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ABSTRACT 

Fragmentation by controlled acetolysis of an alkali-soluble D-glucan, isolated 

from the fruit body of Laetiporus sulphureus, followed by fractionation of the products 

on a column of silica gel, provide a simple, preparative approach to the peracetates 

of 3-O-a-D-ghCOpyi-anOSyl-D-glUCOSe (nigerose) and of O-a-p-glucopyranosyl-( l-+3)- 

0-a-D-glucopyranosyl-( l-+3)-D-glucose (nigerotriose). The synthesis of methyl 

/I-, benzyl fl-, phenyl CI-, and phenyl /I-nigeroside, and of methyl P-nigerotrioside is 

described. 

INTRODUCTION 

Further extension of our studies’ - 3 on the chemistry of oligosaccharides 

required the preparation of substantial quantities of the peracetates of 3-0-a-~- 

glucopyranosyl-D-glucose (nigerose, 4) and of O-a-D-glucopyranosyl-( 143)-0-a-~- 

glucopyranosyl-(143)~o-glucose (nigerotriose, 16). The disaccharide 4 has been 

prepared either by partial, acid hydrolysis of such polysaccharides as nigeran4-6, 

isolichenan7, pseudonigeran’, and an alkali-soluble D-glucan of the fruit body of 

Lentinus edodesg, or by acetolysis of highly branched dextrans”-14; and it has been 

characterized as the crystalline p-octaacetate6-‘4 7. In the course of these prepara- 

tions of 4, the trisaccharide 16 had been isolated in low yield on some occasions8.9*14, 

and characterized as the crystalline /?-hendecaacetate8,9 18. In addition, 4 and 7 

have been synthesized’5-2’ chemically by methods based on the Koenigs-Knorr 

type of condensation. 

Recently, it was shown that the mature fruit body of the bracket fungus 

Laetiporus sulphureus (Bull. ex Fr.) Murr. is very rich in an alkali-soluble poly- 

saccharide composed entirely of D-glucosyl residues joined by U-D-( l-+3)-glucosidic 

linkages22,23. We considered that the polysaccharide should serve as an excellent 

source for the preparation of a homologous series of a-~-( l-+3)-linked D-gluco-oligo- 

*To whom inquiries should be addressed. 
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sacchartdes, namely. the nigerodertrins, because the fungus is widespread and grow5 

in large clusters on live and dead trunk\ of hardwood species” ‘--. tnaktng its 

collection tn kilogram quantities readily possible’“.“. WC report here :I Gmple 

preparation of x-nigerose octaacetate (5). 7. and 18 by controlled acetolysis of an 

alkali-soluble rl-glucan isolated from the fruit body of L.. .YH//J~wc~u.\. Thr synthcsi\ 

of methyl ,K (9). benlyl /;- (I I ). phenyl /I- (13), and phen>,i y-nigetatdc (IS). and of 

methyl p-ntgerotrioaidc (20) iy also descrtbed. 

An alkali-soluble n-glucan. [x] D -t750,5 (c. I .O, XI r;odium hydro,xide). wab 

isolated in X0”,, yield from the atr-drted context”.‘” of the fruit body of L. .sul/~hu~rs 

by a method essentially the same as that dcscribcd pra,tously-“,‘-‘, In ;I trial cxperi- 

ment, the polysaccharide \\a~ hydrolyred first with 90 “,, formic acid. and then with 

dilute sulfuric acid. to degrees of apparent converston into ~~-gl~~cosc (1) ranging 

frotn 40 to 55”(,. Paper chromatography (p.c.) of each hydrolq/atc shoucd the 

prcsencc of 1, 4. and 16. tti addrtion to higher honiolog~ which \iere all present in 

substantial proportions. This ~9s not a satisfactory method for f’t-agmentation c)f 

the polysaccharidc, as our primary objective wah ths prepatattnn L)t‘ I;ttrly large 

quantitiex of the di- and rt-i-~acchnrtde fragments 4 and 16. 

In B parallel experiment, the polysaccharidc NTIS subjected to partial fragmentn- 

tion by acetolysis, using 5 : 5 .2 (\ ,‘v ) acetic anhydride-acetic acid concentrated 

sulfuric acid”. T.i.c. cuatnination showed that the di- and trt-saccharide fragments 

were nokv present in much greater proportion than uhcn thq wcrc formed bq hydro- 

lysis with aqueous acid. Correspondingly, the proporttons of the mono-. di-. and 

tri-saccharide fragments wcrc tncreased. whereas those of the higher homologf uerc 

considerably diminished. Accordtngly. ;I large amount of the pol~saccharide ~~3s 

acetolyzed under conditions sttnilar to those etnployed in the preltmttxtt-1 cupertment, 

and :I portion (50 g) of the acetolyzatc was fractionated by chromatograpli!! on ;t 

column of silica gel. 

The fastest-tnoving component, obtained tn crystalline form ( 1 I I g). had 

physical constant5 identical with those of 1 .‘.3.~.6-pent:t-0-3cet~l-r-t~-glucopyra- 

I1ose’c’ (2). 
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The component eluted next from the column was obtained in crystalline form 

(14.1 g), and proved to be 5 by its 0-deacetylation and conversion into the known6-14 

7. 0-Deacetylation of 5 with methanolic sodium methoxide gave 4. Compound 5 

was transformed into the highly crystalline 2,4,6-tri-0-acetyl-3-0-(2,3,4,6-tetra-O- 

acetyl-a-D-glucopyranosyl)-x-D-glucopyranosyl bromide (6) with hydrogen bromide 

in acetic acid. Treatment of 6 with mercuric acetate in acetic acid furnished the 

known6-15 7. The n.m.r. spectrum of 5 in chloroform-d showed the H-l resonance 

at 6 6.33 as a doublet (J 3.5 Hz), consistent with the K configuration at C-l. Com- 

pound 5 was obtained in two crystalline forms; one consisted of needles having a 

broad m.p. of 110-l 14”, and the other, of prisms having m.p. 172-173 O. 

R”OCH2 

OR” 

4 R,R’ = H,OH,R”= H 10 R = OBzl,R = H.R” = AC 

5 R = H.R’= OAc,R”=Ac 1, R = 0Brl.R’ = R” = H 

6 R = H,R’ = Br.R” = AC 12 R = OPh , R’ = b’, R” = Ac 

7 R = OAc,R’ = H,R” = Ac 13 R = OPh , R’ = R” = H 

8 R = OMe,R’ = H,R” = AC 
14 R = H.R’ = OPh, R” = AC 

9R = OMe,R’= R”=H 
15 R = R” = H, R’ = OPh 

BZI = PhCH2 

The third component eluted from the column moved as a single component in 

t.1.c. in a variety of solvent systems, and was obtained as an amorphous powder 

(8.4 g), which was shown to be a mixture of cc-nigerotriose hendecaacetate (17) and 

18, in which 17 preponderated, on the basis of the following observations. On O- 

deacetylation, the derivative gave 16, which showed a single spot in p.c., and was 

identified as the crystalline 18, by acetylation with hot acetic anhydride and sodium 

acetate, suggesting that the derivative was 17. However, the value of the optical 

rotation ([u]~ + 125.7”) observed for the derivative was lower than that expected 

for 17, as 5 had [E]~ +122.2”. The fact that the derivative was 0-deacetylated to 

give 16 as the sole product precluded the possibility of contamination of 17 with 

other trisaccharide derivatives that might arise from anomerizationz8 of the inter-sugar 

D-glucosidic linkages during acetolysis of the polysaccharide. An evaluation of the 

ratio of the c[ and p anomers 17 and 18 in the mixture, by making use of the relative 

peak-intensities of the H-l-cc and -/II resonances in the n.m.r. spectrum of the mixture, 

was not possible, because the H-1-b resonance of 18 overlapped with the signals of 

other ring protons. 

Attempts to isolate higher members of the nigerodextrin acetates formed as 

minor products, by further elution of the column, were unsuccessful. 
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Subsequently, it was found that simultaneous preparation 01‘ 7 and 18 could 

be readily and preferentially axotnplished, \vithout ptxor tsolation 01‘5 and a mixtut-c 

of 17 and 18. The polysascharide xotolyz.ate (30 g) \\;t\ ~ucccs~ivcl~ treated bith 

hydrogen bromide--axtic actd and mercuric acetate-acetic aced. ~tnci the wulting 

tnixturc \vas ciit-omato~t-api~ed on 3 column 01‘ silica gel to gilt I .11..7.l.h-penta-()- 

acctyl-li-n-glitcoyyranoxe-“ (3. 0.4 g). 7 (X. 1 g), atid 1X t-l 6~)~ they1~l~I~~1‘exli prodwt 

being comparable to that obtained by ft-acttc>nation of the original axloi~~rate. 

Methannlysis of 6 in the presence ot’ mercuric cynntde III dichlorumeth~tnc 

gave crystalline methyl /i-niget-ostdc heptxtcctate (X), \\ h~ch. OII 0-dencet~l~ttioil, 

afforded 9 117 crystalline form. Condcnsattnn of6 with hen~>l ;tlcoh~~l it1 the pre~ncc 

of tnercuric cyanide produced cr-ystallinc bcnryl /I-nigcro\idc hcptxtcctatc (10) Thl\ 

\b:;ts O-deacetylated to gibe crystalline 11. M,hich i\ ;t tiseful starttnf-“i;tteri:tI for the 

chemical modification of 4 Treatment of 6 with phenol and potaa~un~ hydroxide in 

50”, aqueous I .kiioxanc afForded crystalltnc phenyl /i-nigcrostdc heptaacctatc (12 ). 

which was O-dcacctylntcd to give 13 in crystalline form. In the n.tn.t-. >p,ectra of 9. 

11. and 13 in deuter-turn oxide. each atlonxric protein appeal-cd tn the regiven of (i 

5.1 1-3.11 as a doublet kztth ;I magnttude OF the coupling constants 01 7.0~ 7.5 HI. 

consistent with the [i configuratton at C-l, Fusion 01. 7 utth phenol 111 the presence 

of zinc chlot-tde”” afforded crystalline phcnyl r-nig2rostde hcpt:t:icet:ttc (11). wh~cli 
WE O-dcacctylatcd to giant’ 15 in crptallinc form. Phc n tn.r >pcctrum 01‘ 15 tn 

deuteriutn oxtde eshtbttcd the H-l resonance at ,i 5.67 ah ;I d~~ublt~t fJ 3.0 Hz). 

consistent with the x configuratton at C-l Treatment of‘ 18 with h>ci;ogen brotntdc 

tn acetic actd, FolloLvcd b\ methanolqst:, as described I‘or 6. g;k\ c c~4t;lllinc tncth>,l 

/Gntgerotrioside decauccta~te (19). O-dea&ylated to 20, ubtatned 111 cr! \talltnc fi)rm. 

ESPEKIMt-NTAL 

GerreKIl tWll7oi/~v. Unless stated otherwtsc, thegeneral rupertmcntal condittonb 

were the same ;ts those descrthed prwiously”. P.c. \\;ls paformed on Wharm:in 
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No. 1 paper in 6 :4 :3 (v/v) 1-butanol-pyridine-water by the double-ascending 

method, with detection with aniline hydrogenphthalate. The following solvent systems 

(v/v) were used: (I) 3 : 2, (2) 1 : 1, and (3) 2 : 3 benzene-ethyl acetate. 

Isolation of an alkali-soluble D-glucan. - Mature fruit body of Laetiporus 

sulphureus (Bull. ex Fr.) Murr. was collected in Ashiu Experimental Forest of Kyoto 

University, Kyoto. The air-dried context22.23 of the fruit body was crushed and 

pulverized in a mortar. The resulting powder (200 g) was suspended in M sodium 

hydroxide (6 L), and the mixture was vigorously stirred for 2 h at room temperature. 

The alkaline suspension was centrifuged, and the brownish extract resulting was made 

neutral with acetic acid. The white, flocculent polysaccharide formed was collected 

by centrifugation, washed extensively with water, dehydrated by washing with 

methanol and then with ether, and dried in vacua at 50”; yield 161 g. It had [a];” 

+250.5 o (c 1.0, M sodium hydroxide). 

Acetolysis of the polysaccharide. - To a stirred suspension of finely pulverized 

polysaccharide (75 g) in acetic anhydride (375 mL), cooled to 0 ‘, was added dropwise 

5 :2 (v/v) acetic acid-concentrated sulfuric acid (525 mL) during 1 h. The mixture 

was allowed to reach room temperature, and then stirred for 4 days. The dark- 

brown solution was poured into ice-water, and the mixture was made neutral with M 

sodium hydroxide, while being cooled, and extracted with chloroform (3 x 500 mL). 

The extracts were combined, successively washed with water, aqueous sodium 

hydrogencarbonate, and water, dried (sodium sulfate), and evaporated, to give a 

syrup (97 g). T.1.c. (solvent 2) showed the product to be composed of three major 

components (R, 0.65, 0.44, and 0.35) and two minor components (R, 0.27 and 0.18). 
Fractionation of the acetolyzate. - A portion (50 g) of the acetolyzate just 

described was dissolved in chloroform (100 mL), and the solution was applied to a 

column (9.5 x 110 cm) of silica gel that had been packed by using benzene. Elution 

of the column with solvent I gave 1,2,3,4,6-penta-O-acetyl-a-D-glucopyranose (2) 

(11.1 g); m.p. 111-112” (ethanol), [a]? + 101.2” (c 1.2, chloroform); lit.29 m.p. 

112-l 13’ (ethanol), [a]? + 102.0” (chloroform). 

Elution of the column with solvent 2 afforded 1,2,4,6-tetra-0-acetyl-3-O 

(2,3,4,6-tetra-~-acetyl-cc-D-glucopyranosyl)-cc-D-glucopyranose (5) asneedles (14.1 g); 

m.p. 110-l 14” (ethanol), [a]: + 122.2” (c 1.7, chloroform). 

Anal. Calc. for C,,H,,O,,: C, 49.56; H, 5.64. Found: C, 49.69; H, 5.55. 

When this crystalline form of 5 was allowed to remain in its mother liquor, it 

was converted into a dimorphous form consisting of prisms, m.p. 172-173”. 

Elution of the column with solvent 3 gave a mixture of O-(2,3,4,6-tetra-O- 

acetyl-cl-D-glucopyranosyl)-(I +3)-0-(2,4,6-tri-0-acetyl-cr-D-glucopyranosyl)-(1+3)- 

1,2,4,6-tetra-O-acetyl-cc- (17) and -/I-D-glucopyranose (18) as an amorphous powder 

(8.4 g); [alp + 125.7” (c 1.3, chloroform); t.1.c. (solvent 2): R, 0.35. 

Further elution of the column in order to obtain the slower-moving, minor 

components (RF 0.27 and 0.18 in solvent 2) resulted in the isolation of impure 

materials. 

3-O-cr-D-Ghxopyranosyl-D-ghicose (4). - A solution of 5 (1.3 g) in anhydrous 



methanol (20 mL) was treated with methanolic M sodium methoxidc ( I mL). The 

solution was kept for I 11 at room temperature, made neutral with /\mberlitc IR-I 20 

(Hi ) ion-exchange resin. the suspension filtered , and the iiltratc CL aporated. to give 

4 (0.63 g. 95”,,) as an amorphous powder that could not becrystallized: [*I]:” + 137.5 

(c, 1.0, water); p.c.: I?,,,, 0.81: IIt. 7 [,FID + 138.8“: [x],‘,’ c I37 I (’ o.sox, water)8: 

m.p. IX, [XI: +I25 --+ +13X (17 h: ~2.0. watcrl”. 

2.4.C Tri- 0 -mcr/~~l-3-O-( ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ )- x-n-ghr(v- 

p~~rnno.~~~/ hrwzide (6). To ;I chilled solution of 5 (5.0 g) ill :icetlc acid (35 ml_ 1 

was added a saturated (at 0’ ) solution of hydrogen bromide in act:tlc aced (35 mL). 

The mixture was stirred for I h at room temperature. and then diluted with d~chloro- 

methane. The solution \\a~ bashed cuccessively \vlth iced water. qut‘ou\ sc~d~urn 

hpdrogencarbonatc, and ivater. dried (magnesium sulfate). and e\ap~~ra~ed. to gi\:c a 

white, crystalline mabs which. on I-ecrystalliratic,n from ~lichlc~i-c,nlcthunr cthcr. 

afforded 6 (4.70 g, YI ‘I,,): m.p. 110-21 I . [I];~ + lX5.S [(, 1.1. chlnrof~~rm): n.m.1 

data (chloroform-d): (5 6.64 (d, I r-1, I,_, 3.S Hz). 

.,117~/. Calc. for C,,H,,Br0,7: C, -H.C)5; H, 5.04: Br. I I.42 Izotlnd: C, 44.54: 

H, 5.12: Br, Il.%. 

Compound 6 ( I .8 I g, 92 I’,) ) was also obtained from 7 ( I .c)l g). described later, 

by an analogous procedure. 

1,-7,-1,6-T~~tr.u-0-~c.e/r/-3-0- (,‘.3,3.6-/ctl.~i-0-~~~~~t1.1-~-~~-~1~~~~~~/~~~1~~/~~~~.~~1)-/~-1~- 

,+myymose (7 ). -- Compound 6 (0.51 g) was dissolved in acetic acid (IO ml.) 

containing mercuric acetate (0.52 g). and the mixture wa:, stirred for 1 h at room 

temperature. The solution (~35 evaporated to dryness. and the rehiclue \+‘a~ e*tractcd 

with chloroform. The extract was washed with wutcr. dried (sodium sulfate). and 

evaporated to a solid which was recry~tallizcd from cthnnol. tt, gi\c 7 (()A() g, U? I’,, ): 

t11.p. 153-154 ‘. [Y],‘,” +x3.2 (( 1.5, chloroform); lit.’ ni.p l-19 . /Y]~, +~l.c) 

(chloroform ): m.p. IF-- I52 “. [ ~j,‘,” +X3 (C 0.185. chloroform )‘: ni.p. I%-. 

[Y]:,’ t83 (t* 2. I, chloroform)‘-l. 

O-x-D-C;/~rc~c,l,?‘~~/~~~~S~~/-(/-~3)-O-~-t~-~/l/c~o~/~~,~u/7~~,s~,/-( / -+_? )-r,+/cm~ (16). 

Treatment of a mixture of 17 and 18 (6.2X g) in dry methanol (SO ml.) with M sodium 

methoxidc (7 mL ), followed by processing as &crib& for 5. gave 16 as an amorphou> 

powder (3.08 g, %I”,,); [xl,:’ + 1X1.7. (c I. I, water): p.c.: R,;!. 0.65: lit. [x112,’ 

+ 183’ (c 0.3, water)X; [xlF, + IA4 (c 1.0, water)“. 

0 - (2,3,3,ri - T~~t/~~z-O-~rc~c~t~~l-~-~~-,~l~~i~o~~~~I.~IllO.\rl’l)-( I ---t ~)-0-(,^7.3,6-t/~I-O-LI(Y’I~~/-X- 

I~-,ulucc~j~~ratzu.~~,/ )-( I --t 3 )-I ._‘.J,6-fc,trc7-O-r~,~t_~.~-~~-i~-~~/z~~,~7/~~,7.~7~7(7~f, ( 18 ). Corn- 

pound 16 (2.75 g) was acet\,lated with acetic nnhydridc (25 mL) and sodium acetate 

(7 g) under refux for 30 min. The mixture was cooled, and poured into ic+v,ater, 

and the precipitate that separated was filtered off. washed with \tntcr. and dried. 

Recrystallization from ethanol gave 18 (3.27 g, XI ‘I,,); m.p. IXX -IS9 . 1-x Ii2 + 105.9 

tc 1.1, chloroform): ht. m.p. 1X7-IXY’ (aqueous ethanol). [z]fj,’ 1~ 17W (,(, 0.5. 

chloroform)‘: m.p. 18X-18<1’. [xlD + IOK- ((, 0.5. chloroform)” 

Frucfioflntiot7 (?I 0 777irtrtrc, c!f fl7e Ii-I>-ucttrrtcs ohfuit7td h I’ uv7wrsiot7 of’ tl7e 

osiyincrl pol~~sr7c~i~htrsit~~~ crcrto/~~:uf~~. The acetolyzatc (30 g), prepared as described 
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earlier, was dissolved in acetic acid (140 mL), and the solution was cooled, treated 

with a saturated (at O”) solution of hydrogen bromide in acetic acid (140 mL), and 

stirred for 1 h at room temperature. The mixture was processed as described for the 

preparation of 6, and the resulting residue was dissolved in acetic acid (200 mL) 

containing mercuric acetate (30 g). The mixture was stirred for 5 h at room temperature, 

and processed as described for the preparation of 7, to give a syrup which was 

fractionated on a column (5.8 x 100 cm) of silica gel. Elution with solvent f gave 

1,2,3,4,6-penta-0-acetyl-fl-D-glucopyranose (3) (6.4 g); m.p. 132-133’ (ethanol), 

bli? +3.8” (c 1.0, chloroform); lit.29 m.p. 132”, [N]~ +4” (chloroform). 

Elution with solvent 2 gave 7 (8.1 g); m.p. and mixed m.p. 153-154” [a]? 

+ 106.2’ (c 1.0, chloroform). 

Elution with solvent 3 afforded 18 (4.6 g); m.p. and mixed m.p. 188-189” 

(ethanol), [u]? + 106.2” (c 1.0, chloroform). 

Merh$ 2,4-di-O-acet~~l-3-0-(2,3,4,6-tetra-O-acetyl-cll)-~-D- 

glucopyranoside (8). - Compound 6 (2.86 g) was dissolved in a mixture of anhydrous 

methanol (10 mL) and dry dichloromethane (50 mL) containing mercuric cyanide 

(1.03 g). The mixture was stirred overnight at room temperature, and then evaporated 

to a syrup which was dissolved in chloroform. The solution was washed successively 

with water, aqueous potassium bromide, aqueous sodium hydrogencarbonate, and 

water, dried (sodium sulfate), and evaporated. Crystallization from 2-propanol gave 

8 (2.29 g, 86%); m.p. 144-145”, [a]? $61.3” (c 1.1, chloroform). 

Anal. Calc. for CZ7H,,0,,. C, 49.85; H, 5.89. Found: C, 49.74; H, 5.97. 

kletlz_v?vl 3-O-cc-D-ghcopyranosybfl-D-ghcopyranoside (9). - O-Deacetylation 

of 8 (2.01 g), as described for 5, gave 9 (0.97 g, 88%); m.p. 212-213” (aqueous 

ethanol), [~]f, f91.0” (c 1.0, water); n.m.r. data (deuterium oxide): 6 5.33 (d, 

1 H, J,,,,, 3.0 Hz, H-l’), 4.41 (d, 1 H, J,,, 7.5 Hz, H-l), and 3.55 (s, 3 H, OMe). 

Anal. Calc. for C,JH,,O,,: C, 43.82; H, 6.79. Found: C, 43.90; H, 6.86. 

Benzyl 2,4-di-O-acetyI-3-0-(2,3,4,6-tetra-O-acetyl-~-D-glucopyra~osyl)-~-D- 

glucopyranoside (10). - Compound 6 (3.01 g) was dissolved in dry benzyl alcohol 

(15 mL) containing mercuric cyanide (1.09 g), and the mixture was stirred for 2 h 

at 85”. Most of the benzyl alcohol was removed in vacua at 90” by repeated co- 

distillation with water, and the residue was dissolved in chloroform. The solution 

was processed, as described for 8, to give 10 (2.72 g, 87%); m.p. 141-142” (ethanol), 

[u]? f37.8” (c 1.6, chloroform). 

Anal. Calc. for C,,H,,O,,: C, 54.54; H, 5.83. Found: C. 54.63; H, 5.74. 

Benz.121 3-0-cc-D-ghcopyranosybfl-D-ghcopyranoside (11). - O-Deacetylation 

of 10 (2.5 g), as described for 5, gave 11 (1.36 g, 917;); m.p. 230-231’ (methanol), 

[R]? +56.6” (c 1.5, water); n.m.r. data (deuterium oxide): 6 7.47 (s, 5 H, Ph), 

5.34 (d, 1 H, J1,,2, 3.0 Hz, H-l’), 5.00, 4.74 (AB quartet, 2 H, J 12.0 Hz, PhCH,O), 

and 4.58 (d, 1 H, J,,, 7.5 Hz, H-l). 

Anal. Calc. for C19H28011: C, 52.77; H, 6.53. Found: C, 52.71; H, 6.61. 

Phenyl 2,4-di-O-acetyl-3-0-(2,3,4,6-tetra-O-acetyl-a-D-glucopyranosyl)-~-D- 

glucopyranoside (12). - A solution of phenol (0.5 g) and potassium hydroxide 
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(0.3 g) in water (IO mL) ~fas mixed with 6 (I .O g) in 1,4-dioxane (IO mL), and the 

mixture was stirred for 3 h at room temperature. After evaporation of the solvents, ;I 

solution of the residue in dichloromethane was washed succcs~ivcl~~ with ?n~ sodium 

hydroxide and water, dried (hodium sulfate). and evaporated to a syrup that crystal- 

lized from ethanol to give 12 (0.71 p, 70”,,). m.p. 85~.-8h . [x]h’ 1-61.7 ((’ 1.1. 

chloroform ). 

,-fna/. Calc. for c‘,,H,,,0,8: C, 53.93: H. 5.66. Found: C. 54.10; H, 5.78. 

P/lerz I./ 3-0-x-r~-,~lric~r~~~~~rat1o.~~~/-/l-l~;/~~~~~~;~1~~cri~o~i~/f~ ( I3 ). 0Deacetylation 

of 12 (0.49 g), as described for 5, gave 13 (0.26 g. c)O”,, ): n1.p. 199 ZOO (ctlmol). 

[%I:, f66.7 ((, 1.0, lvater); n.m.r. data (dcuterium OIIL~C): A 7.5bb.97 (III. 5 H, 

Ph). 5.38 (d. I H, J,,,, 3.0 Ht. H-l ‘). and 5.12 (d. I H, ./,,7 7.0 t-I/. H-l ). 

Anal. Calc. for C,,H,,,O,,: C, 51.67: H. 6.26. Found. C. 11.76. H. 0.33. 

Pllr~lI’l 3,4-t/i- 0 -nW~~l~/-_~-o-( ~.3.4,6-tc~trl~-O-or~t~t_~~f-~-l~-~ll~~~~~/~~l~~~ir~~~.~~~l)-~-~~" 

~~/~rc.r,/?t.vano.ri~/~ (14). ~~ A mixture of7 (Z.0 g). phenol (2 g). and po\vdercd, anhycirOLIE 

zinc chloride (0.X g) QYIS stirred for 2 h at IO0 . cooled. and diluted \\ith dlchloro- 

methane. 7‘he solution \ias processed as described for the preparation of 12. to gi\,e 

14 (I.17 g, 60”,,): m.p. l-l7~~lIX ’ (ethanol). [Y],‘,” + 165.5 ((’ 1.2. chloroform). 

,4ml. Calc. for C,?,H,,,O,,: C, 53.93: H, 5.66. Found. C. SJ.09: H. 5.60. 

i%c~t~~*l 3-0-rr-~~-~/~f~~of~~~~cri~os_~~l-r-u-~~l~~~~o~~~~~t~at~osi~l~ ( IS). O-Deacetylntion 

of 14 (0.91 g). as described for 5, afforded 15 (0.4X g, 91 “.,): 111.p. Nci 709 (ethanol), 

[xl:, +229.3'~' (t, I .O, water): n.m.r. data (deuterium oxide): A 7.50 7. I2 (m. 5 f-l. 

Pll), 5.67 (d. I H, J ,.? 3.0 Hz, H-l ). and 5.43 (cl. I H. J, ‘.?’ 3.0 Hz, H-l ‘). 

.Inal. Calc. for C,,H2,,0,,: C, 51.07: H. 6.26. Found: C. 51.80: H. 0.31. 

A/rt/?_l*/ 0 - ( _?._3,4./, - rtt~n-o-r/c~t~/~~/-x-I,-,~/zrc~o~/~~~~c~~~~,~_~~/)-( / ---t 3)-O-( 3.4./j-lli-O- 

acet~,l-r-D-,,rr/zrt~u/,l?1~~cr,lo.~~,/)-( I --, .I)-.?, ~.6-t/.i-O-c/c~c~f_l~/-~~-I~-,~/~~~~~)/~,l,~~f~o,~i~/~~ (19). ~~- To 

a cooled solution of 18 (2.0 g) In acetic acid (10 mL) M:L\ n&id a saturated (at 0”) 

solution of hydrogen bromide in acetic acid ( IO tnL). ‘The mlxturc \\a5 stirred fol 

30 min at room temperature. and processed as described for the preparation of 6. 

The residue was dissolved in anhydrous methanol (5 mI_) and dlchloromethane 

(‘25 mL) containing mercuric cyanide (0.51 g). and the mixture ~a5 processed, as 

described for the preparation of 8. to give 19 ( I .5 I g. 78 I’,,); m.p. I S3 I86 (ethanol ). 

[xl,:" +89.4 (c I .6, chloroform ). 

AM/. Calc. for C,,H,,O,,: C. 19.X9: H, 5.X0. Found: C. 50.13: H, 5.91. 

:IlctllJY 0 - rr-I~-~ltf~~o/,1’1.~1110.\~‘/-( / ---) 3 )-0-~-1,-$/~/~~0~/~~l~~~i?~~.~l~/-( I -* 3)-~~-I)-,~/~It’0- 

p?,ranosi& (20). ~~- Q-Deacetylation of 19 (I .13 g). as described f& 5. pa\c 20 (0.5Y 8. 

88 “;,): m.p. 214 --2 I5 (ethanol ). [xl:,” -t 137.6’ (c. I .h. water): n.m.r-. data (dcuttxium 

oxide): d 5.31 (d, 2 H, J,. 2f and J1 ., 

H-I ). and 3.56 (s, 3 H. O’Me). ‘- 

3.5 I-17, H-l’and -I”). 1.38 (d. I H.J,,, X.0 Hz. 

.1rm/. Calc. for C!,H,,O,,: C, 44.02; H. 6.61. Found: C, d-1.13: H. h 76. 
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