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Bridgehead-norbornane-derived �-amino alcohol catalysts:
structural factors influencing the chirality transfer
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Abstract—Five new optically active bridgehead-norbornane-derived �-amino alcohols with different substitution patterns have
been obtained using a straightforward procedure from commercial (+)-camphor or (−)-fenchone, and tested as chiral catalysts in
the enantioselective diethylzinc-addition to benzaldehyde. The obtained results show that chirality transfer is mainly governed by
the hydroxyl group and, therefore, by the surroundings of the C�O stereocenter. On the other hand, the N-alkyl substitution play
an important role by modulating the degree of enantioselectivity. © 2002 Published by Elsevier Science Ltd.

The enantioselective addition of organometallic
reagents to prochiral carbonyl compounds in the pres-
ence of catalytic amounts of a chiral ligand constitutes
one of the most important and fundamental asymmet-
ric reactions.1 The obtained chiral non-racemic alcohols
are present in many natural products and can also serve
as starting materials and intermediates for the prepara-
tion of a great number of interesting organic molecules
with various other functionalities.2

Among organometallic compounds, dialkylzinc
reagents are ideal alkyl nucleophiles due to their low
reactivity towards aldehydes in absence of ligands con-
taining Lewis-acidic functionalities. Thus, dialkylzinc is
activated to react with aldehydes by the addition of
chiral ligands such as �-, �-, and �-diols,1,3 amino
alcohols1,4 and diamines.1,5 In this sense, a plethora of
chiral ligands have been synthesized and their asymmet-
ric induction properties evaluated, �-amino alcohols
being the most widely used.1,3,6 Tertiary-amino alcohols
generally lead to the best results,7,8 although it has been
found that some secondary ones have also given high
degrees of stereoselectivity.9 In order to rationalize the
obtained results, some empirical and theoretical calcu-
lations on this asymmetric reaction (mechanisms, inter-

mediates, diastereomeric transition states, etc.) have
been carried out.10

Bicyclic terpenes, such as camphor and fenchone, play
an important role in this field, and constitute valuable
sources for the preparation of chiral ligands and cata-
lysts,1,10d,f,11 3-exo-(dimethylamino)isoborneol (DAIB)
is known to be one of the most useful ones.1a Noyori et
al. have reported an extensive experimental and compu-
tational study of the highly enantioselective (e.e. >98%)
DAIB-catalyzed dialkylzinc-addition to benzalde-
hyde.1a,10a,e These authors have established that the
enantioselective step proceeds through anti- and syn-
tricyclic 5/4/4 transition states (anti-TS and syn-TS in
Fig. 1), pointing out the preference for the anti-type TS
over the syn-type ones. From this, the stereochemical
outcome is primarily determined by the configuration
of the asymmetric carbon bearing the hydroxy group
(C-O) (Empirical Noyori’s rule).

In further studies, other camphor- or fenchone-based
1,2- and 1,4-amino alcohols have been tested showing a
good degree of enantioselectivity.10d,f,11d,12 Therefore,
the preparation and study of new enantiopure amino
alcohols with norbornane framework is the subject of
increasing interest. Moreover, the search for a definitive
model for the prediction of chirality-transfer, essential
for the rational design of new catalysts, is still an
important challenge.
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Figure 1. Noyori’s transition states for the DAIB-catalyzed
diethylzinc-addition to benzaldehyde.

substitution pattern influencing chirality transfer (i.e.
obtained major enantiomer and product e.e.).

The synthesis of amino alcohol 1 has been reported by
us starting from (1R)-fenchone in previous papers.13,14

Amino alcohols 2 and 4 were prepared by controlled
alkylation of 1 with C2H5I/K2CO3 in refluxing etha-
nol.15 Synthesis of 3 was carried out by methylation of
1 with HCHO/HCOOH, following the Eschweiler–
Clarke procedure.16 The preparation of 5 was accom-
plished by treatment of the corresponding primary
precursor, previously synthesised by us,13,14 with 40%
aqueous formaldehyde followed by reduction with
NaBH4/MeOH.17

Amino alcohols 1–5 were tested in pure form (5 mol%)
as promoters in the enantioselective addition of
diethylzinc to benzaldehyde. The results are summa-
rized in Table 1.

The results obtained (Table 1) show that the degree of
enantioselectivity is strongly dependent, not only on the
alkyl substitution at the nitrogen atom, but also on the
relative position of the amino and hydroxyl groups in
the norbornane framework. With the exception of 1,
and in agreement with previous observations,1a the
absolute configuration of the major enantiomer corre-
lates with the configuration of the hydroxyl-bearing
stereocenter (C�O). Therefore, the stereochemical out-
come is mainly controlled by the hydroxyl group with
regard to its relative position on the norbornane
skeleton.

Concerning the degree of enantioselectivity, a compari-
son of the results obtained in the cases of 3 and 5 (see
Table 1) clearly shows that the directing effect of the
hydroxy group on chirality transfer is much more
important when it is attached at C(1) (a quaternary
center) than when it is attached to the tertiary C(2)
centre. Taking into account that the alkyl substitution
at the nitrogen atom is the same for both substrates
(excluding the norbornane skeleton), the enantioselec-

With these aims in mind, and following our research on
the chemistry of enantiopure bridgehead norbornane
derivatives, we have now synthesized a new set of
sterically congested and conformationally rigid �-amino
alcohols bearing a different substitution pattern (Fig.
2). To the best of our knowledge, such bridgehead
norbornane-derived �-amino alcohols have not been
used before as catalysts for the enantioselective addi-
tion of diethylzinc to benzaldehyde.

The geometry of our ligands resembles that of the
well-known DAIB; however, two significant differences
must be considered: (a) the amino and hydroxyl groups
deviate slightly from coplanarity and, (b) either the
amino or hydroxyl group are linked to the C(1) quater-
nary center. The exo-substitution at the norbornane
C(2) position determinates the absolute configuration
of both stereocenters to be (1R,2S). This allows a study
of the stereochemical outcome of the reaction as a
function of the relative position (and hence, the spatial
orientation) of both heteroatomic substituents, as well
as on the effect of the substituents at the nitrogen atom.
Qualitative analysis of the obtained results can provide
some insight about the combined effects of the global

Table 1. Enantioselective addition of diethylzinc to benz-
aldehyde catalyzed by amino alcohols 1–5a

Catalyst Yield (%)bEntry E.e.c Config.d

1 1 99 9 S
22 R83 2

3 R69903
R939844

5 975 23 S

a Solvent:hexane; [PhCHO]/[catalyst]/[Et2Zn]=1:0.05:2; standard
reaction time=48 h was used for comparsion of all catalysts;
T=25°C.

b Determined by integration of GCl peaks using an achiral stationary
phase (TRB-1).

c Determined by integration of GLC peaks using a chiral stationary
phase (cyclodex-B).

d Absolute configuration of the obtained major enantiomer deter-
mined by the optical rotation sign and the relative retention times in
chiral-phase GLC.

Figure 2. Studied bridgehead-norbornane-derived �-amino
alcohols.
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tivity is clearly dependent on the topological disposition
of both hydroxyl and dimethylamino groups.

The reversal of the stereochemical outcome observed in
the case of 1 with respect to 3 and 4 (for the amino
alcohol 2 it is not significant) reveals a change in the
asymmetric-reaction mechanism, which is not surpris-
ing since the behavior of amino alcohols bearing pri-
mary-amino groups is more erratic. Thus, according to
the literature,1a the acidic proton on the nitrogen may
cause some complications (different chiral intermediates
and parallel reaction pathways can be involved, making
the sense of induction unpredictable).

A qualitative explanation of the results obtained for the
tertiary �-amino alcohols 3–5, can be given by the
corresponding diastereomeric anti-type transition-state
models (anti-(R)-3–5 and anti-(S)-3–5 in Fig. 3), whose
geometry resembles those proposed by Noyori for
DAIB (see Fig. 2).

For amino alcohols 3 and 4, the steric interaction
between the phenyl and the ethyl (Et-ZnA) groups in
the corresponding anti-(S)-3 or anti-(S)-4, transition
state makes such states more energetic, and therefore
less favored than the corresponding anti-(R)-3 or anti-
(R)-4 (see Fig. 3). This energy difference favors attack
to the Re face leading to (R)-phenylpropanol as the
major enantiomer. On the other hand, the degree of
enantioselection can be tuned by means of combined
steric interactions between the phenyl and the ZnA-Et
groups and the N-alkyl substituents. Thus, in order to
enhance the stereoselectivity of the reaction, we
replaced the N-methyl substituents of 3 with more
bulky Et-groups in 4. This causes an increase in the
energy difference between the two diastereomeric tran-
sition states and, hence, produces a higher e.e. (see
Table 1). In the same way, the change of one ethyl
group by hydrogen in 4 results in a total lack of
stereoselectivity (cf. 4 and 2 in Table 1). Therefore, the
degree of steric hindrance around the nitrogen atom
plays a crucial role for optimal chirality transfer.

The same qualitative explanation can be applied to
catalyst 5, where the dimethylamino group is attached
to the bridgehead position. In this case, the observed
low enantioselectivity may be due to the unfavorable
steric interaction between the two N-methyl groups and
carbons C(6) and C(7) of the norbornane moiety. This
should result in a destabilization of both proposed
anti-(R)-5 and anti-(S)-5 transition states, which favors
a competitive reaction pathway involving a more
flexible bimetallic intermediate where the nitrogen atom
would complex weakly with the ZnA atom.

In summary, five new optically active norbornane-
derived �-amino alcohols, in which one of the non-
coplanar heteroatomic groups is attached to a
bridgehead carbon, have been prepared and tested as
catalysts for the enantioselective addition of diethylzinc
to benzaldehyde, showing a wide range of enantioselec-
tivities. Our studies have demonstrated that the relative
position of both the hydroxyl and amino groups on the
norbornane skeleton, as well as the N-alkyl substituent,
play crucial roles in governing the achieved e.e. On the
other hand, amino alcohol 4, which has been readily
obtained from commercially available natural (1R)-fen-
chone, has proved to be a good catalyst for the men-
tioned reaction (the displayed e.e. is comparable to that
obtained from DAIB). These results will contribute to
the design of optimal norbornane-derived catalysts for
the asymmetric addition of organometallic compounds
to carbonyl derivatives. Further theoretical calculations
on the proposed transition states (see Fig. 3) are now in
progress.
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