This is a repository copy of Pot, atom and step economic (PASE) synthesis of highly
functionalized piperidines: a five-component condensation.
White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/3384/

Article:
Clarke, Paul A. orcid.org/0000-0003-3952-359X, Zaytzev, Andrey V. and Whitwood, Adrian
C. (2007) Pot, atom and step economic (PASE) synthesis of highly functionalized
piperidines: a five-component condensation. Tetrahedron Letters. pp. 5209-5212. ISSN
0040-4039
https://doi.org/10.1016/j.tetlet.2007.05.141

Reuse
Unless indicated otherwise, fulltext items are protected by copyright with all rights reserved. The copyright
exception in section 29 of the Copyright, Designs and Patents Act 1988 allows the making of a single copy
solely for the purpose of non-commercial research or private study within the limits of fair dealing. The
publisher or other rights-holder may allow further reproduction and re-use of this version - refer to the White
Rose Research Online record for this item. Where records identify the publisher as the copyright holder,
users can verify any specific terms of use on the publisher’s website.
Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

promoting access to White Rose research papers

Universities of Leeds, Sheffield and York
http://eprints.whiterose.ac.uk/

This paper was subsequently published in Tetrahedon Letters.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/3384

Published paper
Clarke, Paul A., Zaytzev, Andrey V. and Whitwood, Adrian C. (2007). Pot, atom
and step economic (PASE) synthesis of highly functionalized piperidines: a fivecomponent condensation. Tetrahedron Letters, 48 (30). 5209-5212.

White Rose Research Online
eprints@whiterose.ac.uk

Accepted Manuscript
Pot, atom and step economic (PASE) synthesis of highly functionalized piper‐
idines: a five-component condensation
Paul A. Clarke, Andrey V. Zaytzev, Adrian C. Whitwood
PII:
DOI:
Reference:

S0040-4039(07)01037-4
10.1016/j.tetlet.2007.05.141
TETL 32247

To appear in:

Tetrahedron Letters

Received Date:
Revised Date:
Accepted Date:

19 April 2007
15 May 2007
24 May 2007

Please cite this article as: Clarke, P.A., Zaytzev, A.V., Whitwood, A.C., Pot, atom and step economic (PASE)
synthesis of highly functionalized piperidines: a five-component condensation,
(2007), doi:
10.1016/j.tetlet.2007.05.141
Tetrahedron Letters

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

ACCEPTED MANUSCRIPT

Graphical Abstract
To create your abstract, type over the instructions in the template box below.
Fonts or abstract dimensions should not be changed or altered.

Leave this area blank for abstract info.

Pot, atom and step economic (PASE)
synthesis of highly functionalised
piperidines: a five component condensation
Paul A. Clarke,* Andrey V. Zaytzev and Adrian C. Whitwood
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Pot, atom and step economic (PASE) synthesis of highly
functionalized piperidines: a five-component condensation
Paul A. Clarke,∗ Andrey V. Zaytzev and Adrian C. Whitwood†
Department of Chemistry, University of York, Heslington, York, YO10 5DD, UK.

Abstract—: The diastereoselective pot, atom and step economic (PASE) synthesis of highly functionalized piperidines has been realized.
The procedure simply involves mixing methyl acetoacetate, 2 eq. aldehyde and 2 eq. of aniline together in the presence of InCl3. In most
cases the piperidine precipitates out of solution.

economic, diastereoselective synthesis of highly
Functionalized piperid ines occur with great regularity in
functionalised piperidines.
the natural product arena and as important units in
pharmaceuticals. Consequently, a huge amount of effort
Our initial strategy was similar to the one we had
has been directed towards developing ever more efficient
developed for our synthesis of THPs,3, 6 that is,
methods to synthesize them. 1 For example, over the last ten
disconnection of the target piperidine to a β-ketoester
years thousands of piperid ine-containing compounds have
derivative and two aldehyde derived reaction partners
been entered into preclinical and clinical trials.2 We have
(Scheme 1). In this instance we envisaged using an imine
recently become interested in the development of ‘Greener’
as one of the reaction partners and an aldehyde as the other,
methods for the synthesis of organic molecules of medium
giving us the potential for diversification at the greatest
complexity, and have reported the pot, atom and step
number of positions around the piperidine ring.
economic (PASE) synthesis of highly substituted
tetrahydropyran-4-ones.3 Pot, atom4 and step 5 economy
aims to combine as many transformations as possible into a
O
"
"
O
O
single reaction vessel, without the need for work-up and
O
O
e.g.
isolation of intermediate compounds. Ideally, all the
RO
RO2C
reagents should also be incorporated into the final product.
This should lead to a reduction in the amount of waste
O
O
R3
N
R1
generated by a synthetic route due to the minimisation of
R 2NH 2
2
1
3
R
R
R
by-products, reaction and extraction solvents, silica gel for
chromatographic purification of intermediate compounds
and a like. Process chemists in industry have long been
Scheme 1.
applying these criteria to synthetic routes and during our
discussions with them we became aware of a need to
We initially considered using diketene as the β-ketoester
extend our PASE synthesis of THPs to the synthesis of
derivative, however, problems with supply and the hazards
functionalised piperidines. This Letter reports our success
associated with its use prompted us to consider other
at developing a five-component, pot, atom and step
alternatives. One interesting possibility was to use a β———
Keywords: piperidines, PASE, one-pot, multi-component.
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Scheme 2.
ketoester itself and to increase the nucleophilicity of its αcarbon by formation of the enamine derivative. We
rationalized that it may then be possible to develop a multicomponent reaction which coupled the in situ formation of
the enamine of the β-ketoester, with formation of an imine
and the sequential condensation of the enamine to the
aldehyde and then the imine, forming the desired piperidine
in a pot, atom and step economic fashion. To assess the
feasibility of this approach we conducted a few
investigative studies on the reactivity of the potential
reacting partners (Scheme 2).
We elected to use InCl3 as a Lewis acid promoter as it had
been used previously to catalyze Knoevenagel reactions,7
Mannich-like reactions and imine formation8 and Michael
reactions.9 Initially we pre-formed Knoevenagel adduct 1
and imine 2 and mixed them with aniline in the presence of
InCl3 and we were p leased that the desired piperidine was
formed in a reasonable yield (A). However, when this
reaction was repeated in the presence of anhydrous
potassium carbonate no reaction took place (B). This led us
to speculate that the reaction was actually promoted by
trace amounts of HCl present in the InCl3, although when
we ran the reaction using a solution of HCl in 1,4-dioxane
no product was formed (C). We next examined the reaction
of pre-formed enamine 3 with benzaldehyde and imine 2 in
the presence of InCl3. In this case the desired piperidine 4
was again formed in a moderate yield (D). The Brønsted
acid promoted reaction was also investigated, and in this
instance a 19% yield of piperid ine 4i was recovered

from the reaction (E). Given the success of routes A and D,
we investigated the in-situ formation of both the enamine
and the imine and their condensation/cyclisation reactions,
which is in effect a five-component condensation reaction.
We were delighted that not only did this reaction yield
piperidine 4i, it did so in an increased yield of 60% (F).
The relative stereochemistry of the 2,6-phenyl groups in 4i
was confirmed as trans- by single crystal X-ray analysis
(Fig 1). These studies provided proof of concept that a fivecomponent condensation reaction was indeed a viable
approach to the PASE synthesis of highly functionalised
piperidine rings.

Fig.1: ORTEP diagram of the X-ray Crystal Structure of 4i
(ADP shown at 50%)
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We suggest that a plausible mechanism for the formation of
piperidine 4i involves the Lewis acid promoted formation
of imine 2 and enamine 3, enamine 3 can then undergo a
‘Knoevenagel-like’ condensation with benzaldehyde to
form the iminium ion–Knoevenagel product 5. Loss of a
proton and tautomerisation of the imine to the enamine
generates a diene 6 which can undergo either an aza-DielsAlder cyclisation or a tandem Mannich-Michael reaction to
furnish piperidine 4 (Scheme 3).

components in order to form piperidines with different 2,6substituents and also to the asymmetric synthesis of such
compounds. These studies will be reported in due course.
Table 1.
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Ar 1CHO

In summary, we have developed a five-component
condensation reaction for the formation of highly
substituted piperidines which is pot, atom and step
economic. In general the yields are good and the piperidine
product precipitates from the reaction allowing for easy
isolation. Work is underway to extend the procedure to the
synthesis of piperidines using different aldehyde and imine
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We next investigated the use of the aliphatic aldehydes
benzyloxyacetaldehyde, butanal and iso-butyl aldehyde
with both aniline and p-anisidine, but in all cases multiple
products arose. This can be attributed to a number of
reasons: (i) the propensity for aliphatic aldehydes to favour
enamine formation rather than imine formation and, (ii) the
enamines of the aliphatic aldehydes forming preferentially
to the enamine of the β-ketoester and then condensing with
any remaining aldehyde before the desired reaction occurs.
Additionally, we investigated the use of benzylamine
instead of aniline, however, only the HCl salt of the amine
was isolated, presumably due to the more basic nature of
aliphatic amines compared to anilines.

Ar2NH2

a

c

Given the success of these preliminary studies we decided
to investigate the scope of the reaction and the results are
displayed in Table 1.10 Some interesting observations were
made during these studies. p-Anisidine reacted faster than
aniline, and in general reactions were complete within 24 h
rather than 48 h. While 4-chloroaniline reacted very slowly
and took 7 days to generate a 52% yield of the p iperidine
product, p-nitroaniline did not react at all. This is
undoubtedly due to the reduced nucleophilicity of these
anilines compared to p-anisidine and aniline. A wide range
of aromatic aldehydes could be used in the reaction. Yields
were found to be lower when 2-substituted aldehydes were
employed and this is probably due to steric effects. In the
cases
of
aniline/4-methylbenzaldehyde
4g
and
aniline/benzaldehyde 4i, hydrolysis of the final enaminepiperidine occurred to some extent yield ing the enolpiperidines in 3% and 11%, respectively. It was also found
that certain aldehyde–aniline combinations did not form
any piperidine, as the reaction stopped due to the
precipitation of an insoluble imine (Table 2).
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O
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