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Summary: The ruthenium catalyst RuCl(NO)(PPh3)2 is
shown to be an active catalyst for the methylenation of
aldehydes in the presence of (trimethylsilyl)diazomethane,
triphenylphosphine, and 2-propanol. Spectroscopic in-
vestigations have revealed the unusual formation of an
octahedral η2(C,N)-coordinated (trimethylsilyl)diazo-
methane ruthenium complex that, upon treatment with
triphenylphosphine and 2-propanol, produces methylene-
triphenylphosphorane.

The synthesis of alkenes by the olefination of carbonyl
compounds is a very important transformation in or-
ganic synthesis.1 In addition to phosphorus ylides,2
other related stoichiometric processes involving sulfur3

and silicon4 ylides have been developed together with
organometallic stoichiometric reagents derived from
titanium, chromium, and zinc.5,6 Recently, several tran-
sition-metal complexes, including those of Mo,7 Re,8 Fe,9
Ru,9c,10 and Rh,11 have been disclosed as efficient
catalysts for the olefination of carbonyl compounds with

diazo reagents. Both carbene and phosphorane have
been proposed as intermediates in these processes. The
two mechanistic pathways suggested for the olefination
of carbonyl derivatives with ethyl diazoacetate are
shown in Schemes 1 and 2. In the first place, a
nucleophilic carbene species is formed from the transi-
tion-metal complex and ethyl diazoacetate. The carbene
species reacts with the carbonyl compound to produce
the desired alkene and the corresponding metal-oxo
species, which is then reduced by the phosphorus
reagent (Scheme 1).

* To whom correspondence should be addressed. E-mail: lebelhe@
chimie.umontreal.ca.

(1) (a) Kelly, S. E. Alkene Synthesis in Comprehensive Organic
Synthesis; Trost, B. M., Fleming, I., Eds.; Pergamon Press: Oxford,
U.K., 1991; Vol. 1, p 729. (b) Williams, J. M. J. Preparation of
Alkenes: A Practical Approach; Oxford University Press: Oxford, U.K.,
1996.

(2) (a) Maryanoff, B. E.; Reitz, A. B. Chem. Rev. 1989, 89, 863-
927. (b) Johnson, A. W.; Kaska, W. C.; Starzewski, K. A. O.; Dixon, D.
A. Ylides and Imines of Phosphorus; Wiley: New York, 1993. (c) Vedejs,
E.; Peterson, M. J. Top. Stereochem. 1994, 21, 1-157. (d) Clayden, J.;
Warren, S. Angew. Chem., Int. Ed. Engl. 1996, 35, 241-270. (e)
Nicolaou, K. C.; Harter, M. W.; Gunzner, J. L.; Nadin, A. Liebigs Ann.
Chem. 1997, 1283-1301.

(3) (a) Johnson, C. R. Acc. Chem. Res. 1973, 6, 341. (c) Kocienski,
P. J. Phosphorus, Sulfur Silicon Relat. Elem. 1985, 24, 97-127. (d)
Blakemore, P. R. J. Chem. Soc., Perkin Trans. 1 2002, 2563-2585.

(4) (a) Peterson, D. J. J. Org. Chem. 1968, 33, 780-784. (b) Ager,
D. J. Org. React. (N.Y.) 1990, 38, 1. (c) van Staden, L. F.; Gravestock,
D.; Ager, D. J. Chem. Soc. Rev. 2002, 31, 195-200.

(5) (a) Tebbe, F. N.; Parshall, G. W.; Reddy, G. S. J. Am. Chem. Soc.
1978, 100, 3611-3613. (b) Hibino, J.; Okazoe, T.; Takai, K.; Nozaki,
H. Tetrahedron Lett. 1985, 26, 5579-5580. (c) Lombardo, L. Org. Synth.
1987, 65, 81-89. (d) Petasis, N. A.; Bzowej, E. I. J. Am. Chem. Soc.
1990, 112, 6392-6394. (e) Pine, S. H. Org. React. (N.Y.) 1993, 43, 1-91.
(f) Stille, J. R. Transition Metal Carbene Complexes: Tebbe’s Reagent
and Related Nucleophilic Alkylidenes. In Comprehensive Organome-
tallic Chemistry II; Abel, E. W., Stone, F. G. A., Wilkinson, G., Eds.;
Pergamon Press: Oxford, U.K., 1995; Vol. 12, pp 577-600. (g) Takai,
K.; Kakiuchi, T.; Kataoka, Y.; Utimoto, K. J. Org. Chem. 1994, 59,
2668-2670. (h) Hodgson, D. M. J. Organomet. Chem. 1994, 476, 1-5.
(i) Hashmi, A. S. K. J. Prakt. Chem. 1996, 338, 491-495. (j) Matsubara,
S.; Sugihara, M.; Utimoto, K. Synlett 1998, 313-315. (k) Wessjohann,
L. A.; Scheid, G. Synthesis 1999, 1-36. (l) Furstner, A. Chem. Rev.
1999, 99, 991-1045. (m) Kulinkovich, O. G.; de Meijere, A. Chem. Rev.
2000, 100, 2789-2834. (n) Sieibeneicher, H.; Doye, S. J. Prakt. Chem.
2000, 342, 102-106. (o) Hartley, R. C.; McKiernan, G. J. J. Chem. Soc.,
Perkin Trans. 1 2002, 2763-2793. (p) Matsubara, S.; Mizuno, T.;
Otake, Y.; Kobata, M.; Utimoto, K.; Takai, K. Synlett 1998, 1369-
1371. (q) Matsubara, S.; Oshima, K.; Utimoto, K. J. Organomet. Chem.
2001, 617, 39-46. (r) Matsubara, S.; Yamamoto, H.; Oshima, K. Angew.
Chem., Int. Ed. 2002, 41, 2837-2840.

(6) For stoichiometric molybdenum and tungsten reagents, see: (a)
Kauffmann, T. Angew. Chem., Int. Ed. 1997, 36, 1259-1275. (b)
Kauffmann, T.; Enk, M.; Fiegenbaum, P.; Hansmersmann, U.; Kaschube,
W.; Papenberg, M.; Toliopoulos, E.; Welke, S. Chem. Ber. 1994, 127,
127-135. (c) Kauffmann, T.; Baune, J.; Fiegenbaum, P.; Hansmers-
mann, U.; Neiteler, C.; Papenberg, M.; Wieschollek, R. Chem. Ber.
1993, 126, 89-96. (d) Kauffmann, T.; Fiegenbaum, P.; Papenberg, M.;
Wieschollek, R.; Wingbermuehle, D. Chem. Ber. 1993, 126, 79-87. (e)
Kauffmann, T.; Fiegenbaum, P.; Papenberg, M.; Wieschollek, R.;
Sander, J. Chem. Ber. 1992, 125, 143-148.

(7) Lu, X. Y.; Fang, H.; Ni, Z. J. J. Organomet. Chem. 1989, 373,
77-84.

(8) (a) Herrmann, W. A.; Wang, M. Angew. Chem., Int. Ed. Engl.
1991, 30, 1641-1643. (b) Herrmann, W. A.; Roesky, P. W.; Wang, M.;
Scherer, W. Organometallics 1994, 13, 4531-4535. (c) Carreira, E. M.;
Ledford, B. E. Tetrahedron Lett. 1997, 38, 8125-8128. (d) Herrmann,
W. A. Olefins from Aldehydes. In Applied Homogeneous Catalysis with
Organometallic Compounds, 2nd ed.; VCH: Weinheim, Germany, 2002;
Vol. 3, pp 1078-1086. (e) Santos, A. M.; Romao, C. C.; Kuhn, F. E. J.
Am. Chem. Soc. 2003, 125, 2414-2415. (f) Zhang, X. Y.; Chen, P. Chem.
Eur. J. 2003, 9, 1852-1859. (g) Harrison, R.; Mete, A.; Wilson, L.
Tetrahedron Lett. 2003, 44, 6621-6624.

(9) (a) Mirafzal, G. A.; Cheng, G. L.; Woo, L. K. J. Am. Chem. Soc.
2002, 124, 176-177. (b) Cheng, G. L.; Mirafzal, G. A.; Woo, L. K.
Organometallics 2003, 22, 1468-1474. (c) Chen, Y.; Huang, L.; Ranade,
M. A.; Zhang, X. P. J. Org. Chem. 2003, 68, 3714-3717. (d) Chen, Y.;
Huang, L.; Zhang, X. P. J. Org. Chem. 2003, 68, 5925-5929. (e) Chen,
Y.; Huang, L.; Zhang, X. P. Org. Lett. 2003, 5, 2493-2496. (f) Aggarwal,
V. K.; Fulton, J. R.; Sheldon, C. G.; de Vicente, J. J. Am. Chem. Soc.
2003, 125, 6034-6035.

(10) (a) Fujimura, O.; Honma, T. Tetrahedron Lett. 1998, 39, 625-
626. (b) Graban, E.; Lemke, F. R. Organometallics 2002, 21, 3823-
3826.

(11) (a) Lebel, H.; Paquet, V.; Proulx, C. Angew. Chem., Int. Ed.
2001, 40, 2887-2890. (b) Grasa, G. A.; Moore, Z.; Martin, K. L.;
Stevens, E. D.; Nolan, S. P.; Paquet, V.; Lebel, H. J. Organomet. Chem.
2002, 658, 126-131. (c) Lebel, H.; Paquet, V. Org. Lett. 2002, 4, 1671-
1674. (d) Lebel, H.; Paquet, V. J. Am. Chem. Soc, 2004, 126, 320-328.

Scheme 1

1187Organometallics 2004, 23, 1187-1190

10.1021/om034358q CCC: $27.50 © 2004 American Chemical Society
Publication on Web 02/06/2004

D
ow

nl
oa

de
d 

by
 N

A
T

 L
IB

 U
K

R
A

IN
E

 o
n 

Ju
ly

 4
, 2

00
9

Pu
bl

is
he

d 
on

 F
eb

ru
ar

y 
6,

 2
00

4 
on

 h
ttp

://
pu

bs
.a

cs
.o

rg
 | 

do
i: 

10
.1

02
1/

om
03

43
58

q



Alternatively, the reaction between the transition-
metal complex and ethyl diazoacetate produces an
electrophilic carbene species, which is then attacked by
the phosphorus reagent, thus forming a phosphorus
ylide species that adds to the carbonyl derivative
(Scheme 2).

We have recently proposed a distinct catalytic cycle
for our rhodium-catalyzed methylenation reaction with
(trimethylsilyl)diazomethane that relies on the forma-
tion of methylenetriphenylphosphorane without the
involvement of a carbene intermediate (Scheme 3).11

Protonation of the (trimethylsilyl)diazomethane metal
complex A with 2-propanol, followed by a triphenylphos-
phine attack, generates the corresponding phosphonium
salt. Desilylation then leads to the methylenetriphenyl-
phosphorane, which has been characterized by NMR
spectroscopy. In an effort to support the existence of an
intermediate such as A, we have investigated a number
of other transition-metal complexes that produce phos-
phorus ylides under similar reaction conditions. Herein,
we wish to report our study of a new ruthenium-
(trimethylsilyl)diazomethane complex that catalyzes the
methylenation of aldehydes.

Our interest in the de novo synthesis of terminal
alkenes prompted us to study the generation of either
methylenetriphenylphosphoranes or methylene metal
carbenes from diazo reagents. In principle, the genera-
tion of such species requires the use of diazomethane
as the diazo precursor. The syntheses of a few methyl-
ene metal carbenes using this strategy have been
disclosed in the literature.12 For instance, Roper has
reported the synthesis of the air-stable methylene
carbene 2 from diazomethane and the chloronitrosylbis-
(triphenylphosphine)ruthenium complex (1) (eq 1).13

Unfortunately, the methylene carbene 2 is completely
unreactive toward aldehydes, and no olefination product
is observed when carbene 2 is added to a mixture of
cinnamaldehyde and triphenylphosphine (Table 1, en-
tries 1 and 2). However, quite surprisingly, the meth-
ylenation of cinnamaldehyde took place in the presence
of catalyst 1 and (trimethylsilyl)diazomethane,14 a safe
alternative to diazomethane (entry 3). In the presence
of 1 equiv of triphenylphosphine and 2-propanol, the
methylenation of cinnamaldehyde proceeded smoothly
at 50 °C to produce diene 3 in a quantitative yield (entry
4). The methylenation reaction occurred very slowly at
room temperature and did not proceed in the absence
of triphenylphosphine (entries 5 and 6). Although the
reaction conditions are compatible with other solvents,
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Scheme 2 Table 1. Ruthenium-Catalyzed Methylenation of
Cinnamaldehyde: Optimization of the Reaction

Conditions

entry reacn conditions conversn, %a

1 CH2N2/THF e5
2 CH2N2/benzene e5
3 Me3SiCHN2/THF, 16 h g98
4 Me3SiCHN2, i-PrOH, THF, 2 h g98
5 Me3SiCHN2, i-PrOH, THF, 16 hb 20
6 Me3SiCHN2, i-PrOH, THF, 16 hc e5
7 Me3SiCHN2, i-PrOH, toluene, 16 h 87
8 Me3SiCHN2, i-PrOH, benzene, 16 h 82
9 Me3SiCHN2, i-PrOH, TBME, 16 h 32
10 Me3SiCHN2, i-PrOH, CH2Cl2, 16 h e5
a Determined by GC. b Reaction at 25 °C. c Without triphenyl-

phosphine.

RuCl(NO)(PPh3)2
1

98
CH2N2/Et2O

benzene
CH2dRuCl(NO)(PPh3)2

2
(1)

Scheme 3
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such as toluene and benzene, longer reaction times are
required to reach reasonable conversions (entries 7 and
8). The reaction proceeded very slowly in TBME,
whereas no reaction occurred when dichloromethane
was used as the solvent (entries 9 and 10).

A comparison of the catalytic reactivities of ruthenium
complex 1 and Wilkinson’s catalyst for the methylena-
tion of aldehydes in the presence of (trimethylsilyl)-
diazomethane, triphenylphosphine, and 2-propanol is
shown in Table 2. The reaction with Wilkinson’s catalyst
proceeds efficently at room temperature, whereas good
conversions are obtained with catalyst 1 only when the
reaction is performed at 50 °C. In addition, the isolated
yields of terminal alkenes are usually lower when using
the ruthenium catalyst; thus, from a synthetic point of
view, the rhodium system is more attractive.

However, from a mechanistic standpoint, the discrep-
ancy between the reactivities of the ruthenium complex
with diazomethane and (trimethylsilyl)diazomethane is
quite intriguing and prompted us to study these com-
plexes by spectroscopic analysis. As reported by Roper,13

the reaction of ruthenium complex 1 and diazomethane
generated the ruthenium carbene 2, which was isolated
and characterized at room temperature. The ruthenium
carbene 2 displayed a singlet in phosphorus NMR (see
the Supporting Information for details). This is consis-

tent with a trigonal-bipyramidal geometry in which both
triphenylphosphine groups are trans, and thus both
phosphorus atoms are equivalent. In addition, the
proton NMR spectrum showed a triplet at 13.5 ppm, for
the methylene carbene moiety (see the Supporting
Information for details).

The situation is quite different with regard to the
reaction of ruthenium complex 1 and (trimethylsilyl)di-
azomethane. When an equimolar amount of Me3SiCHN2
was added to complex 1 at -40 °C in THF, no nitrogen
evolution was observed, and a new species appeared
which was characterized by multinuclear NMR at -40
°C. This new complex gives rise to two doublets at 33.7
and 42.9 ppm (1JPP ) 12 Hz) in 31P{1H} NMR, which is
consistent with two nonequivalent phosphorus atoms
(Figure 1). The absence of nitrogen evolution during the
formation of this new species suggests the formation of
a (trimethylsilyl)diazomethane-ruthenium complex.
Indeed, new signals appear in the 1H and 13C NMR
spectra. For instance, the proton of (trimethylsilyl)-
diazomethane, originally at 2.78 ppm, is shifted to 3.50
ppm and now appears as a doublet of doublets (1JHP )
20, 4 Hz) (Figure 2). In the 13C NMR spectrum, the
coordinated Me3SiCHN2 gives rise to a doublet of
doublets at 9.4 ppm (1JCP ) 57, 26 Hz) (Figure 3).

The chemical shifts of both the proton and the carbon
of the coordinated Me3SiCHN2 are not consistent with
the formation of a carbene or an azine species.12 Never-
theless, in both cases, phosphorus coupling suggests a

Table 2. Transition-Metal-Catalyzed
Methylenation of Aldehydes with Me3SiCHN2

a Reaction was run with 5 mol % catalyst at 50 °C. b Isolated
yield. c Reaction was run with 25 mol % catalyst at 25 °C. d The
starting material was 95% ee.

Figure 1. 31P NMR spectrum of RuCl(NO)(PPh3)2 (1) and
Me3SiCHN2 in d8-THF at -40 °C.

Figure 2. 1H NMR spectra of Me3SiCHN2 and a mixture
of RuCl(NO)(PPh3)2 and Me3SiCHN2 in d8-THF at -40 °C.

Communications Organometallics, Vol. 23, No. 6, 2004 1189
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close relationship between the carbon of Me3SiCHN2
and the ruthenium atom.15 Among the stable diazoal-
kane complexes that have been isolated from reactions
between transition-metal complexes and diazoalkanes,
the most common are either η2-diazoalkane ligands
coordinated through the N-N multiple bonds (η2(N,N))
or η1-diazoalkane ligands coordinated at the terminal
nitrogen atom (η1(N)) (Chart 1).16 Although the chemical

shifts observed for the new coordinated Me3SiCHN2
species suggest such complexes, usually no phosphorus-
carbon or phosphorus-hydrogen coupling is detected for
η1(N) and η2(N,N) coordination.16g Other suggested coor-
dination modes of diazoalkane ligands include η2-coor-
dination through the C-N multiple bonds (η2(C,N)) and
the formation of metallacyclobutanes with 1,3-N,C coor-
dination (η2(N,C)). Such complexes have been proposed
as intermediates in the mechanism of decomposition of
diazoalkanes but have never been fully characterized.17

The observed NMR data of the Me3SiCHN2-ruthe-
nium complex reported herein can, however, be rational-

ized through an octahedral η2(C,N)-coordinated diazo-
alkane metal complex (Chart 2). Not only can the forma-
tion of either a metallacyclobutane or a η2(C,N) complex
account for the observed chemical shifts but it is also
consistent with the observed phosphorus coupling con-
stants.18

The sensitivity of the (trimethylsilyl)diazomethane-
ruthenium complex precludes its characterization by
other techniques that cannot be run at low tempera-
ture.19 The THF solution of this new Me3SiCHN2-
ruthenium species is stable at -40 °C but starts to
slowly decompose when warmed above 0 °C. No ruthe-
nium carbene was observed upon warming the mixture,
and the ruthenium complex decomposed with nitrogen
evolution to generate Me3SiCHdCHSiMe3 (72% yield by
GC-MS) and an insoluble amorphous inorganic mix-
ture.20 The Me3SiCHN2-ruthenium complex is stable
at -40 °C in THF in the presence of triphenylphosphine
and 2-propanol. When this mixture was warmed to 50
°C, the formation of 71% of methylenetriphenylphos-
phorane and 50% of isopropoxytrimethylsilane was
observed (see the Supporting Information for details).

In conclusion, we have described a new Me3SiCHN2-
ruthenium complex which is catalytically active in the
presence of triphenylphosphine and 2-propanol to gen-
erate methylenetriphenylphosphorane. Upon treatment
with aldehydes, the latter gives rise to the corresponding
alkenes. NMR spectroscopic analysis is consistent with
the unusual formation of an octahedral η2(C,N)-coordi-
nated (trimethylsilyl)diazomethane-ruthenium complex.
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Figure 3. 13C NMR spectra of Me3SiCHN2 and a mixture
of RuCl(NO)(PPh3)2 and Me3SiCHN2 in d8-THF at -40 °C.

Chart 1

Chart 2
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