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The a-alkylation of carbonyl compounds is one of the most 
fundamental and important C-C bond-forming reactions in or
ganic synthesis.1 Many useful procedures developed so far involve 
the SN2 alkylation of enolate anions (or their synthetic equivalents 
such as deprotonated imines, oximes, or hydrazones)2 with the 
appropriate alkyl halides or tosylates.3 Here, only SN2-active 
components such as methyl, allyl, benzyl, and some primary alkyl 
halides are employable, and many secondary and tertiary alkyl 
halides are subjected to competing base-induced HX elimination.4 

More recently, Lewis acid-induced a-alkylation of carbonyl 
compounds has been developed via the corresponding enol silyl 
ethers using SNI-active alkyl halides (i.e., secondary, tertiary, and 
a-heterosubstituted alkyl halides) in the presence of certain Lewis 
acids.5 This alkylation, however, fails to react with primary alkyl 
halides except allylic and benzylic halides. In this context, we 
have been interested for some time in a new, yet unexplored 
primary a-alkylation of carbonyl compounds under nonbasic 
conditions to allow the chemo- and stereoselective a-alkylation 
of complex carbonyl substrates possessing various base-sensitive 
functional groups. Here we wish to report a new type of oxy-
genophile-promoted primary a-alkylation of carbonyl compounds 
under mild conditions. 
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Our method involves the organoaluminum-promoted a-alkyl
ation of carbonyl compounds via the corresponding enol silyl ethers 
in combination with primary alkyl triflate. Among the various 
modified organoaluminum reagents used as oxygenophiles, ex
ceptionally bulky methylaluminum bis(4-bromo-2,6-di-ferf-bu-
tylphenoxide) (MABR)6 is the reagent of choice. For example, 
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"Unless otherwise noted, the a-alkylation of enol silyl ethers with 
alkyl triflate (2 equiv) was carried out with 1.1-2 equiv of MABR in 
CH2Cl2 a t -40 to-20 0C. * Isolated yield. 'Ratio of cis/trans (entries 
2-9) and dl/meso (entry 10). ''Isomeric ratios by alkylation of the 
corresponding lithium enolates. eUse of each 3 equiv of MABR/ 
MeOTf. ^The stereochemical assignment was made by the base-cata
lyzed conversion of the cis/trans mixtures to the thermodynamically 
stable isomers. *Posner, G. H.; Sterling, J. J.; Whitten, C. E.; Lentz, 
C. M.; Brunelle, D. J. J. Am. Chem. Soc. 1975, 97, 107. * House, H. 
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treatment of 5-(trimethylsiloxy)-4-nonene with alkyl triflate (2 
equiv)7 under the influence of MABR (1.1-2 equiv) in CH2Cl2 

at -40 0C for 1.5-3 h gave rise to a monoalkylation product, 
4-alkyl-5-nonanone exclusively in 73-84% yield. Little or no 
dialkylation product was detected. Other examples are shown 
in the text and in Table I. Several characteristic features of the 
reaction have been noted. ( I )A combination of MABR and alkyl 
triflates for a variety of enol silyl ethers is one of the best, and 
only monoalkylation products are obtained. Attempted alkylation 
of 4-terf-butyl- l-(trimethylsiloxy)-l-cyclohexene with conventional 
Lewis acids such as BF3-OEt2, TiCl4, and Me3SiOTf gave none 
of the alkylation products. (2) Enol silyl ethers of a variety of 
ketones, esters, and certain aldehydes can be successfully utilized 
for the present alkylation. fert-Butyldimethylsilyl groups are 
recommended in the case of ketene silyl acetals, and use of tri-
methylsilyl and triethylsilyl groups leads to a mixture of mono
alkylation products and rearranged a-silyl esters.8 (3) Methyl 
iodide and dimethyl sulfate are not employable as other meth-
ylation agents. (4) a-Branched alkyl triflates are not suitable in 
view of the facile carbocation rearrangement under the MABR-
promoted alkylation conditions. Reaction of 5-(trimethylsil-
oxy)-4-nonene and isobutyl triflate with MABR in CH2Cl2 at -78 
to -40 0 C generated, via the rearrangement of isobutyl cation, 
tert-buty\ cation which was trapped by (4-bromo-2,6-di-?e«-bu-
tylphenoxy)aluminum ligands in preference to the enol silyl ether. 
(5) Since unsymmetrical ketones are selectively convertible into 
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"kinetic" or "thermodynamic" enol silyl ethers,9 regioselective 
primary o-alkylation can be easily realized (entries 5-8 and 10). 
(6) A salient feature of the MABR-promoted alkylation is that 
the alkylation of chiral enol silyl ethers shows opposite diaste-
reomeric ratios compared to those with the corresponding metal 
enolates (entries 2-4 and 8-10).10 In particular, the trimethylsilyl 
ethers of 2,6-disubstituted cyclohexanones exhibited high cis se
lectivity (entries 2-4) hitherto not observable in metal-enolate 
chemistry. (7) The selective alkylation of enol silyl ethers pos
sessing base-sensitive functional groups appears feasible under 
the present reaction conditions (entry H).3 The mild reactivity 
of the oxygenophilic MABR is primarily responsible for the 
chemoselectivity of the reaction. For example, reaction of 5-
(trimethylsiloxy)-4-nonene and methyl triflate with MABR 
proceeded smoothly at -40 0C in the presence of 2-undecanone 
to furnish 4-methyl-5-nonanone in 81% yield with 90% recovery 
of unreacted 2-undecanone. 

The present alkylation has vast synthetic potential, as dem
onstrated by the regiocontrolled alkylation of allylic stannanes 
with alkyl triflates. For example, treatment of (iD-cinnamyl-
tributylstannane (1) with methyl triflate in CH2Cl2 at -20 0C 
under the influence of MABR gave rise to the 7-methylation 
product, 3-phenyl-l-butene, exclusively in 72% yield. Since 
preparation of functionalized allylic stannanes has already been 
well-established," the present method would be equally applicable 
to allylic systems possessing various base-sensitive functional 
groups. 
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One of the "holy grails" of chemical physics has been the 
photon-promoted chemical reaction: a case where the course of 
a bimolecular chemical reaction is altered by the absorption of 
a photon during the reactive collision,1 not where a reactant is 
excited before the collision. We have found a photon-promoted 
chemiionization reaction involving a large organic molecule. These 
reactions may be more common than previously thought, and the 
place to look for them may be in reactive systems with many 
degrees of freedom rather than the two- and three-atom cases 
studied to date.1 We have been studying the dynamics of a series 
of organic chemiionization reactions, where the two reactants are 
neutral but the products are ions.2 One example is the reaction 
of an acid and a base to produce a salt,3,4 such as 

HI + Qn — T + HQn+ 
(1) 
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Figure 1. The large symbols show the cross section Q for the photo
chemical reaction of HI and quinuclidine (light on minus light off), and 
the small symbols show the cross section for the residual dark reaction. 
The HI beam is seeded in H2, and the quinuclidine beam is seeded in He 
(+), a mixture of 40% H2 and 60% He (O), and H2 (X). The arrow gives 
the thermodynamic threshold for the dark reaction at 3.53 eV. Data are 
shown for the cation product. 

where Qn is the bicyclic amine quinuclidine. 
The experimental setup is similar to the one used previously.2"4 

Each reactant is made into a seeded supersonic nozzle beam. The 
quinuclidine beam is made by passing inert carrier gas, e.g., H2, 
He, or a mixture of 40% H2 and 60% He, through crystals of the 
solid at 25 0C to produce a mixture of 0.16% quinuclidine in ~1 
atm of carrier gas. The resulting mixture passes through a heated 
nozzle 40 nm in diameter. Two sources are used for HI. In one, 
the carrier gas is bubbled through terr-butyl iodide at -42 0C. 
The resulting mixture is then pyrolyzed at 260 0C to give HI and 
isobutene either in the heated nozzle or in a small chamber behind 
the nozzle. Because this source contains impurities, we also used 
a 5-L bulb containing 1 % HI in H2. Both sources give similar 
results. The relative energy is controlled by varying the nozzle 
temperature and the type of carrier gas for Qn. The light source 
is a 350-W high-pressure mercury arc lamp. The light is focused 
on the beam intersection region by a crown glass lens which cuts 
off all light below 300 nm. A beam flag turns the light off and 
on. I1TOdUCt ions are extracted with an electric field, focused with 
an ion lens, mass selected, and detected with an electron multiplier. 

Figure 1 shows the data for the reaction of HI and Qn. There 
is only one cation at mass 112 (HQn+), and there is only one anion 
at mass 127 (I-). At each energy the cross section is measured 
with the light on and off several times in succession. Cross sections 
for the dark and the photochemical reactions are shown for re
action 1. The arrow gives the thermodynamic threshold for the 
dark reaction at 3.53 eV.5 The small amount of the dark signal 
below this energy is due to the finite energy width in the beam 
and possibly to reactions of dimers in the beams. The signal for 
the dark reaction increases by over 1 order of magnitude4 at 
energies above 4.0 eV. The photochemical signal is many times 
the background and requires both beams to be on. The photo
chemical cross section decreases with increasing energy as ex
pected, since the lifetime of the reaction complex decreases with 
increasing energy. 

We must make sure that the signal is due to reaction 1 and 
not to another process. Because we need to extract the product 
ions with a potential of ~75 V, the ions travel through the 
quadrupole mass filter at ~40 eV, and this degrades the resolution. 
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