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The construction of trisubstituted carbon—carbon double 
bonds by the stereoselective olefination of ketones represents a 
difficult challenge in organic synthesis.2 A number of strategies 
have been pursued,3 including the application of chiral olefi-
nating agents.4 As part of an ongoing program directed toward 
the development of transition metal alkylidenes as reagents for 
organic synthesis,5 we are evaluating the viability of a new 
strategy for stereoselective ketone olefination based on "direc
tion" by a remote substituent.6-8 

Several transition metal alkylidenes had been shown to 
convert carbonyl derivatives to the corresponding olefins. In 
addition to the Tebbe complex9 and Kauffmann's reagents,10 

substituted alkylidenes of tungsten and molybdenum have been 
shown to react with esters and ketones, opening the possibility 
of trisubstituted olefin synthesis. However, initial investigations 
of these latter complexes resulted in olefinic products which 
were of mixed stereochemistry,11 suggesting that simple steric 
interactions were not sufficient to provide the required stereo-
control. 
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Scheme 1. Ligand-Directed, Stereoselective Olefination of Ketones 
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Table 1. Isomer Ratios for the Olefination of Functionalized 
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Our strategy for effecting ketone olefination with high 
stereoselectivity (Scheme 1) requires that the substrate bear a 
Lewis basic functional group, which serves to differentiate the 
two substituents of the ketone carbonyl (A). In the first step of 
the directed olefination process, the Lewis base complexes to 
the metal syn to the hydrogen as a consequence of steric 
considerations (B). [2 + 2] cyclization then produces an 
oxametallacycle (C) wherein R1 and R2 bear a syn relationship. 
Productive collapse of this intermediate affords the olefin (D).12 

In the initial studies, the tungsten alkylidene W(CHCMe3)-
(NAr)(OCMe(CF3)2)2 (1; Ar = 2,6-(1-Pr)2C6H3)

13 was chosen 
as the olefinating agent for several reasons: (1) it olefinates 
ketones at room temperature;13 (2) it is coordinatively unsatur
ated and therefore can accommodate a Lewis basic directing 
group and the carbonyl;1415 (3) the alkylidene exists as a single 
stereoisomer;13 and (4) derivatives can be prepared from 
phosphorus ylides.16 Oxygen-based directing groups (ethers, 
esters, and hydroxyls) were chosen for initial study due to the 
well-established affinity of tungsten alkylidenes for oxygen15 

and the ubiquity of oxygen in natural products. 

1 M = W,R' = Me 
R = CMe(CF3)2 

2 M = Mo, R' = Ph 
R = CMe(CF3J2 

The stereoselectivities observed in the olefination of func
tionalized ketones by 1 are compiled in Table I.17 The 
olefinations of ketones bearing benzyloxy, acetoxy, and y- and 
a-hydroxy groups are not highly stereoselective, but reaction 
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Table 2. Temperature Effect on the Stereoselectivity of 
Hydroxyl-Directed Olefination by 1 
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70 
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" Isolated yield. b Determined by 1H NMR and GC. c NOE showed 
that the major isomer is the E isomer. d The minor isomer was not 
detected. 

of the /3-hydroxy ketone with 1 affords the E olefin with 
relatively high selectivity. These results suggest that the 
hydroxyl group is the only Lewis basic functionality that is small 
enough or basic enough to coordinate the highly sterically 
hindered metal center. 

The stereoselectivity of this reaction is significantly improved 
by lowering the reaction temperature.18 The results are shown 
in Table 2. 

In contrast to tungsten alkylidene 1, molybdenum alkylidene 
Mo(CHCMe2Ph)(NAr)(OCMe(CF3)2)2 (2, Ar = 2,6-((-Pr)2C6H3) 
typically does not olefinate ketones at room temperature (eq 
I).19 However, we have discovered that y- and fi-hydroxy 
ketones undergo highly stereoselective E olefination within 
minutes when treated with 1 equivalent of 2 (eqs 2, 3).'7 The 
tremendous rate acceleration and the stereochemistry of the 
products are consistent with the operation of a functional group 
directed process. 

Finally, it has been shown that the nature of the alkylidene 
group which is transferred can be altered by a prior metathesis 
reaction. For example, complex 2 reacts with ris-/3-methyl-
styrene to produce alkylidene 3.20 Introduction of the substrate 
then results in a directed olefination reaction to afford thephenyl-

(18) Olefination with the more reactive 1 can proceed by two competing 
pathways. The reaction which goes through the chelated intermediate gives 
products with high stereoselectivities while the nonchelating pathway gives 
mixtures of isomers. The temperature effect suggests that at lower 
temperatures the rate for the olefination by the nonchelating path is 
significantly slowed relative to that of the chelating path. The less reactive 
2 can only react by the chelated pathway. 
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H.; Yap, K. B.; Robbins, J.; Cai, S.; Schrock, R. R. Inorg. Chem. 1992, 31, 
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These observations on the hydroxyl-directed carbonyl olefi
nation provide a new strategy for the stereospecific construction 
of trisubstituted olefins. Future efforts will focus on further 
defining the scope of this process as well as on developing 
practical reagents for effecting this selective transformation. 

Acknowledgment. Support has been provided by Ube Industries, 
Ltd., Japan (grant to O.F.), the National Science Foundation (post
doctoral fellowship to G.C.F.), the California Institute of Technology 
Summer Undergraduate Research Fund (grant to P.W.K.R.), and the 
National Institutes of Health (grant to R.H.G.). 

Supplementary Material Available: Experimental procedures and 
full characterization data for reaction products (14 pages). This material 
is contained in many libraries on microfiche, immediately follows this 
article in the microfilm version of the journal, can be ordered from the 
ACS, and can be downloaded from the Internet; see any current 
masthead page for ordering information and Internet access instructions. 

JA943498B 

(20) Only aryl-substituted alkylidenes were successfully transferred with 
this reaction. 

(21) In the case of 1, alkylidene transfer reached equilibrium in 3 h at 
20 °C (benzylidene/neopentylidene = 90/10). Addition of/3-hydroxy ketone 
to this reaction mixture produced the benzylidenated product, but in much 
lower stereoselectivity than in the case of 2 (at room temperature, EIZ = 
75/25; at - 7 8 0C, EIZ = 90/10). 


