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Direct allylation of glycal-derived donor—acceptor cyclopropanes has been achieved with TiCl, activation followed by addition of
allyltrimethylsilane. The o diastereomer is the major product, with selectivities ranging from 3:1 to 10:1 and yields around 80%.

A wide variety of nucleophiles and electrophiles are known
to react with glycal-derived cyclopropaneshich has made
them valuable synthetic intermediates for preparing C(2)-
branched sugafs® Despite the considerable development of
this area, it is surprising that a method for the direct allylation
of donor—acceptor (DA) cyclopropanes has not been forth-
coming. Kemmit and Bambal pioneered the conjugate
addition of allyl silanes to electrophilic cycloproparfemnd
more recently, Sugita et al. reported a Lewis acid promoted
cycloaddition reaction between DA-cyclopropanes and al-
lyltrimethylsilanes> Reiser described elegant cyclopropane
allylations that proceed via a traditional Sakurai reaction
followed by rearrangemefitRecently, we reported intra-
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molecular glycal cyclopropanatiohand showed that these
new DA-cyclopropanes can be channeled through new
reactivity manifolds®® In this paper, we describe stereo-
selective allylations of dihydropyran-derived DA cyclopro-
panes with allylsilanes and stannanes (Scheme 1).
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A wealth of information is known about the allylation of
glycosyl donors? and this work prompted us to test whether
activation of donot-acceptor cyclopropariawith a suitable
Lewis acid would generate an oxo-carbenium ion or other
compatible glycosyl dondf: Toward this end, several Lewis
acids were investigated, and TiGlL.7 equiv) was found to
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be superior to BEFOEbL, MesSiOTf, SnCh, Sc(OTfg, ZrCl,
or ELAICI for activating 1ato allylation. Addition of TiCl,
to a CHCI, or EtO solution of 1a resulted in complete

conversion to a more polar species (TLC) after 1.% h.
Subsequent addition of allyltrimethylsilane lead to formation

of 2a (Table 1, entry 1) in 79% vyield as a 4:1 mixture @f

Table 1. Allyl Additions to DA-Cyclopropanes

allylation yield
entry substrate reagent products ratio
5 o o ONF
BuySin 79%
1 tsuzs;/o:(a Me3SiM SIN 4};
o o :
© e}
2 " NF " 87%, 7:1
BuzSn’ 0, /.
Y’ Y Mo 78%
3 tBUZS| W /\/)\ ‘BuzSis W ?
o o MesSi o 10:1
o o
o}
Me
0 © o oA
4° tBu28| ~o™ Megsi/\A tBUQSi\O\\\\ 79%
o © o
e}
o o O WN\F
O SiMesR § i WH
BuSin ~™ MegsrF  PESNg® SiMeR
o o
© e}
5¢ R=Me R Me 81%, 8:1
6 R = vinyl = vmyl 79%, 8:1
/ \\\“\/
o /\| no o
o SiMe; BuQSx\ ~ 77%)
7 ¢ ! exogenous
BupSia L
(o) ° silane
o
TIPSO © TIPSO N
8 R 789
o™ Messi” ™ o o
] o e J 5 5:1
BuzSin_ O BuzSis

F o)

9 © DR
P o
Messi” 5
o O O
O/\C:;g<coza
BuZSI\ o
10 [e) H H

oTBS
OMe SiMes

{
1 CO,Et Meﬁ/\% 85%
COEt

Messi”™~F - -

aCH,Cl; solvent, isolated yield®. 1:1 mixture of diastereomers at the

allylic position. ¢ Structure assignment @b(a) from X-ray crystallography.
dInseparable mixture.

to 3 diastereomers. Curiouslihe order of addition proved

critical for this transformation decomposition occurred

prenylsilane gave the addition product in 78% yield with
10:1 dr. Crotylation resulted in exclusive formation of the
o-isomer, but without stereocontrol at the allylic methyl
position (entry 4). Diastereoselectivity for the allylation was
improved by increasing nonbonded interactions orptfiece

of the lactone by temporary silylation (entries 5 and 6;
Scheme 2). The stereochemical assignment of the major

Scheme 2
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diastereomer in entry 5 was confirmed by single-crystal
X-ray analysis? and subsequent desilylation with KF in
MeOH/MeCN gave2a(o) (97%).

The possibility of increasing the ratio of the minor
p-diastereomer through an intramolecular allylation was
investigated in entry 7, but the change in diastereomeric ratio
was minimal (3:1 vs 4:1). Conformationally restrictive cyclic
protective groups for the C(4) and C(6) hydroxyl groups were
proven unnecessary by reactions in entries 8 and 9. A variety
of enantiomerically pure dihydropyrans are available from
hetero-Diels—Alder cycloadditiori$,and entry 9 confirms
that cyclopropanes derived from these synthetically important
substrates participate efficiently in the allylation reaction.

In contrast, attempted allylation of substrates prepared by
intermolecular cyclopropanation resulted in decomposition
(entry 10) or formation of formal [3+ 2] cycloaddition
products (entry 11) as observed by others.
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both cyclopropane and allylsilane.

Allyltributylstannane also works in this reaction (entry 2),
but we chose to focus on silanes. The more hindered
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