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A short formal synthesis of paroxetine. Diastereoselective
cuprate addition to a chiral racemic olefinic amido ester
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Abstract—A diastereoselective conjugate addition of an organocopper reagent to a chiral racemic olefinic amido ester has been
used as the key step in a formal total synthesis of paroxetine. © 2001 Published by Elsevier Science Ltd.

Drugs that modulate the physiological and pathophysio-
logical actions of serotonin are useful or potentially
useful in the treatment of a variety of human diseases,
including depression, anxiety, alcoholism, chronic pain,
emesis and eating disorders.!

For example, paroxetine which is an enantiomerically
pure (-)-trans-3,4-disubstituted piperidine, is used in
the treatment of depression, obsessive compulsive disor-
der and panic disorder.? Moreover, it has a reduced
propensity to cause the side effects usually associated
with tricyclic antidepressants.®* Due to the importance
of its biological properties, several syntheses of this
compound have been achieved.*

Here we report the formal synthesis of paroxetine
according to the following retrosynthetic scheme
(Scheme 1). The key step for obtaining paroxetine was
the conjugate addition of an organocopper compound
to a chiral olefinic amido carboxylate of the concave
chiral racemic alcohol A,> which can be easily prepared
from N-Boc protected d-valerolactam 1.

The treatment of N-Boc d-valerolactam 1 with Li-
HMDS at -78°C (1.3 equiv., THF) followed by the
addition of methyl chloroformate afforded the corre-
sponding methyl amidocarboxylate 2° in 93% yield. The
asymmetric shielded amido ester 3 was readily available
by a transesterification reaction of 2 with the chiral
racemic auxiliary A (1 equiv.) mediated by DMAP (2
equiv., toluene, reflux).” A 65/35 mixture of two
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diastereomers 3a and 3b was obtained in 50% yield.
Phenylselenation of the mixture of 3a/3b gave a mixture
of diasterecomeric selenides 4a and 4b (75/25) which
were not separated but oxidized with H,O, (CH,Cl,,
0°C) to furnish the oxidative deselenation product 5 in
quantitative yield. The addition of Ilithium di(4-
fluorophenyl)cuprate (4 equiv., THF, —-78°C) to the
asymmetric olefinic amido ester 5 led to the conjugate
addition product 6 in 80% yield (Scheme 2).

It is worth noting that the NMR spectrum of the
unpurified conjugate addition product indicated excel-
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Scheme 1. Retrosynthetic analysis.
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Scheme 2. Formal total synthesis of paroxetine.

lent diastereoselectivity (>98:2). However, the 'H and
13C NMR spectroscopic data of 6® did not reveal the
relative stereochemistry between the newly introduced
groups and the chiral auxiliary. Fortunately 6 was
crystalline (mp=215-217°C) and its structure could be
determined by X-ray diffraction spectroscopy (Fig. 1).°

Attack of the organocopper reagent to the asymmetric
olefinic amido ester 5 occured from the less hindered
face of the s-trans enoate double bond leading to the
formation of 6 with a very high level of diastereoselec-
tivity (Fig. 2).’

Cleavage of the chiral auxiliary from the sterically
crowded olefinic amido ester 6 was accomplished by
reduction with LAH in THF (7 equiv., 0°C to rt, then
reflux), which gave the known amino alcohol 7 in 85%
yield.
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Since piperidine 7 has been converted into parox-
etine,*¢* the present transformation of the N-Boc pro-
tected o-valerolactam (six steps, 21% overall yield)
constitutes a formal synthesis of paroxetine. As the
auxiliary A can be prepared enantiomerically pure,
(-)-paroxetine can be obtained by using this synthetic
route. Furthermore, our work demonstrates for the first
time that highly diastereoselective addition of cuprates
can be performed on chiral facially shielded cyclic
olefinic amido ester.
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2.27 (s, 3H), 2.00 (s, 3H), 1.99-1.82 (2H), 1.67 (m, 1H),
1.54 (s, 9H), 1.34-0.99 (3H), 1.03 (s, 3H), 0.89 (s, 3H), 0.81
(s, 3H); '3C NMR (CDCl,, 75 MHz) J 168.8 (s), 167.3 (s),
161.7 (d, J=244.8 Hz), 152.1 (s), 138.8 (s), 138.7 (d, J=3.7
Hz), 138.3 (s), 137.1 (s), 136.9 (s), 132.5 (d), 130.1 (d),
129.4 (d), 128.8 (dd, J=7.9 Hz), 128.2 (d), 127.5 (d), 115.6
(dd, J=21.4 Hz), 83.1 (d), 78.0 (s), 59.0 (d), 57.4 (d), 51.2
(s), 49.2 (d), 45.8 (s), 43.5 (1), 39.7 (d), 30.5 (vt), 28.0 (q),
26.7 (1), 21.1 (q), 20.9 (q), 19.5 (q), 19.4 (1), 19.3 (q), 14.4
(q); MS CI* (NH,;) (relative intensity): 750 (M+NH,*, 11),
634 (37), 633 (92), 593 (20), 493 (40), 415 (29), 414 (100),
274 (23), 174 (20); HRMS (CI*, NH,;): caled for
C, HsoFN,O,S (M+H"): 733.3323. Found: 733.3317.

. Crystallographic data (excluding structural factors) for the

structure in this paper have been deposited with the Cam-
bridge Crystallographic Data Centre as supplementary
publication numbers CCDC 162939. Copies of the data
can be obtained, free of charge, on application to CCDC,
12 Union Road, Cambridge CB2 1EZ, UK [fax: +44 (0)
1223-336033 or e-mail: deposit@ccdc.cam.ac.uk].



