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Abstract: A three step procedure for the synthesis of 6-substituted
4-hydroxy-2-pyrones 2 from aldehydes 1 is described. An acetoac-
etate equivalent 3 was added to the corresponding aldehyde (10 ex-
amples) in avinylogous Mukaiyama aldol addition (72—99%). The
intermediate alcohols 4 were oxidized to the ketones 5 using the
Dess-Martin method (67%—quant.). A fina thermal cyclization of
compounds 5 yielded the title compounds 2 (61-92%; 40-85%
overall).
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The conversion of aldehydes 1 to biologically relevant 6-
substituted 4-hydroxy-2-pyrones 22 generally requires
three steps (Scheme 1): Oxidation, C—C bond formation
and cyclization. Whereas the C-C bond formation step
has obviously to occur prior to cyclization, the oxidation
step can occur at any stage of the sequence. Aninitial ox-
idation to a carboxylic acid requires further transforma-
tions of the acid into an acylating agent, i.e. an acid
chloride,® an ester,* or an amide.**® A final oxidation, i.e.
the conversion of a dihydropyrone to a pyrone, requires
drastic conditions® which may not be compatible with sen-
sitive substrates.
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Scheme 1

Inlight of these facts, the most direct approach for the de-
sired conversion appears to be an oxidation after C-C
bond formation and prior to cyclization. A literature
search surprisingly revealed that thereis only limited pre-
cedence for this strategy. The intermediate o,y-unsubsti-
tuted 8-hydroxy-B-ketocarboxylates are prone to a retro-
aldol fragmentation and have so far only been oxidized
under acidic conditions.” In the following communication
we present a synthetic sequence which gives general ac-
cess to the title compounds from aldehydes by three high
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yielding, mild conversions: Carbonyl addition of an ace-
toacetate equivalent, Dess-Martin oxidation and thermal
cyclization.

The addition of the easily available ketene acetal 3®to var-
ious aldehydes 1 proceeded readily employing TiCl, (1.1
equiv) as the Lewis acid (Scheme 2).8° Only 1.7 equiva-
lents of the reagent were required to ensure complete con-
version.l® The yields of isolated products were high for a
broad range of substrates (Table). The oxidation step
turned out to be more subtle and required some optimiza-
tion. We found that the Dess-Martin conditions™* were
ideally suited for the desired conversion of alcohol 4 tothe
cyclization precursor 5.12 The choice of the protected 1,3-
dicarbonyl building block 3 was crucial to the success of
the oxidation. As briefly mentioned above, all attemptsto
oxidize unprotected 6-hydroxy-B-ketocarboxylates re-
mained unsuccessful in our hands. In the oxidation step
stoichiometric amounts (1.3 equiv) of the reagent were
sufficient for a complete conversion. In several instances
the oxidation product was not isolated (entries 1, 2, 7, and
10) but was directly converted further to the pyrone 2 by
the known®13 thermal cyclization reaction** of 6-(2-
oxoalkyl)-1,3-dioxin-4-ones.> An overview of the reac-
tions we have conducted so far is provided in Scheme 2
and in the Table.'®
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In general, each reaction step is fairly independent on the
choice of substrates. Variations of the reaction conditions
have not yet been examined to a large extent. In the case
of silyl ether 1j, the reaction time for the conversion 1j —
4j had to be shortened in order to avoid extensive desily-
lation (entry 10). It is remarkable that even the sensitive
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Table Yieldsfor the Three Individual Stepsin the Conversion of
Aldehydes 1aj to the Corresponding 4-Hydroxy-2-pyrones 2a—

Entry R--- # Yield4 Yield5 Yied2
(%2 [%]°  [%)]°
1 ) a 8 quant.? 75
NN
2 )\ b 72 quant.d 92
3 : c 82 98 73
4 @\ d 76 99 67
5 e 85 83 74
=
TBDMS
NG f 9 95 8
7 @/\ g 98 quant? 87
8 h 99 90 72
9 o. .- i 99 67 61
i\ /;
10 3 j 78 95 92
TBDMSOV@\/

a1.7 Equiv 3, 1.1 equiv TiCl,; yield of isolated product after chroma-

tography.°
b 1.3 Equiv periodinane; yield of isolated product after chromato-

graphy.*

¢Yield of isolated product after chromatography or recrystalliza-
tion. 1

4Yield of crude product.

€2 Equiv 3, reaction time: 25 min.

furan ring withstands both the oxidation and the ring clo-
sure conditions fairly well (entry 9) although the yields
achieved in these steps are lower than for the other sub-
strates. Thetotal yield for the conversion 1i — 2i amount-
ed to 40% whereas an overall yield of > 50% was obtained
in the other nine examples.

The further methylation of 4-hydroxypyronesiswell pre-
cedented.!” We have used a standard methylation proce-
dure (Me,SO,, K,CO;, in acetone, 91% yield) to convert
the product 2g into 5,6-dehydrokavain, a naturally occur-
ring pyrone.'8 Further applications of the presented meth-
odology in the context of more complex syntheses are
currently under way in our laboratories and will be report-
ed in due course.
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Representative procedure for the conversion 1 — 4: At
—78 °C, asolution of ketene acetal 3 (4.25 mmol, 910 mg) in
CH,CI, (10 mL) was added dropwise to a solution of
crotonal dehyde 1f (2.5 mmol, 175 mg) and TiCl, (2.7 mmol,
512 mg) in CH,CI, (20 mL). The reaction mixture was
stirred for another 1.5 h at —78 °C and was subsequently
quenched with sat. aqg NaHCO, (10 mL). The organic layer
was separated and the ag layer was extracted with CH,Cl,
(3% 5mL). The combined organic layers were dried
(Na,SO,), filtered and evaporated under reduced pressure to
give the crude product as a pale yellow oil. Purification by
flash chromatography on silicawith pentane/EtOA ¢ (80/20)
as eluent gave alcohol 4f% (477 mg, 2.25 mmol, 90%) as a
colorlessoil. *H NMR (250 MHz, CDCl,): § = 1.64 (s, 3H),
1.65(s,3H),1.66(dd, J=1.4Hz, J= 6.4Hz 3H),2.04 (s,
br, 1 H), 2.32-2.47 (m, 2 H), 4.32 (pseudo g, J = 7.0 Hz, 1
H), 5.27 (s,1H),5.47 (ddg, J= 1.4Hz,J= 7.0Hz,J= 153
Hz, 1H), 5.72 (ddg, J=09Hz, J= 6.4Hz,J= 153 Hz, 1
H). *CNMR (62.9 MHz, CDCl,): § = 17.6, 24.8, 25.3,41.5,
69.7, 95.1, 106.6, 128.2, 132.3, 161.1, 168.6.

(a) Dess, D. B.; Martin, J. C. J. Org. Chem. 1983, 48, 4155.
(b) Boeckman, R. B. Jr.; Shao, P.; Mullins, J. J. Org. Synth.
1999, 77, 141.

Representative procedure for the conversion 4 — 5: Dess—
Martin periodinane (1.5 mmol, 640 mg) wasadded asasolid
to asolution of compound 4f (1.12 mmol, 238 mg) in 5 mL
of CH,Cl,. Theresulting mixturewasstirredfor 90 minat r.t.
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The mixture was diluted with 30 mL of ether and 6 mL of a
sat. ag NaHCOj;-solution containing 5% sodium thiosulfate
was added. After stirring for 20 min, the clear organic layer
was separated. The organics were dried over Na,SO,,,
filtered and evaporated. The residue was purified by flash
chromatography on silicawith pentane-EtOAc (80:20) to
yield compound 5f (197 mg, 1.1 mmol, 95%) as a colorless
liquid whichwastaken directly into the cyclization step.* H
NMR (250 MHz, CDCl,): & = 1.65(s, 6 H), 1.89 (dd, J = 1.5
Hz, J= 6.7 Hz, 3H), 3.41 (s, 2 H), 5.30 (s, 1 H), 6.12 (dg,
J=15Hz,J=15.7Hz,1H),6.88(dq,J=6.7Hz,J= 15.7
Hz, 1H). BCNMR (62.9 MHz, CDCl,): § = 18.3, 24.9, 44.5,
96.6, 107.1, 130.8, 145.4, 160.7, 164.9, 192.3.

For arelated thermal cyclization, see: Lokot, I. P.;
Pashkovsky, F. S.; Lakhvich, F. A. Tetrahedron 1999, 55,
4783.

For references on the DBU-mediated cyclization of f3,5-
diketocarboxylates, see: (a) Oppolzer, W.; Moretti, R.;
Bernardinelli, G. Tetrahedron Lett. 1986, 27, 4713.

(b) Marquet, J.; Moreno-Mafias, M.; Prat, M. Tetrahedron
Lett. 1989, 30, 3105. (c) Ishibashi, Y .; Ohba, S.; Nishiyama,
S.; Yamamura, S. Tetrahedron Lett. 1996, 37, 2997.

(d) Smith, A. B. 111; Kinsho, T. Tetrahedron Lett. 1996, 37,
6461.

Representative procedure for the conversion 5 — 2: A
toluene (5 mL) solution of compound 5f (0.79 mmol, 166

(16)

(17)
(18)

(19)

mg) was added within 5 min to refluxing toluene (20 mL).
After additional 10 min at reflux, the mixturewas allowed to
cool to r.t. The precipitated solid was collected and
recrystallized from pentane/CH,CI, to give 97 mg (0.64
mmol, 81%) of pyrone 2f asacrystalline solid. Mp
(decomp.): 190 °C (ref.X: 191-194 °C). 'H NMR (250
MHz, d®-DMS0): § = 1.89 (d, J = 7.0 Hz, 3H), 5.30 (d,
J=15Hz 1H),6.05(d, J=15Hz 1H),6.21(d, J=155
Hz, 1H), 6.53 (dg, J= 7.0 Hz, J = 15.5 Hz, 1 H), 11.69 (s,
br, 1H). 3C NMR (62.9 MHz, d;-DMSO): § = 18.4, 89.7,
100.1, 123.7, 134.0, 159.3, 163.3, 170.7. Anal. Calcd for
CgHgO; (152.15): C, 63.15; H, 5.30. Found: C, 62.97; H,
5.25.
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