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Alkoxycyclopropanes are readily prepared by reaction of an
orthoformate with an alkene in the presence of Me3SiCl and
zinc.

We have previously shown that a useful range of organozinc
carbenoids1 can be generated from the reaction of simple
carbonyl compounds with zinc in the presence of a silicon
electrophile and that these intermediates can then undergo a
variety of reactions including C–H insertion to give alkenes,2
dicarbonyl coupling3 and cyclopropanation.4 More recently, in
the light of reports on the preparation of isolable organochro-
mium5 and organoiron6 carbenoids via two-electron delivery
from a metal salt to a preformed carboxonium salt, we have
demonstrated that acetals and ketals may be used as precursors
for the formation of related organozinc carbenoids via reduction
of their derived oxonium ions, once again with zinc in the
presence of Me3SiCl.7

As a logical consequence of the above sequence, and in view
of the proven versatility of alkoxycyclopropanes as highly
useful intermediates for organic synthesis,8 we therefore
reasoned, as outlined in Scheme 1, that the Lewis acid assisted
cleavage of an orthoformate 1 could give rise, in similar fashion,
to hitherto unknown a-alkoxy and a-aryloxy organozinc
carbenoids 2.

A preliminary study using allylbenzene and trimethyl
orthoformate as a convenient methoxycarbenoid source served
to confirm the above hypothesis (Table 1, entry 1) and also
allowed us to develop a convenient experimental method. Thus,
a typical experimental procedure would involve slow addition
over 24 h of two separate portions of trimethyl orthoformate
(1.4 ml, 8 mmol) and Me3SiCl (1.0 ml, 8 mmol) in Et2O to a
vigorously stirred mixture of the alkene (2 mmol), Me3SiCl (1.2
ml, 0.9 mmol) and zinc amalgam (2.5 g, 50 mmol) in refluxing
Et2O, each completed addition being followed by a 24 h
reflux.

Further inspection of the results in Table 1 using a series of
simple alkenes not only emphasises that preparatively useful
yields of methoxycyclopropanes can be obtained under mild
conditions, but also confirms that cyclopropanation occurs with
retention of the original stereochemistry of the alkene (entries 3
and 4), that mono-, di- and tri-substituted alkenes can be used

(entries 1–5) and that, as for other organozinc carbenoids,1,4

there is a distinct stereochemical preference for formation of the
more hindered cis (or endo) isomer (entries 1, 3 and 5).

Our attention was then directed towards the use of a variety
of readily available orthoformates in order to assess their
relative efficiencies for alkoxy- and aryloxy-carbenoid genera-
tion. Comparison of the results in Table 2 using allylbenzene as
the standard alkene trap reveals several features of interest.
Thus, the selection of tripropyl orthoformate (entry 1) led to a
significant decrease in the isolated yield when compared with
its trimethyl congener (Table 1, entry 1), presumably as a result
of increased steric hindrance for incipient oxonium ion
formation and/or electron delivery. However, the ability to
preselect an unsymmetrical orthoformate with improved leav-
ing group ability can be advantageous, as in the case of diethyl
phenyl orthoformate (entry 2) which afforded only the ethoxy-
cyclopropane in good yield. Furthermore, the obvious parallel
which can be drawn in terms of the relative contributions of
relief of ring strain and entropic factors involved in the

Scheme 1

Table 1 Methoxycyclopropanation of alkenes using trimethyl ortho-
formate

Entry Alkene Products
Isomer  
ratioa

Yield
(%)

a Determined using NMR spectroscopy. For convenience, the major cis
isomer is shown.
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hydrolysis of acetals, ketals and orthoesters9 can be used to
exercise some degree of predictive power, as evidenced by the
selective transfers involved in the use of the 2-methoxydiox-
olane (entry 3) and the catechol derivative (entry 4).

Clearly a useful range of functionalised alkoxy- and aryloxy-
cyclopropanes can now be constructed in this way.

Finally, we have also carried out a preliminary study in order
to probe the electronic character of a-alkoxyorganozinc
carbenoids. A priori it might be argued that such species could
be more nucleophilic, and exhibit a chemoselective preference
for an electron-deficient alkene. In the event however, as shown
by some representative examples in Table 3, the enol ester
(entry 1) and the acrylate (entry 2) give comparable yields of
cyclopropanated product. However, the result of a direct
competition experiment using the monoterpene ester (entry 3)
clearly demonstrates that the more electron-rich alkene is
favoured over the acrylate.

From a practical standpoint, as in the classical Simmons–
Smith reaction,10 the above method clearly requires the use of
an excess of reagents for efficient organozinc carbenoid
generation and trapping. This is reflected in the (potentially
intramolecular) aryloxycyclopropanation of the unsaturated
orthoformate 4 (Scheme 2), where of course only 1 equiv. of
alkoxycarbenoid can be produced.

In summary, the above results exemplify a simple and
inexpensive method for the preparation of alkoxy- and aryloxy-
cyclopropanes under mild neutral conditions via a novel class of
organozinc carbenoids. Furthermore, in comparison to tradi-
tional methods for the generation of alkoxycarbenoids, the
present method obviates the necessity for handling toxic a-halo

and a,a-dihalo ether precursors,11 or the multistep procedures
involved in the preparation of stoichiometric Fischer carbe-
noids.12
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Scheme 2 Reagents and conditions: i, Zn/Hg (34 equiv.), Me3SiCl (5 equiv.) Et2O, reflux

Table 2 Alkoxy- and aryloxy-cyclopropanation of allylbenzene using
orthoformates

Entry Orthoformate R Isomer ratioa
Yield
(%)

a Determined using NMR spectroscopy. For convenience, the major cis
isomer is shown in 3.

Table 3 Alkoxycyclopropanation of various alkenes with orthoformates

Entry Orthoformate Substrate Product
Isomer
ratioa

Yield
(%)

a Determined using NMR spectroscopy. For convenience, the major isomer
is shown. b In this case the major isomer was not assigned. c 3 : 1 (E/Z)
mixture of isomers was employed as substrate.
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