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3-Substituted 4-pyranones: a rapid approach
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Abstract—A rapid synthesis of 3-substituted pyranones using palladium-catalyzed cross-coupling reactions under microwave irra-
diation is described. The desired products were consistently obtained in 5 min at 100 °C in good yields.

© 2007 Elsevier Ltd. All rights reserved.

Pyranones are poly-functional heterocycles that can be
found in complex natural products, such as ilikonapy-
rone (1),! tridachione (2),* and LL-Z1220%¢ (3)
(Fig. 1). They can also be valuable intermediates for
the synthesis of related heterocycles, such as pyridones,
which have been known to have biological activity.”®
Among the simplest naturally occurring pyran-4-ones,
Kojic acid (4) has been a versatile building block to-
wards the synthesis of more complex structures.” More
recently, simple pyran-4-ones such as 5, have been
shown to be inhibitors of DNA-Dependent Protein
Kinase (DNA-PK).!°

Although a number of methods have been described in
the literature for the preparation of pyran-4-ones, most

of them involve multistep condensations of highly
functionalized acyclic precursors and/or harsh reaction
conditions.>!!!2 We were interested in the preparation
of 3-substituted pyran-4-ones, and a survey of the liter-
ature showed that it is possible to replace the 5-hydroxy
group of Kojic acid with aromatic groups using cross-
coupling techniques (Scheme 1).!> Nevertheless, we
found that when using triflate 7'4 as the coupling part-
ner with a variety of stannanes (Scheme 2), the yields
and reaction times varied considerably depending on
the substrates.

For example, when tributylphenyl tin was used under
the reported conditions,!*> the reaction proceeded
to completion in 24 h at rt in a 70% yield. On the other

Figure 1.
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hand, if tributylfuranyl tin was used, the reaction did
not proceed until it was heated to 100 °C for 2 h and
the isolated yield was 60%.

Microwave irradiation in organic synthesis has been a
subject of intense research recently and although it has
been shown that Stille cross-coupling reactions!® are
suitable for flash heating,'®!” to our knowledge, this
methodology has not been applied to the preparation
of substituted pyran-4-ones. Herein, we wish to report
a fast and efficient synthesis of pyran-4-ones using Stille
cross-coupling conditions under microwave heating
from commercially available starting materials.

A typical procedure involves the irradiation of a mixture
of pyrone triflate 7, a stannane (8), Pd,(dba)s;, AsPhs,'8
and LiCl' in DMF under microwave irradiation at
100 °C for 5 min, followed by purification of the crude
prgoducts by flash chromatography on silica gel (Table
1).

All the reactions proceeded to completion (as deter-
mined by HPLC) and the isolated yields of the coupling
products 9a-k consistently ranged between 60% and
80%0.%!

For example, when stannane 8b was coupled to pyranone
triflate 7 under microwave irradiation, the resulting 2-
pyridine-substituted pyrone was obtained in a 68% yield.
When the same reaction was conducted in a preheated oil
bath under otherwise identical conditions, after 30 min,
the reaction proceeded only to 70% conversion (HPLC
analysis). The reaction was complete only after heating
for 120 min with an isolated yield of 70%. Without Pd
catalyst, no reaction occurred under the same conditions.
When stannane 8k was subjected to the reaction condi-
tions under microwave radiation, a 72% isolated yield
of the corresponding thiazole-substituted pyrone was ob-
tained. However, when the reaction was attempted in a
preheated oil bath, it only proceeded to 30% completion
after heating for 48 h. These results demonstrate the
advantages of using microwave radiation for the acceler-
ation of these cross-coupling reactions.

As shown in Table 1, these reaction conditions worked
well for a variety of aryl stannanes. It is well worth

Table 1. Coupling of aryl stannanes with pyran-4-one triflate 7
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(0]
SnBus
a 71
||
(@)
b | XN SnBus 68'
/N Ob
70
=
- SnBus Q « IN
60
P (]
N O
SnBug
d /©/ 75
F
SnBujy
. O 66
CF3
N
X SnBug Q /]
£ NI/\/ N 7
Lon | |
~ SnBujy 80
S
SnBus
i oS 71
\_s
SnBU3
X m
N\
o} N/\>
y NYSnBus /S 7
W (] aw

#Same reaction conditions but without the addition of Pd catalyst.

®Same reaction conditions but heating with an oil bath at 100 °C for
120 min.

¢ Same reaction conditions as in Ref. 13 while heating in an oil bath at
100 °C for 120 min.

9Same reaction conditions but heating with an oil bath at 100 °C for
48 h.



O. D. Lopez et al. | Tetrahedron Letters 48 (2007) 2063—-2065

noticing that the yield of the reaction was not greatly
influenced by the substitution on the aromatic ring (en-
tries a,d,e), the presence of heteroatoms (entries b,c,f) or
when using five-membered-ring heterocycles (entries

g-k).

In summary, we have demonstrated an efficient and
rapid method for the Stille cross-coupling reactions of
aryl stannanes with pyran-4-one triflate 7 under micro-
wave heating. Further studies using Heck and Suzuki
cross-coupling conditions for the synthesis of 3-
substituted pyran-4-ones are underway and will be
reported in due course.
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aq NaHCO; (3 x 300 mL), water (2 x 200 mL), and brine
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1C), 15.11 (s, 1C). LC/MS = 259.21 (M+H)™".
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Representative procedure: Pd,(dba); (0.039 mmol) was
added to a mixture of triflate 7 (0.1 g, 0.39 mmol),
tributylphenyl tin (0.13 mL, 0.39 mmol), triphenyl arsine
(0.24 g, 0.078 mmol), and lithium chloride (0.049 g,
1.17 mmol) in 1.5 mL anhydrous DMF in a microwave
reaction vessel. The reaction was heated at 100 °C for
5S5min in a Smith Creator® microwave. Volatiles were
removed under reduced pressure and the remaining
residue was diluted with CH,Cl, and filtered through a
plug of Celite. The filtrate was concentrated and purified
by flash chromatography eluting with 20% ethyl acetate/
hexanes. Compound 9a was isolated as colorless needles
(77% yield); '"H NMR (500 MHz, CDCl3) & ppm 7.70 (d,
J=580Hz, 1H), 741 (t, J=7.32Hz, 2H), 7.35 (d,
J=1732Hz, 1H), 7.21-7.24 gm 2H), 6.40 (d,
J=1580Hz, 1H), 2.18 (s, 3H); '*C NMR (500 MHz,
CDCl;) 6 ppm 177.60 (s, 1C), 163.29 (s, 1C), 154.28 (s,
1C), 132.53 (s, 1C), 130.11 (s, 2C), 128.63 (s, 1C), 128.53
(s, 2C), 128.07 (s, 1C), 16.70 (s, 1C), 18.78 (s, 1C). HRMS
Anal. Calcd for C,H;,0, (M-&-H)+ 187.5288; found:
187.5237.

All new compounds (9a-k) have spectral and analytical
data in agreement with the indicated structures.
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