57-3.72 (m, 2H, COD-CH), 3.97 (s,
6H, CH;), 4.50-4.68 (m, 2H, COD-CH), 6.60—6.68 (m, 4H,
ArH), 6.78-6.84 (m, 2H, ArH), 6.96 (d, ] = 8.4 Hz, 2H, ArH),
7.29-7.36 (m, 2H, ArH), 7.43-7.46 (d, 2H, | = 8.1 Hz, ArH),
7.56-7.63 (m,4H, ArH), 7.92 (d,] = 9.0 Hz, 2H, ArH), 7.98 (d,
J =7.8Hz, 2H, ArH).

Copyright © 2004 John Wiley & Sons, Ltd.

A suitable crystal was mounted on the top of a glass
capillary. Crystal data and details of data collection and
structure refinement are given in Table 1. Data were collected
on a CCD area detector with graphite-monochromated Mo
Ko radiation A =0.71069 A using the w-26 technique at
20°C. A total of 3887 unique reflections were collected. The
data were corrected for Lorentz polarization effects. The
structure was solved by direct methods and expanded using
Fourier techniques. The non-hydrogen atoms were refined
anisotropically by full-matrix least squares. All hydrogen
atoms were included in calculated positions. All calculations
were performed using the SHELXS-97 crystallographic
software package. The crystal structure has been deposited
at the Cambridge Crystallographic Data Center, deposition
number CCDC 220628.
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