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1,8-Bis(imidazolin-2-yliden-1-yl)carbazolide (bimca): A New CNC
Pincer-Type Ligand with Strong Electron-Donating Properties.
Facile Oxidative Addition of Methyl lodide to Rh(bimca)(CO)*

Michael Moser, Barbara Wucher, Doris Kunz,* and Frank Rominger

Organisch-Chemisches Institut, Ruprecht-Karls-4émsitd Heidelberg, Im Neuenheimer Feld 270,
D-69120 Heidelberg, Germany
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The synthesis of a new CNC pincer-type ligand based on an N-heterocyclic carbene substituted carbazole
is presented. The resulting 3,64@-butyl-1,8-bis(3-methylimidazolin-2-yliden-1-yl)carbazolide (bimca)
is a monoanionic, meridionally coordinating tridentate ligand that was generated in situ by deprotonation
of the imidazolium salt (bimca2HI (3a) or (bimca)2HBF, (3b) and characterized by NMR spectroscopy
as the Li complex. The successful transmetalation to rhodium upon reaction with [Ri@RYielded
Rh(bimca)(CO) $). This complex shows a very small wavenumber in the IR spectrum for{@e)
band, thus indicating strong-rdonor and weakr-acceptor properties of the bimca ligand. The highly
nucleophilic character of the Rh(I) center was proven by the formal oxidative addition of methyl iodide
to Rh(bimca)(CO)?%), a reaction that proceeded more quickly than with any other Rh(l) complex reported
so far. The complex Rh(bimca)(GH(CO) (6) as well as Rh(bimca)(CO)) were characterized by
X-ray crystal structure analyses and show a strong distortion of the CO ligand from the Rh(bimca) plane.

Introduction

Since its first preparation by Shaw et &lthe pincer-type
ligand has become a valuable ligand class and their complexes
play crucial roles with respect to unusual conformations, special
reactivities, and catalytic applicatioAsAn important feature
of the pincer-type ligand is its good modifiability, mainly at
the donor atoms for electronic reasons, but also at the backbone
to achieve a certain geometry. Thus, a huge variety of pincer-
type ligands has been prepared so far: neutral and charged, with
aromatic as well as aliphatic backbones.

N-heterocyclic carbene (NHC) ligands were found to be
interesting substitutes for phosphine ligands but differ in a
strongero-donor and weaket-acceptor charactéThis quality
is especially desired for complexes and catalysts in which a
high electron density at the metal atom is advantageous. In
combination with the “pincer-idea” this concept led to the
synthesis of several kinds of NHC-containing pincer-type
ligands: neutralA* (Chart 1) and monoanioniB,* with the
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NHC moiety as lateral donor functions or as the backifone.
We were surprised that only one example of an amido-
containing bis-NHC ligand has been reported so far: the
synthesis of comple& was achieved by base-induced elimina-
tion of HCI from the respective bis-NHC-coordinated cationic
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Scheme 1. Synthesis of the bimca Ligand and Its Rh(l) Complex 5
tBu

_Cueat_ o

2 4} I: H <\Nj 2Meo3 "BF,

, :

e

E+N>\> </<N+] E>>~u~<<] [>>~Rh«<<j
saxe ‘ ;

3b (X = BF,)

amino compleX.In general, pincer-type ligands with a carbazole “free” ligand 4 was best achieved by deprotonatiorBafor 3b
backbone are quite rare: Nakada et al. reported a Cr complexin THF solution with 3 equiv of lithium diisopropylamide (LDA)
of ligand D to be suitable for the asymmetric Hiyama-aldol (Scheme 1). The quality of the reaction is not influenced by
reaction® and Gibson et al. prepared complexes of tipwith the counterion, and though KBu, KH, and methyllithium lead

a diimino—carbazole ligand.Our research is focused on the
synthesis of a monoanionic bis-NHC pincer ligand with an
amido donor function, but with a planar and rather fixed
geometry, and it occurred to us that a carbazole backbone with
substituted NHC moieties in the 1,8-positions (bimca) would
be suitable for this purpose.

Results and Discussion

Ligand Synthesis.The synthesis of the bimca ligand started
from 3,6-ditert-butyl-1,8-diiodocarbazolelf, which was coupled
in a copper-catalyzed Ullimann reaction with imidazole (Scheme
1). The best results were achieved with a procedure described
by Buchwald using (CuOT$HCsHs as catalyst precursor, dba
and 2 equiv of 1,10-phenanthroline as ligands, angCCs as
base'® The resulting bis(imidazolyl)-substituted carbazdleas ‘
treated either with methyl iodide to give the bis(imidazolium) - igure 1. Molecular structure of thes-symmetric dicationic ligand
salt3a (X = I) or with Meerwein’s salt MeO"BF,~ to give precursorda.
compound3b with tetrafluoroborate as the counterions. The
molecular structures of both ligand precursors could be resolved
by X-ray diffraction analysis. With iodide as a counterion
(Figure 1) the dicationic carbazole specie€isymmetric with
both imidazolium moieties facing each other. In the crystal
structure with B~ as counterions however (Figure 2), the
dicationic ligand precursor is asymmetric, indicating an easy
rotation of the NHC substituents. One BFcounterion shows
hydrogen bridges to the carbazole (Ng1 = 2.829 A) as well
as to one water molecule that is enclosed+Ea = 2.877 A);
the second BF counterion shows a hydrogen bridge also to
the water molecule (F501 = 2.965 A).

Lithium 3,6-Di- tert-butyl-1,8-bis(3-methylimidazolin-2-
ylidene-1-yl)carbazolide (Li(bimca), 4) Generation of the
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Figure 3. ORTEP views (top and side) of the molecular structuré.delected interatomic distances (A) and angles (deg):—-RH1=
2.028(4), RhtC1 = 2.060(6), Rh+C6 = 2.047(5), Rh+C40 = 1.814(6), C46-040 = 1.149(6); C46-Rh1-N1 = 161.0(2), C6-
Rh1-C1 = 166.68(19), 046 C40—-Rh1= 170.9(6); C14C13-C23-C24= 9.4, C22-C21-N10-C6 = —25.3, C12-C11-N5-Cl1=
7.1.

all to generation of a carbene species, the reaction with the by Gibson et alshows this band at 1980 c®? cationic Rh-
lithium base was found to give the best results. Formation of (I)—carbonyl complexes with ligands of tyge exhibit bands
the lithium carbene complekis accompanied by a strong blue  at 1982 cm® 122and 1968 cm?,'3 andtrans[RhX(CO)(NHC))]
fluorescence of the yellow solution in daylight. Compkeis complexes have bands at 1924 @m¥* (X = CI7) and 1943
highly air and moisture sensitive but is found to be stable in cm™ (X = 17).12b
solution at room temperature. However, attempts to putify From a concentrated solution &fin a mixture of dichlo-
by separation from lithium iodide or lithium tetrafluoroborate romethane and DMSO (35:1) at room temperature, we were
resulted in decomposition. Therefore, we found it best to able to get yellow crystals that were suitable for X-ray crystal
generate a solution of carbedén situ for all further reactions.  structure analysis. The molecular structure (Figure 3) shows a
In theH NMR spectrum (THFdg) formation of4 is indicated distorted-square-planar geometry around the Rh center. The
by the absence of the peak of the imidazolium proton. This is bimca ligand is slightly bent and twisted in the carbazole
confirmed by the characteristic signal for the carbene C in the backbone (C14C13-C23-C24= 9.4°), thus showing a rather
13C NMR spectrum (THFdg) at 6 206.1-a chemical shift  high flexibility of the somehow rigid-looking backbone. In
between that of a free unsaturated NHIC210-215) and that  addition, the NHC rings are not coplanar with the carbazolide
of a lithium-coordinated NHC{ 197)* backbone: one ring is tilted by C3Z11-N5—C1= 7.1° and
Synthesis and Properties of Rh(bimca)(CO) (5)For the the other even by C22C21-N10—C6 = —25.3. The rhodium
preparation of the complex Rh(bimca)(C®) & THF solution center is situated slightly above the plane of the three coordinat-
of [Rh(CO)CI], was added dropwise to an in situ generated ing bimca atomsd = 0.23 A). Most striking, however, is the
solution of4 in THF at—30 °C (Scheme 1). The product was strong distortion of the CO ligand with NIRh1-C40 =
precipitated by addition of pentane and extracted into benzene161.0(2y and a Rh+C40-040 angle of 170.9(8) which is
to remove inorganic salts. The product was isolated as an air-most likely due to the steric congestion caused by the methyl
and moisture-sensitive yellow crystalline solid in 38% vyield. substituents of the NHCs. The carbembodium distances
In the H NMR spectrum (THFdg) of 5 all proton signals of ~ (Rh1—C6 = 2.047(5) A and Rh#C1 = 2.060(6) A) and the
the bimca ligand are shifted downfield by 0:28.4 ppm distances of the carbonyl ligand (RRC40= 1.814(6) A and
compared to the signals for the complex Li(bimcd). (The C40-040= 1.149(6) A) do not show any significant deviations
13C NMR spectrum (THFdg) shows two doublets, one for the  from those found for other, “non-pincer” (NHC)Rbarbony!
carbonyl C atom at 199 ppmJdgnc = 70 Hz) and one for the ~ complexes:*15
carbene C atoms at 183 ppAdic = 47 Hz), confirming the Reactivity of Rh(bimca)(CO) (5). The strong distortion of
formation of a Rh(bimca)(CO) complex. The chemical shifts the carbonyl ligand might lead to an enhanced lability which
of the remaining bimca signals are only slightly shifted we could rule out by the following*CO exchange experiment.
(maximum 6 ppm) either up- or downfield compared to the
signals for Li(bimca) 4). In the IR (KBr) spectrum the strong (12) (a) Wilson, J. M.; Sunley, G. J.; Adams, H.; Haynes, A.
v(CO) band is observed at 1916 tinThis extremely low value ~ Organomet. Chen2005 690, 6089. (b) Martin, H. C.; James, N. H.; Aitken,

indi _ ; J.; Gaunt, J. A.; Adams, H.; Haynes, @rganometallic2003 22, 4451.
for a Rh—CO complex indicates a very stromgback-donation (13) Wright, J. A.: Danopoulos, A. A.- Motherwell, W. B.- Carroll, R.

from the metal to the carbonyl ligand caused by the strong ;. Ejwood, S.; SassmannshauserEu. J. Inorg. Chem2006 4857.
o-donor and weakr-acceptor properties of the bimca ligand. (14) Herrmann, W. A.; Fischer, J.;f@e, K., Artus, G. R. J.J.
As a comparison, the carbazole compExXChart 1) reported ~ Organomet. Chenll997 530, 259.
(15) (a) Cambridge Structural Database: Allen, FAdta Crystallogr.
2002 B58, 380. (b) Macomber, D. W.; Rogers, R. .Organomet. Chem.
(11) Arnold, P. L.; Mungur, S. A,; Blake, A. J.; Wilson, 8ngew. Chem. 1986 308 353. (c) Csar, V.; Bellemin-Laponnaz, S.; Gade, L. Hur. J.
2003 115,6163;Angew. Chem., Int. EQ2003 42, 5981. Inorg. Chem.2004 3436.
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Scheme 2. Reactivity of the Rh Complexes 5 and 6 identified by the doublet at 0.42 ppm with'drnc coupling
tBu tBu tBu tBu constant of 20.4 Hz for the new methyl group. The signal for

O O O Q the carbonyl C atom was shifted upfield by 7 ppmtd92.5,
N < Mol N and théJgrnc coupling constant of 60.4 Hz was about 10 Hz
[

N | No——_N |8 N smaller than that in complex The carbene signal was affected
[3)*?“4&] THF E?‘?RHQ by an upfield shift of 15 ppm and was now detected at 167.3
\' co / \"'BCI / ppm with &Jgrnc coupling of 35.5 Hz, which is again 10 Hz

less than in comple®%. The remaining signals of the bimca

S 8 ligand were almost constant compared to those of the Rh(l)
“Co ﬁf AT °Co ln complex5.
(3 bar) or hy (3bar) | 25 min In the IR (KBr) spectrum a clear indication for the formation

tBu tBu tBu tBu of a Rh(lll) species was the strongCO) band at 2024 cn,
O O O O a value that is almost 110 crh higher than that found for
" y complex5. For this reaction a shift of 86100 cntis typically

found for Rh(CO) complexes in the literatife.

NoO| N NN
[,?_’Th“(g] [,?_’,Rh“(g] By slow diffusion of pentane into a THF solution of complex
\ ®co / \H3%lo / 6 at —35°C we were able to get green single crystals that were

suitable for X-ray structure analysis. The molecular structure
of 6 (Figure 4) shows an octahedral arrangement of the
coordinating atoms, in which the octahedron is tilted with respect
to the carbazole plane and the Rh center is loceted0.58 A
above the carbazole plane for steric reasons (Figure 4, side
view). The CO ligand is oriented in the equatorial position-but

5* 6*

An NMR tube containing a solution 05 in THF-dg was
pressurized with 3 bar dfCO and the reaction monitored by
13C NMR spectroscopy. At room temperature no signal of

incorporated®CO could be detected. Neither irradiation of the ; . .
sample with UV light nor prolonged heating at-620 °C led as already observed in compléx-distorted from the bimca

to any detectable exchange CO to form complex5* plane and points toward the apical methyl group (ERh1—
(Scheme 2). C41=86.22). Due to steric congestion the CO ligand is tilted

(Rh1-C40-040 = 172.2(3} and C40-Rh1-N1 = 168.27-
(13)°) but is still in close contact with the NHC methyl groups
(C27-040= 3.164 A and C1#040= 3.081 A). The iodine

To investigate the nucleophilicity of Rh(bimca)(C®),(we
added a 10-fold excess of methyl iodide to a solutiorb drfi

benzeneads at room temperature. This reaction is also the rate- .
limiting step in the Monsanto procesthe carbonylation of ~ &om was found trans to the methyl group, as is expected on
methanolté the basis of a @ mechanism.

To our surprise, an immediate reaction took place Gcs Up to 100°C (THF-dg) no spectroscopic evidence was found
formed as a green precipitate. Conducting the same experimenfor @ migratory CO insertion into the RtMe bond to give the
in THF-ds also led to an instant reaction that was accompanied corresponding Rhacyl complex. Obviously the steric conges-
by a change in color from yellow to green; however, complex tion is not yet sufficient to induce a migratory insertion as
6 remained dissolved. THel NMR (THF-dg) spectrum revealed ~ reported by Haynes et al. forans-(NHC),RhI(CO)*? The CO
that compound was formed as a single isomer. The signals of ligand, however, was found to be much more labile than in
the carbazole backbone were shifted slightly upfield by about complex5. At a*3CO pressure of 3 bar carbonyl exchange took
0.1 ppm, whereas the signals of the NHC and its methy! group Place already at room temperature within 25 min, &CaNMR
were shifted downfield by the same value. The signal of the experiment showed.
rhodium bound methyl group could be identified as a doublet  Kinetic Measurements.As previous experiments by Haynes
at 0.38 ppm with &Jrny coupling constant of 3.0 Hz. In the et al’2 and Eisenberg et &l have shown, the methyl iodide
13C NMR spectrum the product could be unambiguously addition to Rh(l) and Ir(l) complexes follows second-order

Figure 4. ORTEP views (top and side) of the molecular structuré.dBelected interatomic distances (A) and angles (deg):—-RH1=
2.048(2), RA-C1 = 2.073(3), Rh+C6 = 2.072(3), RhtC41 = 2.094(5), Rh-11 = 2.8332(5), Rh+C40 = 1.859(3), C46-040 =
1.134(4); 046-C40-Rh1 = 172.2(3), C46-Rh1-N1 = 168.27(13), C6Rh1-C1 = 171.66(12), N+ Rh1-C41 = 82,64(13), C46
Rh1-C41=86.22(15), C46-Rh1—I1 = 95.97(10), N+-Rh1—-I1 = 95.36(7); C6-N10—C21-C22= —16.2, N~-C6—Rh1-C40= —24.8,
C1-N5—-C11-C12=12.7, N2-C1-Rh1-C40= 34.3.
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Figure 5.
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quickly with complex5 than with the Rh(CO) complexes
reported in the literature so f&# Further reactivity studies of
complexes5 and 6 as well as the synthesis of other bimca
complexes are the subjects of our current research.

Experimental Section

General ProceduresUnless otherwise noted, all reactions were
carried out under an atmosphere of dry argon using standard Schlenk
techniques or were performed in a nitrogen-filled glovebox. All
solvents were dried according to standard procedures and saturated
with argon prior to use. Chemicals used were obtained from
commercial suppliers and used without further purification. Lithium
diisopropylamidé® and 3,6-bistert-butylcarbazol® were synthe-
sized as reported.

1H and 13C NMR spectra were recorded using a Bruker ARX
250, DRX 300, or DRX 500 spectrometéH and 13C chemical
shifts are reported in ppm and calibrated to TMS on the basis of
the solvent as an internal standard (2.49 ppm, DMi-73 ppm,
THF-dg; 7.15 ppm, benzends). Assignments of3C NMR spectra
were made with the aid of 2D correlation spectra. All NMR spectra
were acquired at room temperature. Mass spectra were recorded
on a JEOL JMS-700 instrument with NBA (nitrobenzyl alcohol)
as matrix. Infrared spectra were recorded using a Bruker Equinox
55 FT—IR spectrometer. In situ IR studies were carried out with a
Mettler Toledo React IR 4000 spectrometer in THF under a dry
argon atmosphere. Melting points were determined with"ahBu
B 540 melting point apparatus. Elemental analyses were performed
by the Mikroanalytisches Laboratorium der Chemischen Institute
der Universita Heidelberg.

1,8-Diiodo-3,6-ditert-butylcarbazole (1). Dahean et a¥? re-
ported the synthesis of this compound; however, no analytical data
were given. The compound was synthesized according to a
procedure given by Nakada et al. for 3,6-diphenyl-substituted
species.

IH NMR (DMSO-dg): ¢ 1.37 (s, 18H, C(Ch)3), 7.81 (d,*J(HH)
3.0 Hz, 2H, H-2/7), 8.24 (*)J(HH) = 3.0 Hz, 2H, H-4/5), 9.62

nucleophilic substitution than an oxidative addition reaction. We (s, 1H, NH).23C{H} NMR (DMSO-k): o 31.7 (CCHa)s 34.5
already found qualitatively that the methyl iodide addition (C(CHs)3), 76.7 (carb-C1/8), 117.3 (carb-C4/5), 124.2 (carb-C4a/
proceeded much more quickly for complgxhan was reported
in literature for compleXe (Chart 1) (80°C, 3 h, benzene, 20
equiv of Mel)?d To quantify our findings, we performed in situ
FT-IR spectroscopic experiments. As the reaction in THF was Mp: 165-168 °C.

too fast to be monitored at room temperature, we conducted 3 6-Di-tert-butyl-1,8-bis(imidazol-1-yl)carbazole (2) A mixture
the reaction at-78 °C under pseudo-first-order conditions with

a 100-fold excess of freshly distilled methyl iodide (Figures 5

and 6).

A plot of In A (absorbance) versugreaction time) gives a
reasonable linear fiR = 0.993), and the slope provides a value
for the observed rate constdgts= 2.1 x 103 s 1 and hence,
for a proposed overall second-order reaction, a second-orderemoval of the solvent in vacuo the resulting deep brown solid was
rate constant ok; = 3.4 x 103 M~1s1

Conclusion

5a), 132.9 (carb-C2/6), 140.1 (carb-Cla/8a), 144.5 (carb-C3).
HRMS (FAB; m/z (%)): calcd for GoHoslo,N 530.9920, found
530.9915 (100); calcd for fgH20l N 515.9685, found 515.9676 (48).

of 3,6-ditert-butyl-1,8-diiodocarbazolel( 1.33 g, 2.50 mmol),
imidazole (851 mg, 12.5 mmol), cesium carbonate (1.79 g, 5.50
mmol), (CuOTfCeHs (126 mg, 25Qumol), 1,10-phenanthroline
(901 mg, 5.00 mmol), and dibenzylideneacetone (dba; 60.0 mg,
250 mmol) in 10 mL of toluene was stirred in a sealed Schlenk
tube at 120°C for 72 h to give a sluggish brown suspension. After

extracted three times with 60 mL of warm (40) water and, after
drying over ROy, extracted three times with 60 mL of pentane.
The resulting off-white solid was dissolved in 100 mL of tetrahy-
drofuran and the remaining residue removed by filtration. Evapora-

We have presented a synthetic route to a novel tridentate, tion of the solvent followed by recrystallization from toluene gave
monoanionic, meridionally coordinating pincer-type ligand that the product as a white solid in 89% yiefHH NMR (DMSO-dg):
bears two N-heterocyclic carbene moieties substituted at the 1,8-0 1.42 (s, 18H, C(Ch)s), 7.17 (s, 2H, khi-4), 7.42 (d,"J(HH) =
positions of a carbazole backbone. This 3,Gett-butyl-1,8-
bis(3-methylimidazolin-2-yliden-1-yl)carbazolide (bimca) ligand 8.34 (d,"(HH) = 3.0 Hz, 2H, Hans2/7), 10.94 (s, 1H, NH):*C-

has strong electron-donating properties. We synthesized its

Rh(1) carbonyl comple’, which had a very low IR/(CO) band
of 1916 cntl, indicating strong metalCO z-back-donation.
The strong nucleophilicity of the Rh center was demonstrated W. W.; Eisenberg, Rinorg. Chem.2006 45, 6559.
by the formal oxidative addition of methyl iodide to give
complex6, a reaction known to follow a2 mechanism. To

the best of our knowledge, this reaction clearly proceeds more

3.0 Hz, 2H, Hanr4/5), 7.71 (s, 2H, ki-5), 8.20 (s, 2H, khi-2),

(16) Maitlis, P. M.; Haynes, A.; Sunley, G. J.; Howard, MJJChem.
Soc., Dalton Trans1996 2187.
(17) Janka, M.; Atesin, A. C.; Fox, D. J.; Flaschenriem, C.; Brennessel,

(18) Schidlkopf, U. In Methoden der organischen Chemie (Houben-
Wey); Muller, E., Ed.; Thieme: Stuttgart, Germany, 1970; Vol. XIlIl/1
(Metallorganische Verbindungen), p 99.

(19) Hameurlaine, A.; Dehaen, Wetrahedron Lett2003 44, 957.



1,8-Bis(imidazolin-2-yliden-1-yl)carbazolide

{1H} NMR (DMSO-ds): ¢ 31.7 (CCH3)3, 34.6 C(CH:)3), 116.3
(carb-C2/7), 119.5 (carb-C4/5), 120.2 (imi-C5), 122.0 (carb-Cda/

5a), 125.6 (carb-Cla/8a), 128.9 (imi-C4), 132.7 (carb-C3/6), 137.0

(imi-C2), 143.2 (carb-C1/8). IR (KBr; cri): 3142 (m), 3107 (m),
2964 (s), 1597 (w), 1502 (vs), 1321 (w), 1260 (m), 1238 (m), 1074
(m), 1033 (w), 744 (w), 652 (w). Mp: 296300°C dec. MS (FAB;
m/z (%)): 412.51 [M" + H] (100), 396.47 [M" — CHg] (47). Anal.
Calcd for GeHogNs: C, 75.88; H, 7.10; N, 17.02. Found: C, 75.62;
H, 7.06; N, 16.86.
3,6-Di-tert-butyl-1,8-bis(3-methylimidazolium)carbazole Di-
iodide (bimca:2HI, 3a). A mixture of 3,6-ditert-butyl-1,8-bis-
(imidazol-1-yl)carbazole 2, 430 mg, 1.04 mmol) in 5 mL of
acetonitrile was treated with freshly distilled methyl iodide (195
uL, 3.14 mmol) under exclusion of light and stirred at room
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C4),120.1 (imi-C5), 128.3 (carb-C4a/5a), 128.4 (carb-C1/8), 135.6
(carb-C3/6), 143.7 (carb-Cla/8a), 206.%4fen)-

Rh(bimca)(CO) (5). To a solution of the in situ generated Li-
(bimca) @; 72.4 mg, 163umol) in 3 mL of THF was added a
solution of [Rh(CO)CI], (31.7 mg, 81.5umol) in 2 mL of
tetrahydrofuran at-30 °C. The solution was warmed to room
temperature over 20 min to give a reddish yellow solution of the
product (100% conversion (NMR)). Addition of 6 mL of pentane
and cooling to—35 °C gave the raw product as a yellow solid.
Filtration and extraction of the complex with benzene to remove
inorganic impurities gave a yellow powder in 38% isolated yield.
IH NMR (THF-dg): ¢ 1.55 (s, 18H, C(Ch)s), 4.20 (s, 6H, CH),
7.45 (d,3J(HH) = 3.0 Hz, 2H, Hy-4), 7.82 (d,*J(HH) = 3.0 Hz,

temperature for 48 h. After the suspension turned into a clear EH* Hearir2/7), 8.16 (d,"J(HH) 1= 3.0 Hz, 2H, Rans4/5), 8.23 (d,
solution, the solvent was removed and the remaining white residue J(HH) = 3.0 Hz, 2H, Hyi-5). *H NMR (CeDe): 6 1.55 (s, 18H,

dried in vacuo. The product was formed quantitatively (99%) and
could be used without further purification.

IH NMR (DMSO-<dg): 6 1.45 (s, 18H, C(Ch)3), 4.01 (s, 6H,
N—CHs), 7.76 (s, 2H, Har4/5), 8.07 (d, 2H3J(HH) = 3.0 Hz,
Himi-5), 8.25 (d,3J(HH) = 3.0 Hz, 2H, Hyi-4), 8.64 (s, 2H, khns
2/7), 9.81 (s, 2H, Kh-2), 11.42 (s, 1H, NH).23C{'H} NMR
(DMSO-dg): 0 31.6 (CCHa3)3), 34.9 C(CHs)s), 36.3 (N-CHy),

C(CHga)3), 3.74 (s, 6H, CH), 6.14 (d,3J(HH) = 3.0 Hz, 2H, K-

4), 7.30 (d,3J(HH) = 3.0 Hz, 2H, Hy-5), 7.63 (d,*J(HH) = 3.0

Hz, 2H, Ha2/7), 8.49 (dAJ(HH) = 3.0 Hz, 2H, Hais4/5). 13C-

{*H} NMR (THF-dg): 6 32.7 (CCHa3)3), 35.5 C(CHs)3), 40.8 (N—
CHa), 111.4 (carb-C2/7), 114.5 (carb-C4/5), 116.8 (imi-C5), 124.1
(imi-C4), 125.7 (carb-C1/8), 127.7 (carb-C4a/5a), 137.3 (carb-Cla/
8a), 139.5 (carb-C3/6), 183.0 @(RhC)= 47 Hz, Garbend, 199.1

118.9 (carb-C4a/5a), 119.5 (carb-C2/7), 121.2 (carb-C4/5), 123.4(d, YJ(RhC) = 70 Hz, CO).3C{H} NMR (C¢D¢): 6 32.5

(imi-C4), 123.9 (imi-C5), 125.3 (carb-C1/8), 132.3 (carb-Cla/8a),
137.8 (imi-C2), 143.7 (carb-C3/6). IR (KBr; cr): 3133 (s), 3059
(s), 2961 (s), 2865 (w), 1598 (m), 1575 (m), 1551 (m), 1496 (w),
1424 (w), 1365 (m), 1295 (s), 1229 (s), 1204 (w), 1141 (m), 995
(w), 879 (w), 838 (w), 740 (w), 656 (w), 614 (m). Mp: 34354
°C dec. MS (ESIm/z (%)): 568.2 [M" — 1] (46), 440.3 [M" —
2] (47), 220.8 [MF —2I]/2 (100). Anal. Calcd for gHszsNsl2: C,
48.36; H, 5.07; N, 10.07. Found: C, 48.31; H, 5.20; N, 9.67.
3,6-Di-tert-butyl-1,8-bis(3-methylimidazolium)carbazole Bis-
(tetrafluoroborate) (bimca-2HBF,, 3b). A mixture of 3,6-ditert-
butyl-1,8-bis(imidazol-1-yl)carbazole;( 842 mg, 2.05 mmol) in
20 mL of acetonitrile was treated with Meerwein’s salt geBF,;
605 mg, 4.10 mmol) and stirred at ambient temperature for 1 h.
The mixture turned into a clear pale yellow solution, and the solvent
was removed in vacuo. The remaining off-white residue was
extracted three times with 20 mL of water and dried in vacuo. The
resulting raw product was recrystallized from ethanol to give an
off-white product in 78% isolated yieldH NMR (DMSO-dg): 6
1.47 (s, 18H, C(ChH)s), 4.01 (s, 6H, N-CHg), 7.76 (s, 2H, Hans
4/5), 8.03 (d2J(HH) = 3.0 Hz, 2H, Hy-5), 8.23 (d 2J(HH) = 3.0
Hz, 2H, Hmi-4), 8.64 (s, 2H, Kh52/7), 9.70 (s, 2H, i-2), 11.45
(s, 1H, NH).13C{*H} NMR (DMSO-dg): ¢ 31.6 (CCHz3)3), 34.9
(C(CHg)3), 36.3 (N-CHjg), 119.0 (carb-C4a/5a), 119.5 (carb-C2/
7), 121.2 (carb-C4/5), 123.5 (imi-C4), 123.9 (imi-C5), 125.4 (carb-
C1/8), 132.3 (carb-Cla/8a), 137.8 (imi-C2), 143.7 (carb-C3/6). IR
(KBr; cm™1): 3316 (m), 3159 (m), 2955 (s), 1598 (m), 1580 (m),
1553 (m), 1497 (m), 1427 (w), 1365 (m), 1297 (s), 1266 (m), 1231
(s), 1084 (vs), 995 (m), 880 (w), 834 (w), 739 (w), 658 (w), 619
(w), 521 (w). Mp: 318-325°C dec. MS (ESIm/z (%)): 528.6
[M+*—BF,] (20), 441.5 [Mf — 2 BF4] (9), 440.5 [M" —2BF, — H]
(27), 220.8 [M" — 2BF4)/2 (100). Anal. Calcd for GgHzsNsB,Fs:
C, 54.66; H, 5.73; N, 11.38. Found: C, 54.44; H, 5.78; N, 11.32.
Lithium 3,6-Di- tert-butyl-1,8-bis(3-methylimidazolin-2-yliden-
1-yl)carbazolide (Li(bimca), 4). A suspension o8b (10.0 mg,
16.5u4mol) in 0.5 mL of tetrahydrofurails was treated with lithium
diisopropylamide (LDA; 5.22 mg, 49 &mol) at room temperature
and stirred for 5 min to give a pale yellow, bluish fluorescent
solution of the free bis(carbene) ligand (100% conversion (NMR)).
IH NMR (THF-dg): ¢ 1.49 (s, 18H, C(CH)s), 4.12 (s, 6H,
N—CHg), 7.16 (S, 2H, khi-4), 7.40 (d2I(HH) = 3.0 Hz, 2H, Hawr
2[7), 7.77 (s, 2H, k-5), 7.99 (d,*I(HH) = 3.0 Hz, 2H, Haw4/
5). 13C{1H} NMR (THF-dg): ¢ 32.9 (CCHz3)s), 35.3 (C(CHa)a),
38.4 (N-CHa), 111.4 (carb-C4/5), 114.2 (carb-C2/7), 119.7 (imi-

(C(CHg)3), 35.0 C(CHy)s), 40.3 (N-CHj3), 110.9 (carb-C2/7), 114.7
(carb-C4/5), 115.7 (imi-C5), 122.7 (imi-C4), 125.4 (carb-C1/8),
129.3 (carb-C4a/5a), 137.3 (carb-Cla/8a), 139.2 (carb-C3/6), 182.5
(d, J(RhC) = 45 Hz, Garend, CO signal not detected. IR (KBr;
cm1): 2963 (s), 2865 (m), 2018 (w), 1916 (s), 1473 (m), 1439
(m) 1402 (m), 1361 (m), 1301 (m), 1261 (s), 1100 (m), 1017 (m),
800 (m), 683 (w). IR (THF, cmt): 1921 ¢'co). Mp: 188-193°C

dec. MS (FAB;m/z (%)): 569.3 [Mf] (17), 541.3 [M" — CO]
(100). Anal. Calcd for gH3,NsORh: C, 61.16; H, 5.66; N, 12.30.
Found: C, 61.41; H, 5.82; N, 12.09.

Rh(bimca)(CO)Mel (6). To a solution of the Rh(l) compleXx
(16.5 mg, 28.9umol) in 5 mL of tetrahydrofuran was added an
excess of freshly distilled methyl iodide (0.20 mL, 3.2 mmol) at
—78°C. The reaction mixture was stirred for 30 min-a78 °C.
The color of the solution turned from yellow to light green.
Evaporation of all volatiles gave the product as an analytically pure
green crystalline solid in quantitative yield (99%) NMR (THF-
dg): 6 0.38 (d,2)(RhH) = 3.0 Hz, 3H, RR-CHj), 1.52 (s, 18H,
C(CHg)3), 4.31 (s, 6H, CH), 7.51 (d,3J(HH) = 3.0 Hz, 2H, Hy-

4), 7.72 (d2J(HH) = 3.0 Hz, 2H, Has2/7), 8.11 (dAJ(HH) = 3.0

Hz, 2H, Hanr4/5), 8.34 (d2J(HH) = 3.0 Hz, 2H, Hy-5). 'H NMR
(CsDe): 0 0.61 (s, 3H, RA-CHg), 1.50 (s, 18H, C(Ch)3), 3.81 (s,
6H, CHg), 6.13 (s, 2H, Khi-4), 7.22 (s, 2H, khi-5), 7.42 (s, 2H,
Hearr2/7), 8.37 (S, 2H, khr4/5). BC{*H} NMR (THF-dg): 6 0.42

(d, ¥J(RhC)= 20.4 Hz, RR-CHg), 32.4 (CCH3)3), 35.4 (C(CHz)3),
42.1 (N-CHg), 111.4 (carb-C2), 115.4 (carb-C4), 118.1 (imi-C5),
124.6 (q, carb-C1/8), 126.0 (imi-C4), 128.7 (carb-C4a/5a), 135.7
(carb-Cla/8a), 139.7 (carb-C3/6), 167.3 {d(RhC) = 35.5 Hz,
Cearbend, 192.6 (d,X2J(RhC)= 60.4 Hz, CO (obtained from ak-

CO exchange experiment (125.76 MHz)). IR (KBr; th 2963

(s), 2906 (w), 2864 (w), 2024 (s), 1594 (w), 1478 (m), 1448 (m),
1405 (m), 1363 (m), 1306 (m), 1262 (s), 1101 (vs), 1017 (vs), 800
(s), 689 (m), 468 (w). IR (THF; crmt): 2022 (co). Mp: 175—
185°C dec. MS (FAB;m/z (%)): 683.3 [M" — CO] (11), 584.3
[M* —1](29), 556.4 [M" — CO — I] (100), 541.3 [Mf — CO —

CHs — 1] (96). Anal. Calcd for GoH3sNsIORh: C, 50.65; H, 4.96;

N, 9.84. Found: C, 50.58; H, 5.14; N, 9.65.

X-ray Crystal Structure Determination. X-ray structures were
obtained with a Bruker SMART CCD diffractometer f8b and5
and with a Bruker APEX diffractometer fda and6, both with a
Mo Ka tube @ = 0.710 73 A, monochromator: highly oriented



1030 Organometallics, Vol. 26, No. 4, 2007 Moser et al.

Table 1. Crystal Data and Structure Refinement Details for 3a, 3b, 5, and®%

3a 3b 5 6
empirical formula Gg.50H36.5d 2.50N5 Co9.5H40B2FgNs01 50 Cs1H3gNsO.RhS GeHa7IN5OsRh
formula wt 766.38 662.29 647.63 827.60
temp (K) 100(2) 200(2) 200(2) 200(2)
cryst syst orthorhombic orthorhombic monoclinic _ triclinic
space group Cm; Pbcn P2,/c P1
z 4 8 4 2
unit cell dimens

a(h) 13.594(1) 14.0380(2) 12.6115(6) 7.5073(5)
b (A) 22.932(2) 10.9873(2) 22.2078(10 13.4334(9)
c(A) 9.9211(8) 43.2200(5) 11.4251(5) 19.6105(13)
o (deg) 90.0 90.0 90.0 70.286(1)
p (deg) 90.0 90.0 104.611(1) 83.572(2)
y (deg) 90.0 90.0 90.0 80.419(2)
V (A3) 3092.9(4) 6666.24(17) 3096.4(2) 1832.5(2)
calcd density (g/cd) 1.65 1.32 1.39 1.500
abs coeff (mm?) 2.56 0.11 0.65 1.349
cryst color colorless colorless yellow green
cryst shape irregular polyhedron polyhedron polyhedron
6 range for data collecn (deg) 279 0.9-225 17229 1.63-28.30
index ranges —17=<h=<17 —15=<h=<15 —13<h=<13 —10=<h=<9
—30=k=30 —11=<k=11 —24=<k=24 —17=<k=17
—13=<1=12 —46=<1<46 —12=<1=<12 —26=<1=<25
no. of rflns collected 15804 42 527 21988 19 350

no. of indep rfins R(int))

no. of obsd rflnsi(> 20(1)) 3490 3298 2479 6636
abs cor semiempirical from equivalents
max, min transmissn 0.90, 0.88 0.98, 0.97 0.97,0.83 0.92,0.70
no. of data/restraints/params 3803/1/175 4334/75/469 4265/20/380 8947/42/462
goodness of fit orrF2 1.05 1.11 0.99 0.99
final Rindices (1> 20(1))
R1 0.044 0.051 0.040 0.038
wR2 0.109 0.122 0.076 0.077
largest diff peak, hole (e/& 2.64,—2.32 0.30,-0.35 0.38-0.47 0.79-0.45

3803 (0.0491)

4334 (0.0780)

4265 (0.1036)

8947 (0.0390)

aln all cases, the refinement method was full-matrix least squard=.on

graphite) as X-ray source. Determination and refinement of the were extracted offline using Microsoft Office Excel 2003 software.

crystal structures have been carried out with the Bruker SHELXTL The decay of the/(CO) band was well fitted by an exponential

software?° curve with a correlation coefficient of 0.993 to give the value for
Crystal data and structure refinement details3ay 3b, 5, and the observed rate constants = 2.1 x 1073 s 1 and hence, for a

6 are given in Table 1. proposed overall second-order reaction, a second-order rate constant
Kinetic Experiment. For the oxidative addition reaction a 3.5 of k; =3.4x 103M-1s1,

x 107% M solution of Rh(bimca)COX) was placed in a 10 mL

reaction flask with the measurement cell and cooled-#8 °C. Acknowledgment is made to the Deutsche Forschungsge-

After the thermal equilibrium was achieved, a 100-fold excess (to meinschaft (Emmy Noether Programm, Ku 1437/2-2) and the

employ pseudo-first-order conditions) of freshly distilled, precooled Fonds der Chemischen Industrie for financial help. We thank

Mel was added (the extra volume has been considered) with aProfessor Peter Hofmann for his continuous and generous

syringe with rapid stirring. Spectra were scanned in the metal support.

carbonylv(CO) region (2206-1500 cnt?) and saved at regular

time intervals under computer control. After the kinetic run, Supporting Information Available: CIF files giving X-ray

absorbance versus time data for the approprig@®) frequencies  crystallographic data fa8a, 3b, 5, and6. This material is available

free of charge via the Internet at http://pubs.acs.org.

OM060952Z7

(20) Sheldrick, G. M. SHELXTL; Bruker Analytical X-ray Division,
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