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A synthetic method for the direct transformation of allylic
ethers into mono-, di- and trisubstituted cyclopropanes is
presented.

Among the known methods employed for constructing three-
membered rings, a large number are based upon the direct
cyclopropanation of akenes® We recently reported a new
approach to cyclopropanes from carbonyl compounds and
Grignard reagents through CpoZr(n) chemistry.23 The de-
scribed reaction involves a deoxygenative contraction of an
intermediate oxazirconacycle under Lewis acid activation
conditions[Scheme 1, egn. (1)]. An analogous process was next
applied for developing anew synthesis of primary cyclopropy!-
amines from nitriles [(egn. (2)].4
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We envisioned that a Lewis acid-mediated contraction of
heterozirconacycles might be amore general reaction leading to
carbocycles and especially cyclopropanes. For this purpose, the
zirconium intermediate could be formed indifferently, not only
by employing Cp,Zr(i1) chemistry. This idea led us to explore
the feasibility of converting alylic ethers in cyclopropanes
following Scheme 2.5

Hydrozirconation of the C=C double bond in alylic ethers
has been reported.® In several cases, alkenes and alkanes were
formed as side-products in these reactions, due to a (-
eimination of the akoxy group from the hydrozirconated
intermediate, and a possible second hydrozirconation. Fur-
thermore, complex reaction mixtures were often obtained
starting from the allylic trimethylsilyl ethers, because of the
reductive cleavage of the O-Si bond. In order to avoid such
secondary reactions and favour the cyclopropanation, we
examined various reaction conditions. The hydrozirconation
was carried out with Schwartz reagent (Cp,Zr(H)Cl), but aso
with Cp,Zr(H)OTf in some cases.” The reactions were carried
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outin THF, CH,CI, or C¢Hg as solvents, at room temperature or
by heating the reaction mixture up to 60 °C (in CgHe). Several
Lewis acids, namely TiCl,, BF3-OFEt,, ZrCl, and MesSIOTf
were tested to induce the cyclopropanation step. When using
allylic ethers with a terminal C=C double bond, mild reaction
conditions made it possible to avoid undesirable side-products.
Thus, hydrozirconation cleanly occurred in CH,Cl, a room
temperature. As expected, the deoxygenative cyclopropanation
step next proceeded by adding BF;-OEt,8 to afford the
corresponding cyclopropanesin good to excellent yields (Table
1), systematically better than those obtained starting from
aldehydes.2

The reaction proceeded smoothly from the methyl or benzyl
alylic ethers bearing both alkyl and aryl substituents (entries 1
and 2). It also took place starting from the ether 5 with a
quaternary C3 atom (entry 3). Additional substituted C=C
double bonds can be present in the substrate and tolerated by an
equivalent of Schwartz reagent (entry 4). The reactions
employing the allylic acetals 9 and 11 could also be accom-
plished leading to the cyclopropyl ethers 10 and 12 (entries 5
and 6).

Table 1 Synthesis of cyclopropanesfrom allylic etherswith aterminal C=C
double bond.

OR
V Cp,Zt(H)Cl (1.0 eq.)  BF;*OEt, (1.1 eq.) y
RV CH,Cl,, 1t 0°C tort, 1h. R'"” “R2
R
Time Yield
Entry Substrate Product (h) (%)2
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Me Me Me Me
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aYields of isolated products after hydrolytic workup (NaHCO;3; ag) and
flash chromatography. b Requires 1.5 eq. of Cp,Zr(H)Cl and 1.6 eq. of
BF3;-OEt,. ¢ Estimated by H NMR.
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We next employed 2-substituted allylic ethers as substrates.
When using CH,Cl,, as solvent, the reaction times were long at
20 to 40 °C, undesirable side-products were formed and the
yields of cyclopropanes were moderate or low. However,
synthetically useful yields were achieved after modifying the
reaction conditions. The hydrozirconation step was typically
caried out at 60 °C in CgHg instead of CH.Cl,. The
cyclopropanation step was promoted as before with BF3-OFEt,.

Table 2 summarizes the results of reactions employing
various allylic ethers.9.10 Both 1,2-disubstituted and 1,1,2-tri-
substituted cyclopropanes having alkyl and aryl groups could be
obtained. The trans configuration was assigned to the major or
unique diastereomers of compounds 14, 16, 18, 20 and 22 from
the vicina coupling constants and on the basis of NOE
measurements. We noticed that not only yields but aso
stereosel ectivity increased when using Ce¢Hg as solvent in place
of CH.Cl,.1* The degree of trans stereoselectivity in entry 1
appears to be dependent on the nature of the —OR group, and
increases with decreasing of steric demand from R = Bn
(trans:cis = 71:29) to R = Me(trans:cis = 97:3). A similar
stereochemical trend is observed in entry 2. Theinfluence of the
—OR group on stereoselectivity possibly indicates a concerted
process for the ring formation.

Table 2 Synthesis of cyclopropanes from 2-substituted alylic ethers
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R! )\% CeH,, 60°C
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on b: MOM ph\“"AMe 1 80 (85:15)

13ac Mo ¢ Me 14 1 86 (973)

OR

2 W a:Bn Ph/\“wAMe 2 75 (83 17)
PR b: Mc 6 2 72 (90:10)

15a-b Me
OBn

15 60 (100:0)

w
)
‘:{7
)
=)
"
® >
e
=

17 Ph

I
o
=
ﬁi
o
=
o

Ph 2 75(90:10)
Me Ph Me
19 20
OBn
5 ph/“b% WA iy 2 42(100:0)
Me 22

21

aYields of isolated products after hydrolytic workup (NaHCO;3; ag) and
flash chromatography. ? *H-NMR ratios.

In summary, cyclopropanes can be prepared directly from
alylic ethers by combining hydrozirconation and the Lewis
acid-promoted deoxygenative ring formation. Since severa
functional groups can betolerated by an equivalent of Schwartz

reagent,’2 the described procedure should be synthetically
useful. Studies are underway to further explore the reaction.
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