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Carbon-Carbon Bond Formation Catalyzed by
Lithium Perchlorate in Dichloromethane
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Summary: A catalytic amount of lithium perchlorate suspended in dichloromethane provides a mild and
effective medium for Mukaiyama aldol reactions of aldehydes with silyl ketene acetal (1). 2-Cyclohexenone
undergoes clean 1,4-addition under similar conditions. Catalyst activity is much higher in dichloromethane
than in diethyl ether.

Concentrated homogeneous solutions of lithium perchlorate (LiC10,) in diethyl ether (1-5 M) induce a
variety of synthetically interesting transformations.! An inherent disadvantage of such a reaction medium is
the environmental implication associated with disposal of the excess perchlorate. Recently, we reported on
the use of both excess and catalytic (3 mol%) LiClO4 as a Lewis acid in diethyl ether for mediating
Mukaiyama aldol reactions.? A high degree of diastereoselectivity was observed with a chiral
a-benzyloxyaldehyde as substrate and this was attributed to a chelation control mechanism.® The catalytic
transformations in diethyl ether are rather sluggish, however, in the case of simple aldehydes. For example,
the reaction of benzaldehyde with the silyl ketene acetal (1) (TBDMS = ¢-butyldimethylsilyl) requires 5
days at room temperature to reach 86% conversion.
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It was of interest, therefore, to find conditions that accelerate such catalytic transformations. We now
report on the use of catalytic amounts of LiClO, suspended in dichloromethane as a mild and efficient
means for effecting C-C bond formation. Addition of 3 mol% LiClO, to a solution of benzaldehyde and (1)
in dichloromethane led to complete conversion to the O-silylated product (2) within 15 min. This was
isolated in quantitative yield following silica gel chromatography.> Aliphatic aldehydes were found to react
less rapidly under similar conditions. Nevertheless, a reaction time of 18 h at room temperature sufficed for
complete conversion of iso-butyraldehyde to the desired product (3), isolated in 87% yield. In these
reactions the LiClO, does not dissolve, which suggests that heterogeneous catalysis may be involved.
Furthermore, the catalyst is recyclable, Thus, following completion of the Mukaiyama addition the reaction
mixture could be decanted from the lithium salt which was then used in a further reaction. This led to
equally effective catalysis both in terms of reaction time and yield.
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Chelation control could be realised in the reaction of (1) with the chiral aldehyde (4) (Bn = benzyl).
Clean conversion was achieved within 20 minutes at room temperature (Scheme ) and the addition
products (5) and (6) were obtained as a mixture of predominantly silylated and desilylated (5-12%) aldols in
an overall ratio of 86:14 (5):(6).% Once again, the preferential formation of the syn-product (5) is explained
in terms of a chelated intermediate.2
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22 20 min 86:14
-15 3h 90:10
-30 4h 92: 8

The diastereoselectivity of the process increased somewhat with decreasing temperature and at -30°C
the syn:anti ratio was determined to be 92:8, conversion being complete after 6 h. Treatment of the
combined reaction mixture with 40% aqueous HF in acetonitrile effected desilylation and the free aldol was
isolated in 84% overall yield.

As before, the LiClO, remained undissolved during the course of the reactions. In an ether medium,
LiClQ, is able to form soluble etherates and it is conceivable that this factor is directly responsible for the
difference between the two solvent systems. LiClO, acts as a Lewis acid in these reactions by coordinating
with the carbonyl function, leading to activation.” In ether, the substrate is in competition with the solvent
for coordination to the lithium cation whereas in dichloromethane, no such competition exists, and enhanced
reactivity is observed inspite of poor (or no) solubility.

Another example of the use of LiClO,/dichloromethane pertains to the reaction of the
N,N-dibenzyl-protected amino aldehyde (7) derived from L-alanine. Smooth aldol reaction with (1) in the
presence of catalytic quantities of LiClO, was observed at room temperature. The transformation, when
attempted in diethyl ether, is successful only when an excess of the lithium salt (5 M) is used. The product
(8) is obtained as a single diastereoisomer, corresponding to non-chelation control (93% conversion, 58%
isolated yield).

NBn, o LiCIO, (3 mol%) _ Neny
i + > i
o CH,CL,, RT. 6 h
Mo N Me COMe
OTBDMS
¥)) ®

diastereoselectivity > 98%



N,N-Dibenzylamino aldehydes show a high propensity for non-chelation control in a variety of
nucleophilic addition reactions.® Thus, the magnesium chloride-mediated aldol addition of enolsilanes
occurs with non-chelation control, but the resultant aldols undergo rearrangement under the reaction
conditions.® This is not observed in the present system.

LiClO, also proved to be a catalyst for the addition of trimethylsilyl cyanide (TMSCN) to the
aldehyde (4) in dichloromethane. The reaction proceeds within 16 h at room temperature with 3 mol%
catalyst and subsequent acidic work-up (2M HCITHEF) led to isolation of the corresponding cyanohydrin (9)
in 87% yield. In contrast to the Mukaiyama reaction, however, the diastereoselectivity of the TMSCN
addition was poor (57:43, syn:anti) which may be attributed to reversibility of the reaction.10
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Finally, we were interested to determine whether the enhanced activity of LiClO, in dichloromethane
would enable conjugate additions of (1) to o,f-unsaturated ketones to be realised under catalytic
conditions.!! To this end, the addition of (1) to 2-cyclohexenone was attempted under the standard
conditions.!? Complete and regioselective conversion to the desired adduct (10) was in fact achieved within
1 h (> 97% isolated yield) in a group transfer type of process.!3
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In summary, we have discovered that a suspension of 3 mol% of LiClO, in dichloromethane provides
a considerably more reactive medium than homogeneous solutions in diethyl ether for Mukaiyama aldol
reactions and 1,4-additions to o,B-unsaturated ketones. Depending on the substrate, chelation- or
non-chelation control additions to funtionalised aldehydes can be achieved catalytically and the catalyst may
be recycled with no observable loss in efficacy. Thus, LiClO, in dichloromethane is a viable alternative to
related catalytic systems, 41214

Further studies on the use of lithium salts as Lewis acid catalysts in selective C-C bond-forming
processes are in progress in our laboratories.
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