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A FULLY SYNTHETIC ROUTE TO THE PAPULACANDINS. STEREO- 
SPECIFIC SPIROACETALIZATION OF A C-l-ARYLATED METHYL 
GLYCOSIDE* 

SAMUEL D.UIWJEFS Y, OARY PliulFs.Mm MARCO CnJFoLlNI 

Depamml of chtmiq, Yak univmity, New Hmtm, cwvvclieut 06.711 (U.S.A.) 

(Rccchd April 22ad, 1986, accqted for publication, June 9tb, 19E6) 

Lewis acid-catalyxed, hetero Diels-Alder reaction of (E)-l-methoxy-3-tri- 
methylsilyloxy-1,3-butadiene with 6benxoyloxymethyl-2,4dibenxyloxy benxal- 
dehyde afforded 2-(6-benxoyloxymethyl-2,4-dibenxyloxyphenyl)-2,3-dihydro-4~- 
pyran4one. This was converted into a derivative of papulacandin D by a stereo- 
specific, spiroacetalixation of a Cl methoxylated aryl glycoside, [3,5-dibenxoyloxy- 
(methyl 3-0-acetyl-4,6di-U-benzoyl-~~-~u~p~n~d-l-yl~henyl]me~yl ben- 
xoate. 

INTRODUCTION 

Papulacandins A-D are antibiotics which were isolated from a strain of 
Populmia s@aeroirPcr9nfz1. The papulacandins inhibit the biosynthesis of a Dghtcan 
in yeast spheroplasts. The mechanism of action of papulacandins B in the fungus 
&o&hum k&us has been traced to its inhibition of the enxyme (1-33)$&D- 
glucansynthase2. The four antibiotics share several structural themes. A common 
feature is the spiroacetal type of engagement of a ~-glucose residue with 5-hydroxy- 
methyl resorcinol. The C-/9g,lycosyl bond joining the ~glucosyl residue to OH4 of 
the resorcinol residue is a most provocative challenge from the synthetic 
standpoint+. 

Another common feature is the presence of a long-chain fatty acyl group at 
OH-3 of the ~-glucose residue. The presence of this type of group is apparently 
crucial to biological activity*. In the A, B, and C isomers, the OH4 of the ~-glucose 
residue is also linked to a @-D-galactopyranosyl group, OH-6 of which is acylated 
with a “short” [C&(O)] trienoyl residue. The D-galactosyl and “short” acyl groups 
are apparently not crucial for enxymic inhibition, but might well play a role in 
promoting transport to the active system *. The configurations of the stereogenic 
centers within the long acyl chain are not known in either the absolute or the 

‘Tbllresesreb wss !nlpportedby Pm Grant I-ILP25848. 
+For an example of a synthesis of an arylated glycoside. see ref. 3. 

ooo8-6215/s7/$03.50 Q 1987 Elsevier !kiencc Publishers B.V. 
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relative sense. These uncertainties further complicate the goal of a total synthesis 
of any of the “intact” antibiotics. 

We have engaged in various studies directed towards the synthesis of complex 
monosaccharides4v5. Many of these compounds possess antibiotic activity and per- 
form important bioregulatory missions. As part of this program, we have initiated 
some synthetic investigations in the papulacandin area. In this report, we describe 
a fully synthetic route to the desheptadecanoyl monosaccharide version of 
papulacandin D, characterized as its hexaacetyl derivative 28. 

An obvious route to the papulacandins would involve coupling of a suitably 
protected derivative of D-glucose, such as 1, with a suitably protected organo- 
metallic compound 2. The challenges in such an approach would lie in developing 
good accesses to the subunits, and in achieving the coupling of the extensively 
functionalized and possibly hindered components. Of course, the precise nature of 
X and even the oxidation level of the formal structure 1 are deliberately left un- 
specified. Some early explorations of such an approach were not encouraging*. 
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*The aromatic moiety has been metallated and treated with carbon dioxide6. Attempts at reacting the 
aryllithium moiety with pertrlmethylalylated glucunolactone gave starting material. Some other 
potential approaches which were not followed are implied in the work of Eade and Pham’. 
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The approach which we decided to follow was radically different in that it 
contemplated fashioning, by total synthesis, a dihydropymne of the type 8. System 
8 would be transformed to an intermediate such as 9. Oxidation of the double bond 
(in the desired stereochemical sense at G2), followed by unveiling of the benzyl 
alcohol in the aromatic segment, would set the stage for spiroacetalization to 
produce 9*. The plan relied on the supposition that the stereochemical result of the 
spiroacetalization would be governed, at least at the thermodynamic level, by the 
anomeric effect3. In this way, the configuration at Cl would conform to that 
required. Another central element of the projected route was the expectation that 
the dihydropyrone 8 would be accessible via a Lewis acid-catalyzed, hetero Diels- 
Alder reaction of a suitable benzaldehyde derivative 7 with the parent aan~-l- 
methoxy-3-trimethylsilyloxydiene (6). The first phase of our inquiry concerned 
itself with the preparation of the required benzaldehyde and with the hetero Diels 
Alder reactiong. 

RESJLTs AND DISCUSSION 

Commercially available 3,Sdihydroxybenzoic acid was converted into the 
methyl ester 10. Bisbenzylation afforded Xl, which upon reduction with lithium 
aluminum hydride gave rise 12 in 94% yield. Conversion of this compound into its 
benzoate derivative Xi set the stage for introduction of the crucial aldehyde func 
tion by means of a Villsmeier transformation. The key building block 14 was ob- 
tained in 66% yield. 

Cyclocondensation of 14 with diene 6 occur& under catalysS” by Yb(fod),. 
The reaction, which took place at 55“ in cH)chloroform over -3 days, required 
only -2 mol of catalyst /lo0 of the limiting reactant 14. The yield of apparently 
homogeneous pyrone l!!, obtained initially as yellow syrup, was 92%. 
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The product of the treatment of vinylmagnesium bromide in oxolane~& 
methyl suKde with ~uprou2 iodide reacted with pyrone 15 to afford, after workup, 
a 70% yield of the tetrahydropyrone 16. The vinyl group was to serve as the 

*For a recent synthesis of phylIanthocin based oo a similar aterco~edfic spimacetalization, see ref. 8. 
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precursor of the hydroxymethyl function (i.e., C-6 of the C-l arylated D-glycosyl 
residue). Clearly, it would be advantageous if the kinetically produced enolate 
resulting from the vinylation could be exploited for introduction of the C-4 oxygen 
function. While we have not studied the matter exhaustively, several attempts to 
achieve this result by use of benxoyl peroxide as the direct trapping agent produced 
only modest and irreproducible yields of the corresponding beuxoyloxyketone 17*. 
Since we now know that the later steps of the synthesis can, in fact, be executed 
quite efficiently, and since the introduction of this function from the pyranone, in 
the absence of this kinetic predisposition, was far from satisfactory (via%? infiu), the 
advantages of oxidative trapping of the kinetically produced enolate from the 
vinylation of l5 are, in retrospect, apparent. 

At this juncture, degradation of the vinyl group to the required C-l fragment 
was undertaken. Oxidation of 16 with osmium tetraoxide-sodium metaperiodate 
produced a very unstable ketoaldehyde, which was immediately treated with 
lithium tris(3-ethyl-3-pentyloxyaluminum)hydride13, The expected selective 
reduction of the aldehyde function was accomplished. Benxoylation of the primary 
alcohol afforded a 59% overall yield of 19. 

The next objective became the installation of the oxygen function at C-4. 
Reaction of ketone 20 with hexamethyldisilazine in the presence of iodotrimethyl- 
silane14 afforded a two-component mixture of what was assumed to be the isomeric 
silylenol ethers 21. This surmise could not be verified, since the gross n.m.r. 
spectral features of the two components of this unresolved mixture are quite 
similar. Rather, the crude material was subjected to the action of 4-chloroperoxy- 
benzoic acid”. Subsequent treatment with methanol, and then with benzoyl 
chloride in pyridine, afforded the desired benzoyloxyketone 22, though only in 
poor yield. Also isolated from the complex reaction mixture was a comparable 
quantity of an isomeric product of uncertain structure + * . 

Treatment of presumed 22 with lithium hexamethyldisilazide, followed by 
quenching of the reaction with chlorotrimethylsilane, gave a silylenol ether which, 
in crude form, was subjeced to the action of palladium(I1) acetate in acetonitrile’s 
to give, in 78% yield, enone 23. Reduction, followed by acetylation, afforded the 
pseudoequatorial acetate 25. Oxidation with 3-chloroperoxybenzoic acid in 
methanol gave the methoxyhydrin 26 having the &co, rather than manrur. con- 
figuration at C-2 (ref. 17). 

The final phase of the synthesis began with cleavage of all the acyl groups 
(with methanolic sodium hydroxide). Treatment of the presumed compound 27 
with methanolic hydrogen chloride achieved spiroacetalixation. The resultant 
product was acetylated and subjected to debenzylation by hydrogenolysis in the 
presence of palladium(I1) hydroxide *a. Further acetylation afforded the racemic 
hexaacetate 28. The same compound, in optically active form, was obtained as 
described from papulacandin D (4) hydrolysis and acetylation. The chromato- 

*For a review on cuprate trapping reactions, see ref. 11; cf- ia., ref. 12. 
**It is not clear at this time whether the compound obtained was a regioisomer or a stereoisomer. 
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graphic mobility, i.r. and high-field n.m.r. spectra of the synthetic and naturally 
derived specimens were identical. 

In summary, the basis for a synthetic attack on the papulacandins has been 
established. The spiroacetalization of the Cl arylated methyl glycoside using a 
properly placed benzyl alcohol group has been shown to be viable and stereo- 
selective in the required sense. To achieve a practically useful synthesis would 
require the attainment of major improvements in going from 14 to 23, or the 
development of a new route to the late intermediates (cJ, 23-26). 
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General methods. -Melting points were determined with a Thomas-Hoover 
melting point apparatus and are uncorrected. 1.r. spectra were recorded with a 
Perkin-Elmer spectrophotometer 710 Band 1420. ‘H-N.m.r. spectra were recorded 
with a Varian EM-390 (90 MHz) or Bruker WA6250 (250 MHz) spectrometer. 
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Mass spectra were obtained with a Hewlett-Packard 5985 spectrometer. High- 
resolution, exact masses and chemical-ionization mass spectra were obtained with 
a Kratos MS 80 RPA spectrometer. Reagents and solvents were purified and dried 
by standard methods and all reactions were run under a nitrogen atmosphere. 
Elemental analyses were performed by Galbraith Laboratories, Inc., Knoxville, 
Tennessee. 

6-Benwyloxymethyl-2,4-dibenzyloxybenzaldehyde (14). - 3,5Dihydroxy- 
benxoic acid (11.7 g, 75.9 mmol) was dissolved in methanol (100 mL) and con- 
centrated H,SO, (0.2 mL) added. After refluxing for 17 h, the methanol was 
evaporated and the residue (10) was dissolved in acetone (100 mL). Benxyl 
bromide (29 g, 0.17 mmol) and K&O, (23 g, 0.17 mmol) were added. After heating 
under reflux for 6 h, additional portions of benxyl bromide (2.9 g, 17 mmol) and 
K&O3 (2.0 g, 14 mmol) were added. After stirring for another 10 h, the solid 
material was filtered off and washed with ether. The solvent was removed in vucuo 
to give methyl 5,5-dibenxyloxybenzoate (XI; 25.9 g), m.p. 65-66”; CQ 3020,1720, 
1600,1300, and 1160 cm-l; ‘H-n.m.r. (90 MHz, CDCl,): S (7.s7.0 (m, 12 H), 6.70 
(t, 1 H, J 3 Hz), 4.% (s, 4 H), and 3.66 (s, 3 H); m.s.: m/z (%) 347 (M+, 33), 181 
(26), and 91(100). Thi s material was used in the next experiment. 

A slurry d lithium aluminum hydride (3.0 g, 79 mmol) in ether (200 mL) was 
prepared under N, and cooled to 0”. Crude Xl (25.9 g, 74 mmol) was added in 
portions and, after the addition was completed, stirring was continued for 2 h. 
Water (3 mL), 15% aqueous NaOH (3 mL), and water (9 ML) were added and the 
solid material was filtered off. Removal of the solvent in vucuo gave 3,5dibenzoyl- 
oxybenzyl alcohol (12; 22.4 g, 95%) as a white solid, m.p. 73-77”; p_“a 3610,2920, 
1600, and 1160 cm-l; ‘H-n.m.r. (90 MHz, CDCl,): S 7.3 (m, 10 H), 6.5 (m, 3 H, 
4.91 (s, 4H), 4.45 @r. s, 2 H), and 2.4 (br., 1 H); m.s.: m/z(%) 320 (M+, 72), 181 
(36), and 91(100). Compound U was used in the next experiment without further 
puriilcation. Crude 12 (22.4 g, 70 mmol) was dissolved in dichloromethane (100 
mL) and the solution cooled to 0”. Triethylamine (11 g, 0.11 mmol) and benxoyl 
chloride (11 g, 77 mmol) were added and the mixture was stirred for 1 h, at which 
time it was washed with M HCl, saturated NaHC03, and NaCl solution, dried 
(MgSOd, and the solvent removed to give (3,5dibenxoyloxyphenyl)methyl 
benxoate (W; 29.5 g, 100%) as a white solid, m.p. 67-73“; ea 3010, 1715, 1595, 
1270, and 1155 cm-l; ‘H-n.m.r. (90 MI-Ix, CDCl,): 8 8.08 (dd, 2 H, J 8.2 Hz), 
7.6-7.2 (m, 13 H), 6.69 (d, 2 H, J2 Hz), 6.60 (+, 1 H, 52 Hz), 5.28 (s, 2 H), and 
5.03 (s, 4 H); m.8.: m/z (%) 24 (M+, 6), 181 (ll), 105 (16), and 91 (100). This 
material was used in the next experiment without further purification. 

To a flame-dried flask under Nz was added N,N-dimethylformamide (30 mL) 
and freshly distilled POCl, (21 g, 0.14 mol) at 0”. After being warmed to room 
temperature, the mixture was transferred to a flask containing W (29.5 g, 70 mmol) , 
dissolved in N,N-dimethyIformamide (50 mL). After being stirred for 2.5 h at 97, 
the mixture was poured into ice-water and extracted with ethyl acetate. The or- 
ganic layer was separated, washed with water and NaCl solution, dried (MgSO,), 
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and most Of the solvent removed in vucuo. Ethyl ether was added and the resulting 
brown solid (20.9 g, 66%) was filtered off and used without further pmitication, 
m.p. 96-98”; fl-a 3040,1725, 1675, 1605,1580,1280, and 1160 cm-l; *H-n.m.r. 
(90 MHx, CDC&): 8 10.61 (s, 1 H), 8.08 (dd, 2 H, J 8,2 Hz), 7.6-7.2 (m, 13 H), 
6.74 (d, 1 H, J 2 Hz), 6.58 (d, 1 H, J 2 Hz), 5.79 (s, 2 H), 5.12 (s, 2 H), and 5.06 
(s, 2 W; m-8.: m/z (%) 452 (hi+, 9), 347 (63), 330 (W), 105 (19), arid 91 (100). 

Ad. Cak. for C-&&O+ C, 76.97; H, 5.34. Found: C, 77.03; H, 5.51. 
Cyciocondensatbn of akiehydc 14 with diene 6. -2-(6-Benwyloxymethyl-2,4- 

dibmty~yphharyi))svinyr-2,3-dilrydro-4H- (16). To a shury of the 
aldehyde 14 (4.42 g, 9.98 mmol) in CDCls (U mL) under N,, were added the diene 
6 (2.0 g, 12 mmol) and Yb(fod), (204 mg, 0.19 mmol), and the mixture was heated 
at 55”. After 14 h, more diene 6 (0.44 g, 2.6 mmol) was added and, after 1 day, 
another portion (0.53 g, 3.1 mmol). After being heated for another 2 days, the 
mixture was cooled to room temperature and trifluoroacetic acid (0.5 mL) was 
added. After &ring for 10 min, the volatiles were removed and the residue 
chromatographed on silica gel (80 g) with 3:l hexane-ethyl acetate, to give 2-(6- 
benxoyloxymethyl-2,4-dibenxyloxyphenyl)-2,3-dihydro-4H-pyran-4-one (W; 4.69 
g, 92%) as a yellow syrup, e 3010, 1715,1670,1595, and 1270 cm-l; ‘H-n.m.r. 
(250 MHZ, CDCQ: 8 8.W (dd, 2 H, J 2,8 Hi), 7.7-7.3 (m, 14 H), 6.80 (d, 1 H, J 
2.4 Hz), 6.67 (d, 1 H, J2.4 Hx), 6.03 (dd, 1 H, J 15.4,3.7 Hx), 5.57 (d, 1 H, J 12.9 
)Iz),5.48(dd,1H,J6.1,1Hz),5.42(d,1H,J12.9Hz),5.11(d,1H,J11.9Hz), 
5.07 (s,.2 H), 5.06 (d, 1 H, J 11.7 Hz), 3.48 (dd, 1 H, J 17.2, 15.4 Hz), and 2.52 
(ddd, 1 H, J 1,3.7,17.2 Hz); m.s.: m/z (%), 520 (M+, 9), 398 (44), 307 (63), 237 
(%), and 91(1(B). 

To a flame-dried flask under N, was added CuI (2.564 g, 13.5 mmol), oxolane 
(25 mL), and dimtiyl sulfide (3.3 g, 51 mmol). The clear colorless solution was 
cooled to -78”, and vinylmagnesium bromide (27 mL of a M solution in oxolane 
(27 mmol)) was ad&d. The dihydropyrone I5 (3.47 g, 6.7 nimol) was added in 
oxolane (20 mL), and the mixture stirred for 1.5 h. Ether and saturated NH&I 
were added, the organic layer was separated, washed with 9: 1 NH&l-NH,OH and 
NaCl solution, dried (MgSOJ, and the solvent removed. Chromatography on silica 
gel (90 g) with 2:l hexantithyl acetate gave 16 (2.57 g, 70%) as a white solid, 
m.p. 115-117”; EQ 3005,1715,1605,1270, and 1150 cm-l; IH-n.m.r. (250 MHx, 
CDCI,): 88.04(dd,2H,J2,8Hx),7.6-7.2(m, 13H),6.76(d, lH,J2.4Hz),6.59 
(d, 1 H, J 2.4 Hx), 5.90 (ddd, 1 H, J 4.4,10.9,17.5 Hz), 5.73 (d, 1 H, J 12.9 Hz), 
5.64 (dd, 1 H, J3.9,10.4 Hz), 5.43 (d, 1 H, J 12.9 Hz), 5.35.1 (m, 2 H), 5.05 (d, 
1 H, J 12.1 Hz), 5.00 (s, 2 H), 4.99 (d, 1 H, J 12.1 Hz), 4.85 (m, 1 I-I), 3.13 (dd, 1 
H,J10.4,15.2Hz),2.70(dd,1H,J6.3,15.1Hz),and2.4-2.7(m,2H);m.s.:m/z 
(%) 548 (M+, 4), 426 (36), 357 (46), 335 (90), and 91(100). 

Anal. Calc. for C&=0,: C, 76.62; H, 5.87. Found: C, 76.94; H, 5.80. 
trans-S-Be~y~~-6-~~y~~yZ-2-(6-b4~- 

zylox@1enyl)-2,3,5,6-tetmhydro4H-~4one (22). - The viny@yraua~ 16 
(l.O4g, l.9mmol)wasdissolvedin1,4-dioxane(22mL)andwater(7mL& Osmium 
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tetraoxide (0.5 mL of a 10 mg/mL solution in oxolane, 0.02 mmol) and NaIO, (1.34 
g, 6.2 mmol) were added, and the mixture was stirred for 20 h. Water was added, 
and the mixture was stirred for 20 h. Water was added, and the mixture extracted 
with ether, the organic layer washed with water and NaCl solution, dried (MgSO,), 
and most of the solvent removed in vacua. 

The crude aldehyde 18 was dissolved in oxolane (25 mL) under N, and cooled 
to -78”. Lithium tris(3-ethyl-3-pentyloxy)aluminum hydride (11 mL of a 0.57~ 
solution in oxolane, 6.3 mmol) was added. After stirring for 2 h, the reaction was 
quenched with ethyl acetate and M HCl. The organic layer was washed with NaCl 
solution, dried (Na$O,), and the solvent removed in vucuo. Chromatography on 
silica gel (20 g) with 2:l hexane-zthyl acetate gave 6benzoyloxymethyl-2-(6ben- 
zoylo~ethyl-2,~dibenzyloxyphenyl)-2,3,5,6-tetrahydro-4H-pyran-4-one (UI) as 
a white foam (730 mg, 59%); pUa 3020, 3000, 1740, 1720, 1600, and 1270 cm-‘; 
lH-n.m.r. (250 MHz, CDCl,): S 8.03 (dd, 2 H, J 2,s HZ), 7.98 (dd, 2 H, J 2,s Hz), 
7.7-7.3 (m, 16 H), 6.77 (d, 1 H, J 2.4 Hz), 6.59 (d, 1 H, J 2.4 HZ), 5.85 (dd, 1 H, 
J5Z7.9 Hz), 5.62 (d, 1 H, J 12.9 Hz), 5.48 (d, 1 H, J 12.9 Hz), 5.03 (s, 2 H), 5.02 
(s,2H),4.64.3(m,3H),3.17(dd, lH,J7.9,16.0Hz),2.70(dd,lH,J5.2,16.0 
Hz), 2.6 (m, 1 H), and 2.53 (dd, 1 H, J 6,16 Hz). 

The pyranone u) (508 mg, 0.77 mmol) was dissolved in benzene (5 mL) under 
NZ. Hexamethyldisilazane (0.18 g, 1.1 mmol) and iodotrimethylsilane (6.17 g, 0.8 
mmol) were added. The slurry was stirred for 40 min and the solvent removed in 
vucuo. The mixture was filtered through a plug of silica gel with 2: 1 hexane-ethyl 
acetate and the solvent removed in vacua to give two compounds (see 21) as a 2: 1 
mixture. The crude material was dissolved in benzene (5 mL), 3-chloroperbenzoic 
acid (171 mg, 1 mmol) added, and the mixture stirred for 30 min. The solvent was 
removed in vacua, the gummy residue dissolved in methanol (2 m.L) and oxolane 
(1 mL), and the solution stirred for 6 h. The solvent was removed in vucuo, the 
gum was dissolved in ethyl acetate, the solution washed with aqueous NaHCO, and 
NaCl, dried (Na$03, and the solvent removed in vucuo. Chromatography on 
silica gel (20 g) with 2: 1 hexane-ethyl acetate gave a 1: 1 mixture (240 mg) of two 
products which were dissolved in pyridine (1 mL) and benzoyl chloride (72 mg, 0.5 
mmol). After being stirred for 2 h, the slurry was dissolved in ethyl acetate and 
washed with M HCl, saturated NaHCOs, and NaCl solution. Medium pressure 
liquid chromatography on silica gel with 5:2 hexane-ethyl acetate gave 22 (99 mg, 
17%), m.p. 154-155”; ezb 3010, 1730, 1715, 1600, and 1265 cm-‘; ‘H-n.m.r. 
(CDCl,): S 8.05 (dd, 2 H, J 2,s Hz), 7.95 (dd, 2 H, J 2, 8 Hz), 7.90 (dd, 2 H, J 2, 
8 Hz), 7.7-7.3 (m, 19 H), 6.78 (d, 1 H, J 2.4 Hz), 6.51 (d, 1 H, J 2.4 Hz), 5.91 (t, 
1 H, J 5.4 Hz), 5.78 (d, 1 H, J 9.4 Hz), 5.55 (d, 1 H, J 12.9 Hz), 5.46 (d, 1 H, 12.9 
Hz), 5.16 (d, 1 H, J 14.1 Hz), 5.02 (d, 1 H, J 14.1 Hz), 4.96 (s, 2 H), 4.6-4.4 (m, 
3 H), and 3.16 (d, 2 H, J 5.4 Hz). 

Anal. Calc. for C.,&,O,,: C, 74.26; H, 5.19. Found: C, 74.10; H, 5.29. 
A comparable amount of an unidentified material was also obtained. 
[3,5-Dibenwyloxy-2-(methyl 3-O~etyl-4,6-di-0-benzoyGDL-gl~opyranosid- 
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I-yl)phenyl methyl benwate (261. - To a tlamedried flask under N, was added 
oxolane (2 mL), hexamethyklisilaxane (69 mg, 0.49 mmol), and butyllithium (0.25 
mL of a 1.6~ solution in hexane, 0.4 mmol). After being stirred for 20 min, the 
solution was cooled to -78”, and a solution of 22 (lo5 mg, 0.14 mmol) in oxolane 
(1 mL) and hexamethylphosphoramide (75 mg, 0.42 mmol) was added. To this, 
freshly distilled chlorotrimethylsilane (86 mg, 0.79 mmol) was added and the reaci 
tion was quenched 15 min later with ether and saturated NaHC03. The organic 
layer was separated, washed with water and NaCl solution, dried (Na#O,), and 
the solvent removed in vacuu. To the crude silylenol ether, dissolved in freshly 
distilled acetonitrile (2 mL), was added palladium (II) acetate (47 mg, 0.21 mmol), 
and the mixture stirred for 24 h. The solvent was removed in vucuo and the residue 
chromatographed on silica gel (8 g) with 3: 1 hexane+ethyl acetae to give 3- 
benzoyloxy-2-benzoyloxymethyl-6-(6-benzoyloxymethyl-2,4-dibenzyloxyphenyl)- 
2,3-dihydro4Wpyran-one (23; 82 mg, 78%) which contained -10% of 22; 
e. 3010,1720,1680,1600, and 1265 cm-l; ‘H-n.m.r. (250 MI-Ix, CDCI,): S8.2- 
8.0 (m, 6 H), 7.7-7.3 (m, 19 H), 6.77 (d, 1 H, J2.0 I-Ix), 6.61 (d, 1 H, J2.0 Hz), 
6.01 (d, 1 H, J 12.8 Hz), 5.83 (s, 1 H), 5.47 (d, 1 H, J 12.8 Hz), 5.38 (d, 1 H, J12.8 
Hz), 5.08 (s, 2 H), 5.06 (s, 2 H), 5.0 (m, 1 H), 4.72 (dd, 1 H, J2.4,12.7 I-Ix), 4.54 
(dd, 1 H, J 48, 12.7 Hz); m.s.c.i.: m/z (%) 775 @I+ + 1, 12), 244 (14), 140 (60), 
105 (lOtI), and 80 (69). 

Compound 23 (82 mg, 0.11 mmol) was dissolved in oxolane (3 mL) under N2 
the solution cooled to -78”, diisobutyl aluminum hydride (0.6 mL of a M solution 
in hexane, 0.6 mmol) added, and the mixture stirred for 1 h. Some starting material 
remained and more diisobutyl aluminum hydride (0.5 mL of a M solution in hexane, 
0.5 mmol) was added. Atter stirring for 1 h, the reaction was quenched with ethyl 
acetate and M HCl. The organic layer was separated, washed with NaCl solution, 
dried (Na#O,), and the solvent removed. The crude residue (24) was dissolved in 
pyridine (0.5 mL) and acetic anhydride (0.05 mL) and the mixture stirred for 10 h. 
The solvent was removed and the residue chromatographed on silica gel (5 g) with 
3: 1 hexaue-ethyl acetate to give [2-(3-acetyl-1,5-anhydro4,6di-0-benxoyl-2- 
deoxy-DL-arabino-hex-l-enit-3-yl)-3,5-dibenzoyloxyphenyl]methyl benxoate (w) 
(49 mg, 56%), =Q 3020, 1740, 1600, and 1270 cm-l; ‘H-n.m.r. (250 MHx, 
CDCI,): S 8.2-7.9 (m, 6 II), 7.67.3 (m, 19 H), 6.75 (d, 1 H, J2.2 Hz), 6.58 (d, 1 
H,J2.2Hx), 5.70 (t, 1 H,J5.5 Hx), 5.62 (t, 1 H,J4Hx), 5.45 (m, 2 H), 5.17 (d, 
1H,J3.7Hz),5.07(s,3H),5.04(s,2H),4.74(m,1H),4.66(dd,1H,J4.1,12.1 
Hz),4.55(dd,lH,J6.1,12.1Hz),and1.94(~,3H);m.s.c.i.(NH,):m/z836(M+ 
+ 18). 

The glycal25 (40 mg, 0.060 mmol) was dissolved in 10: 1 methanol~xolane 
(2 mL) and 3-chloroperoxybenxoic acid (13 mg, 0.07 mmol) was added. The 
mixture was stirred for 2 d, the solvent removed ix vacua, and the residue dissolved 
in ethyl acetate. The solution was washed with 10% NaHC03 and NaCl solution, 
dried (IUa#OJ, and the solvent removed in vucuo. Chromatography on silica gel 
(3 g) with 2: 1 hexanHthy1 acetate gave a mixture (43 mg, 82%) of methyl glyco- 
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sides (26) fl_as 3020,1725, 1605, and 1270 cm-l; ‘H-n.m.r. (250 MHZ, CDCl,): 8 
8.1-7.9 (m, 6 H), 7.7-7.3 (m, 19 H), 6.79 (d, 1 H, J2.3 Hz), 6.63 (d, 1 H, J2.23 
Hz), 5.87 (d, 1 H, J 13.6 Hz), 5.68 (t, 1 H, J9.3 Hz), 5.5 (t, 1 H, 19.2 Hz), 5.44 
(d, 1 H, J 13.6 Hz), 5.07 (m, 2 H), 4.98 (s, 2 H), 4.63 (dd, 1 H, J 1.0, 11.8 Hz), 
4.48 (dd, 1 H, J 4.7, 11.8Hz), 4.3 (m, 1 H), 4.1 (m, 1 H), 3.30 (s, 3 H), and 1.94 
(s, 3 H). 

Conversion of methyl glycosides 26 to spiro[5,7-diacetoxyisobenzofuran-l- 
(3H),l’-(2’~‘,4’,6’-tetra-O-acetyLDL-glycopyru~se) (28). - The mixture 26 (32 
mg, 0.037 mmol) was dissolved in 0.4141 methanolic NaOH (1 mL) and stirred for 5 
h; 1 .l~ methanolic HCl(1 mL) was added, followed by solid NaHCO,. The mate- 
rial was filtered through Na,SO, with chloroform and the solvent removed in vucuo. 
Chromatography on silica gel (1 g) with 9: 1 chloroform-methanol gave a material 
(22 mg) which was dissolved in ethyl acetate (2 mL). Pd(OH)2 on C (4 mg) was 
added and the mixture placed under an atmosphere of Hz. After being stirred for 
5 h, the mixture was filtered through Celite and the solvent removed in vucuo. The 
residue was dissolved in pyridine (0.5 mL) and acetic anhydride (50 ILL), and stirred 
for 7 h. The solvent was removed in vucuo and the residue chromatographed on 
silica gel (1 g) with 1: 1 hexan-thy1 acetate to give 8 mg (38%) hexaacetate 28; 
eac’3 1755, 1380, and 1220 cm-‘; ‘H-n.m.r. (250 MI-Ix, CDCl,): 8 7.01 (d, 1 H, J 
1.8 Hz), 6.93 (d, 1 H, J 1.8 Hz), 5.71 (d, 1 H, J 10 Hz), 5.60 (t, 1 H, J 10 Hx), 5.25 
(t, 1 H, J 10 Hz), 5.2 (m, 2 H), 4.3 (m, 2 H), 4.05 (m, 1 H), 2.41 (s, 3 H), 2.3 (s, 
3 H), 2.07 (s,3 H), 2.06 (s, 3 H, 2.02 (s, 3 H), and 1.80 (s, 3 H); n.s.: m/z (%) 552 
(M+, l), 450 (2), 366 (16), 176 (75), 119 (95), and 91 (100). 

Anal. Calc. for CuH,O,,: Mol.wt. 552.1479. Found: 552.1483. 
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