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trans-hexahydropyrido[2,1-a]isoindole derivatives
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Abstract—A new and highly stereoselective access to 4,10b-trans or 4,10b-cis hexahydropyrido[2,1-a]isoindole derivatives is
reported, both requiring an intramolecular Mannich-type reaction as key step. The cis diastereoisomer is obtained in three steps
from a 2-alkyl benzaldehyde through the stereoselective formation of a 2,6-cis-disubstituted piperidine, while the trans stereomer
is efficiently obtained, in a single step, if a 2-formyl benzoic acid is involved in the Mannich cyclization process.
� 2004 Elsevier Ltd. All rights reserved.
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Figure 1.
The dihydroisoindolin-1-one ring system is present in
numerous synthetic and natural compounds, which
exhibit interesting biological properties. For example,
3-substituted dihydroisoindolin-1-ones such as pazina-
clone 11 and zoplicone 22 possess a pharmaceutical pro-
file similar to benzodiazepines (sedatives, hypnotics)3

and have been commercialized as anxiolytics. Fused
polycyclic dihydroisoindolin-1-ones have also been re-
ported, such as lennoxamine 34 (isolated from Berberis
darwinii) or compound 4,5 which has been described as
a non-nucleosidic HIV reverse transferase inhibitor
(Fig. 1).

If several synthetic pathways have been proposed to ob-
tain 3-substituted dihydroisoindolin-1-ones6, only a few
were devoted to the asymmetric synthesis of such frame-
work,7 starting either from phthalimide derivatives or
from 2-formyl benzoic acid. Consequently, new stereo-
selective routes to dihydroisoindolin-1-ones have to be
explored. Part of our research program concerns asym-
metric synthesis of saturated N-heterocycles and we
have recently proposed a stereoselective access to poly-
substituted piperidine systems. Our approach, summa-
rized in Scheme 1, rests on the use of an aldehyde
involved in a Mannich-type reaction with an a-chiral
ketoprotected 1,3-aminoketone 5 and gives a selective
0040-4039/$ - see front matter � 2004 Elsevier Ltd. All rights reserved.

doi:10.1016/j.tetlet.2004.10.045

Keywords: Isoindoles; Piperidines; Stereoselective synthesis; Intramole-

cular Mannich reaction.
* Corresponding author. Tel.: +33 473407139; fax: +33 473407008;

e-mail: troin@chimie.univ-bpclermont.fr
access to the corresponding cis-2,6-disubstituted piperi-
dines.8 This methodology has been successfully applied
to the synthesis of natural products.9

Accordingly, we reasoned that this strategy, applied
from 2-formylbenzoic acid and derivatives, should fur-
nish a rapid stereoselective entry to the hexahydropyr-
ido[2,1-a]isoindolinone ring system via cyclization of
the piperidine intermediate 6 (Scheme 1). In order to
verify the feasibility of this sequence, preliminary experi-
ments were carried out using simplest non-chiral keto
protected b-aminoketone 7.10 Thus, we could observe
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that condensation of 2-formyl benzoic acids 8a,b with
amine 7, in toluene at reflux in the presence of para-tolu-
enesulfonic acid (1.2equiv), gave directly tetracyclic
lactams 9a,b as sole reaction products (75% isolated
yield; Scheme 2). Structures of 9a,b were unambigu-
ously deduced from 1H NMR data, notably with the
H-10b signals (dd, J = 5.5 and 12.5Hz) characterizing
a pseudo axial position. Subsequent treatment of 9 with
an excess of ethanedithiol in dichloromethane in the
presence of BF3ÆEt2O afforded in nearly quantitative
yields dithiolane derivatives 10a,b whose hydrogenolysis
was completely and cleanly achieved, using W2 Raney
nickel11 in refluxing methanol, and furnished com-
pounds 11a,b. Spectral data of 11a were identical in all
respect with those previously described.12 On the other
hand, carboxamide LAH reduction of 9a prior to the
same deoxygenation sequence yielded efficiently polycy-
clic isoindole derivatives 12–14 (Scheme 2). Spectral
data of 14 hydrochloride salt were in excellent agree-
ment with those already reported.13

Moreover, standard deprotection of 9a led to the parent
2-oxo compound 15 (86%) whose selective reduction,
using NaBH4 in methanol at room temperature, af-
forded in 78% yield equatorial 2-hydroxy derivative 16
as sole detectable (1H NMR) diastereoisomer (Scheme
2). With these first results, we could demonstrate that
intramolecular Mannich reaction constitutes a valuable
OO
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tool for the rapid construction of a wide range of new
fused polycyclic isoindoles.

Next was the valuation of this approach in asymmetric
synthesis. Thus, ketoprotected 1,3-aminoketone (±)-178

and 2-formyl benzoic acid 8a were engaged in the cycli-
zation step under identical conditions (Scheme 3). By
this way, we could observe the formation of isoindolone
derivative 18, as a unique stereoisomer (61% isolated
yield), which was easily deprotected or reduced to give
compounds 19 and 20,14 respectively. Careful examina-
tion of spectroscopic data of 18 prompted us to assign
the unexpected (Scheme 1) 4,10b-trans relative stereo-
chemistry. Effectively, if H-10b NMR signal (4.67ppm,
dd, J = 13.0 and 4.0Hz) showed clearly a pseudo-axial
position, signal corresponding to H-4 (4.74ppm, dedou-
bled quintet, J = 7.0 and 1.5Hz) seemed to indicate a
pseudo-equatorial orientation and, consequently, a trans
relationship between these two protons. In order to ver-
ify the postulated stereochemistry of 18–20, and accord-
ing to our ability concerning the asymmetric synthesis of
piperidines, we decided to prepare the cis diastereomer
of 20 via the isolation of a stable cis-2,6-disubstituted
piperidine intermediate, prior to the isoindole system
formation. Such an approach required the use, as carbo-
nyl partner in the Mannich reaction, of a benzaldehyde
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ortho-substituted by a group prohibiting the intramole-
cular lactam formation and allowing rapidly the last
cyclization. For these reasons, 2-[(benzyloxy)-
methyl]benzaldehyde 21, conveniently prepared15 in
four steps from phthalide, was selected (Scheme 4).
Thus, this compound reacted with amine 17 in the pres-
ence of 1.2equiv of para-toluenesulfonic acid to yield
(55%), as expected, cis-2,6-disubstituted piperidine 22
exclusively (Scheme 4).

Subsequent selective catalytic hydrogenolysis of 22 af-
forded piperidine 23 in 81% yield. Relative configura-
tions of 22–23 were then unambiguously established
from 1H NMR spectra, particularly from the signals
corresponding to axial H-3 and axial H-5, showing rep-
resentative coupling constants for a 2,6-diequatorial
disubstitution in a chair conformation. Finally, con-
struction of the isoindole moiety was achieved using
an intramolecular Mitsunobu reaction16 and led to the
expected 4,10b-cis tetracyclic compound 2414 in a 75%
yield (Scheme 4). At this stage, direct comparison of
spectroscopic data of 24 with those issued from product
20 (Scheme 3) showed, with no doubt, that these com-
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pounds are diastereoisomers, confirming here the
4,10b-trans relative stereochemistry of hexahydropyr-
ido-isoindole derivative 20.

In order to explain the stereochemical discrepancy ob-
served between the two cyclization modes, giving 18
and 22, some mechanistical aspects need to be pointed
out.

If cis-2,6-disubstituted piperidine 22 is the normal cycli-
zation product of the iminium ion 25 (Scheme 5) as dem-
onstrated,8 formation of trans-4,10b-isoindolone 18
proceeds obviously via an other intermediary specie.
In this case, N-acyliminium ion 26 has to be considered.
Effectively, and as already mentioned,17,18 strong A(1,3)

strain19 orientates the conformational equilibrium of
N-acyliminium 26 to the more stable conformer in which
the methyl group occupies an axial position (Scheme 5).
In consequence, intramolecular trapping of such an
intermediate leads highly predominantly to the 4,10b-
trans adduct 18.

In conclusion, we have described herein a straightfor-
ward access to fused polycyclic isoindolinones. These
compounds were obtained, in a single step, by acidic
condensation of a ketoprotected-1,3-aminoketone and
a 2-formylbenzoic acid. Furthermore, we could also
demonstrate that, if a chiral aminoketone is involved,
the reaction is highly diastereoselective, leading to the
4,10b-trans adduct as sole observable stereomer. Evi-
dence of this configuration was unambiguously estab-
lished through the highly stereoselective synthesis of a
4,10b-cis polycyclic isoindole compound, using as key
intermediate a 2,6-cis-disubstituted piperidine prepared
by intramolecular Mannich-type reaction. Our efforts
are now devoted to the extension of these new routes
to cis and trans hexahydro[2,1-a]isoindole derivatives to
other aminoketones and aldehydes as well as their appli-
cations in the field of enantioselective synthesis. This
crucial last point will permit, in particular, to precise all
the mechanistical points of the 4,10b-trans-isoindolone
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18 formation, and then to define the scope and the lim-
itations of this process. Results will be published in due
course.
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Viret, J.; Prangé, T.; Tomas, A.; Royer, J. Tetrahedron
2002, 58, 5103; (c) Chihab-Eddine, A.; Daı̈ch, A.; Jilale,
A.; Decroix, B. Heterocycles 2002, 58, 449; (d) Couture,
A.; Deniau, E.; Grandclaudon, P.; Hoarau, C.; Rys, V.
Tetrahedron Lett. 2002, 43, 2207; (e) Katritzky, A.; Mehta,
S.; He, H. Y. J. Org. Chem. 2001, 66, 148; (f) Allin, S. M.;
Northfield, C. J.; Page, M. I.; Slawin, A. M. Z. J. Chem.
Soc., Perkin Trans. 1 2000, 1715, and correction 2001,
3415.

8. Ciblat, S.; Besse, P.; Canet, J.-L.; Troin, Y.; Veschambre,
H.; Gelas, J. Tetrahedron: Asymmetry 1999, 10, 2225.

9. (a) Carbonnel, S.; Troin, Y. Heterocycles 2002, 57, 1807;
(b) Ciblat, S.; Calinaud, P.; Troin, Y. J. Chem. Soc.,
Perkin Trans. 1 2000, 353; (c) Ciblat, S.; Besse, P.;
Papastergiou, V.; Veschambre, H.; Canet, J.-L.; Troin, Y.
Tetrahedron: Asymmetry 2000, 11, 2221.

10. Heathcock, C. H.; Davidsen, S. W.; Mills, S. G.; Sanner,
M. A. J. Org. Chem. 1992, 57, 2531.

11. Mozingo, R. Org. Synth. 1941, 21, 15.
12. Abe, Y.; Ohsawa, A.; Igeta, H. Heterocycles 1982, 19, 49.
13. (a) Meyers, A. I.; Santiago, B. Tetrahedron Lett. 1995, 36,

5877; (b) Parsons, D. G.; Turner, A. F. J. Chem. Soc. (C)
1966, 2016.

14. Selected data for compounds 20 and 24. 20: (1H NMR,
400Mz, CDCl3) d (ppm): 7.2–7.0 (4H, m, aromatics); 4.35
(1H, d, J = 10,0Hz, H-10b); 4.12 (1H, d, J = 13.0Hz, H-
6); 4.00–3.80 (5H, m, acetal and H-6); 3.25 (1H, hexplt,
J = 6.5Hz, H-4e); 2.10 (1H, dd, J = 13.0 and 2.0Hz, H-
1e); 1.95 (1H, dd, J = 13.0 and 5.0Hz, H-3e); 1.80–1.75
(2H, m, H-1a and H-3a); 1.15 (3H, d, J = 6,5Hz, CH3).
(13C NMR, 100Mz, CDCl3) d (ppm): 143.8; 139.5; 127.0;
126.8; 122.6; 121.5; 108.2; 64.3; 63.7; 58.8; 55.1; 50.1; 40.1;
16.1.
24: (1H NMR, 400Mz, CDCl3) d (ppm): 7.19–7.01 (4H, m,
aromatics); 4.13 (1H, d, J = 12,0Hz, H-6); 4.00–3.90 (4H,
m, acetal); 3.63 (1H, d, J = 12,0Hz, H-10b); 3.45 (1H, dd,
J = 12.0 and 3.0Hz, H-6); 2.75 (1H, m, H-4a); 2.22 (1H,
dt, J = 12.0 and 3.0Hz, H-1e); 1.70 (2H, m, H-1a and H-
3e); 1.60 (1H, t, J = 13.0Hz, H-3a); 1.14 (3H, d,
J = 7,0Hz, CH3).(13C NMR, 100Mz, CDCl3) d (ppm):
143.2; 139.9; 126.8; 126.7; 123.6; 121.4; 108.3; 65.0; 64.4;
64.1; 54.1; 53.6; 43.2; 38.0; 20.4.

15. Kirmse, W.; Kund, K. J. Am. Chem. Soc. 1989, 111, 1465.
16. (a) Hsu, J.-L.; Fang, J.-M. J. Org. Chem. 2001, 66, 8573;

(b) Mitsunobu, O. Synthesis 1981, 1.
17. Hart, D. J. J. Am. Chem. Soc. 1980, 102, 397.
18. For a recent review about N-acyliminium cyclizations, see:

Maryanoff, B. E.; Zhang, H.-C.; Cohen, J. H.; Turchi, I.
J.; Maryanoff, C. A. Chem. Rev. 2004, 104, 1431.

19. Johnson, F. Chem. Rev. 1968, 68, 375.


	Short diastereoselective synthesis of cis- and trans-hexahydropyrido[2,1-a]isoindole derivatives
	Acknowledgements
	References and notes


