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Abstract: The synthesis of the 2-pyrone-5-boronate ester 5 is
described aong with its palladium-catalysed coupling reactions
with arange of aryl and heteroaryl halides and triflates.
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The 2-pyrone unit is an important feature of a number of
natural products which display awide range of biological
activity.r A number of simple 2-pyrones, including 5-phe-
nyl-2-pyrone, have been investigated for their binding and
inactivation of c-chymotrypsin.?2 More recently, phenyl-
substituted 2-pyrones have been shown to be potent HIV-
1 protease inhibitors.® In addition to biological activity, 2-
pyrones have been used in the preparation of other ring
systems. Reaction with ammonia is a well-established
route to pyridones.* Diels-Alder reactions of 2-pyrones
can lead to a variety of products depending on the dieno-
phile and whether cycloaddition is followed by extrusion
of carbon dioxide.* Cycloadditions not involving carbon
dioxide extrusion have been utilised in the synthesis of
shikimate-derived compounds® as well asin the synthesis
of atricylic portion of the gibberellic acids.® A recent pa-
per reported the synthesis of 5-aryl-2-pyrones using a Su-
zuki coupling reaction of 5-bromo-2-pyrone and their
subsequent Diels-Alder reactions.” Aswe have devel oped
a new 2-pyrone-5-boronate ester and demonstrated its
utility in the synthesis of bufadienolide-related steroids,®
we wanted to explore the use of this reagent in the prepa-
ration of 5-aryl and 5-heteroaryl-2-pyrones.

In designing asuitable pyrone boron derivative for Suzuki
coupling reaction, we were mindful of the ready cleavage
of the pyrone ring under aqueous base conditions. Conse-
guently, we turned our attention to preparing a 5-boronate
ester substituted 2-pyrone as pinacol boronate esters have
found use in palladium-catalysed coupling reactions.® In
our hands, the best synthesis of 5-bromo-2-pyrone 3 in-
volved photochemically-initiated bromination of 2-py-
rone 1 to give the 5,6-dibromo-2-pyrone 2 followed by
dehydrobromination using triethylamine to give 3 in 60%
overall yield (Scheme 1). Masuda and co-workers have
reported the coupling of pinacolborane 4 with a range of
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aryl halides using Pd(0) catalysis.’® Under the conditions
reported by Masuda, reaction of 4 with 5-bromo-2-pyrone
3 gavelittle or no product. However, changing the catalyst
to PdCI,(PPhs), and carrying out the reaction in refluxing
toluene gave the desired pinacolboronate 5 in 83% yield
asastable, crystalline solid.*
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Reaction of 5 with avariety of aryl and heteroaryl halides
and triflates was explored to define the usefulness of this
boronate reagent (Table 1). All reactions were conducted
using aslight excess of the boronate 5 in dry DMF as sol-
vent, with PdCl,(dppf) as catalyst and using crushed po-
tassium phosphate as base at 60 °C.*? As can be seen from
entries 1-3, aryl bromides, iodides and triflates are all
equally effective under these conditions giving rise to 5-
phenyl-2-pyronein very good yield. Entry 4 demonstrates
that benzene rings substituted with electron-withdrawing
groups are also good substrates whilst entry 5 indicates
that electron-donating substituents only lower the yield
dlightly. The attempted double coupling of 1,4-di-iodo-
benzene (entry 6) failed to give more than atrace of bis-
coupled product and instead the mono-coupled product
was isolated in 70% yield. Thisisin contrast to the Stille
coupling of 5-trimethylstannyl-2-pyrone with 1,4-di-io-
dobenzene reported by Meinwald in which a 68% yield of
the bis-coupled product was obtained.*® This could be
caused by decomposition of the pyrone boronate during
the reaction even though 2.2 molar equival ents were used.
Boronate 5 reacted cleanly with 3-bromothiopheneto give
the coupled product in 82% yield (entry 7). Our interest in
the free-radical chemistry of 2-haloindoles and subse-
guent carbon-carbon bond formation at the 2-position of
indoles** prompted us to explore the Suzuki reaction of 5
with a range of 2-bromoindoles (entries 8-10). Reaction
with  N-phenylsulfonyl-2-bromoindole gave coupled
product in 42% vyield after purification. N-Unsubstituted
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indole (entry 9) also reacted in moderate yield whilst cou-
pling with N-Boc-2-bromo-3-formylindole (entry 10)
gave the cleanest reaction but again only amoderate yield
of coupled product wasisolated. It islikely that the sensi-
tivity of the 2-bromoindoles used contributes to the lower
yields obtained. Finally, an attempt to produce a dimeric
2-pyrone by coupling 5 with its precursor failed to give
any coupled product (entry 11). Again, we believe thisis
due to side reactions of the pyrone ring under the basic
conditions of the reaction.

Tablel Suzuki Coupling Reactions of Boronate 5
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As part of our studies on 2-pyrone substituted steroids re-
lated to bufadienolides, we were interested in reduction of
the pyrone ring to the saturated lactone. To thisend, com-
pound 6 (entry 5, in Table 1) was reacted with hydrogen
at atmospheric pressure using 5% rhodium on alumina as

catalyst (Scheme 2). Anisole derivative 7 (mp 95-97 °C)
was isolated in 91% yield after purification. The Suzuki
coupling of 5 with aromatic halides followed by hydroge-
nation provides arapid and efficient way of introducing a
valerolactone residue onto an aromatic ring.
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Scheme 2

In summary, we have shown that boronate 5 is a useful
reagent for palladium-catalysed coupling reactions with
aryl and heteroaryl halides and triflates. It allows the
introduction of a 2-pyrone moiety into a wide variety of
aromatic systems and the facility with which the pyrone
can be reduced further addsto the utility of these products.
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Hg pressure. 3, (CDCl3, 300 MHz) 1.29 (6 H, s), 6.27 (1 H,
dd,J=9.6and 1.2 Hz), 7.50 (1 H, dd, J= 9.6 and 2.1 Hz)
and 7.84 (1 H, dd, J = 2.1 and 1.2 Hz); 3 (CDCl;, 75 MHz)
24.8, 84.5, 96.9, 115.6, 146.3 and 160.1; HRMS calcd for
CHs1BO,: 222.1063; found: 222.1059. Anal. Calcd for
C;H15BO,: C, 59.50; H, 6.81. Found: C, 59.66; H, 6.83.
Typical procedurefor Suzuki coupling: Phenyl triflate (50
mg, 0.22 mmol), 2-pyrone-5-boronate 5 (55 mg, 0.25
mmol), and PdCl,(dppf) (20 mg, 0.022 mmol) were
dissolvedindry DMF (4 mL) under aN, atmosphere. Finely
crushed K3PO, (180 mg, 0.82 mmol) was added to the DMF
solution and this slurry was heated to 60 °C for 6 hours. The
DMF was removed under reduced pressure to give a dark
solid that was initially purified by dissolving in
dichloromethane and filtering through a plug of silica,

Synlett 2003, No. 2, 253-255

(13)
(14)

followed by washing with dichloromethane (30 mL). The
solvent was removed under reduced pressure to give asolid
that was further purified by flash column chromatography
(10% ethyl acetate in dichloromethane) to yield 5-phenyl-2-
pyrone (30.2 mg, 0.172 mmol, 80%). 3, (CDCl;, 300 MHz)
6.38 (1 H, dd, J=9, 1 Hz, H-3), 7.35 (5 H, m, aromatic-H),
7.56 (1H,dd,J=9,3Hz),7.62(1H, dd, J=3,1Hz); 5.
(CDCl,, 75 MHz) 116.5, 120.6, 126.0, 128.4, 129.3, 133.5,
144.0, 148.3,161.2; m/z 172 (M*, 90%), 144(38), 115(100),
89(12), 63(10). These data match those reported.”
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