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Since the recognition that acyclic stereocontrol was an
efficient strategy for the generation of new stereogenic
centers, high levels of stereochemical induction have been
observed in a number of addition reactions to chiral
allylic alcohols.! Conversely, a wide range of diastereo-
selectivities has been reported in the cyclopropanation
reactions of chiral acyclic allylic alcohols. In 1978,
Pereyre? reported that even though (Z)-substituted ole-
fins gave high syn-selectivities (>200:1), those obtained
with the corresponding (E)-substituted olefins were usu-
ally very modest (<2:1) (eq 1). In 1987, Molander® de-
scribed that a samarium-derived reagent could slightly
improve the diastereoselectivities in these systems. Again,
(Z)-substituted allylic alcohols reacted with very high syn-
selectivities, whereas (E)-olefins showed modest to good
selectivities. Quite intriguingly, the sense of the stereo-
chemical induction was shown to depend on the size of
the substituent at the allylic position.? The occurrence
of this chiral subunit in a number of natural products
prompted us to develop an efficient methodology based
on the diastereoselective cyclopropanation of chiral sub-
strates. We report here that the cyclopropanation of a
variety of chiral allylic alcohols using a (iodomethyl)zinc
reagent proceeds with unprecedently high syn-selectivi-
ties.

OH OH
H1/\)\ R2 R1/V R2 (1)

trans-alkenes syn:anti

Zn, CH2|2 <2:1
Sm(Hg), CH,l, 1:5 to 2200:1

In our project aiming at developing new chiral auxil-
iaries® and reagents® for the stereoselective cyclopropa-
nation of allylic alcohols, we have observed that several
factors had a strong influence on the level of the stere-
ochemical induction observed in these zinc carbenoid-
mediated reactions of allylic alcohols.” We have exam-
ined whether these factors could also be important in
dictating the level of the diastereofacial control in the
cyclopropanation of the related chiral allylic alcohols.
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Table 1. Effect of the Nature of the Reagent
OH OH

Ph/\/l\ Me phV Me

entry® EtyZn (equiv) CHalz (equiv) yield,? % ratio® syn:anti

2 1 75 6.6:1

2 2 4 95 2.3:1
3 5 5 >95 7.0:1
4 5 10 >95 3.2:1
5 10 5 85 6.6:1
64 2 4 90 2.7:1
7 5 5¢ 80 3.7:1

@ All the reactions were conducted at 0 °C to rt in CH:Cls.
b Yields evaluated by 'H NMR. ¢ The ratios were determined by
cap. GC analysis of the crude reaction mixture. ¢ The allylic
alcohol was added to the preformed reagent according to Den-
mark’s procedure.!? ¢ In this case, chloroiodomethane was used
instead of diiodomethane.

Surprisingly, very little work has been done on the
diastereoselective cyclopropanation of chiral allylic alco-
hols using Furukawa’s reagent.®®

The diastereoselectivities observed in the cyclopropa-
nation of a typical (E)-disubstituted olefin using different
sets of reaction conditions and reagents are shown in
Table 1. In addition, this substrate led to a 1:6 (syn:anti)
ratio when Sm(Hg)/CH.I/THF was used and to a 1:1

-diastereomeric mixture with Zn/CH;I,/Et;0. Quite sur-

prisingly, the ZnEty/CHslo-derived reagent was not only
superior, but it also led to the opposite stereoisomer.

These preliminary observations also clearly indicate
that the stoichiometry of the reagent is extremely im-
portant to maximize the ratios. The reagent formed from
a 1:1 mixture of ZnEt, and CH;l; (tentatively assigned
as EtZnCH:;I, entries 1, 3, and 5) appears to be much
superior to the classic Simmons—Smith reagent [Zn-
(CH;I)¢Znl,] or to the analogous Zn(CHl); reagent!!
(entries 2, 4, and 6). Five equivalents of EtZnCH:I were
necessary to maximize the ratios and to obtain complete
consumption of the olefin.

Several chiral allylic alcohols!? were submitted to these
optimized conditions and the observed diastereoselec-
tivities were compared to those obtained with the corre-
sponding Sm(Hg)/CH:l; reaction (Table 2) (see supple-
mentary material). In all the cases, the syn isomer was
the major obtained and the level of diastereoselection was
excellent.

This method is applicable to a variety of chiral allylic
alcohols, and the level of induction shows little substrate
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Table 2. Cyclopropanation of Chiral Allylic Alcohols
R' OH 1. ZnEty / CH,Cly, 10 °C R' OH
R? ™ Ré 2. CH,lp, =10 °C Rz/b/kaq
RS .3.-10°C - t Re
Ratio syn : anti Ratio syn : ant/
Entry  Allylic alcohol  vYieid® Our Sm(Hg) Entry  Allylic alcoho!  Yield® Our Sm(Hg)
Conditions® _ CHalp Conditions® ___CHalp
™ 4] i 979 200: 1 200:1
1 9,C 1€ 1:3 7% > : 0:
Me/\)\Ms 78% 6:1 Ph/\/ki-Pr 0
OH 4 7.1 OH
2 86% (98% : 1:6 7 84% >200 : 1 200:1
oS ye b (98%) Ph/\)\r-au °
OH OH
3 N, % 1301 11 8 ph/\)\Me 95% 33:1 1:1°
Me
OH o ) Me
4 n-Pr/\/kEt 87% 1o:1 26:1 9 \f\v’ 96% >200: 1 50:1
Ph OH
OH
150: 1 1:1.4

5 98%
PhM Bu °

>200: 1 >200: 1

Et
10 j\( 98%
Ph OH

@ Isolated yield of chromatographically pure syrn-isomer using the zinc reagent. ® The diastereoselectivities were determined by cap.
GC analysis of the crude reaction mixture. ¢ The yield (mixture of isomers) and ratio were measured on the corresponding benzoate
derivative. ¢ The yield in parentheses is for the mixture of isomers. ¢ CICH:I was used instead of CHsls.

Table 3. Diastereoselective Cyclopropanation of Allylic

Ethers
1. ZnEty / CH,Cly, -10 °C
OBn OBn oBn
2. CHalp, -10°C
Y T
A 3.-10°C 1t Ph/D)\R + Ph/:,})\n
Syn Anti
entry R yield,® % ratio® syn/anti
1 Me 94 1.9
2 Et 97 1:2
3 i-Pr 82¢ 19:1

e Yield of chromatographically pure mixture of isomers. ¢ The
diastereoselectivities were determined by cap. GC analysis of the
crude reaction mixture. ¢ Yield of the chromatographically pure
syn-isomer.

dependency. Even the simplest substrates reacted to
produce the syn-cyclopropylmethanol isomer with reason-
ably good selectivities (entries 1 and 2). Excellent ratios
are observed with all the other types of olefins. It is quite
remarkable to observe that the selectivities jump from 7
to >100:1 when going from Me to Et in entry 2 and 3.
The new method is also very effective with trisubstituted
olefins such as that in entry 8. These substrates have
been known to produce very low diastereoselectivities
with the samarium-derived reagents.

In order to gain some mechanistic insights about the
(iodomethyl)zinc cyclopropanation and to explain the
significant differences with the analogous Sm(Hg)-
derived reaction, the cyclopropanation of allylic benzyl
ethers under these newly developed conditions was also
investigated.!®> The rather unexpected results are il-
lustrated in Table 3. As the size of the alkyl group at
the allylic position increases, the anti selectivity gradu-
ally decreases to eventually lead to a syn-selective
reaction. This general trend for the (iodomethyl)zinc
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cyclopropanation of benzyl-protected alcohols appears to
follow that of the corresponding samarium version on the
free hydroxy group. Presumably, both reactions involve
formation of a coordinative bond between the metal
center and the oxygen directing group.

These results clearly indicate that the mechanism
responsible for the stereochemical outcome of the reaction
greatly differs whether a covalent or a coordinative bond
is formed between the metal and the substrate. In the
case of zinc alkoxide formation, the syn stereoisomer can
result from the minimization of A strain in the transi-
tion state. As initially postulated by Molander, Houk’s
model can be invoked to explain the sense of induction
with the benzyl protected substrates. A more exhaustive
study is underway in our laboratories to explain the
subtle differences between the two processes.

In conclusion, we have demonstrated that a number
of structurally related iodomethylzinc reagents can pro-
duce significantly different results in a given reaction.
The selection of the iodomethylzinc reagent is, therefore,
essential for controlling the relative stereochemistry in
the cyclopropanation of chiral allylic alcohols. Excellent
diastereoselectivities are observed with a variety of
olefins.
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