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ABSTRACT

The cyclopropanation of styrene with (silanyloxyvinyl)diazoacetates proceeds with exceptional diastereo- and enantioselectivity in the presence
of chiral Rh(II) catalysts. 1,8-Naphthoyl-protected amino acids are the most effective Rh(II) ligands for these transformations.

The intermolecular cyclopropanation of olefins with phenyl-1

and vinyldiazoacetate2 esters in the presence of the
[Rh2{(S)-dosp}4] catalyst of Davies3 proceeds with remark-
able diastereo- and enantioselectivities. The dosp catalyst is,
however, less suited for intermolecular cyclopropanations
with (silanyloxyvinyl)diazoacetates. Thus, an ee of only 26%
has been reported for the cyclopropanation ofn-butyl vinyl

ether, although the selectivity for cyclopropanation of 2,3-
dihydrofuran andâ-methoxystyrene reached 67 and 71% de,
respectively, when pantolactone was used as a chiral auxiliary
in conjunction with [Rh2{(S)-dosp}4].4 Recently, we have
examined the suitability of (S)-N-1,8-naphthoyl-t-leucine as
ligand for Rh(II)-catalyzed asymmetric carbene transfer.
Encouraging enantioselectivities of up to 79% were observed
with the resulting [Rh2{(S)-nttl}4] catalyst in intramolecular
CH insertions ofR-silylated diazoacetate esters.5

We have now investigated the intermolecular cyclo-
propanation of styrene (1a) with the (silanyloxyvinyl)-
diazoacetates2a and2b in the presence of Rh(II) catalysts.
Reaction of2a (X ) TBDMS) with catalytic [Rh2(OAc)4]
in CH2Cl2 affordedtrans-3a in 59% yield. The cis config-
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uration of the vinyl group with respect to the phenyl ring in
3a was assigned by desilylation totrans-4 of known
configuration.6 This diastereoselectivity is typical for Rh(II)-
catalyzed cyclopropanations with vinyldiazoacetate esters.2a

A selection of chiral nonracemic Rh(II) catalysts were
screened, and the results are summarized in Table 1. With
[Rh2{(S)-nttl}4], the reaction proceeded with 83% ee in
CH2Cl2, but the selectivity increased significantly to 91%
in toluene. The cis isomer of3a could not be detected in the
reaction mixture.

Other Rh(II) catalysts were less selective with2a; however,
a new catalyst, [Rh2{(R)-ntv}4], which uses (R)-N-1,8-
naphthoyl valinate as a ligand, was as efficient as [Rh2{(S)-
nttl}4] and afforded the enantiomer of3a with 94%. The

selectivity of [Rh2{(R)-ntv}4] is remarkable; apparently, the
additional methyl group of [Rh2{(S)-nttl}4] is not significant
for enantioselectivity in this particular reaction.

Replacement of the TBDMS in2a by the sterically more
demanding TIPS group (i.e.,2b) afforded the cyclopropanes
3b in yields ranging from 72 to 86% (Table 2). As with2a,

the reaction was highly diastereoselective, although the trans
isomer of 3b was detectable by NMR and GC. The
stereoisomers of3b were not separable, so the ee and de of
the reaction were determined withtrans-4,6 after cleavage
of the silyl group with TBAF. The TIPS group led to an
enantioselectivity of 94% ee in CH2Cl2 with [Rh2{(S)-nttl}4]
at 0 °C, but no further improvement occurred when the
reaction was carried out in toluene or in neat styrene.
However, the ee increased to 98% (with 95% de) when the
reaction was initiated at-78 °C and allowed to warm to
room-temperature overnight. [Rh2{(S)-pttl}4] and [Rh2{(S)-
ptpa}4] performed significantly better with2b than with2a,
while [Rh2{(R)-ntv}4] was as effective as [Rh2{(S)-nttl}4]
and gave 94% ee and 92% de. [Rh2{(S)-dosp}4], in turn,
resulted in a significantly lower enantioselectivity of 81%,
but with the highest de of 98.5%.

Ozonolysis of a sample oftrans-3b having 84% ee
afforded the acid5 with [R]24

D -77 (c ) 1.12, PhH, for
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Scheme 1. Cyclopropation of styrenes1a-g with
silanoxyvinyldiazoacetates2a,b

Table 1. Cyclopropanation of Styrene (1a) with 2a (y )
TBDMS) in the Presence of Rh(II) Catalystsa

solvent catalyst yield (%) ee (%)

CH2Cl2 [Rh2OAc)4] 3a 59
CH2Cl2 [Rh2{(S)-nttl}4] 3a 49 83
PhCH3 [Rh2{(S)-nttl}4] 3a 60 91
CH2Cl2 [Rh2{(R)-ntv}4] 3a 69 83b

CH2Cl2 [Rh2{(S)-pttl}4] 3a 70 62
CH2Cl2 [Rh2{(S)-ptpa}4] 3a 82 41
CH2Cl2 [Rh2{(S)-bnp}4] 3a 65 32

a Conditions: 8.7 mmol of1a, 0.6 mmol of2a in the appropriate solvent
(5.0 mL), 2 mol % catalyst, 25°C. b ent-3a.

Table 2. Cyclopropanation of Styrene (1a) with 2b (y ) Tips)
in the Presence of Rh(II) Catalystsa

solvent catalyst yield (%) ee (%) de (%)

PhCH3 [Rh2{(S)-nttl}4] 3b 77 94 91
styreneb [Rh2{(S)-nttl}4] 3b 72 94 nd
PhCH3

(c) [Rh2{(S)-nttl}4] 3b 76 98 95
CH2Cl2 [Rh2{(S)-nttl}4] 3b 84 95 nd
styrene [Rh2{(R)-ntv}4] 3b 77 94d 92d

PhCH3 [Rh2{(S)-pttl}4] 3b 86 94 93
PhCH3 [Rh2{(S)-ptpa}4] 3b 86 88 95
PhCH3 [Rh2{(S)-dosp}4] 3b 84 81 98.5

a Conditions: 8.7 mmol of1a, 0.6 mmol of2b in the appropriate solvent
(5.0 mL), 2 mol % catalyst, 0°C. b In neat styrene (1a). c At -78 °C. d ent-
3b.

Figure 1. X-ray structure of3b.
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84% ee). The optical rotation of (1R,2S)-5, according to the
literature is [R]24

D -104 (c ) 1.12, PhH, for>99% ee),7

which allows assignment of the (1R,2S)-configuration to the
cyclopropanes3a and 3b, except the ones resulting from
reaction with [Rh2{(R)-ntv}4], where it is (1S,2R)-. The
cyclopropane3b, resulting from reaction with [Rh2{(S)-
nttl}4], was subjected to X-ray analysis to confirm both
relative and absolute configurations.8,9

Introduction of para substituents in the styrene had only a
minor effect on the enantioselectivity. Thus, thep-chloro and
the p-bromostyrenes were converted to the cyclopropanes
3c and3d with 94 and 92% ee, respectively, in the presence
of [Rh2{(S)-nttl}4], while thep-methoxy substituent led to a
slightly lower ee of 89% (Table 3). Surprisingly, however,

a bromo substituent in ortho position of the styrene resulted
in an almost racemic cyclopropane3f. Initially, we attributed
this loss of selectivity to a steric effect. However, this
hypothesis had to be abandoned when it was found that the
cyclopropane3g resulting from reaction witho-methylstyrene
(2g) had an ee of 91%. Thus, the low selectivity observed
in the case of3f should not have a steric origin. Conceivably,
an unselective competitive pathway could involve reaction
of the metal-complexed carbene with the bromo substituent

instead of the double bond, with formation of an intermediate
ylide 6 that may dissociate from the metal.10 The formation
of ylides between carbenes and organohalides is well
documented.11 If direct intramolecular transfer of the carbene
from ylide 6 to the double bond occurs without intervention
of the chiral catalyst, the resulting cyclopropane3f will be
racemic. The analogous reaction ofp-bromostyrene (1d) may
afford the ylide 7. Since the cyclopropanation of1d is
enantioselective, this suggests that either the pathway in-
volving 7 is not significant or carbene transfer of7 must
involve the catalyst. Asymmetric carbene transfer from
isolable phenyliodonium ylides, although not from bro-
monium ylides, has been reported in the past with Rh(II)
and Cu(I) catalysts.12

The performance of the vinyldiazoacetate2 in conjunction
with [Rh2{(S)-nttl}4] may be appreciated in the light of
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Scheme 2. Cyclopropanation ofo-Bromostyrene (1f) and
p-Bromostyrene (1d) with 2b

Table 3. Cyclopropanation of Substituted Styrenes (1c-g)
with 2b (y ) Tips) in the Presence of [Rh2{(S)-nttl}4] as the
Catalysta

compd X catalyst yield (%) ee (%)b

1c p-Cl [Rh2{(S)-nttl}4] 3c 77 94
1d p-Br [Rh2{(S)-nttl}4] 3d 70 92
1e p-MeO [Rh2{(S)-nttl}4] 3e 80 89
1f o-Br [Rh2{(S)-nttl}4] 3f 71 11
1g o-Me [Rh2{(S)-nttl}4] 3g 84 91

a Conditions: 8.7 mmol of1a-g, 0.6 mmol of2b in PhCH3 (5.0 mL),
2 mol % catalyst, 0°C. b Cis isomer not identified.

Figure 2. Ligands L*H for Rh(II)-catalyzed cyclopropanations.
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carbene transfer from methyl diazoacetoacetate8 to styrene
(1a) with the same catalyst. The reaction afforded a 68%
yield of a diastereoisomeric mixture of racemictrans-4 and
enantioenrichedcis-4 with 16% ee, in a 1:8 ratio.

These results demonstrate again the high enantioselectivity
that may be achieved in carbene transfer with diazoacetates

carrying electron-donating substituents.13 Further applications
of these carbene precursors with Rh(II) catalysts based on
1,8-naphthoyl imides are in progress in our laboratory.
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Scheme 3. Cyclopropanation of Styrene (1a) with Methyl
2-Diazoacetoacetate (8)
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