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The spectacular progress in homogeneous catalysis can be
attributed largely to the development of a diverse range of
ligand frameworks. The fine-tuning of steric and electronic
factors has led to extremely active and selective catalysts. A
good example is the recent advances that have been made in
Pd-catalyzed cross-coupling reactions with biaryl phosphanes
(Scheme 1).[1] Efforts to rationalize the unique behavior of

these ligands have led to the substantiation both experimen-
tally and computationally of the critical role of weak Pd–
arene and Pd–X (X=O or N) interactions.[2–6]

The development of N-heterocyclic carbenes as ligands
also represents a major breakthrough in homogeneous
catalysis.[7] Our interest in increasing further the structural
variety of available stable carbenes[8] prompted us to inves-

tigate the possibility of preparing monoaminocarbenes
(MACs)[9] that feature the same topology as that of biaryl
phosphanes.[10–12] Herein we report the synthesis and charac-
terization of the MACs 1 and 2, which are related to A
(SPhos: R= cyclohexyl) and MeO-MOP (B),[13] respectively.
We show that the coordination of these carbenes to the
Pd(allyl)+ fragment is accompanied by secondary interac-
tions, albeit of a markedly different nature to those encoun-
tered with the corresponding biaryl phosphanes. A rare Pd–
oxygen contact was authenticated structurally by using the
stable biphenylcarbene 1, and spectroscopic evidence for an
unprecedented, reversible Pd–arene interaction was obtained
when the persistent binaphthylcarbene 2 was used as a ligand.

The carbene 1 was obtained readily by treatment of the
corresponding iminium triflate[14] with 2,2,6,6-tetramethylpi-
peridinolithium (TMPLi) in THF at �80 8C (Scheme 2). The
MAC 1 is stable indefinitely in solution at room temperature
and was characterized unambiguously on the basis of a

13C NMR signal at d = 305 ppm.[11a,b] The in situ coordination
of 1 upon treatment with [{Pd(allyl)(m-Cl)}2] afforded the
corresponding air-stable complex 3 in 63% yield.[14] In the
solid state, [15] the MAC complex 3 exhibits typical Pd�C
(2.03 A) and C�N (1.31 A) bond distances,[12,16] but no
secondary interaction. To favor the participation of the
biphenyl skeleton in the coordination, complex 3 was treated
with AgBF4 in CH2Cl2. The pronounced desymmetrization of
the two methoxy groups (dH = 4.12/3.68 ppm, dC = 71.6/
56.1 ppm) upon cationization strongly supports the formation
of a Pd–O contact. This hypothesis was confirmed by an X-ray
diffraction study (Figure 1). The short Pd–O distance

Scheme 1. Structures of the biaryl phosphanes A and B, and of the
related biaryl aminocarbenes 1 and 2.

Scheme 2. Neutral and cationic allyl palladium(II) complexes derived
from the biphenyl MAC 1. Tf = trifluoromethanesulfonyl.
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(2.21 A)[17] indicated unambiguously the presence of a bond-
ing interaction. This Pd–O contact contrasts markedly with
the Pd–arene interactions commonly encountered in the
related SPhos and MeO-MOP complexes,[3c,4a,d,f] a difference
that may be attributed to the different orientations of the
Ccarbene�Pd and P�Pd bonds with respect to the biphenyl
skeleton (Pd-Ccarbene-Cipso-Cortho : 788 in 3, 868 in 4 versus Pd-P-
Cipso-Cortho : 0–108). Surprisingly, evidence for such Pd–O
contacts has been observed only once for biaryl phosphanes,
by NMR spectroscopy.[4e]

We then turned our attention to the binaphthylaminocar-
bene 2, which is related toMeO-MOP (B). The corresponding
iminium salt was deprotonated with KHMDS at �80 8C in
THF (Scheme 3).[14] Carbene 2 is only moderately stable at
room temperature (t1=2� 30 min) and was therefore charac-
terized at �78 8C. Its structure was confirmed unambiguously
on the basis of the diagnostic 13C NMR signal observed at d =

307 ppm. In situ coordination of 2 to {Pd(allyl)Cl} occurred at

low temperature to give the air-stable complex 5 in 47%
yield.[14] X-ray diffraction analysis indicated the absence of a
secondary interaction.

We anticipated that the anti orientation of the methoxy
substituent with respect to the palladium center would
preclude a Pd–O interaction in the corresponding cationic
complex. To determine whether the binaphthyl skeleton may
engage in Pd–arene interactions, the cationic complex 6 was
prepared by chloride abstraction with AgBF4 in CH2Cl2. The
signals for the methoxy groups remained virtually unchanged
in the NMR spectra (DdH = 0.16 ppm, DdC = 1.9 ppm), in
agreement with the absence of a Pd–O contact in 6. Careful
inspection of the 13C NMR spectrum revealed that two of the
signals for the carbon atoms of the binaphthyl skeleton are
shifted upfield to a significant extent in this cationic complex
(d = 99.3 and 112.0 ppm in 6 versus d> 122 ppm in 5). This
situation is reminiscent of that observed for some binaph-
thylphosphane complexes[4d–f] and strongly suggests weak
h2 coordination of the naphthyl backbone to the Pd center.
The two diagnostic high-field signals observed for 6 were
assigned unambiguously to C9’ and C10’ on the basis of 2D
NMR experiments (see Scheme 3 for atom numbering). This
interaction contrasts with the h2 bonding through C1’/C2’
encountered in the related MeO-MOP complexes. In fact,
Pd–arene interactions involving the remote ring of the
binaphthyl skeleton, as observed in 6, are unknown in biaryl
phosphanes. In the case of 6, the interaction most likely
results from the configuration of the binaphthyl axis.

Crystals of 6 suitable for X-ray diffraction analysis could
only be obtained upon cooling a solution of 6 in THF to
�30 8C. The modest quality of the crystallographic data
precludes discussion of the geometric parameters, but the
connectivity of the complex was established unambiguously
(Figure 1). Thus, a 1:1 adduct 7 was formed by the coordina-
tion of one THFmolecule to the Pd center and removal of the
Pd–arene interaction. The dissolution of 7 in CDCl3 returned
6 along with free THF in a further illustration of the
hemilabile character of the aminobinaphthylcarbene 2.

Thus, as observed for the related biaryl phosphanes SPhos
andMeO-MOP, the coordination of the biaryl aminocarbenes
1 and 2 to the {Pd(allyl)}+ fragment is accompanied by
secondary interactions. The formal replacement of the
phosphane group with an aminocarbene moiety influences
markedly the relative positions of the metal fragment and the
biaryl skeleton, so that unusual Pd–O and Pd–arene inter-
actions are found with the hybrid ligands 1 and 2. Biaryl
aminocarbenes further expand the structural diversity of
bidentate ligands based on aminocarbenes.[18] Their hemi-
labile character,[19] which has been substantiated spectroscop-
ically by reversible competition between h2 naphthyl coordi-
nation and coordination by THF, may offer interesting
perspectives in catalysis.

Complex 3 derived from the biphenylaminocarbene 1 was
evaluated as a catalyst for the a arylation of propiophe-
none.[20,21] With a precatalyst loading of 2 mol%, bromoben-
zene underwent quantitative coupling with propiophenone at
room temperature within 15 h. Although the reaction pro-
ceeded more slowly, chlorobenzene also acted as an effective
arylating agent under the same conditions.[14] According to

Figure 1. Molecular views (thermal ellipsoids at 50% probability) of
complexes 4 (left) and 7 (right) in the solid state. Hydrogen atoms are
omitted for clarity.

Scheme 3. Neutral and cationic allyl palladium(II) complexes derived
from the binaphthyl MAC 2. HMDS= hexamethyldisilazane.
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these preliminary results, the MAC complex 3 competes with
the most active phosphane-based catalysts reported to date
for the coupling of aryl bromides. Indeed, binap (2,2’-
bis(diphenylphosphanyl)-1,1’-binaphthyl) ligands,[20] bis(di-
arylphosphanyl)ferrocene derivatives,[21] and biphenylphos-
phanes[22a,b] are typically used at temperatures higher than
50 8C, and only PtBu3,

[21b] DtBPF (1,1’-bis(di-tert-butylphos-
phanyl)ferrocene),[21b] and binaphthyl(dialkyl)phosphanes[22c]

were found to be suitable for the coupling of aryl bromides at
room temperature. The reaction of chlorobenzene at room
temperature is also encouraging, as, until now, aryl chlorides
have only been coupled at high temperatures,[20,21b,22a,b,23]

except with cyclic alkyl aminocarbenes.[24] Given the superi-
ority of cyclic carbenes over their acyclic counterparts as
robust ligands for transition metals,[25] better catalytic results
can be expected with cyclic biaryl aminocarbenes, the
preparation of which is under active investigation.

Experimental Section
All reactions and manipulations were carried out under an atmos-
phere of dry argon by using standard Schlenk techniques. All NMR
spectra were recorded at 293 K unless otherwise stated.

Carbenes 1 and 2 : A 1:1 mixture of the iminium precursor and
TMPLi or KHMDS was cooled to �78 8C, and [D8]THF was added.
The suspension was warmed to room temperature and stirred for
30 min. 13C NMR ([D8]THF): dC(carbene)= 304.6 (for 1) and
307.1 ppm (for 2).

Neutral complexes 3 and 5 : [{Pd(allyl)Cl}2] (0.45 equiv with
respect to the iminium precursor) was added at �78 8C to a freshly
prepared solution of carbene 1 or 2 in THF (10 mL). The resulting
solution was warmed to room temperature and stirred for 2 h.
Workup and recrystallization from CH2Cl2/Et2O afforded 3 or 5 as
yellow crystals. 13C NMR (CDCl3): dC(carbene)= 253.9 (for 3) and
252.6 ppm (for 5).

Cationic complexes 4 and 6 : A 1:1 mixture of 3 or 5 and AgBF4

(0.24 mmol) was cooled to �30 8C, and CH2Cl2 (5 mL) was added.
The resulting solution was warmed to room temperature and stirred
for 30 min. Workup and recrystallization from CH2Cl2/Et2O at 5 8C
afforded 4 (0.114 g, 85%) as yellow crystals: 13C NMR (CDCl3,
�20 8C): d = 56.1 (OCH3), 71.6 (br, OCH3), 245.7 ppm (br, Ccarbene).
Attempts to crystallize complex 6 (13C NMR (CDCl3, 25 8C): d = 55.9
(OCH3), 99.3 (C10’), 112.0 (C9’), 246.7 ppm (Ccarbene)) from THF at
�30 8C afforded the adduct 7 (260 mg, 69%) as brown crystals.
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Kočovský, Chem. Eur. J. 2002, 8, 4443 – 4453; d) P. Kočovský, S.
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