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Abstract—Oxidation of 2-alkoxy-3.,4-dihydro-2 H-pyrans with dimethyldioxirane followed by Jones oxidation leads to rearrange-
ment and stereocontrolled formation of 4,5-cis-disubstituted tetrahydrofuranones; the method is applied to the synthesis of the

whisky lactone 13 and cognac lactone 14.
© 2006 Elsevier Ltd. All rights reserved.

We recently reported the aminative rearrangement of 2-
alkoxy-3,4-dihydro-2 H-pyrans 1, allowing a concise and
stereocontrolled synthesis of substituted pyrrolidines (2,
X = NTs) (Scheme 1), which harnesses the initial 4+2-
cycloaddition reaction between an enone and an enol
ether to construct the carbon framework.! Products 2
are useful bis-electrophiles for synthesis of azabicycles.?
The oxygen version of this rearrangement could poten-
tially provide an equally rapid approach to tetra-
hydrofurans (2, X = O), which are present in a wide
range of natural products. Indeed, there are several spe-
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cific examples of the use of this ring contraction process
for the synthesis of spiroacetals,® and oxidative rear-
rangement of two very simple substrates using mCPBA
was reported by Hall in 1970.# We wished to explore the
generality of the method and, in line with our work in
the pyrrolidine series, we were particularly interested
in whether substituents on the pyran substrate 1 could
control the relative configuration of the THF products.
Here we report our preliminary work towards this goal,
leading to a stereocontrolled synthesis of 4,5-cis-disub-
stituted tetrahydrofuranones, a class which relatively
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few synthetic methods for THF synthesis address,®> and
application of the method to the synthesis of y-lac-
tone-containing natural products.

A range of substrates 3 (Scheme 2) was prepared by
Lewis acid-catalysed enol ether/enone cycloaddition.!-¢
We were pleased to find that treatment of 3a with a solu-
tion of dimethyldioxirane (DMDO) in acetone’ did
effect the desired oxidative rearrangement. However,
even when the DMDO solution was dried over K,COj3
prior to use, we obtained a mixture of lactol Sa as well
as the expected lactol ether product 4a. In order to con-
verge these to a single product, as well as to remove the
lactol stereocentre to allow stereochemical analysis, we
treated the product mixture with Jones reagent to pro-
vide lactone 6a cleanly in good yield (Scheme 2; Table
1, entry 1). This process was then applied to substrate
3b bearing a CHj3-substituent at C4. The corresponding
lactone 6b was obtained as a 3:1 mixture of diastereo-
mers, and NOE studies indicated that the cis-isomer
was the major.® This outcome is consistent with initial
epox1dat10n of 3b on the less hindered face, trans to
the R!-substituent. Pleasingly, as would be expected,
higher levels of stereocontrol were observed with more
sterically demanding and branched R' substituents
(entries 3—6), with only the 4,5-cis-isomer being observed
in some cases (entries 5 and 6). The process tolerates the
presence of an oxygen functionality (entry 3), an isolated
alkene (entry 6) and a quaternary centre in the substrate
(entry 7). However, to date, substrates with a hydrogen
in place of the methyl group at C6, which would lead
initially to aldehyde-containing products, do not under-
go the desired rearrangement with DMDO.

Table 1. Conversion of pyrans 3 to lactones 6"

Yb(fod)3,
L 55 °C,5d |
R™ O” “OEt
nPr 9R="Pr, 70%
8R="Bu 10 R ="Bu, 65%
i) 1 eq DMDO,
acetone/CH,Cl,
R o + R o
ii) Jones o o \g o
oxidation
11a R ="Pr, 58% 11b R="Pr, 12%
12a R ="Bu, 48% 12b R ="Bu, 6%
1. NaBH,4, MeOH
11aR="Pr 4 n
12aR="Bu 2 (Im),CS,DCE, 80°c R 0~ ~O
n o
3. "BugSnH, AIBN, 13 R="Bu, 36%
toluene (over 3 steps)
14 R ="Pent, 49%
(over 3 steps)
Scheme 3.

With the method established as a stereocontrolled route
to 4,5-cis-disubstituted tetrahydrofuranones, we demon-
strated its application to natural product targets, lac-
tones 13 and 14 (Scheme 3) partly responsible for
aroma and flavour in whisky and cabernet sauvignon
wine.!? The requisite substrates 9 and 10 were again pre-
pared using a hetero Diels—Alder reaction. Oxidative
rearrangement with DMDO followed by Jones oxida-
tion proceeded to give a mixture of diastereomers (5:1
for 11a; 8:1 for 12a by '"H NMR analysis), from which
the desired cis-isomers could be separated (58% for
11a; 48% for 12a). The superfluous ketone moiety was
removed by reduction (NaBH,) followed by Barton-
McCombie deoxygenation, providing the cis-lactones
13 and 14, the spectroscopic data of which matched
those reported for the natural products.'!

In conclusion, we have developed a concise stereo-
controlled route to 4,5-cis-disubstituted tetrahydrofura-
nones via oxidative rearrangement of readily available
2-alkoxy-3,4-dihydro-2 H-pyrans. Efforts to extend this
to enantioselective synthesis via use of catalytic asym-

Entry 3 R! R? R? Yield® d.r.c

1 a H H "Bu 69 —

2 b Me H "Bu 53 3:1¢

3 c CH,OBn H Et 48 95:5

4 d Pr H "Bu 63 9:1

5 e Ph H Et 65 >95:5¢
6 f (CH,),CH=CHEt H Et 64 >95:5°
7 g Me Me "Bu 50 —

#Typical procedure: see Ref. 9.
®Isolated yield of 6 over two steps from 3.

©Estimated by integration of the "H NMR spectrum of the crude reaction mixture.
4 Isomers separable by column chromatography: cis-lactone 32%, trans-lactone 10%.

¢Only the cis product observed by '"H NMR.
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metric Diels—Alder or epoxidation processes are under-
way in our labs.
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