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Awajanomycin, which was isolated from marine-derived fungus, possesses unique structural features
and cytotoxic activity against A549 cells. Due to its unique structure, no total synthesis has yet been
reported, and neither the relative stereochemistry nor the absolute configuration has been determined.
We report the synthesis of the core ring system of awajanomycin, which includes: (i) regioselective addi-
tion of the acetate unit onto C4-position of N-Boc-3-methoxycarbonyl-2-pyridinone; (ii) stereoselective
installation of a hydroxyl group on C3-position; and (iii) stereo- and regioselective epoxide-opening reac-
tion by Me3Al.

� 2009 Elsevier Ltd. All rights reserved.
Because nitrogen-containing six-membered compounds are fre-
quently found in natural products and many are known to possess
valuable biological activities, they have long been of interest to
organic and bio-organic chemists.1 Utilization of nitrogen-contain-
ing six-membered heteroaromatic compounds seems to be a useful
method to achieve stereoselective construction of functionalized
piperidine ring systems because they are readily available. Reac-
tions of pyridinium salts or dihydropyridine derivatives have been
thoroughly investigated recently,2 and the syntheses of many bio-
logically active compounds have also been reported.3 On the other
hand, the utilization of the 2-pyridinone derivatives has been
mainly carried out for the Diels–Alder reaction.4 To the best of
our knowledge, a few examples for the introduction of the allyl
group to 2-pyridinone derivatives5 and some literatures about
the reactions of the related compounds and their applications to
the organic synthesis also could be found.6

During our ongoing research to develop novel methods for the
introduction of functional groups in heterocyclic compounds, we
reported the regioselective addition of the acetate unit into 2-pyrid-
inone derivatives in the presence of catalytic amounts of Lewis acid.7

In particular, we successively carried out both the C4-selective func-
tionalization of N-substituted-3-methoxycarbonyl-2-pyridinone
derivatives 2a and 2b (Scheme 1A) and the introduction of an acetate
unit into the C6-position of N-substituted-5-methoxycarbonyl-2-
ll rights reserved.
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Hiroya).
pyridinone derivative 5 (Scheme 1B).8 In this Letter, we describe
an application of this methodology to the synthesis of the core ring
system of awajanomycin (1), which has anti-cancer activity.

Awajanomycin (1) was isolated in 2006 from extracts of the mar-
ine-derived fungus Acremonium sp. AWA16-1 by Jang et al., and
reported to possess cytotoxic activity against A549 cells
(IC50 = 27.5 lg/mL).9 The structural features of awajanomycin (1)
are: (i) a bicyclo[3.2.1]-ring system including ac-lactone and a d-lac-
tam; (ii) four adjacent asymmetric centers (C1, C8, C5, and C4); (iii) a
tertiary alcohol at thea-position ofc-lactone and d-lactam (C1–OH);
and (iv) an axially oriented C4-methyl group (Fig. 1).10

Due to its unique structure and difficulties in the stereo-con-
trolled introduction of stereogenic centers, total synthesis of 1 is
yet to be reported; in addition the absolute configuration and rel-
ative stereochemistry of the allylic alcohol of 1 have, so far, also not
been determined.

The retrosynthetic analysis of 1 is shown in Scheme 2. In this
convergent strategy, 1 could be synthesized from 1-decen-3-ol
(8) and the core ring system 9 by a cross-metathesis reaction.
The vinyl group of 9 could be prepared from the ethoxycarbonyl
group of 10, by sequential reduction of the ester and dehydration
of the resultant alcohol. We designed two synthetic strategies to
synthesize 10. In first route, acetal 11a, sulfide 11b, or the sul-
fone 11c was postulated as precursors to introduce the C6-
methyl group. Epoxide 12 was envisioned as precursor to 10 in
the second strategy. All these precursors 11a–c and 12 could
be obtained from the enamine 13, which was projected to arise
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from the stereoselective hydroxylation reaction of either
a-methoxycarbonyl-d-lactam 3a or 3b.

We selected 3a7b,8 as the starting material for the first synthetic
trial. Installation of the hydroxyl group was carried out using N-sul-
fonyloxaziridine 1411 in the presence of NaH, and afforded 13a as a
sole product in 84% yield. The stereochemistry of the hydroxyl group
in 13a was determined by nOe experiment on 15, which was
converted from 13a by reduction of the double bond, selective
hydrolysis of the ethyl ester, and lactone ring formation (Scheme 3).
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obtained from the reaction of 13a with MCPBA in methanol. This
product 16 was then converted to the corresponding sulfides 17a
and 17b (2:1) by reaction with Sc(OTf)3 and thiophenol.13 Sulfide
17a was finally oxidized by MCPBA to afford sulfone 18 in quanti-
tative yield (Scheme 4).

Installation of the methyl group at the C6-position proved more
challenging. Neither methyl cuprate (Me2CuLi–BF3) nor the higher-
order cuprate [Me2Cu(CN)Li2–BF3] did produce the desired product
19 from compound 16.14 Reaction of either sulfide 17a or sulfone
18 with the methyl anion equivalents [Me2Zn–Zn(OTf)2,15

Me2Zn–AgOTf, Me2Cu(CN)Li2–BF3,14 or MeMgBr–ZnCl2
16] did not

provide satisfactory results, and only recovery or decomposition
of the starting material was observed (Scheme 4).

These disappointing results let us to focus on our second strat-
egy; Boc-carbamate 3b was selected as starting material. The
hydroxylation reaction of 3b was carried out under the above-de-
scribed conditions, and 13b was obtained as the sole product in
69% yield (Scheme 5). Alternatively, 13b could be prepared from
20, obtained by the reaction of 2b with TBS-ketene acetal catalyzed
by Me3Al without acidic workup,8 by reaction with 14 in the pres-
ence of KF and 18-crown-617 (overall yield of 55%). The stereose-
lective epoxidation of 13b was conducted by DMDO prepared
in situ18 and epoxide 21 was isolated as a single isomer in 54%
yield. The epoxide-opening reaction in 21 failed with either Me3Al
or methyl cuprate, even in the presence of an additive (e.g., BF3�OE-
t2,19a TMSOTf,19b H2O19c for the former reagent, or BF3�OEt2

14 for
the latter reagent) and the decomposition of 21 was observed in
these cases. This difficulty could be overcome by protection of
the C3-hydroxyl group. When TMS-ether 22 (prepared from 21
and TMSCN20) was reacted with excess Me3Al, the methyl group
could be installed in a regioselective and stereoselective manner,
and the desired alcohol 23 was obtained in 73% yield as a sole
product. The methyl group at C6 in 23 was assumed to be axial,
as unambiguous stereochemical assessment could not be obtained
at this point (see below). In this reaction, three steps may be in-
volved: (i) removal of Boc group with the action of Me3Al to pro-
duce A; (ii) Me3Al-coordinated epoxide opening by the lone pair
on the nitrogen atom to give iminium cation B; and (iii) incorpora-
tion of the methyl group in an intramolecular manner to B from an
axial direction (Scheme 5).

The hydroxyl group on C5 was inverted by an oxidation/reduc-
tion sequence to afford lactone 24 and recovered 23 in 39% and 15%
yields, respectively. The axial configuration of the methyl group on
C4 in 24 was determined by a NOESY spectrum. The 1H NMR and
13C NMR spectra of 25 (obtained by treatment of 24 with HF in ace-
tonitrile at 0 �C) were identified primarily from the reported val-
ues.9 We thereby furnished the synthesis of a core ring system of
awajanomycin (Table 1).
Table 1
1H NMR and 13C NMR spectral data for 1 and 25 in DMSO-d6

Carbon number 1H NMR d (multiplicity, J) 13C NMR d

1a 25b 1a 25b,c

1 — — 77.1 75.8
2 — — 165.9 165.1
3-NH 8.20 (s) 8.21 (br s) — —
4 3.68 (d, 6.7) 3.68 (m) 51.6 50.9
5 4.64 (s) 4.62 (t, 1.8) 79.6 78.6
7 — — 172.5 171.9
8 3.30 (d, 6.4) 2.93 (dd, 9.9 and 4.5) 43.7 38.4
C4-Me 1.22 (d, 6.7) 1.19 (d, 6.9) 18.1 17.6
C1-OH 5.92 (d, 4.1) 6.26 (s) — —

a Values were reproduced from Ref.9 (750 MHz for 1H NMR and 250 MHz for 13C
NMR).

b 600 MHz for 1H NMR and 150 MHz for 13C NMR.
c Assignment of 13C-signals was carried out using HMQC and HMBC spectra.
In conclusion, we successfully synthesized the core ring system
of awajanomycin in seven steps from 2b. Synthesis of 25 in an opti-
cally active form and total synthesis of awajanomycin are under-
way in our laboratory.
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