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Prior to 1996, there had been no reports of applications of

planar-chiral heterocycles in asymmetric catalysis. Several years

ago, we initiated a program directed at the development of this
family of compounds as enantioselective nucleophilic catdlysts
and as chiral ligands for transition metalsOur early work in

the area of ligand design focused on complexes Wit
symmetry? but we have recently expanded the scope of our
investigation to includ€,-symmetric systems. In this paper, we
describe the synthesis and resolution of a new bidenGte,
symmetric planarchiral bisazaferrocenel), and we establish
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its effectiveness as a chiral ligand in the Cu(l)-catalyzed enan-
tioselective cyclopropanation of olefins (eq3t).
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The synthesis of bisazaferrocefieis quite straightforward;
treatment of FeGlfirst with Cp*Li and then with the dilithio
salt of di(2-pyrrolyl)metharfein the presence of AgCN provides

(+)-1in 66% yield (eq 2; separated from the meso diastereomer

by flash chromatography). The enantiomeric ligands can be
separated readily by chiral HPLC (Daicel Chiraldex GDYVe
have determined the absolute configuration ®f3-1 by X-ray
crystallography (vide infra).
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Bisazaferrocend bears a resemblance to semicorrins and to
bisoxazolines, insofar as they are all bidentate ligands in which
the ligating sites are $ghybridized nitrogen atoms. Pfaltz,
Masamune, and Evans have established that copper complexes
of C,-symmetric semicorrins and bisoxazolines function as highly
efficient catalysts for the enantioselective cyclopropanation of
olefins by diazoacetatés!? In view of these reports, we decided
that an investigation of copper-catalyzed cyclopropanation would
provide a suitable testing ground for determining the effectiveness
of our ligand design.

Treatment of styrene with ethyl diazoacetate in the presence
of 1% CuOT#(R,R-1 furnishes the desired cyclopropane with
modest diastereo- and enantioselectivity (Table 1, ent\ihen
chiral semicorrins or bisoxazolines are employed as ligands in
copper-catalyzed cyclopropanation, increasing the steric demand
of the diazo ester can lead to a significant improvement in
stereoselectivity:®1° We have observed parallel behavior with
bisazaferrocene ligandl (Table 1, entries 45). Thus, in the
presence of 1% CuOT(R,R)-1, styrene reacts with the BHT ester
of diazoacetic acid to produd¢eans-cyclopropane with excellent
diastereo- and enantioselectivity (Table 1, entry®5).

The use of the more hindered diazo ester provides the added
bonus of an increased yield of cyclopropane, due to decreased
formation of maleates and fumarates from copper-catalyzed
coupling of the diazo estéf. The data in entries 3 and 4 indicate
that the stereochemistry of a chiral diazo ester has little impact
on the selectivity established by ligadd®

With the BHT ester of diazoacetic acid as the carbene source,
we investigated the [CuOT(R,R-1]-catalyzed asymmetric cy-
clopropanation of an array of monosubstituted olefins (Table
2)1617 For styrene derivatives, we have determined that the
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Table 1. Catalytic Enantioselective Cyclopropanation of Styrene:
Stereoselectivity as a Function of Diazo E3ter
COsR
7 1% cuorTt CO,R COR
N, 1.2% (R,R)-1 A
Vi CHCly, r.t. pp Ph
Ph (182S)  (1S2R)
% ee isolated yield,
entry OR trans:cis trans cis trans (%)
1 OEt 76:24 73 44 39
2 O+-Bu 86:14 87 82 63
3 (+)-menthyl  88:12 87 81 67
4 (=)-menthyl 85:15 89 84 66
5 O-BHT 96:4 94 79

a All data represent the average of two runs.

Table 2. Catalytic Enantioselective Cyclopropanation of
Monosubstituted Olefirfs

CO,Ar
M 1% CuOTf COLAr
N 1.2% (R,R)-1
/= CHCly, T.t. R
R Ar = BHT
entry R trans:cis % ee, trans yield (%)
1 Ph 96:4 94 79
2 p-(FsC)CsHa 94:6 96 81
3 p-(MeO)GsHa 94:6 87 90
4 PhCH 94:6 91 78
5 n-Hex 93:7 90 80
6° EtSi 99:1 95 64

a All data represent the average of two rub&or entries 1, 4, 5,
and 6, the yield refers to the isolated yield of the trans diastereomer.
For entries 2 and 3, the yield refers to the isolated yield of a mixture
of cis and trans isomer82% CuOTf/2.4% RR)-1 was used.

enantioselectivity is moderately sensitive to electronic effects.
Thus, electron-pogp-trifluoromethylstyrene (entry 2) undergoes
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Figure 1. ORTERP illustration, with thermal ellipsoids drawn at the 35%
probability level, of [Cu(§,3-1)(styrene)]OTf (the triflate is noncoor-
dinating and is not included).

Finally, we have obtained an X-ray crystal structure of [Cu-
((S,9-1)(styrene)]OTf (Figure 13220 Ligand 1 binds to copper
to provide an adduct with approximaf-symmetry. Complex-
ation of the olefin leads to a square-planar geometry, and the
phenyl substituent occupies one of the two quadrants left open
by the bisazaferrocene. While this crystal structure nicely reveals
the effective chiral environment generated by ligahdit is
interesting to note from a mechanistic point of view that the olefin
face that is bound to copper in this structure is not the face that
undergoes cyclopropanation.

In summary, we have developed a straightforward synthesis
and resolution of bisazaferrocethea member of a new class of
bidentate C,-symmetric ligands based on plarahiral hetero-
cycles. Furthermore, we have established that ligandan
effectively mediate the enantioselective Cu(l)-catalyzed cyclo-
propanation of an array of olefins. In future work, we intend to
tune the stereoselection of this new family of ligands by changing
the metal (Fe), the ligand on the metal (Cp*), and the linker4CH
between the heterocycles.

addition with greater enantiomeric excess than does either styrene

(entry 1) or electron-riclp-methoxystyrene (entry 3).

Importantly, CuOT#(R,R-1 is an efficient catalyst not only
for the asymmetric cyclopropanation of aryl-substituted olefins
but also for alkyl- and silyl-substituted olefins. Thus, allylbenzene
and l-octene react with the diazoester to producetthes
cyclopropane in high enantiomeric excess (entries 4 and 5).
Furthermore, vinyltrimethylsilane undergoes addition with excel-
lent diastereo- and enantioselectivity (entry*®).

(16) Sample experimental (Table 2, entry 1): A solution of CUOH
CsHg (1.4 mg, 0.0056 mmol) and?(R-1 (3.6 mg, 0.0067 mmol) in 1.0 mL
of CH,Cl, was transferred to a vessel containing styrene (59.6 mg, 0.570
mmol). The resulting solution was stirred for five min, and then the BHT
ester of diazoacetic acid (68.5 mg, 0.240 mmol, 0.42 equiv) was added. TLC

analysis after 10 h showed that the diazo ester had been completely consumed

Additional diazo ester (0.40 equiv) was then added, and the resulting mixture
was stirred for 10 h. The final batch of diazo ester (0.40 equiv) was then
added, and the reaction mixture was stirred for 16 h, at which time TLC

analysis showed no residual styrene or diazo ester. The reaction mixture wasFor example, in preliminary experiments we have found that C

filtered through a plug of silica gel, and an aliquot was analyzed by GC, which

revealed a 96:4 trans:cis mixture. The product was purified by chromatography,

which afforded therans-cyclopropane as a colorless liquid (154 mg, 74%;
chiral GC= 95% ee).

(17) The absolute stereochemistry of the product cyclopropanes is the
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(18) We have begun to explore reactions of more highly substituted olefins.
u@BTR-1
catalyzes the cyclopropanationtodins3-methylstyrene with good diastereo-
and enantioselectivity (94% de; 87% ee (trans)).

(19) We have also obtained an X-ray crystal structure of [S§(1)-
(allylbenzene)]OTH.

(20) For a previous study of a [Cu(chiral diimine)(olefihjomplex, see:

“expected” one, based on the structural and steric analogy between bisaza-Quan, R. W.; Li, Z.; Jacobsen, E. N. Am. Chem. S0d.996 118 8156—

ferrocenel and semicorrins/bisoxazolines.

8157.



