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Cyclopropanation of al-
kenes with diazo com-
pounds in the presence
of transition-metal cata-
lysts is one of the impor-
tant catalytic transformations in contemporary
organic synthesis.[2] For intermolecular cyclopropa-
nation, diazoacetates are particularly well suited. Di-
nuclear rhodium(II) complexes and copper com-
plexes/salts prevail among the most efficient and
versatile catalysts.[3,4] It is notable that, while several
types of chiral catalysts have been developed for
highly enantioselective cyclopropanation reac-
tions,[2,5,6,7] satisfactory and general solutions for the
control of diastereoselectivity have not yet been
found. Cyclopropanation of monosubstituted alkenes
with simple alkyl diazoacetates and catalysts such as
Rh2(OAc)4 or copper(I) salts yield the thermodynami-
cally favored E-diastereoisomer with an E : Z ratio ty-
pically in the range 2.5±1.1, and more highly substi-
tuted alkenes also form the sterically less congested
cyclopropane preferentially.[4] High E-selectivities
can be achieved, for example, with diazoacetates hav-
ing bulky ester residues and with dinuclear rhodiu-
m(II) acetamidates rather than carboxylates as cata-
lysts.[8] Furthermore, several catalysts bearing
ligands with appropriate steric demands have been
developed.[2,7,9] Directing the diastereoselectivity to-
wards the sterically less favored Z-cyclopropanecar-
boxylate is more difficult. For the reaction of alkyl
diazoacetates with styrene, suitable complexes with
an appropriately designed ligand sphere around the
catalyst metal (Rh[10], Ru[11], Cu[9i], Fe[12], Co[13]) have
been developed.

Some time ago, we identified the polymeric ruthe-
nium(I) complex [Ru2(CO)4(OAc)2]n (1) and the de-
rived dinuclear bis(acetonitrile) complex [Ru2(CO)4-
(OAc)2(CH3CN)2] as highly effective catalysts for cy-
clopropanation of alkenes with diazoacetates.[14]

Mono- and 1,2-disubsti-
tuted C=C bonds were cy-
clopropanated with an E-
(anti)-selectivity compar-
able to that obtained using

Rh2(OAc)4 as catalyst, while 1,1-disubstituted alkenes
gave E : Z ratios between 1.3 (2-methyl-1-butene) and
0.62 (α-methylstyrene). We now report that cyclopro-
panation of trisubstituted alkenes with diazoacetates
catalyzed by 1 occur with a remarkably high Z-(syn)-
diastereoselectivity.

Cyclopropanation reactions with trisubstituted al-
kenes 2 a±f were carried out by slow addition of an
equimolar mixture of alkene and methyl diazoacetate
(3 a) to a dichloromethane solution containing an ex-
cess of alkene and catalyst 1 (1 mol %); these condi-
tions keep the stationary concentration of 3 a low
and help to limit the formation of formal carbene di-
mers. The dinuclear ruthenium complex, which is a
coordination polymer in the solid state, becomes so-
luble after addition of some 3 a, indicating its depoly-
merization. Under these conditions, fair to good
yields of cyclopropanes 4 a, b, c, e were achieved
while the yields of 4 d, f were only low (Scheme 1
and Table 1). As expected, the chlorine substitution
of alkenes 2 d, f lowers their reactivity towards the
presumed electrophilic metal-carbene intermediate,
and formation of the formal carbene dimers E- and
Z-5 takes over even under the chosen quasi-high di-
lution conditions.

Since the bulkiness of the ester residue often has an
influence on the stereoselectivity, we tested the cyclo-
propanation of 2-methyl-2-butene (2 a) with various
diazoacetates (Scheme 2 and Table 2). Obviously, the
different size of the alkyl groups (Me, Et, t-Bu) has no
significant effect on the Z/E (syn/anti) ratio of cyclo-
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propanes 6. Use of a diazoacetate with an electron-
withdrawing ester group (N-succinimidoyl) causes a
marked lowering of the Z-selectivity, an effect which
we correlate with an increased electrophilicity of the
anticipated metal-carbene intermediate; this in turn
would lead to an earlier transition state in which ster-
ic interactions between the metal-carbene complex
and the alkene are less severe.[15]

Scheme 1.

Scheme 2.

Catalyst 1 is unique in its ability to cyclopropanate all
trisubstitued alkenes 2 a±f with remarkable Z- (syn)-
selectivity and to provide at the same time a good
chemical yield of the more nucleophilic alkenes:
Most of the catalysts developed for syn-selective cy-
clopropanation seem not to have been tested with
trisubstituted alkenes, others react to give only low
yields or do not react at all. Aratani's chiral copper
complexes with salicylaldimine-type ligands enabled
the cyclopropanation of homoallylic chloride 2 c with
a syn:anti ratio up to 85 : 15,[16] but gave a pro-
nounced anti-selectivity when dienes 2 e and 2 f
were cyclopropanated with the same diazoace-
tates.[17] Furthermore, the use of rhodium(II) piva-
late or some ring-substituted rhodium(II) benzoates

gave cyclopropanecarboxylates derived from 2 f with
a syn-selectivity of not more than about 60 : 40.[18] It
should be recalled that certain esters of 3-(2,2-di-
chlorovinyl)-2,2-dimethylcyclopropanecarboxylic
acid (permethrinic acid) are powerful synthetic pyr-
ethroids used as insecticides and that stereoselective
syntheses of the more potent syn-diastereoisomer
are of interest.[19]

Scheme 3. Proposed pathways for formation of cyclopro-
panes syn-4 and anti-4

For an explanation of the observed syn-diaster-
eoselectivity, we propose that a metal-carbene com-
plex 7 is involved which has a geometry similar to
[Ru2(CO)4(l-OAc)2L2] (L = PPh3),[20] but with the
carbene moiety instead of PPh3 as the axial ligand
(Scheme 3; the exact nature of ligand L is not
known). Important features of these dinuclear com-
plexes are the sawhorse configuration (angles Ru±
Ru±O < 90°, Ru±Ru±C > 90°) and the fact that the ax-
ial ligand is somewhat closer to the carboxylate oxy-
gen atoms than to the carbonyl groups. Following
generally accepted ideas about the mechanism of
catalytic cyclopropanation reactions,[2] we can envi-
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Table 1. Cyclopropanation of trisubstituted alkenes 2 with
diazoacetate 3 a catalyzed by 1

2,4 R1 R2 R3 Yield of 4
[%][a]

Ratio[b],[c]

(syn : anti)

a Me Me Me 61 86 : 14
b ±(CH2)4± Me 72 71 : 29
c Me CH2CCl3 Me 55 84 : 16
d Me Cl Me 20[d] 91 : 9
e Me CH=CMe2 Me 91 90 : 10
f Me CH=CCl2 Me 30[e] 83 : 17

[a] Yields of isolated products are given.
[b] Determined by 1H NMR integration of COOMe signals.
[c] Syn/anti corresponds to Z/E for 4 a, c, d, e, f and to endo/
exo for 4 b.
[d] Z-5 (55%) and E-5 (19%) were also isolated.
[e] Z-5 (48%) and E-5 (18%) were also isolated.

Table 2. Cyclopropanation of 2-methyl-2-butene with var-
ious alkyl diazoacetates 3

3,6 R Yield of 6 [%][a] Z-6/E-6[b]

a (6 a=4 a) Me 61 86 : 14
b Et 71[b] 84 : 16
c t-Bu 75 87 : 13
d N-succinimidoyl 72 68 : 32

[a] Yields of isolated products are given.
[b] Determined by integration of appropriate 1H NMR signals.



sage the formation of open transition states Tsyn and
Tanti. Minimization of steric interactions between
the approaching alkene and the `̀ ligand faceº
around the catalyst metal would favor the popula-
tion of Tsyn over Tanti, and hence of syn-4 over anti-4.
This model implies that the steric interactions dur-
ing the approach of the alkene to 7 are more impor-
tant for stereocontrol than those in the transition
state itself which is shown in an idealized antiperi-
planar geometry of the C±Ru and Cα±Cb bonds. The
minor importance of destabilizing steric interactions
between COOR and alkene substituents R1, R2 in this
proposal is in line with the observation that the size
of the ester group in diazoacetates 3a±d has no sig-
nificant influence on the diastereoselectivity (see
Table 2).

The dinuclear ruthenium(I) complex 1 is the first
catalyst which provides a remarkably high syn-selec-
tivity in the cyclopropanation of trisubstituted alkenes
with diazoacetates. It appears that this property is due
to the sawhorse configuration of 1 and of the derived
intermediate metal-carbene complex 7. In this con-
figuration, the O±Ru±O face offers more space than
the OC±Ru±CO face to accommodate a neighboring
substituent (COOR in 7) and to accept substituent R2

of an approaching alkene R1R3C=CHR2.

Experimental Section

Cyclopropanation of Alkenes 2, General Procedure
A mixture of diazoacetic ester 3 (20 mmol) and alkene 2
(20 mmol) was added, by means of a syringe pump, during
12 h to a solution of alkene (180 mmol) in dichloromethane
(25 ml) in which catalyst 1[21] (1 mol %) was suspended.
When the evolution of molecular nitrogen had ceased (ca.
3 h), the solvent and low-boiling alkene were distilled off at
60 °C/800 mbar. The liquid residue was separated by col-
umn chromatography over silica gel. Thereby, residual al-
kene was eluted with pentane, the expected cyclopropane
was obtained by elution with ether-pentane (1 : 8 to 1 : 11),
and the carbene dimers Z- and E-5 were eluted with ether.

The cyclopropanes were purified further by bulb-to-bulb
distillation. The syn- and anti-configurations of cyclopro-
panes 4 and 6 were determined from the magnitude of the
3J(H,H) coupling constants of the two cyclopropane protons
(3Jcis > 3Jtrans). If this was not possible due to signal overlap,
the assignment was made based on the c-effect on 13C chem-
ical shifts of carbon atoms attached to the cyclopropane ring
(see, e. g., ref. [14]). A full comparison of the 13C NMR chem-
ical shifts is given in Table 3.

N-Succinimidoyl 2,2,3-trimethylcyclopropane-1-car-
boxylate (6 d): Obtained from diazoacetate 3 d[22] and 2-
methyl-2-butene; yield: 72%; mixture of diastereomers,
Z : E = 68 : 32; m. p. 80 °C, b. p. 153±159 °C/0.001 mbar. 1H
NMR (400.1 MHz, CDCl3): Z-6 d: d = 1.21 (s, 3 H, 2-Me), 1.22
(d, 3 H, J = 6.2 Hz, 3-Me), 1.24 (s, 3 H, 2-Me), 1.54 (m, 1 H, 3-
H), 1.69 (d, 1 H, J = 8.7 Hz, 1-H), 2.83 (s, 4 H, CH2); E-6 d:
d = 1.18 (d, 3 H, J = 6.3 Hz, 3-Me), 1.20 (s, 3 H, 2-Me), 1.23 (s,
3 H, 2-Me), 1.40 (d, 1 H, J = 5.4 Hz, 1-H), 1.52 (m, 1 H, 1-H),
2.83 (s, 4 H, CH2); 13C NMR (100.6 MHz, CDCl3): Z-6 d:
d = 7.6 (3-Me), 13.4 (2-Me), 25.2 (C-3), 25.3 (CH2), 28.1 (2-
Me), 28.5 (C-2), 29.9 (C-1), 166.2 (C=O), 169.6 (C=O); E-6 d:
d = 12.5 (3-Me), 20.3 (2-Me), 20.4 (2-Me), 25.3 (CH2), 29.8 (C-
3), 30.0 (C-1), 30.5 (C-2), 167.7 (C=O), 169.4 (C=O);
C11H15NO4 (225.2): calcd. C 58.66, H 6.71, N 6.22; found
C 58.7, H 6.7, N 5.9.

Spectral and physical data for all other cyclopropanes 4
and 6 are given in the Supporting Information.
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