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A one-step catalytic asymmetric access to a,f unsaturated o-lactones is described, using a vinylogous Mukaiyama-aldol reaction between a
y-substituted dienolate and various aldehydes in the presence of Carreira catalyst CuF+(S)-tolBinap. This methodology has been further

applied to a straightforward access to the Prelog-Djerassi lactone.

The o, unsaturated and saturatéeactones are found in

pounds are also useful chiral building blocks, such as for

an impressive number of natural and unnatural productsexample the Prelog-Djerassi lactolié! Efficient asymmetric

possessing interesting biological activitie8.These com-
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We wish to report herein an efficient catalytic asymmetric
one-step protocol to accgssﬂ unsaturate@d-lactones using Scheme 2
a vinylogous aldol reactiotf. OH o
Recently, we have described the efficient formation of ¥ s
vinylogous aldol product using silyl dienolate in good a Ph OMe
yields, excelleny: o regioselectivity, and moderate to good o / 3a Syn Anti 11
enantioselectivity (Scheme 19.
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a(a) TBAT 10%, THF, rt, 60%; (b)N-benzyl cinchodinium
fluoride 10%, THF, rt, 60%; (c) CukS)-tolBinap, 10%, rt, 85%
To observe the influence ofjasubstituent on the course  (3a/5a16/84).
(a/y and syn/antiratio) of the reaction, we envisioned the
reaction ofy-substituted silyl-dienolat@?! with benzalde-
hyde. Unexpected results were observed depending on th@actone 5a was isolated in 85% yield (Table 1). The
nature of the dienolate activation (Scheme 2). vinylogous aldol producBa was obtained with neyn/anti
Using 10% of tetrabutylammonium triphenyldifluorosili-  diastereoselectivity and very poor enantioselectivities%<
cate TBAT as a racemic nonhygroscopic source of fluctide, ee for bothsynandanti products). On the other hand, the
the expected vinylogous aldol produga was isolated in o, unsaturated lactonda was found to be highlyanti
45% yield in a disappointing 1:3yn/antiratio. Changing  selective §yrfanti > 2:98) in 87% ee, suggesting that a more
the fluoride source to a chiral nonracemic ammonium organized transition state had occurred.
fluoride 2°¢ we were surprised to isolate only the aldol

product in 68% yield, in a 1:Syn/antimixture. DD

Moving to the Carreira catalyst CufS)-tolBinap?® a Table 1. Vi Mukai Reac ¢ Dienola
. ; : able 1. Inylogous MukKalyama Reactions ol bienolaie
14:86 mixture of the vinylogous aldol produ8t and the with Various Aldehydes in the Presence of 10% of

CuF+(S)-tolBinap
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M.; Kido, M.; Kitahara, T.Tetrahedron1999,55, 9755. (c) Marshall, J. dehyde

A.; Adams, N. D.J. Org. Chem1999,64, 5201. 6  isobutyraldehyde 95  64/36 5f >98/2 91"
(18) For an elimination strategy, see: Jorgensen, K. B.; Suenaga, T.;

Nakata, T.Tetrahedron Lett1999,40, 8855. aDetermined by*H NMR on the crude producf. HPLC DAICEL-OD,
(19) For a general review on vinylogous Mukaiyama-aldol reaction, hexane/2-propanol 95/5After recrystallization (heptaney.HPLC DA-
see: Casiraghi, G.; Zanardi, F.; Appendino, G.; RassGitem. Re. 200Q ICEL-0OJ, hexane/2-propanol 82/18HPLC DAICEL-OJ, hexane/2-pro-
100, 1929. panol 95/5f HPLC DAICEL-OJ, hexane/2-propanol 9581PLC DAICEL-

(20) (a) Bluet, G.; Campagne, J. Metrahedron Lett1999,40, 5507. 0J, hexane/2-propanol 90/10HPLC ChiralPAK AD, hexanes/ethanol 99/
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recrystallized lactoneSa and5c). Reaction with 2-furalde-  products were found to be less than 10% of the mixture.

hyde proved to be less selective, leading to the lactone with After flash chromatography, lactoréa was isolated in a

a high ee (86%) but generally in a 1:1 ratio of linear and gratifying 60% yield. Using theR)-tolBinap ligand with

lactone products. The reactions with unsaturated (entry 5)aldehyde8 (mismatched pair), an inversion of the diaste-

and aliphatic (entry 6) aldehydes were also efficient in terms reoselectivity could be observed: a 9/1 mixture of lactones

of anti/synratio (>98/2) and ee (respectively, 82%, 9% 9b*” and 9a was obtained (the amount of linear products

but the lactone/linear product ratios were somewhat lower was again found to be less than 10%). After purification by

(respectively, 70/30, 64/36) compared to aromatic aldehydes.flash chromatography, the mixture of lactones was isolated
To determine the absolute configuration of the lactones, in 55% vyield.

lactone5a was oxidized to the previously described enan-

tiomerically pure compouné.?* A rotation of —13.9 (for _

87% ee) was found, in agreement with the reported rotation Scheme 8

of —17.5 described for the enantiomerically pargi (2R 39

compound.

Scheme 3
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5a (87% ee) [0l = -13.9 (c=0.35 , GHCl) TBDPSO

[

OH O

Bh MOH Lit[24): [o)p2> = -17.5 (¢=2.3 , CHCly)

8 :

a(a) RuCh 6%, NalQ; 4.2 equiv, CHCN/CClW/H,O (1/1/1.5),
50 °C, 24 h, 35%.

Consequently, asolute configurations of lactoBeb- a(a) CuF(9-tolBinap, 10%, rt, 60%; (b) CukR)-tolBinap, 10%,
tained with CuF+(S)-tolBinap, were tentatively assigned as rt, 55%.
shown in Scheme 4.

_ According to the procedures described by Cddgyhe

lactone 9a was further transformed in three steps to the

Scheme 4 Prelog-Djerassi lactond0. This procedure constitutes a

« OTMS 0 straightforward (four steps from aldehy8gcatalytic asym-
/\/\g 0 | metric access to the Prelog-Djerassi lactone (Scheme 6).
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This methodology was then applied to chiral aldehgde
The reaction of chiral aldehydwith the ©-tolBinap ligand
(matched pair) led predominantly to tleyn/antilactone
9alld26 The other anti/anti lactone 9b%® could not be
observed by'H NMR of the crude product, and linear In conclusion, the catalytic asymmetric vinylogous aldol

of y-substituted dienolate constitutes a valuable one-step
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and applications of this reaction to the synthesis of natural Supporting Information Available: Experimental pro-
products are currently under investigation. cedures and characterization data for all new compounds.
This material is available free of charge via the Internet at
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