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Abstract: The enantiomerically pure tricyclic C-arylglucosyl spiroketal nucleus of papulacandin has been synthesized by reaction 
of an appropriately protected gluconolactone 4 with a metalated derivative of 5-(hydroxymethyl)resorcinol (5). In model studies, 
alkyllithium and aryllithium reagents reacted with 6-valerolactone (6) and tetra-O-benzylgluconolactone (9) to afford the expected 
lactols or hydroxy ketones. Furthermore, aryllithium reagent 14a reacted with i5-valerolactone to afford spiroketal 15a. Aryllithium 
reagent 14a reacted with tetra-O-benzylgluconolactone (9) to give a mixture of epimeric spiroketals 16a and 17. More satisfactorily, 
aryllithium reagent 14b reacted with 9 to provide hydroxy ketone 19a which was deprotected and cyclized to afford 16c, the 
C-arylglucosyl spiroketal nucleus of papulacandin. A procedure has been developed for acylation at 0 -3 . 

The papulacandins, a recently discovered class of antifungal 
antibiotics from the fungus Papularia sphaerosperma, were first 
reported in 1976.3a,b On the basis of 1H and 13C N M R char-
acterization,3c,d chemical degradation,36 and X-ray crystallogra
phy,3f papulacandin D was assigned structure 1. The unique 
tricyclic C-arylglucosyl spiroketal nucleus of papulacandin D is 
comprised of a /3-C-glucoside and an a-O-glucoside both formally 
derived from 5-(hydroxymethyl)resorcinol. The 0-3 of the glucose 
moiety in the papulacandins is esterified with an unusual 18-carbon 
branched unsaturated fatty acid. In papulacandins A, B, and C, 
0-4 is substituted as an O-(6-acyl-0-galactoside), but this moiety 
is not essential for biological activity. Chaetiacandin (2), isolated 
more recently from Monochaetia dimorphospora, bears consid
erable resemblance to the papulacandins but lacks the spiroketal 
moiety.4 

Interest in the antibiotic, antifungal, and glucan synthesis in
hibitory properties32,15 of these unique spiro C-alkylated glucosyl 
derivatives has prompted investigations toward synthesis. A total 
synthesis of the racemic C-arylglucosyl spiroketal nucleus of 
papulacandin, featuring a hetero Diels-Alder reaction to form 
the pyran ring of glucose, has been reported.5 A synthesis of the 
optically pure arylglucosyl spiroketal from a protected glucose 
aldehyde and a protected gluconic ester has recently been re
ported.6 

We envisioned that the tricyclic C-/3-arylglucosyl spiroketal 
structural nucleus of the papulacandins (1) would form readily 
by dehydration of lactol 3, which could be synthesized by reaction 
of a suitably protected D-gluconolactone (4) with a metalated 
derivative of 5-(hydroxymethyl)resorcinol (5, Scheme I).1 In this 
concise synthetic scheme, the desired configuration at C-I of the 
glucoside would be controlled by the anomeric effect. 

Nucleophilic addition of organometallics to lactones is a 
well-known reaction.7,8 However, applications to natural product 
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Scheme I 

1, Papulacandin D; R = H 

synthesis have been limited by the tendency for 2 mol of or-
ganometallic to react with the lactone and by hydrogen abstraction 
a to the lactone. Tetra-O-benzylgluconolactone (4, R = Bn), for 
example, reacts readily with several simple aryllithium reagents 
but gives only low yields on reaction with lithiated protected 
5-(hydroxymethyl)resorcinols6 or with (2,6-dimethoxyphenyl)-
lithium.7c Likewise, no product was isolated from the reaction 
between tetra-0-(trimethylsilyl)gluconolactone and aryllithium 
5.5 Accordingly, the success of the synthetic approach depicted 
in Scheme I required detailed attention to conditions for additions 
to lactones as well as a careful consideration of appropriate hy-
droxyl protecting groups. 

As a model, freshly distilled 5-valerolactone (6) reacted with 
methyllithium at -70 0C to afford a 1:4.5 mixture (by NMR in 
CDCl3) of hemiketal 7a and hydroxy ketone 8a9,10 in 60% yield 
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(Scheme II). Similarly, 6-valerolactone reacted with «-butyl-
lithium to give a 1:5 mixture of 7b and 8b8c in 54% yield and with 
phenyllithium to give a 1:10 mixture of 7c and 8c in 89% yield. 
The tautomerization of hydroxy ketones has been discussed 
previously.10 Tetra-O-benzylgluconolactone (9)" reacted with 
rt-butyllithium and phenyllithium to provide a 2.1:1 mixture of 
epimeric hemiketals 10a and Ha and a 2.6:1 mixture of hemiketals 
10b and llb,7d respectively, in nearly quantitative yield. None 
of the tautomeric hydroxy ketones derived from hemiketals 10 
and 11 were detected, suggesting that the benzyloxy groups are 
more favorably accommodated as equatorial substituents on the 
six-membered ring. 

Aryllithium reagents 14a and 14b, appropriate for the synthesis 
of papulacandin, were generated regiospecifically by metal-halogen 
exchange on 2-bromo-3,5-bis(methoxymethoxy)benzyl alcohol 
(13a)12 and the corresponding terf-butyldimethylsilyl ether (13b) 
with n-butyllithium, as shown in Scheme III. 

Slow addition of 5-valerolactone (6) to anion 14a at -78 0C, 
followed by treatment with Dowex 50 resin, afforded the antic
ipated spiroketal 15a in 32% yield (Scheme III). 3,5-Bis(meth-
oxymethoxy)benzyl alcohol was recovered in 68% yield, and no 
deuterium was incorporated into its aromatic ring when the re
action was quenched with D2O. Therefore deprotonation of the 
lactone is a troublesome side reaction in this case. The meth-
oxymethyl protecting groups of 15a were removed with Dowex 
50 to give 15b in excellent yield. 

Aryllithium reagent 14a reacted with tetra-0-benzylglucono-
lactone (9) to afford 14% of desired tricyclic spiroketal papula
candin nucleus, 16a, as shown in Scheme IV. Hydrogenolysis 
of the benzyl protecting groups provided 16b, thus confirming the 
structure of 16a (see below). Side products from reaction of 
lactone 9 with 14a included 14% of epimeric spiroketal 17 and 
50% of conjugated lactone 18,13 which arises from enolate for-

(10) Whiting, J. E.; Edward, J. T. Can. J. Chem. 1971, 49, 3799. Valters, 
R. E.; Flitsch, W. Ring-Chain Tautomerism; Plenum: New York, 1985; pp 
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Soc, Perkin Trans. 1 1977, 2236. Tsuda, Y.; Nunozawa, T.; Yoshimoto, K. 
Chem. Pharm. Bull. 1980, 28, 3223. 
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mation followed by ^-elimination. Attempted equilibration of the 
epimeric mixture of 16a and 17 with camphorsulfonic acid (8 h, 
45 0C) or Dowex 50 resin (3 days, 22 0C) did not affect the ratio. 
Presumably the spiroketal does not open to the corresponding 
oxonium ion under these conditions. 

The presence of the basic alkoxide moiety in 14a was perceived 
to be responsible for the predominance of elimination to 18 and 
for formation of the undesired diastereomer 17. In order to 
overcome these problems, aryllithium reagent 14b, in which the 
benzylic alcohol is protected as a rert-butyldimethylsilyl ether, 
was employed. Tetra-O-benzylgluconolactone (9) reacted with 
14b to give acyclic hydroxy ketone 19a in 42% yield (Scheme IV). 
Only 20% of unsaturated lactone 18 was formed. The silyl ether 
was readily cleaved with tetrabutylammonium fluoride to afford 
19b. Surprisingly, 19b did not dehydrate to 16a spontaneously 
or under a variety of acidic conditions. The stability of related 
acyclic hydroxy ketones, relative to the corresponding lactols, has 
previously been reported.^ As expected, however, hydrogenolysis 
of the O-benzyl protecting groups induced spontaneous cyclization 
of two hydroxyl groups with the ketone, affording tricyclic spi
roketal 16b as the only diastereomer. Removal of the MOM 
protecting groups with Dowex 50 resin afforded the tricyclic 
C-arylglucosyl spiroketal papulacandin nucleus, 16c, the 1H and 
13C NMR spectra of which were identical with those reported for 
16c prepared by degradation of papulacandin.3c'd 

Completion of the synthesis of papulacandin D, the simplest 
congener, requires regioselective esterification of the unique 18-
carbon fatty acid residue to 0-3 of the tricyclic C-arylglucosyl 
spiroketal nucleus. Accordingly, 0-4 and 0-6 of 16b were pro
tected as a benzylidine acetal to give 16d. Treatment of 16d with 
palmitoyl chloride and sodium hydroxide under phase-transfer 
conditions14 gave predominantly 16e esterified at 0-3. Depro-
tection of the hydroxyl and phenol groups afforded the papula
candin D analogue 16f. 

Experimental Section 
2-Bromo-l-[(fcrt-butyldimethylsilyI)oxy]-3,5-bis(methoxymethoxy)-

benzene (13b). 2-Bromo-3,5-bis(methoxymethoxy)benzyl alcohol (13a)'2 

(0.967 g, 3.16 mmol), re«-butyldimethylsilyl chloride (0.571 g, 3.79 
mmol, 120 mol %), and imidazole (0.538 g, 7.9 mmol, 250 mol %) were 
dissolved in DMF (10 mL). After 5 h, the DMF was removed under 
vacuum (60 0C, 0.2 mmHg) to afford a semicrystalline solid. Chro
matography on silica gel 60 with hexane-ethyl acetate (2:1) eluent af
forded 13b (1.12 g, 84% yield): 1H NMR (80 MHz, CDCl3) i 6.95 (2 

(14) Szeja, W. Synthesis 1979, 821. 
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H, d, J = 3), 6.70 (2 H, d, J = 3), 5.16 (2 H, s), 5.10 (2 H, s), 4.72 (2 
H, s), 3.48 (3 H, s), 3.42 (3 H, s), 0.95 (9 H, s), 0.11 (6 H, s); 13C NMR 
(20 MHz, CDCl3) 5 157.4, 153.9, 142.6, 108.5, 103.5, 103.2, 95.2, 94.6, 
64.7, 56.3, 55.9, 25.8, 18.3,-5.4. 

Anal. Calcd for C17H29O5SiBr: C, 48.45; H, 6.94. Found: C, 48.29; 
H, 6.85. 

3',4',5',6'-Tetrahydro-5,7-bis(methoxymethoxy)spiro(isobenzofuran-l-
(3H),2'-[2«]pyran] (15a). Butyllithium (2.45 M, 1.01 mL, 2.48 mmol, 
243 mol %) was added dropwise to a suspension of aryl bromide 13a (371 
mg, 1.21 mmol, 119 mol %) in 15 mL THF at -78 0C. After 30 min 
of stirring, freshly distilled 6-valerolactone (102 mg, 1.02 mmol) in 2 mL 
of THF was added dropwise. After 14 h at -70 0C the reaction was 
quenched with water and extracted three times with diethyl ether, and 
the organic layers were dried over potassium carbonate. Chromatogra
phy of the crude product on silica gel 60 with hexane-ethyl acetate 
(50:50) eluent afforded 15a (101 mg, 32% yield): MS m/e (relative 
intensity) 310 (50, M+), 265 (94), 251 (95), 221 (100), 192 (97); IR 
(neat) 2940, 2860, 1610, 1100, 102OCm-VHNMROOOMHz1CDCl3) 
h 6.70 (1 H, d, J = 1.7), 6.58 (1 H, d, J = 1.7), 5.31 (1 H, m), 5.18 (1 
H, m), 5.15 (2 H, s), 5.10 (2 H, s), 4.07 (1 H, m), 3.80 (1 H, m), 3.52 
(3 H, s), 3.47 (3 H, s), 2.65 (2 H, m), 2.0-1.8 (4 H, m); 13C NMR (20 
MHz, CDCl3) 6 159.5, 152.9, 143.5, 123.5, 108.4, 102.9, 101.5, 94.6, 
94.2, 71.0, 63.1, 56.2, 55.9, 32.7, 25.1, 19.5. 

Anal. Calcd for C16H22O6: C, 61.93; H, 7.14. Found: C, 61.38; H, 
7.36. 

3',4',5',6'-Tetrahydrospiro(isobenzofuran-l(3/f),2'-[2//]pyran>5,7-diol 
(15b). Dowex 50X4 resin (13 mg) was added to a solution of 15a (50 
mg, 0.161 mmol) in methanol (2 mL). After 3 h at 55 0C, the mixture 
was filtered, and the filtrate was concentrated to afford 15a as an oil (35 
mg, 98% yield): 1H NMR (80 MHz, D2O) 5 6.6 (1 H, d), 6.35 (1 H, 
d), 5.25 (2 H, m), 4.05 (1 H, m), 3.70 (1 H, m), 2.65 (2 H, m), 2.20-1.85 
(4 H, m); MS m/e (relative intensity) 222 (M+, 11). 

Anal. Calcd for C12H14O4-H2O: C, 59.99; H, 6.71. Found: C, 60.35; 
H, 6.55. 

l,l6-Anhydro-l-C-[6-(hydroxymethyl)-2,4-bis(methoxyniethoxy)-
phenyl]-2,3,4,6-tetra-0-benzyl-a-D-glucopyranose (16a). Butyllithium 
(2.45 M, 0.62 mL, 1.52 mmol, 262 mol %) was added dropwise to a 
solution of aryl bromide 13a (225 mg, 0.734 mmol, 126 mol %) in THF 
at -78 0C. After 30 min at -78 0C, gluconolactone 9 (312 mg, 0.581 
mmol) in THF was added. After 7 h at -78 0C the reaction was slowly 
warmed to -55 0C and stirred for a total of 19 h. Quenching and 
isolation as above, followed by chromatography (hexane-EtOAc 1:1) 
afforded pure diastereomeric hemiketals 16a (14% yield), 17 (14%), and 
elimination product 18 (50% yield). 

16a: IR (CHCl3) 2920, 1600, 1150, 1040 cm"1; 1H NMR (300 MHz, 
CDCl3) & 7.25 (20 H, m), 6.7 (2 H, dd), 5.15 (2 H, dd), 5.0-4.6 (8 H, 
m), 4.68 (2 H, s), 4.55-4.38 (3 H, m), 4.27 (1 H, dd), 4.0 (1 H, m), 3.78 
(1 H, d), 3.48 (3 H, s), 3.06 (3 H, s); 13C NMR (20 MHz, CDCl3) 6 
159.8, 155.0, 143.3, 139.3, 139.0, 138.9, 138.7, 129.0, 128.8, 128.5, 128.2, 
128.0, 127.5, 127.4, 127.0, 110.9, 105.1, 101.3, 95.3, 94.5, 81.7, 79.2, 
74.5, 74.3, 74.0, 73.9, 73.6, 72.6, 72.4, 71.7, 65.3, 56.1, 55.7. 

Anal. Calcd for C45H48O10: C, 72.17; H, 6.46. Found: C, 71.69; H, 
5.95. 

l,l6-Anhydro-l-C-[6-(hydroxymethyl)-2,4-bis(methoxymethoxy)-
phenylj-2,3.4,6-tetra-0-benzy]-/S-D-glucopyranose (17): IR (CHCl3) 
2920, 1600, 1150, 1040 cm"1; 1H NMR (300 MHz, CDCl3) 5 7.25 (20 
H, m), 6.8 (2 H, dd), 5.2 (2 H, dd), 5.1-4.2 (8 H, m), 4.1-3.8 (4 H, m), 
3.75 (1 H, dd), 3.46 (3 H, s, OCH3), 3.08 (3 H, s, OCH3); 13C NMR 
(20 MHz, CDCl3) 5 160.2, 153.3, 143.9, 138.9, 138.6, 138.5, 128.7, 
128.4, 128.2, 128.0, 127.8, 127.7, 127.5, 127.4, 110.0, 103.2, 101.4,94.6, 
94.5, 83.7, 81.4, 78.2, 75.8, 74.9, 74.8, 73.1, 73.1, 68.9, 56.3, 56.1. 

Anal. Calcd for C45H48O10: C, 72.17 H, 6.46. Found: C, 71.92; H, 
6.60. 

2,4,6-Tri-0-benzyl-3-deoxy-D-erKttro-hex-2-enonolactone (18): 'H 
NMR and IR spectra are consistent with the literature;1313C NMR (20 
MHz, CDCl3, SFORD) 6 159.4 (s), 144.1 (s), 137.5 (s), 137.3 (s), 135.2 
(s), 128.6(d), 128.4(d), 128.2 (d), 128.1 (d), 127.9 (d), 127.4 (d), 110.3 
(d), 79.8 (t), 73.6 (t), 71.1 (t), 70.4 (t), 69.4 (d), 68.3 (d). 

l-C-[6-[[(ferf-butyldimethvlsilyl)oxy]methyl]-2,4-bis(methoxymetri-
oxy)phenyl]-2,3,4,6-tetra-0-benzyl-D-glucose (19a). Butyllithium (2.20 
M, 0.39 mL, 0.858 mmol, 156 mol %) was added slowly to a solution of 
aryl bromide 13b (347 mg, 0.825 mmol, 150 mol %) in ethyl ether at -80 
0C. After 30 min at this temperature, gluconolactone 9 (296 mg, 0.550 
mmol) in ether was added dropwise. After 1 h at -80 0C the reaction 
was allowed to warm to 15 0C over 3 h. The reaction was quenched with 
water and processed as usual to afford 19a (204 mg, 42% yield): 1H 
NMR (300 MHz, CDCl3) 5 7.4-7.2 (20 H, m), 6.82 (1 H, d), 6.78 (1 

H, d), 5.3-4.4 (12 H, m), 4.2-3.9 (4 H, m), 3.70 (1 H, dd), 3.58 (1 H, 
dd), 3.45 (3 H, s), 3.23 (3 H, s), 0.95 (9 H, s), 0.05 (3 H, s), 0.01 (3 H, 
s); 13C NMR (20 MHz, CDCl3) b 192.0, 160.2, 156.5, 138.9, 136.1, 
128.3, 127.7, 126.7, 107.4, 101.5, 95.2, 94.3, 75.1, 73.3, 71.4, 70.8, 69.9, 
62.5, 56.1, 25.9, 18.7,-5.6. 

Anal. Calcd for C51H64O11Si: C, 69.52; H, 7.32. Found: C, 69.80; 
H, 7.07. 

l-C-[6-[[(tert-Butyldimethylsilyl)oxy]methyl]-2,4-dihydroxyphenyl]-
2,3,4,6-tetra-O-benzyl-D-glucose (19b). Bu4NF-3H20 (145.6 mg, 0.461 
mmol) was added to a solution of 19a (336 mg, 0.381 mmol) in THF (5 
mL). After 30 min at 22 0C, the solvent was evaporated and the residue 
chromatographed on silica gel (EtOAc) to afford 19b (286 mg, 98% 
yield): 1H NMR (300 MHz, CDCl3) & 7.4-7.2 (20 H, m), 6.83 (1 H, 
d), 6.80 (1 H, d), 5.2-4.5 (14 H, m), 4.45 (2 H, br s), 4.1-3.9 (4 H, m), 
3.52 (2 H, m), 3.50 (3 H, s), 3.35 (3 H, s); MS m/e (relative intensity) 
748 (2, M+). 

l,l6-Anhydro-l-C-[6-(hydroxymethyl)-2,4-bis(methoxymethoxy)-
phenyl(-a-D-glucopyranose (16b). (a) A stirred solution of 19b (55.5 mg) 
in ethanol (5 mL) was hydrogenated at atmospheric pressure over 10% 
Pd-C (55 mg) for 5.5 h at 45 °C. Removal of the catalyst and evapo
ration of the solvent afforded 16b (23.4 mg, 82% yield). 

(b) A solution of 16a (45 mg) in ethanol (5 mL) was hydrogenated 
as above to afford 16b (21 mg, 90% yield): 1H NMR (200 MHz, D2O) 
& 6.62 (1 H, d), 6.44 (1 H, d), 5.2-4.9 (2 H, m), 5.15 (2 H, s), 4.95 (2 
H, s), 4.80 (2 H, m), 4.15 (1 H, m) 4.0 (1 H, dd), 3.81 (2 H, m), 3.55 
(3 H, s), 3.20 (3 H, s); MS m/e (relative intensity) 388 (M+, 8). 

l,l6-Anhydro-l-C-[6-(hydroxymethyl)-2,4-dihydroxyphenyl]-a-D-
glucopyranose (16c). Dowex 50X4 resin (75 mg) was added to a solution 
of 16a (480 mg, 1.23 mmol) in methanol (25 mL). After 3 h at 50 °C, 
the mixture was filtered, and the filtrate was concentrated to afford 16c 
as an oil (284 mg, 77% yield): 1H NMR (200 MHz, D2O) 5 6.60 (1 H, 
d), 6.34 (1 H, d), 5.18 (1 H, m), 4.95 (1 H, d), 4.72 (2 H, m), 4.1 (1 
H, m), 3.75 (1 H, m), 3.42 (2 H, m); FAB MS m/e (relative intensity) 
301 (2, M + 1); 13C NMR identical with the literature spectrum.3"1 

Anal. Calcd for Ci3H16O8: C, 52.00; H, 5.37. Found: C, 52.09; H, 
5.68. 

l,l6-Anhydro-l-C-[6-(hydroxymethyl)-2,4-dihydroxyphenyl]-a-D-
glucopyranose 3-Hexadecanoate (16f). p-Toluenesulfonic acid (2 mg, 3 
mol %) was added to a solution of 16b (150 mg, 0.387 mmol) and ben-
zaldehyde dimethyl acetal (65 mg, 0.428 mmol, 110 mol %) in DMF (2 
mL). The reaction was heated from 22 0C to 90 0C over 1.5 h in vacuo 
(14 mmHg). The residue was washed with saturated aqueous NaHCO3 

and water and then dried to afford 16d in 60% yield. 
Crude 16d (92 mg, 0.193 mmol) was dissolved in HMPA (5 mL). 

Benzene (1 mL), 40% aqueous NaOH (1 mL), and Bu4NCl (27 mg, 
0.096 mmol, 50 mol %) were added, and the mixture was cooled to 4 0C. 
Palmitoyl chloride (64 mg, 0.233 mmol, 120 mol %) in benzene (1 mL) 
was added dropwise. After 10 min at 4 0C, the reaction was filtered. 
The organic layer was rinsed with water and dried. Chromatography on 
silica gel (1:1 hexane-ethyl acetate) afforded 3-palmitate 16e (41 mg, 
30% yield) as well as the 2-palmitate (20%), and the 2,3-dipalmitate 
(20%). Treatment of 16e with Dowex 50X4 resin in methanol, as above, 
gave 16f (21 mg, 70% yield): 1H NMR (D2O, 200 MHz) d 6.60 (1 H, 
d), 6.34 (1 H, d), 5.72 (1 H, d), 5.65 (1 H, m), 4.9 (1 H, dd), 4.15 (2 
H, m), 3.65 (1 H, m), 2.55 (2 H, m), 1.45 (20 H, m), 0.95 (3 H, br t); 
FAB MS m/e (relative intensity) 539 (6, M + 1). 

Anal. Calcd for C29H46O9: C, 64.66; H, 8.01. Found: C, 65.00; H, 
7.82. 
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