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ABSTRACT

A highly diastereoselective reaction of 2-azanorbornyl enolates with electrophiles has been studied. Deprotonation of 4 with LDA at low
temperature affords the corresponding exocyclic lithium enolate 5, which reacts with different electrophiles such as alkyl halides, aldehydes
and acyl chlorides to give the corresponding exo addition products 6. The products are formed in good yields and with diastereoselectivities
above 95%.

Proline and derivatives thereof have proven to be very useful
precursors for chiral ligands in catalytic asymmetric synthe-
sis.1 During recent years we have had particular interest in
the use of 2-azanorbornyl derivatives as chiral ligands due
to their rigidity and equal availability of both enantiomeric
forms.2 These interesting bicyclic proline derivatives have
successfully been used in the development of new routes
toward multifunctionalized chiral cycloalkylamines3 and new
nonproteinogenicR-amino acid derivatives.4 Their versatility
as highly efficient chiral ligands in a wide variety of catalytic
asymmetric transformations has also been demonstrated, i.e.,
diethylzinc additions to aldehydes,5a allylic oxidations of
olefines to allylic alcohols,5b borane reduction of ketones,5c

and rearrangement ofmeso-epoxides.5d Particularly good
results were obtained using the bicyclicâ-amino alcohol
derivatives (Figure 1) for the ruthenium-catalyzed asym-

metric transfer hydrogenation of aromatic ketones6 (1, R1 )
R2 ) H) as well as in the nucleophilic addition of Et2Zn to
N-(diphenylphosphinoyl) imines7 (1, R1 ) Bn; R2 ) H, Me,
i-Pr, Ph). As part of our program focused on the synthesis
of new chiral proline analogue ligands, we were interested
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Figure 1. Chiral bicyclic ligands.
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in developing methods for the stereoselective synthesis of
3,3-disubstituted 2-azanorbornyl derivatives2 (Figure 1).

Recently, much interest has been directed toward the
stereoselective alkylation of bothendo- andexo-heterocyclic
enolates8 and in the origin of the high degrees ofπ-facial
selectivity (>95%) usually observed in these reactions.9 As
a consequence, this research has found several applications
in the synthesis of enantiomerically pure alkylated amino
acid analogues8 as well as in the preparation of naturally
ocurring compounds.10

Here we report on the diastereoselective reaction of
exocyclic enolate5 with different electrophiles at low
temperature which allows the synthesis of new 3,3-disub-
stituted bicyclic derivatives6 which should be potential chiral
ligands for a wide number of catalytic asymmetric reactions.

The starting bicyclic amino ester4 was easily prepared in
high yield as outlined in Scheme 1. Hydrogenation/hydro-

genolysis of compound311 followed by alkylation with
benzyl bromide in acetonitrile afforded4 in a 80% overall
yield from 3.

At first, we attempted to alkylate312 using LDA as base
and benzyl bromide as electrophile. However, this only led
to very low conversions even when high reaction tempera-
tures or large excess of base and/or electrophile were used.
This is probably due to a very slow deprotonation of the
sterically encumbered ester.

On the other hand, compound4 was readily deprotonated
when treated with freshly prepared LDA at-20 °C in THF

for 1 h.13 The intermediate enolate5 (Scheme 2) was then
reacted with a number of different electrophiles. The results
are summarized in Table 1.

Treatment of5 with water afforded a 70/30 mixture of
endo/exodiastereoisomers due to the protonation from the
less hinderedexo face of the enolate14 (Table 1, entry 1).
The absolute configuration of the major isomerendo-4was
confirmed by NOE experiments which clearly showed the
new endo arrangement for the methyl ester substituent
(Figure 2).

On the other hand, enolate5 reacted with very high levels
of diastereoselectivity at the less hinderedexoface,15 with a
wide range of different electrophiles (alkyl halides, alde-
hydes, acid derivatives, and Michael aceptors) to afford the
bicyclic exo-addition products6 with good yields and>95%
d.e. in all cases (Table 1). Absolute configurations at C3 for
all new compounds6a-j were confirmed by NOE experi-
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Scheme 1. Synthesis of Amino Ester4

Scheme 2. Reaction of Enolate5 with Electrophiles

Figure 2. Selected NOE (%) observed forendo-4and6a.
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ments and a representative example for theexo-methyl-
substituted6a is shown in Figure 2. It should be mentioned
that in no case was the diastereoselectivity found to be
dependent on the alkylation reagent.16

Reaction with both activated and nonactivated primary
alkyl halides led to higher conversions than when using
secondary halides (Table 1, compare entries 2, 5, and 7). In
the case of using 2-iodobutane as electrophile, a 1/1 mixture
of diastereoisomers was obtained. The addition of chelating
cosolvents such asN,N-dimethylpropyleneurea (DMPU) to
the reaction mixture did not improved the yields (entry 2).

When benzaldehyde was used as an electrophile, the
reaction afforded amino alcohol6g as the only diastereoi-
somer and in good isolated yield. The absolute configurations
of C3 and the new stereocenter were found to be (S) as
determined by NOE experiments for the rigid carbamate7
which was prepared as outlined in Scheme 3.

The R,â-unsaturated ketone reacted with high regio- and
chemoselectivity to give exclusively the Michael addition
product albeit with low yield (Table 1, entry 9). Finally, good
yields were obtained using acid chlorides and chloroformates
as shown in entries 10 and 11.

In conclusion, a highly diastereoselective bicyclic enolate
alkylation has been described. The reaction takes place with
a wide range of electrophiles and in most cases the
diastereoselectivity is>98%. The potential of the 3,3-
disubstituted 2-azanorbornyl derivatives as chiral ligands in
catalytic asymmetric reactions is now under investigation.
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(16) Recently it has been found that the stereoselectivity of some
4-hydroxyproline derivatives is dependent on the alkylating agent. See ref
8b.

Table 1. Reaction of Enolate5 with Electrophiles

product

entry E+ no. E yield (%)a

selectivity
(% exo addition)b

[R]D
21

(c ) 0.11, CH2Cl2)

1 H2O endo-4 H 90 70c -71.8
2 CH3I 6a CH3 80 (78)d >98 -30.9
3 CH3CH2Br 6b CH3CH2 62 >98 -22.7
4 CH3CH2CH2Br 6c CH3CH2CH2 67 >98 -12.7
5 CH2CHCH2Br 6d CH2CHCH2 60e >98 -85.4
6 C6H5CH2Br 6e C6H5CH2 50e 95 -140.9
7 CH3CH2CHICH3 6f CH3CH2CHCH3 40e >98f -
8 C6H5CHO 6 g C6H5CHOH 68 >98 -49
9 CH2)CHCOCH3 6h CH2CH2COCH3 20 >98 -21

10 C6H5COCl 6i C6H5CO 56 >98 +59
11 CH3OCOCl 6j CH3OCO 75 >98 -4.5

a Isolated yield after flash chromatography (silica gel, pentane/ether).b Determined by1H NMR. c See ref 14.d Yield when DMPU was used as
cosolvent.e Two equivalents of LDA and electrophile were used.f A 1/1 mixture ofexodiastereoisomers was obtained.

Scheme 3. Synthesis and Selected NOE (%) Observed on7
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