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ABSTRACT

On treatment with acylating or sulfonylating agents, N-alkenyl pyridine carboxamides (N-pyridinecarbonyl enamines) undergo a dearomatizing
cyclization initiated by pyridine acylation and followed by intramolecular trapping of the resulting pyridinium cation. The products are spirocyclic
dihydropyridines which may be further elaborated to spirocyclic heterocycles with drug-like features.

Spiropiperidine compounds display a wide range of
biological activities, and the spiropiperidine motif is con-
sidered a privileged scaffold in drug discovery.1 The bio-
logical activity of 2,8-diazaspiro[4.5]decanes alone spans a
range of therapeutic areas and has so far been associated with
NOPreceptor ligands,2NPYY5receptorantagonists,3GlyT1
receptor antagonists4 and tryptase inhibitors (Figure 1).5

The synthesis of functionalized piperidines directly from
corresponding pyridines by nucleophilic dearomatization
is an attractive strategy.6 While the dearomatization
of neutral pyridines requires powerful, organometallic
nucleophiles, more activated pyridinium cations are readily
attacked by weaker, neutral nucleophiles such as silyl enol
ethers.7 N-Triflation with triflic anhydride promotes the
attack of electron-rich arenes on the resulting pyridinium
cation.8 By tethering the nucleophile to the pyridine ring,
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fused or spirocyclic dihydropiperidines may be generated.
We have shown that when N-aryl or N-heteroaryl pyridi-
necarboxamides are treated with triflic anhydride, dearo-
matizing cyclization reactions9 ensue, giving spirocyclic
dihydropyridines in which the second spirocyclic ring is
fused with an aromatic ring.10

We now report that simple N-alkenyl pyridinecarbox-
amides also undergo dearomatizing spirocyclization and
generate a versatile range of unsaturated 2,8-diazaspiro-
[4.5]decanes, which are readily convertible into drug-like
scaffolds.11

N-Alkenyl pyridinecarboxamides 1weremade by one of
two methods. In method A, N-acylation of the imine
formed from benzylamine and an aldehyde or ketone gave
the N-acylenamine. Thus 1a was formed in 72% yield
by acylation with isonicotinoyl chloride condensation of
N-benzylpropionaldimine in the presence of molecular
sieves (Scheme 1). In method B, an N-allyl amide was
isomerized to anN-acyl enamine by aRu catalyst. Thus 1a
was alternatively formed in 66% yield from N-allyl-N-
benzylnicotinamide.
In a preliminary experiment to establish the feasibility of

cyclizingN-vinyl isonicotinamides, 1awas treatedwith triflic
anhydride in the presence of 2,6-lutidine in dichloromethane.
A dearomatizing cyclization gave the spiropiperidine 2a in
44% yield, presumably by N-triflation to yield 3, followed
by cyclization to 4 and loss of a proton to reform the
enamine. The only observable side product of the reaction
was the sulfinate 5, suggesting competitive triflation and

rearrangement of lutidine.12 Switching the base to 2,6-di-
tert-butyl-4-methylpyridine avoided this side reaction.Using
just 1 equiv of this base still however led to low conversion;
with 3 equiv the yield of the reaction increased to 59%.
The same conditions converted a series ofN-alkenyliso-

nicotinamides 1b�1i incorporating variously substituted
alkenes toa rangeof spirocyclic dihydropyridines2 (Table 1).
Enamides 1a�b derived from aldehydes gave dihydro-
pyridines 2a�b spiro-linked with pyrrolinones (entries 1
and 2), and Figure 2a shows the X-ray crystal structure of
2b.13 Enamides 1d�1i fromketones also cyclized in generally
good yields, with the alkene generated by the cyclization
preferring to lie exocyclic to the new pyrrolidinone ring
(entries 4�10). Enamides derived from cyclic ketones gave
tricyclic products 2e�i. In some cases, for example with the
unsubstituted enamine1c, a hydratedproduct6cwas isolated.
While1ecyclized to2eunder the standardreactionconditions,
the aminal 6e was formed when 1e was cyclized under less
basic conditions, possibly because the intermediate acyl imi-
nium corresponding to 4 persists until aqueous workup. 6h
and 6i were likewise formed after acid workup. Figure 2b
shows the X-ray crystal structure of 6e.13

Cyclization of unsymmetrically substituted isonicotin-
amides creates anew stereogenic center butwithoutdiastereo-
selectivity (entries 9�13): the chloropyridines 1h and 1i

gave diastereoisomeric mixtures of the ring-fused spiro-
cycles 6h and 6i. Cyclization onto quinolines was also
successful, with 1j�l yielding spirocyclic dihydroquino-
lines 2j�l in moderate to good yield. 1l behaved like 1e,
giving a hydrated product 6l under less basic conditions.
Formation of hydrated adducts of 6 is discussed further
below (Scheme 4)
Yields from reactions promoted by triflic anhydride

weremoderate to excellent butwere reducedwith extended
reaction times, presumably as a result of decomposition in
the presence of the triflic acid generated in the reaction.
Despite the longer reaction times required, generally higher
yields of cyclized products 7, 8, and 9 were obtained when
alternative electrophiles to triflic anhydride such as methyl
chloroformate,2,2,2-trichloroethoxycarbonylchloride (TrocCl),

Scheme 1. Spirocycles from N-Alkenyl Isonicotinamidesa

aWith 2,6-lutidine (1 equiv) as base. b With 2,6-di-tert-butyl-4-methyl-
pyridine (3 equiv) as base. Tf = SO2CF3.

Figure 1. A selection of bioactive spirocyclic piperidines.
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or (�)-menthyl chloroformate were used to activate the
pyridinecarboxamide, with 2,6-lutidine as base (Table 2).
Spirocyclic dihydropyridines were obtained most success-
fully usingmenthyl chloroformate as anactivating reagent,
owing to the increased stability of N-menthyldihydropyr-
idine products toward rearomatization and decomposi-
tion than comparable N-methyl and N-Troc compounds.

However, no diastereoselectivity resulted from the use
of (�)-menthyl chloroformate,14 and in some cases (7e, 7f)
∼20% of a double bond regioisomer (7e0, 7f0) was also
isolated. A moderate yield of 10ewas obtained by treating
1e with trifluoroacetic anhydride, and no cyclization
resulted when the pyridine ring was alkylated, rather than
acylated: isonicotinamide 1a with methyl triflate returned
the N-methyl pyridinium salt in 97% yield. As with triflic
anhydride, cyclization of 1i with chloroformates gave
hydrated structures 11i, 12i.

Compounds with a spirocyclic piperidine structure iso-
meric with that of 2 or 7�9 exhibit properties that make
them suitable as potential smoking cessation remedies,15

and with these targets in mind we synthesized theN-alkenyl
picolinamide 13 and theN-alkenyl pyrimidinecarboxamide
15 shown in Scheme 2. Treatment of each with activating
electrophiles led to dearomatizing cyclization and the for-
mation of spirocyclic products 14 and 16 as principally one
of the two possible diastereoisomers, but these products
were extremely unstable.16

The products of the dearomatizing spirocyclizations;2,
7�9, 14, and 16;contain up to three acylenamine-
like double bonds suitable for further elaboration, and in
some cases this functionality made the products somewhat
unstable on standing. In some instances, but especially
for 16, it was impossible to fully purify the dearomatized

Table 1. Dihydropyridines by Spirocyclization with Triflic
Anhydride

aConditions Tf2O, base, CH2Cl2, 0 �C, 2 h. bWith 2,6-lutidine
(1 equiv) as base. cWith 2,6-di-tert-butyl-4-methylpyridine (3 equiv) as
base. dBased on 29% recovered starting material. eStructures of 6 below.
fWith 2,6-di-tert-butyl-4-methylpyridine (1 equiv) as base. gAfter standing
in CDCl3.

Figure 2. X-ray crystal structures of (a) 2b and (b) 6e.
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spirocycles from their decomposition products. However,
hydrogenationof selecteddihydropyridines 2, 7, and 9using
a flow hydrogenation apparatus (H-Cube)17 gave stable
spirocyclic piperidines 20, 24, and 25 (at higher pressures) or
dihydropiperidines 19, 22, and 23 (at lower pressures, where
only the double bond in the five-membered ring was
hydrogenated) as shown inScheme3.20 and 25were readily
deprotected by methanolysis of the carbamate. The alkenes
in 2a could also be functionalized by bromoetherification to
give first 17 and then, with greater quantities of NBS, 18.
As an alternative strategy for stabilizing the unsaturated

products, inclusion of an alcohol in the reaction mixture
during the dearomatizing cyclization allowed the spiro-
cycles to be trapped as aminals 27, as shown in Scheme 4.
In conclusion, we report thatN-alkenyl isonicotinamides

and their congeners undergo spirocyclizingdearomatization

to yield partially saturated heterocyclic products on treat-
ment with sulfonating or acylating agents.
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Scheme 2. Dearomatizing Cyclization of Pyrimidinecarboxa-
mides and Picolinamidesa

a 5�9:1 mixture of diastereoisomers.

Table 2. Dihydropyridines by Spirocyclization with
Chloroformates

aWith trichloroethyl, methyl, or (�)-menthyl chloroformate as
electrophile: conditions ROCOCl, 2,6-lutidine, CH2Cl2, 0 �C�rt, 2 h.
b 1:1 dr. cYield of regioisomer 7e0 or 7f0 (structure below). dCarried out
on a 2 g scale. kWith trifluoroacetic anhydride as electrophile.

Scheme 3. Reduction and Deprotection; Men = (�)-Menthyl
(all as 1:1 mixtures of diastereoisomers)a

aH2, p bar, Pd/C, EtOH, EtOAc,H-cube. b (1)KOH,MeOH, 120 �C,
16 h; (2) HCl, MeOH.

Scheme 4. Nucleophilic Trapping of the Intermediate
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