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The aldol reaction is the preeminent method for the introduction of the g-hydroxy carbonyl
function, and its development has been marked by significant advances in utility to synthetic
practitioners.l The most recent chapter in this evolution is the introduction of catalysts and
reagents that enable direct and selective formation of the nucleophilic enol component in the
presence of the carbonyl electrophile.2 Although electrophile synthesis is not typically factored
into the overall efficiency of a given aldol addition, it is instructive to consider that when the
reaction is applied in complex fragment couplings, the aldolization step is often preceded by
an obligatory oxidation event that provides the requisite aldehyde or ketone coupling partner.
3A compelling argument may be advanced, therefore, that the most efficient direct aldol
reaction would be one in which both the enolate nucleophile and carbonyl electrophile are
simultaneously generated in situ. This communication provides the conceptual framework for
such a process in the form of a symbiotic redox reaction between an alcohol and a
silylglyoxylate that mutually activates both reaction components for aldolization in the second
stage (eq 1).
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Silylglyoxylates4 1 and 5 were recently described as useful conjunctive agents for coupling
alkynylzinc halides and aldehydes.5 The genesis of the current study was the observation of
hydroxy-silane 6 and ynone 7 as minor byproducts in a reaction between zinc alkoxide 4 and
silyl glyoxylate 5 (eq 2) that was designed to probe the mechanism of the aforementioned three-
component coupling. We hypothesized that these byproducts resulted from an Oppenauer
oxidation/Meerwein—Ponndorf-Verley (MPV) reduction®—8 between 4 and 5. In contrast to
other nucleophiles that react with 5, the hydride transfer did not trigger [1,2]-Brook
rearrangement.9
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If reaction conditions could be suitabli/ modified such that the Oppenauer/MPV process did
cause C — O silyl migration (8 — 9), 0 the resulting products from the redox reaction would
be a glycolate enolate and ketone or aldehyde poised to undergo aldolization (Scheme 1). It
was projected that the identity of the metal cation would be crucial in governing the efficiency
of each proposed step; therefore, an evaluation of suitable candidates was initiated.

As commonly employed catalysts for MPV/Oppenauer reactions, aluminum alkoxides
provided a logical starting point for this inquiry (Table 1).11 Surprisingly, we observed no
reaction with MeAICl, (entry 1), while nBuLi and BusLa provided only the direct addition/
rearrangement product 11 (entries 2 and 3{. Selective generation of desired aldol product 3a
was achieved with a magnesium alkoxide 2,13 generated in THF (entry 4), and an improved
yield and diastereomer ratio was realized when the reaction was conducted in 2:1 THF/
CHClI, (entry 5).14

With the identification of the optimal metal cation, we next evaluated other coupling partners
in the reaction. Alkoxides resulting from deprotonation of alcohols with EtMgBr were initially
investigated (Table 2). Results were good for a variety of alcohols with yields from 63 to 97%.
Notably, primary aliphatic alcohols delivered the aldol products with synthetically useful levels
of anti diastereocontrol (Table 2, entries 1—4).15 Although the details of the transition structure
will require further elucidation, the predominance of the anti isomer is congruent with the
recent observation by Evans and co-workers of anti propionates from (Z)-magnesium enolates.
16 The boat-like transition structure 10 may thus be construed as a tentative model for the
observed stereochemical outcome (R’ = H).

Benzylic alcohols provided the aldol adducts with superior yields but negligible
diastereocontrol (entries 5-7). Perhaps most strikingly, secondary alcohols function effectively
in this reaction to deliver highly substituted ketone aldol adducts (entries 8 and 9).

The success of these latter reactions led us to evaluate a three-component coupling strategy
wherein the requisite secondary alkoxide was formed via Grignard addition to aldehydes (Table
3).17 This simple one-step protocol facilitated access to more complex ketone aldol adducts
with no reduction in reaction efficiency. In the case where significant steric differentiation
exists between R’ and R”, promising levels of diastereocontrol may be achieved (entry 3).

Epoxides may also serve as the alkoxide progenitor in conjunction with a Cu(l)-catalyzed
alkylation (eq 3). On the basis of the similar yield for 12a beginning from either an epoxide
(eq 3) or an aldehyde (Table 3, entry 1), it appears that Cul does not interfere with the
subsequent steps.
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Preliminary conclusions regarding the relative rates of the individual steps of the reaction
sequence may be drawn from a simple crossover experiment shown in eq 4. Exposing the
magnesium alkoxide of n-hexanol to 1 and isobutyraldehyde resulted in an approximately
equimolar mixture of aldols 3a and 3b, revealing that dissociation of the aldehyde from the
magnesium center is faster than Brook rearrangement and aldolization (eq 4).18
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In summary, a new direct aldol reaction has been accomplished between the enolate obtained
from an Oppenauer/MPV-induced [1,2]-Brook rearrangement of a silylglyoxylate and the
carbonyl product of that redox reaction. The concept of symbiotic reagent activation may be
applicable to other reaction classes. This possibility is the topic of ongoing investigations.
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Scheme 1.
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Table 1
Evaluation of Metal Alkoxides
THF O OH o]
0°C—=rt; = !
R-M + Ho M ~ =~ 540 Me B0 O
Me Yt TBSO Me oTBS
2a 3a 1
entry R-M result antizsyn?
1 MeAICl, no reaction n.a.
2 n-BuLi 40% of 11P n.a.
3 BusLa 589 of 11° na.
4 EtMgBr 71% of 3a° 6:1
5 EtMgBr 97% of 334 10:1

aDetermined by 14 NMR spectroscopy.
blH NMR yield versus an internal standard.
c .

Isolated yield.

dReaction solvent: 2:1 THF/CH2Cl>2.
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Oppenauer Oxidation/Brook Rearrangement/Aldolization Reactions?
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entry alcohol product yield (%)b drt
1d Me,CHCH,OH 0O QH 97 10:1
% Me
tBUOJH/\I/
3a TBSO Me
d e :
2 Me(CH,)sOH 0 QH 86 7:1
z Me
3b TBSO
3d TMS(CH,);0H o) OH MS 88 51
Buo
3¢ TBSO
4 CH,=CH(CH,),0H o OH 63 51
‘BuO A
3d TBSO
5 PhCH,OH 0 OH 2 1.2:1
‘BUO Ph
3e OTBS
6 4-CIPhCH,OH 0 OH 82 11
'Buo
3f TBSO Cl
7 4-MeOPhCH,0H O OH 85 11
3g TBSO OMe
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entry alcohol product yield (%)b dr’
8 PhCH(OH)Me O 67 25:1

HO Me
‘BuO Ph
3h OTBS
9 cyclohexanon 68 na.

o)

‘BuO

3i TBSO OH

aAlcohol (1.5 equiv), EtMgBr (2.0 equiv), 0 °C — rt; then 1 (1.0 equiv).

bIsola’(ed yield.

c . L .
Determined by 14 NMR spectroscopy; the major isomer is shown.

d .
Reaction solvent: 2:1 THF/CH2CI.
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Table 3
Reaction Initiation via Aldehyde Alkylation
a - THF, 0°C > t; fHOF
HJLR' R*MgBr T rBuO)K(I)f:SH.
12
entry R’ R" product yield (%)2 drb
1 Et Et 0 68 n.a.
HO Et
t
BuO Et
12a OTBS
2 Ph Et 81 1.8:1
O Et OH
t
BuO Ph
12b OTBS
3 cyclohexyl Me O HO Me 67 35:1
‘Buo
12¢c TBSO

aIsolated yields.

bDetermined by 14 NMR spectroscopy; the major isomer is shown.
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