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The diastereoselective cyclopropanation of silyl-protected chiral allylic alcohols using Shi’s carbenoid (TFA-Et,Zn—CH,l,) gave access to the
anti-cyclopropylcarbinyl silyl ethers with excellent diastereocontrol. The level of stereocontrol was shown to depend on the sizes of the
protective group and the allylic substituent.

The directed cyclopropanation of chiral, acyclic allylic chiral allylic compounds, we observed that the reaction of
alcohols is a well-documented procésmd many reagents  O-benzyl-protected (E)-allylic secondary alcohols with Fu-
and reaction conditions are known to lead to cyclopropyl- rukawa’s reagehgave access to ttamti-cyclopropylcarbinyl
carbinols. The presence of a proximal basic group plays aethers with modest levels of diastereoselection (Scherffe 1).
predominant role in assisting the delivery of the carbenoid.

For example, acyclic chiral allylic alcohols can be converted _

effectively to the syn isomer under the appropriate reaction

o Scheme 1
conditions?® However, few methods are known for the
. i . H OR EtZnCH,l H OR H OR

synthesis of the related acyclianti-cyclopropylcarbinol

. . . . . . . . . 17X 3 M, 17 3 + 1 3
derivativest During our investigation of the relative directing R , R R=Bn R &7 i R R i R
abilities of oxygenated groups in the cyclopropanation of R up to 9:1 R R

(anti:syn)
R=H|
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The anti selectivities were greatly improved if one of the
two antipodes of a chiral dioxaborolane ligand was added.
Herein, we report that the cyclopropanation of acyclic allylic
silyl ethers with the appropriate zinc carbenoid reagent results
in a new simple and direct way to accessi-cyclopropyl-



carbinol derivatives. We also show that the level of diaste- ||| || | |8 RN 1NN

reocontrol is highly dependent on the nature of the protective 1 p1e 1. Effect of the Nature of the Reagent
groups.

- . . . OTIPS OTIPS OTIPS
We envisioned that the introduction of a bulky protective a /\/k +
group may actually prevent preassociation of the zinc reagent  Ph™ ™S U Ph
with the substrate and thus lead to the formation of the anti anti syn
dlas.tereomer.through a transition structure that minimizes ¢, reagent conversion (%)°  antizsyne
steric interactions between the reagent and the substituents . — . 10
Figure 1,A is favored oveB). The ground-state conforma- ntra :
(Figure 1,A is favored oveB). The ground-state conforma: 5 EZnCH, | 48 978
3 Zn(CHal)z® 44 90:10
5 Zn(CH,Cl)z® 88 97:3
R I----ZnR 6 2,4,6,-Cl3CeH,0ZnCH;l 60 89:11
. % 7 2,4,6,-F3CsH20ZNCHl 52 93:7
3 o 8 CF3C0O,ZNnCHjl >99 >99:1
anti ~—— RH%\GRZ %4 £ _;C_)_E)E\;R’ S s 2
% o R %\RZ aReaction conditions: substrate is added to 2.0 equiv of preformed
SN reagent, CHCl,, 0 °C to room temperaturé.Determined byH NMR using
A I‘---ZnR H B an internal standard.Determined by GC analysis of the corresponding
acetate derivative$.Formed by treating 2.0 equiv of with 2.0 equiv of
Et,Zn and 2.0 equiv of Chl». ©1.0 equiv of reagent was used.
H RZn;--;I

useful conversions and diastereoselectivities were observed
with the Denmark’s procedure (entries 8) .8 The aryloxide-
derived carbenoidgyave lower conversions, probably due
to the bulkiness of the reagent making the approach to the
Fjgure 1. Postulated 'gransition. structures for directed vs non- glkene more difficult (entries 6—7). A highly activated
directed cyclopropanation reactions. reagent prepared from trifluoroacetic a€i¢Shi's reagent)
gave the best conversion and diastereoselectivity, making it

tion in which the silyloxy group is synclinal to the alkene the optimal carbenoid for the following studies.
has been proposed by Gung to be the most stable for small The next step was to study the effect of the protective

" . . ) . group on the selectivity of the reaction (Table 2). We
;Vzﬁgstggﬁgfﬁ?lec;n(ﬁ'ieshﬁ?gl;gotli Ctﬂ;bemnoos'? r?agé?ii/se compared the level of diastereoselection as a function of the

: . size of the silyl ether protective group. Gratifyingly, all but
on the .b.a3|s of ste.reoelectronlc argument§) should lead totwo substrates gave the anti diastereomer as a major product
the anti isomer. This approach contrasts with the cyclopro-

anation of unorotected allvlic alcohols in which minimiza- with an excellent ratio (anti:syn ratio superior to 94:6) when
b P ec a’y . : treated with Shi's reagent. It is also apparent that the
tion of the A-1,3 strain is the main controlling element for . o : : :
. . . diastereoselectivities usually increased by increasing the
good diastereocontrol (Figure O, is favored ovelC). One

. : . . - . steric bulk of the silyl ether, the triisopropylsilyl being the
potential pro_blem_wnh this approach Is the Iac_k of reactn_nty optimal protective group for maximizing the anti:syn rafo.
of the classical zinc carbenoid reagents, which sometimes

are not sufficiently reactive to cyclopropanate alkenes that As expected, the nature of the allylic substituent) (@so
ently . ycloprop influences the ratio considerably (entries®. While the
do not contain basic proximal groups. However, several

. : mall methyl and ethyl allylic substituents allowed excellent
improved versions of the reagent have recently been reported’S . y yraty

and should brove to be sufficiently reactive 1o provide the diastereoselectivities, the level was lower in the case of
P . y . P isopropyl (entries 2 and 7 vs 8). Conversely, the presence
cyclopropane product in good yields with this class of

of a methyl substituent at the*Rposition did not seem to
substrates.

. - . . affect the level of diastereoselection, yielding the corre-
The.rea.c.:tlon was |p|t|ally performed by reacting the chiral sponding trisubstituted cyclopropylcarbinyl silyl ethers in
racemic riisopropylsilyl ether derived frori)-4-phenylbut- good yields and excellent diastereomeric ratios (entries 10
3-en-2-ol to different zinc carbenoids (Table 1). As expected, 11)
the classical Simmons—Smith reagemave only poor
conversion, though the selectivity was in favor of the desired
anti diastereomer (entry 1). The selectivities increased with

Furukawa-type carbenoids (entries 2—5), and synthetically
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It is well established that (2)-allylic secondary alcohols
give high levels of syn selectivity when treated under the
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s In general, the reaction times were short, especially when

Table 2. Cyclopropanation of Acyclic Allylic Silyl Ethers the cyclopropanations were performed &0 We observed

R OPG in some cases that the reactions were cleaner when performed
A . at—20°C (entries 5, 6, and 8—11) although longer reaction
R' OPG RTST R i i
CF3C0,ZnCHal (2.0 equiv) RS times were required.
RETS \ R* CH,Cl, r T ora Then—fac_ial ;electivity can bg acpounted for by the models
R , . presented in Figure 1 by considering the most stable ground
a2 state conformations. Further evidence for this is provided
R by looking at the coupling constants between the allylic
entry substrate t(h) T(C) yield (%)* anti:syn® proton and the vicinal alkene proton of various starting
OTBDMS materials (Figure 2). The observed values are in agreement
1 05 0 86 98:2
oTES |
2 05 0 87 >99:1
Ph/\)\
OTIPS OPG
3 05 0 88 99 :1
Ph/\)\ > Ph/\/KH’LAe
Ph OTIPS a
4 K/\)\ 1.0 0 84 96: 4 PG Jap(Hz) anti:syn
OBn TBDMS 5.63 98:2(0°C)
5 20 20 80 94:6 91 >99:1(0°C
P Tes oo sooi Eo °C;
QTBDMS Bn 7.7 94'6.( 20 °C)
6 3.0 20 85 97:3 : o=
Ph/\)\/ .
OTES Figure 2.
7 1.0 0 87 97:3
Ph/\/K/
OTES
8 N 70 —20 78 70 :30 with Gung'’s conclusiorféindicating that a smaller value is
consistent with an increase in the population of conformer
OTIPS in which the C—0 bond is eclipsed with the C=C bond.
9 /\)\/ 45 -20 88 98:2 ]
Ph™ X In summary, we have developed a simple methodology
OTES for accessing the cyclopropylcarbinyl silyl ethers of anti
10 phﬁ)\ 40 -20 88 >99:1 relative stereochemistry with good vyields and good to
excellent diatereoselectivitiés. The diastereoselectivities
QTBOMS depend on the substitution pattern of the olefinic substrates,
" Ph/ﬁ)\/ 45 20 88 99:1 but synthetically useful levels are attained in most cases.
Further studies are underway to determine the effect of other
12 thps 20 0 50 973 types of substituent on the allylic ethers in order to expand
x the scope of the Simmonsmith cyclopropanation and will
Ph OTES be reported in due course.
13 60 0 89 25:75
x
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conformer in the transition structure (D Figure 1)24° http://pubs.acs.org.
Therefore, we were pleased to observe that the cyclopropa-
nation of a (2)-allylic silyl ether gave the anti product as ©L0264051
the major diastereomer (entry 12). However, the introduction
of a more sterically demanding!Rsubstituent led to an (12) The sense of induction appears to be highly dependent upon the
inversion of the selectivity, which shows the importance of nature of the alkene substituent. It has been observed that the cyclopropa-
the conformation adopted by the substrate when reacting with Bf‘é'fz?e?];gﬁfg'%z i!%"giaeé?:rresofsgcﬁgrt:heE\f:r?g'tg ¥ %plﬁrctﬁfi JS%fa led
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