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Recently, a number of new transition metal-catalyzed processes
have been developed and optimized through high-throughput and
combinatorial methodsSuch strategies are particularly efficient
for the screening of a large number of transition metigland
combinations under various sets of reaction conditions. However,
under these in situ conditions, the exact nature of the catalytic
species is not always precisely known. Indeed, the assumption of
a normal mode of binding between ligand and transition metal is
most often assumed and may be misleading.

During the course of our studies focusing on ligands suitable to
induce enantioselectivity in transition metal-catalyzed processes,
we became interested in testing N-heterocyclic carbene (NHC)
metal complexes. A number of simple NHC palladium-based
complexes have recently emerged as effective catalysts for a variety
of cross-coupling reactiorfsOur study of the exact structure of
various palladium NHC species reveals that the metalation site on
the imidazolium salt is strongly influenced by the presence of base.
We now report _the synthe_ss and_structure of novel palladium Figure 1. ORTEP diagram of palladium complé&xSelected bond lengths
complexes bearing NHC ligands in “normal” and “abnormal” (&) and angles (deg): PdE)C(12), 2.019(13); Pd(HC(25), 2.021(11);
binding motifs. The binding mode of the NHC to Pd is shown to Pd(1)-ClI(1), 2.289(4); Pd(t)Cl(2), 2.302(4); C(12)Pd(1)-C(25), 179.4-
substantially affect the catalytic behavior of the palladium com- (5); C(12)-Pd(1)-Cl(1), 93.3(4); C(25)Pd(1)-CI(1), 87.3(3); C(12)
plexes. Pd(1)-CI(2), 88.6(4); C(25)-Pd(1)-Cl(2), 90.9(3); CI(1}-Pd(1)-CI(2),

177.23(18).
It has been reported that palladium (HYHC complexes could (18)
be easily prepared from palladium (Il) acetate and the correspondingdisplayed two doublets at 6.57 and 7.47 ppin= 1.7 Hz)

imidazolium saltg. Metal binding at the C(2) position is usually corresponding to H(3) and the carbene H(1) of a possibly C(5)-
observed, and complexes bearing two NHCs can potentially exist bound IMes ligand. Furthermore, thé&c NMR spectrum showed
as trans or cis.isomers, depenlding on the steric hindranqe of thetwo carbon signals at 175.9 and 150.7 ppm that we assigned to
nltrogt_en substituent R. _We first attemp.ted to syr_1the5|ze the C(2) and C(5) bound to the palladium center. Two carbon signals
pglladlum comp_le>_<1 def"’ed from 2 equiv OfN’N'b's(2’4’6_' for C(4) and C(5), and for C(3), at respectively 122.8 and 125.5
trimethylphenyl)imidazolium chloride (IMeBICI) (1) and 1 equiv ppm were also observed. On the basis of the NMR data, we

of. palladium (II) acetate unde.r the standard reaction conQitions proposed the reaction product to have the strucfiteq 1). To
(dlogane,_BO’C, 6 h.)' The react_lon procegd_ed smoothly leading to unambiguously establish this structure, single crystals were grown
the isolation of a single palladium-containing product. by slow diffusion of hexanes into a saturated solution2oin
acetone. The single-crystal X-ray analysis provided the ORTEP
diagram shown in Figure 1. The ORTEP reveals that the palladium
is C(2) bound to one NHC ligand (the normal binding mode),

4H Hs

MesN._ _NMes Mes—N_2 N—-Mes

/\® Pd(OAc), Cl_Pde whereas the second ligand is attached through the C(5) carbon of
MesN > W% Dioxane CITPa=Cl s L0 the second imidazolium. Both PeC distances are equivalent (2.019
@1equiv) &' 80°C  MesN” “NMes N i\ 3 and 2.021 A) and are consistent with-F@ single bonds. The
\=/ 4 ,L)_N\’\is ORTEP shows a square-planar coordination around the palladium
not observed 2 center, with the two chlorine atoms bound to the palladium. Here

74% again, no distortion in the PeCl distances is observed (2.289 and

o 2.302 A). Complex2, isolated in good yields (74%), is a rare
The NMR data suggested an unusual coordination mode for the example of C(5) coordination of an IMes ligand and constitutes

NHQ_Iigands, as ir_wdicated by 11 proton and 22 carbon signals. In ¢ fir example of an organometallic complex containing one C(2)
addition to the singlet at 6.85 ppm for H(4) and H(5) of a e ligand and one C(5)-bound imidazolium ligafd.

presumably C(2)-bound IMes ligand, thiél NMR spectrum
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Surprisingly, when a mixture of cesium carbonate, palladium
(I) acetate, and IMe$iCl was stirred at 80C in dioxane, the
formation of2 was not observed, and the normal C(2) complex
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Table 1. Palladium-Catalyzed Suzuki—Miyaura Reactions

o J
MeO Cs,CO; (2.0 equiv.)
+ - @)
Dioxane MeO
-

entry catalyst (2 mol %) temp (°C) yield (%)
1 complexl 80 <5
2 complex2 80 44
3 IMesHCI, Pd(OAc) (2:1) 80 76
4 IMesHCI, Pd(OAc) (1:1) 80 28

Table 2. Palladium-Catalyzed Heck Reactions

o

A
) o
, OMBU (5,0, (2.0 equiv.) L "
Q DMA Ph™ X On-Bu
Br
entry catalyst (2 mol %) temp (°C) yield (%)

1 complexl 120 <5
2 complex2 120 7
3 IMesHCI, Pd(OAc) (2:1) 120 66
4 IMesHCI, Pd(OAc) (1:1) 120 56

was formed together with (IMeg)d(OAc).8 Complex1 was also

isolated in 68% from palladium (1) chloride, cesium carbonate,

and 2 equiv of IMesHCI (eq 2). The structure of complekwas

also unambiguously established by single-crystal X-ray analysis (see

Supporting Information). Attempts to convert compi2into the
C(2) isomerl in the presence of a base were unsuccessful.

— —
RN_ NR RN_ _NR
/@
RN NR ——— Cl-Pd=Cl +  Cl-Pd—Cl ()
I
2.1 equiv.© RN” "NR RN\:\NR
R = 2,4,6-trimethylphenyl (Mes) 1 2
Pd(OAc),, Dioxane, 80 °C <1% 74%
Pd(Cl),, Cs,C0; 68% 1%

Dioxane, 80 °C

The reactivity ofl and2 was studied and compared with the in

situ-formed catalyst (from Pd(OAg)1 equiv) and IMeHCI (2

equiv)) for the Suzuki-Miyaura (Table 1) and Heck reactions

(Table 2).

Complex1 proved to be an inactive catalyst for both coupling

reactions, while compleg lead to the desired product. In Suzuki

Miyaura reactions, comple® was not as efficient as the in situ-
formed catalyst? In sharp contrast, the highest isolated yield for

the Heck coupling reaction was obtained with

In conclusion, these findings highlight the importance of the
procedure used for the generation of a catalytically active species
in cross-coupling reactions. It appears that the catalytically active

species precursor in cross-coupling reactions is not contbiex
both Suzuki and Heck coupling reactions. Although comgex

showed a difference in reactivity when compared to the in situ-

generated catalyst, it was found to be a more suitable precursor for

Suzuki and Heck coupling reactions. Work aimed at unveiling the
nature of catalytically active species in in situ-generated NIRG
systems is ongoing.
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