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Summary: Complex 1a, containing two labile phosphine
ligands, is a versatile precursor to the important class
of olefin metathesis catalysts containing an activating
NHC ligand and a labile phosphine donor. The lability
of the remaining PPh3 ligand can also permit disubsti-
tution by IMes; this side reaction is easily prevented by
precise stoichiometric control.

Catalytic formation of new C-C bonds by olefin
metathesis has enabled major advances in both organic
synthesis and materials chemistry.1 The scope of the
reaction has increased dramatically with the advent of
robust functional-group-tolerant catalysts based on
ruthenium.1,2 Considerable current effort has focused
on designing new Ru-alkylidene catalysts with en-
hanced activity, selectivity, and lifetime. A versatile
entry point into phosphine derivatives is RuCl2L2(d
CHR) (1a; L ) PPh3, R ) CHdCMe2), accessible in one
step from commercially available 2 (eq 1).3 A key feature

in 1a is the presence of two arylphosphine ligands,
which are more weakly bound to the metal center than
the ubiquitous alkylphosphine donors. This amplified
phosphine lability renders 1a much more reactive than
Grubbs’ catalyst 1b (L ) PCy3, R ) Ph), the most widely

used precursor to new Ru alkylidenes.4,5 Indeed, the
synergy between an activating N-heterocyclic carbene
(NHC) ligand and a labile PPh3 donor is responsible for
the exceptionally high metathesis activity of “mixed
ligand” catalysts RuCl2(NHC)(PPh3)(dCHR) (4).5-7 Of
keen interest, therefore, is expansion of the synthetic
chemistry based on 1a to include routes to the NHC
class of complexes (Figure 1).

In our original synthesis of 1a, we remarked that
small amounts (5-10%) of a carbyne byproduct were
formed, which could not be removed by reprecipitation.3b

While this did not impede isolation of phosphine deriva-
tives in high yields, attempts to install NHC ligands
such as N,N′-bis(mesityl)imidazol-2-ylidene (IMes)8 give
unidentified side products that cannot be separated.
Here we describe a modified synthesis of 1a to give a
carbyne-free product, which provides convenient access
to “mixed ligand” derivatives such as 4a (eq 2).9 The
lability of bound PPh3, which underlies the catalytic ac-
tivity of this class of catalysts, can also result in for-
mation of unreactive bis(NHC) derivatives such as 5a,
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Figure 1. Metathesis catalysts accessible from 1a.
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containing two bulky IMes ligands.10

We noted previously that the proportion of carbyne
increased on use of undistilled or excess 3-chloro-3-
methyl-1-butyne and speculated that an acidic contami-
nant was responsible.3b Indeed, this side reaction can
be completely suppressed by carrying out the synthesis
in the presence of base. Reaction of 1 equiv of IMes with
a homogeneous solution of carbyne-free 1a yields solely
4a.

Treatment of suspensions of 1a with 1 equiv of IMes
gives mixtures of 4a, unreacted 1a, and a new product,
which we formulate as the bis(IMes) derivative 5a. Use
of excess IMes effects quantitative transformation to 5a.
While isolation and structural characterization were
hampered by its high solubility, the identity of 5a is
strongly supported by NMR and mass spectrometric
data. 31P NMR analysis shows only free PPh3, and the
IMes carbene carbon and the alkylidene carbon CR
appear as singlets. The latter signal correlates (HMQC)
with a doublet for HR (19.55 ppm, 3JHH ) 11.2 Hz). A
key piece of evidence indicating the presence of two IMes
ligands is the 1:8 integration ratio of HR vs the singlet
for the mesitylene protons (6.65 ppm) or 1:4 vs the IMes
olefinic protons (5.98 ppm). The electrospray mass
spectrum shows the molecular ion minus one chloride,
with the appropriate isotope pattern.

Facile formation of 5a via phosphine displacement
from 1a contrasts with the inaccessibility of bis(IMes)
derivatives from 1b, even on treatment with a 10-fold
excess of IMes.6 The resistance of 1b to disubstitution
was originally attributed to steric constraints present
in the IMes systems,6 vs the N-alkyl analogues of 5a.10

Further suggestions of steric pressure may be read into
the participation of a Ru-bis(IMes) species in reactions
involving IMes activation and displacement.11 However,
this is difficult to reconcile with rotation about the Ru-
C(NHC) bond implied by the equivalence of the IMes
signals in 5a.12 In the hope of accessing a crystalline
product, we undertook the synthesis of benzylidene
analogue 5b via 3,5 in which one IMes ligand is

preinstalled (eq 3). Reaction of 3 is 40% complete after

1 h and quantitative within 8 h at 22 °C. Complex 5b
is isolated as a crystalline, air-stable solid. X-ray
analysis (Figure 2)13,14 reveals a distorted square pyra-
mid, in which the Ru-C(IMes) distances are statistically
identical with those for the N,N′-diisopropylimidazol-
2-ylidene analogue10 and minimally longer than the
value of 2.069(11) Å for RuCl2(PCy3)(IMes)(dCHPh).6a

The Ru-C(alkylidene) distance is ca. 1.8 Å in all three
cases. Noteworthy in the structure of 5b is the mini-
mization of unfavorable steric interactions by π-stacking
of the benzylidene and mesitylene aromatic rings, ca.
3.2 Å apart, and within 8° of coplanarity.

(10) Alkyl-NHC analogues have been described: (a) Weskamp, T.;
Schattenmann, W. C.; Spiegler, M.; Herrmann, W. A. Angew. Chem.,
Int. Ed. 1998, 37, 2490. (b) Herrmann, W. A. Angew. Chem., Int. Ed.
1999, 38, 262.

(11) Jazzar, R. F. R.; Macgregor, S. A.; Mahon, M. F.; Richards, S.
P.; Whittlesey, M. K. J. Am. Chem. Soc. 2002, 124, 4944.

(12) This implies a smaller rotational barrier for 5a vs 4a: two
trans-orthogonal “banana-shaped” IMes ligands are presumably per-
mitted greater motion than an IMes ligand trans to the 3-D bulk of a
phosphine ligand.

(13) Data for X-ray analysis of 5b: crystals from toluene, C52.5H58-
Cl2N4Ru (M ) 917.00); crystal size 0.20 × 0.10 × 0.10 mm; monoclinic,
C2/c, Z ) 8, a ) 35.144(2) Å, b ) 15.4590(11) Å, c ) 20.9336(15) Å; R,
γ ) 90°, â ) 123.191 10(10)°; V ) 9517.4(12) Å3; Fcalcd ) 1.280 mg/m3;
2θ ) 1.38-29.00°; absorption coefficient 0.480 mm-1; T ) 203(2) K; λ
) 0.7107 Å; 34 541/11 386 measured/unique reflections; semiempirical
from equivalents (SADABS, Bruker AXS, Madison, WI, 2000); maxi-
mum and minimum transmission 0.9535 and 09101; full-matrix least
squares on F 2, goodness of fit on F 2 1.026; direct methods completed
with difference Fourier syntheses and refined with full-matrix least-
squares procedures based on F 2. A molecule of toluene solvent was
located disordered at a 2-fold axis. All hydrogen atoms were treated
as idealized contributions. All scattering factors are contained in the
SHELXTL 6.12 program library (G. M. Sheldrick, Bruker AXS,
Madison, WI, 2001). Crystallographic data (excluding structure factors)
have been deposited with the Cambridge Crystallographic Data Centre
as CCDC publication #203512. These data can be obtained free of
charge on application to the CCDC at 12 Union Road, Cambridge CB2
1EZ, U.K.; fax (+44) 1223-336-033; email deposit@ccdc.cam.ac.uk.

(14) Following the original submission of this MS, a report appeared
describing synthesis of a bis(IMesH2) complex analogous to 5b.
Crystallographic data for a “mixed” IMes/IMesH2 complex were also
reported, though bond lengths and angles are compromised by disorder
between the two NHC ligands: Trnka, T. M.; Morgan, J. P.; Sanford,
M. S.; Wilhelm, T. E.; Scholl, M.; Choi, T.-L.; Ding, S.; Day, M. W.;
Grubbs, R. H. J. Am. Chem. Soc. 2003, 125, 2546.

Figure 2. ORTEP structure of 5b (hydrogen atoms and
solvate omitted), with thermal ellipsoids at the 30% prob-
ability level. Selected bond distances (Å) and angles (deg)
with estimated standard deviations: Ru-C1 ) 1.829(3),
Ru-C8 ) 2.117(3), Ru-C29 ) 2.108(3), Ru-Cl1 ) 2.3872(9),
Ru-Cl2 ) 2.3999(8); C1-Ru-C29 ) 96.80(13), C1-Ru-
C8 ) 98.00(12), C29-Ru-C8 ) 164.41(12), C1-Ru-Cl1
) 104.88(10), C29-Ru-Cl1 ) 91.91(9), C8-Ru-Cl1 )
89.03(8), C1-Ru-Cl2 ) 88.96(10), C29-Ru-Cl2 ) 86.87(9),
C8-Ru-Cl2 ) 88.51, Cl1-Ru-Cl2 ) 166.16(3).

Communications Organometallics, Vol. 22, No. 10, 2003 1987

D
ow

nl
oa

de
d 

by
 C

A
R

L
I 

C
O

N
SO

R
T

IU
M

 o
n 

Ju
ne

 2
9,

 2
00

9
Pu

bl
is

he
d 

on
 A

pr
il 

12
, 2

00
3 

on
 h

ttp
://

pu
bs

.a
cs

.o
rg

 | 
do

i: 
10

.1
02

1/
om

03
02

08
4



The foregoing expands the range of Ru(II) alkylidenes
accessible from 1a to include the important class of
metathesis catalysts containing an N-heterocyclic car-
bene and a labile phosphine donor. This versatile
precursor can thus be used to generate, in one step, a
library of metathesis catalysts, including PCP-pincer,
mono- or bidentate phosphines, and NHC ligands. The
presence of labile phosphine donors in 1a facilitates
ligand exchange, and retention of one such ligand is
desired for high metathesis activity in the products. In
the presence of excess IMes ligand, however, double
displacement affords bis(IMes) products. The ease of the
latter reaction under mild conditions should be recog-

nized in designing efficient routes to mono(NHC) com-
plexes; it is also potentially relevant to their catalytic
deactivation.
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