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Abstract: The 1,3-dipolar cycloaddition of the f-aminonitrile oxide, formed from B-alanine, to the enamine of a p-
ketoester affords a 3-(2-aminoalkyl)isoxazole-4-carboxylic ester that is converted via isoxazolo[4,5-c]pyridin-4-ones
into 3-acetyl-4-hydroxypyridin-2-ones. © 1999 Elsevier Science Ltd. All rights reserved.

The 3-acyl-4-hydroxypyridin-2-one nucleus 1 is the common motif of a group of metabolites with a
range of biological activities, and exemplified by the elfamycin antibotics,! and the pigments tenellin 2a and
bassianin 2b isolated from insect pathogenic fungi.2 Examples of 5,6-dihydropyridones are also known.
As part of our synthetic studies on (enolised) tricarbonyl metabolites,> we have reported a nitrile oxide 1,3-
dipolar cycloaddition approach that generates a 4-carboxyisoxazole as a masked non-polar synthon for the
polar tricarbonyl moiety, Scheme 1 (path A), and proceeds via a dihydroisoxazolo[4,5-c]pyridin-4-one 3.4
To use bicyclic isoxazole 3 as a building block for elaboration of the pyridone 3-acyl substituent, requires
elaboration at C-3 of 3. However, the preference for isoxazoles to undergo metallation> and radical
(H-abstraction) reactions® at their C-5 substituent (C-7 in the bicycle 3) suggested that C-3 elaboration
would necessitate repeating the sequence with a more functionalized nitrile oxide. As an alternative, and
since the N-O cleavage-hydrolysis of an isoxazole renders the N-O regiochemistry irrelevant,” we
determined to explore a revised strategy, path B, wherein the 4-carboxyisoxazole substitution is reversed.
The bicyclic isoxazole is now 4, a dihydroisoxazolo{4,3-c]pyridin-4-one, and the ‘isoxazole C-5’ substituent
is now at C-3 of the bicycle 4. We report here the demonstration of viability of this alternative approach.

Path B reverses the origins of dipole and dipolarophile relative to path A, i.e. uses the regiospecific
cycloaddition of a B-aminonitrile oxide to the enamine of a B-ketoester.8 Thus, N-benzyloxycarbonyl-8-
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alanine methyl ester was reduced (DIBAL-H, toluene, -78°) to the corresponding p-aminoaldehyde § that
was converted immediately (NHOH.HCI, NaOAc, EtOH aq, 70°C, 10 min) into the stable, solid oxime 6 as
a single isomer (60% from the ester), Scheme 2.9 C-Chlorination of 6 was accomplished with N-chloro-
succinimide (CHCl3, reflux).10 Treatment of the chloro-oxime with ethyl 3-pyrrolidinobut-2-enoate (itself
formed from pyrrolidine and ethyl acetoacetate;!! toluene, reflux) followed by triethylamine (reflux, 2 h)
resulted in cycloaddition of the nitrile oxide formed in situ, then spontaneous elimination of pyrrolidine, to
give the 3-(2-benzyloxycarbonylaminoethyl)isoxazole-4-carboxylate 7 (69%). Removal of the N-protecting
group (HBr-AcOH, 33% w/v, 25°C, 16h) gave the amine HBr salt 8 (82%), which on basification (NayCO3
aq.) underwent spontaneous cyclisation to the isoxazolo[4,3-c]pyridone 4 (58% after recrystallisation).!2

NOH NOH Z S

COxMe CHO j; i N
—_— — — ot o+
4
ZHN ZHN 5 ZHNT ZHN CO,Et
(Z = benzyloxycarbonyl) i v
N-O N-O N-O '}1—0
Gl e Ghes o0
N0 N0 5N RHN CO:Et
H ! )
Cl v E 7:R=2
1 9 4 8; R = H.HBr

Scheme 2
Reagents: i, DIBAL-H, toluene, -78°C; i, NH2OH.HCI, NaOAc, EtOH aq., 70°C; iii, N-chlorosuccinimide, CHCl3,
reflux; iv, EigN; v, HBr—AcOH, 20°C; vi, NapCO3 aq.; vii, tert-BuOCI, MeOH, 0°C; viii, hv (medium-pressure Hg lamp,
quartz vessel), MeOH.

The double bond needed between C-6 and C-7 of 4 could not be inserted via C-7 deprotonation,
followed by the phenylselenation—oxidative elimination sequence we had employed in path A4 since the
metallation reactivity is now transferred to C-3 of the bicycle 4. After a number of largely unsuccessful
dehydrogenation protocols, we selected an N-halogenation-dehydrohalogenation approach. Thus lactam 4
was treated with rerz-butyl hypochlorite (MeOH, 0°C) in the absence of direct light to give N-chlorolactam 9
(94%). Treatment with base (e.g. DBU, 25°C) did not lead to the desired elimination of HCI, but afforded a
mixture of parent lactam 4 and the 3-trichloromethy] derivative 10. This suggests deprotonation at the C-3



4087

substituent does indeed occur readily (as we speculated when devising path B), followed by a haloform-type
reaction with N-chlorolactam 9 as the ‘positive halogen’ source.!3> To avoid basic conditions, the
dehydrochlorination was completed by photolysis (medium-pressure Hg lamp, water-cooled quartz vessel,
MeOH, 10 min) which afforded, along with the parent lactam 4 (32%), the isoxazolopyridine 11 (55%; 82%
based on recovered starting material). 14 Presumably this proceeds via an acylimine that tautomerises to the
desired enamide.!> The constitution of 11 was confirmed by an X-ray crystal structure, Fig. 1.16

Fig. 1: X-Ray crystal structure of pyridone 11

To demonstrate the potential for attachment of substituents at C-7 of the isoxazolopyridone 11 (C-5 of
the target pyridones), the 7-iodo derivative 12 was prepared (ICl, CH,Cl,-MeOH, 20°C; 70%), Scheme 3.
Using Pdy(dibenzylideneacetone)s (5 mol%) as catalyst in the presence of PhiAs (4:1 As:Pd),!7 Stille
couplings of 12 to phenyltrimethyltin (1,4-dioxan, reflux; 58%) and vinyltributyltin (THF, 20—50°C; 67%)
were performed to give the 7-substituted compounds 13 and 14, respectively.!8
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Scheme 3
Reagents: i, ICl, CH2Cl>-MeOH, 20°C; ii, Pdp(dibenzylideneacetone)s, PhgAs, & either PhSnBug, 1,4-dioxan, reflux
(for 13) or CHa=CHSnBug3, THF, 20°C-50°C (for 14).

Unmasking of the bicyclic pyridones to reveal the 3-acyl-4-hydroxypyridin-2-one moiety was readily
accomplished. Hydrogenolysis of dihydroisoxazolopyridone 4 (1 atm. Hy, Pd-C, MeOH, 20°C) afforded a
solid enaminone intermediate that underwent hydrolysis (1M NaOH aq., reflux, 2 h) to give 3-acetyl-4-
hydroxy-35,6-dihydropyridin-2(1H)-one 15 (78%), Scheme 4 419 Hydrogenolysis of the isoxazolopyridin-4-
one 11 likewise gave aminopyridone 16 (92%) that was stable to base hydrolysis, presumably because the
pseudoaromatic nature of the pyridone hinders nucleophilic substitution, but was successfully converted into
3-acetyl-4-hydroxypyridin-2(1H)-one 17 (90%) by diazotisation (NaNO,, HCl aq.,0550°C) .
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Reagents: i, Ho, Pd-C, MeOH, 20°C; ii, 1M NaOH aq., reflux; iii, NaNO2, HCl aq., 0-50°C.
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The viability of an alternative isoxazole strategy for the synthesis of the heterocyclic core of the acyl-

pyridone metabolites has therefore been demonstrated. The reactivity at C-3 is currently being explored.

We thank EPSRC and AgrEvo UK for a CASE studentship (C.ED.), DrD A Whiting (University of

Nottingham) for helpful discussion, and the EPSRC National Mass Spectrometry Service Centre and the
EPSRC X-Ray Crystallography Service for measurements.
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