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We have developed an efficient synthesis of novel racemic spiropyrrolidine–tetralones via an unexpected
ring-contraction reaction of a 4-disubstituted piperidine to 3-disubstituted pyrrolidine. We suggest that
intramolecular quaternization of the piperidine nitrogen of compound 7 occurs to form a bridged bicyclic
quaternary ammonium salt intermediate 10. The ring opening of 10 with cyanide resulted in pyrrolidine
9. The synthesis of racemic spiropyrrolidine–tetralone 15 is described as well as the related spiropiperi-
dine–indanone, 1b.

� 2010 Elsevier Ltd. All rights reserved.
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Compounds containing spirocyclic functionalities have been
widely utilized in pharmaceutical research due to their biological
properties.1 For example, acylated spiropiperidine–indanone deriv-
atives have been reported as potential melanocortin receptor (MC4R)
agonists to treat a variety of diseases such as obesity,2 and sexual
dysfunctions.3 Furthermore, spiropiperidine–tetralones have been
investigated as potential delta opioid receptor agonists.4 Recently,
we reported the use of spiroindane derivatives as potential musca-
rinic receptor modulators.5

As the addition of fluorine to specific locations on drug-like
molecules has successfully led to improvements in a variety of
properties including enhanced binding interaction, brain penetra-
tion, metabolic stability, and extended biological half-life,6 we
became interested in preparing the fluorine containing spiropiperi-
dine–indanone 1b (Fig. 1).

It was speculated that the spirocyclic functionality could be
constructed via an intramolecular Friedel–Crafts cyclization of
the carboxylic acid precursor 2. As illustrated in Scheme 1, our ef-
forts focused on a six step synthesis to make the key nitrile inter-
mediate 8, which could be hydrolyzed to carboxylic acid 2. The
nitrile 8 could be synthesized from commercially available 2-(3-
fluorophenyl) acetonitrile 3.

The treatment of 3 with excess sodium hydride followed by
sequential alkylation with bis-(2-chloroethyl)-N-benzylamine7

provided tertiary nitrile 4 in 77% yield. Acid hydrolysis of nitrile
4, followed by in situ esterification of the resulting carboxylic acid
ll rights reserved.

: +1 617 444 7827.
andarage).
afforded ester 5 in 86% yield. Lithium aluminum hydride reduction
of ester 5, followed by reaction with methane sulfonyl chloride
provided mesylate 7 in 94% yield. Upon heating mesylate 7 with
sodium cyanide at 80 �C in DMSO, a major product was formed
in 77% yield. Surprisingly, the 1H NMR spectrum was not consistent
with the structure of 8, as the four distinct sets of peaks from the
piperidine ring system were absent. Instead, the 1H NMR was con-
sistent with the pyrrolidine propanenitrile 9.

The proposed mechanism for the formation of 9 is shown in
Scheme 2. Intramolecular quaternization of the piperidine nitrogen
results in the formation of the bridged bicyclic quaternary ammo-
nium salt 10. Addition of nucleophilic cyanide can now facilitate
ring opening of 10 to produce compound 9. If the piperidine nitro-
gen of compound 6 is protected as a carbamate instead of benzyl
group, the quaternization and ring opening would be unlikely to
occur. When the piperidine nitrogen is deactivated with a Boc
group in substrates similar to 6, no ring-contraction was observed.
1a, R = Bn
1b, R=  Boc 2

Figure 1. Spiropiperidine–indanone and proposed cyclization precursor 2.
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Scheme 1. The proposed synthesis of nitrile 8.
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Scheme 2. The proposed mechanism of formation of pyrrolidine 9 via ring opening of the bicyclic quaternery salt 10.
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Instead, the desired piperidine nitrile was isolated in high yield.
The opening of bridged bicyclic quaternary8 salts with nucleo-
philes is unusual and there are relatively few examples of ring con-
tractions via bicyclic salts in the literature. Della and Smith9

reported the ring opening of the bicyclic quaternary salt 11 with
strong nucleophiles such as phenylselenide anion in DMSO at
100 �C to form the 3-disubstituted pyrrolidine 12. (Fig. 2) The
authors suggest that nucleophilic substitution on the ring carbon
is facilitated by relief of ring strain.

With nitrile 9 in hand, this intermediate was converted into the
spiropyrrolidine–tetralone 15 over four steps in good yield.
(Scheme 3). Nitrile 9 was hydrolyzed with 6 N HCl to provide car-
boxylic acid 13. Conversion of 13 into the corresponding acid chlo-
ride, followed by AlCl3 assisted Friedel–Crafts cyclization resulted
N

Ph

+
I-
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N

Ph SePh
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Figure 2. Bicyclic quaternary salt and ring contracted pyrrolidine.
in the formation of spiropyrrolidine–tetralone core 14 in 81% yield.
Removal of the benzyl group in the presence of Boc anhydride
afforded the novel racemic Boc protected spiropyrrolidine–tetralone
15 in 66% yield.

We then sought to synthesize our initial target, spiropiperi-
dine–indanone 1b, via a different synthetic route utilizing alter-
nate chemistry10 as illustrated in Scheme 4. Knoevenagel
condensation of commercially available N-Boc-4-piperidone with
ethyl cyanoacetate provided compound 16 in 76% yield. Subse-
quent 1,4 conjugate addition with 3-fluoromagnesium bromide
in the presence of CuCN in THF provided compound 17 in 91%
yield. Decarboxylation, followed by base-catalyzed hydrolysis
afforded carboxylic acid 18 (55% yield, two-steps). Treatment of
acid 18 with Eaton’s reagent facilitated intramolecular cyclization
with concomitant loss of the Boc protecting group. The Boc group
was re-installed in situ by addition of NaOH and followed by Boc
anhydride to obtain 1b.

The 1H NMR spectra of compounds 15 and 1b show significantly
different splitting patterns for the aliphatic region confirming that
these are different products. The 1H NMR spectrum11 (in CD3OD) of
15 showed six distinct multiplets at 3.68 (1H), 3.58 (1H), 3.53 (2H),
2.75 (2H), 2.23 (3H), and 2.10 (1H) ppm for the pyrrolidine and the
tetralone ring systems. However, the 1H NMR spectrum12 (in CD3OD)
of 1b was consistent with four pairs of multiplets at 4.18, 2.94,
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1.97, and 1.55 ppm corresponding to the desired piperidine ring
system and at 2.74 ppm a two proton singlet for the indanone
methylene group.

In conclusion, we have developed an efficient, high yielding
reaction sequence to generate novel spiropyrrolidine–tetralone
ring systems via an unexpected ring opening of a bridged bicyclic
ammonium salt intermediate with a nitrile nucleophile. These
new spiropyrrolidine–tetralones have the potential to be utilized
as key building blocks for a variety of drug discovery programs in
medicinal chemistry.
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