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Abstract - The aryllithlum species Sa-A and Sb-A generated via 
btomias7llthiua exchange reactlon,afford#uith the per-O- 
benzylated D-glucose 6 the adductm 9a,b; subsequent oxidation 
furnisbrd the correr$%dlnq ketones lba,b. Caapound 0 
also obtained from Sa-A and metha + 

wall 
D-glucona 8 8. 

Hydroqenolytic debenrylat% an treatment with acetic l nhydrlze 
provldod directly the tricycllc splroketals 11 and l2, found In 
the papulacatiins. 

C-Arylqlycosldes are wide-spread in Mature. ’ They are of lntereet as natural dye- 

stuffs 
2 

and as compounds having important physiological properties. 3 Host of the 

cornpounds are derivatives of oxyeubstltuted benzene and benzopuinone derivatives 

for which an intereeting hypotheaie of antitumor activity hae been proposed. ’ The 

papulacandlns, a family of antibiotica isolated from a strain of Psvularia 

sphaeroeperw whose etructure was recently aesigned, 
5 

thou etronq activity 

against Candida albicanr and meveral other yeasts. 
6 

A repre8entative example of 

theee compound6 with a tricyclic splroketal structure ie pspulacandin D (1). 

Me +Jpyo*oH 1 

The synthesis of C-qlycoelde8 la mainly achieved with the sugar moiety an the 

electrophile and the aqlycon aa the nucleophile.3’7 However, recently also C- 

glycoslde syntheses vi th a nucleophllicg or a radical 
10 

sugar intermediate and de 

novo C-glycomide rynthesea via hetero-Diele-Alder reactlona”*” have become 

competitive. 
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A qeclal cam of the fir#t,pthod umtloned above ia the reaction of 

carbanlons with D-gluconolactone. Thir rrthml l hwld k suitable for the 

construction of the eerential tricycllc l pirokatal moiety of the papulacandSnr. 

Rowevor, the direct llthlatim of compounds 2a,b’13*” and & and the subsequent 

reaction of tin generated C-2 llthiated #pii& with 2,3,4,G-tetrd-0-bsnzyl-D- 

gluconolactone rem1 tad only in low yields of the demlred 
lS,16 

hemiketal 
intermediatea. 



Theteforo YO pr8p8r8d ttw D-glucor8 aldehyde derivative 3, 
17 

8vail8.be from D- 

glucose diethyl dithloacstal 
18 

in two 8tw and tr8nrfora8d it al80 into the 

correspordlng ssthyl gluconate i via the acid 2 obtained by CrOj oxidation of the 

aldehyde 2. Compounds & and P are better electrophile8 than D-gluconolsctone. In 

addition, kcau8e quantitative g8nsration of the lithiat8d 8peci.8 from coarpounds 

2a,b and & war not attained a8 -- indicatd by deutaration expriment8, a 

bronine/lithium exchange react ion was selected in8 tead . 13,15 me required 

regioselective bromine introduction into 3,5-dimsthoxy and 3,5-dibenzyloxy 

bnzylalcohol 2 
P 

and 2b ua8 carried out according to a knovn 

ccqxMlds & 
-19 

procedure ’ ’ yielding 

and(b , respectively . Subsequent 0-benzylation with sodium 

hydride/benzyl brocaide gave the ether8 Sa,b. Treatment of these compounda with n- 

butyllithillm generated practically quan’l;titively the lithiated species 2-A and 

2-A ae evidenced by quenching the reaction mixture with water. 

Addition of the aldehyde 2 a8 the l lectrophile to the lithiattd specie8 &-A 

and 2-A at forded c-pound8 2 (686) and z (62%)) rerpectively . These -pounds 

were obtained a8 1 :l -dia8terecneeric mixture8 a8 indicsted by th8fr ‘H n.m.r. data. 

Oxidation vith DUO/acetic anhydride furnished an single products the 

correeponding ketones lOa,lOb ln high yields (E: 9Sa; 9: 8Srl Thetee ketone8 

are also directly obtainable from the llthiated species 5_A and the gluconate i: 

for iwtqnce, wmpou nd u Y11 rynthesited in a 55I yield. Hydrogenolytlc 

debenzylation of compound8 ark end sukequent acetylation led directly to the 

desired tricycllc spirdtetals 11 and l2, reepectively. The structural elucidation 

of compound 2 wa8 attained through comparison of the 
1 
H n.m.r. data vlth those of 

a 8amplc obtained from the naturdl product. 
20 

EXPER IMEHTAL 

General : 
1 
H n.m.r. spectra vere obtained on a Bruker WM 250 spectrometer. 

Chemical 8hifts are reported ae O-value8 relative to internal Sine,. Optical 

rotation8 vere mca8ured in a Perkin-Elmer 241 KL polarimeter. All anion reaction8 

vere carried out under dry nitrogen. Flash chronratography wan performed on H8tck 

Kleselgel 60 (230-400 merh). W.p. vere mawred on d Gallenkamp appsrdtU8 and are 

uncorrected. 

Benxyl 3,5-diaethoxybenzyl ether (&) 

To a dolution of 3,5-dimethoxy benzyl alcohol (Sg, 29.7 mmol) (availsble frata 

Aldrich Co) in dry dimthy formamide (100 ml) 18 added banzyl bromide (8.6 g, 50 

mwl) and then modium hydride (1.2 g, 50 pm01 1 in portions at 10-l 5OC. After 1 h 

oxce8n 8odiwa hydride ir destroyed by careful addition of wthanol. The mixture ie 

diluted vith vater (SO ml) and extracted with ether (3 x 80 ml). The organic layer 

18 dried over NgSO,,concentrdted and the rerulting 011 purified by flash 

chromatography (silica g81, petroleum ethrr/ethyl acetate, 9 : 1) to yield 6.5 g 

(851) Of 2 da d COlOrle88 Oi:.- T.1.c. 

0.35. - ‘H n.m.r. (250 KHz, 

(petroleum ether/ethyl acetate, 9 : 7 1 % 
CDC13) 6 - 7.35-7.27 (r,S,Ph), 6.53 (d,2,2-A,6-H,J l 

2.2 Hz), 6.39 (t,l,l-H, J I 2.2 Hz), 4.53 (8,2,0-Cfi2_Ph), 4.49 (8,2,Ar-Cf12-OBn), 

3.76 (8,6,2-O-CH3). (Found: C, 74.45; H, 7.02. Calc. for C,6H,803 : C, 74.40; H, 

7.02.). 

Bontyl 2-brao-3,5-dimthoxybenzyl ether fa) 

As de8cribed for 3a, f ram 2-broa-3, S-dimthoxyknryl alcohol (al ’ ’ compound 

2 i8 obtain.6 in 73% yield a8 a colorle~r oil.- T.1.c. (patrolour etiwr/ethyl 

acetate, 4rl) Rp 0.50 - 
1 
H n.m.r. (250 IOIr, CDCl,) 6 I 7.41-7.32 (m,S,Ph), 6.76 

(d,l,l-H or 6-8, J - 2.8 Hz), 6.43 (d,l,4-H or 6-H, J - 2.8 Hz), 4.64 (8,2,0-Cfi2- 
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Ph), 4.63 (o,l,Ar-CIi2-0-Bn), 3.86 (a,3,0-CH3), 3.80 (s,3,0-Cli3). (Found: C, 57,17; 

H, 5.04. Calc. for C, 6H,7Br 03 : C, 56.99; H, 5.088). 

Btnzy) 3,5-dlbentyloxy-2-brornObanzyl ether (E) 

AI descr lbed for 3a, from 3,5-dlbenzyloxy-2-bromo-benzyl alcohol (4&)2o 

compound 2 1s obtained ln 75Q yield as colorless crystals; m.p. 76OC,- T.1.c. 

(petroleum ether/ethyl acetate, 6:l I RF 0,53.-‘H n.m.r. (250 MHZ, CDC13) 6 I 7.47- 

7.29 lm,15,3-Ph), 6.86 (d,l,4-H o.r 6-H, J - 2.4 Hz), 6.55 (d,1,4-H or 6-H, J = 2.4 

Hz 1, 5.10 (e,2,CH2-Ph), 5,02 (s,2,CH2-Ph), 4.63 (s,Z,Ar-CR2-0-Bn), 4.62 (s,2,0- 

CH2-Ph).(Found: C, 68.72; H, 5.24. Calc. for C28H25Br03 : C,68.72; H, 5.151). 

2,3,4,5,6,-Penta-0-benzyl-D-glucose (i) 

a) Synthesle of 2,3.4,5,6-Penta-0-benrvl-D-glucose dlethvl dithloacetal 

To a solution of bent yl bromide (60 g, 347 mmol) ln dry dlmethyl formamide 

(250 ml) is added sodium hydride (9.0 g, 375 mmol). To thle mixture 1s added (15.0 

g, 50.6 NM)) D-glucose dlethyl-dlthloacetat d9 under vigoroue etlrrlng within 30 

min. The reaction temperature should not exceed 30°C. After 2h excess eodlum 

hydride is destroyed by careful addition of methanol. The mixture 1s dlluted with 

water (100 ml) and extracted with ether (3 x 150 ml). The organic layer 1s washed 

with water (3 x 150 ml), dried over MgS04 and concentrated, The resulting oil (40 

g) is directly used on the next step.- T.1.c. (petroleum ether/ethyl acetate, 6:l) 

RF 0.58.- ’ H n.m.r. (250 KHz, CDC13) 6 - 7.36-7.22 (m,35,5-Ph), 4.81-4.42 (m,ll,S- 

0-C?i2-Ph, 1 -HI, 4.25-3.70 (m,6,2-H,3-H,4-H,S-H,6-H, 6’-H), 2.78-2.42 (2 m,4,2 -S- 

CH2-CH3 1, 1.22-l .lO (2 t,6,2-S-CH2-Cij3). 

b) Transformation of the intermediate into coarwund i 

To a solution of 2,3,4,5,6-penta-O-benryl-D_glucoee dlethyl dithioacetal (4Og 

crude product, see procedure a)) in acetone (250 ml) and water (60 ml1 is added 

CdC03 (439 ) . To this mixture Is dropped a eolutlon of HgC12 (43 g) in acetone (50 

ml ) under vigorous stirring within 10 min. After 30 mln the mixture le filtered 

through elllca gel, acetone removed under vacuum, and chloroform (300 ml) added. 

Residual ealts are removed by extraction with warm water (4 x 200 ml). The organic 

layer Is dried over MgSO,, concentrated, and the residue purif led by flash 

chromatography (silica gel; petroleum ether/ethyl acetate, 6:1) to yield 20.09 

(64% overall yield) of i a8 a colorless oil.- T.1.c. (petroleum ether/ethyl 

acetate, 6:l) RF 0.48.- ‘H n.m.r. (250 MHZ, CDc13) o . 9.73 (e,l, -CHO), 7.30-7.22 

(m, 35, S-Ph), 4.80-4.37 (m, 10, S-0-CH2-Ph), 4.19-3.62 (m, 6, 2-H, 3-H, I-H, 5-H, 

6-H, 6’-HI. (Found: C, 78,37; H, 6.71. Calc. for C4,H4206 C, 78.07; H, 6.71%). 
: 

2,3,4,5,6-Penta-CLbenryl-D-qluconclc actd (11 

To a solution of Cr03 (7 g, 70 mmol) in diluted sulfuric acid (17 g H2S04, 

55 g HZ01 la added a solutlon of compound i (14.4 g, 22.8 mm01 1 in acetone (50 ml) 

at such a rate, that the reaction temperature doee not exceed 30°C. After lh 

(t.1.c. monitoring required) water (200 ml) is added to the mixture which 1s then 

extracted vlth ether (3 x 160 ml). The organic layer le dried over UgS04, 

concentrated, and the res Idua 1 brown 011 fi lteretd through silica gel wlth 

petroleum tther/ethyl acetate, 2:1 to yield 13.2 g (906) of compound L an a 
colorless 011 which 1s directly ueed for ester formation.- T.1.c. (petroleum 

ether/ethyl acetate, 2:l) RF 0.3.- 'H n.m.r. (250 MHz, CDC131 6 - 10.2-9.7 (be, 1, 

CooHI, 8.10-7.15 (m, ZS, 5-Ph), 4.81-4.39 (10, 10, S-0-Ctf2-Ph), 4.21 (d, 1, 2-R, 

J2-3 9 3.6 Hz), 4.16-4.12 (m, 2, 3-H, 4-H), 3.90-3.80 (m, 1, S-H), 3.75-3.60 (m, 

2, 6-H, 6'-ii). 

Methyl 2,3,4,5,6-psnta-O-benzyl-D-qluconete (:I 

To a solution of compound 2 (13.2 g, 20.4 mm011 in ether (SO ml) 18 dropped an 

etherel dlatomethane solution (calalated amount). When nltrogen formation has 
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tea sea, the solution is concentrated aa the residue purified by flash 

chronatcqraphy (silica gel ; petroleum ether/ethyl acetate, 6:1) to yield 9.2 g 

(709) of coorpound i as a colorlees oil.- T.1.c. (pctrolcum ether/ethyl acetate, 

6:1) RF 0.34. - ‘H n.m.r. (250 MHz, CDCl3) 6 = 7.36-7.21 (m, 25, 5-Ph), 4.84-4.26 

(m, 10, 5-C-cH2-Ph), 4.25 (d, 1, 2-H, J2_3 - 1 .5 Hz), 4.13-4.09 (m, 2, 3-H, 4-H), 

3.89-3.82 (m, 1, S-H), 3.69-3.60 (n, 2, 6-H, 6’-H), 3.55 (S, 3, 0-CH3). (Found: C, 

76.27; H, 6.73. Calc. for C42H4407: C, 76.34: H, 6.71). 

5-Benzyloxy-1,3-dimethcxy-4-l{lRS, 2R, 3S, 4R, SR)-I-hydroxy-2,3,4,5,6-penta- 

benzyloxyhexyll benzene (k). 

To a solution of compound 5 (5 g, 15 mmol) in dry THF (100 ml) is added at - 

lS°C n-butylllthium (10 ml of a 1.6 M solution in n-hexsne). After 5 mln a 

solution of compound 2 (6.3 g, 10 mmol) in dry THF (15 ml) 1s added. After 15 min 

the mixture is treated with vater (to0 ml) and ether (100 ml). The organic layer 

is separated, the water layer washed vith ether (2 x 50 ml), the combined organic 

phases vere dried over MgS04 and concentrated. The residue is purlf led by flash 
, 

chrclmatography (silica gel; petroleum ether/ethyl acetate, 4:l) to yield 6.0 g 

(68%) of compound 2 as a colorless oil.- T.1.c. (petroleum ether/ethyl acetate, 

4:l) RF 0.26.- (Found: C, 76.70; H, 6.87. Calc. for C57H600g : C, 77.00, H. 6.80). 

l,3-Dlbenzylory-5-benzyloxymethyl-4-l(tRS,2R,3S,4R,5R)-t-h~ro~-2~3~4~5~6-~nta- 

benzyloxyhexyll benzene (2) 

As described for s, from compounds 2 and i compound 2 is obtained In 629 

yield aa a colorless oil.- T.1.c. (petroleum ether/ethyl acetate, 4:l) RF 0.39.- 

(Found: C, 79.57; H, 6.74. Calc. for C6gH680g : C, 79.59, H, 6.581. 

5-Benzyloxymethvl-l,3-dimethoxy-4_1(2R,3-~- 

hexanonyll benzene (&) 

a) F- %: A solution of conpclund 2 (5.0 g, 5.6 mmol) in dry dlmethyl 

sulfoxide (60 ml) and acetic anhydride (30 ml) is stirred at room temperature for 

24h. The rsction mixture 1s concentrated under vacuum (0.01 torr, 6CoC) and the 

residual ye1 lov oil purified by flash chromatography (silica gel; petroleum 

ether/ethyl acetate, 4:1) to yield 4.8 g (95%) of compound t0a as a colorless 

oil.- T.1.c. 

CHC13).- ’ 
(petroleum ether/ethyl acetate, 4~1) RF 0.38.- 10122 * 32O (c=l, 

H n.m.r. (250 MHz, CDC13) 6 = 7.36-7.18 (m, 30, 6-Ph), 6.86 (d, 1, 4-H 

or 6-H, J I 2.2 Hz), 6.26 (d, 1, 4-H or 6-H, J n 2.2 Hz), 5.11 (d, 1, 2’-Ii, J 
2’ ,3’ 

= 4.3 Hz), 4.87-4.13 (m, 15, 6-O-Ci2-Ph, 3’-H, 4’-H, 5’-HI, 3.80 (e, 3, C-CH3), 

3.00-3.65 (m, 2, 2-6’-HI, 3.53 (8, 3, 0-CH3). (Found: C 77.09; H, 6.80. Calc. for 

Cs7Hs80g. C, 77.18; H, 6.59a). . 

b) m&and8: As described for 9a, from compound k (1 .O g, 3 mm01 ), n- 

butyllithlum (2 ml of a 1 .6 N eolut lon in n-hexane) , and compound 2 (1.3 g, 

2 mm01 ) 1 .O g (SSI) of compound z is obtained as a colorless oil. 

1,3-Dibenzyloxy-5-benzvloxymcthyl-4-~~2R,3S~4R,5R~-2,3,4,5,6-~ntabenzyloxy-l- 

hexanonyll benzene (lob) 

As described for 10s -’ from compound 2 compound is obtained in 85% yield 

as a colorless oil.- T.1.c. 

+ 26O 

(petroleum ether/ethyl acetate, 4:l) RF 0.50,- (al22 

(c-1, CHC13).- ‘H n.m.r. (250 Mllz, CDc13) 61 7.41-7.10 (m, 40, 8-Ph), 6.94 

(d, 1, 4-H or 6-H, J - 1.8 Hz), 6.40 (d, 1, 4-H or 6-H, J I 7.8 Hz), 5.16 (cl, 1, 

2'-H, J2,,3, = 3.7 Hz), 5.03-3.95 (m, 19, 8-CIf2-Ph, 3’-H, I’-H, 5,-H), 3.90-3.79 

(m, 2, 2-6’-H). (Found: C, 79.74; H, 6.65. Calc. for C6gH660g : C, 79.74; H, 

6.401). 
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1 ,12-Anhydro-1 -C-I2-~hyd~xymethyl)-4,6-dinethoxyphsnyl I-8-D-qlucowranose 

tetrbacetatq (11) 

A solution of compound (300 mg, 0.34 mmol) in a mixture of acetic 

acid/ethyl acetate/methanol (1 :l :l, 30 ml) is hydrogenated in presence of 

palladium on carbon (20 mg) a8 a catalyst. After lh the reaction mixture is 

filtered and the catalyst vaehcd with methenol. The filtrate lb concentrated and 

treated vith acetic anhydride/pyridine (1:l , 10 ml) at room temperature. After 1Sh 

ice vater (5 ml) is added and the mixture extracted with ether (3 x 20 al). The 

organic layer ie dried over MgSO, concentrated, and the residue purified by flash 

chromatography (ailica gel; petr;leum ether/ethyl acetate, 1 :l 1 to yield 105 q g 

(62%) of c-pound 11 aa colorless crystals, m.p. 70-72OC.- T.1.8. (petroleum 

ether/ethyl acetate, l:l) RF 0.41.- la1 22 + so (Cl1 , CHC13).-’ ’ H n.a.r. (250 

MHz, CDC13) 6 I 6.32-6.30 (21, 2, ZAr-H), 5.90 (d, t, 2’-H, J20,3, - 10.1 Hz), 

5.57 (t, 1, 3’-H, J3, 2,J3, ,’ - 10.1 Hz), 5.32 It, 1, II-H, J4, +,‘,5, - 10.1 

Ar-&12-0, J’ - 
, 

Hz), 5,17 Id, 1, 12.8 Hz), 5.05 (d, 1, Ar-Ci12-0, J = 12.8 Hz), 4.33- 

4.06 (Zn, 3, St-H, 2-6’-H), 3.84 (8, 3, 0-cH3), 3.79 (8, 3, 0-CH3), 2.07 (13, 3, 

OAc), 2.05 (a, 3, OAC), 2.01 (B, 3, OAc), 1.76 (8, 3, OAc). (Found: C, 55.73; H, 

5.77. Calc. for C23H280,2: C, 55.64; H, 5.68%). 

1,12-Anhydro-l-C-l4,6-diecetoxy-2-(hvdroo~r~no~e 

tetraacetate (2) 

As described for 11, fran comparnd u compound 12 is obtained in 45% yield as 

colorless crystals; m. p. 199OC. - T. 1. C. 

0.45.- w22 

(petroleum ether/ethyl acetate, 1:l) RF 

- 7.S” (c-1, CHC13) 6 I 6.97 (d, 1, 4-H or 6-H, J - 1.8 Hz), 6.89 

(d, 1, 4-H or 6-H, J I 1.8 Hz), 5.67 (d, 1, 2’-H, J2, 3 #-lo.1 HZ), 5.56 (t, 1, 
* 

3’-H, J3,,2,53,,,,=10.1 Hz), Ul,(t, 1, 4’-R, J,, ,3,J4~ ,5~_ 10.1 Hz), 5.16 (bs, 

2, 0-Cl12 -Ar 1, 4.28-4.23 (m, 2, 5 -H, 6’-HI, 3.99 (dd, 1, 6”-H, J6~~,6~=10 Hz, 

J6”, 5 ’ 
-1.8 Hz), 2.37 (6, 3, OAc), 2.25 (6, 3, OAC)r 2.04 (8, 3, OAC), 2.02 (s, 3, 

OAc), 1 .ga (0, 3, OAC), 1.76 (8, 3, OAc), (Found: C, 54.02; H, 5.11. CalC. for 

C25H280,4s C, 54.35; H, 5.11Q). . 
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