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Enantiomerically pure dirhodium(II) complexes with ortho-
metalated p-substituted aryl phosphines have been shown to
be enantio- and diastereoselective in the cyclopropanation of
styrene by ethyl diazoacetate. Enantioselectivities up to 91%
and diastereoselectivities up to 90% are observed for ethyl
cis-2-phenylcyclopropanecarboxylate

The design of new chiral catalysts to induce enantiocontrol in
carbene transfer reactions is presently a subject of interest.1–3 The
intermolecular cyclopropanation reaction of styrene, 1, with ethyl
diazoacetate is frequently used as a model reaction to measure the
stereo- and enantioselectivity of the new catalyst (Scheme 1).

Chiral copper catalysts,4–8 especially those with bis-oxazoline
ligands, have been found to induce the highest levels of
enantiocontrol. Thus, enantioselectivities up to 99% for ethyl
2-phenylcyclopropanecarboxylates have been obtained in the
cyclopropanation of styrene with ethyl diazoacetate catalyzed by
Cu catalysts. Ruthenium catalysts have also produced high level of
enantiocontrol in the cyclopropanation of olefins,9 but their
carbenoids are less reactive than those of copper. In general, chiral
dirhodium(II) catalysts do not provide high selectivities.10 Dirho-
dium(II) catalysts of general formula Rh2(O2CR)2(PC)2, containing
two ortho-metalated aryl phosphines (PC) in a head to tail
arrangement,11 (Figure 1), have backbone chirality and they can be
isolated as pure enantiomers by conventional resolution methods.12

We have recently reported some of these dirhodium(II) catalysts as
the most enantioselective among dirhodium(II) catalysts, giving
enantioselectivities up to 91% and up to 87%, for ethyl cis- and
trans-2-phenylcyclopropanecarboxylate, respectively.13 However,
these catalysts induce low diastereoselectivities, about 60:40 or
lower.

According to the transition state model proposed for the
cyclopropanation reaction of styrene catalysed by enantiomers of
Rh2(O2CR)2(PC)2,

13 the presence of bulky substitutents on the
metalated ring might improve the diastereocontrol of the catalyst.
In order to probe such hypothesis we have studied four
dirhodium(II) catalysts with different substituents in the para
positions of the aryl groups. These catalysts are represented in
Fig. 1.

Catalysts 5 and 7 were prepared by standard methods14 from
the reaction of rhodium tetraacetate and the corresponding
phosphines.

Catalyst 6 was prepared according to the method reported in the
literature.13

We now report the catalytic results obtained in the cyclopro-
panation of styrene with ethyl diazoacetate using catalysts 5–7
following the procedure described in ref. 13. These results are
compared in Table 1 with those previously reported using catalyst
4.

As indicated in Fig. 1, all these catalysts contain different groups
in the para position of all the aryl groups of the phosphine. The
influence of the substituents on the diastereoselectivities of the
cyclopropanation reaction is clear, increasing with the size of
the substituent Br v Me3C v Me3Si, with cis:trans ratios going
from 53:47 to 90:10. This selectivity may be compared to the

Scheme 1 Catalyzed cyclopropanation of styrene.

Table 1 Asymmetric cyclopropanation of styrene catalyzed by (M)-
enantiomers

Catalyst Yield %a 2/3b

% ee Configuration

2c 3c 2 3

413 55 48:52 91 87 1S,2R 1S,2S
5 80 53:47 84 81 1S,2R 1S,2S
6 46 83:17 81 3 1S,2R 1S,2S
7 39 90:10 91 7 1S,2R 1S,2S
a Cyclopropanation yield based on diazoacetate. b Determined by
GC analysis and 1H NMR. c Ee values were based on GC analysis
with a 2,3-di-O-acetyl-6-O-tert-butyldimethylsilyl-beta-CDX column.
d Configuration was determined by correlation of the sign of the
rotation of polarized light with that of the known enantiomer.15
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Fig. 1 Rh(II) catalysts with ortho-metalated aryl phosphine ligands used in
this study.
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cis:trans ratio 48:52 previously reported13 for catalyst 4 in which a
hydrogen is attached to the para positions.

The diastereocontrol increases with the bulkyness of the catalyst
and, at the same time, the enantioselectivity for the trans isomer
decreases. Thus, when using catalyst 5, the enantioselectivities for 2
and 3 were almost identical (84 and 81%), but the diastereoselec-
tivity was poor, while when catalyst 7 was used the ee values were
91 and 7% and diastereoselectivity was maximised.

The observed high enantio- and diastereoselectivities for isomer
2 in the cyclopropanation of styrenes with Rh(II) catalysts 6 and 7
can be rationalised based on the model depicted in Fig. 2 for the
(M)-catalyst. The non-metalated aryl groups of the phosphorus
and also the metalated aryl group with bulky substituents limit the
possible orientations of the coordinated carbene. As a result, the
orientation A1 in Fig. 2, placing the ester group at the less sterically
demanding quadrant in the neighbourhood of the carboxylate
ligands, will be favored compared to the opposite orientation B1.
The high enantiocontrol observed for these orthometalated
rhodium(II) catalysts was previously been attributed13 to a
discrimination between the cyclometalation pathways resulting
from A1 and B1 intermediates.

With the introduction of relatively bulky substituents in the
phosphines, the cyclometalation steps A1 to A2 and A1 to A3 are no
longerequallyfavored,asinthelatter,arepulsiveinteractionbetween
the phenyl ring of the approaching olefin and the substituents on the
metalated ring occurs at a certain moment of the process. This
discrimination could explain the increasing diastereoselectivity, with
the bulkiness of the phosphine substituents.

Molecular modelling studies on this system based on the
molecular structure determined for Rh(O2CCH3)2[(CH3)3-
SiC6H3)P((CH3)3SiC6H4]2]?2H2O, 816 the acetate analogue of
catalyst 7, supports this model (Fig. 3).

In summary, results indicate that cyclometalated dirhodium(II)
compounds with arylphosphines containing bulky p-substituents
produce high diastereo- and enantioselectivities in the intermole-
cular cyclopropanation of styrene. The diastereoselectivities
for ethyl cis-2-arylcyclopropanecarboxylate clearly exceed those

previously observed with other Rh(II) catalysts for this particular
model reaction.
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Fig. 2 Projection of coordinated carbene on (M)–dirhodium complex along
the Rh–Rh axis. Model for cyclopropanation of styrene.

Fig. 3 Molecular diagram for 8. Hydrogen atoms are omitted for clarity.
Selected bond distances/Å are: Rh1–Rh2 ~ 2.5116(6), Rh1–P1 ~
2.2019(16), Rh1–C42 ~ 2.005(6), Rh2– P2 ~ 2.2078(17), Rh2–C12 ~
2.004(6), Rh2–O6 ~ 2.326(4). Selected angles/u are: O6–Rh2–
Rh1~170.21(12),C12–Rh2–Rh1~97.05(2),C42–Rh1–Rh2~97.42 (19).
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