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TOTAL ASYMMETRIC SYNTHESIS OF POLYPROPIONATE FRAGMENTS
AND DOUBLY BRANCHED HEPTONO-1,4-LACTONES

Philippe Kernen, and Pierre Vogel*
Section de chimie de 1’Université de Lausanne, 2, rue de la Barre, CH 1005 Lausanne, Switzerland

Summary:  (+)-(1R,2S,4R)-2-Cyano-1,5-dimethyl-7-oxabicyclo[2.2.1 }hept-5-en-2-yl  (1'R)-camphanate
((+)-3) and (+)-(1R,4R)-1,5-dimethyl-7-oxabicyclo[2.2.1]hept-5-en-2-one ((+)-4) were obtained readily
from 2,4-dimethylfuran. (+)-3 was converted into 2,7-dideoxy-2,4-di-C-methyl-L-glycero- and D-glycero-
L-altro-heptono-1,4-lactone ((+)-17) and ((+)-18).

Many bioactive natural products contain polysubstituted carbon chains with methyl and hydroxyl
groups (polypropionates and analogues).! Several ingenious asymmetric and stereoselective synthetic
approaches to fragments of these systems carrying several consecutive chiral centres have been proposed.2#
Optically pure (+)- and (-)-7-oxabicyclo[2.2.1]hept-5-en-2-one and derivatives ("naked sugars"%) obtained
via Diels-Alder addition of furan to optically pure 1-cyanovinyl esters are useful chirons that have been used
to prepare all kinds of natural products and compounds of biological interest® including long chain
carbohydrates” and their analogues’, and C-linked disaccharides’. We have now found that
2,4-dimethylfuran (1) obtained in three steps from acetone! can be readily converted into optically pure
1,5-dimethyl-7-oxabicyclo[2.2.1]hept-5-en-2-yl derivatives. These systems ("naked sugars of the second
generation") can be converted into polypropionate fragments including 2,7-dideoxy-2,4-di-C-methyl-
L-glycero- and D-glycero-L-altro-heptono-1,4-lactone ((+)-17) and ((+)-18).
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A 10:1:0.25 mixture of 1, 1-cyanovinyl-(1’R)-camphanate!! and Znl, (20°C, 2 days) gave, after
filtration on silica gel and two recrystallizations from EtOAc/hexane, the adduct (+)-3 in 54% yield.'? Iis
diastereomeric purity was 99.75:0.25 (by 360 MHz 'H-NMR using '*C-H satellites) and the endo
configuration of the camphanate moiety was confirmed by NOE measurements in the 'H-NMR spectrum.
Heating the mother liquors from the recrystallization of (+)-3 to 120°C (toluene) allowed the recovery of
unreacted 2 (30%). Alkaline hydrolysis (KOH 3N, 1:1 THF/H,0, 20°C, 1h) followed by treatment with 40%
aqueous H,CO (25°C, 15 min.) gave enone (+)-4 (81%). Its CD spectrum'?®® was similar to that of
(+)-(1R,4R)-7-oxabicyclo[2.2.1]hept-5-en-2-one!! which confirmed the (1R,4R) configuration.

Double hydroxylation of the double bond in (+)-3 with N-methylmorpholine oxide monohydrate and
0.01 equivalent of OsQOy in 8:1 acetone/H,0 (20°C, 3h) afforded diol (-)-5 (85%) which was protected as the
acetonide (-)-6 (95%)!* by treatment with 2,2-dimethoxypropane in acetone containing a catalytical amount
of para-toluenesulfonic acid. The endo configuration of H-C(6) was given by the observation of a NOE
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between that proton and the camphanate protons. This was expected by analogy with other examples of
double hydroxylations of 7-oxabicyclo(2.2.1]hept-2-ene systems.!4 Methanolysis of (-)-6 (MeOH, K,CO,,
20°C, 45 min.), followed by treatment with formaline led to ketone (+)-7 (99%)1® and the recovery of
(-)-(1R)-camphanic acid (91%), the chiral auxiliary used to generate the starting dienophile 2.!! The
Baeyer-Villiger oxidation of (+)-7 with meta-chloroperbenzoic acid (CH,Cl,, NaHCO;, 20°C, 5h) afforded
lactone (-)-8 (92%) with high regioselectivity.!5-16
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Deprotonation of uronolactone (-)-8 with (Me;Si);NLi (1.0 equivalent) in THF (-65°C) followed by
addition of Mel (-65°C to -20°C) yielded the exo-a-methyllactone (-)-9 (92%).17* The isomeric endo-
a-methylactone (-)-10 was not visible in the 250 MHz 'H-NMR spectrum of the crude reaction mixture.
Treatment of (-)-9 with (Me;Si);NLi (1.2 equivalent) in THF at -50°C followed by quenching of the enolate
with MeOH led to a 88:12 mixture of (-)-10 and (-)-9 from which pure (-)-10 (77%)'™ could be isolated by
flash chromatography and recrystallization, Acidic hydrolysis of (-)-10 (IN HCI, 60°C, 24h) gave the
crystalline  dihydroxy-y-lactone  (-)-11, which was partially protected by silylation with
(-Bu)Me,SiOSO,CF; and 2,6-lutidine (CH2C12, 0°C, 30 min.) affording (-)-12 (82%).!® Reduction of
ketone (-)-12 with NaBH, (MeOH, -78°C) led to a 1:1 mixture of diols (+)-13 (49%) and (-)-14 (44%)
which were separated by flash chromatography on silica gel. Reduction of (-)-12 with L-Selectride
(Li(i-Bu);BH) in THF at -78°C gave a 9:1 mixture of (+)-13 and (-)-14, the structures of which were
established by the 360 MHz 'H-NMR spectra of the comesponding acetonides 15 and 16 obtained by
treatment with 2,2-dimethoxypropane and a trace amount of para-toluenesulfonic acid (20°C, 3 days).
While there was a significant NOE between H-C(5) and H-C(6) in the L-glycero-L-altro-heptono-
1,4-lactone derivative 15, no NOE was observed between these protons in the D-glycero- isomer 16.



2475

Unprotected heptono-1,4-lactones (+)-17 (95%) and (+)-18 (96%)1920 were obtained by treatment of (+)-13
and (-)-14, respectively, with 40% HF.

This work demonstrates the possibility to transform acetone into a new kind of optically pure
7-oxabicyclo[2.2.1]hept-5-en-2-yl derivatives that can be converted with high stereoselectivity into
potentially useful polypropionate fragments and doubly branched heptose derivatives.
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7.5, Me-C(2)); 1.14 (s, Me-C(4)); 0.89 (s, -Bu); 0.13, 0.12 (2s, Me,Si).

a) Data of (+)-17: viscous oil, [a]®5g9 = +8.6 (c = 0.5, MeOH); IR (CH,Cly) v: 3750, 3450, 2920,
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All the new compounds described here gave satisfactory elemental analyses. Details will be given ina
forthcoming full paper.
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