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ABSTRACT
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A new tandem Wittig Rearrangement/aldol reaction of ~ O-benzyl or O-allyl glycolate esters is described. This reaction generates two carbon -
carbon bonds and two contiguous stereocenters in a single step from simple starting materials. The [1,2]-Wittig rearrangement proceeds
under very mild reaction conditions that do not require the use of a strong base, and the 1,2-diol products are obtained in good yield with
excellent diastereoselectivity (>20:1).

The [1,2]-Wittig rearrangement ef-alkoxy carbanions has  was attempted at 0C, an interesting result was obtained.
been known for over 60 yeatg.However, despite the fact The expected aldol produ2twas not generated in significant
that this reaction has considerable potential utility as a amounts, but instead, the 1,2-d®lresulting from benzyl
carbon—carbon bond-forming process, its use in organic migration was formed with>20:1 diastereoselectivity
synthesis remains relatively uncommon due to the need for(Scheme 1).
strongly basic reaction conditions and the fact that many The conversion ofl to 3 presumably involves the
transformations proceed in low yieldThus, the ability to unprecedented combination of a [1,2]-Wittig rearrangement
effect [1,2]-Wittig rearrangement under milder conditions and an aldol reaction. This tandem reaction sequence
and/or in tandem reaction sequences that lead to thegenerates two CE bonds and two contiguous stereocenters
generation of more than one—C bond could result in  in a single step from simple starting materfdfsirthermore,
significantly expanded synthetic utility. substituted dihydroxy esters are precursors for a wide array
During the course of an ongoing project directed toward of biologically active moleculeThe conversion ol to 3
the synthesis of a natural product, we sought to effect ais also mechanistically intriguing, as [1,2]-Wittig rearrange-
stereoselective boron-mediated aldol reaction between ac-ments of enolates are rare and previously have only been
rolein and methylO-benzyl glycolate X).* This reaction effected using strongly basic reagehtsMoreover, the
failed to proceed at-78 °C, but when the transformation observed diastereoselectivity of the aldol reaction is unusually
high. The few existing examples of aldol reactions involving
unprotectedo-hydroxy carbonyl compounds that afford
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tertiary alcohol products proceed with modest (ca. 3:1)
diastereoselectivitieso In this communication, we describe

[1,2]-Wittig rearrangement of boron ester enolateto
generateéd (Scheme 2). This hypothesis is supported by the

our preliminary studies on the scope and mechanism of new

tandem Wittig rearrangement/aldol reactions @falkyl
methyl glycolate derivatives.
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In our preliminary experiments, we sought to determine
which of the two sequential reactions that lead to the
conversion ofl to 3 occurs first, as this knowledge could
aid in the development of optimal conditions for this
transformation. The possibility that the sequence is initiated
by an initial aldol reaction of was rapidly discounted. The
expected product of the borewldol reaction,S-hydroxy
ester2, was prepared as a mixture of diastereofieand
treated with a mixture of BBOTf and EgN in CH,CI, at
room temperature for 15 min. As shown in eq 1, these
conditions resulted predominantly in the decomposition of
the starting material and provided only trace amours%)
of 3.

O OH
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MGOW 2 3 decomposition (1)
5 CH,Cly, rt, 15 min
2
Ph

The failure of2 to undergo clean conversion 3suggests
that the transformation df to 3 likely proceeds via an initial
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Scheme 2. Proposed Mechanism
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fact that treatment of methyD-benzyl glycolate 1) with
Bu,BOTf/Et;N for 15 min at room temperature followed by
aqueous workup affords rearranged prodtict 81% yield*?

Following the initial Wittig rearrangement, conversion of
5to boron enolat® presumably occurs with high selectivity
for E(O)-enolate generation due to chelation between the
ester carbonyl and the adjacent boron alkoxide. Endate
then undergoes aldol reaction to provide the obsesyed
diol product3 with excellent stereoselectivity. Evidence for
the intermediacy of doubly borylated ester enolétevas
obtained through HRMS analysis of a reaction mixture
resulting from treatment df with Bu,BOTf/Et;N for 15 min
at room temperature. A signal was observedft®428.3650
(calculated mass= 428.3633) with an isotopic distribution
in accord with the calculated pattern fér

With knowledge of the reaction mechanism in hand,
improved conditions were developed in whitkvas treated
with excess BeBOTf/EtsN and allowed to undergo rear-
rangement before introduction of the aldehyde. In a repre-
sentative experiment, was added to a solution of &t (4
equiv) and BuBOTTf (3.2 equiv) in CHCI, at 0°C and then
warmed to room temperature for 15 min. The mixture was
then cooled to OC. Acrolein (1.5 equiv) was added, and
the reaction mixture was allowed to warm to room temper-
ature and stir for 1 h. Upon workup, the diol prod@ovas
obtained in 67% yield with~20:1 diastereoselectivity (Table
1, entry 1).

To probe the scope of the tandem Wittig rearrangement/
aldol reaction,1 was treated with a variety of different
aldehydes using the optimized conditions described above.
As shown in Table 1, the diol products were all obtained in
good vyields with excellent diastereoselectivittésThe
transformation is effective with aromatic aldehydes

(12) Efforts to directly effect the boron-mediated aldol reaction of
o-hydroxy ester7 via treatment with excess #8/Bu,BOTf or 1 equiv of
KH followed by excess BN/Bu,BOTf were unsuccessful. Boron-mediated
aldol reactions of unprotected glycolate esters have also not been described
in the literature. This suggests tHis not an intermediate along the reaction
pathway and that formation of enold&aérom borylated esteb occurs more
rapidly than protonolysis ob to afford 7.

(13) In most cases, only one stereocisomer was observeti lyMR
analysis of crude reaction mixtures. Product stereochemistry was assigned
through!H NMR nOe analysis of an acetonide derivative2fSee the
Supporting Information for complete details.
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Table 1. Tandem Wittig Rearrangement/Aldol Reaction

entry ester aldehyde product dr?  yield®
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=
1 J\/O MeO™ > >20:1  67%
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o O OH
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o >200 o
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8 )H\
aConditions: 1.0 equiv of ester, 3.2 equiv of BOTf, 4.0 equiv of
EtsN, CHxCl, 0.2 M, rt, 15 min, then add 1.5 equiv of aldehyde@to

N\

rt. b Diastereomeric ratio obtained upon purification. In most cases, the crude

product was obtained ir20:1 dr prior to purification® Yields represent
average isolated yields of two or more experimeffBhe crude product
was obtained in 14:1 de The crude product was obtained in 17:1dFhe
crude product was obtained in 20:1 dr.

(entry 2), o,,f-unsaturated aldehydes (entry 1), and both

This transformation was also readily extended to tandem
[2,3]-Wittig rearrangemefaldol reactions of methyl
O-allyl glycolate 11 (Table 1, entries 5—8). A range of
aliphatic and aromatic aldehydes were coupled with this
substrate to afford the desired products with good yields and
diastereoselectivities similar to those obtained in reactions
of 1.

Although O-benzyl andO-allyl glycolate esters are excel-
lent substrates for the tandem Wittig rearrangement/aldol
reactions, transformations of oth@ralkyl glycolate esters
remain challenging. For exampl®;cyclohexyl andO-ethyl
glycolate methyl esters failed to undergo [1,2]-Wittig rear-
rangement when treated with BBOTf/Et;N. The bulky
O-diphenylmethyl glycolate methyl ester undergoes facile
[1,2]-Wittig rearrangement under these conditions, but the
subsequent aldol reaction with benzaldehyde is slow. Further
studies directed toward expanding the scope and developing
asymmetric versions of these transformations are currently
underway.

In conclusion, we have developed a new tandem Wittig
rearrangement/aldol reaction for the synthesis of glycolate
aldol products bearing tertiary alcohols. The reactions are
effective for a wide array of aldehydes and proceed with
excellent diastereoselectivity for tisgyn-diol products. The
[1,2]-Wittig rearrangement occurs under very mild conditions
that will likely be applicable to the future development of
other tandem reaction sequences.
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branched and linear aliphatic aldehydes (entries 3 and 4).0L062016L
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