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ABSTRACT

The copper reagent arising from an optically pure propargylic oxazolidinone was found to react regio- and diastereoselectively with aldehydes,
leading, in a one-pot procedure, to the anti homopropargylic amino alcohols derivatives in good yields.

We have recently disclosed a diastereoselective synthesis of
propargylic amino alcohols by addition of metalated prop-
argylic amine derivatives to aldehydes.1 The anti or syn
selectivity was controlled by a simple change in the nature
of the metallic species (copper or zincate), which gave a
simple and versatile access toanti or synpropargylic amino
alcohols. Encouraged by these results, we decided to develop
an asymmetric version of this methodology.

In this reaction involving a probable metallic allenic
species,2 to obtain an enantioselective transformation, one
possibility was to control its axial chirality. We postulated
that this could be achieved through the control of the
stereochemistry of the nitrogen-substituted carbanion, precur-
sor of the allenic metal, by using a chiral auxiliary attached
to nitrogen. To achieved this goal, one of the most convenient

way would be the use of a propargylic chiral oxazolidinone.3

Very recently, building on Marschall’s tin chemistry, He-
gedus used propargylic oxazolidinones to prepare selectively
allenyl tin derivatives that were isolated and then added, in
the presence of Lewis acids, to aldehydes to yield the
corresponding homopropargylic alcohols with an excellent
synselectivity.4 In our behalf, we decided to develop a one-
pot procedure based on our copper methodology.

First, we checked the influence of the nature of the metal
on the regioselectivity of the reaction. Oxazolidinone (R)-1
was metalated in THF by an-BuLi/TMEDA mixture5 at-80
°C. The resulting lithiated derivative2, probably diastereo-
merically defined via the equilibrium depicted in Scheme
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1,3a was then either used as is or transmetalated with ZnBr2

or CuCN, 2 LiBr before addition of isobutyraldehyde.
We found that the regioselectivity is dependent on the

Lewis acidity of the metal. The very oxophilic lithium
remaining in the propargylic position gave only the allenic
alcohol5 as a 72:28 mixture of diastereomers. This result
was in good agreement with Seebach’s observations for
titanium derivatives.6 The zinc species afforded a mixture
of allenic5 (dr > 95:5) and homopropargylic alcohols6 (dr
69:31) as the result of a probable metalotropic equilibrium
between the propargylic3 and allenic4 metal (MXn-1 )
ZnBr) species. The best result was obtained by the use of
the copper derivative, which led with total regioselectivity
to homopropargylic alcohol6. Due to the general preference
of allenic organometallic species for Se′-type reactions when
they react with aldehydes, it is reasonable to involve an
allenylcopper intermediate to explain the formation of the
homopropargylic alcohol.7 This alcohol was obtained with

a very good diastereoselectivity as a mixture of two diaster-
eomers in a 93:7 ratio (85% yield). The relative and absolute
configurations of the new stereogenic centers of both major
and minor stereoisomers (the four possible diastereomers are
depicted in Figure 1) were determined by X-ray analysis.8

The major one was found to beanti and of (S,R,R)
configuration (Figure 2) as the result of an approach of the

aldehydeanti to the phenyl of the chiral auxiliary to give
antia-6 (Scheme 2). The minor isomer was also ofanti
stereochemistry but of (R,S,R) absolute configuration (Figure
2). This isomer,antis-6, results from an attacksyn to the
phenyl group. Thus, in contrast to the amine case where the

(6) Gaul, C.; Seebach D.HelV. Chim. Acta2002,85, 963-978.

Scheme 1. Influence of the Metal on Regioselectivity

Figure 1. Structure of the four possible diastereomers.

Figure 2. Absolute configurations determined by X-ray analyses.
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syn isomer was present (2-5%),1 no syn-6 isomer (Figure
1) was detected here.

Then, we checked the generality of this reaction with
several aldehydes (Table 1). As shown in this table, except

for benzaldehyde (entry 5), again only two diastereomers
were obtained with a good selectivity. The stereochemistry
of the major isomers6-12 was found to beantia (S,R,R
absolute configuration).

X-ray analysis was obtained forantia-10andantia-119 and
the stereochemistry of7, 8, 9, and 12 was inferred by
comparison of NMR spectra. Similarly, the stereochemistry
of the minor isomerantis-10 (Figure 2) was determined by
X-ray analysis and found to be (R,S,R).10 By analogy and
by comparison of their NMR spectra, we assumed the same

stereochemistry for all minor stereoisomersantis-6-9 and
antis-11-12. Noteworthy, nosyna isomers corresponding to
the ones obtained by Hegedus3 were detected in the crude
mixture except in one case (entry 5, Table 1). Indeed
benzaldehyde was found to be a particular case, thesyna-10
isomer (Figure 2)11 being obtained in addition with the usual
antia and antis isomers. Any attempts to increase the
selectivity for this aldehyde, for instance, by adding HMPA
or by changing the nature of the copper salt (CuI or CuSCN
instead of CuCN) failed.

If we assume an allenylcopper reagent as intermediate,
theantia stereochemistry of the major diastereomers would
be in good accordance with the classical Yamamoto-
Chodkiewicz cyclic transition state usually involved for
similar reactions, occurringanti to the oxazolidinone’s phenyl
group (TSa, Scheme 2).12 Such a model would involve an
allenyl copper species13, which would be the result of a
supra Li-Cu transmetalation process (retention of config-
uration).13 This transition state being sterically driven, it could
also account for the formation of the minorsyna-10 as a
consequence of poor steric interactions between the less
hindered face of the oxazolidinone and the phenyl group of
the benzaldehyde.

The formation of theantis minor diastereomers is more
surprising. Theanti relative stereochemistry being the result
of a cyclic transition state, the formation ofantis isomers
implies the formation of the transient allenyl copper14where
the copper standssynto the phenyl group (seeTSs, Scheme
2). Two possible explanations can be brought forward to
rationalize the formation of these two diastereomeric allenic-
copper derivatives: the transmetalation is not totally stereo-
selective, or such copper species are not configurationally
stable.14 The fact that the proportion ofantis isomers varies
with the nature of the aldehyde seems to rule out the first
hypothesis. Indeed lack of stereoselectivity in the transmeta-
lation step should be independent from the electrophile used.
Therefore, the sterochemical course of the reaction might
arise from a kinetic dynamic resolution of an configuration-
ally unstable allenyl copper species13 and14 (Scheme 2).
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Scheme 2

Table 1. Addition of Copper Reagent to Several Aldehydes

entry RCHO
major

stereoisomer
yield
(%)a

antia:antis:
syna:syns

b

1 i-PrCHO antia-6 82 93:7:-:-
2 c-HexCHO antia-7 88 95:5:-:-
3 n-PrCHO antia-8 83 93:7:-:-
4 t-BuCHO antia-9 84 100:-:-:-
5 PhCHO antia-10 52 59:9:32:-
6 2-propenylCHO antia-11 78 87:13:-:-
7 2-heptynylCHO antia-12 75 86:14:-:-

a Isolated yields.b Determined by1H NMR of the crude product.

Scheme 3. Comparison with the Procedure of Hegedus
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In conclusion, we have developed a practical and efficient
one-pot methodology for the preparation of enantioenriched
anti homopropargylic-amino alcohols derivatives that is

complementary to Hegedus’ tin strategy (Scheme 3). This
procedure involves the synthesis and the use of an amino-
substituted copper reagent for which the real structure and
configurational stability still need to be determined. Efforts
in this way as well as synthetic applications are in progress
and will be published in due course.
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