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Abstract lodocyclisation of 6-O-protected-D-galactal, followed by radical reduction, gives [2.2.1] bicyclic
acetals which are regioselectively opened by various nucleophiles (alcohols, allyltrimethylsilane, triphenyl-

phosphine) to give furanosyl compounds. © 1999 Elsevier Science Ltd. All rights reserved.
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2,5-Disubstituted tetrahydrofurans are the core motifs of natural compounds such as polyether antibiotics!
and annonaceous acetogenins.2-3 Numerous stereocontrolled approaches to such valuable units have been
reported.#* Among them, the nucleophilic substitution at the anomeric centre of a glycofuranose appears as an
excellent strategy to prepare the corresponding tetrahydrofuran. Unfortunately, unlike their pyranoside

counterparts, hexo-furanosides are not readily attainable. Moreover, furanoid glycals and furanosyl halides are
iranose one would be a contrathermodynamic process as it is de-
monstrated by the composition of a Fischer glycosidation mixture at equilibrium.> However, stereoelectronic
factors should allow regioselective openings of 1,4-anhydro-pyranoses by various nucleophiles in the presence of
a Bronsted or Lewis acid. These strained bicyclic [2.2.1] acetals can be obtained from pyranose derivatives6.7 and
have a well-defined geometry; X-ray analysis of 2,7-dioxabicyclo{2.2.1]heptane derivatives8-10 have shown that
bond angles at 0-4 and O-5 (carbohydrate numbering) are near 95 and 105° respectively. Therefore, lone pairs at
O-5 have a higher p character giving more nucleophilicity to that oxygen atom. Furthermore, cleavage of the C-1-
O-5 bond would be facilitated 1 by the antiperiplanar arrangement of a lone pair at O-4 with this bond, whereas
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neither orbital at O-5 is accurately positioned for breaking of the other bond (Scheme 1). When considering transi-
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tion states of the reverse cyclisation processes, it is also highly probabie that a transannuiar reaction from a pyrano
compound in a boat conformation requires more cnergy than an intramolecular one from an envelope conformer
of the furano isomer.

Among hexoses, galactose gives the highest percentage of furanosides (22%) at equilibrium in methanol
under Fischer glycosidation conditions.5 The vicinal frans-relationship for the C-2, C-3 and C-4 groups in the

furanose form minimizes steric interactions and it is noteworthy that, although absent in mammalian glyco-
conjugates, D-galactofuranoses occur in bacteria, protozoa and fungi.!2 A mutase enzyme catalysing a pyrano <>
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furano interconversion at the nucleotide sugar (UDP-Gal) level has been recently identitied and cloned.13:14 1t is
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1,4-Anhydro-pyranoses have been submitted to cationic polymerisation!3.16 and stereoregular polymers
mainly made of (1-5)-g-D-galactofuranosidic units have been obtained from 1,4-anhydro-2.3,6-tri-O-benzyl-g-D-

galactopyranose. 7 A trialkyloxonium ion mechanism (S 2 type) rather than an oxycarbenium one (Sy 1 type)
would be responsible for the observed g-configuration

Oxidative iodocyclisation of O-tributylstannylated D-glucal has been shown!® to give [3:2:1] bicyclic
acetais-(1,6-anhydro derivatives) in high yieid. When applied to D-galactal 1, this procedure gavel? a mixture of
1,6- and 1,4-anhydro-2-deoxy-2-iodo-p-D-galactopyranoses. We now report20 our results concerning the 1,4-
iodocyclisation of D-galactal and the use of derived bicyclic acetals in regioselective synthesis of furanose

compounds.

DISCUSSION
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aceiaie and in the presence of N-meihylimidazole.~ Deacetylation was performed with a strongly basic ion-
exchange resin in methanol.23 These modifications of Fischer’s procedure gave higher and more reproducible
yields of a crystallinc material without need for chromatographic purification. Regioselective protection at O-6 of
D-galactal 1 was achieved by 3-pivaloyl-1,3-thiazolidine-2-thione (PTT), a stable reagent readily obtained?* by
trcatment of commercially available 2-thiazoline-2-thiol with pivaloyl chloride and triethylamine. 6-O-Pivaloyl-D-
galactal 2 was obtained in 75% yield and was contaminated by less than 5% of the 3-O-pivaloyl isomer as shown
by NMR and gas-liquid chromatography of a trimethylsilylated sample. Treatment of D-galactal with dibutyltin
oxide2S in boiling acetonitrile, then pivaloyl chloride at room temperature gave a 17:3 mixture of 3- and 6-0-
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pivaloyl-D-galactal (47%) and some 3,6-disubstituted product (10%). Pivaloyl chlonde in pyndine at low tempe-
rature also gave mixtures of products.

6-O-Pivaloyl-D-galactal 2 was treated with bis(tributyltin)oxide (0.8 mol. eq.) in boiling acetonitrile and in
the presence of powdered 3 A molecular sieves, then N-iodosuccinimide (NIS, 2 eq.) at 0°C. The crystalline

indoacetal 3 wag igolated in R5% vield (Scheme 2). Its structure was ascertained hV IH NMR QSCODV
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3 and H-5 are endo, bridgehead hydrogens of bicyclo[2.2.1]heptane derivatives having nearly 90° dihedral angles
with vicinal endo hydrogens. Conventional O-acetylation of 3 gave 4 where H-3 was shifted downfield (A%
+0.69 ppm).
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When stannylation of the glycal was omitted no cyclisation occurred, aithough an iodonium species was
certainly formed, but led only to intractable mixtures. The main role of stannylation seems therefore to enhance
the nucleophilicity of O-4, since a 4Hs half-chair conformation of the glycal and the iodonium intermediate already
places O-4 in a favorable axial orientation. To this respect, Miljkovic et al.26 have stressed the higher reactivity of
galacto oxycarbenium ions where a through-space electron donation from the axial 0-4 to the electron-deficient
anomeric centre is all the more efficient as the electron density at this oxygen atom is higher (with an axial

methoxv eroup the distance between (-4 and the ring oxveen is 2.88 A)
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vely (bcheme ,v) Removal of the plvaloyl group in 6 was achieved with 0.iM sodium methoxide in methanol at
room temperature. The crude 3,6-diol was then benzylated to give 8 in 87% overall yicld. As expected, in
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compounds 6, 7 and 8 H-2endo has a very small coupling constant with H-1 (J 2endo < 0.5 Hz) and a large one
with H-3 (J2endo 3 ~ 7 Hz).

6-O-tert-Butyldimethylsilyl-D-galactal also underwent a 1,4-iodocyclisation reaction to give 9 in 79% yield
as it has been previously reported. 19 Acetal 9 was similarly reduced into 10 (98%) and the hydroxyl group was
benzylated at 0°C to give 11 (84%).

Synthesis of O-furanosides

The reactivity of these [2.2.1] bicyclic acetals towards nucleophiles was first tested with alcohols.
Compound 6 with unprotected 3-OH was treated at room temperature with a 10-2 M HCI solution in methanol
(readily obtained by addition of acetyl chloride to methanol). A 1:4 mixture of methyl a-12 and p-13 furanosides
was isolated in 95% yield (Scheme 3). The major component was isolated by chromatography, then converted to
its 3,5-di-O-acetyl derivative 1 4. NMR signals of H-3 (6 4.31) and H-5 (8 ~ 4.15) in 13 were shifted downfield
(6 4.97 and 5.39 respectively) in 14, therefore establishing the furano structure of these products. It has been
reported?7 that in O-furanosides a coupling constant < 4 Hz between two vicinal ring hydrogens is indicative of a

TE S EEYEES haad I T b Attt = e

Rland 86 and Jor, 236 and 25 Hz in 13 and 14 resnectively

land86and Jop33.6and2.5Hz i espectively

cstablished the trans relationship between H-2b and H-3. The values Ji 2p 1.5 and 1 Hz also give a trans relation

between H-1 and H-2b and therefore establish the g-configuration of these compounds.
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This analysis was confirmed by the low value of optical rotation in 14, [a]p -88, the isomeric a-fura-
noside 12 having a much higher optical rotation, [a]p +30. The values Jj 25 2, J1 26 5.6, J2,3 7.1 and Jop 3 6.6
Hz in 12 confirmed the frans relation of H-1 and H-2a, but obviously not the one of H-2b and H-3. However, a
consistent downfield shift was always observed for H-2a as compared to H-2b (A8 ~ + 0.1 and + 0.25 ppm in a-

and g-furanosides respectively) and could be attributed to anisotropic effects.
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The benzoyl denivative 7 was similarly treated and gave also a 1:4 mixture of methyl «-15, [a]p +30.5,
and p-16 furanosides, [a]p -98.5, in 85% yield. Longer reaction time led to increasing amounts of methyl pyra-
nosides as a result of thermodynamic equilibration. Study28 of 2-deoxy-D-galactose has indeed shown that in
methanolic 0.05% HCI a mixture of furanosides was initially formed, which evolved rapidly to more stable

pyranosides.

methane containing 10~ M ()- loecamy,.ersul.omc acid (CSA) to give a 1:1 mixture of ..—octyl a-17, [a]p +23,
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99, in 78 and 72% yiclds respectively (Scheme 3). Pent-4-enyl glycosides are useful glycosylating reagents2? and
have been recently reported in furano sugars.30-32 The lack of stereoselectivity in dichloromethane may reflect a
SN 1 mechanism, whereas the use of methanol as reagent and solvent mostly involved a SN 2 reaction. To this
respect, it is noteworthy that N-glycosylation of the 3,6-di-O-benzyl acetal 8 with silylated uracile33 gave a 1:1
mixture of o and p-nucleosides. Unprotected acetal 6 could not be used in glycosylation reactions with limited
amounts of alcohol, intractable mixtures of polar products being obtained possibly by polycondensation.

2-Deoxy-D-galactofuranosides could probably be equally obtained by a Bronsted acid promoted addition

of alcohols to furanoid D—galactal as it has been reported?8-34:35 for the sy nthesns of 2-deoxy-pyranosides from
furanoid giycals which are not readily attainable and are even unknown in the galacto series.

Synthesis of C-allyl furanosides
Next was studied the behavior of [2.2.1]bicyclic acetals towards a C-nucleophile. In the absence of substi-
tuent at C-2 stereoselectivity at the newly created stereogenic centre was hard to predict, since it is usually* go-

verned by steric interactions with a vicinal group.
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isolated when the reaction mixture was quenched with triethylamine before work-up). Coupling constants
between H-4 and H-5a,b gave no information about the configuration at C-4 (J4,5, 6.5 and 5.5, J4 5p 7.1 and 3.6
Hz for 21 and 2 2 respectively). Optical rotations of C-glycosides have been shown39 to follow the same rules as
those of O-glycosides. The values [a]p -40 and +31 for 21 and 22 respectively therefore clearly establish their
configuration. From what is known15:17 about cationic polymerisation of [2.2.1] bicyclic acetals a major Sy 2
mechanism cannot be excluded, the nucleophile approachmg the acetal from its exo face with simultaneous clea-
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because of the steric influence of the carbon chain (shorter C-O bonds make cis-2,5-disubstituted tetrahydro-
furans sterically less favored). SN2-like displacement of an a-1sonitrilium adduct by the allylsilane can be also
considered.

Acetal 11 gave similarly the C-allyl p-furanoside 23, [a]p -14, in 61% yield. The H-4 signal has the same
chemical shift (8 4.14) as in 21 and similar coupling constants (J4 5, 5.7 and J4 s5b 7.4 Hz). Loss of both silyl
groups at 0-8 and (-9 occurred during the reaction. To this respect we observed that the 6-O-TBDMS group can

1 6-anhvdro-3-0-benzvl-2-deoxv-o-D-
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galactofuranoseZ4 Couph g constant J5 gendo 10.2 Hz between two vicinal frans-diaxial hydrogens confirms the

Synthesis of furanoid exocyclic enol ethers

Pyranosylphosphonium salts have been prepared by opening of a 1,6-anhydro-2-deoxysugar3’ with
Ph3P-HBF4 or addition of Ph3P-HBr 1o a pyranoid glycal.38 We found that addition of triphenylphosphonium
tetrafluoroborate3? to the bicyclic acetal 8 in acetonitrile at room temperature gave the furanosylphosphonium salt
25 which generated a phosphorane by treatment with a#-butyllithium (2 eq.) in tetrahydrofuran (Scheme 5).
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Wiitig reactions with benzaidehyde and i-butyraidehyde gave mixtures of exocyclic enol ethers 26E, 27Z
(2:3) and 28E, 297 (2:3) in 66 and 31% overall yields respectively. In both cases E and Z isomers could be
partially separated by flash chromatography. The vinyl hydrogen appears, as expected, at higher field (6 ~ 3.8) in
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i-propyl compounds 28 and 29 than in phenyl ones 26 and 27 (8 ~ 4.7) and shows a small allylic coupling (1.5
Hz) with the hydrogen cis to the O-benzyl group only in E isomers. Attribution of EZ geometries is speculative.
However, in compound 2 6F, H-3a which is cis to the 4-O-benzyl group (J3a4 2.1 Hz) is shifted towards lower
fields (Ad ~ +0.2 ppm) being closer to the phenyl group at C-1 thanitisin 27Z. In compound 2 8F H-5b which
is cis to the 6-O-benzyl group (Jsp 6 2 Hz) is conversely shifted towards higher fields (A8 ~ -0.2 ppm) being

0,0

closer to the i-propyl group than it is in 29Z. Moreover, respective polarities of EZ isomers as observed in chro-
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CONCLUSION

We have demonstrated that [2:2:1] bicyclic acetals easily obtained from 6-O-protected D-galactal through

oxidative iodocyclisation are excellent electrophilic substrates for regioselective access to furanosyl compounds.

Their reactivity towards C-nucleophiles in the presence of a Lewis acid could be extended to 2-(trimethylsilyl-
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oxy)turan, a butenolide nucleophilic equivalent; trahydrof uran fragments of annonaceous acetogenins were thus
efficienily construcied43 from D-galacial in a limited number of steps. Other glycals are under siudy and, although

iess readily, iodocyciisation of 6-O-fertbutyidiphenyisilyi-D-giucal has already ied in 58% vyieid to the corres-
ponding D-manno-bicyclic acetal with all its substituents endo. Ketoses such as D-fructose might, through their
endo or exo glycals¥, afford C-2 disubstituted tetrahydrofurans which are commonly found in polyether antibio-

tics. !

EXPERIMENTAL PART
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uncorrected. Optical rotations were measured at room temperature on a Perkin-Elmer 341 automatic polarimeter
(concentration in g/100 mL). NMR spectra were recorded on a Bruker ARX-400 instrument. 1H NMR were
obtained at 400 MHz (s=singlet, d=doublet, t=triplet, m=multiplet, b=broad). Assignments were confirmed by
homonuclear 2D COSY correlated experiments. 13C NMR were obtained at 100 MHz in the proton-decoupled
mode. Heteronuclear 2D correlated spectra were recorded in order Lo assist in carbon resonance assignments.
Chemical shifts are given in ppm relative to internal TMS (& scale) and coupling constants (J) iri Hz. ClI
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performed by the Service de Microanalyse du Centre National de la Recherche Scientifique (Gif-sur-Y vette,

1,5-Anhydro-2-deoxy-6-O-pivaloyl-D-lyxo-hex-1-enitol (2).
Sodium hydride (60% suspension in oil, 215 mg, 5.4 mmol) was added to a mixture of D-galactal 1 (731
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mg, 5 mmol) and 3-pivaloylthiazolidine-2-thione (1.12 g, 5.5 mmol) in dry tetrahydrofuran (20 mL) at 0°C under
nitrogen. The mixture was stirred for 1 h at 0°C, then quenched with saturated aqueous NH4ClI (2.5 mL) and
extracted with dichloromethane. The extract was dricd (MgS0Oy), then concentrated. The residue was purified by
flash chromatography (dichloromethane—ethyl acctate, 7:3) to give 2 (863 mg, 75%); mp 47-48°C; [a]p -10 (¢
0.99, CHCl3). THNMR (CDCI3): 6 6.38 (dd, 1 H, J12 6.1, J13 1.5 Hz, H-1), 474 (ddd, 1 H, J; 2 6.1, Jp3 ~
J2.4 ~ 2 Hz, H-2), 444-4.40 (m, 2 H, H-3,6a), 4.29 (dd, 1 H, J5 61 6.6, Jeaeb 11.7 Hz, H-6b), 4.08 (m, 1 H,

1,4-Anhydro-2-deoxy-2-iodo-6-O-pivaloyl-g-D-galactopyranose (3).

A mixture of 2 (2.17 g, 9.42 mmol), bis(tributyltin) oxide (3.85 mL, 7.56 mmol) and powdered 3A mole-
cular sieves (3 g) in dry acetonitrile (60 mL) was heated at reflux for 2 h under vigorous stirring, then cooled to
0°C under a stream of nitrogen. N-Iodosuccinimide (4.24 g, 18.85 mmol) was rapidly added and the mixturc was
stirred for 30 min at 0°C, then filtered over Celite. The filtrate was concentrated and the residue was taken up with

dichloromethane. The extract was washed with saturated agueous NarS>»O» unt
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silica gel column equilibrated in petroleum ether. Elution was performed first with petroleum ether to get rid of the
tin by-products, then with 7:3 petroleum ether—ethyl acetate to give 3 (2.85g, 85%); mp 91°C (petroleum ether);
[a]p +94 (¢ 0.99, CHCI3). IHNMR (CDCl3): 8 5.54 (d, 1 H, J1 2 2.6 Hz, H-1), 447 (d, 1 H, J4 1.5 Hz, H-
4),4.19(dd, 1 H, J3 1.5, J3 04 8.1 Hz, H-3), 4.07 (dd, 1 H, J564 4.6, Jea6b 11.2 Hz, H-6a), 3.91 (dd, 1 H,
J5.6b 7.1, Jeaeb 11.2 Hz, H-6b), 3.83 (dd, 1 H, J56a 4.6, J56b 7.1 Hz, H-5), 3.66 (ddd, 1 H, J12 2.6, J23
1.5, /4 1.5 Hz, H-2), 2.33 (d, 1 H, 3,014 8.1 Hz, OH-3) and 1.22 (s, 9 H, CMe3); 13C NMR (CDCl3): &
178.20 (C=0), 101.06 (C-1), 83.37, 81.32 and 72.26 (C-3,4,5), 62.96 (C-6), 38.79 (CMe3), 30.62 (C-2) and
27.14 (CMe3). Anal. Caled for CyjH 7105 C, 37.10; H, 4.81. Found: C, 37.17; H, 4.96
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3-O-Acetyl-1,4-anhydro-2-deoxy-2-iodo-6-O-pivaloyi-g-D-galactopyranose (4) .

Acetic anhydride (0.5 mL, 5.3 mmol) was added to a solution of 3 (420 mg, 1.18 mmol) and N, N-dime-
thylaminopyridine (a few mg) in 20:1 dichloromethane~pyridine (10.5 mL). The mixture was stirred at room
temperature for 2 h, then cooled to 0°C, quenched with methanol (5 mL) and concentrated. The residue was taken
up with dichloromethane and the extract was washed with aqueous 0.1 M HCl, then saturated aqueous NaHCOs3,
dried (MgSOy4) and concentrated. The residue was purified by tlash chromatography (petroleum ether—cthyl
acctale, 4:1) Lo give 4 (446 mg, 95%) as a colourless syrup; [a]p +100 (¢ 0.96, CHClz). 1H NMR (CDCl3):

***** =~ =37

5.55(d, 1 H, J12 2.6 Hz, H-1), 488 (d, 1 H, /32 Hz, H-3), 4.59 (d, 1H,,72,4152,H4) 409(dd 1..,
J5.6a8.1, Jeagb 14.8 Hz, H-62), 3.94-3.89 (m, 2 H, H-5,6b), 3.78 (ddd, 1 H, J1 2 2.6, J»3 2, Jo.4 1 Hz, H-2),
2.12 (s, 3 H, OAc) and 1.21 (s, 9 H, CMe3). Anal. Caled for C13H;9I0g: C, 39.21: H, 481. ho ind: C, 39.23;
H, 4.1

1,4-Anhydro-2-deoxy-6-O-pivaloyl-g-D-lyxo-hexopyranose (6).
A solution of 3 (3.56 g, 10 mmol) in benzene (310 mL) was deoxygenated for 10 min by a stream of
nitrogen, then brought to reflux. Tributyltin hydride (4.03 mL, 15 mmol) and azobis(isobutyronitrile) (a few mg)
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were rapidly added and the mixture was heated at reflux for 1 h, then cooled and concentrated. The residue was
purified by flash chromatography (petroleum ether, then petroleum ether—cthyl acetate, 1:1) to give 6 (2.12 g,
92%) as a syrup; [a]p +31 (¢ 0.74, CHCI3). 1H NMR (CDCI3): 8 5.72 (d, 1 H, J1 2ex0 2.6 Hz, H-1), 4.51 (d, 1
H, J2ex04 ~ 1 Hz, H-4), 4.10 (ddd, 1 H, J2endo3 6.6, J2exo03 1.5, J3, 0H 8.7 Hz, H-3), 4.01 (dd, 1 H, J56a 5.6,
Jeash 11.2 Hz, H-6a), 3.91 (dd, 1 H, J56b 7.1, Jeagb 11.2 Hz, H-6b), 3.63 (dd, 1 H, J562 5.6, J561 7.1 Hz,

£],00 2,00 02,00 S0a

(dddd 1 I L. & I s 137 Fuena 1.5 1 ~1Hz Ho2exo)and 121 (s O H rmﬁn..\ 13¢
(Ui, 1 I, i Zexo <Y, JZendoZexo tJ-7, JZexo,d 1., vlZexod L [14, FEFLVAU) ALl 1.41 (8, 7 11, wivIU3 ), A
ATL ATY 77TV N\ e 1710 A™ 777 _ M\ 1NN AND 7007 1y O OO0 70t AN 7IN NO) 760 EN 7IN "1 767 23N £ O1 777 o AA OV (M7
INIVEIK (ULALIZ) 0 1 /D.47 (7)), TWRLLY (L-1), DL.00 (L-4), /1207 (L-J), /U720 (L-D), 010.01 {L-0), 944.72 (L~
2), 38.76 (CMe3) and 27.14 (CMe3). Anal. Calcd for Cy;H 1805 C, 57.38; H, 7.88. Found: C, 57.08; H, 8.07.

1,4-Anhydro-3-O-benzoyl-2-deoxy-6-O-pivaloyl-g-D-lyxo-hexopyranose (7).

A solution of benzoyl chloride (0.46 mL, 4 mmol) in dichloromethane (2 mL) was added dropwise to a
solution of 3 (1.2 g, 3.37 mmol) in dichloromethane (5 mL) and pyndine (1.2 mL, 15 mmol) at 0°C. The mixture
was stirred at room temperature for 1 h, cooled to 0°C, quenched with methanol (1 mL) and diluted with dichloro-
methane (100 mL). The solution was washed with aqueous 0.1 M HCl (30 mL), then saturate d eous NaHCO»

(30 mL) and water (30 mL), dried (MgSOy) and concentrated. The residue (1.3 g, 84%) w urc 5§ as checked

| S ol B o B UpRpRpy IS g, A1) 111 ANTAMATY 777 TN aﬂm g— ﬁ‘l‘l’ M YT Ir N7 1Y e 1 1T
Dy 1L \PC rOi€uUm CUuicr: l Iyl d.LCLdLC “4.1). "0 INIVEIIN (Lgl)g). /.77 U, &£ 11, \.16“3” UI'I ) f.1D (L, 111,
CeHyH-p), 7.03 (m, 2 H, CeHaH-mH-m"), 5.09 (bd, 1 H, J122.2 Hz, H-1), 5.00 (d, 1 H, J23 1.9 Hz, H-3),
4.39 (bs, 1 H, H-4), 3.97 (dd, 1 H, J56a 5.4, Jea,6b 11.4 Hz, H-6a), 3.86 (dd, 1 H, J56b 6.2, Jeaeh 11.4 Hz,

H-6b), 3.64 (dd, 1 H, J56a 5.4, J56b 6.2 Hz, H-5), 3.46 (m, 1H, H-2) and 1.14 (s, 9 H, CMe3).
A solution of 5 (1.22 g, 2.65 mmol) in benzene (100 mL) was treated with tributyltin hydride (1.07 mL, 4
mmol) and azobis(isobutyronitrile) (a few mg) as described for the preparation of 6. The crude product was

purified by flash chromatography (petroleum ether, then petroleum cther—cthyl acctate, 9:1) to give 7 (860 mg,
97%) as a syrup; [a]p +34 (¢ 1.18, CHClz). 1H NMR (CDCl3): 5 8.04 (m, 2 H, CgH3yH-0H-0"), 7.57 (m, | H
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0.5, chndozexo 13.6, J2endo,3 7 Hz, H-2endo), 1.95 (dddd, 1 H, Jl,2exo 2.6, chndo_gem 13.6, .123,(03 2.2,
J2exoa 1.4 Hz, H-2ex0) and 1.23 (s, 9 H, CMe3); 13C NMR (CDCl3): $ 178.12 and 166.24 (2 C=0), 133.36,
129.71 and 128.42 (5 C arom.), 129.52 (C quat. arom.), 100.27 (C-1), 80.47, 73.02 and 72.56 (C-3,4,5),
63.51 (C-6), 41.75 (C-2), 38.77 (CMe3) and 27.16 (CMe3). Anal. Calcd for C1gH220¢: C, 64.66; H, 6.63.
Found: C; 64.46; H, 6.89.

R P S ALOL~ - A oo T

M per: {ure, then concenirated at 45°C under vacuum. The residue was tho-

r—!—
o=
=

m] Xture was sti
roughly dried under good vacuum, then dissolved into N, N-dimethylformamide (50 mL). Benzyl bromide (4 mL,
33.6 mmol) was added and the solution was cooled to 0°C. Sodium hydride (60% suspension in oil, 1.6 g, 40
mmol) was added portionwise under stirring. When evolution of hydrogen has almost ceased, the mixture was
stirred for 1 h at room temperature, then quenched at 0°C with methanol (20 mL), diluted with dichloromethane
(400 mL), washed with saturated aqueous NaCl, dried (MgSO4) and concentrated. The residue was purified by



flash chromatography (petroleum ether—ethyl acetate, 4:1) to give 8 (2.85 g, 87%) as a syrup; [a]p +33 (¢ 1.05,
CHCl3). 'H NMR (CDCl3): 8 7.38-7.27 (m, 10 H, 2 Ph), 5.67 (d, 1 H, Jj 2ex0 2.5 Hz, H-1), 4.69 (bs, 1 H, H-
4), 4.54-4.51 (m, 4 H, 2 CH>Ph), 3.84 (dd, 1 H, J2endo3 6.6, J2exo3 2 Hz, H-3), 3.57 (dd, 1 H, J56, 5.6,
Js.6b 7.6 Hz, H-5), 3.37 (dd, 1 H, J56a 5.6, Jeaeb 9.2 Hz, H-6a), 3.32 (dd, 1 H, Js6b 7.6, Jeaeb 9.2 Hz, H-
6b), 2.17 (dd, 1 H, J2endo2exo 13.2, Jaendo3 6.6 Hz, H-2endo) and 1.78 (ddd, 1 H, Ji2¢x0 2.5, J2endo2exo

1;66A0

13.2, Jrexo3 2 Hz, H-2exo0); 13C NMR (CDCl3): 8 137.82 and 137.62 (2 C quat. arom.), 128.44-127.73 (10 C

arom ) 99.97 (C-1), 79.93, 77.45 and 73.32 (C-3,4,5), 73.51, 70.96 and 70.12 (2 CH;Ph, C-6) and 41.91 (C-

Py i T2 £N. LI £ THY DA 7 77 4. 1T £ Q77
01_122 20U, 11, O./Z7, TOUNU, |, /0.4, Il, V.O/.

<j-
1,4-Anhydro-6-O-tett-butyldimethylsilyl-2-deoxy-g-D-lyxo-hexopyranose (10).

A solution of 9 (7.03 g, 18.2 mmol) in benzene (400 mL) was treated with tributyltin hydride (7.34 mL,

27.3 mmol) and azobis(isobutyronitrile) (a few mg) as described for the preparation of 6. The crude product was

purified by flash chromatography (petroleum ether, then petroleum ether—ethyl acetate, 7:3) to give 10 (4.71 g,

98%) as a syrup; [a]p +14 (¢ 0.51, CHCI3). IH NMR (C¢Dg): 8 5.34 (d, 1 H, J12ex0 3.1 Hz, H-1), 445 (d, 1

H, Jaexoa | Hz, H-4), 3.59 (m, 1 H, H-3), 3.55 (dd, 1 H, J56a 5.1, Jeagp 10.2 Hz, H-6a), 3.47 (dd, 1 H,
Tea 1 I 102 Hz H-66). 331 (dd. 1 H. Jze. 5.1, Jz a1, R.1 H7 S 12 (dd 1 H oo naen 132
v5,6D L1, vHa,0D tV.L 4, T17VU), D01 (MU, 1 11, 05064 -1, vD,00 V-1 214, 11Ty, 1,04 (MG, 2 1R, JUeNd0,2eX0 Ao
To o - 771 LI, LI Yol n7d 1 L. ~x: 7 1 LI NOIT2y 1 1R 7ddA 5 S RN [ A 129
J2endo3 /-1 Hz, H-2endo), 1.40(d, 1 H, J30H /.1 NZ, Uri-5), 1.16 (4Gaaq, 1 11, vi2exo 3.1, J2endoZexo 15.+«,

H
Me). Anal. Calcd for CyoHp4045i:

1,4-Anhydro-3-O-benzyl-2-deoxy-6-O-tert-butyldimethylsilyl-g-D-lyxo-hexopyranose (1 1).

A solution of 10 (4.71g, 18.1 mmol) in dry tetrahydrofuran (40 mL) was added dropwise to a suspension
of sodium hydride (60% suspension in oil, 1.45 g, 36.2 mmol) in dry tetrahydrofuran (140 mL) at 0°C. A
solution of benzyl bromide (2.6 mL, 27.7 mmol) in N, N-dimethylformamide (18 ml.) was then added dropwise

and the mixture was stirred at 0°C for 2 h, then quenched with methanol (20 mL.), diluted with dichloromethane

(AN mT Y wached with caturated aaentic Nal deied (MoSOL and anrantratad Tha ragidna wag mneifiad kb
(OoV Il j, Wadsiicla Wil daiuial afjuelous iNdyu, GLICU (1 15uu4; aiil ConClnrdid. 1 14c residuc was puriiica oy
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CHCl3). IH NMR (L()Uﬁ) 5 7.25-7.08 (m, S H, Ph), 5.46 (d, 1 H, Jj 2exo 2.6 Hz, H-1), 474 (bd, 1 H, H-4),
4.22 (m, 2 H, CH,Ph), 3.56 (dd, 1 H, J56a 5.1, Jeasb 9.9 Hz, H-6a), 3.51 (dd, 1 H, J2endo3 6.7, J2ex03 2.1
Hz, H-3), 3.49 (dd, 1 H, J56b 8.4, Jeasb 9.9 Hz, H-6b), 3.36 (dd, 1 H, J56, 5.1, J561n 8.4 Hz, H-5), 1.86
(dd, 1 H, J2epdo3 6.7, J2endo2exo 12.9 Hz, H-2endo), 1.58 (dddd, 1 H, Jj 2exo 2.6, J2endo2exo 12.9, Joexo3
2.1, J2exo4 ~ 1 Hz, H-2ex0), 0.92 (s, 9 H, CMe3) and 0.04 (s, 6 H, 2 Me). Anal. Calcd for C19H3004Si: C,
65.10; H, 8.63. Found: C, 64.93; H, 8.46.

p-D-lyxo-hexofuranoside (1 4).

Acetyl chlonde (23 uL, 0.32 mmol) was added to a solution of 6 (230 mg, 1 mmol) in dry methanol (23
mL) at 0°C under nitrogen. The solution was left for 4 h at room temperature, then neutralized with solid
NaHCOs, filtered and concentrated. The residue was purified by flash chromatography (petroleum ether—ethyl
acetate, 1:1) to give first 12 (34 mg, 13%) as a syrup; [a]p +30 (¢ 1.03, CHCI3). IH NMR (CD30D): 6 5.11
(dd, 1 H, J12a 2, J1,2b 5.6 Hz, H-1), 446 (ddd, 1 H, J233 7.1, J2b3 6.6, J34 5.1 Hz, H-3), 4.19 (dd, 1 H,
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Js6a 5.1, Jeasb 10.9 Hz, H-6a), 4.14 (dd, 1 H, Js6b 6.6, Jeaeb 10.9 Hz, H-6b), 3.88 (dd, 1 H, J34 5.1, J4 5
4.6 Hz, H-4), 3.82 (ddd, 1 H, J4,5 4.6, J56a 5.1, J56p 6.6 Hz, H-5), 3.41 (s, 3 H, OMe), 2.22 (ddd, 1 H, J12a
2, J2a26 13.2, J2,37.1 Hz, H-2a), 2.06 (ddd, 1 H, Jy2b 5.6, J2a2b 13.2, Jap 3 6.6 Hz, H-2b) and 1.26 (s, 9
H, CMe3). Anal. Calcd for CipH200¢: C, 54.95; H, 8.45. Found: C, 54.58; H, 8.58.

Then was eluted 13 (214 mg, 82%) as a slightly impure syrup. 1H NMR (CD30D): & 5.08 (dd, 1 H, J; 2a
5.1, Jy2p 1.5 Hz, H-1), 4.31 (ddd, 1 H, Jp,38.1, J2p3 3.6, J3 4 4.1 Hz, H-3), 4.19-4.14 and 3.96-3.91 (2 m,
ddd, 1 H, J124 5.1, J2a2b 13.7, J2a3 8.1 Hz, H-2a), 1.87 (ddd,

TH, Jin 1.5, Jza,z-[, !3.7, Jn33.6 ”v H-2b) and 1.26 (s, 9 H, CMe3) Csnvent;enal acetylatim of 13 (214
I s e =L = A Ny L0 Ty o1 AT AT At el 1 = et AL £ P4 . 4 3
HE) witll HYWHUC (U.OF L) 4l 1Y, [¥-UHTICUYidIT y

acetic a
pyridine (0.34 mL) for 90 min at room temperature gave after flash chromatography (petroleum ether—ethyl
acetate, 4:1) syrupy 14 (240 mg, 85%); [a]p -88 (¢ 1.06, CHCIl3). H NMR (CDCl3): 4 5.39 (ddd, 1 H, Jas5~
J56a ~ 4.1, J56h 7.6 Hz, H-5), 5.10 (dd, 1 H, J124 5.6, J1 2v 1 Hz, H-1), 497 (ddd, 1 H, J2,3 8.6, Jap 3 2.5,
J344.1 Hz, H-3), 431 (dd, 1 H, J56a ~ 4.1, Jeagh 11.7 Hz, H-6a), 4.23 (dd, 1 H, J34 4.1, J4 5 ~ 4.1 Hz, H-
4), 4.19 (dd, 1 H, J5 6b 7.6, Jea6b 11.7 Hz, H-6b), 3.38 (s, 3 H, OMe), 2.39 (ddd, 1 H, J12a 5.6, J2a2pb 14.7,
J2a3 8.6 Hz, H-2a), 2.10 and 2.08 (2 s, 6 H, 2 OAc), 1.96 (ddd, 1 H, J1 2 1, J2a2h 14.7, Jph 3 2.5 Hz, H-2b)

and 1.19 (s, 9 H, CMez). Anal. Calcd for C16H2508: C, 55.48; H, 7.57. Found: C, 55.45; H, 7.67.
Methyl 3-O-Benzoyl-2-deoxy-6-O-pivaloyl-a (1 8) and -B-(1 6)-D-lyxo-hexofuranosides.

Acetyi chioride (15 uL, 0.21 mmol) was added to a soiution of 7 (150 mg, 0.45 mmoi) in dry methanoi (15
mL). The solution was left for 9 h at room temperature, then neutralized with solid NaHCQs, filtered and concen-
trated. The residue was purified by flash chromatography (toluene—cthyl acctate, 17:3) to give first 15 (30 mg,
18%) as a syrup; [a]p +30.5 (¢ 1.13, CHCI3). IH NMR (CDCl3): 6 8.02 (m, 2 H, C¢H3H-0H-0"), 7.58 (m, 1
H, CeH4H-p), 7.45 (m, 2 H, C¢H3zH-mH-m’), 5.63 (ddd, 1 H, J223 7.4, Jap3 3.5, /34 2.1 Hz, H-3), 5.28
(dd, 1 H, J124 2.6, J1 26 6 Hz, H-1), 4.41 (dd, 1 H, J3 4 2.1, J4 5 2.3 Hz, H-4), 4.24 (dd, 1 H, J56a 6.7, J6a 6b

10.9 Hz, H-6a), 4.11-4.00 (m, 2 H, H-5,6b), 3.49 (s, 3 H, OMe), 2.52 (ddd, 1 H, J1 21 2.6, J2a2b 15, J2a3

7.4 Hz, H-2a), 2.42 (ddd, 1 H, Ji 26 6, J2a2p 15, J2p3 3.5 Hz, H-2b) and 1.21 (s, 9 H, CMe3); 13C NMR
{CDCl3): 6 17839 and 166.18 (2 C=0), 133.33, 129.64 and 128.45 (5 C arom.), 129.60 (C quat. arom.),
106.22 (C-1), 85.88, 76.60 and 69.51 (C-3,4,5), 65.09 (C-6), 56.06 (OMe), 39.74 (C-2), 38.79 (CMe3) and
27.19 (CMej3). Anal. Calcd for C19H2607: C, 62.28; H, 7.15. Found: C, 62.52; H, 7.38.

Then was eluted syrupy 16 (110 mg, 67%); [a]p -98.5 (¢ 1.04, CHCIl3). 1H NMR (CDCl3): 6 8.04 (m, 2
H, C¢HaH-0H-0’), 7.57 (m, 1 H, C¢H4H-p), 7.45 (m, 2 H, CcH3H-mH-m’), 5.44 (ddd, 1 H, J2a3 8.3, J2p3
2.1, /3437 Hz, H-3), 518 (dd, 1 H, J1 24 5.3, J12b 0.9 Hz, H-1), 4.35-4.28 and 4.23-4.14 (2 m, 4 H, H-
4,5,6a,6b), 3.40 (s, 3 H, OMe), 2.48 (ddd, 1 H, J12a 5.3, J2a2b 14.6, J253 8.3 Hz, H-2a), 2.17 (ddd, 1 H,
Ji.2b 0.9, J2a ob 14.6, Jap 3 2.1 Hz, H-2b) and 1.22 (s, 9 H, CMe3); 13C NMR (CDCl3): 5 178.62 and 166.6
(2 C=Q), 133.25, 129.76 and 128.41 (5 C arom.), 129.60 (C quat. arom.), 10531 (C- 1

220,40 L. 420 2 waL AL DL Ty, B2lad, SO0

69.63 (C-3,4,5), 65.75 (C-6), 55.09 (OMe), 39.08 (C-2), 38.83 (CMc3) and 27.17 (CMe3). Anal. Calcd for
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n-Octyl 3-O-Benzoyl-2-deoxy-6-O-pivaloyl-a (17) and -B (1 8) -D-lyxo-hexofuranosides.
(£)-10-Camphorsulfonic acid (696 mg, 3 mmol) was added to a solution of 7 (403 mg, 1.2 mmol) and 1-
octanol (0.94 mL, 6 mmol) in dichloromethane (30 mL). The mixture was stirred for 210 min at room tempe-
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rature, then washed with saturated aqueous NaHCO3 until neutral, dried (MgSQO4) and concentrated. The residue
was purified by flash chromatography (petroleum ether—ethyl acetate, 19:1) to give first 17 (215 mg, 38%) as a
syrup; [a]p +23 (¢ 1.12, CHClz). IH NMR (CDCl3): 6 8.02 (m, 2 H, C¢H3H-0H-0"), 7.58 (m, 1 H, C¢H4H-
D), 7.45 (m, 2 H, CeH3H-mH-m’), 5.63 (ddd, 1 H, J233 7.3, J2b3 3.4, J3 4 2.1 Hz, H-3), 537 (dd, 1 H, J12a
2.5, J12n 6 Hz, H-1), 440 (dd, 1 H, J3 4 2.1, J4,5 2.4 Hz, H-4), 420 (m, 1 H, H-6a), 4.08-3.99 (m, 2 H, H-
5,6b), 3.82 and 3.49 (2 dt, 2 H, J 6.6, 6.8 and 9.4 Hz, CH70), 3.44 (d, 1 H, J5 o5 8 Hz, OH-5), 2.52 (ddd, 1

2,27, 2.04L = 11, Ly WO 4RI - 12 AL 114 e ]

H, J12a 2.5, J2a2p 14.9, J2a3 7.3 Hz, H-2a), 2.42 (ddd, 1 H, J12b 6, J2a,2b 14.9, J2p3 3.4 Hz, H-2b), 1.58
{m, 2 H, CH>CH»0), 1.28 (m, 10 H, 5 CHy), 1.21 (5, 9 H, CMe3) aud 0.89 (i, 3 H, J7 Hz, Me); 13C NMR
(CDCl3): 6 178.24 and 166.17 (2 C=0), 133.29, 129.63 and 128.44 (5 C arom.), 129.67 (C quat. arom.)
104.95 (C-1), 85.79, 76.74 and 65.46 (C-3,4,5), 69.22 and 64.99 (C-6, CH,0), 39.85 (C-2), 38.76 (CMe3),
31.81, 29.47, 29.36, 29.20, 26.11 and 22.65 (6 CHj), 27.17 (CMe3) and 14.10 (Me). Anal. Calcd for

Ca6Ha007: C, 67.22; H, 8.68. Found: C, 67.23; H, 8.88.

Then was eluted syrupy 18 (222 mg, 40%); [a]p -75 (¢ 1.07, CHCl3). IH NMR (CDCl3):  8.04 (m, 2 H
Ce¢H3H-0H-0"), 7.57 (m, 1 H, CeHaH-p), 7.43 (m, 2 H, CeH3H-mH-m’), 5.44 (ddd, 1 H, J2,3 8.1, J2b3 2,
J243.5 Hz, H-3), 528 (dd, 1 H, Ji122 5.2, J1 35 0.9 Hz, H-1), 432-4.26 and 4.20-4.13 (2 m, 4 H, H-
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4,5,6a,6b), and 3.43 (2dt,2H,J63,68 and 9.5 Hz, CH>0), 2.42 (ddd, 1 H, J12a 5.2, J2a2p 14.4
I. -~ Q1 LI, LI N, = < . A s 2
J2a3 O.1 114, n-2' ), 2 38 (d, 1 H, J5 0H 76 HZ, OH—S), 2 18 {ddd, ‘1 i, Jl,Zb 09, .l"}_a,Zb 14.4 J,_I.b'_s 2 HZ, -

2b), 1.58 (m, 2 H, CH>CH;0), 1.26 (m, 10 H, 5 CHaj), 1.21 (s, 9 H, CMe3) and 0.86 (t, 3 H, J 7 Hz, Me);
13C NMR (CDCl3): 6 178.57 and 166.61 (2 C=0), 133.20, 129.74 and 128.37 (5 C arom.), 129.86 (C quat.
arom.), 104.00 (C-1), 83.12, 75.43 and 69.66 (C-3,4,5), 67.55 and 65.70 (C-6, CH20), 39.13 (C-2), 38.81
(CMe3), 31.84, 29.77, 29.45, 29.30, 26.30 and 22.66 (6 CHy), 27.17 (CMe3) and 14.09 (Me). Anal. Calcd for

Ca6HapO7: C, 67.22; H, 8.68. Found: C, 67.03; H, 8.84.

Pent-4-enyl 3-O-Benzoyl-2-deoxy-6-O-pivaloyl-o. (19) and -8 (20) -D-lyxo-hexofuranosides.
A solution of 7 (362 mg, 1.08 mmol) and 4-pentenol (0.56 mL, 5.42 mmol) in dichloromethane (30 mL)
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described for the preparation of 17 and 18. Flas
first 19 (138 mg, 30%) as a syrup; {a]p +30 (¢ 0.6
0"),7.58 (m, 1 H, CeH4H-p), 7.44 (m, 2 H, C¢H3H-mH-m’), 5.81 (m, 1 H, CH—CHz) 5.63 (ddd, 1 H, J2a3
7.3, Jab3 3.5, /34 2.1 Hz, H-3), 5.36 (dd, 1 H, J1 22 2.6, J1,2b 6.1 Hz, H-1), 5.08-4.97 (m, 2 H, CHp=), 4.39
(dd, 1 H, J34 2.1, J45~2.1 Hz, H-4), 420 (dd, 1 H, J56, 6.4, Jeacb 10.7 Hz, H-6a), 4.10-3.99 (m, 2 H, H-
5,6b), 3.84 and 3.51 (2 dt, 2 H, J 6.5, 6.7 and 9.6 Hz, CH;0), 3.38 (d, 1 H, Js5op 10 Hz, OH-5), 2.53 (ddd,
1 H, J12a 2.6, J2anp 14.9, J2a3 7.3 Hz, H-2a), 2.41 (ddd, 1 H, J12p 6.1, J2a2b 14.9, J2p3 3.5 Hz, H-2b),
7

IM

£3,£D £a,£0

213 and 1.72 (2 m, 4 H, 2 CHy) and 1.21 (s, 9 H, CMe3); 13C NMR (CDClz): 5 178.29 and 16617 (2 C=0),
137.66 (CH=CHjy), 133.31, 129.63 and 128.45 (6 C arom.), 115.24 (CHz=), 105.05 (C-1), 85.79, 76.68 and

27.17 (CMe3). Anal. Calcd for Ca3H3207: C, 65.70; H, 7.67. Found: C, 65.59; H, 7.74
Then was eluted syrupy 20 (191 mg, 42%); [a]p -99 (¢ 0.78, CHCl3). 1H NMR (CDCl3): 6 8.05 (m, 2 H,
CeH3zH-0H-0’), 7.57 (m, 1 H, CeHyH-p), 7.44 (m, 2 H, CgH3H-mH-m’), 581 (m, 1 H, CH=CH3»), 5.45

(ddd, 1 H, J2338.1, Jap3 2, /34 3.6 Hz, H-3), 5.28 (dd, 1 H, J12a 5.2, J1 2b 0.8 Hz, H-1), 5.01-4.92 (m, 2
H, CH2=), 4.29 (dd, 1 H, J56a 8.5, Jeagh 12.9 Hz, H-6a), 4.20 (dd, 1 H, /34 3.6, J4 5 2.4 Hz, H-4), 4.18-



4.13 (m, 2 H, H-5,6b), 3.72 and 3.45 (2 dt, 2 H, J 6.2, 6.6 and 9.5 Hz, CH;0), 2.43 (ddd, 1 H, J12, 5.2,
Jra2b 14.4, J2a3 8.1 Hz, H-2a), 2.39 (bs, 1 H, OH-5), 2.18 (ddd, 1 H, Jj 2b 0.8, J2a2b 14.4, Jop3 2 Hz, H-
2b), 2.14 and 1.69 (2 m, 4 H, 2 CHp) and 1.21 (s, 9 H, CMe3); 13C NMR (CDCl3): 4 178.60 and 166.59 (2
C=0), 138.20 (CH=CHjy), 133.23 (2 C arom.), 129.83 (C quat. arom.), 129.72 and 128.41 (3 C arom.),
114.78 (CH»=), 104.07 (C-1), 83.17, 75.40 and 69.69 (C-3,4,5), 66.83 and 65.72 (C-6, CH20), 39.14 (C-2),
38.82 (CMea), 30.39 and 28.94 (2 CHjy) and 27.17 (CMe3). Anal. Calcd tor Ca3H3207: C, 65.70; H, 7.67.
Found: C, 65.55; H, 7.78

’>s sy T 1o
-6,9-di-O-benzyl-1,2,3,5-teiradeoxy-D-galac

0(21) and -D-talo (2 2) non-1-eniiols.

Trimethyisilyl trifluoromethanesuifonate (88 L., 0.46 mmol) was added to a solution of 8 (150 mg, 0.46
mmol) and allyltrimethylsilane (0.36 mL, 2.3 mmol) in dry acetonitrile (10 mL) at -40°C under nitrogen. The
mixture was slowly warmed to -10°C, then poured into saturated aqueous NaHCO3. The solution was extracted
with dichloromethane and the extract was dried (MgSQy), then concentrated. The residue was purified by flash

chromatography (petroleum cther—ethyl acetate, 4:1) to give first 21 (131 mg, 77%) as a syrup; [a]p -40 (¢ 0.8,

CHCl3). IH NMR (CDCl3): 8 7.36-7.26 (m, 10 H, 2 Ph), 5.79 (m, 1 H, H-2), 5.12-5.04 (m, 2 H, H-1a,1b),
4.58 and 4.53 (2 d, 2 H, J 12 Hz, CH3Ph), 4.53 and 4.45 (2 d, 2 H, J 11.7 Hz, CHoPh), 4.19 (ddd, 1 H, Jsa6
7, \1’5‘0 6 5 6, .1,6 7 4 8 112, 1126}, -Ar 14 (’\ld‘.ld, H, J’3a,4"“’.1,3‘ ~ 6 6, .14,53 6.5, [4,5'0 7 11 HZ, H'4), 3.95 (dd, 1

1 4~ 6. .

H, J6,7 4.8, J78 4 Hz, H-7), 3.82 (m, 1 H, H-8), 3.55 (m, 2 H, H-9a,9b), 2.47 (m, 1 H, H-3a), 2.42 (d, 1 H
Jg.oH S Hz, OH-8), 2.32 (m, 1 H, H-3b), 2.27 (ddd, 1 H, Ja 51 6.5, Jsa 50 12.7, Jsa6 7 Hz, H-5a) and 1.77
(ddd, 1 H, J4,5p 7.1, J5a.50 12.7, J5p6 5.6 Hz, H-5b); 13C NMR (CDCl3): & 138.00 and 137.96 (2 C quat.
arom.), 134.54 (C-2), 128.40, 128.39, 127.75, 127.70 and 127.61 (10 C arom.), 117.14 (C-1), 82.95 (C-7),
80.41 (C-6), 78.63 (C-4), 73.43 and 71.72 (2 CH2Ph), 71.96 (C-9), 70.86 (C-8), 40.29 (C-3) and 37.24 (C-5).
Anal. Calcd for Cp3H,804: C, 74.97; H, 7.66. Found: C, 75.18; H, 7.81.

Then was eluted syrupy 22 (20 mg, 12%); [a]p +31 (¢ 0.73, CHCI3). 'H NMR (CDCl3): & 7.38-7.26 (m,

10 H, 2 Ph), 5.76 (m, 1 H, H-2), 5.08-5.01 (m, 2 H, H-1a,1b), 4.58 (m, 4 H, 2 CH2Ph), 4.07 (ddd, 1 H, Js536

10.5, Jsp6 4.1, Jo7 9 Hz, H-6), 400 (m, 1 H, H-7), 3.84-3.68 (m, 4 H, H-489a9b), 2.46 (d, 1 H, Jz3on
4.2 Hz, OH-8), 2.44 (m, 1 H, H-3a), 2.20 (m, 1 H, H-3b), 2.07 (ddd, 1 H, J4 52 5.5, Jsa 50 13.3, Jsa6 10.5
Ty YY ™ 31 2 ™ 111 ¥y ¥ -~ 4 E e T b 4 A 1 ¥Y Y e

Z, n-5a) and 1.0/ (dadq, 1 H, J4.5b 3.0, J53,5b 13.3, J5p,6 4.1 HZ, H-DD).

4,7-Anhydro-6-O-benzyl-1,2,3,5-tetradeoxy-D-galacto-non- 1-enitol (2 3).

Trimethylsilyl trifluoromethanesulfonate (128 uL, 0.71 mmol) was added to a solution of 11 (250 mg, 0.71
mmol) and allyltrimethylsilane (467 uL., 2.94 mmol) in dry propionitrile (5 mL) at -93°C under nitrogen. The
mixture was slowly warmed to -10°C, then poured into saturated aqueous NaHCO3. The solution was extracted
with dichloromethane and the extract was dried (MgSQy), then concentrated. The residue was purified by flash
chromatography (dic :hloromethane—ethyl acetate, 1:1) to give 23 (120 mg, 61%); [alp -14 (¢ 1, CHCl3). 19

ARG E I Al y (QILINLIUV wiildl LA, 2.1 0 Ve L0 L4 2RE, Vi A, diNei)

NMR (CDCl3): & 7.37-7.27 (m, 5 H, Ph), 5.82-5.73 (m, 1 H, H-2), 5.13-5.05 (m, 2 H, H-1a,1b), 4.52 (m, 2

H, \,ngh) 4.16 (ddd, 1 H, J5a6 7.9, Jsb 6 6.1, J67 5.2 Hz, H-6), 4.14 (dddd, 1 H, J3a4 6.7, J3b4 6.9, J45a
7, Ja50 7.4 Hz, H-4),3.97 (dd, 1 H, Jg 7 5.2, J2 8 3.9 Hz, H-7), 3.70 (m, 2 H, H-9a,9b), 3.66 (m, 1 H, H-

8), 2.78 (d, 1 H, Jg on 6.7 Hz, OH-8), 2.68 (dd, 1 H, Joa, 01 5.2, Jop,on 7-1 Hz, OH-9), 2.45 (m, 1 H, H-3a),
2.34 (m, 1 H, H-3b), 2.28 (ddd, 1 H, J4532 5.7, J5a,5p 12.6, J536 7.9 Hz, H-5a) and 1.76 (ddd, 1 H, Ja5n 7.4,
J5a.5b 12.6, Jsp 6 6.1 Hz, H-5b). Anal. Calcd for C16H2204: C, 69.04; H, 7.97. Found: C, 69.16; H, 8.12.
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1,6-Anhydro-3-O-benzyl-2-deoxy-a-D-lyxo-hexofuranose (24).

Trimethylsilyl trifluoromethanesulfonate (49 uL., 0.29 mmol) was added to a solution of 11 (100 mg, 0.29
mmol) and cyanotrimethylsilane (114 pL, 0.86 mmol) in dry propionitrile (1 mL) at -93°C under nitrogen. The
mixture was treated as described for the preparation of 23. Flash chromatography (petroleum ether—ethyl acetate,
1:1) gave 24 (14 mg, 21%). 'H NMR (CDCl3): $ 7.29-7.27 (m, 5 H, Ph), 5.48 (d, 1 H, Jj 2ex0 5.2 Hz, H-1),
4.46 (bs, 2 H, CH,Ph), 432 (bd, 1 H, H-4), 4.27 (dd, 1 H, J2epdo3 7.2, S2ex03 2.8 Hz, H-3), 3.93 (ddd, 1 H,

Ja.5 4.6, J5 gendo 10.2, J5gexo 6.1 Hz, H-5), 3.83 (ddd, 1 H, Ja6exo 1.5, Js6exo 6.1, Jeendogexo 11.2 Hz, H-
Gexo). 2.134dd 1 H Jeenra 102 e .. 112 Hz -Gendn) 22K (d 1 noa m 1A Ty 1 2 T

Jy <. AU, 1 10, JHOENA0 V-4 YOENO0,0€X0 L L4 414, TITURRINYY, L.&0 (UG, 4 a1, v ZEN3T0,LE6X0 LTSy VZENAO, 7ol
IT; TF Mac A~ o d n 1 14 ﬂ 1/ 270 T NG 1T 1T Naval. 1307
nZz, n-<L€ndao) anda 4.0, J2exo0,4 V.0 NZ, n-L€X0), -

2
NMR (CDCl3): 8 138.13 (C
(C-4), 75.91 (C-3), 71.64 (CH,Ph), 64.20 (C- 6) 63.01 (C 5) and 38.75 (C -2); MS (CI NH4*): m/z 254
(M+18).

2,5-Anhydro-4,7-di-O-benzyl-1,3-dideoxy- 1-C-phenyl-D-lyxo-hept-1-enitol (E26 and Z27).
A mixture of triphenylphosphonium tetrafluoroborate (385 mg, 1.1 mmol) and 8 (326 mg, 1 mmol) in dry
acetonitrile (20 mL) was stirred under nitrogen for 2 h at 0°C, then overnight at room temperature. The solution

was concentrated and the residue was thoroughlv dried under o vacuum to eive the crude nhosphonium salt
vas concentrated ang the resique was thoroughly aried under good vacuum 1o give the crude panosphomum salt
AE 1L NMD /TN 8 4 NR Fm T 7 797 111y 219 amd D 28 /7 1 D LT LI M2 Mk
@49, "TIINMIR(LL3UL} 0 O.US (M, 1 11, 27 ~ 2/ 11Z, 11-1), 3.1 aid £.533 (2 I, 2 11, 1n-28,20).
™ . 18 o Y s 1 ~ LR 1 £ M oy q Nt 3 PP
n'bu[yllltﬂlum (l O v nexane 1 48 mL 2.4 mmoi) was a(me(l ioa Somuon O 2a5(/11 ing) in dry ieira-

hydrofuran (10 mL) at -78°C under nitrogen. The red solution was stirred for 30 min at -78°C. A solution of
benzaldehyde (0.12 mL, 1.18 mmol) in dry tetrahydrofuran (5 mL) was then added and the resulting yellow
mixture was slowly warmed to room temperature within 270 min. 25% Aqueous ammonium acetate (10 mL) was
added and the mixture was extracted with ether. The extract was dried (MgSO4) and concentrated. The residue
was purified by flash chromatography (petroleum ether—ethyl acetate, 4:1 with 1% triethylamine) to give a 42:58
mixture of 26 and 27 (275 mg, 66%). Further chromatography gave first syrupy 26; Ry 0.35 (petroleum cther—

ile, 111 ©

ethyl acetate, 7:3). 1H NMR (CgDg): 8 7.69 (d, 2 H, J 7 Hz, CgH3H-0H-0’C=H), 7.28-7.09 (m, 13 H, Ph),

o YaiN 12, v 7 234, GG LEr =11 VS Raay, Al da,

A?
J
513 (s, 1 H, H-5), 474 (bs, 1 H, H-1), 428 and 4.11 (2 m, 4 H, 2 CH,Ph), 3.57 (dd, 1 H, Js7a 5.2, J6,7b
7 L PR AN ’\’) 1T -~ T

.9 Hz, hO) 3.51 (dd, 1 H, J3a4 2.1, J3b,4 6.7 Hz, H-4), 3.34 (dd, 1 H, J67a 5.2, J7a76 5.2 Hz, H-7a), 3.30
1.5

J' 3a3b 12.8, J354 2.1 Hz, H-3a) and 1.82

(dd, 1 H, J675 7.9, J7a76 9.2 Hz, H-7b), 2.06 (ddd, 1 H, J;3a
(dd, 1 H, J3,3p 12.8, J3p 4 6.7 Hz, H-3b).

The last fractions gave syrupy 27; R 0.29 (petroleum ether—ethyl acetate, 7:3). 1H NMR (CgDg): & 7.56
(d, 2 H, J7 Hz, CgH3H-0H-0’C=H), 7.28-7.09 (m, 13 H, Ph), 5.11 (s, 1 H, H-5), 471 (s, 1 H, H-1), 4.27
and 4.08 (2 m, 4 H, 2 CHPh), 3.51 (dd, 1 H, Je7a 5.1, Js 7 7.9 Hz, H-6), 3.49 (dd, 1 H, J324 3, J3p4 5.9
Hz, H-4),3.32 (dd, 1 H, Jg7a 5.1, J7a76 9.3 Hz, H-7a), 3.27 (dd, 1 H, Jg 7 7.9, J7a. 7% 9.3 Hz, H-7b) and
1.80 (m, 2 H, H-3a3b).

4,7-Anhydro-6,9-di-O-benzyl-1,2,3,5-tetradeoxy-2-C-methyl-D-lyxo-non-3-enitol (E28 and Z 29).

A solution of crude 25 (711 mg) in dry tetrahydrofuran (10 mL) was treated with n-butyllithium (1.6 M in
hexane, 1.48 mL, 2.4 mmol), then isobutyraidehyde (0.46 mL, 5 mmol) in dry tetrahydrofuran (10 mL) as
described for the preparation of 26 and 27. Flash chromatography (petroleum ether—ethyl acetate, 4:1) gave a

43:57 mixture of 28 and 29 (118 mg, 31%). Further chromatography gave first syrupy 29; Ry 0.46 (petroleum



ether—ethyl acetate, 7:3). iH NMR (CeDg): 8 7.25-7.06 (m, 10 H, 2 Ph), 4.68 (s, 1 H, H-7), 4.24 and 4.15 (2
m, 4 H, 2 CH,Ph), 3.77 (d, 1 H, J23 5.1 Hz, H-3), 3.57-3.52 (m, 2 H, H-6,8), 3.31 (dd, 1 H, Jg9a 5.1, Joa 9p
9.2 Hz, H-%a), 3.27 (dd, 1 H, Jggp 8.6, Jo, 0p 9.2 Hz, H-9b), 2.06-1.97 (m, 2 H, H-2,5a), 1.95 (dd, 1 H,
J5a5b 13.2, J5p6 6.6 Hz, H-5b) and 1.16 and 1.10(2 d, 6 H, J 6.6 Hz, 2 Me).

The last fractions gave syrupy 28; Rf 0.40 (petroleum ether—ethyl acetate, 7:3). 1H NMR (CgDg): 5 7.26-
7.06 (m, 10 H, 2 Ph), 4.67 (s, 1 H, H-7), 426 and 420 (2d, 2 H, J 11.7 Hz, CH,Ph), 4.17 and 4.12 (2 d, 2
H, J11.7 Hz, CH,Ph), 3.83 (dd, 1 H, J3 4.6, J3 5p 1.5 Hz, H-3), 3.53 (dd, 1 H, J556 6.6, J5p 6 2 Hz, H-6),

3.50(dd, 1 H, Jgga 5.1, Jgop 8.1 Hz, H-8), 3.28 (dd, 1 H, Jgoa 5.1, Joaop 9.2 Hz, H-9a), 3.24 (dd, 1 H,
- — pu | e "~~~ r 17 iy )i
Jg.ob 8.1, Joaop 9.2 Hz, H-9b), 1.56 (dd, 1 H, Js53,50 12.7 y é g H, J L J
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