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Total Synthesis of Novel Antifungal Antibiotic and
NADH:Ubiquinone Oxidoreductase I nhibitors, Pterulinic
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A concise synthesis of NADH:Ubiquinone Oxidoreductase (Complex 1)
antagonist pterulone (1) and pterulinic acid (2a and b) is reported. Natural
products pterulone and pterulinic acid were prepared in 4 and 5 steps,
respectively, known salicylaldehyde.

Keywords: NADH:Ubiquinone Oxidoreductase , pterulone, pterulinic acid, Tandem

Sn2/Witting Reaction

Introduction

NADH:Ubiquinone oxidoreductase comprises the first phosphorylation site of
mitochondria and is the energy-conserving enzyme complex that is commonly known as
“complex I”.} There are awide variety of natural and synthetic inhibitors of complex | which
have found multiple applications.? Complex | inhibitors have been used to elucidate the role of
thisenzymein normal cell physiology and also have been used to mimic complex | deficiencies
in order to study mitochondrial diseases. Inhibitors of complex | have also been a preferred
targeted for the development of commercia insecticides and acaricides for years.* Recently, it
has been shown that inhibition of complex | causes concomitant reduction in the activity of
orthine decarboxylase (ODC).> ODC isresponsible for the biosynthesis of polyamine growth
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factors required for cellular prolification.? Since the overexpression of ODC in tumor cell
contributes to aberrant proliferation, the ability of complex I inhibitors to reduce ODC activity
makes them promising candidates as next generation antitumor agents.”

The fungal metabolites pterulone (1) and pterulinic acid (2a and b) were isolated from
fermentations of a Pterula sp 82168 species.® The structures of 1, 2 were assigned based on
their physical and spectral characteresitcs.®® The architectural framework that is common to
pterulone and pterulinic acid is a monochlorinated 2,3-dihydro-1-benzoxepine ring skeleton.
Pterulinic acid (2 and 3) as a 1:5 inseparable mixture of the two isomers (2)-2a and (E)-2b, in
addition contains a furan. Pterulone (1) and pterulinic acid (2a and b) exhibited significant
antifungal activity, and it isahighly potent inhibitor of complex | with an 1Csy value of 36 nivi
and 450mM respectivitly.®
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Synthesis of pterulone and pterulinic acid is compelling due to their complex | antagonist
activity, the synthetic challenges posed by their structure, and their status as potential new leads
in drug discovery efforts. An extensive survey of the literature did not reveal any efficient
methods for the preparation of the 2,3-dihydro-1-benzoxepine ring skeleton, the architectural
framework resident in 1, and 2. Disclosed hereinisthefirst total synthesisof 1, and 2 requiring
only 4 and 5 steps, respectively, from known salicylaldehyde. Key to the synthesisis atandem
Sn2/ Wittig reaction sequence for construction of the 2,3-dihydro-1-benzoxepine ring skel eton.
We believethisapproach isvery efficient for preparation of the 2,3-dihydro-1-benzoxepinering
skeleton and holds promise for providing future analogues of 1,and 2, if desired.

Result and Discussion

The first step in the synthesis of 1 was the preparation of 7-bromobenzoxepine-3-one (6)
viaatandem Sy2/Wittig reaction (Scheme ). Treatment of 5-bromosalicylaldehyde (3) with 1.2
equivalent of sodium ethoxide generated the corresponding sodium salt  of
5-bromosalicylaldehyde; it's subsequent O-alkylation with a-chloroketone (4)'° produced 5.
Intramolecular ring formation via Witting olefination between the tethered
triphenyl acetophosphorane and the formyl group in 5 gave 6 in 63% overall yield based on 3.

Schemell
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Next, the vinyl chloride moiety was installed (scheme I1). Benzoxepin-3-one (6) was
treated with chloromethylphosphonium ylide (generated /n situwith r-BuLi) to give 7, in 78%
yield, as an inseparable mixture of 2 diastereomersin aratio of 1:4, E.Z(caculated from the
integralsin the *"H-NMR spectrum). Treatment of aryl bromides 7 with 10 equivalent of CuCN
in refluxing DMF gave aryl nitrile 8in 64% yield.** At this point, the diastereomeric mixture of
aryl nitriles 8 could be separated by silica column chromatography (ethyl acetate:hexane, 1:35),
and the final assignment of the configuration for purified (E)-8a and (2)-8b was determined by
NOE and 2D-heteronuclear correlation experiments. The final transformation to complete the
synthesisisoutlined in thelatter half of schemell. Treatment of aryl nitrile (E)—8a with methyl
lithium in THF at —30°C produced pterulone (1) in 78% yield.™
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(B) -8a pterulone (1)

Condition: (a) n-BuLi, PhsPCH,Cl,, THF, rt 78%;
(b) 10 eq. CUCN, DMF, reflux 64%; (c) MeLi, THF,-30°C (78%).

The synthesis of pterulinic acid (2a and b) was outline in scheme Il and IV. The
synthesis started with the preparation of benzoxepine-3-one (10) via a tandem Sy2/Wittig
reaction (Scheme I11) from known salicylaldehyde 9.2 Treatment of salicylaldehyde 9 with
sodium ethoxide, KI, and phosphorane 4 produced 10 in 61% overall yield based on 9.
Removing the MOM group on 10 with 2N HCI gave o-iodophenol 11 in 99% yield. The
o-iodophenol 11 underwent palladium-catalyzed heteroannulation with methyl 3-butynoate
(12)* to give the tricyclic 13 in 53% vyield.®> The reaction sequence, tandem Sy2/Wittig
reaction followed by palladium-catal yzed heteroannulation effetely constructed the tricyclic 13
which composed the core structure of the pterulinic acid and the essential functional handle for
the completion of the synthesis.
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Condition: (a) EtONa, THF, K, 4 Reflux, 61%; (b) 2N HCI, THF, Rt 99%
(c) 10 mol% (Ph;)3PPdCl,, 2eq. Cul, 3eq. Et;N, DMF, 60°C 53%

Finally, the vinyl chloride moiety was installed (scheme IV). Benzoxepin-3-one (13) was
treated with chloromethylphosphonium ylide in 86% yield, as an inseparable mixture of 2
diastereomers in aratio of 1:5, £Z (calculated from the integrals in the *H-NMR spectrum).
Hydrolyzed the methyl ester 13 under basic followed by acidic work up gave pterulinic acid (2a
and 2b) in 99% yield.

Scheme |V
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Condition: (a) n-BuLi, (Ph3)sPCH,Cl,, THF, Rt, 86%;
(b) IN NaOH, THF, reflux then HCI, 99%

Conclusion

The spectral and physical characteristics (IR, *H NMR, *C NMR, and melting points) of
synthetic 1, 2 were identical to the published data® The synthesis reported herein provide
pterulone 1 and pterulinic acid 2 in 4 and 5 steps respectively. This one-pot, tandem
Sn2/Witting reaction of salicylaldehyde and phosphorane 4 producing the 1-benzoxepine ring
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skeleton is an efficient approach for its construction and this synthetic strategy may be
exploited for the preparation of analogues of both natural products.
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