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Institute for Research in Biomedicine, Barcelona Science Park, Josep Samitier 1-5,
08028 Barcelona, Spain, and Laboratory of Organic Chemistry, Faculty of Pharmacy,
UniVersity of Barcelona, Barcelona, Spain

rlaVilla@pcb.ub.es

Received September 21, 2006

ABSTRACT

The addition of isocyanides to pyridinium salts is studied. The process takes place efficiently when a carboxamido group is present in the 3
position of the pyridine ring. The outcome of the reaction involves the stabilization of the nitrilium intermediate by the amide, which suffers
a mild dehydration, leading regioselectively to â-cyano- γ-carbamoyl-1,4-dihydropyridines. In this way, a variety of nicotinamide derivatives
were carbamoylated. Extension to quinolinium, isoquinolinium, and N-acylpyridinium salts is also reported.

The efficient functionalization of pyridine derivatives is of
foremost importance in organic synthesis and particularly
in medicinal chemistry.1 In this context the carbamoylation
of pyridine derivatives can be achieved only through stepwise
protocols. Continuing our studies on the direct functional-
ization of fundamental heterocyclic systems, here we report
our results on the interaction of isocyanides and pyridinium
derivatives. We recently disclosed the carbamoylation of
isoquinolines, dihydropyridines, and cyclic enol ethers
through the addition of isocyanides to these heterocycles.2

Isocyanide chemistry has become one of the most productive
areas in organic synthesis, with deep implications for the

preparation of natural products and bioactive compounds.3

Particularly interesting is the involvement of isocyanides in
multicomponent reactions (MCRs).4

Given the reactivity of pyridinium salts with nucleophiles,
which usually leads to dihydropyridines, often with good
regioselectivity,5 we tested the interaction of isocyanides with
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N-alkylpyridinium salts. Although similar addition processes
with cyanide yielded the corresponding 1,4-adducts,6 all
attempts to perform the transformation upon reactiveâ-sub-
stituted pyridinium salts (CN, COCH3, CO2CH3) under a
range of reaction conditions (protic or aprotic solvents,
different quenching protocols, and a range of temperatures)
resulted only in the detection (HPLC-MS) of traces of the
expected adducts. It has to be remarked that pyridines are
reluctant to undergo Reissert reactions, requiring special
conditions,7 and do not suffer the analogous isocyanide
process.2a,8An important difference with the cyanide addition
arises here: the initial adduct is now a nitrilium ion,
presumably in equilibrium with the starting materials, which
may require further stabilization to proceed to the carbam-
oylated final compounds (Scheme 1). Several experiments

were run to explore this point: an external source of chloride
ions or the intramolecular trapping with aâ-carboxylate
pyridinium zwitterion. Unfortunately they failed to yield the
expected compounds.

Recently, in a series of elegant studies, Zhu and co-workers
disclosed that a carboxamido group attached to the isocyanide
moiety efficiently traps the nitrilium intermediate to furnish
oxazoles and iminooxazines, versatile synthetic intermediates
that are useful in manifold MCRs.9 The application of this
methodology to our synthetic problem would involve the use
of nicotinamide salts (structures with relevant roles in
biology, chemistry, and medicine),10 where the carboxamido
group is linked to the iminium ion component. Thus,
treatment of theN-benzyl salt1a11 with cyclohexylisocyanide

in MeOH with 2 equiv of AcONa nicely yielded the
γ-carbamoylated-â-cyano-1,4-dihydropyridine2a regiose-
lectively (71%) (Scheme 2).

Several features deserve comment: the mild conversion
(a formal dehydration) of the amide group to the cyano
substituent, the need for more than 1 equiv of a base (AcONa
being preferred to Et3N or K2CO3, the reaction fails to yield
any adduct in the absence of base and with 1.2 equiv the
yield drops to 20-30%), and the regioselectivity of the
process, favoring the 1,4-isomer.

The rationale for this result probably involves the initial
formation of the bisiminofuran-type adduct (A), which in
the basic medium, rearranges to the thermodinamically more
stable product, theâ-cyano-γ-carbamoyl-1,4-dihydropyridine
2a. This type of behavior is precedented in Ugi-type
processes withR-aminoacetamides.12

The process described here seems to be general, and
several nicotinamide salts and isocyanides afforded the
expected adducts in respectable yields. In this way, the 1,4-
dihydropyridines2b (67%),2c (63%), and theN-tryptophyl
derivative2d (66%) were prepared (Scheme 3).

This mechanistic outcome for the trapping of the nitrilium
ion13 paves the way for the challenging carbamoylation of
pyridine derivatives. Satisfactorily,N-acylpyridinium deriva-
tives also reacted under these conditions, probably helped
by the enthalpic gain in the rearrangement. Thus, nicotin-
amide was reacted with methyl chloroformate and cyclohexyl
isocyanide to give the 3CR adduct2e (66%) in a regiose-
lecive manner. In this case the presence of a base (DIPEA,
1 equiv) resulted in the formation of less clean reaction
mixtures and lower yields. Similarly, the interaction with
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Scheme 1. Addition of Isocyanides toN-Alkylpyridinium
Salts

Scheme 2. Reaction of Nicotinamide Salt1a
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FmocCl and AllocCl allowed the introduction of these useful
protecting groups in derivatives2f (62%) and2g (60%),
respectively.

The participation of other heterocycles was considered,
and we explored the coexistence of the carboxamido trapping
group in a quinoline or isoquinoline nucleus. In these
systems, the Ugi-Reissert reaction takes place without the
need for any susbtituent.14 Although the reaction of the
N-methyl-â-carboxamidoquinolinium and isoquinolinium
salts afforded unstable dihydroderivatives, the corresponding
transformation with theN-acyl salts (interaction of the azines
with cyclohexylisocyanide and methyl chloroformate) gave
the carbamoylated adducts in good yields. The reaction of
quinoline-3-carboxamide15 cleanly afforded adduct3 (61%)
(Scheme 4).

In this case, the presence of the benzo-fused ring promoted
a shift in regioselectivity, and the addition at theR-position
was the only process observed. The reaction of isquinoline-
4-carboxamide16 under these conditions was more complex
and afforded compounds4 (61%) and5 (27%). Although
regioselectivity was as expected in this series, the major
compound4 seems to arise from the straightforward car-
bamoylation of the isoquinolinium salt at the more reactive
R-position, which is in good agreement with previous
results.2a However, the presence of the dehydrated compound
5 indicates the participation of the carboxamido group.17 The

structure of this compound was confirmed by the identity
with the product of the 3CR involving 4-cyanoisoquinoline,
cyclohexylisocyanide, and methyl chloroformate, which
yielded again5 (63%) in a selective manner. It should be
noted thatN′-substituted nicotinamides (N′-phenyl andN′-
benzyl) afforded complex mixtures when reacted under the
usual conditions.

Next we explored a number of post-condensation trans-
formations for some of the compounds thus prepared,
exploiting the synthetic versatility of the DHP moiety present
in their structures. Thus,2a was reduced (H2/Pd-C) to give
the corresponding tetrahydropyridine6 (80%), and2e was
DDQ-oxidized to the pyridine7 (86%) (Figure 1).

(14) (a) For a Ugi-type process upon a quinolininium salt, see: Ugi, I.;
Böttner, E.Liebigs Ann. Chem.1963,670, 74. (b) Also see ref 2a.

Scheme 3. Nicotinamide-Isocyanide Adducts Scheme 4. 3CR of Quinoline and Isoquinoline Derivatives

Figure 1. Post-condensation products.
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Removal of the Fmoc and Alloc groups in2f and2g gave
access to the N-H dihydropyridine8 (90% and 75%,
respectively).18 The TFA-promoted cyclization of the trip-
tophyl-dihydropyridine2d nicely afforded a 3:1 mixture of
the trans- and cis-indoloquinolizidines9 (63%) and 10
(21%), respectively. This represents a formalumpolung
process that allows a suitable two-step carbamoylation of
this privileged structure, present in many natural products
and bioactive compounds. Interestingly, this methodology
complements the Wenkert protocol, in which a nucleophilic
malonate is attached to theγ-position of a pyridinium salt,
thereby yielding valuable intermediates for the total synthesis

of complex indole alkaloids.19 Finally, the oxidation of the
dihydroisoquinoline adducts4 and5 gave the corresponding
aromatic derivatives11 (62%) and12 (50%, unoptimized
yields) (Figure 1).

In conclusion, here we describe a flexible and straight-
forward protocol for the carbamoylation of nicotinamide
derivatives. This approach allows the efficient preparation
of diversely substituted nicotinonitriles, a group of com-
pounds with relevant presence in medicinal chemistry.20
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