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Methylenation of Aldehydes: Transition Metal
Catalyzed Formation of Salt-Free Phosphorus
Ylides**

Hélene Lebel,* Valérie Paquet, and Caroline Proulx

Among the olefination processes,l'! the methylenation of
carbonyl derivatives is a very important transformation in
synthesis.?! Recently even more attention has been devoted to
this reaction since terminal alkenes are ideal precursors for
ring-closing metathesis reactions.’! Although the Wittig
reaction has been quite reliable for performing this trans-
formation, several drawbacks are still associated with it. The
most important problems include the low reactivity of the
reagent with sterically hindered carbonyl derivatives as well
as the possible epimerization of base-sensitive substrates.!
Several systems employing stoichiometric amounts of organo-
metallic reagents have been developed to overcome these
problems. For example, organometallic compounds based on
titanium (Tebbe/Petasis) and zinc (Oshima/Lombardo) pro-
vide efficient methylenation of numerous carbonyl sub-
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strates.’] However, the use of stoichiometric amounts of
expensive and in some cases pyrophoric compounds, as well as
the competitive reductive coupling of aldehydes observed
with these reagents,/® are undesired factors and indicate that
there is still a significant need to develop new reagents to
carry out this transformation. Few approaches to transition
metal catalyzed olefinations have been disclosed, but they are
all limited to the synthesis of a,S-unsaturated esters. 8l
Numerous methods for the preparation of phosphorus
ylides by deprotonation of phosphonium salts with a base
have been reported.’) Conversely, sulfur, oxonium, nitrogen,
carbonyl, and thiocarbonyl ylides have been successfully
prepared from diazo compounds with the use of transition
metal catalysts.'’) However, with the exception of one report
by Fujimura and Honma on the use of diazoacetate precur-
sors,! such a strategy has never been applied to the prepara-
tion of phosphorus ylides. Here we disclose the first transition
metal catalyzed methylenation of aldehydes, based on the
synthesis of salt-free phosphorus ylides from diazo reagents.
In principle, the generation of Ph;P=CH, (1) requires the
use of CH,N, as the diazo precursor (Scheme 1). Our first
attempts at the methylenation of cinnamaldehyde (3) with

CCHNL" L
s C: 2 Base i c-PphsBr

i - HgC:PPhg
1 2

Scheme 1. Generation of 1.

CH,N, using [RuCI(NO)(PPhs),] as the catalyst were very
disappointing (Table 1, entries 1, 2). No alkene product was
observed, although [RuCI(NO)(PPh;),] is known to produce
stable carbene species in the presence of CH,N,.['2l We also
investigated TMSCHN, (TMS =trimethylsilyl) as a safer
alternative to CH,N,, since Ph;P=CHTMS can be rapidly
desilylated in the presence of an alcohol to generate the
corresponding salt-free phosphorus methylide.'>'¥ The
methylenation of 3 proceeded smoothly with TMSCHN, in
the presence of PPh; and [RuCI(NO)(PPh;),]. In the absence
of an alcohol, diene 4 was produced quantitatively in 16 h
(entry 3). In contrast, conversion was quantitative after 2 h
when one equivalent of 2-propanol was added (entry 4). For
comparison, only 45% conversion was observed for the
formation of a,3-unsaturated ester 5 under similar conditions
with ethyl diazoacetate (EDA, entry 5). We then surveyed
various catalysts for the methylenation of 3 with TMSCHN,,
PPh;, and 2-propanol. Many ruthenium and rhodium com-
plexes effectively catalyzed the methylenation with
TMSCHN, and 2-propanol, whereas low activity was often
observed with EDA. The best catalytic activity was observed
with Wilkinson’s catalyst, [RhCI(PPh;);], which allowed the
quantitative conversion of 3 into diene 4 within 30 min at
25°C with TMSCHN, (entry 14). Again, the combination of
TMSCHN, and 2-propanol proved to be superior to CH,N,
and EDA (entries 12, 13). Under similar conditions,
[{Rh(OAC),},] was inefficient at catalyzing the olefination of
3 (entries 23, 24).

The catalyst loading could be lowered to 2.5 mol % with no
detrimental effect on the activity when [RhCI(PPh;);] was
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Table 1. The effect of the catalyst on the olefination of 3.

NN RCHN,, PPh; Ph/\/*c’”R
Catalyst
H
3 R = H (4), COEt (5)

Entry Catalystl Diazo compound Conditions Conv. [% ] (product)

1 [RuCI(NO)(PPh,),] CH,N, THE, 50°C, 16 h <s

2 [RuCI(NO)(PPh,),] CH,N, benzene, 50°C, 16 h <s

3 [RuCI(NO)(PPh,),] TMSCHN, THE, 50°C, 16 h >98 (4)

4 [RuCI(NO)(PPhy),] TMSCHN, THF/iPrOH, 50°C, 2 h >98 (4)

5 [RuCI(NO)(PPhy),] EDA THE, 50°C, 16 h 45 (5)

6 [RuCl,(PPh,),] TMSCHN, THF/iPrOH, 50°C, 16 h >98 (4)

7 [RuCl,(PPh,),] EDA THE, 50°C, 8 h 92 (5)k

8 [Ru(NO),(PPh,),] TMSCHN, THF/iPrOH, 50°C, 16 h 90 (4)

9 [Ru(NO),(PPh,),] EDA THE, 50°C, 16 h <s
10 [RuCICp(PPh,),] TMSCHN, THF/iPrOH, 50°C, 16 h 90 (4)
1 [RuCICp(PPh,),] EDA THE, 50°C, 16 h 40 (5)
12 [RhCI(PPhs)s] CH,N, THE, 25°C, 16 h 60 (4)
13 [RhCI(PPhy)s] EDA THE, 25°C, 16 h 60 (5)
14 [RhCI(PPhy)s] TMSCHN, THF/iPrOH, 25°C, 0.5 h >98 (4)
15 [RhCI(PPhy),]l¢ TMSCHN, THF/iPrOH, 25°C, 0.5 h >98 (4)
16 [RhCI(PPhy)s] TMSCHN, THF/iPrtOH, 0°C, 16 h 31 (4)
17 [RhCI(PPhs)s] TMSCHN, THF/MeOH, 25°C, 0.5 h 78 (4)
18 [RhCI(PPhy)s] TMSCHN, THF/EtOH, 25°C, 0.5 h 87 (4)
19 [RhCI(PPhy)s] TMSCHN, THF/{BuOH, 25°C, 0.5 h 16 (4)
20 [RhCI(PPhy),] TMSCHN, CH,CL/iPrOH, 25°C, 1 h >98 (4)
21 [RhCI(PPhs)s] TMSCHN, Et,0/iPrOH, 25°C,5h >98 (4)
2 [RhCI(PPhy)s] TMSCHN, toluene/iPrOH, 25°C, 16 h >098 (4)
23 [{Rh(OAc),)] EDA THE, 25°C, 16 h <5
24 [{Rh(OAc),)] TMSCHN, THF/iPrOH, 25°C, 16 h <s

[a] Catalyst: 5 mol %. [b] Determined by gas chromatography (GC). [c] Yield of isolated product, see reference [11]. [d] Catalyst: 2.5 mol %. EDA = ethyl

used with TMSCHN, and 2-propanol (Table 1, entry 15).
Below this concentration, the reaction did not go to com-
pletion. Only 31% conversion was observed when the
reaction was carried out at 0°C, (entry 16). 2-Propanol was
the best alcohol surveyed (entries 14 vs 17-19). Although
THF was the most effective solvent, equally high conversions
were obtained in dichloromethane, diethyl ether, and toluene,
but longer reaction times were required (entries 20 —22).

The reaction conditions used were quite general (Table 2).
In all cases, terminal alkenes were isolated in excellent yields.
Methylenation of the aromatic aldehyde 12 produced the
styrene derivative 13 in 60% yield (entry 5). This result is
impressive since the highest yield reported so far for the
synthesis of 13 was only 33% using Lombardo’s reagent.*!
The sterically hindered aldehyde 14 reacted smoothly to
produce alkene 15 in 79 % yield (entry 6). In contrast, 15 was
isolated in only 40% and 50 % yield when 1 was generated
from 2 upon reaction with PhLi or sodium 1,1,1,3,3,3-
hexamethyldisilazane =~ (NaHMDS), respectively  (see
Scheme 1).11)

The reaction can be performed in the presence of secondary
amides (Table 2, entry 5), enolizable ketones (entry 7), or
epoxides (entry 8), and a wide variety of protecting groups are
compatible (silyl and benzyl ethers, acetonides, carbamates).
The reaction with aldehyde 16 was highly chemoselective and
resulted in the exclusive formation of 17 in 87% yield
(entry 7). For comparison, alkene 17 was isolated in only 59 %
yield, along with product 28 in 15-20% yield, when 16 was
treated with 1 generated by deprotonation of 2 with

2888 © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2001

o
=
o Ph 59%
HaC-PPh; Br (2 17
h)wo 3—3r()> + (1)
P NaHMDS / THF M
16 Ph #
15-20%

NaHMDS [Eq. (1)]. The new reaction conditions are mild
and nonbasic, thus chiral nonracemic a-substituted aldehydes
react without epimerization. The Garner’s aldehyde 24
(93% ee) was converted into 25 in 86% yield and with
93 % ee (entry 11). Finally, aldehyde 26 afforded the terminal
alkene 27 in 89 % yield while maintaining the stereochemical
integrity of the adjacent chiral center (entry 12). These
observations are in sharp contrast to the results obtained
with non-lithium-free phosphorus ylides.

In contrast to the reported methods of olefination based on
decomposition of transition metal diazo compounds, it seems
unlikely that the current reaction proceeds through a metal
carbene intermediate. No reaction was observed when 3 was
treated with the preformed metal carbene [CH,=RuCl-
(NO)(PPh;),] obtained from CH,N, and [RuCl-
(NO)(PPh;),].l"”l In addition, no carbene was detected by
spectroscopic methods when TMSCHN, and 2-propanol were
added to [RuCl(NO)(PPhs),]. Rhodium(ii) acetate, known for
producing metal carbenes with diazo compounds, was ineffi-
cient at catalyzing the olefination reaction at room temper-
ature. Finally, it is known that diazo compounds react with Rh!
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Table 2. The Rh-catalyzed methylenation of aldehydes.
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1 waequm
4 equiv
o TMS™ " H PN
[RhCI(PPhg)s] (2.5 mol%) / THF, 25 °C
iPrOH (1.1 equiv), PPh3 (1.1 equiv)

Entry Substrate Product t [h] Yield [%]®
1 P g 3 P " g4 0.5 88
2 )WO 6 )\vvk/\ 7 7 84
3 TBSO ™>">~"0 8 TBSO ™" 9 8 91

OBn OBn
4 /Q\/\/\ /\)\/\/\ 1 1 %8
Ph ~0 10 Ph =
MeO. NHAc MeQO NHAc
s m 12 m 13 05 60
MeO 0 MeO 7
6 OTBDPS ., OTBDPS 4 7 79
=
7 2 0.5 87
phh O 16 b~ 17 -
8 Ph/éwo 18 Ph?/\ 19 1 86
o N
0
9 20 21 1.5 79
< <
ol ° o{
10 Ph—( 22 Phe( 23 5 74
(¢] (¢]
1 rNBOC 24 A-NBOC 25 4 86
Pr. Pr
12 Yo 26 ~ 3 89
OTBDPS OTBDPS

[a] Yield of isolated product.

through nitrogen complexation and the adduct does not
produce carbene species.l') The proposed catalytic cycle
involves the activation of the TMSCHN, by [RhCI(PPh;)]
through nitrogen complexation. Nucleophilic attack by PPh;
followed by desilylation (mediated by 2-propanol) and nitro-
gen extrusion leads to the formation of Ph;P=CH, (1) and
regeneration of the catalyst. The formation of 1 was con-
firmed by 3P NMR spectroscopy when TMSCHN, (1.0 equiv)
was mixed with PPh; (1.0 equiv), 2-propanol (1.0 equiv), and
[RhCI(PPh;);] (2.5 mol %).

In conclusion, we have developed the first Rh'-catalyzed
methylenation of aldehydes using readily available reagents.
The conditions are mild enough to be compatible with
sensitive and enolizable substrates, thus highlighting the
nonbasic character of phosphorus ylides in the absence of
an inorganic component.

Experimental Section

Representative procedure: To a solution of [RhCI(PPh;);] (0.023 g,
0.025 mmol) and PPh; (0.577 g, 2.20 mmol) in THF (10 mL) was added
2-propanol (0.15 mL, 2.00 mmol) followed by the substrate (2.00 mmol).
TMSCHN, (1.75 mL, 2.80 mmol) was added to the resulting red mixture.
Immediate gas evolution was observed, and the mixture was stirred at room
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temperature. Extraction and subsequent purification by flash chromatog-
raphy provide the desired alkene.

Received: February 21, 2001
Revised: May 7, 2001 [Z16654]

[1] a) J. M. J. Williams, Preparation of Alkenes: A Practical Approach,
Oxford University Press, Oxford, UK, 1996; b) B. E. Maryanoff, A. B.
Reitz, Chem. Rev. 1989, 89, 863-927; c) E. Vedejs, M. J. Peterson in
Topics in Stereochemistry, Vol. 21,1994, pp. 1-157; d) K. C. Nicolaou,
M. W. Harter, J. L. Gunzner, A. Nadin, Liebigs Ann. 1997, 1283 -1301.
S.E. Kelly in Comprehensive Organic Synthesis, Vol. I (Eds.: B. M.
Trost, I. Fleming, S. L. Schreiber), Pergamon, Oxford, 1991, p. 729.
[3] a) L. Ackermann, D. El Tom, A. Furstner, Tetrahedron 2000, 56,
2195-2202; b) T. M. Trnka, R. H. Grubbs, Acc. Chem. Res. 2001, 34,
18-29; ¢) A. Fiirstner, Angew. Chem. 2000, 112, 3140-3172; Angew.
Chem. Int. Ed. 2000, 39, 3013 -3043.

For selected examples of methylenations of aldehydes, see a) M. Ito,
C. Kibayashi, Synthesis 1993, 137-140; b) E. Van der Eycken, D. De
Keukeleire, A. De Bruyn, Tetrahedron Lett. 1995, 36, 3573 -3576;
¢) R. M. Moriarty, H. Brumer, Tetrahedron Lett. 1995, 36, 9265 —9268;
d) H. Ina, M. Ito, C. Kibayashi, J. Org. Chem. 1996, 61, 1023 -1029;
e) J. M. Devaux, J. Gore, J. M. Vatele, Tetrahedron: Asymmetry 1998,
9, 1619-1626; f) T. Wirth, G. Fragale, Synthesis 1998, 2, 162-166;
g) M. Sasaki, M. Inoue, K. Takamatsu, K. Tachibana, J. Org. Chem.
1999, 64, 9399 -9415.
[5] a) S. H. Pine, Org. React. 1993, 43, 1-91; b) J. R. Stille in Compre-
hensive Organometallic Chemistry II: A Review of the Literature

2

—

4

=

1433-7851/01/4015-2889 $ 17.50+.50/0 2889



COMMUNICATIONS

1982—-1994, Vol. 12 (Eds.: E. W. Abel, F. G. A. Stone, G. Wilkinson),
Pergamon, Oxford, UK, 1995, pp. 577 —600.

[6] J. McMurry, Chem. Rev. 1989, 89, 1513 -1524.

[7] a) W. A. Herrmann, P. W. Roesky, M. Wang, W. Scherer, Organo-
metallics 1994, 13, 4531 -4535; b) W. A. Herrmann, M. Wang, Angew.
Chem. 1991, 103, 1709-1711; W. A. Herrmann, M. Wang, Angew.
Chem. Int. Ed. Engl. 1991, 30, 1641 -1643.

[8] a) B.E. Ledford, E. M. Carreira, Tetrahedron Lett. 1997, 38, 8125—
8128; b) X. Y. Lu, H. Fang, Z.J. Ni, J. Organomet. Chem. 1989, 373,
77-84; ¢) Y. Liao, Y. Z. Huang, Tetrahedron Lett. 1990, 31, 5897 -
5900; d) Z. L. Zhou, Y. Z. Huang, L. L. Shi, Tetrahedron 1993, 49,
6821 -6830.

[9] A.W. Johnson, Ylides and Imines of Phosphorus, Wiley, New York,

1993.

a) V. K. Aggarwal, H. Abdelrahman, R. V. H. Jones, H. Y. Lee, B. D.

Reid, J. Am. Chem. Soc. 1994, 116, 5973-5974; b) V. K. Aggarwal,

Synlett 1998, 329 — 336, and references therein; c) V. K. Aggarwal, J. G.

Ford, S. Fonquerna, H. Adams, R. V. H. Jones, R. Fieldhouse, J. Am.

Chem. Soc. 1998, 120, 8328 —8339; d) M. P. Doyle, D. C. Forbes, Chem.

Rev. 1998, 98, 911-935; ¢) M. P. Doyle, M. A. McKervey, T. Ye,

Modern Catalytic Methods for Organic Synthesis with Diazo Com-

pounds: From Cyclopropanes to Ylides, Wiley, New York, 1998.

[11] O. Fujimura, T. Honma, Tetrahedron Lett. 1998, 39, 625—626.

[12] A.K. Burrell, G.R. Clark, C. E.F. Rickard, W.R. Roper, A.H.

Wright, J. Chem. Soc. Dalton Trans. 1991, 609 -614.

[13] a) H. Schmidbaur, Acc. Chem. Res. 1975, 8, 62-70, and references

therein; b) E. Vedejs, G. R. Martinez, J. Am. Chem. Soc. 1979, 101,

6452 -6454; c) E. Vedejs, F. G. West, Chem. Rev. 1986, 86, 941 -955.

The reaction of TMSCHN, with an alcohol does not produce CH,N,:

a) N. Hashimoto, T. Aoyama, T. Shioiri, Chem. Pharm. Bull. 1981, 29,

1475-1478;b) T. Shioiri, T. Aoyama, S. Mori, Org. Synth. 1990, 68, 1 -

7.

H. Lébel, V. Paquet, unpublished results.

a) P. Schwab, N. Mahr, J. Wolf, H. Werner, Angew. Chem. 1993, 105,

1498 -1500; Angew. Chem. Int. Ed. Engl. 1993, 32, 1480—-1482; b) H.

Werner, P. Schwab, E. Bleuel, N. Mahr, P. Steinert, J. Wolf, Chem. Eur.

J. 1997, 3, 1375-1384.

[10

[14

[15
[16

Carbanions Substituted by Transition Metals:
Synthesis, Structure, and Configurational
Restrictions of a Lithium Titanium
Phosphonate

Jiirgen F. K. Miiller,* Klaus J. Kulicke,
Markus Neuburger, and Martin Spichty

Lithium “carbanions” that are stabilized by transition
metals represent a new class of organodimetallic reagents in
which an acceptor-substituted anionic C atom is directly
connected to a transition metal.'l Such compounds are
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expected to possess properties that differ from those of
ordinary acceptor-stabilized lithium compounds. In principle,
multiple C—C bond-forming reactions are possible by the
subsequent addition of various electrophiles, while the
reactivity of the anionic C atom and its configurational
stability could be directed by the steric and electronic impact
of the transition metal.’ Our main goal is the design and
development of chirally modified organodimetallic reagents
that facilitate highly stereoselective asymmetric transforma-
tions. Recently, we reported on the structure determination of
a lithiated titanium sulfone, an intermediate that occurs in the
E-selective olefination of aldehydes.'3! As part of our
program for the exploration and structure determination of
new chiral organodimetallic compounds, we have synthesized
a lithiated titanium phosphonate, determined its solid-state
structure by X-ray analysis, and compared the experimental
data with the results of density functional theory (DFT)
calculations on a model system.[* ]

Dilithiation of dimethyl (trimethylsilylmethyl)phosphonate
1 with 2.2 equivalents of nBuLi in diethyl ether in the

1l
MeO-P.__SiMeg

MeO . MeO-p-OMe
Li<O  O=lj
. 7/ CIN
lz BuLi ,O\\/—Li\cl/Li_\‘,O\
(PrO)sTi{_ P-OMe }eoipyTi(O/Pr)s
1] . e
MeO-P__SiMe; [TICIOPNa]_ Messi M L™ Megye,
MeO’ 77 o)
Li Li Meo\l':‘,
2 MeO™" ™. Lj,0
3

presence of a trace of water, followed by addition of
[TiCl(OiPr);] and removal of LiCl by filtration gave the
lithium titanium phosphonate 3 as green crystals in 48%
yield.ll Figure 1 depicts a C3D plot of the aggregate 3.
Compound 3 contains two monolithiated titanium phos-
phonate units together with two LiCl, Li,O, lithiated

Figure 1. Molecular structure of 3. Hydrogen atoms are omitted for clarity.

1433-7851/01/4015-2890 $ 17.50+.50/0 Angew. Chem. Int. Ed. 2001, 40, No. 15



