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Abstract: The aldol reaction between methyl (methyl-3-0-benzyl-2-O-methoxymethyl-a-D-xylofurano-side)uronate and D-(R)-
glyceraldehyde acetonide, promoted by cerium(1) chloride, led to three diastereoisomers in good yield and high level of
stereoselectivity at the newly created quaternary center of the furanoside. Under acidic conditions, the aldol derivatives undergo
transketalization to afford different bicyclic ketal isomers. This reaction was used as the key step in the synthesis of a functionalized
bicyclic core of the zaragozic acids. © 1999 Elsevier Science Ltd. All rights reserved.
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Introduction

The zaragozic acids (squalestatins), a family of naturally occuring fungal metabolites isolated in 1992, have
been found to be potent inhibitors of the enzyme squalene synthase. This enzyme is responsible for the first step
in the biosynthesis of steroids such as cholesterol. Compounds that inhibit the function of this enzyme have
potential as important therapeutic agents, in particular for the treatment of hypercholesterolaemia. Structurally,
these compounds share a common densely functionalized 2,8-dioxabicyclo[3.2.1]octane skeleton 1. The
complexity of this structure combined with the biological activity of these natural products has served to stimulate
a large amount of synthetic activity in a number of laboratories,’ and culminated in the total syntheses of zaragozic
acids A%and C.’
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In a new synthetic approach, we envisaged the construction of the bicyclic core of the zaragozic acids
starting from the readily available o-D-xylofuranuronic acid derivative 2 and D-(R)-glyceraldehyde acetonide 3.
As shown in the retrosynthetic analysis (Scheme 1), our plan involves the introduction of the three-carbon unit at
C-4 by an aldol condensation between the enolate generated from 2 and aldehyde 3. An attractive feature of this
plan is that the entire carbon skeleton of the target can be introduced by the formation of one carbon-carbon bond.
The configuration at C-2 and C-3 of ester 2 and the chiral center at C-2 in 3 correlate with the configuration at C-
6, C-7 and C-3 respectively of the zaragozic acids. Assessment of the feasibility of quaternization at C-4 as well
as internal ketalization would lead to a short alternative synthesis of 1. The success of such an approach depends
on two crucial requirements: (a) The generation of an enolate from 2 and its reaction with a (D)-glyceraldehyde
derivative bearing in mind that such a nucleophilic center with an adjacent C-O bond is prone to epimerisation and
p-elimination,* and (b) the stereoselective introduction at C-4 of the new C-C bond from the B-face of the enolate.
Our hope in considering this approach was that the facial selectivity in the attack upon the aldehyde would be
induced to a certain extent by the configuration of the benzyloxy group at C-3c.

Scheme 1

Few methods for the direct introduction of a C-C bond at C4 of furanose sugar with a B leaving group
leading to a new quaternary carbon center have been reported. Cross aldol condensation between nucleosides 5°-
aldehyde and formaldehyde followed by concomitant Cannizzarro reduction, first described by Jones et al.,* have
been largely used in the synthesis of C-4’ ramified nucleotides, and was applied in an approach to the core of
zaragozic acids.® The second method, introduced by Ireland et al. in the course of the synthesis of polyether-type
antibiotics, is based on Claisen rearrangement of silyl ketene acetal (Ireland-Claisen rearrangement),” and has
been employed in the synthesis of a precursor of zaragozic acids, starting from allyl D-lyxofuranosiduronate.®
However, as mentioned in a recent study,’ the formation and reaction of saccharide ketene acetals may be a rather
delicate operation. During enolate formation from the ester with a leaving group in the B-position, B-elimination
may occur to generate an unstable conjugated product. More recently, Nakai et al. have reported that the [1,2]-
Wittig rearrangement of O-glycosides with an additionnal C-substituent at the anomeric center provided a method
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for the preparation of a quaternary center.'® To the best of our knowledge, the aldol reaction has not been used to
set up a quaternary center at C-4 of carbohydrates. We describe here the implementation of such a transformation
as the key step in a concise synthesis of the core of the zaragozic acids."

Results and Discussion

Our study began with the known methyl (methyl-3-O-benzyl-a,B-D-xylofuranoside)-uronate 4, readily
prepared as a o (2:1) mixture of epimers at the anomeric center from commercialy available diacetone-D-glucose
in five steps and 65% overall yield.]2 Protection of the secondary alcohol as its methoxymethyl! ether afforded
ester 2 (Scheme 2). Although we experimented with the minor isomer, the present study was carried with the
major o-epimer. It is worthy of note that isomerization of the B— to the a-isomer may be accomplished by

equilibration under acidic conditions (Dowex SOW resin, in refluxing methanol).
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Scheme 2

Initial attempts to effect the aldol condensation between ester 2 and D-(R)-glyceraldehyde acetonide 3'* via
lithium, sodium or potassium enolates (using LDA, LIHMDS, NaHMDS or KHMDS) in THF at -100°C were
disappointing. Under these conditions, the desired product § was isolated in only 0-10% yield along with varying
amount of the starting ester. At higher temperature, B-elimination occured, followed by the degradation of the
resulting unsaturated ester. In no case was any pure elimination product isolated. We turned next to the
corresponding zinc enolate, generated from the potassium enolate by metal exchange (ZnCl, or ZnBr,) at
—100°C." Under these conditions, a higher but still insufficient yield of § (20-30%) was obtained. Furthermore,
this result tumed out to be difficult to reproduce and was therefore considered unreliable for preparative purposes.
After considerable experimentation, we found that addition of a precooled 1:1 mixture of cerium(IIl) chloride"
and aldehyde 3 in THF to the solution of the potassium enolate in tetrahydrofuran and toluene'® at -100°C gave §
reproducibly in 60 to 80% yield. IH-NMR analysis of the crude product showed that 5 is a mixture of three out
of the four possible diastereomers in 2.5:1.5:1 ratio (Scheme 3).

BnQ OMOM

BnQ ~ ,OMOM KHMDS, THF
. J— CeCls, -100°C opge _Dess:Martin
MeOL* OMe oy 60-80% MeOC ¢ Taw

ls) HO
2 3 5 O\ﬁ
Scheme 3

Dess-Martin oxidation’ of the mixture afforded two readily separable f-ketoesters 6 in a 4:1 ratio and in

88% combined yield (Scheme 3). This result clearly demonstrates that these products are epimers at C-4. Thus the
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aldol reaction proceeded with good level of stereoselectivity (80:20) at the newly created quaternary center.'®
However, at this point we were unable to ascertain the stereochemistry of each of these methyl esters, and we
were therefore compelled to carry the mixture of aldol diastereomers forward.

Having introduced the C-4 side chain into the furanose ring, we next examined the ketalisation step. To this
end, reduction of 5§ with lithium aluminum hydride afforded the expected diol 7 which was converted into
dibenzyl ether 8 as a mixture of three isomers in 1/ 0.9/ 0.4 ratio (Scheme 4). This mixture was separated by flash
chromatography to furnish three isomers denoted as 8a, 8b and 8¢ which were submitted independently to acid

hydrolysis.
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Scheme 4

Whereas acid-promoted cyclization of hemiketal analogues could be achieved under mild conditions, the
transketalisation of methyl ketals 8 required more forcing conditions. In all cases, we observed that acid treatment
of these compounds rapidly brought about removal of acetonide group followed by the hydrolysis of
methoxymethyl ether, and finaly led slowly to the intramolecular cyclization.

Exposure of isomer 8a to Dowex resin in refluxing acetonitrile for 20 h, followed by treatment of the crude
product with acetic anhydride in the presence of dimethylaminopyridine in dichloromethane gave a mixture of the
desired 2.8-dioxabicyclo[3.2.1]octane derivative 9 (57%) along with acetal isomer 10 (19%) . These structures
were assigned on the basis of an extensive NMR study. In particular, evidence of the configuration of 9 arose
from the important cross-peaks in the NOESY spectrum between H-3 and H-6. In addition, the observed
coupling constants between H-6 and H-7 (J=2.6 Hz) and H3-H4 (J=10 Hz) are in agreement with the zaragozic
acids core structure. On the other hand, treatment of 8a with 2.5 N HCI in methanol-THF under reflux led to diol
11 in 53% yield (Scheme 5). This compound has been found to be identical in all aspects to the product obtained
from the saponification of 9. The assignment of this structure was confirmed later by comparison of the NMR
data with those of compound 13 (Scheme 6). These results clearly indicate that 8a has the desired absolute
configuration at the quaternary stereocenter at C-5.

BnQ OMOM BnQ OAc
y 1) Dowex SOW, MeCN LTI A
rix 18h
_______X — Bno\u-" O 3
2) Ac20, DMAP BnO— 0
CHLCI, ¥~0Ac
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MeOH-THF BnQ OH 91%
53% =8

Scheme 5
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Treatment of 8b with 2.5N HCI in methanol and tetrahydrofuran (1:1) under reflux led to a mixture in
which the major component was isolated as a crystalline compound 12 in 48% yield. Spectral data of this product
do not fit the expected bicyclic core of squalestains. Single crystal X-ray analysis'® (Figure 1) revealed that 12
possesses a 2.9-dioxabicyclo[4.2.1]nonane ring system and is the structural analog of 10, previously obtained by
cyclisation of 8a, but with the opposite configuration at C-5.

Under the same conditions the third isomer 8¢ gave a new crystalline compound 13 in 58% yield (Scheme
6). The spectroscopic data of this compound are in agreement with the 2.8-dioxabicyclo[3.2.1]octane ring
system. However, in contrast to 9, examination of 2D NOESY spectrum of 13 did not rveal any NOE interaction
between H-3 and H-6. Since NMR spectroscopic data did not allow unambiguous structural assignement, this
compound was submitted to X-ray crystallographic analysis® which gave the structure shown in Figure 2.
Actually this new ketal isomer has the core of the zaragozic acids, albeit with the wrong stereochemistry of the
quaternary center at C-5.
OMOM

BnQ\%

Bn
HCl aq. K
—_—
MeOH-THF Bn y
58% Bno_j/ﬁ
OH

Scheme 6

Figure 1. ORTEP drawing of 12 Figure 2. ORTEP drawing of 13
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In the light of these results, we deduced that in contrast to 8a, the aldol isomers 8b and 8c possessed the
undesired stereochemistry of the quaternary center at C-5. Therefore, and contrary to all expectations, the
introduction of the new C-C bond at C-4 of the furanose ring mainly proceeded from the c-face of the enolate.

The ketalization reaction was next attempted on 14 in which the hydroxyl group at C-4 (Squalestatins
numbering) is unprotected. This compound was readily prepared by reduction of 5 and subsequent regioselective
protection of the primary hydroxyl group using the stannylene procedure.” Heating 14 with HC] in MeOH-THF
at 50°C for 24 h afforded the undesired ketal 15 in 43% yield and 23% of the starting material was recovered
(Scheme 7). The structure of 15 was deduced on the basis of 'H and l3C—NMR experiments.

1) LiAlH,, Et,O

HCI, MeOH/THF
5 70% 50°C
2) BuySnO, toluene
then BnBr, BuyNI 3%
97%
15
Scheme 7

As mentioned above, the formation of different ketal isomers proceeded through an intermediate generated
from 8 or 14 by removal of the acetonide group followed by hydrolysis of the methy] acetal. As has been already

? when the hydroxyl group at C-4 is unprotected, the formation of the 7,8-

reported for such a system,’
dioxabicyclo[3.2.1]octane derivative 15 is the result of a thermodynamic equilibration through aldehyde 16

(pathway A). Otherwise the ketalization process occurs via the 5-membered oxonium ion 17 according to

pathways B or C leading to 11 or 13 and 10 or 12 respectively (Scheme 8).
QBn

14

Scheme 8 100r 12 OAc
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In summary, we have shown that the aldol reaction between methyl (methyl-3-O-benzyl-2-O-
methoxymethyl-a-D-xylofuranoside)uronate and D-(R)-glyceraldehyde acetonide, promoted by cerium(IIl)
chloride, leads to three diastereoisomers in high yield and proceeds with a good level of stereoselectivity at the
newly created quaternary center. Under drastic acidic conditions, the aldol products undergo cyclization to afford
different bicyclic ketals isomers. This reaction was used as the key step in the synthesis of a functionalized
bicyclic core of the zaragozic acids.

Experimental Section

General: Melting points were determined on a Reichert hot stage apparatus. Infrared spectra were recorded
on a Perkin-Elmer 1600 FTIR spectrometer as solutions in CCly, NMR spectra were recorded on a Bruker AM
400 MHz (400 MHz and 100.6 MHz, for 'H and "*C, respectively) spectrometer as solutions in CDCI3, using
residual protic solvent CHCI, (84=7.27 ppm) or CDCI, (3.=77.1 ppm) as internal reference. Optical rotations
were determined on a Perkin-Elmer 241 polarimeter and reported as follows: [at],,, concentration (g/100mL), and
solvent. Mass spectra were determined on a Hewlett Packard HP 5970B/5890A at 70 eV. All reactions were
monitored by TLC carried out on 0.2 mm Merck aluminium silica gel (60 F;54) pre-coated plates using UV light
and 5% ethanolic phosphomolybdic acid and heat as developing agent. Flash chromatography was performed on
40-63 pm (400-230 mesh) silica gel 60 with ethyl acetate (AcOEt)-petroleum ether (b.p. 40-60°C ) (PE) as eluent.
Commercially available reagents and solvents were purified and dried when necessary by the usual methods.
Methyl (methyl-3-O-benzyl-2-O-methoxymethyl-a,B-D-xylofuranoside) uronate (2). To a stirred
solution of a o:p (2:1) mixture of 4lz (3 g, 10.6 mmol) in 20 ml of dry dichloromethane, were added
diisopropylethylamine (13 mL, 74,6 mmol, 7 equiv) and dimethylaminopyridine (65 mg, 0.53 mmol, 0.05
equiv). To this solution, cooled in ice-water bath, was added chioromethylmethylether (4 mL, 53 mmol, S equiv)
dropwise, and the mixture stirred for one week at room temperature. The excess MOMCl was carefully
hydrolyzed at 0°C with water (7 mL), and the mixture diluted with 80 ml of dichloromethane. The organic phase
was washed with aqueous 0.5 M HCI (3 x 20 mL), and the aqueous layer extracted wih dichloromethane (3 x 50
mL). The combined organic phases were washed with brine, dried (MgSO,), and concentrated to afford a crude
product which was purified by flash chromatography (eluent AcOEt:PE 1/3) to give the minor B-isomer followed
by 200 (3.31 g in 1/2 ratio in 96%, combined yield).

20.: colorless oil, IR v,,, 1764, 1743 cm™. [a], =-96° (¢ 2.11, CH,Cl,), '"H NMR (CDCl,) § 7.30-7.23 (5 H,
m, H-arom), 5.05 (1 H, d, J =4.3,H-1),475 (1 H,d, J = 7.3, H-4), 466 (1 H, d, ] = 6.8, H-a CH, MOM),
463 (1H,d,J=6.8, H-b CH, MOM), 461 2 H,s,CH,Bn),442(1H,dd,J=73, 64, H-3), 417 (1 H,
dd, J = 6.4, 4.3, H-2), 3.68 (3 H, s, OMe ester), 3.41 (3 H, s, OMe), 3.35 (3 H, s, OMe) ppm. 3C NMR
(CDCl,) § 169.6 (C, C=0 ester), 137.9 (C), 128.2 (CH), 127.6 (CH), 127.3 (CH), 102.0 (CH, C1), 96.8 (CH,
MOM), 81.4 (CH), 80.7 (CH), 76.2 (CH), 72.9 (CH, Bn), 55.6 (CH,), 55.5 (CH,), 51.8 (CH,) ppm.
C,H,,0, (326.35) caled % C 58.89, H 6.79; found: C 59.04, H 6.65.

2B : colorless oil, IR v, 1773, 1737 cm’. [a], = 41° (c 2.25, CH,CL,). '"H NMR (CDCl,) § 7.42-7.30 (5 H,
m, H-arom), 5.01 (1 H, s, H-1), 4.87 (1 H,d, J = 7.2, H4),4.68 (1 H, d, ] = 12.4, H-a CH, Bn), 4.61 (1 H,
d, = 6.8, H-a CH, MOM), 458 (1 H, d, J = 12.4, H-b CH, Bn), 4.52 (1 H, d, J = 6.8, H-b CH, MOM),
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422-4.16 (2 H, m, H-2 and H3), 3.78 (3 H, 5, OMe ester), 3.53 (3 H, s, OMe), 3.30 (3 H, s) ppm. °C NMR
(CDCl,) § 169.6 (C, C=0 ester), 137.4 (C), 128.4 (CH), 128.1 (CH), 127.8 (CH), 109.2 (CH, C1), 96.0 (CH,
MOM), 82.5 (CH), 81.8 (CH), 81.2 (CH), 72.6 (CH, Bn), 55.9 (CH,), 55.7 (CH,), 52.0 (CH,) ppm.
Methyl(methyl-3-O-benzyl-2-O-methoxymethyl-4-C-(hydroxy-(2,2-dimethyl[1,3]dioxolan-4-
yl)-methyl)-a-D-xylo/p-L-arabinofuranoside) uronate (5). To 0.5 M solution of KHMDS (6.5 mL,
3.25 mmol, 1.23 equiv.) in toluene (2 mL) cooled to -100°C, was added 1 mL THF, followed by a solution of
ester 20, (857 mg, 2.6 mmol) in 1 mL THF. The mixture was stirred at -100°C for 40 min, followed by the
addition of a suspension formed by stirring dry CeCl, (650 mg, 3.25 mmol, 1.0 equiv.) and freshly distilled
aldehyde 3 (700 mg, 5.4 mmol, 2.05 equiv) in 3 mL THF at -15°C for 20 min. The cooling bath was slowly
warmed to -20°C over 2 h. After being stirred at —20°C for 30 min, the mixture was diluted with 10 ml of ether
and quenched by addition 3 ml of saturated aqueous NH,Cl. The aqueous phase was acidified and extracted with
ether (3 x 20 mL). The combined organic extracts were washed with 10 ml of saturated aqueous NaCl, dried over
MgSO, and concentrated in vacuo. Purification of the isolated residue by chromatography on silica gel (gradient
elution, 1:3 to 1:1 EtOAc/PE) aforded 800 mg (66%) of 5§ (mixture of three isomers) as a colorless oil.

Physical data for one these isomers isolated in a pure form: m.p. 86°C (petroleum ether). [at]p = +88° (¢ 1.30,
CH,CL). IR Vyax 3458, 1743 cm™. 'H NMR (CDCly) & 7.40-7.25 (5 H, m, H-arom), 5.05 (1 H, d, J = 4.7, H-
1), 4.80-4.58 (5 H, m, CH, MOM, H-7, H-3), 4.23-4.15 (5 H, m, CH, Bn, H-2, H-6, H-5), 3.71 3 H, s),
3.57 and 3.39 (3 H, s), 2.80 (1 H, 4, J = 11.3, OH), 1.39 (3 H, s, CHj acetonide), 1.33 (3 H, s, CH;
acetonide) ppm. 3C NMR (CDCly) § 169.6 (C, ester), 137.7 (C, Bn), 128.5 (CH), 128.1 (CH), 127.9 (CH),
109.9 (C, acetonide), 102.0 (CH, C-1), 97.3 (CH, MOM), 87.7 (C, C-4), 81.7 (CH, C-2), 81.2 (CH, C-3),
76.1 (CH, C-6), 74.2 (CH, C-5), 74.0 (CH,, C-7), 67.6 (CH; Bn), 57.1 (CH;), 56.0 (CH3), 52.6 (CHj3), 26.5
(CH3y), 25.1 (CH3) ppm. C,,H;,0,, (608.72): calcd C 57.83, H 7.06; found C 57.64, H 7.05.
Methyl(methyl-3-0O-benzyl-2-0-methoxymethyl-4-C-(2,2-dimethyl[1,3]dioxolan-4-carbonyl)-
methyl)-o-D-xylo/B-L-arabino-furanoside) uronate (6). To a solution of the above mixture of aldols
(40 mg, 88 pmol) in 0.8 mL of dichloromethane, was added pyridine (60 pL, 0.74 mmol, 8.5 equiv) followed
by Dess-martin periodinane (130 mg, 0.3 mmol, 3.5 equiv.). After stirring for 2 h at room temperature, the
mixture was diluted with ether (2 mL) and treated with 1:1 saturated NaHCO,;-Na,S,0, (1 mL) for 5 min.
Extraction with ether (3 x 3 mL) and usual workup gave 45 mg of a colorless residue. Purification by
chromatography on silica gel (gradient elution, 1:6 to 1:4 EtOAc/PE) afforded 32 mg (80%) of 6 (mixture of two
isomers in 4:1 ratio) as a colorless oil.

Physical data of the major isomer: [a]p = 11° (¢ 1.45, CH,CL). IR vy 1757, 1740 cm’. 'H NMR (CDCly) &
7.35-7.26 (5 H, m, H-arom), 5.06 (1 H, d, J =4.2, H-1),4.96 (1 H,dd,J = 7.9, 6.2, H-6), 491 (1H, d, J =
6.8, H-3),474 (1 H,d,J=11.8),466 (1H,d,J=6.8),459 (1 H,d,J=6.8),455 (1 H,d, J = 11.8), 4.30
(1 H,dd,J =838, 7.9, H-7a), 4.14 (1 H, dd, ] = 6.8, 4.2, H-2), 4.04 (1 H, dd, J = 8.8, 6.2, H-7b), 3.81 (3 H,
s), 3.41 et 3.36 (3 H, s), 1.48 (3 H, s, CHj; acetonide), 1.39 (3 H, s, CHj; acetonide) ppm. C NMR (CDCly)
8 200.6 (C, C=0 C-5), 168.8 (C, C=0 ester), 137.1 (C, Bn), 128.3 (CH), 128.2 (CH), 127.8 (CH), 111.1 (C,
acetonide), 103.0 (CH, C-1), 97.0 (CH, MOM), 88.4 (C, C-4), 84.6 (CH, C-6), 82.4 (CH), 78.9 (CH), 73.3
(CH;, C-7), 66.3 (CH,, Bn), 55.9 (CH;), 55.8 (CHj;), 53.1 (CHj;), 25.7 (CHj;), 25.4 (CH3) ppm.: C,H,,0,,
(454.47): calcd. C: 58.14, H: 6.65.found C 57.91, H 6.77.
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Physical data of the minor isomer: [0t]p = 4° (¢ 0.45, CH,Cly). IR vy, 1741 cm”. '"H NMR (CDCly) 8 7.33-
7.21 (5 H, m, H-arom), 509 (1 H,d,J=44,H-1),479 (1 H,dd,J = 7.6, 5.8, H-6), 478 (1 H, d, ] = 8.2,
H-3),473(1H,d,J=5.1),471(1H,d,J=6.8),462 (1 H,d,J=6.8),460 (1 H, d,J=5.1), 429 (1 H,
dd, J =84, 7.6, H-7a), 420 (1 H, dd, ] = 8.2, 44, H-2), 4.18 (1 H, dd, J = 8.4, 5.8, H-7b), 3.69 (3 H, s),
345et3.36 (3H,s), 1.42 (3 H, s), 1.39 (3 H, s) ppm. °C NMR (CDCly) § 201.4 (C, C=0O C-5), 167.1 (C,
C=0 ester), 137.8 (C, Bn), 128.3 (CH), 128.0 (CH), 127.8 (CH), 111.2 (C, acetonide), 102.9 (CH, C-1), 97.1
(CH, MOM), 88.5 (C, C-4), 82.2 (CH, C-6), 80.3 (CH), 78.1 (CH), 73.4 (CH;, C-7), 66.8 (CH,, Bn), 56.7
(CHs;), 55.8 (CH;), 52.8 (CHj3), 25.5 (CH;), 25.0 (CH;) ppm.
(6R)-Methyl-2-O-methoxymethyl-3-0-benzyl-4-C-hydroxy-methyl-6,7-O-isopropyl-idene-c.-
D-galacto/a-D-gluco/B-L-altrofuranoside (7). To a stirred suspension of LiAlH, (65 mg, 2.36 mmol, 2
equiv.) in 1 mL of diethyl ether at 0°C, was added a solution of aldols 5 (mixture of 3 isomers) (390 mg, 0.85
mmol) in 2 mL of diethyl ether dropwise. The mixture was stirred at rt for 2 h, diluted with 5 mL of ether, cooled
to 0°C, and treated with water and aqueous IN HCI. The organic layer was separated and the aqueous phase
extracted with ethyl acetate (3 x 20 mL). The combined organic extracts were washed with water (20 mL),
saturated NaCl (20 mL), dried over MgSO, and concentrated in vacuo. Purification by chromatography on silica
gel (gradient elution, 1:2 to 1:1 EtOAc/PE) afforded 100 mg of partially reduced products followed by 248 mg
(68%) of 7 as colorless oil.

Two isomers of 7 were isolated in pure form which gave following physical data.

The first one: IR v 3504 cm-l. '"H NMR (CDCl3) 8 7.37-7.29 (5 H, m, H-arom), 4.88 (1 H, d, J = 4.5, H-
1),479 (1 H,d, J=117),4.72-4.66 (3 H, m), 445 (1 H, m, H-6), 441 (1 H, d, J = 8.2, H-3), 424 (1 H,
dd,J=82,4.5, H-2),397 (1 H,dd, ] =8.2, 6.7, H-7a), 3.89 (1 H, dd, J = 8.2, 7.8, H-7b), 3.81 (1 H, dd, J
=6.7, 3.2, H-5), 3.68 (1 H, dd, J = 11.7, 6.7, H-4'a), 3.68 (1 H, dd, J = 11.7, 6.6, H-4'b), 3.48 (3 H, s),
342 (3 H,s),3.00(1 H,d,J=6.7, 0H-5),2.92 (1 H, dd, ] = 6.6, 6.7, OH-4’), 1.36 (3 H, s, CH; acetonide),
1.30 (3 H, s, CH; acetonide) ppm. 3C NMR (CDCly) 8 138.1 (C), 128.8 (CH), 128.3 (CH), 128.1 (CH),
109.8 (C, acetonide), 101.3 (CH, C-1), 97.4 (CH, MOM), 84.0 (CH), 83.5 (C, C-4), 83.1 (CH), 74.9 (CH),
74.2 (CH,, C-7), 71.7 (CH), 67.3 (CH,), 66.2 (CH,), 56.2 (CH3;), 56.0 (CH3) , 26.4 (CH3), 26.0 (CH;) ppm.
The second isomer: IR Vs 3574 cm™. '"H NMR (CDCl3) § 7.34-7.29 (5 H, m, H-arom), 4.88 (1 H, d, J = 4.6,
H-1), 4.79-4.65 (4 H, m), 4.58 (1 H, d, J = 8.3, H-3),4.19 (1 H, dd, J = 8.3, 4.6, H-2), 4.12 (2 H, m, H-6 et
H-7a), 391 (1 H, dd, J = 6.9, 6.7, H-7b), 3.82 (2 H, m, H-4"), 3.54 (1 H, dd, J = 7.3, 7.2, H-5), 3.49 3 H,
s), 340 3H, s),3.08 (1H,d,J=72, OH-5), 2.83 (1 H, dd, J = 7.3, 6.9, OH-4), 1.39 (3 H, s, CH;
acetonide), 1.33 (3 H, s, CH; acetonide) ppm. °C NMR (CDCls) 3 138.0 (C, Bn), 128.6 (CH), 128.0 (CH),
127.8 (CH), 109.5 (C, acetonide), 101.4 (CH, C-1), 97.3 (CH, MOM), 85.6 (C, C-4), 83.2 (CH), 83.0 (CH),
75.1 (CH), 74.2 (CH), 74.2 (CH,, C-7), 67.9 (CH,), 63.4 (CH,), 56.3 (CHj3,s), 55.9 (CHj3), 26.6 (CH3) 25.7
(CH;) ppm.
(6R)-Methyl-2-O-methoxymethyl-3-0-benzyl-4-C-benzyloxymethyl-6,7-O-isopropyli-dene-c.-
D-galacto/a-D-gluco/B-L-altro-furanoside (8). To a suspension of sodium hydride, washed three times
with dry pentane, (31 mg, 1.29 mmol, 2.44 equiv) in 2 mL of DMF was added a solution of diols 7 (226 mg,
0.53 mmol) in 4 mL of DMF at 0°C dropwise under nitrogen. The solution was stirred at 0° C for 1 h, and benzyl
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bromide (157 puL, 1.32 mmol, 2.50 equiv) was added. After stirring the mixture at 0° C for ih and then 30 min at
1t, ether (5 mL), aqueous saturated NH,CI (1mL) and water (3 mL) were added. The organic layer was separated
and the aqueous layer extracted with ether (3 x 5 mL). The combined organic layers were washed successively
with agueous saturated solution of CuSO, (4 mL), water, and brine, then dried and concentrated. Purification by
chromatography on silica gel (gradient elution, 1:4 to 1:2 EtOAc/PE) afforded 8a, 8b and 8¢ (286 mg, 89%,
combined yield).

8a: colorless oil. [a]p = +61° (c 1.30, CH,Cl,). 'H NMR (CDCl,) § 7.31-7.18 (15 H, m, H-arom), 4.90 (1 H,
d,J=46,H-1),485(1 H,4,J=11.0), 4.74-456 (7H, m,), 438 2H, m, H-2 et H-6), 425 (1 H,d, J =
8.8, H-3),4.04 (1 H,d,J=29,H-5),399 (2H, m, H-7),3.74 1 H, d, ] =102, H4'a), 3.73 (1 H,d, J =
10.2, H-4'b), 3.49 (3 H, s, OMe), 3.41 (3 H, s, OMe), 1.45 (3 H, s, CHj; acetonide), 1.31 (3 H, s, CH,
acetonide) ppm. >C NMR (CDCly) § 138.7 (C), 138.6 (C), 138.4 (C), 128.3 (CH), 128.1 (CH), 127.9 (CH),
127.8 (CH), 127.5 (CH), 127.4 (CH), 108.0 (C, acetonide), 100.9 (CH, C-1), 97.1 (CH; MOM), 87.3 (C, C-
4), 82.0 (CH), 81.8, (CH), 81.7 (CH), 76.0 (CH), 75.7 (CH,), 73.8 (CH,), 73.1 (CH), 70.3 (CH,), 65.2
(CH,), 55.8 (CHj3), 55.7 (CH3), 26.5 (CH3y), 25 2 (CH3) ppm.

8b: colorless oil. [ot]p = +81° (¢ 1.10, CH,Cl,). 'H NMR (CDCl,) § 7.38-7.25 (15 H, m, H-arom), 4.88 (1 H,
d,J=9.7,CH;),482 (1 H,d,J=115),479 (1 H,d,J =4.8, H-1), 4.68-453 (7TH, m), 435 (1 H, dd, ] =
8.4,4.8,H-2),4.15(1 H,d, J = 8.4, H-3),4.01 (1 H, dd, ] = 8.0, 6.4, H-7a), 3.89 (1 H, dd, ] = 8.0, 7.9, H-
7b), 3.87 (1 H,d, J = 8.4, H-5), 3.54 (1 H, d, ] = 9.3, H-4a), 344 (1H, d, ] =9.3, H4b), 337 3 H, s,
OMe), 3.36 (3 H, s, OMe), 1.50 (3 H, s, CHj; acetonide), 1.40 (3 H, s, CHj; acetonide) ppm. C NMR (CDCly)
5 138.9 (C), 138.6 (C), 138.4 (C), 128.9 ( CH), 128.5 ( CH), 128.4 ( CH), 128.2 ( CH), 128.1 ( CH), 128.0 (
CH), 127.8 ( CH), 127.5 ( CH), 127.4 ( CH), 107.9 (C, acetonide), 100.7 (CH, C-1), 97.0 (CH, MOM), 87.7
(CH, C-5), 83.7 (C, C-4), 82.2 ( CH), 79.8 (CH), 75.9 (CH, C-6), 75.3 (CH,), 74.6 (CH,), 74.2 (CH,), 73.9
(CH,), 67.6 (CH,), 55.6 (CH,3, OMe), 55.0 (CH3, OMe), 26.7 (CH3), 25.2 (CH3) ppm.

8c: colorless oil.[o]p = +71° (¢ 1.35, CH,Cl,). 'H NMR (CDCl;) 6 7.36-7.23 (15 H, m, H-arom), 5.00 (1 H, d,
J=10.8,CH,),485(1H,d,J=124),475(1H, d, J =44, H-1), 471461 (6H, m),453 (1H,d, I =
11.5, H-4’a), 446 (1 H, d, J = 11.5, H-4’b), 433 (2 H, m, H-3 et H-5), 4.14 (1 H, dd, J = 8.6, 8.4, H-7a),
3.99 (2 H, m, H-2 et H-6), 3.89 (1 H, dd, J = 8.4, 7.5, H-7b), 3.38 (3 H, s, OMe), 3.36 (3 H, s, OMe), 1.42
(3 H, s, CHj; acetonide), 1.38 (3 H, s, CHj3 acetonide) ppm. '3C NMR (CDCl5) § 139.0 (C), 138.4 (C),138.0
(C), 128.3 (CH), 128.2 (CH), 128.0 (CH), 127.9 (CH), 127.8 (CH), 127.4 (CH), 127.3 (CH), 107.1 (C,
acetonide), 100.5 (CH, C-1), 97.2 (CH, MOM), 86.0 (CH, C-5), 83.9 (C, C-4), 83.3 (CH), 77.9 (CH), 77.8
(CH, C-6), 76.4 (CH,), 73.7 (CHy), 73.6 (CH,), 73.2 (CH,), 65.1 (CH,), 55.8 (CH;), 55.2 (CH3), 26.5 (CHj)
25.6 (CH3) ppm. C,sH,,0, (608.72): C 69.06, H 7.29; found C: 69.10, H: 7.22.

(1S, 3R, 4R, 58, 6R, 7R,)-7-Acetoxy-6-benzyloxy-5-benzyloxymethyl-4-benzyl-oxy-3-
acetoxymethyl-2,8-dioxabicyclo[3.2.1]octane (9). To a solution of 8a (22 mg, 36 umol) in 1 mL of
acetonitrile, was added Dowex 50W (20 mg) and the mixture was heated under reflux for 20 h. After cooling, the
resin was removed by filtration through a sintered glass funnel, and the filtrate concentrated in vacuo. To the
solution of the resulting yellowish residue (17 mg) in 0.5 ml of dichloromethane, were added successively DMAP
(150 mg, 1.22 mmol) and acetic anhydride (76 pL, 0.80 mmol) at 0°C. After stirring of the mixture for 1.5 h at
rt, dichloromethane (2 mL) and an aqueous solution of NH,Cl ( 0.5 mL) were added. The organic layer was
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separated and the aqueous layer extracted with CH,Cl, (3 x 5 mL). The combined organic layers were washed
successively with water and brine, dried (MgSO,) and concentrated under reduced pressure. Purification of the
crude product by chromatography on silica gel (gradient elution, 5:95 to 1:9 EtOAc/PE) afforded 9 (12 mg, 57%)
followed by 4 mg of 10.

9. Colorless oil. [a]p = -30° (c 0.81, CH,ClL,). IR v 1740 em’. '"H NMR (CDCl,) 6 7.40-7.15 (15 H, m, H-
arom), 5.57 (1 H,d,J=4.5,H-1),5.10 (1 H, dd, T =45, 2.6, H-7), 478 (1 H, d, J = 11.8, H-a CH, Bn),
465(1H,d,J=6.8, H-aCH, Bn), 462 (1 H, d,J =7.6, H-a CH; Bn), 4.56 (1 H, d, ] = 11.8, H-b CH; Bn),
450 (1 H,d,J=17.6, H-b CH, Bn), 447 (1 H, d, ] = 6.8, H-b CH; Bn), 4.27 (1 H, d, J = 2.6, H-6), 4.22 (1
H. dd, J = 12.0, 2.2, H-9a), 4.02 (1 H, dd, J = 5.3, 12.0, H-9b), 3.97 (1 H, d, ] = 10.0, H4),392 (1 H, d, ]
=119, H-11a), 3.87 (1 H, d, J = 11.9, H-11b), 3.78 (1 H, ddd, J = 10.0, 5.3, 2.2, H-3), 2.07 (3 H, s, CH;
acetate), 2.03 (3 H, s, CH; acetate) ppm. °C NMR (CDCl;) § 170.9 (C), 169.8 (C), 138.3 (C), 137.6 (C),
137.9 (C), 128.4(CH), 128.1 (CH), 128.0 (CH), 127.9 (CH), 127.8 (CH), 127.6 (CH), 96.2 (CH, C-1), 85.7
(C, C-5), 81.0 (CH), 80.7 (CH), 74.0 (CH,), 73.8 (CH,), 72.1 (CH), 71.8 (CH, Bn), 69.9 (CH), 68.1 (CH,),
63.7 (CH,), 20.8 (CH3), 20.5 (CH;) ppm.
(15,4R,5R,6S,7R,8R)-8-Acetoxy-7-benzyloxy-6-benzyloxymethyl-5-benzyloxy-4-acetoxy-
2,9-dioxabicyclo[4.2.1Jnonane (10). Colorless oil. IR v, 1740 cm’. 'H NMR (CDCl3) § 7.37-7.00 (15
H, m, H-arom), 5.42 (2 H, m), 5.00 (1 H,dd, J =7.0,3.3, H-8),479 (1 H,d,J = 7.0, H-7), 474 (1 H, d, J
= 12.0, H-a CH, Bn), 4.62 (1 H, d, J = 10.0, H-a CH; Bn), 454 (1 H, d, J = 12.8, H-a CH, Bn), 4.52 (1 H,
d, J = 12.0, H-b CH, Bn), 4.40 (1 H, d, J = 10.0, H-b CH, Bn), 4.36 (1 H, d, J = 12.8, H-b CH; Bn), 4.11 (1
H,d,J =56, H-5),4.02 (1 H,d, J = 13.5, H-3a), 3.89 (1 H, d, ] = 10.8, H-11a), 3.80 (1 H, dd, J = 13.5,
3.9, H-3b), 3.75 (1 H, d, J = 10.8, H-11b), 2.09 (3 H, s, CHj; acetate), 1.80 (3 H, s, CH; acetate) ppm. Bc
NMR (CDClL) § 169.7 (C, C=0), 137.9 (C), 137.8 (C), 137.6 (C), 128.5 (CH), 128.3 (CH), 128.1 (CH),
127.9 (CH), 127.8 (CH), 127.5 (CH), 95.1 (CH, C-1), 86.9 (C, C-6), 84.4 (CH, C-4), 81.0 (CH), 80.7 (CH),
75.3, 74.0, 73.1, 71.9, 70.1, 69.4, 65.8, 20.8 (CH,), 15.3 (CH;) ppm.

(1S, 3R, 4R, 58, 6R, 7R,)-7-Hydroxy-6-benzyloxy-5-benzyloxymethyl-4-benzyloxy-3-
hydoxymethyl-2,8-dioxabicyclo[3.2.1]octane (11). To a solution of the isomer 8a (72 mg, 0.12 mmol)
in THF (1 mL) and MeOH (1 ml), was added aqueous 2.5N HCI (1 mL), and the mixture was heated under
reflux for 12 h. After evaporation of the organic solvent, aqueous saturated Na,CO, was added and the product
extracted with dichloromethane (3 x 5 mL). The combined organic layers were washed successively with water
and brine, dried (MgSO,) and concentrated under reduced pressure. Purification of the crude product by
chromatography on silica gel (gradient elution, 1:2 to 2:1 EtOAc/PE) afforded 11 (31 mg, 53%). Colorless
crystals, m. p. 101°C (PE / AcOE). {[o]p = -37° (¢ 0.52, CHCl,). IR Vpax 3559, 3555, 3534, cm™. '"H NMR
(CDCl5) § 7.38-7.17 (15 H, m, H-arom), 5.30 (1 H, d, I = 4.7, H-1), 4.74-4.51 (6 H, m, CH, Bn), 4.33 (1 H,
dd,J=4.7,2.6,H-7),409 (1H,d,J =97, H-4), 406 (1H, d, J =26, H-6), 3.90 (1 H, d, J = 11.7, H-
10a), 3.83 (1 H, d, J = 11.7, H-10b), 3.72 (2 H, m, H-3 and H-9a), 3.49 (1 H, m, H-9b) ppm. °C NMR
(CDCl5) & 138.1 (C), 138.0 (C), 137.9 (C), 128.6 (CH), 128.5 (CH), 128.2 (CH), 128.0 (CH), 127.9 (CH),
127.7 (CH), 97.9 (CH, C-1), 86.3 (C, C-5), 83.7 (CH), 81.1 (CH), 74.5 (CH), 74.1 (CH,), 73.9 (CH,), 71.6
(CH,), 69.7 (CH), 68.2 (CH,), 62.3 (CH,) ppm.
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(15,4R,55,6R,7R ,8R)-8-hydroxy-7-benzyloxy-6-benzyloxymethyl-5-benzyloxy-4-hydroxy-
2,9-dioxabicyclo[4.2.1]lnonane (12). A solution of the isomer 8b (60 mg, 0.10 mmol), in THF (1 mL)
and MeOH (1 mL), was added agueous 2.5N HCI (1 mL), and the mixture heated under reflux for 12 h. After
evaporation of the organic solvent, aqueous saturated Na,CO, was added and the product extracted with
dichloromethane (3 x 5 mL). The combined organic layers were washed successively with water and brine, dried
(MgSO0,) and concentrated under reduced pressure. Purification of the crude product by chromatography on silica
gel (gradient elution, 1:2 to 2:1 EtOAC/PE) afforded 12 (23 mg, 48%). Colorless crystals, m. p. 127°C (PE /
AcOE). [a]p = -43° (¢ 0.90, CHCL3). IR Vyay 3555 cm™. '"H NMR (CDCl3) & 7.41-7.21 (15 H, m, H-arom),
5.14 (1 H, s, H-1), 4.89 (1 H, d, J = 11.4, H-a CH, Bn), 4.66-4.57 (4 H, m, 2 CH, Bn), 4.50 (2 H, m, H-b
CH, Bn and H-3a), 4.07 (1 H, br. s, H-7), 3.97 (1 H, br. s, H-8), 3.82 (1 H, d, J = 9.5, H-5), 3.78 (1 H, dd, J
= 11.8, 10.9, H-3a), 4.56-3.49 (3 H, m, H-4 and H-10) ppm. °C NMR (CDCl;) § 138.5 (C), 138.2 (C), 136.7
(C), 128.5 (CH), 128.2 (CH), 127.9 (CH), 127.8 (CH), 104.3 (CH, C-1), 89.3 (C, C-5), 86.6 (CH) 85.8
(CH), 79.6 (CH), 76.1 (CH,), 74.0 (CH,), 73.5 (CH,), 73.4 (CH,) , 74.4 (CH), 62.6 (CH,) ppm.

(1R, 3R, 4R, 5R, 6R, 7R,)-7-Hydroxy-6-benzyloxy-5-benzyloxymethyl-4-benzyloxy-3-
hydroxymethyl-2,8-dioxabicyclo-[3.2.1]Joctane (13). A solution of isomer 8¢ (40 mg, 0.065 mmol),
treated as described above, led to 13 (19 mg, 58%) as colorless crystals, m. p. 99°C. [alp = -12° (c 0.42,
CHCL,). IR vy, 3558, 3550, 3531 cm™. 'H NMR (CDCly) § 7.38-7.21 (15 H, m, H-arom), 5.25 (1 H, s, H-
1),470 (1 H,d,J=11.9,H-aCH,; Bn), 458 (1 H,d,J =54, H-aCH; Bn), 455 (1H, d, ] = 5.4, Hb CH,
Bn), 449 (1 H, d, J = 14.5, H-a CH; Bn), 446 (1 H, d, J = 14.5, H-b CH, Bn), 443 (1 H, d, J = 119, H-b
CH; Bn), 4.26 (1 H, d, J = 8.0, H-4),4.12 (1 H, s, H-6), 3.99 (1 H, d, J = 4.6, H-7), 3.86 (1 H, d, J = 10.8,
H-10a), 3.79 (1 H, ddd, J = 8.0, 4.1, 2.5, H-3), 3.75 (1 H, dd, J = 12.3, 2.5, H-9a), 3.44 (2 H, m, H-10b and
H-9b), 2.53 (1 H, d, J = 4.6, OH-7) ppm. °C NMR (CDCl;) & 137.7 (C), 137.6 (C), 137.5 (C), 128.5 (CH),
128.2 (CH), 127.9 (CH), 127.8 (CH) , 102.7 (CH, C-1), 86.6 (C, C-5), 86.0 (CH), 80.6 (CH), 74.7 (CH),
74.7, 73.8 (CH,), 73.0 (CH,), 72.4 (CH), 68.1 (CH,), 62.2 (CH,) ppm.

(6R)-Methyl-2-0-methoxymethyl-3-0-benzyl-4-C-(hydroxy-(2,2-dimethyl[1,3]-dioxolan-
4-yl)-methyl)-5-0-benzyl-0.-D-xylo/B-L-arabino-furanoside (14). A mixture of diols 8 (405 mg.
0.95 mmol) and dibulyltin oxide (260 mg, 1.05 mmol, 1.1 equiv) in toluene (20 mL) was refluxed for 17 h with
continuous removal of water, then concentrated to 5 ml. After cooling to rt, tetrabutylammonium iodide (385 mg,
1.05 mmol, 1.1 equiv.) and benzyl bromide (230 pL, 1.9 mmol, 2 equiv) were added and the mixture heated
under reflux for 2 h. The toluene was evaporated under reduced pressure, and the residue purified by
chromatography on silica gel (gradient elution, 1:6 to 1:2 EtOAC/PE) to afford 12 (445 mg, 91%) as a mixture of
three isomers. Physical data of one of these isomers isolated in pure form: Colorless oil: [a],, = +38.5° (c 1.60,
CHCL). IR v, cm'. 'H NMR (CDC,) § 7.37-7.25 (10 H, m, H-arom), 4.86 (1 H, d, J = 4.4, H-1), 4.77-
4.63 (4 H, m, CH, MOM and Bn), 4.56 (1 H,d, ] =9.7), 447 (1 H, d, J = 9.7), 4.30 (2 H, m, H-2 and H-6),
420 (1 H,d,J =8.5, H-3), 3.99 (2 H, m, H-5 and H-7a), 3.86 (1 H, dd, J = 8.2, 7.9, H-7b), 3.54 2 H, s, H-
4%), 3.39 (6 H, s, OMe), 3.05 (1 H, d, J = 8.4, OH), 1.41 (3 H, s, CH, acetonide), 1.35 (3 H, s, CH,
acetonide) ppm. *C (CDC,) § 138.0 (C), 137.5 (C), 128.3 (CH), 128.1 (CH), 127.7 (CH), 127.5 (CH),
108.9 (C, acetonide), 100.7 (CH, C-1), 96.9 (CH, MOM), 86.4 (CH), 82.3 (CH), 78.6 (C, C-4), 74.5 (CH),
74.4 (CH,), 73.7 (CH,), 73.5 (CH,), 69.5 (CH), 67.1 (CH, Bn), 55.5 (CH,), 54.9 (CH,), 26.3, 25.6 (CH,)
ppm. C,;H,;0, (518.60): calcd. C 64.85, H 7.39; found C 64.63, H 7.11.
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(1S,2R,3R,45,55,6R)-6-Hydroxymethyl-4-hydroxy-benzyloxymethyl-3-benzyloxy-2-
hydroxy-7,8-dioxabicyclo[3.2.1]octane (15). ). To a solution of one of the above isomers 14 (50 mg,
0.09 mmol) in methanol (1 mL), was added aqueous 0.5N HCI (1 mL), and the mixture heated under reflux for
72 h. Dichloromethane (4 mL) and aqueous saturated NaHCO, (4 mL) were added and the product extracted with
dichloromethane (3 x 5 mL). The combined organic layers were washed successively with water and brine, dried
(MgSO,) and concentrated under reduced pressure. Purification of the crude product by chromatography on silica
gel (gradient elution, 1:2 to 2:1 EtOAc/PE) afforded 15 (13 mg) as a colorless solid, m. p. 129-130°C (petroleum
ether-ethyl acetate). [0, = +62° (c 1.10, CHCL,). IR v,,, 3554 cm™. MS (CI, NH,) m/z 420 (MH' + NH,), 403
(MH"), 311 (M - Bn).'H NMR (CDCl,) § 7.39-7.27 (10 H, m), 5.36 (1 H,d, J = 2.0, H-1), 491 (1 H,d,J =
11.5, H-a CH, Bn), 4.71 (1 H, d, J = 11.5, H-b CH, Bn), 4.62 2 H, 5, CH, Bn), 439 (1 H, dd, ] = 5.7, 5.6,
H-6), 4.26 (1 H, s, H-5), 3.80 (1 H, d, J = 9.6, H-%9a), 3.77 (1 H, d, J = 9.6, H-9b), 3.59 (3 H, m, H-10, H-
3),3.47 (1 H, ddd, J = 8.3, 6.0, 2.0, H-2), 3.01 (1 H, s, OH-4), 2.24 (1 H, d, J = 6.0, OH-2), 2.11 (1 H, dd,
J=5.3,5.1, OH-10) ppm. >*C NMR (CDCl,) § 138.6, 137.6 (C, Bn), 128.6 (CH), 128.5 (CH), 127.9 (CH),
101.9 (CH, C-1), 82.9 (C), 79.8 (C, C-4), 77.1 (CH), 76.2 (CH), 75.2(CH,),, 73.9 (CH,), 73.9 (CH), 69.3
(CH,), 64.6 (CH,) ppm.
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