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Aldol reactions of f-ketoesters with aldehydes followed by a tandem Knoevenagel condensation, with a further equivalent of aldehyde, and
intramolecular Michael addition produces single diastereomers of highly substituted tetrahydropyran-4-ones.

Tetrahydropyran (THP) rings are ubiquitous in the natural  Our interest in the formation of THP rings arose from the
product arena, and over the years many methods have beereports of Maitland and Jappand later Cornubert and
developed for their construction. Some of the most widely Robinet® who showed that a ketone and 2 molecules of
used methods are intramolecular epoxide opening, manipula-aldehyde could be condensed in a low- yielding process to
tion of carbohydrateshetero- Diels—Alder cyclization? generate substituted THP rings. Much later both of these
Prins reaction$, and intramolecular Michael reactiohs. reactions were found to generate single diasteromers of the
However, all of these procedures have drawbacks: for THP products (Scheme 1}°We realized that with current
example, the regiochemistry of epoxide opening, the many
protecting group manipulations and functional group inter-
conversions inherent in starting from a carbohydrate, restric- . .
tion to the use oE,E-dienes ar?d activated aldghydes in the Scheme 1. The Maitland—Japp Reaction
heterq—DieIs—AIder approa_chthe need for single double o xs-NaOH (aq) } Q .
bond isomers of homoallylic alcohdland product scram- /\H/\ PR fi
bling in the Prins reactioh,and finally the reliance on o Ph™ H >7 days

phenols in the Michael reaction. 19%

Ph® "O" "Ph
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our attempts at developing an alternative, yet complementary
diastereoselective method for the synthesis of THP rings, 1 pie 1.
based on the Maitland—Japp reactfostarting from com- BF. Ot
mercial or readily available starting materials. C:’i' o z MG Q MeOLC OH
To widen the scope of the reaction and enable the 1 % €2 ri +Me2 I/i

installation of different substituents in the 2 and 6 positions R'CHO R0 SR R0 NR
of the THP ring, we decided to move away from ketones 2 3

such as pentan-2-one and, instead, investigate the use of

dienolates off-ketoesters. The marked difference in the 1 R R! yield (%)? ratio® 2/3
reactivity of the two enolate carboiid?should enable the b hexyl Ph 80 1:2
selective incorporation of different aldehydes, thus providing ¢ hexyl Pr 80 12:1
THP rings with different substituents in the 2 and 6 positions. d i-Pr Pr 55 11
Methyl acetoacetate was treated with NaH in THF at 0 © I-Pr hexyl 55 114
°C and then with BuLi at-78 °C. The resulting dianion f Ph Pr 8 only keto
g Ph Ph 68 only keto

was then treated with 1 equiv of benzaldehyde and the

i i a|solated yields after flash column chromatography, calculated over two
resulting aldol product isolated ¢, Scheme 2). If we were steps from methyl acetoacetatdH NMR (400 MH2).

Scheme 2 aryl, alkyl, and branched alkyl aldehydes can all be used in
0 o 1)NaH, THF, 0°C o o OH elth(_arlgosmon without any reduction in diastereoselectivity
or yield.
MeO 2) Buli, -78°C MeO Ph It is of interest that the keto and enol tautomet&fd3)
3) benzaldehyde 1a could be isolated by careful flash column chromatography.
In these cases it was found that upon standing in GH@
o OH enol tautomer would slowly convert to the keto tautomer.
BF3.OFt,, CH,Cl, MeO,C., MeO,C.__~ Under identical conditions the keto tautomer was unaffected.
This can be explained when one considers thatithMR
furaldehyde Ph NS0 ph spectra for the keto tautomers indicate that they exist in a
66% (2 steps) O 2a o 3a boat conformation, and hence there is little overlap between
261 C5—H58 bonding orbital and the €0 z* orbital. The

boat conformation is evident from a W-coupling between
) H3p and H55 of 0.8 Hz, and from the gradient nOe
to generate THP rings we would now have to develop a enhancements of the THP ring protons (Figure 1). It is
tandem KnoevenageMichael reaction. We rationalized that

as both reactions have been promoted by Lewis &¢citls,
simply mixing the aldol product with a second aldehyde in
the presence of BFOEL might be successful. As retro-

Michael reactions have hampered the formation of THP rings 4.5% % nO

in nonphenolic systenfsye were optimistic that the relative ' LA

pKa values of the starting hydroxyl proton and xetoester o] * %
H

proton in the THP product would favor Michael cyclization @) CeH CaH
. A J/ gMl13 6113
and drive the equilibrium over to THP products. Indeed, p r

P
when aldol productla was subjected to BFOEY, in the H \H
presence of furaldehyde in GEl,, the THP ring was formed o H j MeO,C
rapidly as a mixture of keto and enol tautomers in 66% yield OMe 9.9%

over the two steps. Gratifyingly, only one diastereomer could ~ 1.4%

be detected in théH NMR of the crude reaction mixture.

This diastereomer was identified as the-&26 cis, C5-C6
trans isomer, implying that the reaction was under thermo-

dynamic control. possible that this boat conformation is stabilized relative to
We next investigated the scope of the pyran forming the chair conformation by the donation of a lone pair of the

reaction by surveying a number of different aldehydes in ring oxygen into the C=0Cr* orbital.

both the initial aldol and the BFOEt promoted reactions. It has also proved possible to use cyclohexanone in the

These results are summarized in Table 1. As can be seenknoevenagel/Michael reaction to gain access to spiro-fused

THP products such a&in an unoptimized 48% yield over
(11) For the pioneering work of Weiler see: Huckin, S. N.; Weiler, L. the two steps (Scheme 3). Additionally, when the dianion

Ige;rihsefrg?;‘a‘tﬂgn"r’o' 4835. Huckin, S. N.; Weiler, LCan. J. Chem. ¢ hethvl propionyl acetate was treated with isobutanal and
(12) For a review see: Jones, Qrg. React1967,15, 204. the product subjected to the BPE®L conditions, pyrarb

N

Figure 1.
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Scheme 3 Scheme 5

O O OH BF3.OEl, CHCl; MeOsC,, o O OH MeO,C,,
. - BF3.0Ety, CH,Cl
MeO 'Pr  cyclohexanone iy MeO I S R PH
48% (2 steps) 4 PR 7 1 min, 0°C
92%
. . . . . O O
was formed rapidly in 78% yield. Extended reaction times BF5.0Ety, CH,Cly
or resubmission ob to the reaction conditions resulted in — MeO | 0
the partial epimerisation of the C3 position to generate 5 min, 0°C Ph 9
quantitatively a 1:3 ratio of pyrarand6 (Scheme 4). This 100%
via standard Knoevenagel conditions reported by Tiétze
(Scheme 5). When7 was submitted to the BFOEL
Scheme 4 conditions it was rapidly converted~( min) to THP 8,
0o which was isolated as a single diastereomer in 92% vyield.
O O OH  Br,OEt, CH,Cl, MeO,C., When 8 was resubjected to the reaction conditions it was
i found to be converted to fura® This presumably occurs
MeO Pr butanal, 4 h ; : : . o
utanal, Pr” 0 pr via retro-Michael reaction followed by cyclization onto the
78% (2 steps) 5 unactivated double bond. As the Lewis acid mediated

cyclization of alcohols onto unactivated double bonds is
somewhat rare, we believe that this cyclization is promoted

0 by trace amounts of HF present in the 8BEt solution.
BF3.OEt,, CH,Cl, Meogcrir +MeOQC )\)i In summary, we have developed a general and convergent
pre 0" pr Pr
5

100% diastereoselective synthesis of highly substituted THP rings
from readily available starting materials. We are now actively
1:3 engaged in the attempt to include the initial aldol reaction
in the same pot as the tandem Knoevenagel/Michael reactions
and in the possibility of making this THP forming procedure
enantioselective. These results will be reported in due course.

o)
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6

result can be rationalized if the reaction is assumed to be
under thermodynamic control. The initial Knoevenagel = Acknowledgment. We thank the EPSRC and the Uni-
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