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Letters
Synthesis of various camphor-based chiral pyridine derivatives
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Abstract—(+)-b-Hydroxymethylenecamphor 1 and enamines 2a–e were transformed into chiral camphor-based pyridine derivatives
3a–e via a tandem condensation reaction in good yields.
� 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Since the design of chiral ligands plays a key role in the
development of enantioselective reactions, many recent
studies have addressed the development of novel chiral
ligands for metal-catalyzed reactions.1 Various cam-
phor-based chiral pyridines have been synthesized2–9

and some of them tested for their uses in asymmetric
catalysis.9;10 In such compounds the bicyclic bridged
system adds a further constraint to the aliphatic portion
of the molecule and this is expected to result in a higher
stereodifferentiating ability of the chiral ligands derived
from these pyridines.4 It is well known that nicotinic
acid and its derivatives exhibit qualitatively the biolo-
gical activity of nicotinamide, which acts as an electron
acceptor in many biological redox reactions. In con-
nection with our previous work,5 we attempted to de-
velop a short and convenient method to prepare various
camphor-derived chiral pyridine or nicotinic acid
derivatives. Here we report our results obtained from
the annulation of (+)-b-hydroxymethylenecamphor 1
with various enamines derived from active methylene
compounds (Scheme 1).
2. Results and discussion

(+)-b-Hydroxymethylenecamphor 1 was chosen as a
feasible chiral pool representative since it can be readily
assembled from (+)-camphor, which is easily available
and inexpensive. In our synthetic approach, the
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hydroxymethylene unit was anchored to the host cam-
phor system by a known procedure.11 Enamines 2a–c
were prepared from the corresponding active methylene
compounds using a slightly modified literature proce-
dure.12 Enamines 2d–e were synthesized from aceto-
nitrile and the corresponding arylnitriles.13

Enamines 2a–e reacted with the (+)-b-hydroxymethyl-
enecamphor 1 efficiently, allowing the preparation of the
desired chiral pyridines 3a–e in good yields (Scheme 1).
As a starting point, we studied the annulation reaction
of (+)-b-hydroxymethylenecamphor 1 with ethyl 3-
aminocrotonate 2a, which was chosen as a model com-
pound. In the annulation reactions, the general proce-
dure given below was applied: a mixture of (+)-b-
hydroxymethylenecamphor 1 (360mg, 2.00mmol) and
enamine 2a (439mg, 3.40mmol) containing a catalytic
amount of ammonium acetate (10mg, 0.13mmol) was
sealed under vacuum in a thick-walled Pyrex tube. The
mixture was heated for 12 h at 130 �C. The result-
ing crude product was purified by flash column chro-
matography to afford 73% of (5S,8R)-(+)-3a (EtOAc/
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hexane, 1:6). When the same reaction was carried out in
toluene as the solvent, the isolated yield of product 3a
was drastically decreased to 27%. The annulation reac-
tion could yield the two possible products 3a and 5 (Fig.
1). The structure of the product isolated was elucidated
using HMQC and HMBC techniques. The HMQC
spectrum showed that the aromatic proton at 7.77 ppm
was attached to aromatic carbon at 130.2 ppm. In the
HMBC spectrum, we observed the interaction of the
aromatic carbon at 130.2 ppm with the bridge proton of
the camphor moiety. Furthermore, the relation between
the carbonyl carbon at 173.5 ppm and the aromatic
proton at 7.77 ppm strongly supports the structure of
the product as 3a.14

As a natural extension of this study, we pursued a
complementary investigation aimed at subjecting the
various enamines 2b–e to this reaction. Selected exam-
ples are listed in Table 1. In the synthesis of 3b and 3e
(entries 2 and 5), we isolated the uncyclized intermedi-
ates 4b and 4e in 12% and 8% chemical yields, respec-
tively.15 In entry 2, the unexpected deacetylation
product 3b was obtained, the structure of which was in
accordance with literature data.4 The following mecha-
nistic scheme is consistent with these results (Scheme 2).
Table 1. Annulation of (+)-b-hydroxymethylenecamphor 1 with

enamines 2a–e

Entry Enamine Product Yield (%)b

1 2a 3a 73

2 2b 3ba (R1 ¼H) 71

3 2c 3c 35

4 2d 3d 56

5 2e 3ea 58

aUncyclized intermediates were isolated.
bAll annulation reactions were carried out for 12 h.
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Scheme 2.
The reaction presumably proceeds via the formation of
imines 4a–e via a tandem addition–cyclization reaction.

In conclusion, the reaction of (+)-b-hydroxymethylene-
camphor 1 with enamines 2a–e proceeded efficiently to
give the corresponding camphor-based chiral pyridine
derivatives 3a–e in good yields. This one-step reaction
offers complete regioselectivity and opens up a new
method for the synthesis of chiral pyridines. Further
studies on the synthesis of new derivatives are in pro-
gress.
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