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Reaction of 1-mesitylimidazole with 2-chlorobenzoxazole gave the 2-benzoxazolyl imidazolium salt
bzoxcarbHCI~ (1), which was converted to the silver N-heterocyclic carbene complehagxcarb)-
Cl] (2) by reaction with AgO in dichloromethane. The crystal structure analysis confirmed the monomeric
nature of complexX. The silver complexX was reacted with [Pd@ICOD)] to yield the corresponding
palladium complex [PdG({bzoxcarb)] 8), for which an X-ray diffraction study established a distorted
square planar configuration with the imidazolyl and the oxazolyl ring lying within the molecular plane.
Upon direct reaction of the imidazolium sdltwith Pd(OAc)/Nal, a bis-carbene palladium complex

[Pdlx(bzoxcarb)] (4) was obtained. The rhodium ¢

omplex [RhCl(bzoxcarb)(CG)]was prepared in

high yield in a one-step reaction df with [Rh(acac)(COJ (acac = acetylacetonate). The silver
N-heterocyclic carbene compl@was also used as carbene transfer reagent in the synthesis of the platinum
complex [PtCl(bzoxcarb)] 6), which was found to be an active catalyst for the hydrosilylation of alkenes

and alkynes.

Introduction

Ligand design for functional molecules is based on the
exploitation of the specific binding properties of the ligating
units to the metal centers and the targeting of a particular, well-
defined molecular shape. It relies on the combination of the
steric and electronic properties of the molecular building blocks
of which a polydentate ligand system is composed. This
“additive” approach is frequently employed in the development
of novel molecular catalysts.

N-Heterocyclic carbenes have emerged as a new family of
ancillary ligands for the development of homogeneous catalysts.
They are strongo-donors and in many respects resemble
phosphorus donor ligands rather than classical Fischer or
Schrock type carbenésTheir bonding to many of the late
transition metals has proved to be kinetically inert, thus
rendering them “anchors” for the attachment of polyfunctional
ligands to such metals.

/_\ pr—
_N_ _N_P© R
A AN~ Ar/NvN\«O
N é Y
R N
R
A B

Figure 1. Comparison of the related bidentate C,N-chelating
ligands. Left: oxazolinyl-carbend\j. Right: benzoxazole-carbene

(B).

potential* Robust catalysts for €C coupling reactions have
been developed following this strategyhile the combination
of the carbene fragment with a chiral donor function has led to
efficient enantioselective catalysts. These have been successfully
applied in catalytic alkylation$,hydrogenationg, hydrosilyl-
ations® or olefin metathesis reactiofis.

We recently reported the synthesis of oxazolinyl-carbene
ligands of typeA (Figure 1), which are readily obtained by the
direct coupling between the two heterocycles. This modular

Metal complexes bearing these ligands have been employedapproach, which assembles both the “anchor” and the stereo-

as catalysts in a wide variety of chemical transformatfohs.
Among the systems developed to date, ligands that combine
the strongly coordinating anchor N-heterocyclic carbene function
with a more labile ligating unit, which modulates the electronic
properties of the metal center or imposes a particular stereo-
chemical environment in the ligand sphere, have considerable
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Scheme 1. Synthesis of the Oxazolyl-Imidazolium Salt 1
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directing units in a single reaction step, was found to be an high-resolution FAB mass spectrum of the solutior2ah ace-
efficient strategy in the development of novel (chiral) cata- tonitrile displayed a molecular ion peak at 714.8 amu, which

lysts810

corresponds to the silver bis(carbene) monocation. This suggests

In this paper we report the synthesis of a new type of bidentate that a conversion of [Ag(bzoxcarb)Cl] to [Ag(bzoxcaid)oc-

nitrogen donor-carbene ligaril, which is closely related to
oxazolinyl carbene ligands. In it the chiral, but relatively labile

curs under the sampling conditions since no such redistribution
was observed in the NMR spectra recorded in solution at low

oxazoline ring of the latter is replaced by the achiral and robust temperature. The formation of the chloro(carbene) complex was
benzoxazol unit. We report on the coordination chemistry of established by the observation of a signabat87.3 ppm in

the oxazolyl carbene ligarl with silver, palladium, rhodium, the13C NMR spectrum, which was assigned to the 2C-imidazol-
and platinum, the latter having been employed as a catalyst in2-ylidene carbon nucleus and by the absence of the resonance
the hydrosilylation of alkynes and alkenes. for the 2H-imidazolium proton in théH NMR spectra. The
details of the molecular structure of the silver carbene complex
2 in the solid state were established by an X-ray diffraction

Synthesis of the Ligand Precursor and its Coordination study. The molecular structure of compl2xs represented in
to Silver(l) and Palladium(ll). The synthesis of the imidazo-  Figure 2 along with the principal bond lengths and interbond
lium salt precursor of the new bidentate ligand was carried out angles.
by direct coupling of the oxazole unit and the imidazole. Adding
1-mesitylimidazole to a solution of the commercially available
2-chlorobenzoxazole in toluene under nitrogen and stirring at
110°C overnight led to the precipitation of the 2-benzoxazolyl
imidazolium saltbzoxcarbHCIl~ (1) (Scheme 1), which was
isolated as a white solid in 85% vyield.

For the coordination ofl as an N-heterocyclic carbene to
palladium, we followed the strategy based on the ligand transfer
with the aid of a silver N-heterocyclic carbene compléstir-
ring the imidazolium salbzoxcarbHCI~ (1) with AgzO in
dichloromethane at room temperature 3ch afforded the silver
N-heterocyclic complex [Agbzoxcarb)Cl],2 (Scheme 2), the

Results and Discussion

Figure 2. Molecular structure of. Selected bond lengths (A) and
angles (deg): AgC(1), 2.104(4); Ag-Cl, 2.354(2); C(1)}N(2),
1.351(4); C(1XN(3), 1.346(4); Ag-N(1), 2.97; C(1}>Ag—Cl,
168.5(1); C(1)N(3)—C(11)}-C(12), 95.7(4); C(LrN(2)—C(4)—
N(1), 2.4(6).

Scheme 2. Synthesis of the Silver Complex 2 and Palladium
Complexes 3 and 4
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cl nature of comple®. The coordination around the metal is quasi-

1 2 linear with a C(1>Ag—Cl bond angle of 168.5(1) The Ag—
Pd(OAC) C(1) bond length of 2.104(4) A is comparable to previously
Nal - PACI,(COD) characterized examples of linear Ag(l)-NHC comple¥&Ehe

mesityl ring is oriented almost orthogonally to the imidazolyl
ring [dihedral angle C(£yN(3)—C(11)-C(12) 95.7], while the
oxazole unit is arranged with the N atom pointing toward the
metal center. The Ag-bonded imidazolyl ring and the adjacent
oxazole ring are slightly twisted with respect to each other, the
dihedral angle C(})N(2)—C(4)—N(1) being 2.4. The Ag—
N(1) distance of 2.97 A does not indicate a significant interaction
of the benzoxazole with the silver atom.

The silver complexX was reacted with [PdgCOD)] to yield
the corresponding chelating oxazole-carbene-palladium(Il) com-
plex [PdCh(bzoxcarb)] 8) in ca. 40% yield (Scheme 2). The
use of other palladium precursors (such as [(PheNEb]) did
not improve the yield of the transmetalation reaction. THe
and3C NMR spectra of3 are consistent with its formulation
as a mononuclear complex. The molecular structure of the
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formulation of which was confirmed by elemental analysis. A
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ci2) 7 cl(1)
Figure 3. Molecular structure 08. Selected bond lengths (A) and
angles (deg): PdC(1), 1.997(8); PetN(1), 2.073(6); Pe-CI(1),
2.328(2); Pa-Cl(2), 2.262(2); C(1)Pd-N(1), 80.6(3); CI(XyPd—
CI((Z),)91.4(2§8); C(1yXN(2)—C(4)—N(1), 0(2); C(1)y N(3)—C(11)
C(12), 74(1).

complex in the solid state was determined by X-ray diffraction
and is depicted in Figure 3 along with the principal bond lengths
and angles.

In complex 3, the geometry around the metal is distorted
square planar, with the imidazolyl and the oxazolinyl ring lying
in the molecular plane. The mesityl ring plane is twisted out of
the plane of the central molecular unit [CENI(3) C(11)-C(12)
74°], while the two heterocycles of the bidentate ligand are
coplanar [C(1}N(2)—C(4)—N(1) 0°]. The strongtransinflu-
ence of the N-heterocyclic carbene ligand is reflected in the
lengthening of the PdCl bond intrans disposition to the car-
bene ligand compared to the P@I distancdransto the oxazo-
line-N donor atom [2.328(2) vs 2.262(2) A]. This is consistent
with previous structural studies on related comple%é&2

In contrast to the reactive behavior of the previously reported
oxazolinyl imidazolium salts of typé\, we found that it is  rjgure 4. Molecular structure o#. Selected bond lengths (A) and
possible to carry out the complexation of the oxazole imida- angles (deg): PdC(1), 2.016(5); Pel(1), 2.618(1); I(1Pd-
zolium protioligandB by the direct synthetic route used in the (1), 172.8(1); C(1}-Pd-C(1), 178.1(2); C(1yPd-I(1), 90.1(2);
preparation of many NHC-Pd complexes. However, in the case C(1)—N(3)—C(11)-C(18), 104.4(6); C(1}N(2)—C(4)-N(1),
at hand, the reaction product proved to be different from the :
one obtained via the silver carbene method. Reaction of  scheme 3. Synthesis of the Neutral Four-Coordinate

imidazolium saltl with Pd(OAc) in THF at room temperature Complex [RhCl(ligand)(CO)], 5

in the presence of sodium iodide led to the stable palladium o
bis-carbene complex [Pgbzoxcarb)] (4) in moderate yield Y _<\O Rh(acac)(CO), N/ N D
(35%) as the only identifiable reaction product. The molecular N7® 'y - = oo N
structure of complexX was established by X-ray diffraction and ﬁ c THF, 30 min R

is depicted in Figures 4a and 4b along with a listing of the 1 oc c

principal bond lengths and angles. s

hAS 'ﬁ a:jpparent In lthe moliculardstructure ;hown |r\1NF_|E_ure 4. strates# For both complexes, standardized reaction conditions
the palladium complex was formed as thensisomer. Within concerning solvent and the choice of the base were applied

the square planar coordination geometry the two iodine ligands (dioxane, CsCO, 80°C)1%15The coupling of 4-bromoaceto-
are tilted away from the sterically demanding mesityl rings (I phenone or 4-methoxybromobenzene with phenylboronic acid
Pd-I angle of 172.8). In the crystal, the molecule adopts a 35 found to proceed in good yield with a catalyst loading of

c_onformation in which the two _oxazole rings i_” th@ns 0.2 mol % of3 (87 and 90% isolated yield, respectively, after
disposed oxazole-carbene units lie on the same side with respeck h). However, under the same conditions, complasid not

to the coordinati_on plane_. Unlike compouﬁ;_dh_e oxazole units exhibit any activity. We also failed in the coupling of chloro-
are arranged with th? hitrogen atoms pointing away from the arenes even with a higher catalyst loading3oBince the pal-
metal center. Due to mterhgand repulsion petween thg mesityl |5 dium oxazole-carbene compl&appeared to be less efficient
units and the benzoxazol rings, the NHC rings are twisted, the a1, the previously studied palladium oxazoline-carbene com-

dihedral angle between the two Pd-linked diaminocarbene lex bearing liaand tvpé . this investigation was not carried
subunits being 4071 The palladium-carbene bond length was gny further%%ag ype, g

found to be 2.016(5) A and is consistent with related structtres. Synthesis and Structural Characterization of the Rhod-

As for the reactive potential of the two NHC-paIIa_di_un"l_ COM- jum(l) Complex [RhCI(bzoxcarb)(CO)] (5). A rhodium car-
plexes3 and4, we tested both compounds for activity in the o0 derivative of the oxazole-carbene [RhCl(bzoxcarb)(CO)]
Suzuki cross-coupling reaction, using a set of standard SUb'(5) was prepared by direct reaction of the imidazolium precursor

(13) (a) Bildstein, B.; Malaun, M.; Kopacka, H.; Ongania, K. H.; Wurst 1 with [Rh(acac)((?Oj] in THF at room temperature (Scheme
K. J. Organomet. Cheni99g 552 45. (b) Xu, L.: Chen, W.: Bick{e% 5. 3). The synthesis is based on the protonation of the acetylace-
F.; Steiner, A.; Xiao, JJ. Organomet. Chen200Q 598 409. (c) Glas, H.;

Herdtweck, E.; Spiegler, M.; Pleier, A. K.; Thiel, W. R. Organomet. (14) Heck, R. FPalladium Reagents in Organic Synthe#A€ademic
Chem2001, 626 100. (d) Glorius, F.; Altenhoff, G.; Goddard, R.; Lehmann, Press: New York, 1985.
C. Chem. Commun2002 22, 2704. (e) Pytkowicz, J.; Roland, S,; (15) Grasa, G. A.; Viciu, M. S.; Huang, J.; Zhang, C.; Trudell, M. L,;

Mangeney, P.; Meyer, G.; Jutand, A.Organomet. Chen2003 678, 166. Nolan, S. P.Organometallic2002 21, 2866.
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Figure 5. Molecular structure 05. Selected bond lengths (A) and
angles (deg): Rh(HCI(1), 2.370(2); Rh(1}C(20), 1.811(4);
Rh(1)-N(1), 2.113(3); Rh(1}C(1), 1.957(4); C(yRh(1)-N(1),

L?S’(Zgéli(lfN(S)_C(llyc(lz)' 84.005); C(IYNE)=C(4)~ C(11)-C(12), 74.4(6); C(LyN(2)—C(4)—N(1), 0.3(6).

Figure 6. Molecular structure 06. Selected bond lengths (A) and
angles (deg): PtCI(1), 2.361(2); PtCI(2), 2.294(1); PtC(1),
1.979(4); P£N(1), 2.056(3); C(1)Pt—N(1), 80.8(2); C(1}N(3)—

Scheme 5. Synthesis of the Platinum Complex 6 via

Scheme 4. Hydrosilylation of Acetophenone (top) or . .
y yiat b (top) Transmetalation with Ag,0O

Phenylacetylene (bottom) Catalyzed by Rhodium Complex 5

0 o

1) cat. 5 (1 mol%) OH =N 1) Agz0, CH,Cly %

R.T.,24h N~/ N N

* PhySiHp — ® 5 W
2) hydrolysis cl 2) PtCIx(COD) /pt\

70 % yield 1 a o

6

o]
= % SIEt :
©/+Et33i_,_| cat. 8 (1 mal) P ’, 7 SiEt + SiEts observed (Scheme 4). Tife(E)-isomer, thes-(2)-isomer, and
100 °C, 24 h I/ Ph Ph/& the o-isomer were isolated in a ratio of 50/20/30.
conv. > 95% 50 - 20 .3 Synthesis and Structural Characterization of the Platinum
Complex [PtCly(bzoxcarb)], 6. The silver compleX was also
tonate by the imidazolium precursor and on trapping the found to be an efficient starting material for the synthesis of
resulting carbene by coordination to the metal. The detection Platinum(il) complexes. Reaction of the imidazolium saftith
of a signal atd 186.9 ppm in thé3C NMR spectrum, with a  Ag20 in situ prior to the addition of a solution of [PtQCOD)]
characteristic coupling constalRh—C) of 59 Hz, established !0 the reaction mixture yielded the corresponding benzoxazole-
the formation of the carbene complex, while the-o) band of carbene-platinum complex [Pt{ibzoxcarb)] €) in good yield
the carbonyl ligand was observed in the IR spectrum at 1976 (Scheme 5).
cm L Suitable crystals ob for an X-ray diffraction study were
The single-crystal X-ray diffraction study of compousd obtained from dichloromethane/hexanes. The molecular structure
confirmed the square planar coordination geometry (Figure 5). of 6, which is very similar to that of the Pd analogGeis
The carbonyl ligand is disposedans to the oxazoline unit, ~ depicted in Figure 6 along with the principal bond lengths and
whereas the chloride is coordinatednsto the carbene. This ~ angles. The imidazole and benzoxazole rings are almost
arrangement is similar to that found in the previously reported coplanar, whereas the mesityl ring slightly deviates from the
bromo(1-(4,4-dimethyloxazolyl)-3-mesitylimidazol-2-ylidene)-  orthogonal position to the imidazol ring (dihedral angle: €(1)
(carbonyl)rhodium(l) complex bearing ligand tygel® The N(3)—C(11)-C(12) of 74.4). As in the palladium compleg,
rhodium carbene distance [RhAE(1) = 1.957(4) A] and the the strongransinfluence of the N-heterocyclic carbene ligand
rhodium nitrogen distance [Rh@EN(1) = 2.113(3) A] lie within induces an increase in the-R&l bond length irtransdisposition
the expected range. to the carbene ligand compared to the chloro ligénaahs to
To test the catalytic activity of compourfidwe investigated ~ the oxazoline-N donor atom [2.361(2) vs 2.294(1) A]. The
the hydrosilylation of acetophenone with diphenylsilane (Scheme platinum carbene distance of-RE(1) = 1.979(4) A is within
4). The reaction was carried out at room temperature with 1.0 the expected rangé.
mol % of 5. After 24 h and after hydrolysis, the corresponding Catalytic Hydrosilylation of Alkenes and Alkynes with the
secondary alcohol was isolated with 70% vyield. Platinum Complex [PtCly(bzoxcarb)], 6. The hydrosilylation
Since vinylsilanes are important intermediates in organic of C—C multiple bonds with platinum as catalyst is an important
synthesi&’ and can be prepared by addition of silanes to alkynes, reaction for the production of intermediates for silicon-based
we also tested for activity in this transformation. One major  polymers. Classical systems such as the Kar&edthe Speier
point of interest in this reaction is the regioselectivity, since catalystd! display very high activity for that reaction, however,
hydrosilylation of monosubstituted or unsymmetrically substi- with a fairly rapid formation of inactive colloidal platinum. The
tuted alkynes may give mixtures of isomeric products. For development of new hydrosilylation catalysts is thus of interest,
terminal alkynes in particular, three vinylsilane derivatives may and several other active catalysts have been repdttedry
be obtained as reaction produéts. recently, platinum complexes that contain N-heterocyclic car-
The hydrosilylation of phenylacetylene with 1 equiv of bene ligands have been applied for the hydrosilylation of
triethylsilane was carried out at 10C, using 1.0 mol % of alkenes; high efficiency along with an uncommon selectivity
catalyst5 and toluene as solvent. After 24 h, the complete was observed for these systeffs.
catalytic transformation of the alkyne into the vinylsilanes was

(19) The products were unambiguously determined on the basis of the
(16) Cesar, V.; Bellemin-Laponnaz, S.; Gade, L. Eur. J. Inorg. Chem. coupling constants ofH NMR spectra and GC-MS.

2004 3436. (20) Karstedt, B. D. US Patent 226928, 1972.
(17) Langkopf, E.; Shinzer, DChem. Re. 1995 95, 1375. (21) Speier, J. L.; Webster, J. A.; Barnes, GJHAmM. Chem. So&957,
(18) Reichl, J. A.; Berry, D. HAdv. Organomet. Chenil998 43, 197. 79, 974.
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Scheme 6. Hydrosilylation of Phenylacetylene Catalyzed by

6
og
conv. > 95%

R3Si-H = Et3SiH, (Me3SiO),MeSiH

SiR,

- SiR3
+ ©A
3 : 2

Scheme 7. Hydrosilylation of Styrene with Triethylsilane
Catalyzed by 6, along with Observed Byproducts

SiEts
™
©A + EtsSiH

cat. 6 (1 mol%)

+ RgSFH ——

100°C,6h

SiEts
e
- SiEt3 @/\
.U,

cat. 6 (1 mol%)

100°C,6h

Time Yield selectivity

(h) (%) al/bl/cl/d
2 25 89/2/4/5
10 62 88/2/4/6
20 70 85/2/5/8

While platinum(0) species are thought to be the active

Poyatos et al.

al., its selectivity in the hydrosilane additioa ¥s b) is within
the same rang®.

In another application d, the hydrosilylation of styrene and
1-octene with 1,1,1,3,5,5,5-heptamethyltrisiloxane was tested
(Scheme 8). The conversion of styrene into silylethylbenzene
(a+ b) was complete in the presence of 1% of catalyst precursor
6 within 20 h (entry 1), whereas using 0.1 mol % of catalyst
required 48 h reaction time in order to obtain high conversion.
The ratio between the 1-silylethylbenzeaand 2-silylethyl-
benzend is high (ca. 9:1) under both conditions. Conversely,
we noted in both cases that some dehydrogenative silylation,
leading to the vinylsilane derivative, took place under the
reaction conditions applied. Reaction with 1-octene as substrate
gave 90% conversion after 13 h (entry 3), and the selectivity
for 1-silyloctane is excellent, with only traces of 2-silyloctane
and no dehydrogenative product being observed. Running the
reaction with 0.1 mol % of catalyst gave 75% conversion after
13 h and identical selectivity (entry 4). However, the activity
of catalyst6 is considerably lower than that reported recently
for the platinum(0)-carbene complexes studied by Magko

a|_20,26
Conclusions

In summary, we have shown that the 2-benzoxazolyl imida-
zolium saltl is a readily accessible precursor for a new chelating

catalysts and zerovalent Pt complexes are thus used as catalysts—N ligand system. Its coordination capabilities and its

for hydrosilylation, platinum(ll) derivatives may also be em-
ployed with success as precursors to such spétit'e therefore
investigated the activity of the platinum(ll) compléxin the
hydrosilylation of various substrates.

The hydrosilylation of phenylacetylene with 1 equiv of

triethylsilane or 1,1,1,3,5,5,5-heptamethyltrisiloxane was tested

at 100°C, using 1.0 mol % of cataly$tand toluene as solvent.
After an induction period of ca. 1 h, the catalytic transformation
of the alkyne to the vinylsilanes commenced, giving full
conversion withi 6 h (Scheme 6). Unlike for the reaction carried
out with the rhodium catalysb, the 5-(E)-isomer and the
a-isomer were the only two reaction products, which were
formed in a ratio of 60 to 40, respectivel.

Hydrosilylation of alkenes is often accompanied by side-
reactions such as isomerization or dehydrogenative silylation.
For example, the hydrosilylation of styrene with triethylsilane
generally yields a mixture of products-d (Scheme 7). We
carried out this reaction in toluene at 18D and in the presence
of 1 mol % of6, and product was detected as the major isomer.
After 20 h, a 70% conversion to silylated products was obtained,
with the linear product being formed with 85% selectivity.
While the activity of this system is thus lower than that of the
platinum(0)-NHC complexes recently reported by Elsevier et

structural chemistry have been established in the synthesis of
silver(l), palladium(ll), rhodium(l), and platinum(ll) complexes.
First results in the platinum-catalyzed hydrosilylation of alkynes
and alkenes indicate the potential of this new ancillary ligand
in molecular catalysis.

Experimental Section

All manipulations were carried out under an inert gas atmosphere
of dry nitrogen using standard Schlenk techniques. Solvents were
purified and dried by standard methods. 1-MesitylimidaZole,
[PACL(COD)],28 and [PtCHCOD)J?® were synthesized according
to literature procedures. All other reagents were commercially
available and used as receivéti and 1°3C NMR spectra were
recorded on a Bruker Avance 300 spectrometer at 300 and 75 MHz
and were referenced using the residual proton solehtdr solvent
(13C) resonance. Infrared spectra were recorded on a Perkin-Elmer
1600 FT-IR spectrometer. Mass spectra and elemental analyses were
recorded by the analytical service of the Heidelberg Chemistry
Department.

1-(Benzoxazol-2-yl)-3-mesitylimidazolium Chloride (1)1-Me-
sitylimidazole (1.0 g, 5.4 mmol) was added to a solution of
2-chlorobenzoxazole (0.69 mL, 6.2 mmol) in toluene, and the
mixture was heated at reflux overnight. During the course of the

Scheme 8. Hydrosilylation of Styrene or 1-Octene with Heptamethyltrisiloxane Catalyzed by 6

OSiMe
Me Me Me. _ ~oViEs
cat. 6 . _0OSi Si-OSiMe3
R 4 Me,SiO-Si-0SiMes ASi g
| R iMe3 R
H toluene, 100°C
a b
Entry R Cat. (%) Time(h) Conv. (%) Yield ofa (%) Yield of b (%)
1 Ph 1 20 100 86 6
2 Ph 0.1 48 95 78 12
3 CeHy3 1 13 90 89 <1
4 CeHiz 0.1 13 75 74 <1

* Silane/alkene ratio 1.0, toluene, 100°C. Yield and selectivity were measured by 'H NMR and GC using internal

standard.

a Silane/alkene ratio 1.0, toluene, 100. Yield and selectivity were measured Y NMR and GC using internal standard.
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reaction, a white precipitate formed and the product was isolated was not observed. Anal. Calc for;§;,ClL,PdN;O (480.68): C,

by filtration. The solid was washed twice with B (10 mL) and
dried in vacuo, giving the desired imidazolium shltl.55 g, 85%
yield). 'H NMR (CD.Cl,): 6 12.21 (s, 1H, NEIN), 8.47 (pseudo-
t, 3Jy-n = 1.8 Hz, 1H, CHlyg), 7.88-7.85 (m, 2H, CHly), 7.67
(pseudo-t3Jy—y = 1.8 Hz, 1H, Chhyg), 7.79-7.83 (m, 2H, CH),
7.15 (s, 2H, Chheg, 2.43 (s, 3H, CHpard, 2.26 (s, 6H, CH oring-
B3C{*H} NMR (CD.Cl,): 6 150.0 (NCO), 148.9 (Evenzoy, 141.9
(Cq benzoy: 139.6 (Gned, 139.4 (NC), 134.2 (Gied, 130.3 (Gred),
129.9 (Chyed, 127.2 (CHy), 126.3 (Chby), 125.5 (CHiig), 120.7
(CHpr), 120.3 (Chinig), 111.8 (Chb), 20.9 (CH pard, 17.7 (CH orng-
Anal. Calc for GgH1sCIN3O (339.82): C, 67.15; H, 5.34; N, 12.37.
Found: C, 66.98; H, 5.37; N, 12.46. MS(FABYz (%): 304.1
(100) [M]*. FT-IR (KBr): 1636 cnt® (v(c=n))-
(1-(Benzoxazolin-2-yl)-3-mesitylimidazol-2-ylidene)silver(l)
Chloride (2). A suspension of 1-(benzoxazol-2-yl)-3-mesitylimi-
dazolium chloride 1) (50 mg, 0.147 mmol) and A® (24 mg,

47.47; H, 3.56; N, 8.74. Found: C, 46.95; H, 3.47; N, 8.58. FT-IR
(KBr): 1630 cnt? (s, v(c=n))-
Bis(1-(benzoxazolin-2-yl)-3-mesitylimidazol-2-ylidene)diiodopal-
ladium(ll) (4). Solid [Pd(OAc})]s (50 mg, 0.074 mmol) was added
to a solution of 1-(benzoxazol-2-yl)-3-mesitylimidazolium chloride
(1) (76 mg, 0.222 mmol, 3 equiv) in THF, giving an orange
suspension, which immediately turned dark after adding an excess
of Nal (415 mg, 2.5 mmol). The suspension was stirred at room
temperature for 2 h, and the solvent was removed in vacuo, leaving
a dark oily material as residue. The substance was redissolved in
dichloromethane, filtered, and then purified by column chroma-
tography on silica. Elution with dichloromethane afforded the
desired compound as an orange solid (25 mg, 35% yield). X-ray
quality crystals were obtained by slow diffusion of hexanes into a
solution of4 in dichloromethanelH NMR (CDCl): ¢ 8.05 (d,
3Ju-n = 2.1 Hz, 1H, CHhig), 7.72 (d,2Ju—n = 7.5 Hz, 1H, Chhy),

0.103 mmol) in dichloromethane was stirred at room temperature 7 59 (d,3J,_ = 7.5 Hz, 1H, Chby), 7.36 (td,3)4_n = 7.6 Hz,

under exclusion of light. Afte3 h of reaction, a colorless and

4JH7H = 1.2 Hz, 1H, CH>h), 7.26 (td,3JH7H =76 HZ,4\]H7H =1.2

transparent solution was obtained. The mixture was filtered through iz 14, CHyy), 6.92 (s, 2H, CHed, 6.91 (d,3J4-y = 2.1 Hz,

Celite in order to remove unreacted Agand other insoluble solids,

CHimig), 2.47 (s, 3H, CHl pard, 2.03 (s, 6H, CHl gring- *3C{*H} NMR

and the solvent was evaporated in vacuo. The residue was washedcpcly): ¢ 154.3 (N=CO), 149.6 (G benzoy, 140.6 (Gred, 138.6
twice with EtO and dried in vacuo to yield the desired compound (Cq benzo), 135.7 (Gred, 135.5 (Gred, 129.7 (Chhed, 129.1 (Chiia),

as a white, light-sensitive solid. Suitable crystals for X-ray
diffraction study were obtained by slow diffusion of,Etinto a
dichloromethane solution of the compoudd. NMR (CDCl): ¢
8.17 (d,3Ju-n = 2.0 Hz, 1H, Chig), 7.80 (m, 1H, CHy), 7.71
(m, 1H, CHby), 7.49 (m, 2H, CHly), 7.27 (d,33y_p = 2.0 Hz, 1H,
CHimig), 7.11 (s, 2H, CRed, 2.64 (s, 3H, CHpag, 2.11 (s, 6H,
CHs ontng- 3C{*H} NMR (CDClg): 6 187.3 (NC), 153.1 (N=CO),
149.5 (G benzoy)s 140.4 (Greg, 139.9 (G benzo), 135.1 (Greg, 134.5
(Cme9, 129.6 (Chhed, 125.9 (CHby), 125.8 (CHby), 124.3 (CHhig),
120.2 (Chbry), 120.1 (Chbr), 111.0 (Chhnig), 21.2 (CH pard, 17.9
(CH3 orthg)- Anal. Calc for GogH;7AgCIN3O (446.679): C, 51.09;
H, 3.84; N, 9.41. Found: C, 51.27; H, 4.01; N, 9.35. MS(FAB)
m/z (%): 304.0 (60) [L], 409.8 (90) [LAg]", 714.8 (94) [LAg] .
FT-IR (KBr): 1626 cnm? (vc=n)).
Dichloro(1-(benzoxazolin-2-yl)-3-mesitylimidazol-2-ylidene)-
palladium(ll) (3). [PdCkL(1,5-COD)] (90 mg, 0.31 mmol) was
added to a solution o2 (143 mg, 0.32 mmol) in CkCl, with
exclusion of light. The mixture became cloudy immediately. After
one night at room temperature, the solution was filtered through

Celite. The solvents were removed in vacuo, and the residue was

recrystallized from ChCl,/hexanes to yiel® (52 mg, 35%) as a
yellow solid.*H NMR (CDCl): 6 8.45 (dd2Jy—n = 7.0 Hz,*04—4
= 2.3 Hz, 1H, CHy), 7.65 (m, 2H, Chkig, CHpp), 7.45-7.36 (m,
2H, CHpp), 6.96 (M, 3H; 2H Cles 1H CHmig), 2.37 (s, 3H,
CH3 pard, 2.30 (s, 6H, CHorng. 3C{*H} NMR (DMSO-dg): 6
153.2 (N=CO), 149.6 (G venzo), 140.2 (Gred, 139.9 (G benzo),
134.8 (Guey, 134.4 (Gre, 129.4 (Chhed, 127.3 (Chby), 126.5
(CHpp), 126.1 (CHby), 123.6 (Chbyy), 120.4 (Chhnig), 111.8 (CHinia),
21.0 (CH; parg, 18.8 (CH oring, the carbené3C NMR resonance

(22) See for example: (a) Steffanut, P.; Osborn, J. A.; De Cian, A.; Fisher,
J. Chem. Eur. J1998 4, 2008. (b) Jagadeesh, M. N.; Thiel, W.; Ker,
J.; Fehn, AOrganometallic002 21, 2076. (c) Sprengers, J. W.; de Greef,
M.; Duin, M. A.; Elsevier, C. JEur. J. Inorg. Chem2003 3811. (d)
Sprengers, J. W.; Agerbeek, M. J.; Elsevier, C. J.; Kooijman, H.; Spek, A.
L. Organometallic2004 23, 3117.

(23) Markqg 1. E.; Stein, S.; Buisine, O.; Mignani, G.; Branlard, P.;
Tinant, B.; Declercq, J. FScience2002 298 204.

(24) Roy, K.; Taylor, R. BJ. Am. Chem. So2002 124, 9510.

(25) Sprengers, J. W.; Mars, M. J.; Duin, M. A.; Cavell, K. J.; Elsevier,
C. J.J. Organomet. Chen2003 679, 149.

(26) (a) Markaq I. E.; Stein, S.; Buisine, O.; Berthon, G.; Michaud, G.;
Tinant, B.; Declercq, J. FAdv. Synth. Catal2004 346, 1429. (b) Buisine,
0.; Berthon-Gelloz, G.; Brie, J. F.; Sten, S.; Mignani, G.; Branlard, P.;
Tinant, B.; Declercq, J. P.; Mafkd. E. Chem. Commur2005 3856.

(27) Arduengo, A. J., lll; Gentry, F. P., Jr.; Taverkere, P. K.; Simmons,
H. E., lll. US Patent 6,177,575 (January 2001).

(28) Drew, D.; Doyle, J. RInorg. Synth.199Q 28, 348.

125.2 (CHy), 125.1 (CHy), 121.5 (CHy), 120.3 (CHy), 112.3
(CHimig), 21.2 (CH pard, 17.9 (CH orhg, the carbené3C NMR
resonance was not observed. MS(FABY (%): 301.9 (53) [L],
425.9 (68) [LPd(HO)]*, 728.8 (18) [LL.Pd(H.O)]*, 837.3 (8) [L-
Pd|]Jr Anal. Calc for Q3H36|2N603Pd (98496) C, 46.34; H, 3.68;
N, 8.53. Found: C, 46.24; H, 3.78; N, 7.96. FT-IR (KBr): 1617
cm! (V((;:N)).
Chlorocarbonyl(1-(benzoxazolin-2-yl)-3-mesitylimidazol-2-
ylidene)rhodium(l) (5). Solid Rh(acac)(CQ)(50 mg, 0.194 mmol)
and 1-(benzoxazol-2-yl)-3-mesitylimidazolium chloride (65.9 mg,
0.194 mmol) were weighed in a Schlenk tube in a glovebox. THF
(10 mL) was then added, and the color of the solution immediately
turned yellow. After stirring fol h atroom temperature, the solvent
was removed in vacuo, and the crude product was twice washed
with Et,0, giving the rhodium complex as a yellow solid (77 mg,
85% vyield). Crystallization from CkCl,/Et,O gave suitable crystals
for X-ray diffraction studies'H NMR (CDCly): 6 8.65 (d,2Jy—n
= 7.5 Hz, 1H, Chp), 7.64 (d,3J4_n = 2.1 Hz, 1H, CHni), 7.57
(d,334-p = 7.9 Hz, 1H, Chpy), 7.48-7.36 (m, 2H, Chly), 7.01 (s,
2H, CHped, 6.87 (d,3Jy—n = 2.1 Hz, 1H, CHyig), 2.35 (s, 3H,
CHj parg, 2.15 (s, 6H, CH orihg- **C{*H} NMR (CDCly): 6 186.9
(d, 1J(1°°Rh—13C) = 81 Hz, CO), 184.1 (d}J(*°°Rh—13C) = 59
Hz, Rh—Ceamenp, 157.2 (NCO), 149.8 (Goenzo), 140.7 (Gred, 138.0
(Cq benzoy, 135.0 (Gred, 133.9 (Gred, 129.5 (Chieg, 127.1 (Chpy),
125.4 (Chby), 124.6 (CHinia), 121.1 (Chby), 114.2 (Chhnig), 110.7
(CHpp), 21.2 (CH pard, 17.9 (CH ortng. Anal. Calc for GoHir-
CIN3O,Rh (469.726): C,51.14; H, 3.65; N, 8.95. Found: C, 50.69;
H, 3.74; N, 8.72. MS(FABYWz (%): 469.0 (13.6) [LRhCOCH],
434.1 (31.8) [LRhCOI, 404.0 (61.4) [LRh}. FT-IR (KBr): 1976
cm! (V(C=O)): 1626 cntl (V(C=N))-
Dichloro(1-(benzoxazolin-2-yl)-3-mesitylimidazol-2-ylidene)-
platinum(ll) (6). A suspension of 1-(benzoxazol-2-yl)-3-mesityl-
imidazolium chloride ) (91 mg, 0.27 mmol) and A® (44 mg,
0.189 mmol) in dichloromethane was stirred at room temperature
under exclusion of light. After 3 h, a colorless and transparent
solution of the Ag(l)-carbene compound was obtained. [Pt(COD)-
Cl;] (100 mg, 0.27 mmol) was then added to the solution, and the
mixture immediately became cloudy. After stirring overnight at
room temperature, the mixture was filtered through Celite and the
solvent removed in vacuo. The residue was washed twice with
pentane and dried under vacuum to yield the product (156 mg, 67%
yield) as a pale yellow solid. X-ray quality crystals were obtained
by vapor diffusion of hexane into a dichloromethane solutiof.of
H NMR (CDCly): 4 9.00 (dd,®Jy—n = 7.8 Hz,*Jy—n = 1.8 Hz,
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Table 1. X-ray Experimental Data of Compounds 2-6

Poyatos et al.

2 3 4 5 6
formula C19H17AgC|N3O C20H19C|4N30Pd Q3H34|2N502Pd Qo,7d‘|52C|4,5N906Rh3 C20H190|4N30Pt
Muw 446.68 565.58 966.91 1472.37 654.27
cryst syst monoclinic monoclinic orthorhombic monoclinic monoclinic
space group P2:/n P2:/c Pbcn R./c P2./c
a(h) 8.562(1) 11.615(1) 15.941(1) 22.860(1) 11.5920(6)
b (A) 22.453(1) 14.779(1) 17.114(2) 9.520(1) 14.8230(8)
c(A) 10.082(1) 13.821(1) 13.240(1) 31.005(2) 13.7950(9)
o (deg) 90.00 90.00 90.00 90.00 90.00
p (deg) 114.35(1) 108.41(1) 90.00 109.26(5) 108.439(2)
y (deg) 90.00 90.00 90.00 90.00 90.00
V (A3) 1765.7(1) 2251.0(2) 3612.1(4) 6370(3) 2248.7(2)
Zz 4 4 4 4 4
Peaic(g cnm®) 1.68 1.67 1.78 1.53 1.93
F000 896 1128 1888 2956 1256
w(mm?) 1.304 1.316 2.266 1.012 6.732
temperature (K) 173 173 173 173 173
wavelength (A) 0.71073 0.71073 0.71073 0.71073 0.71073
radiation Mo Koo graphite monochromated
no. of data measd 5230 5058 5280 18 628 6422
no. of data withl > 20(1) 2775 2275 2466 12 540 4682
no. of variables 214 262 222 752 262
R1 0.0464 0.0658 0.0464 0.0554 0.0355
wR2 0.1112 0.2115 0.1209 0.1895 0.0712
GOF 1.000 0.957 0.952 0.911 1.026
largest peak in final 0.601 1.164 1.621 3.124 2.592

diff (e A3)

1H, CHp, 7.81 (d,334_p = 2.1 Hz, 1H, CHig), 7.65 (m, 1H,
CHpyp), 7.54-7.50 (m, 2H, CHy), 6.98 (s, 3H; 2H Ches 1H
CHimia), 2.35 (s, 3H, CHpard, 2.17 (s, 6H, CH gring- *C{*H} NMR
(CDCly): 6 149.6 (N=CO), 147.3 (G benzo), 140.3 (Gred, 139.3
(Cq benzods 137.1 (Gred, 134.2 (Gred, 129.3 (Chhed, 127.9 (Chby),
126.8 (CHbr), 126.5.3 (Chly), 121.1 (Chhyig), 114.8.1 (CHy), 111.3
(CHimid), 21.3 (CH pard, 17.9 (CH omhd, the carbené*C NMR tube, a solution of comple& (2.0 mg, 0.0035 mmol) in dry tolu-
resonance was not observed. Anal. Calc fefHzClo2N;OPt-CH,- ene (1.5 mL) was prepared, and the respective substrate (0.35
Cl, (569.34): C, 36.71; H, 2.93; N, 6.42. Found: C, 37.93; H, mmol), the silane (0.36 mmol), anttdodecane (10(L) were
3.19; N, 6.41. The deviation from the calculated values is due t0 gqded in quick succession via syringes. The Schlenk tube was
variable amounts of lattice solvent @El, in the crystalline sample.  heated in an oil bath at 10tC. Samples were taken periodically
MS(FAB) m/z (%): 303.9 (25) [LT, 378.9 (37) [(L-Mes)Pt], 499.9 for GC-MS analysis. At the end of the reaction, the products were
(77) [LPt]*. FT-IR (KBr): 1631 cm* (v(c-n)- purified by filtration through a short plug of silica and analyzed
Catalytic Hydrosilylation with Precatalyst 5 (Scheme 4). by 'H NMR. The products from the hydrosilylation of styrene with
Hydrosilylation of Acetophenone.In a Schlenk tube, a solution  triethylsilane (Scheme 7) have been reviously reported in the
of complex5 (4.7 mg, 0.01 mmol) in dry toluene (5 mL) was literature2®
prepared. After addition of the acetophenone (1.0 mmol), diphen-  3_gthyibenzyl(1,1,1,3,5,5,5-heptamethyltrisiloxane) (Scheme
ylsilane (2.0 mmol) was added dropwise, and the bright yellow g entries 1, 2).1H NMR (CDCl): 6 7.3 (m, 5H), 2.67 (m, 2H),
reaction mixture was stirred at room temperature for 24 h. A g7 (m, 2H), 0.16 (s, 18H), 0.10 (s, 3H). GC-MS (Efvz311.1
solution of NaOH in methanol was then added, and the resulting (\+ — CH,), 221.1 [SiMe(OSiMg),*].
T e e e 301111255 Shepamethyisorans) (Schere 8,
- thep P Y 9 ries 3, 4).1H NMR (CDCL): & 1.4-1.2 (12H), 0.87 (t, 3H), 0.47

phy, giving pure 1-phenylethanol in 70% yield (85 mg). (m, 2H), 0.09 (s, 18H), 0.00 (s, 3H). GC-MS (Eb'z334.1 (M)
Hydrosilylation of Phenylacetylene. In a Schlenk tube, a 3192 (,'W _ CI-’|3) 221 1 [Sil\/]e(OSng)f]. ’

solution of complexs (2.4 mg, 0.005 mmol) in dry toluene (1.5 ) . . B
mL) was prepared, and phenylacetylene (0.5 mmol), triethylsilane X-ray I?lf‘fractlon Study O.f 2 —6.The crystal 9ata were collected
(0.55 mmol), andn-dodecane (10QiL) were added in quick on a Nonius Kappa CCD diffractometer-at00°C and transferred

) . " . . . . to a DEC Alpha workstation; for all subsequent calculations the
succession via syringes. The bright yellow reaction mixture was Nonius OoenMoleN package was ugdhe structures were solved
stirred at 100°C for 24 h, and the crude mixture was subsequently = . P packag . . .
filtered through alumina and analyzed by GC-M&Z = 218.1). using direct methods with absorption f:orrectlons bglng part of the
After evaporation of the solvent, the products were purified by flash z;zlmga%%fdgr;e?;rtgg ldzztar.;erd%catlosn 'r :f(t;;gﬂ;eem;l: .cr’;;hgf
chromatography through a short plug of silica and analyzetHby vy » dl . un P Ve X!
NMR spectroscopy. The three reaction products were unambigu- residual electron density clc_)se to the pos!tlons exp_ected fc_)r the
ously determined on the basis of the olefinic coupling constants in hydrogen atoms; they were mtr_odu_ced as flxe_d contributors in the
theIH NMR spectra: -(2)-isomertH NMR (CDCl) & 7.45 (d,J structure factor calculations with fixed coordinates—&: 0.95
_ " i : . ’ A) and isotropic temperature factord({H) = 1.3Ucq(C) A2) but
=15.0 Hz), 5.75 (dJ = 15.0 Hz);5-(E)-isomertH NMR (CDCl5) . . q )

! not refined. Full least-squares refinements wereF8nA final

0 6.89 (d,J=19.3 Hz), 6.43 (dJ = 19.2 Hz);0-i 1H NMR
¥ 2 « z):a-tsomer difference map revealed no significant maxima of residual electron

(CDCl) 6 5.87 (d,J = 3.0 Hz), 5.58 (dJ = 3.0 Hz). ) ) -
. I . o density. The scattering factor coefficients and the anomalous
Catalytic Hydrosilylations with Precatalyst 6. Hydrosilylation

of Phenylacetylene (Scheme 6)The same procedure as with (29) Takeuchi, R v o alic1996 15, 2098

: akeuchi, R.; Yasue, HDrganometallic 3 .
grecatqus;S Waf] fot:lov_ved.f -Lhe procli_ucts were unarfnt::guoluily_ (30) Nonius OpenMoleNinteractive Structure Solution; Delft, 1997.
etermined on the basis of the coupling constants of the olefinic  (31) cromer, D. T.; Waber, J. Tinternational Tables for X-ray
protons in the'H NMR spectra and by GC-MS (see abov#. Crystallography The Kynoch Press: Birmingham, 1974.

NMR data of the products from hydrosilylation of phenylacetylene
with 1,1,1,3,5,5,5-heptamethyltrisiloxane (olefinic regiofi}{E)-
isomer'H NMR (CDCly) 6 7.05 (d,J = 19.2 Hz), 6.69 (dJ =
19.2 Hz);o-isomertH NMR (CDCl;) 6 5.97 (d,J = 3.0 Hz), 5.57
(d, J = 3.0 Hz). GC-MS: nVz = 324.1.

Hydrosilylation of Alkenes (Schemes 7 and 8)ln a Schlenk
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dispersion coefficients were taken from ref 31. Crystal data and  Supporting Information Available: Text detailing the structure

experimental details for the crystals 6 are given in Table 1.  determination and tables of crystallographic data, the positional and

thermal parameters, and interatomic distances and angl@s-tor
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