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The furan approach to azacyclic compounds
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Abstract

We describe an efficient new approach to the synthesis of azacyclic compounds that extends our recently developed methodology
based on the oxidation of a furan ring with singlet oxygen followed by an intramolecular hetero Michael addition. The new approach
gives access to the readily opened bicyclic lactones and novel tricyclic heterocycles containing the piperidine ring.
� 2008 Elsevier Ltd. All rights reserved.
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The ring system of piperidine is a structural sub-unit
found in many natural compounds with interesting physi-
cal and biological properties,1 including such pharmaco-
logically relevant alkaloids as compounds 1–5 (Fig. 1).
Pharmacological interest in febrifugine (4) and isofebrifu-
gine (5), which were first isolated from Dichroa febrifuga2

and Hydrangea umbellata,3 and whose absolute structures
were determined in 1999,4 derives from their potentially
powerful antimalarial activity.5 The in vivo activity of feb-
rifugine is similar to that of the widely used drug chloro-
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N
H

N

N

O

O
OH

4  (+) - febrifugine

N
H

N
H

1 lupetidine 2  conii

Fig. 1. Structures of natural produc
quine,5a,b but side effects such as diarrhoea, liver toxicity6

and vomiting7 prevent its medical use. Given the urgent
need for new antimalarial drugs,8 derivatives and ana-
logues that are just as effective as 4 but lack its adverse
effects are accordingly being sought.

Numerous syntheses of piperidines have been devised.9

In the work described here, with a view to the eventual syn-
thesis of febrifugine analogues, we approached these com-
pounds by adapting the methods we have developed for
the synthesis of oxacyclic compounds from methoxyallene
.).
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or furan.10 This methodology has given access to chiral
butenolides,11a natural oxacyclic products,11b polyoxe-
panes11c and polytetrahydropyrans,11d and has also been
extended to the synthesis of carbocyclic systems.12 We have
now embraced the synthesis of azacyclic compounds.

The bicyclic lactone 11 is a possible precursor of the
piperidine moiety of 4 and 5, previous work having shown
that this kind of lactone is easily opened using lithium alu-
minium hydride.10d We envisaged that compound 11 could
be prepared from the commercially available furan deriva-
tive 6 via compound 9 as shown in Scheme 1. As expected,
compound 6 (from Avocado Research Chemicals Ltd)
reacted with LAH in ether to give alcohol 7 (89% yield),
and alcohol 7 was then easily converted into tosylate 813

(97% yield), which upon reaction with sodium azide in
DMF (90%) gave azide 9.13

As anticipated, the oxidation of furan 9 with singlet oxy-
gen, followed by treatment with acetic anhydride in pyr-
idine, gave butenolide 10 (99% from 9, crude yield).
Unfortunately, azide 10 proved to be rather unstable,14

and upon standing underwent quantitative [3+2] cyclo-
addition to the tricyclic triazoline 12,15 thus hampering
its conversion to bicyclic lactone 11 under Staudinger con-
ditions.16 The relative stereochemistry of 12 was confirmed
by NOE experiments (Fig. 2). Although we could not
observe NOE between the methoxy group and the cis
hydrogens of the fused five-membered rings, we know from
the previous work11e that the fusion between the five- and
six-membered rings is cis.

In view of the above result, we decided to convert azide
9 into a protected amine before proceeding further.
Accordingly, 9 was transformed under Staudinger condi-
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Scheme 1. Reagents and conditions: (i) LiAlH4, Et2O (89%); (ii) pTsCl, pyr (
Ac2O, py, DMAP (99%, two steps); (v) PPh3, THF, H2O; (vi) 10 is converted
tions16 into the corresponding free amine, which without
isolation was reacted with Boc2O, giving the Boc-protected
amine 1313 in excellent yield (96% from azide 9). The oxi-
dation of furan 13 with singlet oxygen, followed by treat-
ment with acetic anhydride in pyridine, then afforded
butenolide 1413 (99%, two steps, crude yield); and the treat-
ment of 14 with sodium hydride in DMF gave the targeted
bicyclic lactone 1517 through an intramolecular Michael
reaction (Scheme 2). The yield of 15 is currently being
optimized.

Finally, noting that triazoline 12 might itself be a useful
synthon for the preparation of compounds with piperidine
rings, and as chiral furan 16 was available in our labora-
tory,11b we decided to attempt the preparation of chiral
triazolines 20a and 21a as shown in Scheme 3.

The deprotection of 16 with TBAF afforded a 68% yield
of alcohol 17,13 which was transformed into azide 1813 by
mesylation followed by azidation (74% from 17). The oxi-
dation of 18 with singlet oxygen, followed by treatment
with acetic anhydride in pyridine, led to butenolide 19,
which upon standing afforded a mixture of two inseparable
OH
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97 %); (iii) NaN3, DMF (90%); (iv) (a) 1O2, MeOH, rose bengal, hm; (b)
on standing into 12 (quantitative).
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Scheme 2. Reagents and conditions: (i) (a) PPh3, THF, H2O; (b) Boc2O, NaHCO3 (96%, two steps); (ii) (a) 1O2, MeOH, rose bengal, hm; (b) Ac2O, py,
DMAP (99%, two steps); (iii) NaH, DMF (30%).
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Scheme 3. Reagents and conditions: (i) TBAF, THF (68%); (ii) (a) MsCl, Pyr, 0 �C; (b) NaN3, DMF (74%, two steps); (iii) (a) 1O2, MeOH, rose bengal,
hm; (b) Ac2O, pyr, DMAP (77%, two steps, crude yield); (iv) 19 is converted on standing into 20a and 21a.
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chiral triazolines, 20a13 and 21a.13 Herdeis and Schiffer14a

reported that triazolines underwent quantitative isomeriza-
tion to the corresponding diazoamines, but in our case no
trace of the formation of diazoamines 20b and 21b was
observed (Scheme 3).

In conclusion, we have shown that the furan approach
to oxacycles we developed some years ago can be extended
to the synthesis of azacyclic systems. Work is now in pro-
gress on the use of building blocks 12, 15, 20a and 21a in
the synthesis of natural products containing the piperidine
moiety.
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Haddad, M.; Larchevêque, M. Tetrahedron Lett. 2001, 42, 5223–5225;
(j) Reddy, M. S.; Narender, M.; Rao, K. R. Tetrahedron 2007, 63,
331–336.
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