
Available online at www.sciencedirect.com
Tetrahedron: Asymmetry 19 (2008) 646–650
Hydroxyamide-catalyzed enantioselective addition of diethylzinc
to benzaldehyde in the absence of titanium
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Abstract—Three camphor-based tertiary-amido isoborneols have been obtained from ketopinic acid and tested as ligands for the hydroxy-
amide-catalyzed enantioselective addition of diethylzinc to benzaldehyde in the absence of Ti(O-i-Pr)4. The results obtained have been
compared with previous results published by Oppolzer. The new chiral ligands showed effective asymmetric activity in the absence of
titanium (up to 98% yield and 90% ee). It is demonstrated that non-bulky dialkylamino groups are necessary for obtaining high chemical
yields, whereas the C2 symmetry is necessary to reach a good enantioselection level.
� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

The hydroxyamide-catalyzed enantioselective addition of
organozinc reagents to aldehydes is one of the most impor-
tant synthetic methods for the preparation of enantio-
enriched secondary alcohols,1 which are valuable
intermediates in the preparation of interesting chiral mole-
cules, including natural products, synthetic drugs, or new
materials.2 Additionally, most of the organozinc reagents
can be easily prepared and stored, and are compatible with
many functional groups.3

Since Noyori et al. demonstrated and explained the highly
efficient DAIB 1 (Fig. 1) as a chiral ligand for the enantio-
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selective addition of diethylzinc to benzaldehyde,4 many
other N/O ligands, mainly b-(dialkylamino)alcohols, have
been prepared and tested in this reaction. The principal tar-
get of all these intensive efforts was to find versatile and
efficient ligands, whose use could be extended to less reac-
tive substrates.

Among the great number of ligands tested, only a small
number of them are easily obtained by simple synthetic
methods. In this sense, straightforwardly-obtained stable
ligands are still desirable. Inside this last group, the
amide-based ligands constitute a privileged series, due to
the facility for the formation of the amide bond.5

Some amide-based ligands have already been reported.
Thus, Yus et al. and Walsh et al. have described the use
of C2 secondary-sulfonamido alcohols (i.e., 2 in Fig. 2)
for the efficient enantioselective addition of different
organozinc reagents to prochiral ketones in the presence
of titanium tetraisopropoxide;6 Du et al. have reported
the use of C3 secondary-amido alcohols (i.e., 3 in Fig. 2)
for the enantioselective addition of alkynylzincs to alde-
hydes in the presence of titanium tetraisopropoxide;7 and
Pedro et al. have described the use of both C1 and C2 sec-
ondary-amido alcohols (i.e., 4 in Fig. 2) for the enantio-
selective addition of diethylzinc and dimethylzinc to
aldehydes, also in the presence of the same titanium
complex.8,9
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Figure 2. Some secondary-amido alcohols used as ligands for the
enantioselective addition of organozinc reagents to carbonyl groups.
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The development of amide-based ligands that are able to
catalyze the addition of organozinc reagents to aldehydes
in the absence of titanium is highly interesting, not only
from the point of view of Green chemistry, but also to pre-
vent possible incompatibilities between titanium and some
functional groups which can be present in the reacting
materials.10

In a previous work, Oppolzer et al. described the activity of
the camphor-based tertiary-amido alcohol 5 (Fig. 3) as a
chiral ligand for the addition of diethylzinc to benzalde-
hyde in the absence of titanium (68% yield, 91% ee).11
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Figure 3. Oppolzer’s 5 and related new tertiary-amido alcohols.
Unfortunately, new tertiary-amido alcohols have not been
tested further in this reaction, probably due to the low
chemical yield obtained with 5.
2. Results and discussion

With all this information, we became interested in testing
new tertiary-amido alcohols, related to the original Oppol-
zer’s 5, as these are easily prepared ligands for the enantio-
selective addition of diethylzinc to benzaldehyde in the
absence of titanium, in order to find high chemical yields,
while also keeping a high enantioselection level. For this
purpose, we have chosen three simple tertiary-amido alco-
hols 6–8 (Fig. 3) to explore not only the influence of the
nitrogen’s alkyl substitution,12 but also the influence of
the ligand’s symmetry13 on the catalytic activity.

Tertiary-amido alcohols 6,14 7,15 and 816 were obtained
from commercial (1S)-ketopinic acid in two steps (amida-
tion17 followed by selective reduction of the ketoamide ob-
tained with sodium borohydride18) and tested as chiral
ligands for the standard enantioselective addition of dieth-
ylzinc to benzaldehyde in the absence of titanium tetraiso-
propoxide.19 The measured catalytic activity (yield and ee)
is shown in Table 1 (the previously-reported activity of 5 is
included for comparison).

As shown in Table 1, on replacement of 5 with 6, the less
hindered piperidino derivative increased the chemical yield
to 96 %, but, unfortunately, the ee strongly decreased to
48%. Aoyama et al. found a similar behavior for the chem-
ical-yield variation in relation to 10-(diisopropylamino)-
and 10-(piperidin-1-yl)isoborneols, but, in this last case,
the ee obtained was nearly the same for both amino
alcohols.12
Table 1. Enantioselective addition of diethylzinc to benzaldehyde in the
presence of ligands 5–711,19

Ligand Yield (%) ee (%) Dominant config.

5a 68 91 (R)
6 96 48 (R)
7 98 78 (R)
8 97 90 (R)

a Experiment reported in the literature.11
On the basis of the proposed transition-state models for 10-
(dialkylamino)isoborneols 9 (Fig. 4.)11,12 and 10-(dialkyl-
amino)-10-oxoisoborneols 10 (Fig. 4),11 the found strong
effect exerted by the nitrogen’s alkyl substitution on the
obtained ee for amido alcohols is noteworthy, since the
key nitrogen’s alkyl chains, R, are located far away from
the coordination site in the amido alcohol-based model
10 (see Fig. 4).

This dialkylamino effect on the catalytic behavior of amido
isoborneols, not only in the ee but also in the chemical yield
(see reactivity differences for 5 and 6 in Table 1), can be
explained by taking into consideration the possibility of
key conformational changes in 10, which could be
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Figure 4. Transition-state models for the enantioselective addition of
diethylzinc to benzaldehyde catalyzed by 10-(dialkylamino)isoborneols 9

and 10-(dialkylamino)-10-oxoisoborneols 10. Eight diastereomers are
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modulated by the type of dialkylamino group present in
the starting ligand. Thus, bulky enough R groups (i.e.,
the a-branched alkyl groups of 5) must produce a confor-
mational change in the flexible six-membered zinc-chelate
of 10, to relieve steric interaction between a bulky R
group and the 6-exo hydrogen (see Fig. 4). This conforma-
tional change would cause a reactivity change in the sense
of the observed differences found between 5 and 6 (see
Table 1).20

Additionally, for both 5 and 6, the diastereomeric transi-
tion state with minimal steric interactions is Re-endo-anti-
1021 (Fig. 5),11,12 which agrees with the observed dominant
configuration for the obtained 1-phenylpropan-1-ol (see
Table 1).
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Figure 5. Most stable diastereomer for transition-state model 10.
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Figure 7. Transition-state model for ligands 7 and 8 (12) and correspond-
ing most stable transition state (Re-endo-anti-12).
Replacement of the C1 symmetry of 6 by the C2 symmetry
of 7 increased the ee from 48% to 78 % (Table 1). More-
over, ligand 7 produces a high chemical yield, as 6 does
(note the low bulkiness of the dialkylamino groups for both
ligands).

The strong enantioselective increase for the C2 ligand 7 is in
agreement with the formation of zinc-chelate catalyst 11
(Fig. 6), which keeps the privileged symmetry of the start-
ing ligand.22
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Figure 6. Proposed C2 zinc-chelate catalysts for ligand 7.
Thus, coordination of a reactive diethylzinc molecule to
one of the two symmetric alcoxide oxygens of 11, via the
less hindered oxygen’s endo-face, and replacement of the
carbonyl ligand located at the same face by a reactive mol-
ecule of benzaldehyde would give rise to transition-state
model 12 (Fig. 7). Starting from C2 11, only four diastereo-
mers are possible for 12 (note the fixed exo disposition of
the red oxygen in 12, Fig. 7), which explains the increase
of the enantioselection obtained with C2 7, in comparison
with that obtained with C1 6. Moreover, the transition state
with the minimal steric interactions would be Re-endo-anti-
12 (Fig. 7), which would explain the dominant configura-
tion found with the obtained 1-phenylpropan-1-ol (see
Table 1).
Nevertheless, for ligand 7 the formation of the C1 zinc-che-
late catalyst 13 is also possible (Fig. 8). The possible com-
peting actuation of this C1 catalyst, together with C2 11,
causes a decrease in the enantioselection level, due to the
participation of competing diastereomeric transition states
with similar energies.

To test the last hypothesis, we obtained ligand 8 (Fig. 3).
In this case, differently to 7, only the corresponding C2

zinc-chelate catalyst 14 (Fig. 8) is possible, which is in
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Figure 8. Proposed C1 zinc-chelate catalyst for ligand 7 (13) and C2 zinc-
chelate catalyst for ligand 8 (14).
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agreement with the strong enantioselection increase
reported in Table 1 (from 78% ee for 7 to 90% ee for 8).
This last ligand 8 is, therefore, able to produce the same
high enantioselection level of the seminal Oppolzer’s ligand
5, but with an interesting higher chemical yield.
3. Conclusion

In conclusion, straightforwardly-obtained ketopinic acid-
derived tertiary-amido isoborneols are able to act as effec-
tive ligands for the enantioselective addition of diethylzinc
to benzaldehyde in the absence of titanium. Additionally,
the structural bases for the rational design of such ligands
have been established. Thus, the chemical yield for the
enantiospecific reaction can be increased by using
non-bulky dialkylamino-based amido alcohols, whereas
the ee can be effectively increased by using C2-symmetric
amido alcohols. In the last case, an interesting new model
to explain the catalytic activity, which is based on a
C2-symmetric zinc-chelate, has also been proposed.
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