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Diastereoselective total synthesis of 3,6-disubstit uted piperidine alkaloids, epi-pseudoc onhydrine (1) and 
pseudoconhydrine (2) has been developed starting from enantiopure (S)-epichlorohydrin. The key steps 
in the synthesis of these alkaloi ds involved a-aminobutyrolacton e ring opening with N,O-dimethyhydr-
oxyl amine followed by a Grignard reaction and cascade debenzylation-reductive aminativ e cyclization 
under hydrogenation conditions. High de was obtained in the synthesis of epi-pseudoconhydrine (1).

� 2013 Elsevier Ltd. All rights reserved.
Development of new synthetic methodologies for the enantiose-
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Figure 1. Natural products containing piperdin-3-ol framework.
lective and diastereoselective synthesis of functionalized chiral piper-
idines has achieved significant importance in the recent past, because
of their widespread presence in several biologically active natural and
unnatural products.1 Cassine (3),2 spectaline (4),3 deoxocassine (5),
azimic acid (6), carpamic acid (7), 5-hydroxy sedamine (8), and pros-
opinine (9) are few of the biologically active piperidine based natural
products (Fig. 1) with varied biological activities. These six membered
nitrogen heterocyclic natural products exhibit antibiotic and anes-
thetic properties.4 Pseudoconhydrine (2) is one of the difunctional-
ized piperidine based alkaloids, isolated from poison Hemlock,
Conium maculatum L.,5 along with coniine, N-methylconiine, c-con-
iceine, and conhydrine. The (�) pseudoconhydrine (2) is (3R,6R)-6-
propylpiperidin-3-ol with trans stereochemical relationship between
the substituents on a piperidine frame work, whereas (+)-epi-pseud-
oconhydrine (1) has a cis (3R,6S) stereochemical relationship. Similar
to epi-pseudoconhydrine (1), cis stereochemical relationship between
3,6-disubstitution on piperidine ring has also been found in a number
of natural products such as 5-hydroxy sedamine (8), azimic acid (6),
carpamic acid (7), and cassine (3).6

Though thermodyna mically favored 3,6- trans-diastereose lec- 
tive synthesis of pseudoconhy drine (2) is well reported,7 the syn- 
ll rights reserved.

 Kumar).
thesis of challenging cis isomer, that is, epi-pseudocon hydrine (1)
has limited preceden ce in the literature.8 The racemic pseud- 
oconhydr ine synthesis is reported way back in 1949 by Leo Marion 
and W. F. Cockburn et al. starting from appropriate ly substitut ed
pyridine derivative.9 Diastereoselecti ve synthesis of pseudoconhy- 
drine is develope d from homochiral N-alkenylu rethane 7b and also 
from N-Boc-2-acyloxazo lidines.7k The ring expansion strategy of
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appropriate ly substitut ed dihydrofura none derivatives has been 
utilized in the synthesis of pseudoconhyd rine and epi-pseud-
oconhydrin e.8b Harrity and co-worke rs reported the cycloadditio n
reaction of substitut ed aziridine s with Pd–trimethylenemethane 
complexes for the synthesis of pseudoconhyd rine.10 Other note- 
worthy syntheses of pseudoconhy drine and epi-pseudocon hydrine 
includes tandem hydroformylat ion–condensation reaction,7t ring
expansion of the substitut ed proline derivatives 7h, and also the 
metal-free regioselective aminotrifluoroacetoxylation of alkenes.11

Most of these epi-pseudoconhydr ine (1) and pseudoconhyd rine 
(2) syntheses gave the product in high yields and de and in some 
cases with high ee, the use of complex reagents, and unstable inter- 
mediates makes some of these syntheses quite difficult to perform 
on higher scales. Some of these reported synthese s although began 
with chirally pure starting materials, the final products were iso- 
lated as diastereomeric mixtures.

As part of our continued efforts to develop new methodologies 
for the synthesis of biologically active natural and unnatural prod- 
ucts,12 herein we report our successful efforts toward the total syn- 
thesis of (+)-epi-pseudoconhydr ine (1) and (�)-pseudoconhydrine 
(2) starting with enantiomeri cally pure (S)-epichlorohydrin. The 
retrosynthe tic analysis of pseudoco nhydrine (2) is provided in
Scheme 1. Pseudoconhydr ine (2) could be obtained from chiral c-
hydroxyket one 17 by a cascade debenzylati on-stereocontrol led 
reductive amination process. The ring opening of chiral a-amin-
obutyrolactone 15 with N,O-dimethylhyd roxylamine followed by
Grignard reaction would provide a direct access to c-hydroxyke-
tone 17. Chiral a-aminobutyrolact one 15 in turn could be obtained 
from dihydrof uranone-3-carbox ylate (14) formed by the reaction 
of a-aminoepoxide (12) and diethyl malonate (13).

We initiated the synthesis of (�)-pseudoconhydrine (2) from 
enantiomeri cally pure (S)-epichlorohydrin 11, and dibenzylami ne
10. Thus dibenzylam ine 10 was reacted with (S)-epichlorohydrin 
11 in the presence of sodium hydroxide at 65–70 �C under neat 
reaction conditions and the required product a-aminoepoxide
12 was isolated in 95% yield with SOR, +6.5 �. The oxirane ring 
in 12 was opened with diethyl malonate 13 in THF, in the pres- 
ence of freshly prepared sodium ethoxide to yield (5R)-ethyl 5-
((dibenzylamino)methyl)-2-oxotetrahydrofu ran-3-carbo xylate 14,
which was then subjected to in situ hydrolysis and decarboxyl- 
ation under Krapcho conditions.13 The product (R)-5-((dibenzyla- 
mino)methyl)dihydrofuran-2(3H)-one 15 was isolated in 51% of
overall yield. Though ring opening of a-aminobutyrolact one 15
with n-propyl magnesium bromide was attempted, the reaction 
did not yield the expected product (R)-8-(dibenzylamino)-7-
hydroxyoctan- 4-one (17), and unwanted tertiary alcohol 18 was
isolated as the major product (Scheme 2). Thus to synthesis c-
hydroxyket one 17, a stepwise approach was explored. The mag- 
nesium N,O-dimethylhydr oxylamine was generated from Me(M-
eO)NH under Bodrouxs reaction conditions using isopropyl 
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Scheme 1. Retrosynthesis.
magnesiu m chloride, which was then used for the ring opening 
of 15 and the correspondi ng Weinreb amide 16 was isolated in
75% yield.14 The Weinreb amide 16 was then reacted with excess 
n-propyl magnesium bromide and the product c-hydroxyl ketone 
17 was obtained in 70% yield after column chromatograp hic 
purifications.

A one pot three-step cascade reaction which involves debenzy- 
lation, cyclization, and reductive amination was then investiga ted 
on 17 to get the required natural product 2.15 Thus c-hydroxy ke- 
tone 17 was subjected for hydrogenati on reaction with 10% Pd/C in
ethanol at room temperature under 30 psi hydrogen pressure 
(Scheme 3). The debenzylation, concomitan t reductive amination 
reaction on 17 resulted the epi-pseudocon hydrine (1) and pseud- 
oconhydr ine (2), in 1.7:1 cis:trans diastereos electivity. Our subse- 
quent efforts to improve the diastereos electivity during the 
reductive amination reaction under these conditions were not 
successfu l.
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Our efforts toward the separation of the diastereom ers (20) by
crystallization or by column chromatograp hy were not successful,
and thus decided to separate these diastereomer s by protection–
deprotectio n protocols. The N-Cbz protectio n was performed on
the diastereomer ic pair (20)7j and individual N-Cbz protected 
piperidines 21 and 22 were separated by column chromatograp hy.
N-Cbz deprotectio n16 was then carried on 21 and 22 to yield the 
pseudoconhy drine (2) and epi-pseudocon hydrine (1). The epi-
pseudoconhy drine (1)19, and (�)-pseudoconhydrine (2)17, thus ob- 
tained were confirmed by spectral and analytica l data and found to
be identical with the reported literature values. [(�)-Pseudoconhy- 
drine (2): mp 184.48 �C (water); lit.7t mp 185–185.5 �C], specific
optical rotation, ½a�25

D = �5.5� {c 0.26, EtOH (free base)}; lit.7h

½a�25
D = �6� (c 1.05, MeOH, HCl salt), lit.,10 ½a�25

D = �11.4� (c 0.99,
CH2Cl2, free base). {epi-Pseudoconhy drine (1) ½a�25

D = +9.4 � (c 1.0,
MeOH, HCl salt)}; lit.7b, ½a�25

D = +9.24 �, MeOH. {lit. data for the (�)
enantiomer,7r ½a�25

D = �11.1� (c 1.0, EtOH)}.
To increase the diastereoselecti vity during the hydrogenati on

reaction, which involves debenzylation and reductive aminative 
cyclization, we decided to protect the –OH group in c-hydroxyke-
tone 17 with a bulky protecting group (Scheme 4). The hydroxyl 
group in 17 was protected with TBDMS using TBDMSCl/imidazo le
in the presence of a catalytic amount of DMAP and the product 23
was isolated in 82% yield as viscous liquid. The cascade debenzyla- 
tion-reductive aminative cyclization on 23 with 10% Pd/C under 
hydrogenati on conditions yielded a mixture of TBDMS protected 
epi-pseudocon hydrine 25, and TBDMS protected pseudoconhy- 
drine 26 in 9:1 diastereomer ic ratio in 91% yield. The deprotectio n
of TBDMS group in 25 and 2618 and further purification by column 
chromatograp hy afforded (+)-epi-pseudocon hydrine (1) as a single 
diastereomer in 76% yield. The spectral data 19 of our synthetic (+)-
epi-pseudocon hydrine (1) are in accordance with the reported 
values.7b

The diastereoselecti vity in the cascade debenzyl ation-reductiv e
aminative cyclization is probably due to the increased steric bulk- 
iness of O-TBDMS group, which directs the hydrogenation from its 
anti phase as shown in Fig. 2. The hydrogenati on of imine in 24 will
occur from less hindered b-face, and yields cis (3R,6S) isomer 25 as
the major distereom er,20 whereas the hydrogen ation from the 
same face of bulky O-TBDM S group results the trans (3R,6R) isomer 
26 as the minor isomer. The unprotected –OH group in 19 does not 
have the ability to direct the imine hydrogenation under these con- 
ditions, hence resulted in poor diastereosel ectivity in pseud- 
oconhydrin e synthesis.
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In summary, a highly diastereos elective synthesis of (3R,6S)-
epi-pseudocon hydrine (1) and (3R,6R)-pseudoconhydrine (2) has 
been developed, with good yields. The three-step cascade reaction 
involving debenzylati on, cyclization, and reductive amination was 
performed in a one pot process. The stereochemical outcome of the 
hydrogen ation reaction can be rationalized by the steric bulkiness 
of the protecting groups. The develope d routes for these alkaloids 
utilize fairly inexpensive reagents, and an operational friendly pro- 
cess. This strategy opens a new way for the enantioselective con- 
struction of disubstituted and polysubstituted piperidine 
alkaloids in good yield and highlight s the usefulnes s of a-amin-
obutyrol actones in asymmetric synthesis. The application of this 
methodol ogy for the synthesis of other biologically active complex 
piperidin e alkaloids is currently underway.
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