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Enantiomerically pure dicarboxylic acids with well defin-
ed chirality may be useful as a bidentate Brønsted acid
catalyst in double activation of functional groups,1 and as a
chirality-bearing anionic part of metallic carboxylate, which
may be used as an asymmetric catalyst such as the rhodium
dimers of chiral carboxylic acid.2 The latter has been
particularly useful in catalytic asymmetric cyclopropanation
by transfer of the carbene fragments from diazoalkanes to
alkenes.3 

In designing such systems, the two carboxy groups must
be situated in such a way that the mutual distance between
them is appropriate enough for double coordination onto a
functional group such as 1 (a carbonyl group in the present
case). Herein are reported new cylindrically chiral4 di-
carboxylic acids with ferrocene backbone and a brief survey
of the compounds as the catalysts for the catalytic asym-
metric cyclopropanation.

The modular preparation of the ferrocene dicarboxylic
acid derivatives is summarized in Schemes 1. The diastereo-
merically pure diamines 25 were treated with n-BuLi in THF
(two-fold introduction of planar chirality) and the resulting
doubly ortho-lithiated species were quenched with dibromo-
teterachloroethane to give ca. 80% yields of diastereomeri-
cally pure bromides 3. Subsequently, the diamine moieties
were converted to the corresponding hydrocarbon by the
reaction with Ac2O, followed by reductive alkylation of the
acetates with AlEt3 or PhZnBr-BF3·OEt2.

The subsequent preparation of ferrocenedicarboxylic acid
derivatives 4 (hereafter abbreviated as Ferroacid) was
accomplished by double lithium-bromine exchange with n-
BuLi in THF at −78 oC followed by bubbling of CO2 gas
into the flask containing the di-lithiated species via cannula,
which furnished the dicarboxylic acids in acceptable yields
after acidic work-up and recrystallization (81% (4a: ethyl

acetate) and 80% (4b: CH2Cl2 and n-hexane)) or chromato-
graphy (4c).6 (Scheme 1)

With the new chiral dicarboxylic acids in hands, prepa-
ration of the rhodium dimers for catalytic asymmetric
cyclopropanation was carried out to quickly test the chiral
environment of the dicarboxylic acids. The preparation of
the rhodium(II) salt dimers of Ferroacid 4 was accomplished
by the ligand exchange reaction2a: A mixture of the di-
carboxylic acid 4 (3.0 equiv) and dirhodium tetraacetate was
refluxed in chlorobenzene under an argon atmosphere for 6
days through a Soxhlet extractor filled with CaCO3. During
the reaction, the liberated acetic acid was trapped by CaCO3,
which would accelerate the ligand exchange process. Even
with this well-established procedure, the preparations were
not universally successful; Increase in steric size of the
CHR2 group in 4 resulted in formation of polymers. In line
with the assertion, the pure rhodium(II) dimer of 3-pentyl-
ferrocene, 5a, could be obtained after recystallization with
THF and n-hexane in ca. 50% yields, while the preparation
of the corresponding diphenylmethyl derivative, 5b, was
erratic, giving polymeric materials in some cases.7 On the
other hand, the corresponding dimer from the sterically more
demanding DTM-Ferroacid, 8c, could not be obtained clean-

Scheme 1. Reagents and conditions: a) (i) n-BuLi, Et2O, rt, 12 h,
(ii) (CCl2Br)2, THF, −78 oC to rt; b) Ac2O, Et3N, DMAP (cat), 70
oC, 10 h; c) Me3Al, CH2Cl2, −78 oC to rt, 1 h; d) PhMgBr, ZnBr2,
BF3·OEt2, THF, 0 oC to rt, 1 h; e) o-ToIMgBr, ZnBr2, BF3·OEt2,
THF, 0 oC to rt, 1 h; f) (i) n-BuLi, THF, −78 oC, 2 h, (ii) CO2.
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ly under the numerous conditions. 
Unfortunately, we have been so far unable to obtain crystals

of 5a appropriate for X-ray crystal structure determination.
But among the two possible structures, 5 and 6, with the
same correct mass, the structure of the D2-symmetric bridg-
ing dimer 5 seems to be more reasonable than the inter-
annular structure 6 because the usual distance between the
two Cp rings of ferrocenes, 3.6 Å, is far longer than the usual
bond length of Rh-Rh in the usual rhodium dimers, 2.6 Å8

(Scheme 2).
The D2 symmetry of the rhodium(II) catalyst may be useful

in providing high ee’s in catalytic asymmetric cyclopro-
panation, which was proven even by conformationally rigid
D2-symmetric catalysts.2 Consequently, with the new chiral
catalyst in hands, asymmetric cyclopropanation of styrene
was carried out. Even though the cyclopropanation reaction
of ethyl diazoacetate did not provide meaningful asymmetric
induction, ethyl phenyldiazoacetate did indeed give high
diastereoselectivity with moderate enantioselection.9 For
example, the reaction of ethyl phenyldiazoacetate with 5
equiv. of styrene in the presence of 2 mol% of the rhodium
(II) dimer derived from 3-Pt-Ferroacid 5a in CH2Cl2 (0.12
M) at 20 oC under N2 atmosphere gave the cyclopropane
product 8 of 21% ee in 76% yield. The reaction with a crude
rhodium(II) dimer derived from DPM-Ferroacid 5b (meaning
that the compound contained varying amounts of the
polymer salts) gave the cyclopropane product 8 of much
improved 48% ee in 79% yield, even though the reactions
were not highly reproducible.

In conclusion, we have succeeded in the synthesis of new
cylindrically chiral ferrocenyldicarboxylic acid. Although
the ee value of catalytic asymmetric cyclopropanation was

only moderate, it was the first catalytic asymmetric cyclo-
propanation using the cylindrical chirality. A thorough study
of the catalyst dimers is guaranteed in other reactions.
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Scheme 2. Preparation of Rh(II) salts of Ferroacids.


