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Fig. (1). Compounds with 4-spiro piperidine skeleton as pharmaceuticals.
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Abstract. Synthesis of new dihydrospiro[quinoline-2,4’-piperidines] by a two-step synthetic route based on
4-piperidone imine reactivity is reported. An acetyl migration in 1-acetyl-1’-benzyl-4-methyl-3,4-
dihydrospiro[quinoline-2,4’-piperidines] under debenzylation conditions (HCOONH4/Pd/C/MeOH) is found.
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Spiropiperidinyl compounds have attracted an increasing
interest as the synthetic targets due to their important
activity as pharmacophores in several biologically active
compounds [1-3]. The azaspirocyclic structure of some
alkaloids has been discovered from various natural sources
and their biological activities are presumably associated with
this spiro structure [4]. The synthetic compounds with a 4-

spiropiperidine motif possess interesting activities as well.
For instance, spiro[[2]benzopyran-1,4’-piperidine] A and
spiro[[1]benzothiopyran-2,4’-piperidine] B belong to the
most potent and σ2- and σ1-selective ligands respectively
[5,6], and spiro[[1]benzopyran-2,4’-piperidine] C is used as a
lead compound to identify a series of acyclic sulfones as the
selective high-affinity 5-HT2A receptor antagonist [7]
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“Fig.(1)”. In addition, the utility of 2,2-disubstituted 3,4-
dihydroquinolines as pharmaceuticals and as feed additives
is well documented [8]. However, little attention has been
paid to the heteroaromatic system, where the piperidine and
quinoline rings are linked through a spiro atom at their C-4
and C-2 positions respectively. This spiro system (3,4-
dihydro-spiro[(1H)quinoline-2,4’-piperidine]), where the

spiranic center is the carbon adjacent to the phenylamine
nitrogen, shows interesting features that make them
attractive for synthetic and pharmacological use. We have
been engaged in systematic study of spiroannulated
quinolines [9] including some spiro[(1H)quinoline-2,4’-
piperidines] [10]. To the best of our knowledge, little has so
far been published on the synthesis and chemistry of related
spiropiperidinoquinolines [11,12].

In a continuation of our efforts to exploit the synthetic
potential of 1-allyl-1-N-arylaminocyclanes (homoallylami-
nes) in the preparation of a wide variety of nitrogen
heterocycles with various biological activities, we
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Scheme 1. Reagents and Conditions: (i) Reflux, 6-8 h, cat. AcOH; (ii) Allylmagnesium bromide, Et2O, 4-5 h; (iii) 85% H2SO4, 80 °C,
4-6 h: (iv) Ac2O/Et3N, 60 °C, 8 h; (v) HCOONH4/Pd/C/MeOH, reflux, 2-4 h.

synthesized a series of spiropiperidinyl quinolines of the
type D “Fig.(1)” those chemistry will be discussed below.
As shown in Scheme 1 , our synthetic route to the
heterospiranes (3-5) of the general formula D involves the
preparation of the key intermediates (2). The new 4-allyl-1-
benzyl(ethyl)-4-N-arylaminopiperidines (2) have been
obtained by addition of allylmagnesium bromide to the
corresponding freshly prepared ketimines (1) using the
Grignard procedure [13]. Allylmagnesium bromide has been
prepared from allyl bromide and magnesium in anhydrous
Et2O. These 4-N-arylaminopiperidines were isolated as stable
reddish or yellow oils in 88-92% yield following the
distillation under reduced pressure and chromatographic
techniques.

Given that the acid catalyzed intramolecular Friedel-
Crafts cycloalkylation of the appropriate substrates turned
out to be powerful and widely used methodology in this
domain [14,15], we subjected the aminopiperidines (2) to
treatment with excess of 85% H2SO 4 at 80°C, which
effectively resulted in preparing new 1’-benzyl(ethyl)-4-
methyl-3,4-dihydrospiro[(1H)quinoline-2,4’-piperidines] (3)
in excellent yields (Scheme 1).

N-Benzyl derivatives 3b,c have been easily acetylated
(Ac2O/Et3N) to give the acetyl substituted spiroquinolines
4b,c in 82-86% yields. Having obtained these amides, we
hoped to prepare spiranes 6b,c that could be important
precursors to make piperidinic drug-like molecules.
However, under debenzylation conditions (HCOONH4,
Pd/C) in refluxing methanol, the acetyl derivatives 4b,c
suffered not only the debenzylation process, but the
transposition of the acetyl group as well. The acetyl moiety
was reanchored by the piperidinic nitrogen atom, which is
more nucleophilic than that of the tetrahydroquinoline

fragment [16], which resulted in the formation of the
unexpected spiroquinoline piperidines 5b,c. The compounds
5b,c have been isolated as beige solids with 56-58% yields
after purification by flash chromatography on Al2O3. It
should be noted that 1’-acetyl-4-methyl-spiro[(1H)quinoline-
2,4’-piperidine] have been earlier synthesized from 1-acetyl-
4-allyl-4-(2-bromophenylamino)piperidine via a Heck
reaction [17].

The structural elucidation of the acetyl derivatives 4b,c
and 5b,c and their precursors 3b,c is based on 1H-, 13C
NMR spectra and DEPT 135 data, which show a significant
difference in behavior of piperidine protons (Table 1) and
carbons [18]. First of all, the H-H coupling constants of
these derivatives indicated that spiropiperidine ring of these
molecules possesses a chair conformation and a piperidine
moiety of tetrahydroquinoline has a half-chair conformation.
This is consistent with the literature data for the similar ring
systems [19]. It should be noted that in the spectra of the
compounds  3b,c  and 4b,c  we did not observe any
conformers. In contrast to this, two signals in the 1H- (N-
COCH3 at 2.10-2.13 and 2.11-2.14 ppm) and 13C-NMR (4-
CH3 at 20.4-21.0 ppm and CO at 168.0-169.0 ppm) spectra
of the compounds 5b,c indicated the presence of two
rotamers that can be explained in terms of amide rotation
[19]. The ratio of these rotamers was 1,2:1,0 as determined
by NMR integration of the carbon of the C=O group. Easily
assignable four piperidine protons (2’-H and 6’-H) of the
compounds 5b,c were deshielded and magnetically non-
equivalent, appearing at ca. 1.50-1.80 ppm downfield as
compared to the respective piperidinic protons of the
compounds 4b,c and 3b,c (Table 1). These facts confirm the
presence of the acetyl group attached to the piperidine
nitrogen atom. This acetyl migration can be understood by
assuming an intramolecular acetyl transfer reaction from a
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Table 1. 1H NMR Spectra [400 MHz, CDCl3/TMS, δ, J (Hz)] of Compounds (3b,c-5b,c)

Comp. Tetrahydroquinoline protons Piperidine protons

N-R2 3-Ha 3-He 4-H 5-H 6-R 7-H 8-H 4-CH3 N-R1 3’(5’)-H 2’(6’)-Ha 2’(6’)-He

3b 3.98
(s, NH)

1.38
(t, J =
12.6)

1.84
(dd, J =

13.0,
5.4)

2.58
(ddc, J
= 9.0,

4.6, 1.5)

6.48
(dd, J =
7.4, 1.0)

6.63
(dt, J =

7.4,
1.0)

6.95
(dt, J =

7.4,
1.0)

7.12 (d,
J = 7.6)

1.31
(d, J =
6.7)

3.52 (s,
CH2),

7.20-7.30
(m, Ph)

1.55-1.77
(m)

2.30-2.39
(m)

2.52-2.64
(m)

3c 3.85
(s, NH)

1.40
(t, J =
12.6)

1.85
(dd, J =

13.0,
5.5)

2.89
(heptet,
J = 6.7)

6.96
(dd, J =
2.3, 1.0)

2.24 (s,
Me)

6.80
(dd, J =

8.0,
2.3)

6.4 (d, J
= 8.0)

1.32
(d, J =
6.7)

3.54 (s,
CH2);

7.28-7.33
(m, Ph)

1.62-1.74
(m)

2.31-2.35
(m)

2.35-2.64
(m)

4b 2.00
(s, Ac)

1.53 (br.
d, J =
14.0)

2.04-
2.12
(m)

2.42
(dd, J =

10.6,
6.0)

7.02-7.36 (m)
1.34

(d, J =
6.9)

3.53  (s,
CH2);

7.17-7.36
(m, Ph)

1.20-1.51
(m)

2.23-2.35
(m)

2.53-2.82
(m)

4c 1.99
(s, Ac)

2.02 (d, J
= 13.8)

2.10 (d,
J =

10.6)

2.58
(dd, J =

12.6,
6.0)

6.99 (s) 2.34 (s,
Me)

6.89 (d,
J = 8.1)

6.97 (d,
J = 8.1)

1.31
(d, J =
6.5)

3.52 (s,
CH2);

7.21-7.35
(m, Ph)

1.12-1.51
(m)

2.19-2.42
(m)

2.69-2.75
(m)

5b 3.85
(s,NH)

1.93
(ddd, J =

12.0,
10.0, 5.2)

1.46 (t, J
= 12.8)

2.58
(sextet,
J = 6.4)

7.19 (d,
J = 7.6)

7.02 (s) 6.72 (d,
J = 7.6)

7.19 (d,
J = 7.6)

1,37
(d, J =
6.4)

2.13; 2.14
(s, Ac)

1.56-1.71
(m)

3.42-3.63
(m)

3.77-4.00
(m)

5c 3.80
(s, NH)

1.89
(ddd, J =

12.0,
10.0, 6.0)

1.42 (t, J
= 12.6)

2.88
(sextet,
J = 6.5)

6.89 (s) 2.24 (s,
Me)

6.45
(dd, J =
8.0, 2.0)

6.82 (d,
J = 8.0)

1.34
(d, J =
6.5)

2.10;  2.11
(s, Ac)

1.52- 1.72
(m)

3.38-3.50;
3.55-3.60

(m)

3.79 (dt, J
= 13.6,
5.5);

3.95 (dt, J
= 14.0, 5.0)

boat-like conformation of the debenzylated piperidine ring
(compounds 6b,c).

In conclusion, the synthesis described herein provides an
effective route in two steps to the substituted 3,4-
dihydrospiro[(1H)quinoline-2,4’-piperidines] and in excellent
yields from commercial piperidinones and anilines. The
obtained products can be used as potential starting synthons
for the subsequent preparation of drug-like molecules based
on the spiro[quinoline-2,4’-piperidine] system. During this
study we found the possibility of acetyl group migration
from tetrahydroquinoline nitrogen atom to piperidinic
nitrogen of the same molecule. This interesting fact is
further being studied in our laboratory.
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