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An efficient 1,2,4-triazine-based route to the louisianin alkaloids
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Abstract

A new, short and efficient route to louisianins C and D is described in which the pyridine ring is constructed from a disubstituted
1,2,4-triazine by an inverse-electron-demand Diels–Alder/retro-Diels–Alder/aromatisation cascade sequence. This eight-step route
produces louisianin C in 16% overall yield from the commercially available 5-chloropent-1-yne.
� 2008 Elsevier Ltd. All rights reserved.
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Fig. 1. The louisianin alkaloids.

NN

R1

N

R1
R5 R4

O

R5
6

Louisianins A–D (1–4) are a family of alkaloids
reported in 1995, which were isolated from a Streptomyces

sp. obtained from a soil sample collected in Louisiana
(USA).1 Louisianin A proved to be a potent inhibitor of
testosterone-responsive carcinoma SC115, while louisia-
nins C and D were potent suppressors of cultured vascular
endothelial cells in vitro (Fig. 1).2,3

The chemical interconversion of louisianins has been
described,3 but it was not until 2003 that Kelly’s group
published the first total synthesis of louisianin C 3.4 This
was achieved in 9 steps (11% overall yield) starting from
3,5-dibromopyridine; the key cyclopentane-forming step
utilised an intramolecular, fluoride-induced silylpyridine
to aldehyde cyclisation. Then, in 2006, Chang et al.
reported the first total synthesis of louisianin A 1 in 7 steps
(24% overall yield) starting from 2-chloro-4-cyanopyr-
idine.5 In this route, the cyclopentane construction was
achieved using a Dieckmann–Thorpe cyclisation. Both
the routes mentioned started from the commercially avail-
able pyridine derivatives, and the substituents were intro-
duced in a stepwise manner performing the annulation at
a late stage of the synthesis. Recently, however, Chen
et al. prepared louisianin D starting from ethyl cyclopen-
tene-1-carboxylate and using a [3+3] annulation strategy
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to construct the heterocyclic ring.6 The complete route
involved 10 steps (20% overall yield).

We have recently reported several triazine-based routes
to highly substituted pyridines.7 The most straightforward
procedure (Scheme 1) involves the in situ enamine genera-
tion from ketone 6 and pyrrolidine using Boger’s proce-
dure8 followed by a tandem inverse-electron-demand
Diels–Alder/retro-Diels–Alder sequence; the resulting
dihydropyridine then undergoes in situ aromatisation to
give pyridine 7 expedited by the presence of silica gel.9
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The louisianin alkaloids, with their pyridine-based core
and promising anti-androgenic properties, represent attrac-
tive targets to validate this triazine methodology. We there-
fore designed the unified route to the louisianins shown in
Scheme 2; the ester group was included at position 3 of the
triazine ring in order to enhance its reactivity in the inverse-
electron-demand Diels–Alder reaction and also to provide
a ‘handle’ to ensure the regioselectivity of the subsequent
pyridone formation.

The recent publications in this area4–6 prompt us to
present a preliminary report describing a triazine-based
synthesis of louisianin C 3, together with its isomerisation
to louisianin D 4.

3-Ethoxycarbonyl-5-(30-phenylthiopropyl)-1,2,4-triazine
14 was chosen as the starting material in order to have a
masked propenyl unit at position 6.10 This novel triazine
was prepared by the route shown in Scheme 3. Thus, the
commercially available 5-chloropent-1-yne 10 was oxidised
using phenyliodine(III) bis(trifluoroacetate) (PIFA)11 to
produce a-hydroxy ketone 11. Without purification, ketone
11 was treated with potassium thiophenolate, prepared
in situ, to give sulfide 12 in 60% isolated yield after column
chromatography over the two steps. Next, utilising our
recently described procedure for preparing 3,6-disubsti-
tuted triazines,7c a-hydroxy ketone 12 was first condensed
with the ethyl oxalamidrazonate 1312 and the product oxi-
dised with MnO2 producing triazine 14 in 75% overall
yield.13

Having the key triazine 14 in hand, we were in a position
to investigate the crucial Diels–Alder cascade, producing
the required annulated pyridine 15 containing the complete
carbon skeleton of the louisianin alkaloids (Scheme 4).
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Scheme 3. Reagents and conditions: (i) PIFA (1.2 equiv), CH2Cl2/CH3CN/H2

KOH (1.1 equiv), H2O/THF (50:1), 80 �C; 2 h, 60% from 10; (iii) THF, 80 �C
Thus, the thermolysis of triazine 14 with cyclopentanone
and pyrrolidine followed by silica-mediated aromatisation
gave pyridine 15 in a gratifying 89% yield.14,15 The decarb-
oxyethylation of the pyridine ester 15 proved impossible
using standard conditions.16 Success was achieved, how-
ever, by the treatment of pyridine ester 15 with very dilute
aqueous hydrochloric acid in a microwave reactor (CEM
Discover�) giving pyridine 16 in 85% yield after a basic
work-up. To the best of our knowledge, this is the first
example of the direct decarboxyalkylation of a pyridine
ester using microwave acceleration.

Next, regioselective cyclopentane hydroxylation was
required in order to prepare alcohol 17. We first investi-
gated the LiHMDS/O2 procedure developed by Chen
et al.6 Unfortunately, on substrate 16, this procedure gave
a mixture of two inseparable compounds (2:1 ratio, NMR)
and recovered starting material. Eventually, using an
observation made by Corey and Ensley,17 we found that
the addition of triethylphosphite to the benzylic anion gen-
erated using LiHMDS under kinetic conditions, and then
oxidation gave the required alcohol 17 as the only product
in 79% yield. At this stage, the alkene was revealed by
chemoselective sulfide oxidation (m-CPBA in CH2Cl2 at
�78 �C) followed by thermolysis in xylene, in the presence
of CaCO3. The resulting alkene 18 (76% yield from 17) was
obtained without contamination by the isomerised conju-
gated alkene. The final step in order to obtain louisianin
C 3 involved the oxidation of the benzylic alcohol but this
proved to be surprisingly difficult. Several standard oxi-
dants (including CrO3

3) gave only low to moderate yields
of the ketone; however, PCC supported on basic alumina
gave the desired louisianin C 3 in 80% yield. Louisianin
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, 4 h, then MnO2 (5 equiv), toluene, 120 �C, 18 h, 75%.
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Scheme 4. Reagents and conditions: (i) cyclopentanone (1.2 equiv), pyrrolidine (1.2 equiv), xylene, 160 �C, 10 h, then silica, 18 h, 89%; (ii) concd HCl/H2O
(1:50), 185 �C, MW, 1 h then aq K2CO3, 85%; (iii) (a) LiHMDS (10 equiv), THF, �5 �C, 45 min; (b) P(OEt)3 (2.2 equiv), 15 min; (c) O2, 8 h, 79%; (iv) (a)
m-CPBA (1.2 equiv), CH2Cl2, �78 �C, 1 h; (b) CaCO3 (5 equiv), xylene, 160 �C, 18 h, 76%; (v) PCC supported on basic alumina (2 equiv), CH2Cl2, rt, 3 h,
80%; (vi) MTBD (1.2 equiv), toluene, 80 �C, 6 h, 78%.
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C (3) was fully characterised18 and gave consistent data to
those published [e.g., dC (CDCl3) 208.0 (C@O); dH (CDCl3)
8.76 (1H, s, Ha); lit.2 dC (CDCl3) 207.3 (C@O); dH (CDCl3)
8.75 (1H, s, Ha)]. Treatment of louisianin C in toluene in
the presence of 7-methyl-1,5,7-triazabicyclo[4.4.0]dec-5-
ene (MTBD) gave clean alkene isomerisation producing
louisianin D (4) in 78% isolated yield.3,19 The authenticity
of louisianin D (4) was confirmed spectroscopically20 and
by comparison with the published data (mp 83–85 �C;
lit.3 mp 83–86 �C).

In summary, a new route to louisianins C and D has
been developed in which the pyridine ring is constructed
from a disubstituted 1,2,4-triazine by an inverse-electron-
demand Diels–Alder/retro-Diels–Alder/aromatisation cas-
cade sequence. This route is short, efficient (only 5 steps
and 37% overall yield of louisianin C from triazine 14)
and ideal for analogue synthesis. We are currently prepar-
ing novel louisianin analogues and extending this route to
prepare the other members of the louisianin family.
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