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ABSTRACT

A cyclopropanation reaction involving iodonium ylides generated in situ allows for efficient preparation of substituted 1-nitro-1-carbonyl
cyclopropanes. This robust cyclopropanation reaction can be performed in organic solvents, biphasic aqueous media, or under solvent-free
conditions with alkene substrates. The iodonium ylides generated in situ display some surprising differences in reactivity when compared to
r-nitro-r-diazocarbonyl compounds. They do not undergo O−H insertion reactions and exhibit reduced reactivity with certain alkenes.

We recently reported a facile and efficient diazo transfer
reaction involving trifluoromethanesulfonyl azide for the
preparation ofR-nitro-R-diazo-carbonyls.1 In our research
program involving the asymmetric synthesis of unnatural
amino acids,2 these substrates could represent an amino acid
equivalent upon reduction of the nitro group. Additionally,
cyclopropanes derived from these substrates could serve as
useful synthons.3

Of particular interest, however, was the development of
an efficient and expedient method for the synthesis of
cyclopropane amino acids4 via reduction of the nitro group.5

Transition metal-catalyzed cyclopropanation of alkenes with

diazo compounds represents a direct approach for cyclopro-
pane preparation.6 However, the instability ofR-nitro-R-
diazoacetate reagents precludes their use for the large-scale
preparation of cyclopropane amino acids.7

Attempts to circumvent the potential drawbacks of diazo
chemistry have led to the development of in situ diazo
generation procedures.8 Hypervalent iodine(III) reagents have
also been gaining in popularity as synthetic equivalents to
diazo compounds.9

These iodine(III) reagents represent an attractive alternative
for acidic hydrogen containing substrates1 due to their ease
of preparation. They also exhibit similar reactivities when
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compared to the corresponding diazo substrates. They are
generally isolated upon treatment of1 with methanolic KOH
and bis(acetoxy)iodobenzene (eq 1).10

Under these reaction conditions methyl nitroacetate (3)
failed to yield the desired iodonium ylides due in part to
solubility problems and/or degradation. Thus, we turned to
an in situ approach where the iodonium ylides are generated
in the presence of Rh(II) carboxylate catalysts and an olefin
substrate.11 This “one-pot” procedure would avoid isolation
of the potentially unstable intermediate. A number of reaction
variables, including solvent and base, were tested (Table 1).

In all cases, the reagents were added simultaneously and
allowed to stir. Initial attempts in refluxing dichloromethane
afforded low to modest yields with a variety of drying agents
and bases. When the reaction was performed using water as
a solvent and a hydrophobic catalyst,12 the yields reached
acceptable levels. To further simplify the procedure, the
reaction was tested in the absence of solvent and additives
and found to give optimal yields of cyclopropane4 in only
2 h at room temperature.

It is noteworthy to mention that although [Rh(OAc)2]2 and
[Rh(C7H15CO2)2]2 catalysts gave inferior yields compared to
[Rh(OPiv)2]2, stirring overnight allowed for isolation of 70
and 81% yields of4, respectively. A modest yield of4 (67%)
was maintained when only 2 equiv of styrene was used.

The scope of the cyclopropanation reaction was examined
by variation of steric bulk on theR-nitro carbonyl substrate.
The results suggest that the reaction is efficient for a variety
of R-nitro carbonyl substrates (Table 2). Of particular interest

is the tolerance for alkenes that are part of theR-nitro ester
reagent (5a), as the reaction proceeded smoothly and
exclusively in an intermolecular fashion.13 The reaction can
also be successfully scaled-up with reduced catalyst load-
ings.14

R-Nitro ketones also lead to modest isolated yields in the
cyclopropanation reaction, closely approximating that of the
diazo substrate except for substrate5d in which yields of
74% can be obtained when the diazo is used.1b

The yields could be improved to 75% by heating at 40°C
for 3 h. It is noteworthy that thisR-nitro ketone substrate
allows access to predominantly the (Z)-isomer.

Next, a variety of olefinic substrates were tested under
the standard conditions (Table 3). We noticed small differ-
ences between the reactivities of the in situ-generated
iodonium ylides and the diazo compounds.

Cyclopropanation in the presence of alkenes such as
indene, para-substituted styrenes, andR-methyl styrene
afforded the corresponding cyclopropanes with similar
chemical yields to the reaction using the corresponding diazo
reagents, while 1,1-diphenylethylene and methylene cyclo-
pentane were problematic under the standard reaction condi-
tions (Table 3). Acceptable yields of the cyclopropanes were
obtained when the reaction mixtures were heated to 40°C
for 3 h (condition C) (8e,f).15 It is noteworthy to mention
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yield (93:7E/Z ratio) of 4 upon being heated for 2 h at 40°C.

Table 1. In Situ Generation of Iodonium Ylides Followed by
Cyclopropanation

solvent catalyst
additive
(equiv)

yield of
4 (%)

ratio
E/Z

CH2Cl2 [Rh(OAc)2]2 3 Å MS 20b,c 92:8
CH2Cl2 [Rh(OAc)2]2 MgO (5) 52c 92:8
CH2Cl2 [Rh(OAc)2]2 Na2CO3 (2) 32c 90:10
H2O [Rh(OPiv)2]2 Na2CO3 (2) 86 93:7
none [Rh(OAc)2]2 none 41 90:10
none [Rh(C7H15CO2)2]2 none 71 91:9
none [Rh(OPiv)2]2 none 83 92:8
none [Rh(OPiv)2]2 none 67d 92:8

a Isolated yields after purification.b PhIdO used as a hypervalent iodine
source.c Reaction time: 6 h in refluxing CH2Cl2. d Styrene (2 equiv) was
used.

Table 2. Scope of the Cyclopropanation Reaction

product R yield (%)a E/Z ratio

6a OAllyl 71 90:10
6b OBn 83 84:16
6c Oi-Pr 64b 82:18
6d Ph 61 9:91
6d Ph 75c 10:90
6e c-C3H5 72 72:28

a Isolated yields after purification.b Reaction time: 3 h.c Heated at 40
°C for 3 h.
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that no dimerization products were observed under any of
the reaction conditions tested.

Preliminary work involving asymmetric cyclopropana-
tions16 was also found to give similar results when compared
to its diazo counterpart in organic solvents (eq 2, PTPA)
N-phthaloylphenylalaninate). In the reaction involving
iodonium ylides, the yields and enantiomeric excesses were

similar to those in the diazo-mediated cyclopropanation (75%
yield in a 86:14E/Z ratio; E ) 30% ee,Z ) 12% ee).16

Next, a competition experiment was performed with benzyl
alcohol and styrene (eq 3). Surprisingly, using an iodonium
ylide led to exclusive formation of the cyclopropane product
4 (70% isolated yield). Methyl nitro diazoacetate7a gave a
mixture of cyclopropane4 and O-H insertion product9 in
a 1.7:1 ratio (90% overall yield). Mechanistic reasons for
the differences in reactivities are presently unknown and will
be the subject of future work.

A variety of other bis(acetoxy)iodobenzene derivatives can
be easily prepared,17 but presently, there appears to be no
advantage in using structurally modified iodonium(III)
reagents. This report offers a safe alternative toR-nitro-R-
diazo carbonyls, although there are advantages and applica-
tions for both. Further examination of the implicated
mechanism and asymmetric cyclopropanations is being
studied and will be reported in due course.
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(15) Additives such as aqueous KBr solutions,n-Bu4NBr (10 mol %),
and small amounts of toluene (to aid solubility) also had a marked
accelerating effect. The results in Table 3 are very similar when H2O was
used as a solvent, but the reaction suffers the disadvantage of requiring an
extraction.

(16) Charette, A. B.; Wurz, R. P.J. Mol. Catal. A: Chem. 2003,196,
83. (17) McKillop, A.; Kemp, D.Tetrahedron1989,45, 3299.

Table 3. Diazo vs Iodonium Ylides Cyclopropanation Scope

product alkene conditionsa

yield
(%)

E/Z
ratio

4 styrene A 90 90:10
B 83 92:8

8a indene A 84 100:0
B 91 100:0

8b 4-MeOC6H4CHdCH2 A 91b n/a
B 82b

8c 4-ClC6H4CHdCH2 A 87 91:9
B 75 91:9

8d C6H5C(Me)dCH2 A 91 97:3
B 80 98:2

8e Ph2CdCH2 A 97b n/a
B 0 n/a
C 63b n/a

8f methylenecyclopentane A 80 n/a
B 0 n/a
C 73 n/a

a A: Diazo (0.5 M in CH2Cl2) was added dropwise over 15 min to alkene
and then stirred for 2 h. B: PhI(OAc)2 (1.1 equiv), neat, 2 h, rt. C: Same
as A, except the reaction was heated at 40°C for 3 h. b Isolated as a mixture
of cyclopropane and isoxazolineN-oxide.

398
[Rh((S)-PTPA)2]2 (0.5 mol %)

styrene (5 equiv)
PhI(OAc)2 (1.1 equiv)

neat, 3 h, rt

4
74 % yield
E/Z 84:16

E ) 30% ee
Z ) 13% ee

(2)
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