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Abstract

Treatment of (R)-tricarbonyl[-{(1-dimethylamino)ethyl}-n%-benzene]chromium 1 with esters of chloroformic
acid leads to enantiospecific substitution of the dimethylamino group for a chloro substituent. The chloro group
in turn can enantiospecifically be replaced for a diphenylphosphino group. Both reactions proceed with retention.
© 1998 Elsevier Science Ltd. All rights reserved.

There has been great interest in the synthesis of optically active phosphines as ligands for asymmetric
synthesis. Particular attention has recently been paid to phosphines having an organometallic backbone.
Chiral ferrocenyl phosphines have found a number of important industrial applications.! A major reason
for this is that a very efficient methology has been developed for the separation of enantiopure {1-
(dimethylamino)ethyl }ferrocene from racemic precursors and its enantioselective transformation into a
variety of chelating phosphine ligands.?

Similar use of (arene)chromium complexes as chiral ligands is still rare, with a few notable
examples published by Uemura et al.>* The synthesis of (R)-tricarbonyl[-{(1-dimethylamino)ethyl}-
né-benzenelchromium 1 is in fact quite simple, starting from commercially available (R)-
phenylethylamine.>® However, no method has been established for the enantioselective substitution
of the dimethylamino group, although it is possible to introduce planar chirality by enantioselective
metallation and electrophilic substitution in the ortho position of the arene ring.’

The substitution of the dimethylamino or other leaving groups in the &-position of the ferrocene moiety
is favoured by the stabilization of a-ferrocenyl carbocations’® while a similar stabilization in the -
position of (arene)chromium tricarbonyl complexes is less pronounced, possibly due to the electron-
withdrawing nature of the Cr(CO); moiety. Enantiospecific substitution therefore occurs only under
special conditions.”!?
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We have found that treatment of 1 with either ethyl chloroformate or chloroethyl chloroformate leads
to clean substitution of the dimethylamino group and formation of tricarbonyl[-{(1-chloro)ethyl}-n®-
benzene]chromium 2 in 93% yield.!!

This method is quite established for the conversion of tertiary amines into secondary amines, benzyl
being the best leaving group.!? Interestingly enough, the fate of the leaving group has never been fully
established and it is not known whether this reaction proceeds enantiospecifically in organic compounds.
We have performed a similar reaction on uncomplexed (R)-phenylethylamine and have isolated as the
major aromatic product styrene, but only a minimum amount of phenylethylchloride, whose enantiomeric
purity we have not been able to determine.

Compound 2 was found to be 96% enantiomerically pure by HPLC.!? As the enantiomeric excess of
the starting (R)-phenylethylamine was also 96%, the reaction is completely enantiospecific. A possible
mechanism for the conversion is shown in Scheme 1.
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The absolute configuration of 2 was established by X-ray crystal structure analysis'*1522-24 and was
found to be (R)', so that the reaction had proceeded via retention (Fig. 1).

A chloride substituent, in contrast to the dimethylamino group, should be easily replaceable via nucle-
ophilic substitution. We have therefore treated 2 with lithium diphenylphosphide (Scheme 2). This gen-
erates tricarbonyl[-{ (1-diphenylphosphino)ethyl }-n®-benzene]chromium 3 in 62% yield.!” Enantiomeric
excess after recrystallization was determined by NMR via complexation to [chloro{(R)-(dimethylamino-
kN)phenyl-kC" }palladium],'® and was found to be >99%. The absolute configuration was also deter-
mined by X-ray crystal structure analysis'®2%2324 and was also found to be have an (R) configuration
(Fig. 1).21.%

This result is somewhat surprising, as nucleophilic substitution in such a reaction would normally
be expected to proceed via inversion and not retention. It is not yet clear, which factors govern the

Fig. 1. X-Ray structures of 2 (left) and 3 (right) (ORTEP)
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stereochemistry of this reaction, as it seems unlikely that under the reaction conditions a metal-stabilized
carbocation is formed.
We are currently examining the reactivity of other nucleophiles with 2. The method outlined in this

paper should open the route into a large variety of optically active arenes starting from readily available
1.
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A tentative refinement of the alternative enantiomorph resulted in R,,=0.099.
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