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The asymmetric allylation of aldehydes remains one of the most Scheme 1

important and fundamental carbonyl addition reactions for the M /\/ 0 H
synthesis of optically active chiral building blocks. Many moder- M 5 + )J\ _Toluene _ j\/\
Ph”” H Ph X

ately to highly enantioselective chiral reagéntnd catalytic M Y i 23°C 52% 2
systemd have been developed, yet a general solution that meets M¢ 1 Me M Me
every condition for true convenieneeasily and inexpensively Me o Y j\ Y ,\/‘ Y
preparedand stable/storable reagent/catalyst, no toxic reagents/ \3/\/ m O\S(C\/ < \Si/\/
byproducts, and easy separation/purification of the homoallylic Me d a 7/0/ ' N X
alcohol productsremains elusive. We now report significant Me 1a M&E b Me 1c

progress toward this goal in the form of a new reagent that meets
all of these criteria, while providing good to excellent enantio- Scheme 2

selectivities for a range of aliphatic aldehydes. Ph., _OH P EtN P, Q /\/
Ample precedestand prior experiendealerted us to the fact +  ClLSi — = )S\C
. . . . . NH CH,Cl, | o
that silicon, when constrained in a four- or five-membered ring, M€ \ 3 4 381&[,#
€ e :

exhibits substantial Lewis acidity that may be harnessed for
uncatalyzed aldol and allylation reactions. This led to the proposal ph., /\/ H
that allyltrichlorosilane might simply be treated with various 1,2- ﬁ /ﬁ\ _Benzene _ j\/\ 66% ee
diols, 1,2-amino alcohols, and 1,2-diamines, to gitve allylation N i Ph N

reagents without need for any additional catalysts or reagdifts 3 Me 2()

S0, the rapid evaluation of chiral diols, amino alcohols, and diamines ph. H
could ensue. Conceptually, this would represent an interesting class /Eq Toluene j\/\ 81% ee
N el H -10°C Ph x

of chiral auxiliary—one that induces not only chirality but also

reactivity. 3 Me 2(S)

To evaluate this hypothesis, allyltrichlorosilane was treated with temperature gave alcoh®(S) with 66% enantiomeric excess (ee).
pinacol and 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) in,Chi Optimization of the reaction variables (solvent, concentration, and
to provide allylsilanel in 72% vyield. Gratifyingly, whenl was temperature) led to an increase in selectivity to 81% ee. Toluene

treated with benzaldehyde in toluene at room temperature, a smoottproved the best solvent among those screened (THF, DMF, EtOAc,
uncatalyzed allylation took place to afford alcoh@l in an CH,Cl,, hexanet-BuOMe, EtO, CHCN, benzene), while 0:2
unoptimized 52% yield (Scheme 1). In related studies involving 0.4 M silane concentration provided the best results. Lower
the use of diisopropyltartrate as the diol component, Wang temperatures did provide higher enantioselectivity, as expected, but
employed Lewis bases for activation, and Riproposed that the  only to about—10 °C. Below this temperature the ee decreased,
ester groups themselves provide activation by acting as a Lewis suggesting a complex mechanism.

base for silicon. The present work clearly establishes that Lewis A survey of several different aldehydes (Table 1) revealed that
base activation of this type is not necessairydeed, that ring strain  while reagent3 is only moderately effective with aromatic and

is at least partially responsible for the reactivity of allylsildnis conjugated aldehydes (entries 1 and 2), it is generally effective for
supported by the fact that related allylsilaries 1b, and1cdo not a range of aliphatic aldehydes (entries&. Thus, dihydrocinna-
react with benzaldehyde even at 0. maldehyde may be allylated in 84% vyield and 88% ee (entry 3),

Screening of chiral, nonracemic 1,2-diols, 1,2-amino alcohols. isovaleraldehyde in 79% yield and 87% ee (entry 4), and cyclo-
and 1,2-diamines commenced. and amino alcohols were chosen fohexanecarboxaldehyde in 70% vyield and 87% ee (entry 5).
initial study due to the diverse array of inexpensive amino alcohols pivaldehyde is allylated with superior enantioselectivity (96% ee,
that are readily available. Indeed, both enantiomers of pseudoepheg809% yield, entry 6), and benzyloxyacetaldehyde &tbutyldim-
drine are available and inexpensive, and we began our investigationethylsilyloxyacetaldehyde proceed in 85% and 71% yield and 88%
with this amino alcohol. Reaction 01 §,2$-pseudoephedrine with  and 89% ee respectively (entries 7 and 8), demonstrating tolerance
allyltrichlorosilane and EN in CH,CI, allowed the isolation of for potentially Lewis basic functionality.
allylsilane 3 (as a 2:1 mixture of diastereomers) in 88% yield  Reagen8 offers several advantages in terms of practicality and
(Scheme 2). Reaction @&fwith benzaldehyde in benzene at room  convenience: (1) reageBt(and its enantiomer) may be prepared

*To whom correspondence should be addressed: E-mail: leighton@ !n bulk qu_amlt'es In_ asingle step fr(_)m commercially available and

chem.columbia.edu inexpensive materials. (2) reagedis stable and may be stored
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Table 1. Enantioselective Allylation of Aldehydes with (S,S)-3

CH
+ j\ Toluene
/EO \m RS ~ 0°C RJ\/\
Me (55)-3 2h
entry” aldehyde product yield(%)b ee(%)
X I
14 80 81
P~ H Ph X
/\)(L OH
d /\)\/\
2 Ph” X H PR x 39 78
o] OH
3 Ph /\)J\H Ph /\)\/\ 84 88
S
(4
4 Me " Me N 79 87
H
o] OH
d 13
6 £ Bu)I\H f-Bu)\/\ 80 96
D N N
7 Bn " BnO. N 85 88
O\/ﬁ\ \/?i/\
8 TBS . TBSO. N 71 89

aReactions run with silan8 (1.5 mmol) and aldehyde (1.0 mmol) in
toluene (5 mL) at-10 °C for 2 h.P Isolated yield. Determined by chiral
HPLC analysis or by the Mosher ester methbReaction time= 24 h.
¢Due to product volatility, an alternative workup and purification was
employed. See the Supporting Information.

for long periods of time (several weeks, at least) obviating the need
to freshly prepar@® for each use. (3) The workup and purification
consist of the additionfal N HCI and EtOAc, separation of the
layers, and concentration, to give the homoallylic alcohol product
in typically >90% purity.

Mechanistically, we envision that complexation of the aldehyde
to the silane to give a trigonal bipyramidal intermediate is followed
by allyl transfer. Whether the two diastereomers of reageract
identically or differently remains an open question as a complex-
ation—pseudorotationdecomplexation sequence could lead to
interconversion. Experiments designed to elucidate this issue are
in progress.

Finally, we note that 1,2-diamines also may serve as effective
auxiliaries. Reaction of 1R,2R-N,N-dibenzylcyclohexane-1,2-
diaminé with allyltrichlorosilane and DBU in CkCl,, and filtration
of the resulting ammonium salts gave allylsilah@a >95% yield
and sufficient purity £ 95%) for use in allylation reactions (eq 1).

Bn
/
NHBn
s DBy 7
. S CH,CI, v gl
“NHBn \
>6% 4 Bn

Treatment of4 with benzaldehyde in benzene resulted in a slow
allylation to give alcohoR(S) in 46% yield and 90% ee, and under
identical conditions dihydrocinnamaldehyde could be allylated in
58% yield and 95% ee (eq 2).

CH

Al @

R =Ph,46%,90% ee
R = PhCH,CH,,58%, 95% ee

Toluene

H 72 h

©:M o

While optimization will be required for greater reaction efficiency,
these results establish that diamines may allow for the highly
enantioselective allylation of a broad range of aldehydes.

We have described the development of a new chiral reagent for
the enantioselective allylation of aliphatic aldehydes. While the
search for other auxiliaries that give higher selectivities will
continue, and the performance of reag8nvith more complex
(chiral) aldehydes remains to be investigated, the convenience and
practicality associated with reagehtecommend it for immediate
use with simple aliphatic aldehydes. In addition, it has been shown
that simply by constraining silicon in a five-membered ring with
1,2-diols, 1,2-diamines and 1,2-amino alcohols, sufficient Lewis
acidity for uncatalyzed aldehyde allylation reactions obtains. The
use of this discovery for the development of other reactions should
prove possible and will be reported in due couse.
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