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24. Synthesis of Polypropionate Fragments Containing Tertiary-Alcohol
Moieties. Cross-Aldolisations with Lithium Enolates of
7-Oxabicyclo[2.2.1]heptan-2-one Derivatives')

by Philippe Kernen®) and Pierre Vogel*
Section de Chimie, Université de Lausanne, BCH, CH-1015 Lausanne-Dorigny

(7.X11.94)

The Diels-Alder adduct of 2,4-dimethylfuran to 1-cyanovinyl (1’R)-camphanate ((+)-(1R,2S,4R)-2-exo-
cyano-1,5-dimethyl-7-oxabicyclo[2.2.1]hept-5-en-2-endo -yl (1’ R)-camphanate ((+)-1)) was converted into (+)-2,7-
dideoxy-2,4-di-C-methyl-L-glycero- ((+)-6) and -D-glycero-L-altro-heptono-1,4-lactone ((+)-7), into (—)-(3R,4R,
5R,68)-3,4:5,7-bis(isopropylidenedioxy)-4,6-dimethylheptan-2-one ((—)-22), and into (+)-(2R,3R,4R,5S,65)-
3,4:5,6-bis(isopropylidenedioxy)-2,4-dimethylheptanal ((+)-34). Condensation of (+)-34 with the lithium enolate
of (~)-(1R,4R,5S,6R)-6-exo-[(tert -butyl)dimethylsityloxy)-1,5-endo-dimethyl-7-oxabicyclo[2.2. 1]heptan-2-one
((—)-38; derived from (+)-1) gave a 3:2 mixture of aldols (+)-39 and (+)-40 (mismatched pairs of a « -methyl-substi-
tuted aldehyde and (E)-enolate) whereas the reaction of (£)-34 with (4+)-38 gave a 10:1 mixture of aldols (£)-41 and
(£)-39. A single aldol, (—)-44, was obtained on condensing (+)-34 with the lithium enolate of (+)-(15,4S,5S5,65)-5-
exo-(benzyloxy)-1,5-endo -dimethyl-7-oxabicyclo[2.2.1]heptan-2-one ((+)-43; derived from (—)-(1S,2R,4S)-2-exo-
cyano-1,5-dimethyl-7-oxabicyclof2.2.1]hept-5-en-2-endo -yl (1’S)-camphanate ((—)-3)). All these cross-aldolisa-
tions are highly exo-face selective for the bicyclic ketones. The best stereochemical matching is obtained when the
lithium enolates and «-methyl-substituted aldehydes can realize a “chelated transition state’ that obeys the Cram
and Felkin-Anh models (steric effects). Polypropionate fragments containing eleven contiguous stereogenic centres
and tertiary-alcohol moieties are thus prepared with high stereoselectivity in a convergent fashion. The chiral
auxiliaries (1R )- and (15)-camphanic acid) are recovered at the beginning of the syntheses.

A large variety of natural products of biological interest contain polypropionate
fragments (chain with alternating OH and Me substituents) and analogues involving
tertiary-alcoholic centres [2]. Several methods and strategies have been developed to
provide access to these systems which possess a high density of stereochemical informa-
tion (3]. The control of the stereochemistry can rely on pericyclic reactions such as the
Claisen rearrangement [4] or the Lewis-acid-promoted hetero- Diels- Alder addition [5], on
aldol reactions [6] involving imide enolates [7] [8], boron enolates [9], tin(I) enolates [10],
or zirconium enolates [11], on additions of crotyl boronates to aldehydes [12], on conju-
gate additions to butenolides [13], on additions of vinyloxiranes [14], or on using carbohy-
drates as starting materials [15]. Other approaches imply two directional chain elonga-
tions and a ‘desymmetrization’ process [16]. Bicyclic = systems that display high facial
selectivity in their reactions for steric reasons have also been used as starting materials
[3a] [17-22]. Recently, we have shown [1] [23] that the Znl,-catalyzed Diels-Alder addition

!y For a preliminary report, see [1]. Part of the Ph.D. thesis of Ph. K., Ecole Polytechnique Fédérale de
Lausanne, 1994,
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of 2,4-dimethylfuran to 1-cyanovinyl (1R)-camphanate leads to high yield of optically
pure adduct (+)-1, the saponification of which furnishes enone (4)-2 and allows one to
recover the chiral auxiliary ((1 R )-camphanic acid; Scheme I). Starting with 1-cyanovinyl
(15)-camphanate leads to the diastereoisomeric adduct (—)-3 and enantiomeric enone
(—)-2 with the same ease?).

We report here on the transformation of (+)-1 and of the racemic Diels-Alder adduct
(£)-4 and (+)-5 of 1-cyanovinyl acetate to 2 4-dimethylfuran into enantiomerically pure
and racemic polypropionate fragments, respectively, containing a tertiary-alcohol centre
and their use in the elaboration of long-chain systems containing up to eleven contiguous
stereogenic centres. The conversion of (4)-1 into doubly branched heptono-1,4-lactones
(+)-6 and (+)-7 is also presented.

Results and Discussion. — Double hydroxylation of (+)-1, (+)-4, and (£)-5 (N -methyl-
morpholine N-oxide monohydrate, 0.01 equiv. of OsO,) gave the diols (—)-8 (85%),
(£)-9, and (+)-10 (89%), respectively, which were protected as the corresponding
acetonides (—)-11 (95%), (+)-12, and (£)-13 (97%) by treatment with 2,2-
dimethoxypropane (acetone, toluene-4-sulfonic acid (TsOH) as catalyst, 20°). The ex-
pected [25] [26] exo-face selectivity of the double hydroxylation was confirmed by the
"H-NMR NOESY spectrum of (—)-11 which showed NOE’s between H,,,—C(3) (6 (H)
2.10 ppm, d, *J = 15.1 Hz) and Me,,,—C(5) (6 (H) 1.47 ppm). A NOE between the latter
and H—C(6) (6 (H) 4.25 ppm, 5) was also observed. The endo relative configuration at
C(2) was established by the observation of a NOE between the signals of Me—C(5) and

(-)-8 R=R* +)- (-)-11 R=R*
#)-9 R=Ac (3)-12 R=Ac

R* = (1R)-camphanoy!

% We call chirons (+)-1, (+)-2, (—)-2, and (-)-3 ‘naked sugars of the second generation’.
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Me,C(7") (6(H) 1.10, 0.99 ppm) of the camphanoyloxy substituent. Saponification of
(—)-11 followed by treatment with formaline (40% aqueous formaldehyde solution)
provided ketone (+)-14 (99 %) and 91 % of (1R)-camphanic acid (recovery of the chiral
auxiliary). Under similar conditions, (£)-12 and (4)-13 gave (£)-14 (99 %).
Baeyer-Villiger oxidation [27] of (+)-14 (3-CIC,H,CO,H, NaHCO,, CH,Cl,) afforded
(—)-15 (92 %) with high regioselectivity, as expected [28]. Deprotonation of uronolactone
(—)-15 with (Me,Si),NLi (LIHMDS; 1.0 equiv.) in THF (—65°) followed by the addition
of Mel (—65 to —20°) yielded the exo-a-methyl-lactone (—)-16 (92%; Scheme 2). The
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isomeric endo-o -methyl-lactone (—)-17 was not visible in the 250-MHz 'H-NMR spec-
trum of the crude reaction mixture. Treatment of (—)-16 with (Me,Si),NLi (1.2 equiv.) in
THF at —50° followed by quenching of the enolate with MeOH led to a 88:12 mixture of
(—)-17 and (—)-16 from which pure (—)-17 (77 %) could be isolated by flash chromatogra-
phy and recrystallization. Methylation of ketone (4)-14 as above led to a mixture from
which (+)-18 could be isolated in 55% yield only, together with unreacted starting
material (26%).

The exo relative configuration of the Me group at C(4) in (—)-16 and at C(3) in (&)-18 was given by the absence
of coupling constant between the bridgehead proton H—C(5) and H-C(4) in (—)-16 and H—C(4) and H—C(3) in
(£)-18 [29]. In contrast, (—)-17 showed a vicinal coupling constant >/ (H,,,—C(4),H—C(5)) = 4.8 Hzin its '"H-NMR
spectrum. In the case of (=)-15, J (H,,,—C(4),H—C(5)) = 6.0 Hz and *J(H,,,;,—C(4),H—C(5)) = 0 Hz were mea-
sured. Furthermore, the NOESY 'H-NMR spectrum of (—)-16 showed a NOE between the signals of H,,.;,,—C(4)
and Me—C(6), effect not visible in the NOESY spectrum of (—)-17. When the quenching of the lithium enolate of

(—)-16 was done with CD;0D, complete deuteration of H—C(4) was observed (disappearance of the gd at 5(H)
3.04 ppm, 3J = 7.6, 4.8 Hz).

Reduction of the doubly branched uronolactones (—)-16 and (—)-17 with LiAlH, in
Et,0 (0-20°) afforded triol mixtures (+)-19a,b and (4)-20a,b, respectively, the treatment
of which with 2,2-dimethoxypropane and SnCl, in dioxane [30] followed by oxidation

with N-methylmorpholine N-oxide in the presence of a catalytic amount of tetrapropyl-
ammonium perruthenate [31] furnished ketones (—)-21 (73%, based on (—)-16) and
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(—)-22 (68%, based on (—)-17), respectively, two polypropionate synthons with four
contiguous stereogenic atoms and a tertiary-alcohol centre (Scheme 2). In principle, these
synthons can be engaged in the construction of more elaborate systems via cross-aldolisa-
tions at the methyl-ketone end.

Attempts to methanolyze uronolactones (—)-16 and (—)-17 under basic conditions
(NaHCO,/MeOH, K,CO,/MeOH, DBU/MeCN/MeOH, DBN/MeCN, CsF/MeOH)
were not met with success. Complex mixtures were formed, and in the case the (—)-17, fast
isomerization into (—)-16 was observed. However, acidic hydrolysis of (—)-17 (In HC],
60°, 24 h) gave crystalline dihydroxy-y-lactone (—)-23, which was partially protected by
silylation with (z-Bu)Me,S10SO,CF, and 2,6-lutidine (CH,Cl,) [32] affording (—)-24
(82%; Scheme 3). Reduction of ketone (—)-24 with NaBH, MeOH, —78°) [33] led to a
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I:1 mixture of diols (4+)-25 (49%) and (—)-26 (44%) that were separated by flash
chromatography on silica gel. Reduction of (—)-24 with L-Selectride (Li(sec-Bu),BH) in
THF at —78° gave a 9:1 mixture of (+)-25 and (—)-26. Deprotection with 40% HF
solution [34] afforded (+4)-2,7-dideoxy-2,4-di-C-methyl-L-glycero-L-altro-heptono-1,4-
lactone ((+)-6) and (+)-2,7-dideoxy-2,4-di-C-methyl-D-glycero-L-altro -heptono-1,4-lac-
tone ((+)-7), respectively, nearly quantitatively. Treatment of the 9:1 mixture of (+)-25
and (—)-26 with 2,2-dimethoxypropane and TsOH (catalyst) gave pure acetonide (+)-27
in 80% yield. Racemic (+)-6 and (+)-7 were prepared in a similar fashion starting with
(£)-14. The relative configurations of (+)-6 and (+)-7 were established by the 360-MHz
"H-NMR spectra of the acetonides (+)-27 and (+)-28 (the latter obtained by treatment of
(+)-26 with 2 2-dimethoxypropane and TsOH). While there was a significant NOE
between H—C(5) and H—C(6) in (£)-27, no NOE was observed between these protons in
the isomer (+)-28.
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Reduction of (+)-27 with LiBH, in THF (20°) [33] afforded diol (+)-29 (75%;
Scheme 3). Monoacetylation of the primary alcohol with Ac,O/pyridine gave (+)-30
(93%). Treatment with Bu,NF provided the corresponding diol (+)-31 (91 %) which was
protected as an acetonide (2,2-dimethoxypropane, TsOH) giving the bis-acetonide (—)-32
(52%). Methanolysis of the acetate (MeOH, anh. K,CO,) gave the primary alcohol
(—)-33 (90%) the oxidation [31] of which furnished aldehyde (+)-34 (89 %), a polypro-
pionate fragment containing five contiguous stereogenic centres and a tertiary-alcohol
moiety. This compound is a valuable synthon that can be used directly in cross-aldolisa-
tions leading long-chain polypropionate system as illustrated below.

Lithium enolates of 7-oxabicyclo[2.2.1]heptan-2-one derivatives add to electrophilic
agents exclusively onto their exo-face for steric reasons [23] [25]. It is thus expected
that their reactions with asymmetric aldehydes might be highly stereoselective when
there is ‘matching’ between the configurations of the reactants [35]. The 7-oxabicyclo-
[2.2.1}heptan-2-one derivatives (—)-38 and (4)-38 were used to study the diastereoselec-
tivity of their cross-aldolisations with aldehydes (+)-34 and (4)-34. The former were
derived from (4)-2 and (£)-2, respectively, following a method developed by Sevin et al.
[23]. Treatment of (—)-2 in trimethyl orthoformate with montmorillonite gave the corre-
sponding dimethyl acetal 35 which was submitted to hydroboration with BH,-Me,S
followed by an oxidative workup with NaBO;-4 H,O. This led to exo-alcohol (—)-36 [23]
[36] CJ(H,,,—C(5),H—C(4)) = 5.8 Hz[29]) which was protected as the corresponding silyl
ether (—)-37 (96 %) on treatment with (¢-Bu)Me,SiOSO,CF,/2,6-lutidine in CH,Cl, at 0°.
Hydrolysis of the acetal (Amberlite IR 120, acetone, 20°) afforded (—)-38 (86 %).

(o] o] i~ O
OMe RQ OMe RQ o
/4 £ Y
OMe : OMe i
e Me
35 (-)-36 R=H (-)-38 R’ = (-Bu)Me,Si

(-)-37 R’ = (t-Bu)Me,Si

When (—)-38 was deprotonated with (Me,Si),NLi in THF at —78°, followed by the
addition of aldehyde (+)-34 (—95°, 30 min), a 3:2 mixture of aldols (+)-39 and (+)-40 was
formed in 45 and 30% yield, respectively, and separated by flash column chromatogra-
phy on silica gel (Scheme 4). There is obviously a stereochemical mismatching between
(+)-34 and (—)-38 since the reaction of the lithium enolate of (+)-38 with (+)-34 led to a
10:1 mixture of aldols (£)-41 and (+)-39. The major product (+)-41 was obtained pure in
60 % yield after chromatographic separation. These results can be interpreted in terms of
a cyclic transition state [35a] of type 42 and 42’ corresponding to the like mode [35b] of
cross-aldolisation which obey the Cram [37a] and Felkin-Anh rules [37b] and which are
realized only for the reaction of the racemic (£)-38 and not for the mismatched pair
(£)-34 and (—)-38 [38]. This interpretation was not contradicted by the following experi-
ment. The reaction of the lithium enolate of the bicyclic ketone (+)-43 (enantiomeric with
(—)-38, the exo OH group being protected as a benzyl ether instead of a silyl ether) [23]
with (4)-34 gave one major aldol (—)-44 isolated in 57 % yield. The 360-MHz '"H-NMR
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spectrum of the crude reaction mixture suggested that isomeric aldols were formed in less
than 5% yield.

The relative configuration of aldol (—)-44 was confirmed by its '"H-NMR spectrum (s
for the bridgehead H—C(4) (*J(H~C(3),H—C(4)) ~ 0 Hz [29])). Reduction of (—)-44 with
L-Selectride (THF, —78°) followed by treatment with NaOH/H,0, (30 %) at 20° afforded
the corresponding exo-alcohol 45 (86 %) which reacted with H,C(OMe),/2,5-lutidine and
Me,SiOSO,CF; to give the 1,3-dioxane 46 (40%; Scheme 4). The structure of 46 was
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deduced from its '"H-NMR data. The structures of aldols (+)-39 and (£)-41 were estab-
lished in a similar way after L-Selectride reduction (—47 and (£)-49, resp.) and conver-
sion to the corresponding 1,3-dioxanes 48 and (+)-50 (Scheme 5).

The 400-MHz NOESY 'H-NMR spectrum of 46 showed NOE’s between proton pairs H-C(2) (3.60 ppm, d,
3] = 7.2Hz)/H,,,~C(4) (4.96 ppm, d, 2J = 4.0 Hz), H,pz,~C(4) (4.86 ppm, d, J = 4.0 Hz)/H—C(6) (ca. 4.15 ppm),
and H-C(2)/H—C(10) (2.92 ppm, d, *J = 3.8 Hz). The 400-MHz 'H-NMR spectrum of 48 showed NOE’s between
proton pairs H—C(2) (3.79 ppm, d, *J = 6.4 Hz)/H,,,—C(4) (5.11 ppm, 4, %J = 5.6 Hz), H,,.,—C4)/H-C(6), and
H—C(2)/H—C(10) (3.07 ppm, d, >J = 4.7 Hz). The NOESY spectrum of ()-50 exhibited NOE’s between proton
pairs H-C(2) (3.64 ppm, d, °J = 7.4 Hz)/H,.,—C(4) (4.95 ppm, d, J = 4.2 Hz), H,,,,—C(4) (4.87 ppm);H—C(6)
(ca. 4.15 ppm), and H—C(2)/H—C(10) (3.12 ppm, d, 3J = 3.5 Hz).

Reduction of (+)-40 led to untractable mixtures. Its exo relative configuration at C(3)
was established by the observation of *J(H—C(3),H—C(4)) ~ 0 Hz [29], and that of the
aldol C(1") centre (“anti’-aldol) was deduced to be opposite of that of (+)-39 (‘syrn’-aldol
resulting from the Si-face attack of the enolate onto the Re-face of the aldehyde: unlike
mode).

Baeyer-Villiger oxidation of bicyclic ketone (+)-41 and (—)-44 afforded the uronolac-
tones 51 and 52 (Scheme 5), respectively, with high regioselectivity.

Conclusion. — The ‘naked sugars of the second generation’ [1] [23] have allowed the
development of a convergent and highly stereoselective method for the preparation of
long-chain polypropionate fragments. It is based on the cross-aldolisation of «-methyl-
substituted aldehydes with lithium enolates of 7-oxabicyclo[2.2.1]heptan-2-one deriva-
tives that are highly exo-face selective and follow the like mode (formation or erythro- or
‘anti’-aldols) [23]. The best stereochemical matching is obtained when the lithium eno-
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lates and a-methyl-substituted aldehydes can realize a ‘chelated transition state’ that
obeys the Cram and Felkin-Anh models (steric effect) [37] [38]. The method has allowed
one to generate long-chain systems containing up to eleven contiguous stereogenic
centres and tertiary-alcohol moieties. Polypropionate fragments with four and five con-
tiguous stereogenic centres as well as doubly branched heptono-1,4-lactones have also
been prepared with high stereoselectivity. In this approach, the chiral auxiliaries ((1.R)-
and (1S)-camphanic acid) are recovered at an early stage of the synthesis, and both
enantiomeric forms of the polypropionate fragments are available with the same ease.

We are grateful to the Swiss National Science Foundation, the Fonds Herbette, Lausanne, and F. Hoffmann-La
Roche AG, Basel, for financial support. We thank also Mr. Francisco Sepulveda, Martial Rey, and Jean-Michel
Roulet for their technical assistance and Dr. Anne-F. Sevin for her advice.

Experimental Part

General. See [39]. None of the procedures was optimized. m-Chloroperoxybenzoic (3-CIC,H,COsH, 55%)
was dissolved in CH,Cl, and washed with sat. aq. NaCl. soln. The org. layer was dried (MgSO,) and evaporated.
The resulting solid contained 70 % 3-CIC{H;CO,H. Flash column chromatography (FC): Merck silica gel (230
400 mesh). Solvents were distilled before use. Circular dichroism (CD) spectra: Jobin- Yvon-Mark-V dichrograph;
(dg) in nm. 400 MHz "H-NMR and 100.61 MHz '3C-NMR Spectra: Bruker-ARX-400 spectrometer (Aspect X32/3
computer, 1.5 MBYTE max. aquisition memory).

(+)-(IR,2S,4R )-2-exo-Cyano-1,5-dimethyl-7-oxabicyclof 2.2.1 ] hept-5-en-2-endo-yl (1’R )-Camphanate
((+)-1). This compound was prepared according to the procedure described for (—)-(1S,2R,45)-2-exo-cyano-1,5-
dimethyl-7-oxabicyclo[2.2.1]Thept-5-en-2-endo -yl (1’S)-camphanate ((—)-3) [23] using l-cyanovinyl (1’R)-cam-
phanate instead of 1-cyanovinyl (1’S)-camphanate. Colourless prisms. M.p. 136°. [x]§ = +92, [a]Eg = +96,
[alds = +111, [2]3 = +202, [2 ]335 = +350 (¢ = 1.0, CHCI3). IR (K Br): 3700-3140, 2960, 2940, 2240, 1790, 1760,
1640, 1440, 1400, 1380, 1330, 1310, 1270, 1260, 1220, 1200, 1170, 1110, 1070, 1060, 1020, 990, 960, 930, 860, 810,
670. "TH-NMR (250 MHz, CDCly): 5.71 (d, *J = 1.6, H=C(6)); 4.75 (d, *J = 4.7, H-C(4)); 3.00 (dd, 2J = 13.7,
3J =47, H,,,~C(3)); 2.45-2.34 (m, 1 H); 2.12-1.65 (m, CHx(5), H-C(6")); 1.83 (d, *J = 1.6, Me—C(5)); 1.82 (s,
Me—C(1)); 1.75 (d, 2J = 13.7, H,,,qo,—C(6)); 1.12, 1.04, 0.88 (35, 3 Me). '>*C-NMR (62.9 MHz, CDCl3): 177.6 (s,
C(3')); 166.1 (s, COO0); 150.9 (s, C(5)); 127.6 (d, 'J(C,H) = 177, C(6)); 117.3 (s, CN); 90.0 (s); 89.8 (s, C(1), C(I"));
81.4 (d, 'J(C,H) = 168, C(4)); 77.8 (s, C(2)); 54.7 (5, C(7)); 43.9 (1, 'J(CH) = 141, C(3)); 30.2 (1, 'J(C,H) = 135),
28.6 (1, 'J(C,H) = 135, C(5"), C(6")); 16.5, 16.4 (2¢, 'J(C,H) = 127, Me,C(7)); 15.1 (¢, 'J(C,H) = 126, Me—C(1));
12.5 (g, 'J(C,H) = 128, Me—C(5)); 9.5 (g, 'J(C,H) = 127, Me—C(4")). MS (70 €V): 345 (1, M ™), 181 (7), 149 (9),
137 (9). 135 (8), 125 (17), 109 (17), 97 (23), 96 (100), 95 (14), 83 (29), 67 (19), 55 (19). Anal. calc. for C;gH,;NOs
(345.40): C 66.07, H 6.71, N 4.05; found: C 66.12, H 6.79, N 4.02.

(+)-(IR,4R)-1,5-Dimethyl-7-oxabicyclo[2.2.1 | hept-5-en-2-one ((+)-2). This compound was prepared fol-
lowing the procedure described for (—)-2 [23], starting with (4)-1. Yield 93% (recovery of 88 % of (1R)-camphanic
acid). Colourless oil. [x)3 = +782, [a]%3; = +829 (¢ = 0.91, CHCI,). CD (¢ = 2.11 mg/ml, EtOH, 25°): 342 (0),
308 (+2.4), 252 (+0.03), 224 (+1.2), 207 (0), 200 (+0.25). Anal. calc. for CgH 40O, (138.17): C 69.54, H 7.29; found:
C69.43, H7.27.

(—)-(IR,2S,4R,58,6R }-2-exo-Cyano-5-exo,6-exo-dihydroxy-1,5-endo-dimethyl-7-oxabicyclo[ 2.2.1 | hept-
2-endo-y!/ (IR’ )-Camphanate ((—)-8). A soln. of 0.156mM OsO, in CCl, (0.186 ml, 0.01 equiv.) was added dropwise
to a stirred soln. of (+)-1 (1.0 g, 2.9 mmol) and N-methylmorpholine N-oxide-H,O (783 mg, 5.8 mmol) in
aceton/H,O 8:1 (40 ml) [40]. After stirring at 20° for 3 h, CHCl; (250 ml) was added and the mixture washed with 5N
HCI (10 ml) and then with 45% aq. Na,S,05 soln. (15 ml). The two aq. layers were extracted with CHCI; (100 mt,
twice) and the combined org. phases dried (MgSO,) and evaporated. The residue was crystallized from AcOEt/
light petroleum ether: 934 mg (85%) of colourless crystals. M.p. 173-174°. {a]8, = —35.4, [x]%, = —38.2,
[2 36 = —39.0, [2]3s = —54.1, [ ]335 = —66.0 (c = 0.985, CHCy). IR (KBr): 3440, 3000, 2980, 2880, 2240, 1770,
1450, 1390, 1370, 1310, 1270, 1220, 1170, 1150, 1110, 1090, 1070, 1060, 1030, 930, 810, 795. 'H-NMR (250 MHz,
CDCly): 4.24 (d, *J = 6.4, H-C(4)); 3.87 (d, *J = 5.6, H—C(6)); 3.31 (d, >J = 5.6, OH—C(6)); 3.13 (s, OH—C(5));
2.93 (dd,%J =15.2,%J = 6.4, H, ,~C(3)); 2.42 (ddd, *J = 13.3, 3] = 10.7, 4.4); 2.15-1.92 (m); 2.05 (d, 2J = 15.2,



HeLvETICA CHIMICA ACTA — Vol. 78 (1995) 309

H,,;,—C(3)); 1.74 (ddd, 2J = 13.2,3J = 9.2, 4.4, CH,(5"), CHx(6')); 1.65 (s, Me—C(5)); 1.32 (5, Me—C(1)); 1.13,
1.10, 0.99 (35, 3 Me). >*C-NMR (90.5 MHz, CDCly): 177.4 (5, C(3')); 165.9 (s, COO); 116.5 (s, CN); 90.6, 50.1 (25,
C(1), C(1"); 83.6 (d, 'J(C,H) = 161, C(4)); 78.7 (s, C(5)); 77.6 (5, C(4)); 76.0 (s, C(2)); 75.6 (s, 'J(C,H) = 153,
C(6)); 54.8 (s, C(7)); 39.4 (1, 'J(C,H) = 138, C(3)); 30.8 (¢, 'J(C,H) = 137), 28.8 (¢, 'J(C,H) = 137, C(5), C(6));
20.4 (¢, 'J(C.H) = 127, Me), 16.7 (24, 'J(C,H) = 127, 2 Me); 13.0 (g, "J(C,H) = 129, Me); 9.5 (g, 'J(C,H) = 128,
Me). CI-MS (NH,): 397 (100, [M + 18]%), 380 (2, [M + 1]7), 216 (17), 199 (15), 109 (13), 91 (12), 83 (14), 74 (17).
Anal. calc. for CigH;sNO; (379.41): C 60.15, H 6.64, N 3.69; found: C 60.18, H 6.60, N 3.70.

(I1RS,28R,4R8,58R,6RS ) -2-ex0- Cyano- 5-ex0,6-exo-dihydroxy- 1,5-endo-dimethyl-7-oxabicyclof2.2.1]-
hept-2-endo-yl Acetate ((£)-9) and (I1RS,2RS,4RS,5SR,6 RS )-2-endo-Cyano-5-exo,6-exo-dihydroxy-1,5-endo-
dimethyl-7-oxabicyclo[2.2.1 [ hept-2-exo-yl Acetate ((£)-10). A mixture of 2,4-dimethylfuran (44 g, 0.46 mmol) [24],
1-cyanovinyl acetate (32.5 g, 0.293 mol), and Znl, (9.35 g, 29 mmol) was stirred in the dark at 20° for 2 days. The
mixture was dissolved in Et,O and filtered through a short column of silica get (Et,O/light petroleum ether 1:1) to
give 48.5 g (80 %) of (&)-4 [23]/(+)-5 1:1 which were separated by FC (silica gel). A 0.156M soln. of OsOy in CCl,
(4.2 ml, 0.67 mmol) was added dropwise to a stirred soln. of (+)-4/(£)-5 1:1 (14.0 g, 67.6 mmol) and of
N-methylmorpholine N-oxide-H,O (18.3 g, 135.2 mmol) in acetone/H,O 8:1 (240 ml). After stirring at 20° for
15 h, CH,Cl, (700 ml) was added and the mixture washed with Sy HCI (100 ml; vigourous shaking for 2-3 min) and
then with 45% aq. Na,S,0; soln. (210 ml). The two aq. phases were extracted with CH,Cl, (250 mi, 4 times). The
combined org. soln. was dried (MgSO,) and evaporated and the residue crystallized from AcOEt/light petroleum
ether: 14.5 g (89%) of (£)-9/(£)-10 1:1 that could be separated by FC (silica gel, AcOEt/light petroleum ether).

Data of ( +)-5: Colourless crystals. M.p. 93-94°. IR (KBr): 3480, 3080, 3010, 2980, 2920, 2870, 2240, 1745,
1640, 1440, 1390, 1370, 1360, 1305, 1285, 1240, 1225, 1195, 1160, 1110, 1060, 1040, 990, 960, 920, 880, 855, 800, 790,
610. '"H-NMR (250 MHz, CDCl5): 5.79 (¢, *J = 1.7, H=C(6)); 4.70 (d, *J = 4.4, H--C(4)); 2.43 (d, 2J = 13.3,
H.,,.,—C(3)); 2.15 (s, AcO); 2.11 (dd, 2 =13.3, 3J =4.4, H,,,~C(3)); 1.88 (d, 7 = 1.7, Me—C(5)); 1.70 (s,
Me—C(1)). 3C-NMR (62.9 MHz, CDCl5): 169.6 (s, CO); 152.4 (s, C(5)); 127.9 (4, 'J(C,H) = 177, C(6)); 118.0 (s,
CN); 91.6 (s, C(1)); 81.3 (d, 'J(C,H) =165, C4)); 75.1 (s, C(2)); 43.3 (s, 'J(C,H) =140, C(3)); 20.8 (g,
LJ(C,H) = 130, MeCOO); 13.3 (¢, 'J(C,H) = 128), 13.0 (¢, 'J(C,H) = 126, 2 Me). CI-MS (NH;): 112 (1), 109 (3),
96 (100), 81 (9), 77 (1). Anal. calc. for C;{H;3NO; (207.23): C 63.76, H 6.32, N 6.76; found: C 63.79, H 6.25, N 6.80.

Data of ( £)-9: Colourless needles. M.p. 139-140°. IR (KBr): 3410 (br.), 2960, 2940, 2240, 1760, 1420, 1380,
1230, 1200, 1170, 1130, 1120, 1090, 1070, 1050, 1030, 1010, 990, 945, 885. 'H-NMR (250 MHz, CDCl,): 4.20 (d,
3] = 6.5, H-C(4)); 3.88 (d, *J = 7.5, H-C(6)); 2.97 (d, J =7.5, OH=C(6)); 2.91 (dd, 2J =152, 3] =6.5,
H,,,—C(3)); 2.68 (5, OH—C(5)); 2.18 (s, Ac); 2.00 (d, 2J = 15.2, H,,,,,—C(3)); 1.63 (s, Me—C(5)); 1.35 (s, Me—C(1)).
3C-NMR (62.9 MHz, CDCLy): 168.8 (s, CO); 117.0 (s, CN); 90.4 (s, C(1)); 83.3 (d, 'J(C,H) = 162, C(4)); 79.1 (s,
CQ)); 75.5 (d, 'J(C,H) = 150, C(6)); 38.9 (¢, 'J(C,H) = 138, C(3)); 20.6 (g, 'J(C,H) = 131, MeCOO); 19.9 (g,
(CH) = 127, Me—C(5)); 12.8 (g, 'J(C.H) = 129, Me—C(1)). CI-MS (NH3): 242 (1, [M + 1T%), 200 (6), 181 (8),
164 (4), 152 (11), 138 (23), 120 (18), 110 (90), 97 (19), 87 (40), 74 (100). Anal. calc. for C;;HsNOs (241.25): C 54.77,
H 6.27, N 5.81; found: C 54.82, H 6.30, N 5.96.

Data of ( £)-10: Colourless needles. M.p. 154-155°. IR (K Br): 3400, 3320, 3010, 2990, 2960, 2940, 2240, 1755,
1480, 1435, 1370, 1235, 1210, 1150, 1085, 1055, 1025, 980, 965, 940, 875, 820. 'H-NMR (400 MHz, CDCl;): 4.20 (d,
37 = 6.2, H-C(4)); 3.96 (s, H—C(6)); 2.86 (br. 5, OH); 2.72 (d, 2J = 15.4, H,,;,—C(3)); 2.61 (br. s, OH); 2.20 (dd,
2y =154, =62, H,,,—C(3)); 2.17 (s, Ac); 1.56, 1.43 (25, 2 Me). *C-NMR (62.9 MHz, CDCl,): 168.9 (5, CO);
116.5 (5, CN); 93.0 (s, C(1)); 83.7 (d, 'J(C,H) = 161, C(4)); 78.4 (5, C(5)); 77.0 (d, 'J(C.H) = 153, C(6)); 4.9 (s,
C(2)); 41.7 (1, 'J(C,H) = 138, C(3)); 21.1 (g, ' J(C,H) = 127, Me—C(5)); 20.9 (g, 'J(C,H) = 130, MeCOO); 10.5 (g,
1J(C,H) = 129, Me—C(1)). CI-MS (NH,): 242 (0.4, [M + 1]%), 199 (10), 138 (23), 121 (19), 110 (100), 83 (30), 74
(56), 71 (48). Anal. calc. for C, | H;sNOs (241.25): C 54.77, H 6.27, N 5.81; found: C 54.83, H 6.20, N 5.72.

(IR,2S,4R,5R,6R)-2-ex0-Cyano-5-ex0,6-exo- (isopropylidenedioxy ) - 1,5-endo-dimethyl-7 - oxabicyclo-
[2.2.1]hept-2-endo-y! (I'R)-Camphanate ((—)-11). A mixture of (-)-8 (400 mg, 1.05 mmol), acetone (4 ml),
dimethoxypropane (0.517 ml, 4.2 mmol), and toluene-4-sulfonic acid (10 mg) was stirred at 20° for 4 days (TLC
control (silica gel, AcOEt/light petroleumn ether 1:1, vanilline): R; ((—)-8) 0.03, R ((—)-11) 0.28). The mixture was
poured in ice-water (20 ml) and extracted with CH,Cl, (30 ml, 3 times), the combined org. phase washed with sat.
aq. NaHCOj soln. (20 ml) and brine (20 ml), dried (MgSQO,), and evaporated, and the residue crystallized from
AcOEt/light petroleum ether: 420 mg (95%) of colourless crystals. M.p. 159°. [a]5, = —42.3, [«13; = —44.9,
[a )3 = —46.5, [2)555 = —67.0, [2)%s = —80.0 (¢ = 1.00, CHCL;). IR (KBr): 2990, 2950, 2880, 1800, 1765, 1470,
1450, 1380, 1310, 1260, 1215, 1160, 1125, 1110, 1070, 1060, 1030, 1000, 870. 'H-NMR (250 MHz, CDCl,): 4.26 (d,
3 = 6.3, H-C(4)); 4.25 (s, H=C(6)); 2.83 (dd, 2J = 15.1, *J = 6.3, H,,,—C(3)); 2.40 (ddd, 2J = 13.3, 10.6, 4.4);
2.15-1.92 (m, 2 H); 2.10(d, °J = 15.1, H,,y,—C(3)); 1.79-1.65 (m, CH,(5'), CH(6")); 1.68, 1.47 (25, 2 Me); 1.42 (s,
2 Me); 1.13, 1.10, 0.99 (35, 3 Me). >C-NMR (90.5 MHz, CDCly): 177.2 (s, C(5")); 165.9 (s, C(117); 116.3 (s, CN);
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113.3 (5, Me>C); 90.0, 89.5,89.0 (35, C(1), C(5), C(1)); 85.0 (d, ' J(C,H) = 160), 82.4 (d, 1J(C,H) = 163, C(4), C(6));
77.5,77.2 (25, C(2), C(4); 54.8 (5, C(7")); 40.6 (1, ' J(C,H) = 138, C(3)); 30.9, 28.8 (2¢, \J(C,H) = 136, C(5"), C(6"));
28.5, 27.2 (29, J(C.H) = 126, Me,C); 20.4 (g, 'J(C.H) = 127, Me); 16.7 (29, 'J(C.H) = 127, 2 Me); 13.2 (q,
LJ(C,H) = 129, Me); 9.6 (¢, 'J(C,H) = 128, Me). CI-MS (NHS,): 437 (33, [M + 18]%), 420 (2, [M + 1]%), 404 (100),
362 (5), 254 (4), 222 (6), 125 (5), 114 (6), 109 (8), 97 (7), 83 (19). Anal. calc. for C;,HgNO,(419.48): C 62.99, H 6.97,
N 3.34; found: C 63.14, H 6.98, N 3.30.

(IRS,2SR,4RS,5RS,6RS )-2-ex0-Cyano-5-ex0,6-exo- (isopropylidenedioxy ) - 1,5 -endo- dimethyl-7 - oxabi-
cyclo[2.2.1 Jhept-2-endo-yl Acetate ((£)-12) and (IRS,2RS,4RS,5RS,6RS )-2-endo-Cyano-5-€x0,6 -exo0-(iso-
propylidenedioxy)-1,5-endo-dimethyl-7-oxabicyclo[ 2.2.1 [hept-2-exo-yl Acetate ((£)-13). Same procedure as for
(—)-11 starting with (£)-9 and (£)-10, resp. FC (silica gel, AcOEt/light petroleum ether 1:3) allowed one to separate
(£)-12 and (+)-13 (97 %).

Data of ( +)-12: Colourless needles. M.p. 134-135°, IR (K Br): 2980, 2940, 2240, 1760, 1460, 1440, 1370, 1240,
1230, 1195, 1150, 1120, 1070, 1050, 1000, 970, 900, 880, 870, 850, 730, 720, 610. 'H-NMR (250 MHz, CDCl): 4.27
(s, H-C(6)); 4.23 (d, *J = 6.1, H-C(4)); 2.77 (dd, 2J = 15.1,%J = 6.1, H,,—C(3)); 2.16 (s, Ac); 2.07 (d, 2] = 15.1,
H,..—C(3)); 1.66, 1.48 (25, 2 Me); 1.43 (s, 2 Me). 3C-NMR (62.9 MHz, CD,Cl,): 169.3 (s, CO); 117.5 (s, CN);
113.2 (s, Me,C); 89.5, 89.4 (25, C(1), C(5)); 85.2 (d, 'J(C,H) = 152, C(4)); 82.8 (d, 'J(C,H) = 160, C(6)); 76.8 (s,
C(2)); 40.8 (1, 'J(C.H) = 138, C(3)); 28.6, 27.3 (29, 'J(C,H) = 126, Me,C); 20.8 (g, 'J(C,H) = 130, Me); 20.7 (q,
L(CH) = 126, Me); 13.3 (g, 'J(C,H) = 128, Me). CI-MS (NH;): 299 (50, [M + 18]"), 282 (5, [M + 1], 281 (3,
M), 266 (100), 180 (15), 164 (17), 134 (18), 121 (19), 109 (20), 99 (18), 84 (11), 82 (10). Anal. calc. for C,;H;yNO;
(281.31): C 59.78, H 6.81, N 4.98; found: C 59.87, H 6.89, N 4.96.

Data of ( £)-13: Colourless crystals. M.p. 150-151°. IR (KBr): 3500 (br.), 2995, 2940, 2240, 1760, 1460, 1435,
1370, 1240, 1215, 1180, 1090, 1060, 1030, 960, 875, 865. 'H-NMR (250 MHz, CDCl,): 4.36 (s, H—C(6)); 4.22 (d,
3 = 5.8, H-C(4)); 2.74 (d, J = 15.1, H,,;,—C(3)); 2.15 (s, Ac); 2.07 (dd, J = 15.1,*J = 5.8, H,,,—C(3)); 1.55,
1.53, 1.48, 1.43 (4s, 4 Me). *C-NMR (62.9, MHz, CDCl,): 168.8 (s, CO); 116.3 (s, CN); 113.5 (s, Me,C); 91.5 (s,
C(1)); 88.9 (s, C(5)); 85.8 (d, 'J(CH) =157, C4)); 82.4 (d, 'J(C,H) =162, C(6)); 73.7 (s, C(2)); 42.7 (1,
1J(C,H) = 138, C(3)); 28.1, 27.0 (24, "J(C,H) = 127, Me,C); 20.9 (g, 'J(C,H) = 128, Me), 20.7 (g, 'J(C,H) = 130,
Me); 10.7 (g, 'J(C,H) = 129, Me—C(1)). CI-MS (NH): 299 (5, [M + 18]"), 282 (2, [M + 1]%), 266 (100), 121 (13),
111 (10). Anal. calc. for C;4H;oNO5 (281.31): C 59.78, H 6.81, N 4.98; found: C 59.66, H 6.70, N 5.00.

(+)-(IR,4R,5R,6R )-5-ex0,6-exo0-(Isopropylidenedioxy )-1,5-endo-dimethyl-7-oxabicyclof2.2.1 heptan-2-
one ((+)-14). A mixture of (—)-11 (4.78 g, 11.4 mmol) and anh. K,CO; (2.39 g, 17.1 mmotl) in MeOH (250 ml) was
stirred at 20° for 45 min. Formaline (36% aq. H,CO soln., 5 ml, 65 mmol) was added. After stirring at 20° for 10
min, the mixture was poured into ice (400 g) and CH,Cl, (600 ml) under vigourous shaking. The aq. phase was
extracted with CH,Cl, (250 ml, twice), the combined org. extract dried (MgSQ,) and evaporated, and the residue
purified by FC (silica gel): 2.04 g (91%) of (1R)-camphanic acid and 2.39 (99%) of (+)-14 which was crystal-
lized from light petroleum ether. Colourless needles. M.p. 48°. []3y = +65.3, [x]2; = +69.8, [x15s = +85.1,
[e13s = +231.5, [a33s = +329.1 (c = 1.00, CHCl). TR (KBr): 2990, 2940, 1765, 1380, 1245, 1220, 1135, 1110,
1060, 970, 870, 820, 780, 750. "H-NMR (250 MHz, CDCls): 4.48 (d, >J = 6.2, H-C(4)); 3.82 (s, H-C(6)); 2.48 (dd,
2J =17.9,% = 6.2, H,,,—C(3)); 2.14 (d, 2J = 17.9, H,,,,—C(3)); 1.51, 1.45, 1.43, 1.36 (45, 4 Me). '3C-NMR (62.9
MHz, CDCly): 212.2 (s, C(2)); 114.4 (s, Me,C); 90.4, 90.2 (25, C(1), C(5)); 86.1 (d, 'J(C,H) = 155), 81.3 (d,
V(CH) = 163, C@), C6); 39.5 (, 'J(CH) =135 C3); 28.3 (g 'J(CH) =125 1C, Me,C); 272 (g,
LJ(CH) = 128, 1C, Me,C); 21.2 (g, 'J(C,H) = 128, Me); 10.1 (g, 'J(C,H) = 129, Me). CI-MS (NH;): 212 (18,
M™),197(23), 169 (10), 155(7), 141 (20), 126 (18), 111 (100), 99 (18), 97 (10), 95 (10), 84 (45), 83 (56). Anal. calc. for
C1H 604 (212.25): C 62.25, H 7.60; found: C 62.27, H 7.50.

(+)-(I1RS,4RS,5RS,6RS )-5-ex0,6-exo0-(Isopropylidenedioxy )-1,5-endo-dimethyl-7-oxabicyclof2.2.1 Jhep-
tan-2-one ((+)-14). A mixture of (+)-12 and (£)-13(2.3 g, 8.18 mmol), 5.4M MeONa in MeOH (5 ml, 27 mmol), and
anh. MeOH (100 m!) was stirred at 20° for 1 h. Formaline (36 % aq. H,CO soln., 3.5 ml, 45 mmol) was added. After
stirring at 20° for 15 min, the mixture was poured onto ice-H,O (100 ml) and extracted with CH,Cl, (60 ml, 4
times), the combined org. extract washed with brine (40 ml), dried (MgSO,), and evaporated, and the residue
crystallized from light petroleum ether: 1.7 (98 %). Colourless crystals. M.p. 44°. Anal. calc. for C;;H ;40,4 (212.25):
C 62.25, H7.60; found: C62.29, H 7.77.

(IRS,5SR,6SR,7SR)-6-ex0,7-ex0-(Isopropylidenedioxy )-1,6-endo-dimethyl-2,8-dioxabicyclof 3.2.1 Joctan-
3-one ((+)-15). A mixture of (+)-14 (1.0 g, 4.71 mmol), CH,Cl, (10 ml), 85% 3-CIC¢H,CO;H (1.05 g, 5.18 mmol),
and NaHCOQ; (800 mg, 9.4 mmo}) was stirred at 20° for 5 h (TLC (silica gel, AcOEt/light petroleum ether 1:3,
vanilline): Ry ((£)-14) 0.42, R; ((£)-15) 0.33). The soln. was washed with H,O (40 ml) and then with sat. aq.
NaHCOj; soln. (40 ml). The aq. phases were extracted with CH,Cl, (40 ml, 3 times). The combined org. extract was
dried (MgSQ,) and evaporated and the residue purified by FC (silica gel, AcOEt/light petroleum ether 1:7): 1.05 g
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(98 %). Colourless needles. M.p. 80-81°. IR (KBr): 3000, 2940, 1750, 1390, 1265, 1215, 1190, 1120, 1030, 1040, 980,
950, 920, 880, 860, 810, 755, 700, 620. 'H-NMR (250 MHz, CDCly): 4.44 (dd, 3J = 6.0, 0.5, H—~C(5)); 4.27 (s,
H—C(7));2.88 (dd, >/ = 18.2,%/ = 6.0, H,,,—C(4)); 2.58 (dd, 2J = 18.2,%J = 0.5, H,,,;,—C(4)); 1.64, 1.53, 1.47, 1.43
(4s, 4 Me). *C-NMR (62.9 MHz, CDCly): 166.0 (s, C(3)); 113.8 (s, Me,C); 112.0 (s, C(1)); 90.0 (d, '/ (C,H) = 159,
C(7)); 89.4 (s, C(6)); 81.6 (d, 'J(C,H) = 159, C(5)); 33.9 (1, 'J(C,H) = 132, C(4)); 28.1 (g, 'J(C,H) =125, 1 C,
Me,C); 27.5 (g, 'J(C,H) = 126, Me,C); 21.5 (¢, 'J(C,H) = 127, Me—C(6)); 18.7 (g, 'J(C,H) = 129, Me—C(1)).
CI-MS (NH,): 229 (44, {M + 1]%),213 (31), 141 (10), 114 (39), 111 (47), 110 (47), 100 (30), 99 (42), 95 (17), 83 (100),
71 (27). Anal. calc. for C;H,405 (228.25): C 57.89, H 7.07; found: C 57.94, H 7.04.

(—)-(1S5R,6R,7R )-6-ex0,7-ex0- ( Isopropylidenedioxy )-1,6-endo-dimethyl-2,8-dioxabicyclof3.2.1 Joctan-
3-one ((—)-15). This compound was obtained from (+)-14 following the procedure described for the preparation
of (£)-15. Yield 92%. Colourless needles. M.p. 51-52°. [x]%;=—82.3, [a[35, =—86.0, [x]%}s=—97.8,
[ 135 = —167.2, [¢]3s = ~201.8 (¢ = 1.00, CHCL;). Anal. calc. for C;,H,¢O5 (228.25): C 57.89, H 7.07; found:
C57.88, H6.97.

(IRS,4RS,5SR,6SR, 7SR )-6-ex0,7-exo-(Isopropylidenedioxy ) - 1,4-exo0,6-endo-trimethyl-2,8-dioxabicyclo-
[3.2.1]octan-3-one ((£)-16). At 0°, 1.6M BuLi in hexane (2.74 ml, 4.38 mmol) was added to a soln. of (Me;Si),NH
(1.1 ml, 5.25 mmol) in anh. THF (20 ml). After stirring at 0° for 15 min, the soln. was cooled to —65°, and a cold
(—40°) soln. of (+)-15(1.0 g, 4.38 mmot) in anh. THF (10 ml) was added slowly under stirring. After stirring at —65°
for 1 h, Mel (1.1 mi, 17.5 mmol) was added and the mixture allowed to warm up to —20° (TCL (silica gel,
AcOEt/light petroleum ether 1:3, vanilline): R ((£)-15) 0.23, R; ((£)-16) 0.32). After completion of the methyla-
tion, the soln. was poured into sat. aq. NH,Cl soln. cooled to 0° and extracted with CH,Cl, (20 ml, 4 times). The
combined org. extract was dried (MgSO,) and evaporated and the residue immediately filtered through a short pad
of silica gel (light petroleum ether): 920 mg (86%) after crystallization from light petroleum ether. Colourless
needles. M.p. 98-99°. IR (KBr): 2980, 2940, 2880, 1740, 1460, 1390, 1270, 1185, 1125, 1105, 1080, 1020, 1000, 960,
865, 760, 740. "H-NMR (250 MHz, CDCLy): 4.22 (s, H—=C(7)); 4.10 (d, *J = 0.8, H=C(5)); 2.63 (dg, >J = 7.6, 0.8,
H-C(4)); 1.63, 1.51, 1.45, 1.42 (45, 4 Me); 1.44 (d, 3J = 7.6, Me—C(4)). '>’C-NMR (62.9 MHz, CDCl;): 170.2 (s,
C(3)); 113.9 (s, Me;C); 111.9 (s, C(1)); 89.8 (4, LJ(C,H) = 160, C(5)); 89.3 (s, C(6)); 87.0 (d, 'J(C,H) = 157, C(7));
38.5 (d, 'J(C.H) = 133, C(4)); 28.2 (g, 'J(C,H) = 126, 1 C, Me,C); 27.5 (¢, 'J(C,H) = 128, 1 C, Me,C); 21.5 (g,
UU(C,H) = 128, Me); 18.7 (¢, 'J(C,H) = 129, Me); 17.7 (¢, 'J(C,H) = 131, Me). CI-MS (NH,): 243 (41, [M + 1]%),
227 (17), 154 (10), 127 (18), 124 (37), 114 (58), 111 (14), 99 (44), 97 (100), 96 (42), 85 (53). Anal. calc. for C;,H 305
(242.27): C59.49, H 7.49; found: C 59.45, H 7.48.

(—)-(18,45,5R,6R,7R)-6-ex0,7-ex0- (Isopropylidenedioxy)- 1 4-ex0,6-endo- trimethy!- 2,8 - dioxabicyclo-
[3.2.1]octan-3-one ((—)-16). Same procedure as for (+)-16, starting with (—)-15. Yield 92%. Colourless needles.
M.p. 82-83°. [a 3y = —65.2, [«]3; = —70.9, [« 36 = ~75.8, [a]33s = —117.5, [x 35 = —142.6 (c = 1.00, CHCl,).
Anal. calc. for C;,H 505 (242.27): C 59.49, H 7.49; found: C 59.58, H 7.52.

(I1RS,4SR,5SR,6SR,7SR )-6-¢exo0,7-exo-( Isopropylidenedioxy )-1,4-endo,6-endo-trimethyl-2,8-dioxabicyclo-
[3.2.1]octan-3-one ((£)-17). At 0°, 1.6M BuLiin hexane /16.0 ml, 25.6 mmol) was added to a soln. of (Me;Si),NH
(6.7 ml, 32.5 mmol) in anh. THF (100 ml). After stirring at 0° for 15 min, the soln. was cooled to —50° and a cold
soln. (—50°) of (+)-16 (5.27 g, 21.7 mmol) in anh. THF (50 ml) was added slowly. The mixture was stirred at —50°
for 3 h, and MeOH (10 ml) was added (TLC (silica gel, AcOEt/light petroleum ether 1:3, vanilline): Ry ((£)-16)
0.37, R ((£)-17) 0.43). The mixture was then poured onto sat. aq. NH,Cl soln. (150 ml) and CH,Cl, (450 ml)
cooled to 0°. The aq. layer was extracted with CH,Cl, (250 ml), the combined org. extract dried (MgSQO,) and
evaporated, and the residue immediately filtered through a pad of silica gel (light petroleum ether) to yield
(£)-17/(+)-16 88:12. FC (silica gel, AcOEt/light petroleum ether 1:5) gave 4.37 g (83%) of (+)-17 and 165 mg (3%)
of (£)-16. (£)-17: Colourless needles. M.p. 118° (AcOEt/light petroleum ether). IR (KBr): 2990, 2940, 2880, 1745,
1450, 1380, 1350, 1310, 1290, 1255, 1210, 1180, 1060, 960, 860, 815, 760. 'H-NMR (250 MHz, CDCl,): 4.29 (d,
3 = 4.8, H-C(5)); 4.25 (s, H-C(7)); 3.04 (dq, >J = 7.6, 4.8, H-C(4)); 1.60, 1.52, 1.4, 1.41 (45, 4 Me); 1.31 (d,
3 = 7.6, Me—C(4)). 3C-NMR (62.9 MHz, CDCL3): 170.7 (s, C(3)); 113.9 (s, Me,C); 112.3 (s, C(1)); 91.0 (d,
\J(C,H) = 159, C(7)); 90.1 (s, C(6)); 85.9 (d, 'J(C,H) = 161, C(5)); 41.1 (d, 'J(C,H) = 126, C(4)); 28.5, 27.6 (2¢,
L(CH) =128, Me,C); 227 (¢, 'J(CH) =128, Me—C(6)); 18.4 (¢, 'J(C,H) =129, Me—C(1)); 11.4 (g,
LJ(C.H) = 129, Me—C(4)). CI-MS (NH;): 243 (20, [M + 1]%), 227 (17), 140 (16), 127 (24), 125 (34), 124 (17), 114
(51), 99 (47), 97 (100), 85 (62). Anal. calc. for C;,H ;505 (242.27): C 59.49, H 7.49: found: C 59.58, H 7.42.

(1S,4R,5R,6R,7R )-6-ex0,7-exo-(Isopropylidenedioxy )-1,4-endo,6-endo-trimethyl-2,8-dioxabicyclof3.2.1]-
octan-3-one ((—)-17). Same procedure as for ()-17, starting with (—)-16. Colourless needles. M.p. 71°.
[a s = —52.6, [2138; = —54.9, [x ]33 = —62.5, [x ]335 = —108.7, [ 1355 = —132.5 (¢ = 1.00, CHCl;). Anal. calc. for
C,H 305 (242.27): C 59.49, H 7.49; found: C 59.51, H 7.51.
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(IRS,3SR,4RS,5RS,6RS ) -5-ex0,6-exo- ( Isopropylidenedioxy ) - 1,3-ex0,5-endo- trimethyl-7 - oxabicyclo-
[2.2.1]heptan-2-one ((+)-18). Same procedure as for (+)-186, starting with (£)-14 (50 mg, 0.23 mmol). Yield: 13 mg
(26%) of (£)-14 and 29 mg (55 %) of (+)-18 which crystallized from light petroleum ether. Colourless prisms. M.p.
79°-80°. IR (KBr): 2980, 2920, 1760, 1460, 1375, 1360, 1250, 1200, 1070, 990, 850, 710, 640, 620. 'H-NMR
(400 MHz, CDCI;): 4.09 (s, H—C(4)); 3.84 (s, H—=C(6)); 2.17 (g, >J = 7.3, H--C(3)); 1.53, 1.48, 1.45, 1.37 (4s,
4Me); 1.25(d,>J = 7.3, Me—C(3)). “C-NMR (100.6 MHz, CDCl,): 214.9 (s, C(2)); 114.4 (s, Me,C); 90.4,90.1 (25,
C(1), C(5)); 86.9 (d, ' J(C,H) = 164); 86.1 (d, ' J(C,H) = 153, C(4), C(6)); 42.9 (d, 'J(C,H) = 138, C(3)); 28.5, 27.2
g, 'J(C,H) = 128, Me5C); 21.1 (g, J(C,H) = 127, Me); 14.4 (¢, 'J(C,H) = 130, Me); 10.4 (g, 'J(C,H) = 129,
Me). CI-MS (NH;): 244 (4, [M + 18]%), 228 (8, M), 211 (14), 198 (9), 169 (7), 125 (29), 123 (14), 114 (28), 111 (20),
97 (100), 83 (32). Anal. calc. for C),H 304 (226.28): C 63.70, H 8.02; found: C 63.69, H 8.06.

(2R,3S,4R,5S,6R and 68 )-4,5-( Isopropylidenedioxy )-2 4-dimethylheptane-1,3 ,6-triol ((+)-19a and 19b,
resp.). A sat. soln. of LIAIH, (1.5 ml; prepared from 470 mg of LiAlH, and Et,O (12 ml) stirred at 20° for 2 h and
decanted) was added to a stirred soln. of (—)-16 (0.10 g, 0.413 mmol) in Et,O (6 ml) cooled to 0°. After stirring at 20°
for 1 h, H,O (0.1 ml) and then Na,SO, (10 g) were added. After filtration (rinsing with AcOEt), the solvent was
evaporated giving 97 mg (95 %) of (+)-19a/19b 5:1. FC (silica gel, AcOEt/light petroleum ether 1:1) afforded 80 mg
(78%) of (+)-19a (65 or 6R) and 15 mg (15%) of 19b (6R or 65).

Data of (+)-19a: Colourless oil. B.p. 200°/0.3 Torr. [a}}s = +21.3, {018, =+22.3, [«1 = +25.0,
[]3s = +42.3, [#]Fs = +50.6 (¢ = 1.03, CHCl). IR (film): 3300 (br.), 2970, 2920, 2860, 1450, 1370, 1250, 1210,
1190, 1090, 1070, 1060, 1050, 1020, 980, 870, 750. 'H-NMR (400 MHz, CDCl,): 5.12,4.43 (2 br. 5, 2 OH); 4.01 (dg,
37 =89, 6.2, H=C(6)); 3.95 (dd, *J = 10.7, 3J = 3.1, H-C(1)); 3.76 (d, *J = 54, H~C(3)); 3.71 (dd, 2J = 10.7,
3] = 6.1, H-C(1)); 3.54 (d, *J = 8.9, H=C(5)); 3.03 (br. 5, OH); 2.17 (dddg, *J = 6.1, 3.1, 5.4, 7.2, H-C(2)); 1.45
(s, Me); 1.36 (s, 2 Me); 1.32 (d, °J = 6.2, Me(7)); 1.12 (d, 3J = 7.2, Me—C(2)). *C-NMR (100.6 MHz, CDCl,):
107.3 (s, Me,©); 89.0 (4, W(C,H) =145 C(5)); 84.2 (s, C@); 77.2 (d, 'J(C.H) =139, C3)); 67.7 (.,
'J(C,H) = 141, C(1)); 65.8 (d, 'J(C,H) = 143, C(6)); 34.7 (d, 'J(C,H) = 128, C(2)); 28.4,26.6, 21.1, 20.8, 17.0 (5,
IJ(C,H) = 126-127, 5 Me). CI-MS (NH;): 249 (2, [M + 1]7), 191 (9), 173 (9), 159 (76), 146 (20), 115 (20), 102 (45),
101 (100), 99 (33), 98 (60), 87 (53), 85 (45), 84 (56), 71 (21). Anal. calc. for Cy,H,,05 (248.16): C 58.03, H 9.75;
found: C 58.13, H9.78.

Data of 19b: Colourless oil. IR (CH,Cl): 3400 (br.), 2920, 2860, 1370, 118¢, 1130, 1070, 1010, 990, 970, 910,
860, 810. 'H-NMR (400 MHz, CDCl,): 4.90 (br. s, OH); 4.17 (br. dg, >J = 5.9, 6.6, H—C(6)); 3.79 (br. dd,
2J =110, % = 3.1, H-=C(1)); 3.77 (d, 3J = 5.9, H~C(5)); 3.63 (br. dd, 2J = 11.0, *J = 6.6, H—C(1)); 3.49 (br. d,
37 =2.0,H-C(3)); 3.13 (s, OH); 2.11 (dddg,*J = 3.1, 6.6,2.0, 7.1, H-C(2)); 1.45 (s, Me); 1.39(d, >J = 6.6, Me(7));
1.36, 1.34 (25, 2 Me); 1.07 (4, *J = 7.1, Me—C(2)). *C-NMR (100.6 MHz, CDCl,): 106.9 (s, Me,C); 87.2 (d,
Y(CH) = 141, C(5)); 83.6 (s, C(4)); 76.0 (d, 'J(C,H) = 140, C(3)); 68.2 (1, 'J(C,H) = 141, C(1)); 64.4 (4,
LJ(C,H) = 144, C(6)); 35.4 (d, 'J(C,H) = 127, C(2)); 28.5 (g, 'J(C,H) = 128, 1 C, Me,C); 26.7 (¢, 'J(C,H) = 126,
1C, Me,C);22.1 (¢, 'J(C,H) = 127, Me); 18.5 (¢, 'J(C,H) = 127, Me); 17.1 (g, *J{C,H) = 125, Me). CI-MS (NH,):
249 (1, [M + 1)), 191 (5), 173 (6), 159 (20), 102 (60), 101 (39), 87 (20), 84 (100).

(28,3S,4R,5S,6R and 68 )-4,5-(Isopropylidenedioxy )-2,4-dimethylheptane-1,3,6-triol ((+)-20a and (+)-20b).
Same procedure as for (+)-19a and 19b starting with (—)-17 (0.1 mg, 0.413 mmol): 100 mg (98 %) of (+)-20a/
(+)-20b 1:1 which could be separated by FC (silica gel, AcOEt/light petroleum ether 1:1) giving 40 mg (39 %) of
(+)-20a and 45 mg (44%) of (+)-20b.

Data of (+)-20a (6R or 6S): Colourless solid. M.p. 124-125°. [a [3 = +38.9, [ [23, = +43.0, [« ]2}, = +48.3,
218 = +79.6, [«]%s = +95.1 (c = 0.80, CHCl3). IR (KBr): 3300 (br.), 2980, 2920, 1380, 1300, 1235, 1210, 1180,
1130, 1090, 1050, 1030, 980, 920, 885, 865. 'H-NMR (400 MHz, CDCl5): 4.15 (br. s, OH); 4.05 (dg, *J = 8.9, 6.1,
H—C(6)); 4.00 (d, *J = 2.7, H—-C(3)); 3.82 (dd, 2/ = 10.4, % = 2.9, H—C(1)); 3.74 (br. 5, OH); 3.72 (dd, °J = 10 4,
3 =43, H-C(1)); 3.51 (d, >/ = 8.9, H=C(5)); 2.42 (br. 5, OH); 2.20 (dddq, *J =29, 43,27, 7.1, H-C(2)); 1.42,
1.38, 1.36 (35, 3 Me); 1.33 (d, *J = 6.1, Me(7)); 1.12(d, >J = 7.1, Me—C(2)). *C-NMR (100.6 MHz, CDCl,): 107.3
(5, Me,C); 89.7 (d, 'J(C,H) = 145, C(5)); 83.4 (5, C(4)); 74.8 (d, 'J(C,H) = 138, C(3)); 70.3 (1, 'J(C,H) = 141,
C(1)); 65.8 (d, 'J(C,H) = 143, C(6)); 34.7 (d, 'J(C,H) = 127, C(2)); 28.4, 26.5, 21.4, 20.8, 12.3 (5¢, ' J(C,H) = 126~
128, 5 Me). CI-MS (NH,): 249 (1, [M + 11), 233 (5), 215 (5), 191 (11), 159 (69). 146 (21), 115 (20), 102 (54), 101
(100), 98 (43), 87 (64), 84 (66). Anal. calc. for C,,H,,05 (248.16): C 58.03, H 9.75; found: C 58.13, H 9.53.

Data of (+)-20b (6S or 6R): Colourless crystals. M.p. 83-84°. [x]3; = +1.5, [a]3; = +1.7, [ ]5 = +2.8,
[2]5s = +6.0, [x13}s = +8.4 (c = 1.00, CHCl;). 'H-NMR (250 MHz, CDCl;): 4.20 (ddg, *J =7.3, 6.6, 2.2,
H—C(6));4.03 (d,>J = 3.2, OH—C(3));3.85(dd,>J =4.2,3.2, H-C(3)); 3.64 (br. dd, %J = 10.9,J = 4.0, H—C(1));
3.60 (br. dd, 2J = 10.9, *J = 6.0, H—C(1)); 3.49 (d, *J = 2.2, H=C(5)); 3.06 (d, *J = 7.3, OH—C(6)); 2.90 (br. s,
OH—C(1));2.12 (dddy,*J = 4.0, 6.0,4.2,6.9, H—C(2)); 1.47 (s, Me); 1.38 (d,J = 6.6, Me(7)); 1.37, 1.35 (25, 2 Me);
1.05(d, 3J = 6.9, Me—C(2)). '*C-NMR (100.6 MHz, CDCl,): 107.1 (s, Me,C); 87.9 (d, ' /(C.H) = 139, C(5)): 83.4
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(s, C(4)); 72.6 (d, 'J(C.H) = 139, C(3)); 68.4 (1, J(C,H) = 143, C(1)); 64.5 (d, 'J(C,H) = 145, C(6)); 35.9 (d,
J(CH) = 131, C(2)); 284, 26.6,21.9, 19.0, 13.3 (59, 'J(C,H) = 126-127, 5 Me). CI-MS (NH,): 249 (1, [M + 1]"),
173 (7), 159 (24), 102 (75), 101 (52), 99 (16), 87 (30), 85 (49), 84 (100), 71 (11). Anal. calc. for C;,H,,05 (248.16):
C 58.03, H9.75; found: C 58.03, H 9.68.

(—)-(3R,4R,5R,6R )-3,4:5,7-Bis(isopropylidenedioxy )-4,6-dimethylheptan-2-one ((—)-21). A mixture of (+)-
19a-19b (97 mg, 0.39 mmol), 2,2-dimethoxypropane (0.13 ml), SnCl, (50 mg), and dioxane (4 ml) was stirred at 20°
for 2 h. CH,Cl, (25 ml) and then sat. ag. NaHCO; soln. (25 ml) were added. The aq. phase was extracted with
CH,Cl, (25 ml) and the combined org. extract washed with brine (10 ml), dried (MgSQO,), and evaporated to give
95 mg, of colourless oil which was dissolved in anh. CH,Cl, (5 ml). N-Methylmorpholine N-oxide (95 mg, 0.78
mmol) was added and the mixture stirred at 20° for 5 min. Molecular sieves (4 A, 100 mg) were added, and the soln.
was stirred at 20° for 15 min. Tetrapropylammonium perruthenate (50 mg, 0.156 mmot!) was added and the mixture
stirred at 20° for 8 h. After filtration on Florisil (10 g, AcOEt/light petroleum ether 1:3), the solvent was evaporated
and the residue purified by FC (silica gel, AcOEt/light petroleum ether 1:5): 86 mg (77 %) of colourless oil. B.p.
155°/0.2 Torr (‘Kugelrohr'). [x]3y=—22.6, [, =~23.6, [x]3¢=—284, [x]3s=—63.4, [x]%s=—88.0
(¢ =0.70, CHCl;). IR (film): 2980, 2920, 1860, 1720, 1450, 1370, 1250, 1200, 1155, 1100, 1030, 1000, 920, 855, 780.
'H-NMR (400 MHz, CDCly): 4.32 (s, H-C(3)); 3.62 (dd, 2J =10.7, *J = 5.1, H=C(7)); 3.55 (d, 3J =10.2,
H—C(5)); 3.46 (dd, %J = 10.7, *J = 10.5, H-C(7)); 2.17 (5, Me(1)); 1.93 (dddyq, *J = 10.2, 10.5, 5.1, 6.7, H-C(6));
1.55,1.53, 1.30, 1.28, 1.26 (55, 5 Me); 0.89 (d, °J = 6.7, Me—C(6)). *C-NMR (100.6 MHz, CDCl;): 200.1 (s, C(2));
108.5, 90.6 (25, 2 Me,C); 88.0 (d, 'J(C,H) = 146, C(3)); 84.5 (s, C(4)); 73.9 (d, 'J(C,H) = 141, C(5)); 62.3 (1,
UJ(CH) = 143, C(7)); 30.4 (d, 'J(C,H) = 137, C(6)); 29.3, 29.0, 28.2, 26.5, 19.8, 18.1, 14.3 (7, 'J(C,H) = 127-128,
(7 Me). CI-MS (NHj;): 271 (11), 229 (6), 185 (15), 157 (9), 129 (100), 111 (30), 99 (59), 97 (23), 85 (23), 71 (80). Anal.
cale. for C,5H,404 (286.18): C 62.90, H 9.16; found: C 62.99, H 9.05.

(~)-(3R4R,5R,65)-3,4:5,7-Bis(isopropylidenedioxy )-4,6-dimethylheptan-2-one ((—)-22). Same procedure
as for (—)-21, starting with (+)-20a/(+)-20b 1:1 (0.1 g, 0.35 mmol). Yield 80 mg (69 %). Colourless crystals. M.p.
80-81° (light petroleum ether). [a]%y=—19.3, [a3, = —20.0, [x]3s=—247, [a]3; = —62.8, [a]is =—91.6
(¢ = 1.00, CHCl). IR (KBr): 2980, 2920, 2880, 1725, 1380, 1250, 1200, 1165, 1100, 1010, 925, 870, 850, 830.
'H-NMR (400 MHz, CDCl3): 4.33 (s, H—=C(3)); 4.07 (dd, 2] = 11.5,3J = 2.3, H=C(7)); 3.90 (d, *J = 2.6, H-C(5));
3.54 (dd, %) = 11.5,%J = 0.8, H'=C(7)); 2.21 (s, Me(1)); 1.75 (dddgq, *J = 2.6,2.3,0.8, 6.9, H-C(6)); 1.62, 1.49, 1.38,
131, 1.26 (5s, 5 Me); 1.20 (d, 3J = 6.9, Me—C(6)). 3C-NMR (100.6 MHz, CDCl,): 200.8 (s, C(2)); 108.8, 99.0 (25,
2 Me,C); 89.9 (d, 'J(C,H) = 146, C(3)); 83.0 (5, C(4)); 70.7 (d, 'J(C,H) = 139, C(5)); 68.6 (£, 'J(C,H) = 143, C(7));
29.9 (d, 'J(C,H) = 128, C(6)); 29.7, 28.8, 28.1, 26.4, 21.2, 18.2, 13.9 (7¢, 'J(C,H) = 125-129, 7 Me). CI-MS (NH,):
271 (11), 185 (8), 157 (13), 129 (100), 127 (10), 115 (17), 114 (13), 111 (25), 99 (48), 97 (18), 87 (27), 85 (15), 71 (48).

( £)-2,7-Dideoxy-2 4-di- C-methyl-DL-altro-hept-6-ulosono-1 ,4-lactone ((£)-23). A mixture of (£)-16 (1.0 g,
4.13 mmol), dioxane (50 ml), H,O (45 ml), and In HCI (5 ml) was heated to 60° for 24 h (TLC (silica gel,
AcOEt/light petroleum ether 3:1, Pancaldi): Ry ((£)-16) 0.62, R; ((£)-23) 0.35). After cooling to 20°, the soln. was
extracted with AcCOEt (200 ml). The aq. phase was extracted 4 more times with AcOEt (50 ml). The combined org.
extract was dried (MgSOy) and evaporated and the residue purified by column chromatography (silica gel (Lobar),
AcOEt/light petroleum ether 1:1): 762 mg (92%). Colourless prisms. M.p. 56-57° (Et,O). IR (KBr): 3460, 2980,
2940, 1775, 1710, 1360, 1300, 1250, 1220, 1190, 1130, 1100, 1065, 1045, 1005, 950, 930, 850, 680, 630. 'H-NMR (250
MHz, CDCL): 4.18 (dd, 37 = 10.8, 2.6, H~C(3)); 4.17 (d, *J = 4.2, OH—C(5)); 4.03 (4, °J = 4.2, H-C(5)); 2.82 (4,
3] = 2.6, OH-C(3)); 2.66 (dgq, *J = 10.8, 7.0, H—C(2)); 2.38 (s, Me(7)); 1.36 (d, *J = 7.0, Me—C(2)); 1.15 (s,
Me—C(4)). BC-NMR (62.9 MHz, CDCl,): 206.9 (s, C(6)); 175.1 (s, C(1)); 83.3 (s, C(4)); 81.9 (d, ' J(C,H) = 149),
79.5 (d, 'J(C,H) = 147, C(3), C(5)); 39.5 (d, 'J(C,H) = 127, C(2)); 27.2, 13.9, 12.4 (3g, ' J(C,H) = 127-129, 3 Me).
CI-MS (NH3): 220 (19, [M + 18]™), 203 (7, [M + 1]7), 129 (36), 114 (12), 111 (19), 87 (100), 74 (10). Anal. calc. for
CyH 405 (202.21): C 53.46, H 6.98; found: C 53.40, H 6.86.

( —)-2,7-Dideoxy-2 4-di- C-methyl-L-altro-hept-6-ulosono-1 ,4-lactone ((—)-23). Same procedure as for (+)-23,
starting with (—)-16 (360 mg, 1.48 mmol). Yield 252 mg (79%). Colourless prisms. M.p. 64°. [a]3y = —112.3,
(@13, = —118.9, [als = —141.2, {[x]8; = —307.9, [a]is = —418.4 (¢ = 1.00, CHCl;). Anal. calc. for CgH,,Os
(202.21): C 53.46, H 6.98; found: C 53.56, H 7.01.

( £)-3-O-/ ( tert-Butyl)dimethylsilyl J-2,7-dideoxy-2,4-di- C-methyl-DL-altro-hept-6-ulosono-1 ,4-lactone ((£)-
24). At 0°, 2,6-lutidine (0.12 ml, 0.98 mmol) and then (¢-Bu)Me,SiOSO,CF; (0.23 ml, 0.98 mmol) were added
dropwise to a stirred soln. of (+)-23 (100 mg, 0.49 mmol) in anh. CH,Cl, (10 ml) cooled to 0°. After stirring at 0° for
30 min (TLC (silica gel, AcOEt/light petroleum ether 1:3, Pancaldi): R; ((£)-23) 0.04, R, ((+)-24) 0.36), brine (4 ml)
was added and the mixture extracted with CH,Cl, (20 ml, 3 times). The combined org. extract was dried (MgSQO,)
and evaporated and the residue purified by FC (silica gel, AcOEt/light petroleum ether 1:3): 129 mg (82%) of
colourless crystals. M.p. 53-54° (light petroleum ether). IR (KBr): 3450, 2960, 2930, 2890, 2860, 1775, 1715, 1470,
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1390, 1250, 1220, 1195, 1140, 1075, 1050, 1010, 970, 950, 920, 875, 830, 780. "H-NMR (250 MHz, CDCl,): 4.25 (d,
3] = 7.4, H-C(3)); 405 (d, *J = 5.2, H=C(5)); 3.73 (d, >J = 5.2, OH—C(5)); 2.59 (quint., *J = 7.4, H-C(2)); 2.40
(5. Me(7)); 1.38 (d, *J = 7.4, Me—C(2)); 1.14 (s, Me—C(4)); 0.89 (s, -BuSi); 0.13, 0.12 (25, Me,Si). "*C-NMR (62.9
MHz, CDCl,): 207.6 (s, C(6)); 176.1 (s, C(1)); 85.5 (5, C(4)); 81.4, 79.7 (24, 'J(C,H) = 145, C(3), C(5)); 42.8 (d,
J(CH) = 129, C(2)); 27.9 (¢, 'J(C,H) = C(7)); 25.7 (¢, 'J(C,H) = 125, Me;CSi); 18.1 (s, Me,CSi); 14.9, 13.8 (2q,
LJ(CH) =129, 2 Me); —4.7, —4.8 (2¢, 'J(C,H) = 119, Me,Si). CI-MS (NH,): 334 (5, [M + 18]7), 317 (7,
[M + 117, 259 (45), 243 (25), 217 (14), 215 (100), 185 (15), 159 (40), 157 (21), 143 (57), 131 (27), 129 (12), 125 (14),
115 (20), 111 (14), 85 (16), 75 (86), 73 (65). Anal. calc. for C;sH304Si (316.47): C 56.93, H 8.92, Si 8.87; found: C
56.96, H 8.90, Si 8.85.

—)-3-O-[(tert-Butyl )dimethylsilyl ]-2,7-dideoxy-2,4-di- C-methyl- L-altro-hept-6-ulosono-1 4-lactone  ((—)-
24). Same procedure as for (£)-24, starting with (—)-23. Yield 82%. Colourless needles. M.p. 42-43°.
[2]3 = —65.5, [0 33, = —69.5, [a 14, = —82.6, [ 1235 = —184.0, [ 1355 = —252.9 (¢ = 1.00, CHCI,). Anal. calc. for
C,sH»30581 (316.47): C 56.93, H 8.92, Si 8.87; found: C 56.92, H 8.82, Si 8.86.

(+)-3-O-[( tert- Butyl)dimethylsilyl ]- 2,7 - dideoxy- 2,4~ di- C-methyl-DL-glycero-DL-altro-heptono-1,4-lactone
((£)-25) and ( £)-3-O-[ (tert-Butyl)dimethylsilyl |- 2,7-dideoxy-2,4-di- C-methyl- LD-glycero-DL-altro-heptono-1,4-
lactone ((£)-26). NaBH, (10 mg, 0.26 mmol) was added portionwise to a soln. of (:t)-24 (50 mg), 0.16 mmol) in anh.
MeOH (2 ml) cooled to —78°(TLC (AcOEt/light petroleum ether 1:3, Pancaldi): Ri((£)-24)0.36, R;((£)-25) ~ 0.09,
R;((+)-26) 0.16). After completion of the reduction, a sat. aq. NH4Cl soln. was added, the mixture allowed to warm
up to 20° and extracted with AcOEt (10 ml, twice), and the combined org. extract dried (MgSO,) and evaporated:
(£)-25/(£)-26 1:1 (50 mg) separation by FC (silica gel) gave 25 mg (49 %) of (£)-25 and 22 mg (44%) of (+)-26.

Data of ( +-25: White solid. M.p. 60-62°. '"H-NMR (250 MHz, CDCly): 4.32 (d, *J = 7.4, H-C(3)); 3.92
(ddg, *J = 6.3, 6.0, 5.2, H-C(6)); 3.55 (dd, *J = 6.0, 5.7, H=C(5)); 2.70 (d, *J = 5.7 OH—C(5)); 2.60 (dg, *J = 7.4,
7.5, H-C(2)); 2.31 (d, 3/ = 5.2, OH—C(6)); 1.40 (s, Me—C(4)); 1.33 (d, °J = 7.5, Me—C(2)); 1.29 (d, 3J = 6.3,
Me(7)); 0.90 (s, -BuSi); 0.12, 0.11 (25, Me,Si). *C-NMR (62.9 MHz, CDCl;): 176,8 (s, C(1)); 88.9 (s, C(4)); 78.7
(d, 'J(C,H) = 144), 77.4 (d, 'J(C.H) = 145), 67.7 (d, 'J(C,H) = 143, C(3), C(5), C(6)); 43.3 (d, 'J(C,H) = 128,
C(2)); 25.7 (¢, 'J(C.H) =125, MeyCSi); 19.7 (¢, 'J(C,H) =126, Me); 18.0 (s, MesCSi); 174, 13.6 (2q,
"J(CH) = 128, 2 Me); —3.9, —4.8 (2¢, 'J(C,H) = 118, Me,Si). CI-MS (NH-): 336 (73, [M + 18]%), 319 (30,
[M + 111, 199 (5), 143 (11), 75 (29), 73 (25).

Data of ( £)-26: White amorphous solid. IR (KBr): 3520, 3380, 2930, 2860, 1755, 1250, 1240, 1100, 1040, 950,
830, 770. "H-NMR (250 MHz, CDCl;): 4.20 (d, *J = 7.6, H—C(3)); 4.02 (ddq, >J == 6.0, 5.2, 2.1, H-C(6)); 3.33 (dd,
3J =17.1,2.1, H-C(5)); 3.07(d.*J = 7.1, OH-C(5)); 2.62 (dg,>J = 7.6, 7.2, H-C(2));2.27 (d, *J = 5.2, OH~C(6));
1.36 (s, Me—C(4)); 1.33 (d, 3/ = 7.2, Me—C(2)); 1.30 (d, *J = 6.0, Me(7)); 0.90 (5, ¢-BuSi); 0.12, 0.11 (25, Me,Si).
BC-NMR (62.9 MHz, CDCly): 176.7 (s, C(1)); 88.8 (s, C(4)); 77.5 (24, 'V (C,H) = 144), 65.5 (d, 'J(C,H) = 143,
C@3), C(5), C(6)); 43.0 (d, 'J(C,H) = 128, C(2)); 25.7 (¢, 'J(C,H) = 126, Me,CSi); 21.6 (g, 'J(C,H) = 127, Me);
18.0 (s, Me;CSi); 16.7, 13.5 (2¢, 'J(C,H) = 128-129, 2 Me); —4.2, —4.8 (2q, 'J(C,H) = 119, Me,Si). CI-MS (NH):
336 (32, [M + 18]™), 319 (17, [M + 11%), 217 (10), 159 (18), 143 (10), 131 (15), 85 (18), 77 (11), 75 (100), 73 (72).
Anal. calc. for C;sH;y0O;Si (318.49): C 56.57, H 9.49, Si 8.82; found: C 56.45, H 9.50, Si 8.86.

(+)-3-O-/( tert-Butyl ) dimethyl ]-2,7-dideoxy-2 4-di-C-methyl-L-glycero-L-altro-heptono- 1, 4-lactone ((+)-25)
and (—)-3-O-{( tert- Butyl)dimethylsilyl]-2,7-dideoxy- 2 4-di- C-methyl- D- glycero-L-altro-heptono-1,4-lactone
((—)-26). Same procedure as for (+)-25 and (+)-26, starting with (—)-24.

Data of (+)-25: White solid. [a}%s = +1.6, [a]5; = +1.8, [a)Hs = +9.7, [x]5s = +34.2, [a]Fs = +35.6
(¢ =0.50, CHCl;).

Data of ( —)-26: Colourless crystals. M.p. 69-70°. [a 13y = 3.2, [2 13, = —3.0, [ 23 = +4.2, [x]335 = +25.0,
[2)%s = +25.2 (¢ = 0.50, CHCl,).

(—)-5,6-Di-O-acetyl-3-O-{ ( tert-butyl Jdimethylsilyl]-2,7-dideoxy-2 4-di-C-methyl-L-glycero-L-altro-heptono-
1,4-lactone. Obtained by acetylation (Ac,O, pyridine, 20°, 24 h) of (+)-25. Colourless oil. [a]%, = +28.2,
[ ]33, = +28.0, [ ]33 = +40.0, [« 1335 = +85.8, [@]%s = +99.0 (¢ = 0.50, CHCLy). IR (CH,CL,): 2950, 2920, 2880,
2850, 1770, 1740, 1365, 1220, 1130, 1080, 1040, 1020, 950, 830. 'H-NMR (250 MHz, CDCl,): 5.21 (d, *J = 2.8,
H-C(5)); 5.08 (dg, *J = 2.8, 6.4, H—C(6)); 4.30 (4, >J = 8.4, H~C(3)); 2.59 (dq, >/ = 8.4, 7.3, H—C(2)); 2.17, 2.03
(25,2 Ac); 1.34 (d, 3T = 7.3, Me—C(2)); 1.29 (d, 3 = 6.4, H-C(7)); 1.26 (s, Me—C(4)); 0.90 (s, 2-BuSi); 0.16, 0.15
(25, Me,Si). BC-NMR (90.6 MHz, CDCl,): 175.3 (s, C(1)); 170.1, 169.9 (2s, 2 MeCOQ); 86.7 (s, C(4)); 77.2 (d,
LJ(C,H) = 158), 75.4 (d, 'J(C,H) = 146), 68.8 (d, 'J(C,H) = 146, C(3), C(5), C(6)); 42.0 (d, 'J(C,H) = 129, C(2));
25.6 (g, 'J(C,H) =125, MeyCSi); 21.0, 20.5 (2¢, 'J(C,H) =130, MeCOO}; 17.9 (s, Me;CSi)); 17.2 (g,
LJ(CH) = 129, Me); 15.7,13.3 (29, 'J(C,H) = 128,2 Me); —4.3 (¢, 'J(C,H) = 115, MeSi); —4.9 (¢, 'J(C,H) = 119,
MeSi). CI-MS (NH;): 420 (3, [M + 18]*),403 (1, [M + 11%), 345 (100), 243 (20), 151 (12), 143 (28), 117 (74), 86 (17),
85 (22), 84 (29), 75 (53), 74 (41).
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{ +)-5.6-Di-O-acetyl-3-O- ( tert-butyl Jdimethylsilyl ]-2,7-dideoxy- 2 4-di- C-methyl- D-glycero-L-altro-heptono-
1,4-lactone. Obtained by acetylation (Ac,O/pyridine, 20°, 24 h) of (—)-26. Colourless oil. [x]3s = —18.0,
[, = —19.6,[a s = —13.8, [a ]335 = —4.5, [w]3s = —8.7 (¢ = 0.45, CHCl,). IR (CH,Cl,): 2940, 2920, 2850, 1770,
1740, 1370, 1370, 1210, 1185, 1130, 1100, 1070, 1040, 1000, 975, 950, 905, 870, 830. 'H-NMR (250 MHz, CDCl,):
5.48 (dg, *J = 2.7, 6.6, H—C(6)); 5.02 (d, °J = 2.7, H-C(5)); 4.25 (d, >J = 8.1, H-C(3)); 2.57 (dq, °J = 8.1, 7.2,
H—-C(2)); 2.21, 2.07 (25, 2 Ac); 1.33 (d, > = 7.2, Me—C(2)); 1.27 (s, Me—C(&)); 1.21 (d, >J = 6.6, Me(7)); 0.91 (s,
t-BuSi); 0.14, 0.13 (25, Me,Si). PC-NMR (100.6 MHz, CDCl,): 175.3 (s, C(1)); 170.2, 170.0 (25, 2 MeCOO); 86.7
(s, C(@)); 77.1 (d, U(C,H) = 142), 75.3 (s, 'J(C,H) = 147), 68.8 (d, 'J(C,H) = 146, C(3), C(5), C(6)); 41.9 (d,
LJ(CH) = 128, C(2)); 25.6 (g, 'J(C,H) = 125, MeyCSi); 21.1, 20.6 (2¢, 'J(C,H) = 130, 2 MeCOO); 17.9 (s,
Me;CSi); 17.2, 15.6 (2¢, 'J(CH) = 129, 2 Me); 13.3 (g, (C,H) = 129, Me); —4.3, —4.9 (2¢, 'J(C,H) = 115,
Me,Si). CI-MS (NH>): 420 (5, [M + 18]%), 403 (6, [M + 117), 345 (100), 285 (9), 279 (13), 243 (80), 225 (15), 199
(15), 151 (12), 149 (13), 143 (28), 123 (21), 117 (95), 115 (23), 85 (25), 75 (71), 73 (54).

( +)-2,7-Dideoxy-2 4-di- C-methy!-L-glycero-L-altro-heptono- 1,4-lactone ((+)-6). At 0°, 40 % aq. HF soln. (0.4
ml) was added dropwise to a stirred soln. of (+)-25 (40 mg, 0.129 mmol), THF (1 ml), and MeCN (2 m}). After
stirring at 0° for 1 h and then at 20° for 30 min, the solvent was evaporated at 0.1 Torr and the residue purified
by FC (silica gel, CH,Cl,/MeOH 8:1): 25 mg (96%) of viscous oil. [x 15, = +8.6, [x)%; = +6.6, [a 33 = +16.0,
[ ]335 = +43.4, [2]%s = +46.0 (¢ =0.50, MeOH). IR (CH,Cl,): 3750, 3450 (br.), 2920, 2890, 2640, 1770,
1380, 1190, 1110, 1040, 940. 'H-NMR (400 MHz, CD;OD): 4.31 (d, 3/ = 9.3, H~C(3)); 3.89 (dg, 3J = 6.2, 6.3
H—C(6));3.53 (d,J = 6.2, H-C(5)); 2.68 (dg, >J = 9.3, 7.1, H—C(2)); 1.44 (s, Me—C(4)); 1.31 (d, >J = 6.3, Me(7));
1.29 (d, 3J =7.1, Me—C(2)). PC-NMR (100.6 MHz, CD,0D): 178.8 (s, C(1)); 89.9 (s, C(4)); 79.4 (4,
LJ(CH) = 140), 75.7 (d, 'J(C,H) = 148), 68.7 (d, ' J(C,H) = 142, C(3), C(5), C(6)); 43.4 (d, 'J(C,H) = 131, C(2));
20.2 (g, 'J(C,H) = 126, Me); 18.0, 12.9 (2¢, 'J(C,H) = 128, 2 Me). CI-MS (NH,): 222 (100, [M + 18]*), 205 (9,
[M + 11%), 129 (6), 87 (12).

( +)-2,7-Dideoxy-2,4-di- C-methyl-D-glycero-L-altro-heptono- 1 4-lactone ((+)-7). Same procedure as for (+)-
6, starting with (—)-26. Colourless crystals. M.p. 129-130°. [x[3s = +14.1, [a]3; = +13.5, [aBie = +19.2,
[18s = +37.1, [a Bgs = +40.0 (¢ = 1.00, MeOH). IR (KBr): 3500, 3430, 2990, 2940, 2900, 2880, 1720, 1450, 1380,
1295, 1240, 1220, 1110, 1060, 1030, 990, 945, 860, 810, 750, 735, 690, 660. 'H-NMR (400 MHz, CD;0D): 4.39 (g,
3 =104, H-C(3)); 4.02 (dg, > = 1.8, 6.4, H—C(6)); 3.53 (d, *J = 1.8, H=C(5)); 2.76 (dg, *J = 10.4, 7.0, H-C(2));
1.39 (s, Me—C(4)); 1.33 (4, *J = 6.4, Me(7)); 1.30 (4, 3J = 7.0, Me—C(2)). *C-NMR (100.6 MHz, CD,0D): 178.6
(5, C(1)); 90.0 (s, C(4)); 77.6 (d, 'J(C,H) = 137), 74.1 (d, 'J(C,H) = 149), 67.8 (d, 'J(C,H) = 142, C(3), C(5), C(6));
42.1 (d, "J(C,H) = 127, C(2)); 20.6 (g, ' J(C,H) = 126, Me); 17.4, 13.0 (29, 'J(C,H) = 128, 2 Me). Anal. calc. for
CgH,¢O5 (204.23): C 52.93, H 7.90; found: C 52.83, H 7.82.

{ +)-3-O-[(tert )-Butyl ) dimethylsilyl]-2,7-dideoxy-5 6- O- (isopropylidenedioxy )-2,4~di-C-methyl-DL-glycero-
DL-altro-heptono- | 4-lactone ((+)-27). A mixture of (+)-25 (50 mg, 0.157 mmol), 2,2-dimethoxypropane (4 ml), and
toluene-4-sulfonic acid (10 mg) was stirred at 20° for 3 days. The mixture was poured onto a mixture of ice (5 g) and
CH,CJ, (30 ml), the aq. phase extracted with CH,Cl, (15 ml, twice), and the combined org. extract washed with a
sat. aq. NaHCO; soln. (10 ml), dried (MgSO,), and evaporated. FC (silica gel, Et,0O/light petroleum ether 1:4)
yielded 50 mg (88 %) of colourless needles. M.p. 66-67°. IR (KBr): 2950, 2940, 2920, 2860, 1780, 1250, 1210, 1140,
1075, 1055, 1040, 855, 830, 775. '"H-NMR (250 MHz, CDCly): 4.39 (dg, °J = 6.4, 6.7, H-C(6)); 4.03 (d, *J = 7.3,
H-C(3)); 3.95 (d, >J = 6.4, H-C(5)); 2.58 (dg, >J = 7.3, 7.2, H=C(2)); 1.49, 1.43 (25, 2 Me); 1.38 (d, *J = 6.7,
Me(7)); 1.35 (s, Me); 1.33 (d, *J = 7.2, Me—C(2)); 0.91 (s, ¢-BusSi); 0.12 (s, Me,Si). >C-NMR (62.9 MHz, CDCl;):
173.9 (s, C(1); 107.9 (5, Me,C); 86.6 (s, C(4)); 81.6 (d, 'J(C,H) = 145), 80.4 (4, 'J(C.H) = 144), 73.7 (d,
LJ(CH) = 146, C@3), C(5), C(6)); 429 @, 'J(CH) =129, C(2)); 29.7 (g, 'J(C,H) =128, Me); 27.4 (q,
J(C,H) = 128, Me); 25.7 (g, 'J(C,H) = 126, MeCSi); 25.1 (g, 'J(C,H) = 127, Me); 18.0 (s, Me;CSi); 16.7 (g,
1J(C,H) = 128, Me); 13.7 (g, 'J(C,H) = 129, Me); —4.1, 4.9 (2¢, 'J(C,H) = 120, Me,Si). CI-MS (NH,): 359 (6,
M™), 343 (41), 301 (16), 243 (100), 217 (15), 199 (37), 187 (17), 171 (27), 159 (11), 143 (75), 115 (91), 99 (15), 97 (11),
85 (24), 75 (87), 73 (78). Anal. calc. for C3H3,05Si (358.56): C 60.30, H 9.56, Si 7.83; found: C 60.12, H 947,
Si7.92.

( £)-3-O-[ (tert )-Butyl)dimethylsilyl ]-2,7-dideoxy-5 ,6- O- ( isopropylidenedioxy ) - 2,4-di-C-methyl-DL-glycero-
LD-altro-heptono-1,4-lactone ((£)-28). Same procedure as for (£)-27, starting with (£)-26. Colourless crystals. M.p.
67°. IR (KBr): 2980, 2950, 2930, 2880, 2850, 1775, 1450, 1380, 1310, 1250, 1250, 1210, 1170, 1140, 1090, 1075, 1050,
1000, 955. '"H-NMR (250 MHz, CDCLy): 4.10 (d, *J = 7.6, H-C(3)); 4.04 (dg, >J = 1.9, 6.0, H-C(6)); 3.61 (d,
3J =17.9, H-C(5)); 2.61 (dg, >J = 7.6, 7.4 H—C(2)); 1.40 (s, 2 Me); 1.36 (d, *J = 6.0, Me(7)); 1.34 (s, Me—C(4));
1.34 (d, 3 = 7.4, Me—C(2)); 0.90 (s, t-BuSi); 0.13 (s, Me,Si). '*C-NMR (62.9 MHz, CDCl,): 176.1 (s, C(1)); 108.8
(s, Me,C); 85.7 (s, C(4)); 86.2 (d, 'J(C,H) = 147), 79.2 (d, J(C,H) = 145), 73.1 (d, 'J(C,H) = 146, C(3), C(5),
C(6)); 43.0 (d, 'J(C,H) = 128, C(2)); 27.2 (g, "J(C,H) = 128, 1C, Me,C); 26.9 (g, 'J(C,H) = 126, 1C, Me,C); 25.7
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(g, 'J(C,H) = 126, Me;CSi); 19.6 (¢, 'J(C,H) = 128, Me); 18.0 (s, Me;CSi); 16.1 (g, 'J(C,H) = 130, Me); 13.6 (g,
1J(C.H) = 128, Me); —4.0, —5.0 (2¢, 'J(C,H) = 120, Me,Si). CI-MS (NH3): 359 (6, M ™), 343 (36), 301 (16), 243
(100), 215 (10), 199 (22), 187 (14), 171 (26), 159 (12), 157 (15), 143 (58), 117 (21), 115 (63), 111 (16), 99 (13), 85 (20),
75 (67), 73 (56). Anal. calc. for C;gH;34055i1 (358.56): C 60.30, H 9.56, Si 7.83; found: C 60.21, H 9.65, Si 7.74.

{ +)-3-O-/(tert-Butyl)dimethylsilyl ]-2,7-dideoxy-5 ,6- O-( isopropylidenedioxy )- 2, 4-di-C-methyl-L-glycero-L-
altro-heptono-1,4-lactone ((+)-27). A 1M L-Selectride (lithium tri(sec-butyl)borohydride) soln. in anh. THF (6 ml,
6 mmol) was added dropwise to a stirred soln. of (—)-24 (1.0 g, 3.16 mmol) in anh. THF (100 ml). After stirring
at —78° for 1 h, sat. ag. NH,Cl soln. (40 ml) was added and the mixture extracted with AcOEt (100 ml, twice). The
combined org. extract was dried (MgSO,) and evaporated. The residue ((+)-25/(—)-26 9:1) was taken with
2,2-dimethoxypropane (30 ml), and toluene-4-sulfonic acid (40 mg) was added. After stirring at 20° for 3 h, the
soln. was poured into a mixture of ice (40 g) and CH,Cl, (100 ml). The aq. phase was extracted with CH,Cl, (40 ml,
twice), the combined org. extract washed with brine (20 ml), dried (MgSQ,), and evaporated, and the residue
purified by FC (silica gel, Et,O/light petroleum ether 1:4): 906 mg (80%) of colourless needles. M.p. 55-56°.
1By = +7.7, [¢]8; = +8.0, [a]%e = +8.8, [213s = +11.1, [x]%s=+11.2 (¢ = 1.015, CHCl,). Anal. calc. for
C,5H3405S1 (358.56): C 60.30, H 9.56, Si 7.83; found: C 60.22, H 9.57, Si 7.91.

{+)-(2RS,3SR,4RS,5RS,6RS)-3-[(tert- Butyl )dimethylsilyloxy ]-5,6- (isopropylidenedioxy ) - 2,4-dimethyl-
heptane-1,4-diol ((£)-29). A mixture of (+)-27 (100 mg, 0.28 mmol), LiBH, (12 mg, 0.56 mmol), and anh. THF
(5 ml) was stirred at 20° for 24 h. The mixture was poured onto ice-cold half-sat. ag. NH,Cl soln. (2 ml) and stirred
for 30 min. The mixture was extracted with AcOEt (4 ml, twice). The combined org. extract was dried (MgSO,4) and
evaporated and the residue purified by FC (silica gel, AcOEt/light petroleum ether 1:3): 78 mg (77 %) of colourless
oil. "H-NMR (400 MHz, CDCly): 4.35 (dq, *J = 6.0, 6.7 H—C(6)); 4.17 (d, °J = 6.0, H~C(5)); 3.78 (d, *J = 2.0,
H-C(3)); 3.56 (dd, 2] = 10.5,*J = 5.5, H-C(1)); 3.44 (dd, >J = 10.5,%J = 8.7, H'~C(1)); 2.50 (br. s, OH); 2.19 (m,
H-C(2)); 2.04 (br. s, OH); 1.47 (s, Me); 1.40 (d, 3J = 6.7, Me(7)); 1.33, 1.30 (25, 2 Me); 0.94 (d, *J =72,
Me—C(2)); 0.93 (s, £-BuSi); 0.13, 0.12 (25, Me,Si). *C-NMR (100.6 MHz, CDCl,): 107.2 (s, Me,C); 75.7 (5, C(4));
78.2 (d, 'J(C,H) = 146), 76.7 (d, 'J(C,H) = 144), 74.5 (d, 'J(C,H) = 144, C(3), C(5), C(6)); 66.3 (1, 'J(C,H) = 144,
C(1));37.0 (4, 'J(C.H) = 124, C(2)); 28.0 (¢, 'J/(C,H) = 127, 1 C, Me,C); 26.2 (g, 'J(C,H) = 125, Me;CSi); 25.5 (g,
WJ(C.H) = 126, 1C, Me,C); 21.6 (g, 'J(C,H) = 127, Me); 18.6 (s, Me;CSi); 17.6 (¢, 'J(C,H) = 127, Me); 12.1 (g,
LJ(C.H) = 126, Me); —3.3, ~4.3 (2q, 'J(C,H) = Me,Si). CI-MS (NH,): 363 (19, [M + 117, 347 (7), 305 (27), 287
(26), 247 (25), 229 (75), 203 (58), 189 (22), 173 (24), 159 (21), 145 (23), 115 (53), 89 (46), 75 (100), 73 (83).

(2S,3R,4S,55,6S)-3-[ ( text- Butyl)dimethylsilyloxy |-5,6- (isopropylidenedioxy ) - 2,4-dimethylheptane- 1 ,4-diol
((+)-29). Same procedure as for (+)-29, starting with (+)-27. Colourless needles. M.p. 68-69°. [0 I35y = +2.6,
)35, = 429, [2)5s = +3.2, [2)Es = +6.3, [x]3s = +8.1 (¢ = 1.015, CHCL;). IR (KBr): 3400 (br.), 2980, 2940,
2920, 2840, 1460, 1360, 1250, 1210, 1100, 1070, 1050, 1010, 955, 900, 865, 850, 760, 660. Anal. cale. for C 3H30sSi
(362.59): C 59.63, H 10.56, Si 7.75; found: C 59.61, H 10.52, Si 7.72.

(£)-(2RS,3SR,4RS,5RS,6 RS )-3-/ ( tert- Butyl) dimethyisilyloxy |-4-hydroxy-5,6- (isopropylidenedioxy )-2 4-
dimethylhept-1-yl Acetate ((4)-30). A mixture of (£)-29 (750 mg, 2.07 mmol), Ac,0 (10 ml), and pyridine (1 ml) was
stirred at 20° for 1 h. After addition of toluene (50 ml), the solvent was evaporated, the residue taken with toluene
(10 ml), and the solvent evaporated (twice). The residue was purified by FC (silica gel, AcOEt/light petroleum ether
1:3) yielding an oil that was bulb-to-bulb distilled: 781 mg (93 %) of colourless oil. B.p. 165°/0.2 Torr. IR (film):
3500, 2980, 2940, 2920, 2880, 2820, 1735, 1460, 1370, 12501210, 1060-1025, 850, 830, 770. 'H-NMR (400 MHz,
CDCly): 4.33 (dg. 3J = 5.9, 6.7, H-C(6)); 4.14 (d, *J = 5.9, H-C(5)); 4.00 (dd, 2/ = 10.8, > = 6.2, H-C(1)); 3 85
(dd,%J = 108,37 = 9.1, H=C(1)); 3.66 (d, J = 1.5, H=C(3)); 2.41 (m, H—C(2)); 2.32 (5, OH~C(4)); 2.06 (s, Ac);
1.47 (s, Me); 1.38 (d,*J = 6.7, Me(7)); 1.32, 1.28 (25, 2 Me); 0.94 (d, *J = 6.9, Me—C(2)); 0.94 (s, -BuSi); 0.13,0.12
(2s, Me,Si). BC-NMR (100.6 MHz, CDCLy): 170.9 (s, CO); 107.3 (s, Me,C); 77.7 (d, 'J(C.H) = 147), 76.9 (d,
YJ(C,H) = 148), 74.8 (d, 'J(C,H) = 144, C(3), C(5), C(6)); 75.4 (s, C(4)); 67.8 (t, 'J(C,H) = 150, C(1)); 33.0 (d,
J(CH) =129, C(2)); 28.1 (g, 'J(CH)=130, 1 C, Me,C); 26.1 (q, 'J(CH) =125, MesCSi); 25.5 (g,
1J(C,H) = 126, 1C, Me,C); 21.4 (g, J(C,H) = 127, Me); 21.0 (g, 'J(C,H) = 129, Me); 18.6 (s, Me;CSi); 17.7, 11.5
(g, 'J(C,H) =127, 2 Me); —3.5, —~4.4 (2q, 'J(C,H) = 118, Me,Si). CI-MS (NH;): 422 (21, [M + 18]*), 405 (41,
[M + 11%), 389 (15), 347 (42), 273 (31), 245 (22), 229 (82), 213 (25), 185 (99), 171(72), 159 (44), 115 (45), 75 (81),
73 (100).

(+)-(2S,3R.48,55,6S )-3-[ ( tert-Butyl)dimethylsilyloxy ]-4-hvdroxy-5,6- (isopropylidenedioxy )-2,4-dimethyl-
hept-1-yl Acetate ((£)-30). Same procedure as for (+)-30, starting with (+)-29 (577 mg): 598 mg (93 %) of colourless
oil. B.p. 175°/0.3 Torr. [aJ3y =0, [2]15; =0, {125 =0, [¢133s = 0, [a}3s = 0 (c = 1.03, CHCly). Anal. calc. for
CyH4006Si1 (404.62): C 59.37, H 9.96, Si 6.94; found: C 59.42, H 10.03, Si 6.90.

(£)-(2RS,35R,4SR,5RS,6RS ) -3,4-Dihydroxy-5,6- (isopropylidenedioxy - 2,4 -dimethylhept- 1- yl Acetate
((#)-31). At 0°, IMm BuyNF in THF (2.25 ml, 2.25 mmol) was added dropwise (in 15 min) to a stirred soln. of (£)-30
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(760 mg, 1.88 mmol) in anh. THF (20 mi) cooled to 0°. After stirring at 0° for 1 h, half-sat. aq. NH,Cl soln. (40 ml)
was added and the mixture extracted with AcOEt (50 ml). The org. extract was washed with brine (10 ml), the
combined aq. phase extracted with AcOEt (25 ml), the combined org. extract dried (MgSO,) and evaporated and
the residue purified by FC (silica gel, AcOEt/light petroleum ether 1:1) and bulb-to-bulb distillation: 520 mg (95 %)
of colourless oil. B.p. 200°/0.25 Torr. IR (film): 3470, 2970, 2920, 1720, 1450, 1370, 1230, 1025, 910, 855. 'H-NMR
(400 MHz, CDCl;): 4.39 (dg, *J = 6.0, 6.7, H-C(6)); 4.13 (dd, J = 10.9, °J = 7.3, H-C(1)); 4.06 (d, >J = 6.0,
H—-C(5)); 3.98 (dd, 2 = 10.9, % = 5.8, H—C(1)); 3.58 (d, *J = 2.3, H-C(3)); 2.57 (br. 5, OH); 2.34 (br. s, OH); 2.28
(m, H=C(2)); 2.06 (s, Ac); 1.47 (s, Me); 1.41 (d, %] = 6.7, Me(7)); 1.34, 1.33 (25, 2 Me); 1.01 (d, 3/ = 6.9, Me—C(2)).
3C-NMR (100.6 MHz, CDCLy): 171.4 (s, CO); 107.2 (s, Me,C); 80.2 (d, 'J(C,H) = 145), 75.3 (4, lJ(C H) = 141),
74.2 (d, 'J(C,H) = 146, C(3), C(5), C(6)); 751 (5, C(4)); 68.4 (¢, 'J(C,H) = 148, C(1)); 33.2 (4, J(CH) = 128,
C(2));27.8(g, 'J(C,H) = 128, 1C, Me,C); 25.4 (¢, 'J(C,H) = 126, 1 C, Me,C); 21.0 (g, 'J(C,H) = 130, Me); 20.9 (g,
LJ(CH) = 126, Me); 17.2, 11.6 (24, 'J(C,H) = 127, 2 Me). CI-MS (NH);: 308 (10, [M + 18]*), 291 (34, 1M + 1),
257 (15), 250 (23), 233 (100), 175 (13), 159 (12), 155 (17), 115 (77), 102 (22), 101 (25), 84 (45). Anal. calc. for
Ci4H5604 (290.36): C 57.91, H 9.03; found: C 57.99, H 9.02.

(+)-(28,3R,4R,58,68S)-3,4- Dihydroxy-5,6- (isopropylidenedioxy) —2,4-dimethy1hept—l-y1 Acetate ((+)-31).
Same procedure as for (+)-31, starting with (+)-30. Colourless oil. B.p. 195°/0.6 Torr. [a]%y = +4.8, [a ]33, = +5.2,
[0 156 = +6.0, [133; = +10.4, [« 335 = +12.8 (¢ = 1.0, CHCI,). Anal. calc. for C4H,04 (290.36): C 57.91, H 9.03;
found: C 57.99, H 8.95.

(+)-(2RS,3SR,4SR,5RS,6RS )-3,4.5,6-Bis(isopropylidenedioxy )-2,4-dimethylhept-1-yl Acetate ((£)-32). A
mixture of (+)-31 (0.5 g, 1.72 mmol), 2,2-dimethoxypropane (0.2 ml), acetone (5 ml), and toluene-4-sulfonic acid
(20 mg) was stirred at 20° for 2 days (TLC (silica gel, AcOEt/light petroleum ether 1:3): R;((%)-31) 0.18, R¢((%)-32)
0.55). The mixture was poured onto brine (50 ml) and extracted with Et,O (60 ml, twice). The combined org. extract
was dried (MgSO,) and evaporated. FC (silica gel, AcOEt/light petroleum ether 1:3) followed by bulb-to-bulb
distillation gave 340 mg (60 %) of colourless oil. B.p. 165°/0.3 Torr. IR (film): 2980, 2925, 1735, 1450, 1370, 1235,
1230, 1220, 1210, 1190, 1170, 1100, 1070, 1030, 980, 930, 850. 'H-NMR (400 MHz, CDCl;): 4.35 (dg,>J = 6.7, 6.4,
H—C(6)); 4.20 (dd, >J =11.0, *J = 3.9, H-C(1)); 4.12 (dd, 2J = 11.0, >J = 5.2, H=C(1)); 4.11 (d, 3J = 6.4,
H-C(5)); 3.57 (d, *J = 9.3, H-C(3)); 2.20 (m, H-C(2)); 2.08 (s, Ac); 1.4, 1.37 (25, 2 Me); 1.36 (d, >J = 6.7,
Me(7)); 1.35, 1,34, 1.30 (35, 3 Me); 1.11 (4, °J = 6.7, Me—C(2)). *C-NMR (100.6 MHz, CDCl;): 171.1 (s, CO);
107.7, 106.3 (25, 2 Me,C); 81.8 (s, C(4)); 86.2 (d, 'J(C,H) = 144), 75.7 (d, 'J(C,H) = 145), 75.1 (d, 'J(C,H) = 148,
C(3), C(5), C(6)); 66.6 (1, 'J(C,H) = 148, C(1)); 31.7 (d, 'J(C,H) = 130, C(2)); 28.5, 27.7 (2, "J(C,H) = 127, Me,C);
26.3, 25.3 (2, W(C.H) = 126, Me,C); 20.9 (g, 'J(C,H) = 129, Me); 20.4, 17.9, 15.3 (3¢, 'J(C,H) = 127, 3 Me).
CI-MS (NH3): 348 (3, [M + 18]%), 331 (30, [M + 1]*), 315 (26), 273 (45), 215 (72), 157 (100), 154 (54), 137 (22),
115 (29), 112 (26), 97 (58), 84 (42). Anal. calc. for C;;H3,Oq (330.43): C 61.80, H 9.15; found: C 61.83, H 9.18.

{=)-(28,3R,4R,5S,6S)-3,4:5,6- Bis(isopropylidenedioxy) - 2,4 - dimethylhept- I - yl Acetate ((£)-32). Same
procedure as for ()-32, starting with (+)-31 (275 mg) Yield 163 mg (52%). Colourless oil. B.p. 180°/0.25 Torr.
[ = —29.6, [2}3, = —30.9, [a )4 = —34.9, [x)Bs = ~57.1, [x]335 = —67.1 (c = 1.04, CHC;). Anal. calc. for
Cy7H404 (330.43): C 61.80, H 9.15; found: C 61.82, H9.15.

(£)-(2RS,3SR,4SR,5RS,6RS )-3,4:5,6-Bis(isopropylidenedioxy ) -2 4-dimethylheptan-1-ol ((£)-33). A mix-
ture of (+)-32 (320 mg, 0.97 mmol), anh. K,CO; (134 mg, 0.97 mmol), and anh. MeOH (15 ml) was stirred at 20° for
12 h. The mixture was filtered through a pad of basic Al,0, (AcOEt), the filtrate evaporated, and the residue
purified by FC (silica gel, AcOEt/light petroleum ether 1:3) and then by bulb-to-bulb distillation: 248 mg (89 %) of
colourless oil. B.p. 100°/1 Torr. IR (film): 3440 (br.), 2980, 2920, 2870, 1450, 1370, 1250, 1210, 1185, 1160, 1100,
1070, 1040, 1020, 990, 970, 920, 850, 815, 800. 'H-NMR (400 MHz, CDCl,): 4.39 (dg, *J = 6.4, 6.7, H—C(6)); 4.15
@, 3 = 6.4, H-C(5)); 3.63 (dd, 3J = 5.2, 5.3, CHx(1)); 3.55 (d, 3J = 9.2, H-C(3)); 2.42 (1, °J = 5.3, OH-C(1));
2.09 (m, H—C(2)); 1.48, 1.46 (25, 2 Me); 1.40 (d, *J = 6.7, Me(7)); 1.38, 1.35, 1.34 (35, 3 Me); 1.10°(d, 3J = 6.8,
Me-C(2)). *C-NMR (100.6 MHz, CDCl5): 107.8, 106.1 (25, 2 Me,C); 87.8 (4, 'J(C,H) = 143, C(6)); 82.0 (s, C(4));
75.6 (s, 'J(C,H) = 145), 75.3 (d, ' J(C,H) = 147, C(3), C(5)); 66.1 (¢, *J(C,H) = 142, C(1)); 34.9 (d, 'J(C,H) = 128,
C(2)); 28.5,27.6,26.3,25.4 (4¢, "J(C,H) = 126, 2 Me,C); 20.5, 18.0, 15.5 (3¢, 'J(C,H) = 127, 3 Me). CI-MS (NH,):
273 (7), 173 (78), 155 (28), 130 (12), 115 (100), 99 (71), 97 (44), 85 (53). Anal. calc. for C,sH,305 (288.39): C 62.47,
H 9.79; found: C 62.66, H 9.84.

(~)-(28,3R,4R,58,68)-3.4.5,6- Bis(isopropylidenedioxy) -2 4 - dimethylheptan- 1 -ol ((—)-33). Same proce-
dure as for (£)-33, starting with (—)-32 (120 mg, 0.36 mmol). Yield 94 mg (90 %). Colouiless oil. B.p. 150°/0.4 Torr.
B8 = —20.7, [215; = —21.4, [aP3e = 239, [2]B3s = —37.7, [2]33s = —43.3 (¢ =0.70, CHCL,). Anal. calc. for
C;sH»305 (288.39): C 62.47, H9.79; found: C 62.47, H 9.73.

(+)-(2RS,3RS,4RS,5SR,6SR )-3,4:5,6-Bis(isopropylidenedioxy ) -2,4-dimethylheptanal ((£)-34). A mixture
of (+)-33 (70 mg, 0.243 mmol), N-methylmorpholine N-oxide (49 mg, 0.365 mmol) and anh. CH,Cl, (7 ml) was
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stirred under Ar at 20° for 5 min. Finely ground 4-A molecular sieves (65 mg) was added and the mixture stirred at
20° for 15 min. Tetrapropylammonium perruthenate (8.3 mg, 0.024 mmol) was added. After stirring at 20° for
15 min (TLC (silica gel, AcOEt/light petroleum ether 1:3): R ((£)-33) 0.31, R;((<:)-34) 0.60), the black mixture was
poured onto a pad of Florisil, rinsing with AcOEt/light petroleum ether 1:3 (20 nl): 60 mg (86 %) of colourless oil.
'H-NMR (400 MHz, CDCLy): 9.72 (d, 3J = 1.6, H—C(1)); 4.40 (dq, °J = 6.6, 6.7, H=C(6)); 3.97 (d, °J = 6.6,
H-C(5)); 3.91 (4, °J = 9.8, H-C(3)); 2.98 (ddq, *J = 1.6, 7.1, H=C(2)); 1.40 (4, *J = 6.7, Me(7)); 1.38, 1.36, 1.34,
1.32, 1.31 (55, 5 Me); 1.19 (4, 37 = 7.1, Me—C(2)). *C-NMR (100.6 MHz, CDCl,): 202.0 (d, ' J(C,H) = 176, C(1));
107.6, 1069 (2s, Me,C); 82.0 (s, C(4)); 84.7, 75.7, 74.5 (3d, 'J(C,H) = 145, C(3), C(5), C(6)); 454 (@,
LJ(CH) = 129, C(2)); 28.4, 26.9, 26.3, 25.1 (4¢, \J(C,H) = 127, 2 Me,C); 21.0, 16.9, 13.4, (3¢, 'J(C,H)= 128-130,
3 Me). CI-MS (NH;): 271 (10), 171 (86), 153 (17), 115 (23), 99 (35), 85 (100), 71 (24).

(+)-(2R,3R,4R,5S,6S)-3,4:5,6- Bis(isopropylidenedioxy) - 2 4 - dimethylheptanal ((+)-34). Same procedure
as for (+)-34, starting with (—)-33 (80 mg, 0.277 mmol): 70 mg (89 %) of colourless prisms. M.p. 71-73° (Et,O/light
petroleum ether). [ 1350 = +5.8, [x123; = +5.9, [a]3s = +7.0, [2 ]335 = +19.5, [a]}s = +28.6 (¢ = 1.00, CHCI,). IR
(KBr): 2980, 2920, 2890, 1720, 1710, 1460, 1450, 1375, 1250, 1210, 1100, 1050, 1030, 985, 930, 910, 820, 800. Anal.
cale. for C sHy05(286.37): C62.91, H9.15; found: C 62.85, H 9.04.

(—)-(1R,4R,5S,6 R )-6-exo-Hydroxy-1,5-endo-dimethyl-7-oxabicyclof2.2.1 [heptan-2-one Dimethyl Acetal
((—)-36). Same procedure as for the preparation of (4+)-36 [23], starting with (+)-2. Colourless needles.
M.p. 107-108° (Et,O/light petroleum ether). [x]39=—319, [a]¥,=—33.5, [x]¥,=—38.1, [2]%s=—67.3,
(21335 = —82.3 (¢ = 1.00, CHCl;). Anal. calc. for C;gH 40, (202.25): C 59.39, H 8.97; found: C 59.29, H 8.97.

(+)-(I1RS,4RS,5SR,6RS )-6-exo-[( tert- Butyl)dimethylsilyloxy]-1,5-endo-dimethyl-7-oxabicyclof2.2.1]-
heptan-2-one Dimethyl Acetal ((£)-37). At 0°,2,6-lutidine (1.15 ml, 9.9 mmol) and then (¢-Bu)Me,SiOSO,CF, (1.25
ml, 5.53 mmol) were added dropwise to a stirred soln. of (+)-36 [23] (1.00 g, 4.94 mmol) in anh. CH,Cl,; (50 ml).
After stirring at 0° for 15-25 min, the mixture was poured onto ice-cold brine (15 ml) and extracted with CH,Cl, (50
ml, 3 times). The combined org. phase was dried (MgSO,) and evaporated and the residue purified by FC (silica gel,
Et,O/light petroleum ether 2:7): 1.49 g (95%) of colourless needles. M.p. 61° (light petroleum ether). IR (KBr):
3000, 2960, 2920, 2855, 1460, 1450, 1380, 1370, 1250, 1110, 1070, 1040, 1010, 970, 940, 875, 835, 800, 775, 755.
'H-NMR (400 MHz, CDCl3): 4.25 (dd, *J = 6.0, 5.8, H—C(4)); 3.74 (d, *J = 2.9, H-C(6)): 3.23, 3.20 (25, 2 MeO);
2.12 (dddg, 3] = 5.8, 2.9, 7.2, %J = 1.1, H—C(5)); 2.00 (ddd, %/ = 12.8, >J = 6.0, *J = 1.1, H,,,—C(3)); 1.73 (4,
2] =12.8, H,,y—C(3)); 1.38 (s, Me—~C(1)); 1.08 (d, °J = 7.2, Me—C(5)); 0.92 (s, z-Bu); 0.10, 0.09 (25, Me,Si).
BC.NMR (100.6 MHz, CDCl,): 107.8 (s, C(2)); 91.7 (s, C(1)); 78.9 (d, 'J(C,H) = 151), 78.6 (d, 'J(C,H) = 157,
C(4), C(6)); 50.4 (g, 'J(C,H) = 142, MeO); 48.6 (d and ¢, 'J(C,H) = 142, C(5), MeO); 36.5 (r, \V(C,H) = 132,
C(3)); 25.9 (¢, 'J(C,H) = 125, t-Bu); 18.1 (s, Me;CSi); 13.4 (g, 'J(C,H) = 128, Me); 13.0 (g, 'J(C,H) = 125, Me);
—4.1, —4.6 (2q, 'J(C,H) = 118, Me,Si). CI-MS (NH3): 316 (11, M™), 285 (39), 259 (15), 199 (11), 129 (100), 112
(14), 89 (18), 75 (46), 73 (68). Anal. calc. for C;sH;,0,Si (316.52): C 60.72, H 10.19, Si 8.87; found: C 60.65,
H 10.04, Si 8.93.

{—)-(IR,4R,5S,6R )-6-exo0-[(tert- Butyl Jdimethylsilyloxy ] -1,5-endo-dimethyl-7-oxabicyclof2.2.1 [ heptan-
2-one Dimethyl Acetal ((—)-37). Same procedure as for (+)-37, starting with (—)-36 (1.0 g, 4.94 mmol). Yield
1.51 g (96%). Colourless needles. M.p. 80-81° (Et,O/light petroleum ether). [a]3y = ~12.0, [«]33, = ~12.4,
[2)8s = ~14.3, [01335 = —26.1, [x 335 = —32.6 (¢ = 1.00, CHCly). Anal. cale. for C,sH3,0,Si (316.52): C 60.72,
H 10.19, Si 8.87; found: C 60.74, H 10.28, Si 8.90.

(+£)-(IRS,4RS,5SR,6RS ) -6-exo-[(tert- Butyl )dimethylsilyloxy]-1,5-eado-dimethyl-7-oxabicyclof2.2.1 |-
heptan-2-one ((+)-38). A mixture of (+)-37 (1.0 g, 3.16 mmol), Amberlite IR 120 (950 mg), and acetone (100 ml) was
stirred at 20° for 67 h (TLC (silica gel, CH,Cl,/Et,0O/light petroleum ether 3:1:4)). The precipitate was filtered off
and the soln. immediately filtered though a pad of silica gel (Et,O/light petroleum ether). The solvent was
evaporated and the residue purified by bulb-to-bulb distillation: 720 mg (84 %) of colourless oil. B.p. 80°/1 Torr. IR
(film): 2950, 2920, 2880, 2850, 1760, 1460, 1405, 1375, 1250, 1140, 1125, 1105, 1070, 1040, 1000, 965, 895, 870, 830,
800, 770. 'H-NMR (250 MHz, CDCl3): 4.67 (dd, *J = 5.6, 5.7, H—C(4)); 3.3¢ (d, °J = 3.2, H—C(6)); 2.36 (ddd,
2y =176, =57, = 1.6, H,,,—C(3)); 2.32 (dddg, *J = 3.2,5.6,*J = 1.6,°J = 7.4, H-C(5)); 2.26 (d, %) = 17.6,
H,y—C(3)); 1.32 (s, Me—C(1)); 1.06 (4, 3 = 7.4, Me—C(5)); 0.91 (s,¢-BuSi); 0.07, 0.06 (2s, Me,Si). *C-NMR
(100.6 MHz, CDCly): 213.9 (s, C(2)); 91.3 (s, C(1)); 79.9 (d, 'J(C,H) = 143), 77.7 (d, 'J(C,H) = 148, C(4), C(6));
48.1(d, ' J(C.H) = 135, C(5)); 38.8 (1, 'J(C,H) = 134, C(3)); 25.7 (¢, 'J(C,H) = 125, 1-BuSi); 18.1 (5, Me;CSi); 13.8
(¢, 'J(C.H) = 126, Me); 10.7 (g, 'J(C,H) = 128, Me); —4.5, —4.8 (29, 'J(C,H) = 118, Me,Si). CI-MS (NH,): 271
(16, M*), 214 (12), 213 (69), 199 (17), 195 (17), 185 (12),97 (9), 83 (19), 75 (57), 73 (100). Anal. calc. for C;,H,0;Si
(270.45): C 62.18, H 9.69, Si 10.39; found: C 62.33, H 9.52, Si 10.50.

(—)-(IR,4R,58,6R )-6-exo-[ ( tert- Butyl)dimethylsilyloxy]-1,5-endo-dimethyl-7-oxabicyclo[ 2.2.1 Jheptan-
2-one ((—)-38). Same procedure as for (+)-38, starting with (—)-37 (2.5 g). Yield 2.1 g (98%). Colourless oil. B.p.
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145°/0.2 Torr. [a}% = ~1.6, (0187 = 2.0, []%s = —2.8, [« 335 = —6.2, [«]5s = —8.6 (¢ = 1.015, CHCly). Anal.
calc. for C4H,60,S1 (270.45): C 62.18, H 9.69, Si 10.39; found: C 62.03, H 9.59, Si 10.56.

(1R,38,48,55,6R)-6-exo- [ (tert- Butyl Jdimethylsilyloxy]-3-exo-[(I’S,2’S,3 R4’ R,5'S,6'S ) - I-hydroxy-
3'.4':5',6'-bis(isopropylidenedioxy )-2' 4’ -dimethylhept-1'-yl]-1,5-endo-dimethyl-7-oxabicyclo[ 2.2.1 | heptan-2-one
((£)-39) and (1R ,35,48,58,6R )-6-exo-[ ( tert- Butyl ) dimethylsilyloxy ]-3-exo-[ (1'R,2'S,.3’ R, 4'R,5'S,6’S )-I'-hy-
droxy-3' 4':5' 6"-bis(isopropylidenedioxy )-2' 4'-dimethylhept-1’-yl]- 1,5- endo-dimethyl-7-oxabicyclof 2.2.1 Jheptan-
2-one ((+)-40). At 0°, 1.6M BuLi in hexane (0.11 ml, 0.176 mmol) was added dropwise to a stirred soln. of
(Me,Si);NH (40 ui, 0.24 mmot) in anh. THF (0.6 ml). After stirring at 0° for 15 min, the soln. was cooled to —78°.
A soln. of (—)-38 (40 mg, 0.15 mmol) in anh. THF (1.4 ml) was added dropwise in 2.5 h. After stirring at —78° for
30 min, the soln. was cooled to —95° and a soln. of (+)-34 (35 mg, 0.12 mmol) in anh. THF (0.4 ml) added slowly.
After stirring at ~95° for 15 min, 10% AcOH in MeOH (3 ml) was added and the mixture allowed to warm up to
20° slowly. CH,Cl, (20 ml) was added and the soln. washed with sat.-aq. NH,Cl soln. (5 ml). The aq. phase was
extracted with CH,Cl, (10 ml) and the combined extract dried (MgSO,) and evaporated; (+)-39/(+)-40 3:2.
Separation by FC (silica gel, AcOEt/light petroleum ether 1:8) gave 30 mg (45%) of (+)-39, 20 mg (30 %) of (+)-40,
6 mg of (~)-38 (15%), and 3 mg of (+)-34 (9%).

Data of (+)-39: Colourless needles. M.p. 155° (Et,Oylight petroleum ether). [x 1%, = +25.4, [« i3, = +27.6,
[ = +32.2, [0 ]3s = +62.4, [x]5s = +82.4 (¢ = 0.50, CHCI;). IR (CH,Cl,): 2920, 2880, 2850, 1750, 1370, 1130,
1080, 920, 830. 'H-NMR (360 MHz, CDCly): 4.74 (d, *J = 5.8, H-C(4)); 4.37 (dg, >J = 6.5, 6.2, H—C(6")); 4.25
(ddd, 3J =174, 23, 5.2, H=C(1")); 4.11 (d, 3J = 6.5, H~C(5')); 3.78 (d, 3J = 7.7, H-C(3")); 3.39 (d, 3J = 3.4,
H—C(6));2.37 (d, *J = 7.4, H-C(3)); 2.36 (ddgq, *J = 5.8, 3.4, 7.3, H=C(5)); 2.29 (ddg, *J = 2.3, 7.7, 6.5, H—C(2");
2.25(d, *J = OH~C(1")); 1.48, 1.41 (2s, 2 Me); 1.40 (d, *J = 6.2, Me(7")); 1.37, 1.35, 1.32, 1.31 (4s, 4 Me); 1.11 (d,
3 =17.3, Me—C(5)); 1.10 (d, 3J = 6.5, Me—C(2)); 0.91 (s, £-BuSi); 0.07, 0.06 (25, Me,Si). *C-NMR (100.6 MHz,
CDCly): 212.6 (s, C(2)); 107.6, 106.1 (25, 2 Me,C); 91.2 (s, C(1)); 86.1 (d, I (C,H) = 142, C(6")); 82.3 (s, C(4)); 80.1
d, 'J(CH)=159), 772 (d, 'J(C,H)=158), 75.5 (d, 'J(C,H) =143), 75.0 (d, 'J(CH)=.145), 71.1 (d,
LJ(C,H) = 150, C(4), C(6), C(1"), C(3"), C(5)); 50.9, 47.9 (24, \J(C,H) = 134, C(3), C(5)); 35.3 (d, 'J(C,H) = 130,
C(2)); 28.6,27.4,26.5,25.2 (4q, 'J(C,H) = 126,2 Me,C); 25.7 (g, ' (C,H) = 125, Me;CSi); 20.7 (¢, 'J(C,H) = 127,
Me); 18.1 (s, Me;CSi); 17.8, 13.7, 11.0, 10.0 (4¢, 'J(C,H) = 127, 4 Me); —4.4, —4.8 (29, 'J(C,H) = 118, Me,Si).
CI-MS (NH3): 557 (1, [M + 11%), 542 (4), 442 (11), 441 (11), 213 (12), 185 (11), 171 (20), 115 (22), 113 (23), 99 (23),
85 (45), 75 (66), 73 (100). Anal. cale. for CyHs,04Si (556.34): C 62.55, H 9.42, Si 5.03; found: C 62.45, H 9.48,
Si4.97.

Data of (+)-40: Coloutless crystals. M.p. 113-114° (Et,O/light petroleum ether). [x]3q = +15.8,
()8, = +17.0, []3 = +20.5, [2 ]335 = +52.4, [2]%s = +78.8 (¢ = 0.40, CHCl;). IR (KBr): 2950, 2920, 1740, 1250,
1080, 1040, 1030, 870, 860, 800. '"H-NMR (360 MHz, CDCl;): 4.56 (d, *J = 5.8, H-C(4)); 4.37 (dg,*J = 6.7, 6.6,
H—C(6"); 4.17 (d, *J = 6.7, H=C(5)); 3.86 (ddd, ' J(C,H) = 6.3, 5.0, 3.4, H—C(1")); 3.80 (d, *J = 2.8, H-C(3");
3.39(d, 3J = 3.3, H-C(6)); 3.30 (d, °J = 3.4, OH—C(1')); 2.48 (ddg, *J = 5.0,2.8,6.9, H-C(2")); 2.43 (d,*J = 6.3,
H—C(3)); 2.33 (ddg, >J = 5.8, 3.3, 7.2, H-C(5)); 1.46, 1.39 (25, 2 Me); 1.39 (4, >J = 6.6, Me(7")); 1.36, 1.35, 1.34,
1.33 (45, 4 Me); 1.13 (4, >J = 6.9, Me—C(2)); 1.07 (4, °J = 7.2, Me—C(5)); 0.91 (s, £-BuSi); 0.07, 0.06 (25, Me,Si).
13C-NMR (100.6 MHz, CDCly): 214.6 (s, C(2)); 107.7, 107.0 (25, 2 Me,C); 91.8 (s, C(1)); 84.1 (d, 'J(C,H) = 141,
C(67); 82.6 (s, C(&)); 81.6 (d, 'J(CH) = 160), 79.8 (d, 'J(C,H) = 141), 75.8 (d, 'J(C,H) = 144), 75.7 (d,
Y(CH) = 140), 75.2 (d, 'J(C,H) = 145, C(4), C(6), C(1"), CB3"), C(5)); 49.7 (d, 'J(C,H) = 133), 48.2 (d,
L(C,H) = 131, C(3), C(5)); 35.2(d, ' J(C,H) = 132, C(2')); 28.6, 27.6, 26.5, 25.1 (4q, 'J(C,H) = 127-128, 2 Me,C);
25.7 (g, 'J(C,H) = 125, MeyCSi); 20.6 (g, 'J(C,H) = 128, Me); 18.0 (s, MesCSi); 17.9 13.5, 11.7, 10.6 (49,
LJ(CH) =127, 4 Me); —4.5, —4.8 (2¢, 'J(C,H) = 118, Me,Si). CI-MS (NH;): 557 (1, [M + 1]7), 542 (2), 442 (2),
383 (9), 355 (10), 213 (23), 195 (11), 185 (11), 171 (39), 113 (29), 99 (15), 97 (16), 95 (13), 83 (18), 75 (68), 73 (100).

(IRS,3SR,4SR,5SR,6RS ) -6-exo- [( tert- Butyl)dimethylsilyloxy]-3-exo-[(1'RS,2'RS,3'SR,4'SR,5'RS,
6'RS)-1'-hydroxy-3',4':5',6'- bis(isopropylidenedioxy )- 2, 4'- dimethylhept-1'-yl |- 1,5 -endo-dimethyl-7-oxabicyclo-
[2.2.1 | heptan-2-one ((+)-41). Same procedure as for (+)-39 and (+)-40, starting with (+)-38 (20 mg, 0.074 mmol)
and (£)-34 (21 mg, 0.074 mmol). FC (silica gel, CH,Cl,/Et,O/light petroleum ether 3:1:7) gave 25 mg (60%) of
(£)-41 and 1.5 mg (3.5 %) of (+)-39. (+)-41: Colourless crystals. M.p. 148-150°. IR (KBr): 3520, 2970, 2940, 2920,
2880, 2850, 1730, 1460, 1400, 1375, 1360, 1250, 1210, 1085, 1050, 990, 865, 835, 770, 660. 'H-NMR (400 MHz,
CDCly): 4.37 (dg, 3J = 6.5, 6.7, H-C(6")); 4.36 (d, *J = 5.5, H—C(4)); 4.32 (br. dd, 3J = 1.9, H—C(1")); 4.13 (4,
3 = 6.5, H-C(5")); 3.85 (d, *J = 10.0, H-C(3")); 3.42 (d, *J = 3.9, H-C(6)); 2.93 (br. s, OH-C(1")); 2.33 (4,
3 = 9.8, H—C(3)); 2.29 (ddg, >J = 5.5, 3.9, 7.3, H=C(5)); 2.12 (ddq, *J = 1.9, 10.0, 6.8, H—C(2")); 1.46, 1.43 (25, 2
Me); 1.39 (4, *J = 6.7, Me(7')); 1.37, 1.34, 1.33, 1.30 (45, 4 Me); 1.12 (d, *J = 7.3, Me—C(5)); 1.03 (d, °J = 6.8,
Me—C(2')); 0.91 (s, £-BuSi); 0.07, 0.06 (25, Me,Si). >C-NMR (100.6 MHz, CDCl,): 216.9 (s, C(2)); 108.0, 105.8
(25, 2 Me,C); 90.9 (s, C(1)); 85.7 (d. 'J(C,H) = 147, C(6')); 82.1 (s, C(4")); 79.4 (d, 'J(C,H) = 141), 79.1 (4,
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L(CH) = 159), 76.7 (d, 'J(C,H) = 143), 75.6 (d, 'J(C,H) = 145), 69.0 (d, 'J(C,H) = 150, C(4), C(6), C(1), C(3),
C(5)); 49.6 (d, 'J(C,H) = 135),48.2 (d, 'J(C,H) = 139, C(3), C(5)); 35.6 (d, 'J(C,H) = 125, C(2")); 28.6,27.2, 26 .4,
25.2 (4, 'J(CH) = 125, Me;,C); 25.7 (g, 'J(C,H) = 125, MeCSi); 20.5 (¢, 'J(C.H) = 131, Me); 18.1 (s, Me,CSi);
17.9, 13.4, 10.6, 9.9 (4, 'J(C,H) = 125-128, 4 Me); —4.4, —4.8 (29, 'J(C,H) = 119, Me,Si). CI-MS (NH;): 557
(100, [M + 1]7), 499 (37), 481 (20), 442 (28), 383 (17), 271 (52), 229 (17), 213 (23), 171 (63), 73 (78). Anal. calc. for
CyH5,04S1 (556.34): C 62.55, H 9.42, Si 5.03; found: C 62.42, H 943, Si 5.02.

(1S,3R,4R,5R,68)-6-ex0-( Benzyloxy)-3-exo-[(I'S,2’S,3 R4 R,5'S, 6'S)-I'-hydroxy-3' 4’ :5 6 -bis(iso-
propylidenedioxy )-2' 4'-dimethylhept-1'-yl]-1,5-endo-dimethyl-7-oxabicyclo[ 2.2.1 [ heptan-2-one  ((—)-44). Same
procedure as for the preparation of (+)-39 and (+)-40, starting with (+)-(15,4S,55,65)-5-exo-(benzyloxy)-1,5-
endo -dimethyl-7-oxabicyclo[2.2. I}heptan-2-one ((+)-43) [23] (17.2 mg, 0.07 mmol) and (+)-34 (20 mg, 0.07 mmol).
FC (silica gel, AcOEt/light petroleum ether 1:8) gave (~)-44 (21 mg, 57 %), (+)-43 (4 mg, 20%), and (+)-34 (3 mg,
15%). (—)-44: Colourless oil. [a]%s=—47.8, [x]3; = —51.0, [a)2js = —58.6, [a]33s = —115.4, [a]33s =—153.2
(¢ = 0.50, CHCly). IR (CH,Cl,): 2920, 2880, 1740, 1370, 1070, 995, 855. "H-NMR (400 MHz, CDCl,): 7.39-7.28
(1, Ph); 4.56 (s, PhCH,); 4.40 (4, *J = 5.9, H-C(4)); 4.37 (dg, >J = 6.5, 6.7, H—C(6')); 4.35 (ddd,>J = 9.8,1.9, 1.4,
H-C(1);4.13 (d, % = 6.5, H=C(5")); 3.85 (4, >/ = 10.1, H-C(3")); 3.21 (d, *J = 3.9, H-C(6)); 2.86 (dd, *J = 1.4,
= 1.3, OH—C(1)); 2.46 (ddg, *J = 5.9,3.9, 7.3, H-C(5)); 2.33 (d, J = H=C(3)); 2.12 (dddg, 3/ = 1.9, 10.1, 6.8,
4 = 1.3, H-C(2")); 1.46, 1.45, 1.43 (35, 3 Me); 1.39 (d, %/ = 6.7, H=C(7")); 1.37, 1.35, 1.33 (3s, 3 Me); 1.07 (4,
37 =17.3, Me—C(5)); 1.02 (d, 'J = 6.8, Me~C(2")); assignments confirmed by 2D NOESY. *C-NMR (100.6 MHz,
CDCly): 2162 (s, C(2)); 137.5 (s, arom. C); 128.5 (d, 'J(C,H) = 160); 128.0 (d, "J(C,H) = 161); 127.7 ,
J(C,H) = 158); 108.0, 105.8 (25, 2 Me,C); 90.5 (s, C(1)); 82.1 (s, C(4)); 72.4 (¢, 'J(C,H) = 142, PhCH,); 85.7 (d,
J(CH) = 147),84.8 (4, 'J(C,H) = 143), 79.1 (4, "J(C.H) = 161), 75.6 (d, 'J(C,H) = 144), 75.0 (d, "J(C,H) = 149),
688 (d, 'J(C.H)=150, C@4), C6), C(l), C3"), C(5), C®E)); 49.6, 46.0 (24, U(C.H) = 133), 34.6 (d,
LJ(CH) =127,C(3), C(5), C(2')); 28.6,27.1,26.4,25.2 (4q, 'J(C,H) = 126,2 Me,C); 20.5 (¢, '"J(C,H) = 129);17.9
(g, "J(CH) = 127); 14.1 (¢, 'J(C.H) = 126); 10.5 (¢, "J(C,H) = 129); 9.9 (¢, 'J(C,H) = 127). CI-MS (NH,): 532 (1,
M™), 517 (1), 475 (1), 417 (8), 339 (2), 331 (2), 325 (2), 249 (2), 171 (7), 155 (5), 125 (8), 115(13), 99 (11), 91 (100).

(IR2R3S,4R,5R,65)-6-exo-(Benzyloxy)-3-exo-[(1'S,2’S,3’ R 4'R,5'S,6'S)-I"-hydroxy-3 4’ :5 6 -bis-
(isopropylidenedioxy)-2' 4'-dimethylhept-1"-yl]-1,5-endo-dimethyl-7-oxabicyclo-[ 2.2.1 Jheptan-2-exo-ol (45). A
soln. of L-Selectride (1M in THF, 0.1 ml) was added dropwise to a stirred soln. of (—)-44 (10 mg, 0.019 mmol) in
anh. THF (0.5 ml). After stirring at —78° for 3 h, the mixture was stirred at 20° for 1.5 h, and 3N NaOH (0.2 ml),
then 30% H,0; soln. (0.2 ml) were added. After stirring at 20° for 12 h, the mixture was extracted with AcOEt (10
ml, twice). The combined org. extract was washed with brine (3 ml), dried (MgSCQ,), and evaporated and the residue
purified by FC (silica gel, AcOEt/light petroleum ether 1:3): 9 mg (86%) of cclourless oil. 'H-NMR (400 MHz,
CDCly): 7.38-7.27 (m, Ph); 4.58, 4.52 (2d, 2J = 12.0, PhCH,); 4.39 (dg, *J = 6.6, 6.7, H--C(6")); 4.21 (br. dd,
3 =10.7, 1.5, H~C(1")): 4.15 (d, >J = 6.6, H=C(5")); 4.06 (d, 3J = 5.1, H—C(4)); 3.88 (d,>J = 9.3, H-C(3")); 3.79
(dd,J = 6.8,7.2, H—C(2)); 2.95 (d, ./ = 4.4, H-C(6)); 2.91 (s, OH-C(1")); 2.36 (d, >/ = 7.2, OH—C(2)); 2.31 (4,
3 =10.7, 6.8, H~C(3)); 2.13-1.97 (m, H-C(5), H-C(2)); 1.51, 1.47, 1.45 (35,3 Me); 1.41 (d, *J = 6.7, H—C(7"));
1.38, 1.36, 1.33 (35, 3 Me); 1.07 (d, *J = 6.8); 1.06 (d, °J = 7.1, Me—~C(5), Me—C(2")); assignments confirmed by
NOESY. PC-NMR (100.6 MHz, CDCly): 138.1 (s); 128.4, 127.6 (2d, 'J(C,H) = 160); 127.5 (d, 'J(C,H) = 158);
107.9, 105.9 (25); 90.7 (s, C(1)); 82.2 (s, C(4")); 71.7 (1, 'J(C,H) = 140, PhCH,); 86.7 (d, 'J(C,H) = 143), 86.5 (d,
'J(C.H) = 145),79.1 (d, \J(C,H) = 157), 76.7 (d, ' J(C,H) = 149, 75.6 (d, *J(C,H) = 144), 75.0 (d, LJ(C.H) = 146),
68.8 (d, 'J(C,H) = 145, C(2), C(4), C(6), C(L1'), C(3"), C(5"), C(6)); 46.3 (d, ' J(C.H) = 129). 45.9 (d, 'J(C,H) = 131,
C(3), C9); 34.5 (d, V(CH) =127, CQ)); 28.6, 27.2 26.4, 252 (4q, (CH) =127, 4 Me,C); 20.7 (,
I(C.H) = 126); 17.8 (g, '/(C.H) = 127); 13.9 (¢, '/(C.H) = 125); 11.6 (g, 'J(C,H) = 128); 9.7 (¢, 'J(C,H) = 129).

(18,2R,68,78,8R,9R 108 )-10-ex0- (Benzyloxy)-6-{(1'S,2’R,3’ R 4'S,5'S)-2 .3 :4",5 ~bis(isopropylidene-
dioxy)-1',3"-dimethylhex-1'-yl]-1,9-endo-dimethyl-3,5,11-trioxabicyclo[6.2.1.0%7 Jundecane (46). At 0°, 2,6-luti-
dine (10 pl), then Me;SiOSO,CF; (25 pl) were added to a stirred soln. of 45 (8 mg, 0.015 mmol) in (Me0),CH,
(0.5 ml). After stirring at 0° for 10 min (yellow soln.), H,O (I ml) was added, the mixture extracted with CH,Cl,
(5 ml, twice), and the combined extract dried (MgSO,). FC (silica gel, AcOEt/light petroleum ether 1:8) gave 3 mg
(36%) of colourless oil. 'H-NMR (360 MHz, CDCl,): 7.38-7.28 (m, Ph); 4.96 (d, 2J = 4.0, H,.,—C4)); 4.86 (d,
%] = 4.0, H,,4,—C(4)): 4.59, 4.51 2d, 2/ = 12.4, PhCH,); 4.38 (dg, >J = 6.6, 6.7, H-C(5)): 4.16-4.07 (m, H-C(6),
H-C(2"), H-C(4)); 3.78 (d, °J = 9.5, H-C(8)); 3.60 (d, *J = 7.2, H~C(2)); 2.92 (d,3J = 3.8, H-C(10)); 2.39 (dd,
3 =7.1, 10.0, H~C(7)); 2.37-2.26 (m, H~C(9)); 2.18-2.10 (m, H-C(1"); 1.54, 1.46, 1.43 (35, 3 Me); 1.40 (d,
3] =6.7, H-C(6)); 1.37, 1.34, 1.32 (35, 3 Me); 1.10 d, *J =6.7, Me—C(9)); 1.05 (d, 3J =7.6, Me—C(1'));
assignments confirmed by NOESY.

(18,28,3R 48,58,6 R )-6-exo-[{ tert-Buryl ) dimethylsilyloxy |-3-exo-[(1I'S,2’S,3 R4 R,5'S.6° S)-1"-hydroxy-
3.4°:5°,6"-bis(isopropylidenedioxy )-2' 4'-dimetfiylhept-1'-y[-1,5- endo-dimethyl-7-oxabicyclof 2.2.1 Jheptan-2-exo-
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ol (47). Same procedure as for 45, starting with (+)-39 (10 mg, 0.018 mmol). FC (silica gel, AcOEt/light petroleum
ether 1:3) gave 7 mg (70 %) of colourless oil. 'H-NMR (360 MHz, CDCl,): 4.41 (dg, 3J = 6.6, 6.7, H-C(6")); 4.41
(d, *J = 5.2, H=C(4)); 4.17 (ddd, >J = 5.8,%J = 2.7, 6.8, H-C(1')); 4.15 (d, *J = 6.6, H=C(5")); 3.79 (d, *J = 8.0,
H-C(3")); 3.58 (dd, *J = 7.2, 10.8, H-C(2)); 3.12 (4, °J = 3.9, H—C(6)); 3.00 (d, >J = 10.8, OH—C(2)); 2.40 (ddg,
3 =27,8.0,6.8 H-C(2)); 2.22 (dd, >/ = 7.2,5.8, H-C(3)); 2.10 (d, *J = 6.8, OH—C(1")); 2.06 (ddg, >J = 3.9,5.2,
7.2, H~C(5)); 1.51, 1.43 (25, 2 Me); 1.42 (d, 37 = 6.7, Me(7)); 1.37, 1.35, 1.34, 1.33 (4s, 4 Me); 1.11 (4, ¥/ = 6.8,
Me—C(2")); 1.04 (d,%J = 7.2, Me—C(5)); 0.92 (s, t-Bu); 0.07 (s, Me,Si).

(18.28,68,7R,98,10R )-10-exo-{ ( tert-Butyl)dimethylsilyloxy -6-[ (I'S,2’R,3’'R 4'S,5'S )-2',3' :4',5'-bis iso-
propylidenedioxy )-1',3'-dimethylhex-1'-yl]-1,9- endo-dimethyl—3,5,11-trioxatricyclo[6.2.1A02'7]undecane (48). Same
procedure as for 46, starting with 47 (7 mg, 0.012 mmol). Yield: 4 mg (56%). Colourless oil. 'H-NMR (360 MHz,
CDCly): 5.11 (d, 2 = 5.6, H,,,~C(4)); 4.65 (d, *J = 5.6, H,,;,—C(4)); 4.54 (d, *J = 4.9, H-C(@®)); 441 (dg,
3 =68, 6.7, H-C(5)); 4.14 (4, *J = 6.8, H-C(4"); 3.98 (dd, *J = 5.0, 3.5, H=C(6)); 3.79 (d, 3J = 6.4, H—C(2));
3.74 (d, 37 = 6.9, H-C(2")); 3.07 (d, *J = 4.7, H-C(10)); 2.31 (ddg, >J = 3.5, 6.9, 6.4, H-C(1")); 2.08-1.96 (m,
H-C(9), H-C(7)); 1.47 (s, Me); 1.43 (d, *J = 6.7, Me(6)); 1.40, 1.39, 1.38, 1.34, 1.31 (55, 5 Me); 1.21 (d, 3/ = 6.4,
Me—C(1"); 1.05 (¢, 3/ = 7.1, Me—C(9)); 0.91 (s, £-BuSi); 0.06 (s, Me,Si); assignments confirmed by 2D NOESY.
BBC-NMR (100.6 MHz, CDCl,): 107.3, 106.2 (25, 2 Me,C); 90.9 (s, C(1)); 90.8 (¢, 'J(C,H) = 163, C(4)); 82.4 (s,
C(3)); 84.9 (d, 'J(C,H) = 143), 80.3 (d, 'J(C,H) = 150), 77.8 (d, "J(C,H) = 155), 77.5 (d, 'J(C,H) = 142), 75.8 (d,
LJ(CH) = 149), 74.9 (d, 'J(C,H) = 146), 74.8 (d, 'J(C,H) = 145, C(2), C(6), C(8), C(10), C(2"), C(4"), C(5"); 49.2
(d, 'J(C,H) = 133), 38.0, 34.3 (2d, 'J(C,H) = 125, C(7), C(9), C(1)); 28.6, 27.4, 26.5, 25.1 (4q, 'J(C,H) = 126,
2 Me,C); 25.8 (g, 'J(C,H) =125, MesCSi); 21.2 (g, 'J(C,H) = 129); 18.0 (s); 174, 13.1, 12.7, 119 (4q,
UJ(CH) = 127, 4 Me); —4.2, —4.7 (2¢, 'J(C,H) = 118, Me,Si). CI-MS (NH,): 571 (1, [M + 1]%), 570 (1, M), 445
(18), 441 (8), 367 (10), 265 (6), 254 (10), 197 (12), 185 (12), 123 (24), 115 (55), 85 (57), 75 (63), 73 (100).

(IRS,2RS,3SR,4RS, 5RS,6SR ) -6-exo- [ ( tert- Butyl)dimethylsilyloxy ] - 3-exo-[ ( I’SR, 2 SR, 3' RS, 4 RS,
5'SR,6'SR )-I"-hydroxy-3' 4’ :5' 6’ -bis(isopropylidenedioxy ) - 2,4- dimethylhept-1'-yl]- 1,5-endo-dimethyl-7-oxabi-
cyclof2.2.1 [heptan-2-exo-ol ((-49). Same procedure as for 45 starting with (£)-41 (12 mg, 0.022 mmol). Yield:
10 mg (83%). Colourless oil. 'H-NMR (360 MHz, CDCl,): 4.38 (dq, *J = 6.8, 6.7, H-C(6)); 4.23-4.10 (m,
H—C(1"), H=C(5); 3.99 (d, *J = 4.9, H—C(4)); 3.89 (d, >/ = 9.0, H~C(3")); 3.74 (dd, *J = 6.7, 8.3, H-C(2)); 3.14
(d, *J = 4.6, H=C(6)); 2.94 (br. 5, OH—C(1")); 2.31 (d, *J = 8.3, OH—C(2)); 2.30 (dd, >J = 10.8, 6.7, H-C(3));
2.13-1.87 (m, H—C(5), H=C(2")); 1.51, 1.45 (25, 2 Me); 1.41 (4, *J = 6.7, Me(7")); 1.38, 1.36, 1.34, 1.33 (4s, 4 Me);
1.08 (d, *J = 6.8), 1.06 (d, *J = 7.1, Me—C(5), Me—C(2)); 0.92 (s, £-Bu); 0.07 (5, Me,Si).

(IRS,2SR,6RS,7RS,8SR,9 SR, 10RS)-6-{(1'RS,2’SR,3'SR,4'RS,5'RS) -2, 3 :4',5'- Bis(isopropylidene-
dioxy)-1',3 -dimethylhex-1'-yl]-10-exo- (methoxymethoxy)- 1,9-endo-dimethyl-3,5,11-trioxatricyclo[6.2.1.0°7 ]-
undecane ((£)-50). Same procedure as for 46, starting with (+)-49) (10 mg, 0.018 mmol). Yield 4.5 mg (50 %).
Colourless oil. '"H-NMR (360 MHz, CDCLy): 4.95 (d, °J = 4.2, H,,,—C(4)); 4.87 (d, 2J = 4.2, H,,;,,—C(4)); 4.69,
4.61 (2d, %) = 6.9, MeOCH,); 4.39 (dg, >J = 6.2, 6.7, H—C(5)); 4.16-4.10 (m, H—C(6), H—C(2"), H-C(4')); 3.79
(d,3J =9.7, H=C(8)); 3.64 (d, *J = 7.4, H-C(2)); 3.38 (5, MeO); 3.12 (d, >/ = 3.5, H—C(10)); 2.43 (dd, *J = 7.4,
10.0, H-C(7)); 2.13—2.00 (m, H—C(9), H-C(1")); 1.54, 1.43, 1.41 (35, 3 Me); 1.40 (d, °J = 6.7, Me(6")); 1.37, 1.34,
1.32 (35, 3 Me); 1.12 (d, °J = 6.8, Me—C(9)); 1.05 (d, *J = 7.3, Me—C(1")). *C-NMR (100.6 MHz, CDCl,): 108.0,
105.7 (25); 95.6 (2, 'U(C,H) = 163), 90.1 (¢, 'J(C,H) = 164, C(4), MeOCH,); 90.1 (s, C(1)); 82.1 (s, C(3)). 85.6 (d,
LJ(C,H) = 142), 85.3 (d, 'J(C,H) = 140), 79.3 (d, 'V (C,H) = 155), 77.2 (4, "J(C,H) = 147), 75.8 (d, "J(C,H) = 146),
75.1(d, 'J(C,H) = 146),70.8 (4, 'J(C,H) = 146, C(2), C(6), C(8), C(10), C(2"), C(4"), C(5)); 55.4 (¢, 'J(C,H) = 142,
MeO); 46.0 (d, 'J(C,H) = 133), 40.0 (d, ' J/(C,H) = 134), 34.6 (4, 'J(C.H) = 128, C(7), C(9), C(2')); 28.6, 27.5, 26.4,
25.6 (4, 'J(C,H) = 127, 2 Me,C); 20.6, 17.9, 13.8, 11.2 (4q, 'J(C,H) = 126-128, 5 Me). CI-MS (NH,): 500 (3,
M™), 485 (3), 385 (48), 355 (2), 325 (3), 243 (6), 181 (13), 115 (24), 99 (18), 97 (27), 84 (100), 71 (25).

(1RS,4RS,5RS,6RS, 7SR )-7-ex0- [ ( tert- Butyl )dimethylsilyloxy ] -4-exo-{(I’SR,2’SR,3 RS, 4 RS, 5 SR,
6'SR)-1"-hydroxy-3',4' :5', 6™-bis(isopropylidenedioxy )-2', 4'-dimethylhept-I'-yl ]-1, 6- endo-dimethyl-2, 8-dioxabicyclo-
[3.2.1]octan-3-one (51). A mixture of NaHCO; (40 mg), 3-CIC,H,COH (85%, Aldrich; 40 mg), (x)-41 (50 mg,
0.09 mmol), and CH,Cl, (7 ml) was stirred at 20° for 5 h. The mixture was poured onto a half-sat aq. NaHCO; soln.
(20 ml) and extracted with CH,Cl; (20 ml, 3 times). The combined extract was dried (MgSO,) and evaporated. FC
(silica gel, Et,O/light petroleum ether 1:2) gave 46 mg (89 %) of colourless oil. 1R (KBr): 2990, 2950, 2940, 2860,
1710, 1380, 1260, 1220, 1130, 1100, 1070, 1040, 1000, 860, 840, 775. '"H-NMR (400 MHz, CDCl;): 4.53 (d,*J = 7.9,
H-C(5));4.41 (ddd,*J = 9.5,2.0, 1.5, H=C(1));4.37 (dq, *J = 6.4, 6.7, H-C(6")); 4.15 (d,>J = 6.4, H~C(5')); 3.93
(d,3J =9.9, H-C(3")); 3.84 (d, *J = 4.0, H=C(7)); 3.74 (d, >J = 1.5, OH—C(1")); 2.55 (d, *J = 9.5, H-C(4)); 2.35
(ddg,J =1.9,4.0,7.5, H~C(6)); 2.20 (ddg, *J = 9.9,%J = 2.0,%J = 6.7, H-C(2")); 1.56, 1.47, 1.46 (35, 3 Me); 1.38
(d,*J = 6.7, Me(7')); 1.37, 1.36, 1.33 (35, 3 Me); 1.18 (4, *J = 7.5, Me~C(6)); 1.02 (d,>J = 6.7, Me—C(2")); 0.91 (s,
¢-BuSi); 0.10 (s, Me;Si). '*C-NMR (100.6 MHz, CDCly): 171.9 (s, C(3)); 114.0 (s, C(1)); 108.0, 105.8 (25); 82.0 (s,
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C(4)); 85.9 (d, 'J(C,H) = 143), 84.0 (d, 'J(C,H) = 143), 76.4 (d, "J(C,H) = 155), 75.6, 75.1 (24, 'J(C.H) = 145),
68.2 (d, 'J(C,H) = 151, C(5), C(7), C(1"), C(3"), C(5"), C(6")); 46.2 (d, ' J(C,H) = 134), 44.7 (d, 'J(C,H) = 130, C(4),
C(6)); 33.6 (d, 'J(C.H) = 129, C(2")); 28.6, 27.5, 26.4, 25.1 (4¢, 'J(C,H) = 126, 2 Me,C); 25.6 (g, 'J(C,H) = 125,
Me;CSi); 20.3 (g, 'J(C,H) = 127); 19.4 (¢, 'J(C,H) = 129); 18.1 (g, 'J(C,H) = 128); 17.8 (s, Me;CSi); 13.2 (g,
Y(CH) = 126); 9.7 (g, 'J(C,H) =127); —4.4, —4.8 (2q, "J(C,H) = 119, Me,Si). CI-MS (NH;): 573 (100,
[M + 1]7), 457 (48), 439 (27), 399 (19), 287 (31), 229 (26), 171 (33), 73 (40).

(IR, 4R,5R,6R,7S)-7-exo0-{ ( Benzyloxy)-4-exo-[(1’S,2’S,3’ R 4'R,5'S.6’S )-1I'-hydroxy-3' 4’5’ 6"-bis(iso-
propylidenedioxy )-2' 4’-dimethylhept-1'-yl]-1,6-endo-dimethyl-2 8-dioxabicyclof 3.2.1 Joctan-3-one (52). Same pro-
cedure as for 51, starting with (—)-44 (9 mg, 0.017 mmol). FC (silica gel, AcOEt/light petroleum ether 1:5) gave
8 mg (86 %) of colourless oil. 'H-NMR (400 MHz, CDCly): 7.41-7.30 (m, arom. H); 4.65 (d, 37 =120, 1H,
PhCH,); 4.59 (d,*J = 12.0, 1 H, PhCH,); 4.54 (d,*J = 7.9, H-C(5)); 4.41 (br. dd, *J = 9.5, 1.9, H—C(1")); 4.37 (dg,
37 =6.4,6.7, H-C(6")); 4.15 (d, >J = 6.4, H—C(5")); 3.93 (d, >/ = 10.0, H—C(3")); 3.27 (br. 5, OH-C(1)); 3.66 (d,
3J =43, H-C(7)); 2.55(d, 37 = 9.5, H=C(4)); 2.52 (ddq, *J = 7.9, 4.3, 7.5, H-C(6)); 2.19 (br. ddq, *J = 10.0, 1.9,
6.7, H-C(2"); 1.71, 1.48, 1.47 (3s, 3 Me); 1.38 (d, *J = 6.7, H-C(7')); 1.38, 1.36, 1.31 (35, 3 Me); 1.12(d, >/ = 7.5,
Me—C(6)); 1.02 (d, > = 6.7, Me—C(2"). *C-NMR (62.9 MHz, CDCly): 171.6 (s, C(3)); 137.2 (5); 128.6, 128.2 (24,
V(CH) = 160); 127.7 (d, 'J(C,H) = 158), 113.2 (s, C(1)); 108.0, 105.8 (s, 2 Me,C); 82.0 (s, C(4)); 72.6 (4,
1J(C,H) = 142, PhCH,); 89.5 (d, 'J(C,H) = 148), 85.8 (d, 'J(C,H) = 149), 76.4 (d, 'J(C,H) = 157), 75.6 (d,
LJ(C,H) = 143), 75.1 (d, 'J(C,H) = 145), 68.2 (d, 'J(C,H) = 147, C(5), C(7), C(1"), C(3"), C(5"), C(6)); 44.6 (d,
1J(C,H) = 133), 43.8 (d, 'J(C,H) = 135), 33.6 (4, 'J(C,H) = 128, C(4), C(6), C(2)); 28.6, 27.5, 26.4, 25.2 (44,
J(C,H) = 126, 4 Me); 20.3 (g, 'J(C,H)=127); 19.2 (¢, "J(C,H) = 129); 18.1 (g, 'J(C,H) = 126); 13.8 (g,
VJ(C.H) = 126); 9.7 (g, 'J(C,H) = 128).
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