Communications
Table 1: Optimization of reaction conditions.[a]
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Cyclopropane units are a fundamental class of functional
group that are the focus of many organic synthesis programs
and perform a key structural role in a range of bioactive
natural and nonnatural molecules.[1] The importance of
cyclopropanes is reflected in the enormous effort that has
been invested in their diastereo- and enantioselective synthesis.[1, 2]
Recently, a strong emphasis has been placed on the
development of catalytic methods to generate cyclopropanes.
While there have been significant advances in the development of catalytic versions of the Simmons–Smith and carbene
transfer reactions, there are few reports of catalytic methods
based on the reaction of ylides with electron-deficient
alkenes.[2] The use of ylides as cyclopropanation reagents
dates back to work by Corey et al.[3] Of the many developments that have since been reported, the contributions from
the groups of Hanessian,[4] Dai and Tang,[5] and Aggarwal[6]
deserve special mention. In these processes, however, the
ylide precursor is usually generated in a separate step and
there is only one reported process that is catalytic in the ylide
species.[6, 7]
We were interested in utilizing a nitrogen ylide to effect a
cyclopropanation reaction. Surprisingly, there are relatively
few examples that employ nitrogen-derived ylides.[8, 9] An
ammonium ylide based reaction becomes an attractive target
for a general diastereo- and enantioselective cyclopropanation process owing to the vast range of tertiary amines that are
commercially available. In this communication we describe
the development of a stoichiometric “one-pot” ammonium
ylide based cyclopropanation process and our initial studies
towards an enantioselective reaction. We also report the
development of the first catalytic cyclopropanation reaction
involving ammonium ylides where the catalyst is a tertiary
amine.
We began our study by investigating the reactivity of
preformed quaternary ammonium salts such as 1 as nitrogen
ylide precursors. Treatment of salt 1 with base followed by

Solvent

Base

t [h]

Yield[b]

d.r.
(trans:cis)[c]

MeCN
THF
DCE
DMSO
CH2Cl2[d]
MeCN
MeCN
MeCN
MeCN
MeCN

NaOH
NaOH
NaOH
NaOH
NaOH
KOH
Na2CO3
DBU
DABCO[e]
Et3N

6
3.5
19
1.5
4.5
4.5
25
16
24
24

96 %
66 %
73 %
54 %
65 %
68 %
79 %
87 %
5%
10 %

> 95:5
15:1
> 95:5
> 95:5
> 95:5
15:1
> 95:5
> 95:5
> 95:5
> 95:5

[a] Salt 1, acrylate 2 a (1 equiv), base (2 equiv), solvent (0.25 m), 80 8C (oil
bath temperature). [b] Yield of isolated product after chromatography.
[c] Determined by 1H NMR spectroscopy. [d] Reaction stirred at 45 8C.
[e] 2.5 equiv of DABCO was used. DABCO = 1,4-diazobicyclo[2.2.2]octane, DCE = 1,2-dichloroethane, DBU = 1,8-diazabicyclo[5.4.0]undec-7ene.

tert-butyl acrylate (2 a) formed cyclopropane 3 a in varying
yields depending on the conditions employed; the best results
are highlighted in Table 1. Of crucial importance was the
temperature, with little or no reaction observed at room
temperature. However, at 80 8C the reaction produced the
highest yield of trans-disubstituted cyclopropane. It is important to note that the corresponding reaction between
phenacyl chloride (instead of salt 1) and acrylate 2 a does not
form the cyclopropane.[10]
To increase the efficiency of this process we investigated
the development of a stoichiometric “one-pot” cyclopropanation reaction, in which the ammonium salt and hence the
ylide could be generated in situ from readily available starting
materials. Accordingly, DABCO (5) was added to phenacyl
chloride (4) in acetonitrile followed by the base and alkene
2 a, and the reaction mixture was stirred at 80 8C. After 18 h,
cyclopropane 3 a was isolated in 79 % yield after chromatography as a single diastereoisomer (Scheme 1).[11] It is note-
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Scheme 1. One-pot cyclopropanation.

worthy that the reaction proceeds without the formation of
byproducts, and simple aqueous workup affords pure cyclopropane (1H NMR spectroscopy, LCMS) that does not
necessarily require further purification.
A stoichiometric “one-pot” cyclopropanation reaction
offers significant advantages over other similar methods as it
precludes the necessity to generate and isolate the ylide
precursor (1) in a separate step. The general utility of this
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Table 2: Scope of reaction.
Entry

a-Chlorocarbonyl

Acceptor

1

Conditions[a]

Yield[b]

NaOH, MeCN

79 %

> 95:5

Product

d.r.
(trans:cis)[c]

2

4

Na2CO3, MeCN

77 %

> 95:5

3

4

Na2CO3, MeCN

96 %

> 95:5

4

4

NaOH, THF

73 %

> 95:5

5

4

NaOH, MeCN

81 %

> 95:5

6

4

Na2CO3,
THF/DMSO

78 %

2.3:1

7

4

Na2CO3, MeCN

40 %

4.3:1

8

2c

Na2CO3, MeCN

70 %

> 95:5

9[d]

2c

Na2CO3, MeCN

70 %

> 95:5

[a] a-Chlorocarbonyl, DABCO (1.0 equiv), MeCN (0.25 m), room temperature, 30 min, then alkene
(1 equiv), base (1.5 equiv), 80 8C. [b] Yield of isolated product after chromatography. [c] Determined by
1
H NMR spectroscopy. [d] Preformed salt 1 was used in this reaction.

process was demonstrated across a range of substrates which
established the efficacy of this new and versatile cyclopropane
methodology (Table 2). The reaction worked well for a range
of alkenes, with acrylates 2 a and 2 b, enone 2 c, acrylamide 2 d,
and vinyl sulfone 2 e all forming only the trans-substituted 1,2cyclopropanes 3 a–3 e in good to excellent yield.[12] Acrylonitrile (2 f) gave a mixture of cyclopropanes (3 f; 2.3:1, trans:cis)
in good yield, although some polymerization was observed.
Acrolein (2 g) also gave a separable mixture of cyclopropanes
(3 g; 4.3:1, trans:cis) in 40 % yield when the preformed salt 1
was used. Ammonium ylide species bearing other functional
groups were also investigated and produced cyclopropanes in
good yield (entries 8 and 9, Table 2). Ketone 7 formed
spiro[2.4]heptane derivative 3 i as a single diastereomer when
reacted with 3 equivalents of 2 c.
The simplicity of the one-pot ammonium ylide approach
to cyclopropanation should allow the use of any tertiary
amine.[13] DABCO (5) was chosen as a model tertiary amine
to mimic the core structure of the cinchona alkaloids because
Angew. Chem. Int. Ed. 2003, 42, No. 7

they are a potential source of chirality for an enantioselective cyclopropanation reaction. The chiral
quaternary ammonium salt 11 was
readily formed in situ from the
addition of phenacyl bromide (8)
to amine 9.[14] Subsequent addition
of acrylate 2 a and sodium hydroxide (2 equiv), and stirring the reaction at 80 8C for 24 h generated
cyclopropane (þ)-3 a in 61 % yield
(Table 3). The enantiomeric ratio
(e.r.) from this initial reaction was
91.5:8.5 (83 % ee), as determined by
chiral HPLC.[15] While this result
displayed excellent enantioselectivity we were concerned for the
enantiomeric integrity of the cyclopropane in the reaction mixture. By
monitoring the e.r. over the course
of the reaction, we observed an
erosion in the enantiomeric purity
of the cyclopropane (Table 3, entry 1). However, reducing the
amount of base in the reaction to
1.3 equivalents generated (þ)-3 a in
57 % yield with an e.r. of 97:3
(94 % ee). Furthermore, using dihydrocinchonine derivative 10 under
our modified reaction conditions
formed the opposite enantiomer,
()-3 a, in 58 % yield and an e.r. of
97:3 (94 % ee). To the best of our
knowledge these are the first examples of an enantioselective cyclopropanation reaction based on a
chiral ammonium ylide. We are
currently screening the range of
alkenes and other chiral tertiary

Table 3: One-pot enantioselective cyclopropanation.

Entry[a]

Chiral
amine

equiv
NaOH

t [h]

Yield[b]

e.r. (ee)[c]

1

9

2

2
3

9
10

1.3
1.3

8
16
24
24
24

10 %
46 %
61 %
57 %
58 %

97:3 (94) (þ)
92:8 (84) (þ)
91.5:8.5 (83) (þ)
97:3 (94) (þ)
97:3 (94) ()
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amine via an ammonium ylide intermediate, by using readily
available starting materials. We have demonstrated that this
reaction is both diastereo- and enantioselective and that the
reaction can be made catalytic.[18] We are currently exploring
the scope of an asymmetric process with the goal of
developing a catalytic enantioselective cyclopropanation
reaction. Furthermore, application of this methodology to
an intramolecular cyclopropanation system and to the synthesis of small-ring heterocycles is also being explored.
Received: October 14, 2002 [Z50353]
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a-Chlorocarbonyl
Acceptor
Yield
Product
d.r. (trans:cis)
[12] trans-Stereochemistry was confirmed in 3 a by hydrolysis of the
tert-butyl ester and comparison
69
> 95:5
with an authentic sample, and in
3 e by X-ray crystal-structure analysis.
[13] We also found that using quinucli4
82[d]
> 95:5
dine in place of DABCO produced
3 a in similar yield.
[14] Phenacyl chloride did not react
with the more hindered chiral
4
63
> 95:5
amine.
[15] See supporting information for de[a] Phenacyl chloride, DABCO (0.2 equiv), alkene (1.5 equiv), Na2CO3 (1.2 equiv), MeCN (0.25 m), 80 8C,
tails chiral HPLC analysis.
24 h. [b] Yield of isolated product after chromatography. [c] Determined by 1H NMR spectroscopy.
[16] No cyclopropane formation was
observed when the reaction was
[d] 3 equiv Of 2 c was used.
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carried out with styrene instead of the electron-deficient alkenes
which suggests that the reaction does not proceed through a
carbene mechanism.
[17] In the case of methyl vinyl ketone, 3.0 equiv was used because of
its volatility. In the other cases only 1.5 equiv of the alkene was
used.
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3726.
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