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Abstract: Reaction of 1,3-dihalo-3-methyl-2-butanone with #-butyl acetoacetate (NaH) gave
t-butyl 3,4-dihydro-2,2,6-trimethyl-4-ox0-2H-pyran~5-carboxylate via the Favorskii-type rear-
rangement. Michael addition of 4-methylphenyllithium (Cul) followed by ring cleavage with
Me3SiC1—NaI in DMF or PrCN afforded ar-atlantone as well as (f)-ar-turmerone selectively.

Conjugated enones have been widely used as versatile intermediates in organic synthesis.
Frequently, the appropriate structures are found in carbon skeletons of terpenoids, e.q. ar-
atlantone (1) ' and (I)-ar-turmerone (2).2 We report here a convenient synthetic route to
these compounds, which involves two novel reactions. One of them is the Favorskii-type rear-
rangement of o,a'-dihalo ketones induced by enolates of B-keto ester and acetylacetone, giving
dihydro-4-pyrone derivatives in one-pot reaction. The other is the cleavage of tetrahyro-
4-pyrone skeleton with Me3SiC1-NaI reagent 31n DMF or PrCN affording divinyl ketone as well as
monovinyl ketone, selectively. By the combination of these procedures, compounds 1 and 2
could be synthesized effectively in three steps.

It has been well known that the Favorskii rearrangement of o,a’'-dihalo ketones induced by
hydroxide or alkoxide gives o,B-unsaturated acids or their esters, respective]y.4 The reac-
tion presented here is the first example of extending the base of the Favorskii rearrangement
to enolates of B-keto ester and acetylacetone to obtain a variety of dihydro-4-pyrone deriva-
tives as summarized in Table I. Possible mechanism of the reaction represented by those of
3 and 4 is shown below. The Favorskii-type rearrangement may occur initially to give enone
intermediate 5,5 which then cyclizes to form dihydro-4-pyrone 6a.
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Table I.  Synthesis of Dihydro-4-pyrone Derivatives 2
0 Na 0 Procedure Yield
Dihalo Ketone RI- C-CH-C-R Product for Isolation® (%)
R] R2
A
::a//ﬂ\\V/C] CH3 OEt l CO Et [bp 106-110 °C 71
(0.18 mmH
Br 3 g)]
0
::ﬂ//ﬂ\\v/ﬁl CHy  OEt A 61
A
“ 4 [bp 92-95 °C
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3 CH3 0Bu I 75
mp 38.2-38.9 °C
(hexane-ether 5:1)
0 Et B
4 Ph OEt 6c® (hexane-acetone 46
h 5:1)
0 Et c
4 -CHpCOET  OEt CO.Et (hexane-acetone 47
6d 6:1)
0 0
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4 CHy  CHy [bp 100-110 °C 53
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CO Et A
a H OEt £9  [bp 130-150 °¢ 53
(0.18 mmHg)]
0
C1 B
- CHy OMe (hexane-ether 60
5:1)

3 5ee reference 6 (IR and ]H NMR spectral data) A distillation; B, TLC (Merck, Kieselgel

C, column chromatography (Wakogel C-ZOO). ©s. Gelin and R. Gelin, Bull. Soc. Chim.

PFo5q)s

Fr., 1968, 288. 9 Reaction in dioxane.
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A typical procedure for the synthesis of dihydro-4-pyrones is as follows: A suspension
of t-butyl acetoacetate (16.4 g, 0.103 mol) and NaH (4.7 g, 0.103 mol) in THF (70 mL) was
heated under reflux for 2 h and then cooled on an ice bath. To the suspension was added a
solution of 3-bromo-1-chloro-3-methyl-2-butanone (3) (11.4 g, 0.0427 mol) in THF (30 mL) drop-
wise. The mixture was stirred for 2 h at 0 °C and then for additional 12 h at room temper-
ature. The resulting mixture was acidified with 10% HCl and the organic layer was treated
in a usual manner to give 7.64 g of ¢-butyl 3,4-dihydro-2,2,6-trimethy1-4-ox0-2H-pyran-5-
carboxylate (6b) in 75% yield after vacuum distillation.

The carbon skeleton of compounds 1 and 2 was constructed by introducing 4-methylphenyl
moiety to C-6 position of the common intermediate 6b. To a suspension of 4-methylphenyl-
1ithium (41.6 mmol) and Cul (4.0 g, 20.8 mmol) in ether (20 mL), was added a solution of 6b
(1.7 g, 6.9 mmol) in ether (20 mL) at -50 °C slowly. The mixture was stirred for 2 h at
-50 °C, for 4 h at 0 °C and then for additional 14 h at room temperature to yield ¢-butyl
tetrahydro-2,6,6-tr1methy1-2—(4-methy1pheny1)—4-oxo-4H—pyran-3-carboxy]ate (7)7 in 83% yield
after purification by column chromatography (Wako gel C-200, hexane-ether 20:1).

Subsequently, the tetrahydro-4-pyrone ring was cleaved to obtain 1 or 2, selectively, by

the use of Me381C1—NaI reagent in different solvent. Compound 7 was allowed to react with
Me3SiC1-NaI {6 equiv. each) in DMF at 120 °C for 0.5 h, affording ar-atlantone in 70% yield
after purification by TLC (hexane-acetone 3:1). In contrast to the above result, where

dehydrative ring opening has merely occurred in parallel with the removal of t-butoxycarbonyl
group, the similar reaction of 7 with Me3SiC1—NaI (10 equiv. each) in PrCN8 at reflux temper-
ature gave (I)-ar-turmerone in 68% yield exclusively. Although the mechanism is still
obscure, partial reduction has been achieved in one step during the course of the latter reac-
tion. It is interesting that compounds 1 and 2 can be prepared selectively by the choise
of the solvent, i.e. DMF or PrCN. It should be noted here that ar-atlantone is transformed
to (¥)-ar-turmerone by the Me351C1-NaI reagnet (6 equiv. each) in refluxing PrCN in good
yie]d.9 Further study on the mechanism and the scope of the reactions is in progress.
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