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ABSTRACT

Addition of 5-alkylaminopenta-2,4-dienals onto N-acyliminium ions, generated in situ from r-hydroxycarbamates derived from pyrrolidine or
piperidine, in the presence of zinc triflate, followed by dehydrative cyclization, allowed the formation of pyridinium salts substituted at their
3-position by a five- or six-membered nitrogen heterocycle. Subsequent N-dealkylation of the pyridinium moiety and deprotection of the
secondary amine or reduction of the carbamate function led to (()-nicotine and analogs.

Continuing our long-standing interest in the chemistry of the
5-alkylaminopenta-2,4-dienals,1-3 we have conducted an
investigation into a previously unexplored facet of their
reactivity, that of reaction with N-acyliminium ions, and

report here on our results. In particular, we disclose an
unprecedented mild process which leads to a rapid construc-
tion of pyridinium salts bound at C-3 to the 2-position of a
nitrogen heterocycle, and its application to syntheses of (()-
nicotine and analogs.

It has been shown recently that it was possible to achieve
the nucleophilic addition of 5-alkylaminopenta-2,4-dienals
onto 2,3-dihydropyridinium ions, generated in situ from their
protected aminonitrile counterparts with zinc triflate.2c,3b This
prompted us to examine the nucleophilic properties of
aminopentadienals 2 toward the more electrophilic N-
acyliminium ions 3,4 the formation of which often involves
the treatment of R-hydroxy-amides or -carbamates 1 with a
Lewis acid. Thus, it was anticipated that the adduct 4
resulting from the attack of the aminopentadienal, for which
C-4 is more nucleophilic than C-2,2b might further cyclize
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through its tautomeric form 4′ into a pyridinium ion 6 via a
dehydrative process (Scheme 1).5

The precursors for the N-acyliminium ions were prepared
classically through N-acylation of the corresponding lactams,
followed by reduction with lithium triethylborohydride.4,6

Aminopentadienals were obtained by treatment of the cor-
responding glutaconaldehyde potassium salts with a primary
amine in the presence of trifluoroacetic acid.1b

The choice of the Lewis acid was crucial since it had to
promote the N-acyliminium ion formation, without inducing
prior aminopentadienal dehydrative cyclization to a pyri-
dinium ion.7 On the basis of precedent,2c,3b it was expected
that with zinc triflate,8 this cyclization might occur only after
the addition of the nucleophilic species onto the iminium
moiety.

In practice, when a solution of hydroxycarbamate 1 and
aminopentadienal 2 in 1,2-dichloroethane (DCE) was heated
in the presence of 0.5 equiv of Zn(OTf)2,

2c,3b the pyridinium
salt 6 could be isolated with the yields reported in Table 1.
This amount of the Lewis acid is sufficient to promote the

generation of the intermediate N-acyliminium ion and to
provide the triflate counterion of the final pyridinium salt.
In some cases, TFA was added at the end of the reaction to
drive the cyclization to completion.

From Table 1, it is clear that the reaction can be conducted
starting with five- to seven-membered hydroxycarbamates
and that it is more efficient if there is a substituent, such as
CH3 or Br, at the 2-position of the aminopentadienal. The
yields are lower when X ) H (entries 4 and 5) and, in the
pyrrolidine case (entry 4), 7 was isolated as a byproduct.
This compound resulted from the addition of the aminopen-
tadienal, first by its C-4 and then by its C-2, onto two
N-acyliminium ions and this behavior highlights the nucleo-
philicity of these two carbons.1a When X ) Me or Br, this
process is less favored for steric reasons. Since the C-Br
bond can be hydrogenolysed (vide infra), the bromine atom
can be considered here as a protective group. With a stronger
electron-donating substituent (OMe) at C-2, the electronic
perturbation of the push-pull system might be responsible
for the lower efficiency of the reaction (entry 10). The use

(4) For reviews, see: (intramolecular reactions) (a) Speckamp, W. N.;
Hiemstra, H. Tetrahedron 1985, 41, 4367–4416. (b) Speckamp, W. N.;
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Maryanoff, B. E.; Zhang, H.-C.; Cohen, J. H.; Turchi, I. J.; Maryanoff,
C. A. Chem. ReV. 2004, 104, 1431–1628. (d) Royer, J.; Bonin, M.; Micouin,
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(9) Structure of compound 4f.

Scheme 1. Principle of the Addition-Cyclization Involving a
5-Alkylaminopenta-2,4-dienal 2 and an N-Acyliminium Ion 3

Table 1. One-Pot Formation of Pyridinium Salts 6 through the
Addition of Aminopentadienals 2 onto N-Acyliminium Ions
Generated from Hydroxycarbamates 1a

entry R R′ X n product yield

1 t-Bu Bu Me 1 6a 51%
2 t-Bu Bn Me 1 6b 51%
3 t-Bu Bu Me 2 6c 52%
4 Me Bn H 1 6d 32%b

5 Bn Bn H 2 6e 45%
6 Me Bn Br 1 6f 77%c,d

7 Me PMB Br 1 6g 86%d

8 Bn Bn Br 2 6h 24%d

9 Me Bn Br 3 6i 82%d

10 Me PMB OMe 1 6j 17%d

a Conditions: 1.2 equiv of 2 and 0.5 equiv of Zn(OTf)2, DCE, reflux
14 h. b 28% of 7 was isolated. c At rt, 54% of 6f and 27% of 4f9 were
isolated. d TFA (1 equiv) was added at rt, after heating, and the mixture
stirred for cyclization (4 to 6) completion (1 h).
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of (S)-R-methylbenzylamine-derived aminopentadienals or
of an optically active menthyl carbamate did not induce any
significant diastereomeric excess (see Supporting Informa-
tion).

The procedure depicted in Table 1 was not efficient with
aminopentadienal 2d (R′ ) Bn, X ) Br), chosen in order to
avoid double addition, and the hydroxylactam 8,10 derived
from N-methylsuccinimide (Figure 1), even in the presence

of 1 equiv of Zn(OTf)2,
11 since the desired product was

obtained in 7% yield only. This result could be attributed to
the lower stabilization and intrinsically poorer reactivity of
the N-methylpyrrolidone-derived N-acyliminium ion, com-
pared to its carbamate counterparts.12

With 2d as the nucleophilic partner, the pyridinium salts
10 could be obtained, using the open-chain carbamates 9a13

and 9b14 as N-acyliminium ions precursors, through an
R-amidoalkylation-type reaction (Scheme 2).

To illustrate the method, an application to the synthesis
of natural pyridine-containing alkaloids, such as nicotine and
anabasine, was envisaged. The simplicity of the molecular
architecture of these compounds and the important biological
profile of nicotine have attracted significant attention from
the synthetic chemistry community.15 Most syntheses in this

area rely on the construction of the pyrrolidine or piperidine
ring starting from a pyridine derivative. Here, we report a
method in which the aromatic heterocycle is built onto a
five- or six-membered nitrogen compound.

The N-benzylpyridinium salts 6b and 6f were subjected
to hydrogenolysis of both the C-N+ and C-Br bonds, in
the presence of triethylamine for 6f,16 to yield the corre-
sponding pyridines. By reduction of the carbamate moiety
or acidic treatment, in the case of the Boc derivative, nicotine
11a, 5-methylnicotine 11b17 and 5-methylnornicotine 11c
were obtained (Scheme 3).

Since the bromine substituent opens up avenues for the
introduction of other functionalities, a method for debenzyl-
ation of the pyridinium ion without hydrogenolysis of the
C-Br bond was developed. Taking advantage of the leaving
group properties of the PMB moiety, due to the stabilization
of the p-methoxybenzyl cation, a complete transfer of this
group onto pyridine was achieved by heating pyridinium salt
6g in this solvent (Scheme 4).18 Reduction of the carbamate
moiety with LiAlH4 led to 5-bromonicotine 12,19 a compound
which has previously been converted to the anti-Parkinson’s
drug SIB-1508Y.20
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Chem. 2001, 66, 6305–6312. (c) Spangenberg, T.; Breit, B.; Mann, A. Org.
Lett. 2009, 11, 261–264.

(16) A base is added to trap HBr, released during hydrogenolysis of
the C-Br bond, which favors the ring-opening of the N-methoxycarbon-
ylpyrrolidine. This could be related to the racemization of nicotine
derivatives with chloroformates: Bleicher, L. S.; Cosford, N. D. P. J. Org.
Chem. 1999, 64, 5299–5300.
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Figure 1. Structures of compounds 7 and 8.

Scheme 2. Formation of Pyridinium Salts 10 via the Addition of
Open-Chain N-Acyliminium Ions onto Aminopentadienal 2da,b

a Same conditions as for Table 1. b TFA (1 equiv) was added at rt, after
heating, and the mixture stirred for cyclization completion (20 mn).

Scheme 3. Formation of (()-Nicotine 11a and Derivatives from
Pyridinium Salts 6b and 6fa

a Significant hydrogenolysis of the benzylic pyrrolidine C-N bond was
observed in the case of 6f.

4762 Org. Lett., Vol. 12, No. 21, 2010



The compound 6e in the six-membered ring series was
transformed into (()-anabasine 13 in one step, taking
advantage of the presence of two benzyl groups bound to
heteroatoms, through hydrogenolysis in the presence of acetic
acid (Scheme 5).21

The methodology reported here displays a new develop-
ment of the chemistry of aminopentadienals, and also of

N-acyliminium ions. It may be useful for the synthesis of
1-substituted-1-(pyridyl)methylamines22 or pyridine-substi-
tuted nitrogen heterocycles. This approach supplements the
palladium-catalyzed arylation of N-Boc-pyrrolidine with
3-bromopyridine.23 By a judicious choice of the hydroxy-
carbamate alkyl group and of the aminopentadienal substit-
uents, it is possible to access differents types of pyridinium
salts. The use of 2-bromoaminopentadienals is particularly
interesting for the further introduction of functionalities on
the pyridine ring, for example via metal-catalyzed cou-
plings.24 Moreover, N-acyliminium ions derived from py-
roglutamic acid25 might be used to introduce asymmetry in
the formation of pyridyl-substituted prolines.26

In conclusion, addition of 5-alkylaminopenta-2,4-dienals,
by their nucleophilic C-4 position, onto N-acyliminium ions
generated in situ from pyrrolidine- or piperidine-derived
R-hydroxycarbamates, followed by subsequent dehydrative
cyclization, led to substituted pyridinium salts bound by the
3 position to a saturated nitrogen heterocycle. By further
N-dealkoxycarbonylation and -dealkylation of selected prod-
ucts, (()-nicotine or (()-anabasine and analogs were ob-
tained.

Supporting Information Available: Experimental pro-
cedures and copies of 1H and 13C NMR spectra for
compounds 6a-j, 7, 9a, 10a-b, 11a-c, 12, 13 and (S)-R-
methylbenzylamine-derived aminopentadienals. This material
is available free of charge via the Internet at http://pubs.acs.org.

OL101783C
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salts: Garcı́a-Cuardrado, D.; Cuadro, A. M.; Alvarez-Builla, J.; Vaquero,
J. J. Synlett 2002, 1904–1906.
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(26) (a) Xu, Y.-z.; Choi, J.; Calaza, M. I.; Turner, S.; Rapoport, H. J.
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Scheme 4. Synthesis of 5-Bromonicotine 1219 from Pyridinium
Triflate 6ga

a Partial cleavage of the C-Br bond was observed in the reaction with
LiAlH4, leading to nicotine 11a (17%).

Scheme 5. Formation of (()-Anabasine 13 by Hydrogenolysis
of Pyridinium Triflate 6e
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