
Curbohydrute Research, 48 (1976) 197-208 
@ Elsevler SclenWic Pubhshmg Company, Amsterdam - Prxuted m Belgmm 

SYNTHESIS OF METHYL CL- AND /?-MALTOTRIOSIDES AND 
ARYL /3-MALTOTRIOSIDES* 

KEN’ICHI TAKEO*, KAYOKO MINE, AND TAKASHI KUGE 

Department of Agrmdtural Chemstry, Kyoro Prefectural Unwemty, 
Shmogamo, Kyoto 606 (Jopon) 

(Received December 9th, 1975, accepted for pubhcahon m revised form, February 9th, 1976) 

ABSTRACT 

Reaction of fi-maltotnose hendecaacetate with phosphorus pentachlonde gave 
2’,2”,3,3’,3”,4”,6,6’,6” - nona- O-acetyl-2-O-trichloroacetyl-B_maltotiosyl chlonde 
(2) whxh was Isomerued mto the correspondmg LY anomer (8) Selective ammonolysls 
of 2 and 8 afforded the 2-hyclroxy derivatives 3 and 9, respectively, 3 was lsomenzed 
mto the c1 anomer 9 Methanolysls of 2 and 3 m the presence of pyndme and sliver 
mtrate and subsequent deacetylation gave methyl cr-maltotrfoslde Likewise, 
methanolysls and O-deacetylatlon of 9 gave methyl /Cmaltotnoslde which was 
ldentxal with the compound prepared by the Koemgs-Knorr reaction of 
2,2’,2”,3,3’,3N,4”,6,6’,6~-deca-U-acetyl-cr-malto~osyl brormde (12) with methanol 
followed by O-deacetylation Several substituted phenyl j&glycosldes of maltotnose 
were also obtamed by condensation of phenols with 12 m an alkalme me&urn 
Alkahne degradation of the o-chlorophenyl j&glycosrde decaacetate rea&ly gave a 
high yield of 1,6-anhydro-fl-maltotriose 

INTRODUCTION 

Maltotnose IS of mterest as one of the hydrolytx products of starch The 
maltotiose derivatives reported to date are the j%hendecaacetate’ (1), the glycltoll, 
the hendecamethyl ether’, and the I-phenylfiavazole’ Methyl a-maltotnoade4 5 
(5) was isolated m pure form by chromatographx fractionation of a senes of methyl 
c+malto-ohgosacchandes resultmg from the glucosyl transferase activity of either 
potato D-enzyme4 or Baczlhzs macerans amylase’ Slrmlarly, methyl /?-maltotxxoslde 
(14) was also prepared enzymcally, but the physlcal propertxs of this compound were 
not well deGned 

We have synthesized several maltotnose derivatives whxch may serve not only 
as substrates m mechamstic stuches of various starch-metabohzmg enzymes but also 
as a model for solvolyt~c and dsplacement reactions of h@er members of malto- 

*Chermcal modScatIon of maltotnose Part I 
tTo whom mqumes shouId be addressed 
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CHzOR4 CHzOR4 CH,0R4 

RdO;>\o~oQ: 

OR4 OR4 OR” 

1 R’= OAc,$= H,R3= R4=Ac 9 R’ = R3= H d= CI,R4= AC 

2 R’= CI,R’= h,R3=COCC13,R4= AC 10 R’ = OMe,R’= R’= H.RI= AC 

3 R’ = CI,F?= d= H,R4= AC 11 R’=OMe R2=H ti= Ms,ti=Ac 

4R’= R3=H $=OMe R4=Ac 12R’=H.$=Br $=R4=Ac 

5 R*= OMe,R’= R3= R4=H 13 d = OMe,R*= H F?= F?=Ac 

6 R’= H.i?‘z, OMe.R3= R4=Ac 14 R’= OMe R2= R3= R4= H 

7 R’= H,R’=OMe R3= MS R4=Ac I~R’=OAC R’=R’=H R’=Ac 

8 R’= H,R’= CI,R3=COCC13,R4=Ac 16 R’= 0Ac,R2= H,R3= Ms,R4= AC 

ohgosacchandes and starch 7&s paper describes the chenucal synthesis of 5 and 14, 
prepared previously by enzymlc procedures4 ‘, and of several substituted phenyl 
j?-glycosldes of maltotnose The preparation of 1,6-anhydro-#I-maltotrrose (18) and 
its nonaacetate (17) by alkalme degradation of the deca-0-acetyl denvatlves of aryl 
/I-glycondes was also mvestigated 

RESULTS AND DISCUSSION 

The preparation of 5 was based on the reactlon of Hlckmbottom6, who 
prepared an cr-D-glucopyranowde by mverslon of configuratlon at C-l of a /3-D-ghCO- 

pyranosyl chlonde having either a tichloroacetoxyl or a hydroxyl group as the non- 
parWipatmg group at C-Z 

Treatment’ of 1 wvlth 8 molar equivalents of phosphorus pentachlonde m the 
presence of carbon tetrachlonde gave a nuxture of products from which crystallme 
2’,2”,3,3’,3”,4N,6,6’,6”-nona-O-acetyl-2-O-tnchloroacetyl-~-maltotr~osyl chlonde (2) 
was isolated in 42% yield by column chromatography on slhca gel Selectrve am- 
monolysis’ removed the tnchloroacetyl group to gwe crystallme 2’,2”,3,3’,3”,4’.6,6’,6”- 
nona-O-acetyl-j3-maltotnosyl chlonde (3) m good yield (94%) Prehrmnary expen- 
ments of the reaction of 2 and 3 with methanol m the presence of pyndme and sliver 
mtrate as acid acceptors 6 showed that the latter gave a lugher yield of methyl 
2’,2”,3,3’,3”,4”,6,6’,6”-nona-O-acetyl-a-maltotr1oslde (4) than the former, under 
these conltlons, the 2-tnchloroacetyl group of 2 was also removed Thus, 4 was 
isolated m crystallme form in 54 and 86% yield from 2 and 3, respectively. De- 
acetylation of 4 gave 5 m crqstalhne form with physical constants m good agreement 
vvlth those Bven m the hterature 4*5 The overall yield of 5 vza 3 was 32% based on 1 . 
Acetylatlon and methanesulfonylation of 4 afforded methyl 2,2’,2”,3,3’,3”,4”,6,6’,6”- 
deca-O-acetyl- and 2’,2”,3,3’,3”,4”,6,6’,6”-nona-O-acetyl-2-O-methylsulfonyla-m~to- 
tnosldes (6 and 7), respectively. 

Compound 14 was prepared (a) by treatment of 2’,2”,3,3’,3”,4”,6,6’,6”-nona- 
0-acetyl-cz-maltotnosyl chlonde (9), lsomenc lvlth 3, with methanol and (b) by the 
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conventlonal Koemgs-Knorr condensation of 2,2’,2”,3,3’,3”,4”,6,6’,6”-deca-U-acetyl- 
cr-maltotnosyl bronude (12) with methanol 

In the first approach, 3 was rsomenzed’ with tltamum tetrachlonde in chloro- 
form to @ve crystalhne 9 Tbs compound was also obtained by the Isomemtlon of 2 
wth tltamum tetrachlonde to Bve 2’,2”,3,3’,3”,4”,6,6’,6”-nona-0-acetyl-2-U-tn- 
chloroacetyi-cr-maltotnosyl chlonde (S), followed by selective removal of the 
2-tnchloroacetyl group Treatment of 9 mth methanol under the same con&tlons as 
those of the preparation of 4 yxelded crystalhne methyl 2’,2”,3,3’,3”,4”,6,6’,6”-nona- 
0-acetyi-&maitotnoslde (lo), whch on deacetylation gave 14 m amorphous but 
chromatographlcally pure form MethanesuKonyIation of 10 gave crystalime methyl 
2’,2”,3,3’,3”,4”,6,6’,6”-nona-U-acetyl-2-O-methylsulfonyl-~-maltotnos~de (11) 

In the altematlve synthesis of 14, 1 was converted mto the correspondmg 
a-bronude 12 m crystaihne form \mth hydrogen bromide m acetic acid Reactlon of 12 
with methanol m dry benzene at room temperature, m the presence of mercunc 
acetate, gave a mixture from which methyl 2,2’,2”,3,3’,3”,4”,6,6’,6”-deca-O-acetyl- 
j3-maltotnoslde 13 was isolated m 52% yield as an amorphous sohd by column 
chromatography Deacetylatlon of 63 afforded 14, its physrcal propefies bemg m 
good agreement with those of the compound prepared vra the methanolysls of 9 The 
n m r spectrum (deutenum oxide) of 14 showed a doublet at 7 5 63 with J1 ,2 8 0 Hz 
for the anomerlc proton, consistent with the /?-configuration at C-l 

The a-chlonde 9 was treated with mercuric acetate m acetlc acid to Bve 
crystallme 1,2’,2”,3,3’,3”,4”,6,6’,6”-deca-O-acetyl-8_maltotr~ose (15), wfuch on 
methanesulfonyiatlon ylelded crystailme 1,2’,2”,3,3’,3”,4”,6,6’,6”-deca-0-acetyl-2-G 
methyisulfonyi-j&maItotrlose (16) 

In&al attempts to synthesize the aryl a- or j?-glycosldes of maltotrlose by fusion 
of phenols with 1 under reactxon condltlons slmllar to those employed for the 
synthesis of phenyl a- or /Lma.ltosldeg lo were unsuccessful, a substantial amount of 
the startmg sugar was recovered unchanged and mod&ication of the reaction con- 
dltlons Id not improve the yield 

Subsequently, we found that the Koexugs-Knorr reaotlon used for the 
preparation of halophenyl j?-glycosxdes of dlsacchandes’ I31 2 was adaptable to the 
synthesis of tnsacchande giycosldes, when the c+brormde 12 was condensed with 
phenol, halophenol, or mtrophenoi m the presence of potassmm hydroxide m 50% 
aqueous acetone, the deca-O-acetyl derivatives of phenyl, O- and p-bromophenyl-, 
o-, m-, and p-chlorophenyl, and p-mtrophenyl j?-glycosldes of maltotnose were 
duectly isolated crystalline from the reaction rmxtures after the usual processmg, 
whereas those of the m-bromophenyl and m-mtrophenyl /?-glycondes were obtamed 
m crystallme form after column chromatograpkc separation The physical properties 
of these compounds are listed m Table I It 1s noteworthy that all the bromo- and 
chloro-phenyl 2,2’,2”,3,3’,3”,4”,6,6’,6”-deca-O-acetyi-B-malto~~osldes were obtamed 
m yields much lllgher than those of the correspondmg halophenyl 2,2’,3,3’,4’,6,6’- 
hepta-O-acetyi-j?-maltosldes (13 -2% yield)’ I 12. Furthermore, It was found that 
the &fkrence in the yields of halophenyl deca-U-ace@-/5maltotnosldes due to the 
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posrtron of the halogen atom on the aglycon was not so much drstmct as obse,ved for the 
halophenyl analogs of &maltosrdes, where there IS always a decrease m yreld for the 
serresp>nz>o11*r2 

O-Deacetylatxon of the peracetates of aryl fl-maltotnondes was performed 
wrth methanohc sodium methoxlde Phenyl, a- and p-bromophenyl, and o- and 
p-cblorophenyl /I-glycosides were obtained m crystalhne form, whereas m-bromo- 
phenyl, m-chlorophenyl, and m- and p-mtrophenyl j?-glycosrdes were obtamed m 
amorphous but chromatographrcally pure form The physrcal constants of these 
/&glycosrdes are presented m Table II In the n m r spectra (deutermm oxrde) of the 
aryl j?-glycosrdes, each anomerrc proton appeared m the regron of z 4 78-5 03 as a 
doublet with a magmtude of the coupling constants of 7 O-7 5 Hz, consistent with the 
/%anomenc cotiguratron 

CHIOR CH>OR H,C-0 
I I 

17 R = AC 

18R= H 

It has been pomted out that the 1,6-anhydro-rmg formation by alkahne 
degradatron of aryl /?-glycosrdes of mono-r3 and drsaccharrdesrG16 IS influenced by 
the subsntuents on the aglycone Prehmmary expenments showed on t 1 c that 
among the mne peracetates of the aryl j?-glycosrdes prepared, o-chlorophenyl 
2,2’,2”,3,3’,3”,4”,6,6’,6”-deca-O-acetyl-B-maltotrloslde (19) was the most suitable for 
the convement preparatron of 18, m the disaccharide series, p-chlorophenyl 
2,2’,3,3’,4’,6,6”-hepta-O-ace@-/I-maltoside was the most efficient mtermedrate for 
the syntheses of 1,6-anhydro-&maltose’6. Treatment of 19 wrth aqueous 2 6~ 
potassium hydroxide for 6 h at lOO”, followed by acetylarron of the resultmg crude 18 
with acetic anhydride and sochum acetate gave, in 81% yield, crystallme 17 wluch on 
U-deacetylation furmshed pure, crystalline 18 m 97% yreld In the n m r spectrum 
(deuterium oxrde) of 18, the H-l resonance appeared at the lowest field (r 4 54) as 
a broad singlet due to the vlcmal couplmg with H-2 and the long-range couplmg 
w&h H-3, mdxcatmg that the 1,6-anhyclro nng of 18 adopts the ‘C, conformation’ ’ 
in spite of the axial glycosyloxy-group at C-4 

Wolfrom er al l8 Isolated three anhydro tnsaccharrdes as peracetates from the 
mtxture obtamed by the thermal polymermatron of 1,6-anhydro-P-D-glucopyranose 
but &d not elucrdate then structures None of the physrcal constants of these com- 
pounds are m accord wrth those of 17 
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J3cPERnfENTAL 

General metllods - Unless otherwrse stated, solutions were evaporated at a 
temperature below 40” under reduced pressure Melting pomts were determmed with 
a Yanagunoto hot-stage nucroscope and are uncorrected Optical rotations were 

measured wrth an Ohyo Denkt automatrc polanmeter, Model MP-1T The specrfic 
ro+atrons of the aryl /I-glycoslde acetates and the free p-glycosldes (Table I and II) 
were determmed at 20” m chloroform solutions (c 2 0) and in water (c 1.3), respec- 

tively N m r. spectra were recorded with a Vanan A-60A spectrophotometer, tetra- 

methylstlane (in chloroform-d, benzene-d,, and &methyl sulfoxrde-d,) and 2,2- 
dunethyl-2-sdapentane-5-sulfonate (m deutenum oxrde) were used as mtemal 
standards T 1 c was performed on Slhca Gel G (Merck), the detectton was effected 
by spraymg a solution of 10% sulfunc acid, followed by heatmg Column chromato- 
graphy was performed on S&a Gel No 7734 (Merck); the followmg solvent systems 
were used. (A) 2 1 (v/v) benzene-ethyl acetate, (B) 1 I (v/v) benzene-ethyl acetate, and 
(C) 6 1 3 (v/v) 2-butanone-acetic acrd-water’g Phosphorus pentachlonde was 
resubhmed unmedrately before use 

0-(2,3,4,6-Tetra-O-acetyZ-cc-D-gJ~~copyranosyl)-(I-,4)-0-(2,3,6-trz-O-acetyl-a-D- 
gJucopyranosyl)-(I ~#)-3,6-dr-O-acetyl-2-O-tr~cJ~ZoroacetyI-~-D-gJz~copyranosyl cJdorxde 
(2) - The j?-hendecaacetate’ 1 (10 g) WZIS thoroughly rmxed \wth phosphor?Js 
pentachlorlde (17 2 g, 83 mmol), and dry carbon tetrachlonde (5 ml) was added The 

xmxture was heated at 100” with excluston of moisture After about 1 h, vrgorous 
evolution of hydrogen chlorrde ceased and the nurture became fhud After 3 h, t I c 

tlvely N m r spectra were recorded wrth a Vanan A-60A spectrophotometer; tetra- 
(Solvent A) showed a complex mrxture, the fastest-movmg component bemg the major 
product The volatrle by-products were evaporated under reduced pressure until the 
bath temperature had risen to about 60” The residual syrup was extracted wtth ether, 
and the extract was washed successtvely wrth cold, aqueous sodmm hydrogen- 
carbonate and water, dned (Na,SO,), and evaporated to a syrup, which was 
fractionated on a column of srhca gel (200 g) m Solvent A The first fraction 
crystallized from ether-petroleum ether to gave 2 (4 6 g, 42%), m p 129-131”, 

b%’ i- 8 1 1 o (c 2 1, benzene). n m r data (benzene-d, j z 4 29 (d, 1 H, J1 ,2 8 5 Hz, 

H-l) 
Anal. Calc. for C,,H,,CI,O,, C, 43 61, H, 462, Ci, 13.55 Found C, 43 81, 

H, 4 58 ; Cl, 13.47 
O-(2,3,#,6-Tetra-O-acetykx-D-gJzLcopyranosyJ)-(1 ~4)-O-(2,3,6-trz-O-ace~z-~-D- 

gJucopyranosyI)-(I~4)-3,6-dr-0-acetyJ-~-D-gJzfcopyrano~yJ Alonde (3) - Compound 
2 (5 g) was finely powdered and rapidly lssolved at 0” m ether (100 ml) that had been 

saturated with ammoma The mrxture was vrgorously agrtated for 15 mm, and the 
preclpltate formed was filtered off and crystalhzed from ethyl acetate-ether to gve 3 

(4 1 g, 94%), m p 119-120”, [alA5 + 104 9” (~2 0, benzene), n m r data (benzene-d,) 
r428(d,lH, J1,* 9 0 Hz, H-l), OH signal obscured by the overlappmg 7Nlfh other 

ring protons 



204 K TAKEO, K MINE, T KUGE 

Anal Calc for C36H4&1024 C, 47 98; H, 5 48, Cl, 3 93 Found C, 47 71, 
H,54O,Cl,382 

Methyl 0-(2,3,~,6-Zetra-O-acetyZ-~-D-gZucapyra~osyZ)-(~~~-O-(2,3,6-trz-O- 

acetyi-a-D-gZucopyranosyi)-(I -+ 4)-3,6-dz-O-acetyi-o-D-gZz~opyrano.szde (4) - 

(a). Compound 2 (0 9 g) was heated for 2 h under reflux m anhydrous methanol 
(20 ml) contaimng pyrrdine (0 08 ml) and srlver mtrate (161 mg) The solutron was 
atered and evaporated to a syrup that was lssolved in chloroform The solutton 
was washed wrth water, dried (Na,SO,), and concentrated to dryness Crystalhzatron 
from ethanol afforded 4 (417 mg, 54%), m p 185 5-186”, [a]g” f152 4” (c 1 4, 
chloroform), n m r. data (dunethyl sulfoxide-d,) z 4 93 (d, JZ,Z_oE1 6 0 Hz, 1 H, 
exchangeable wrth D20, OH-2) and 6 67 (s, 3 H, OMe) 

Anai Calc for CS7H520t5 - C, 49 55, H, 5 84 Found C, 49 41, H, 5 89 

(b) The j?-chlonde 3 (5 g) m methanol (130 ml) contammg pyndme (0 49 ml) 
was treated with sliver mtrate (1 04 g) for 2 h under refiux The resulting product was 
processed as lust described to give a compound (4 28 g, 86%), m p 185-186” (from 
ethanol), [a]; -I- 153 6” (c 2 0, chloroform), ldentica1 (nuxed m p and n m r ) wrth 
that obtamed m (a)_ 

Acetylatron of 4 with acetrc anhydrrde-pyrnlme gave methyl O-(2,3,4,6-tetra-O- 
acetyl-cc-~-glucopyranosyl)-(l~4)-0-(2,3,6-t~-O-acetyl-cc-~-glucopyranosyl)-(l~4)- 
2,3,6-tn-O-acetyl-a-u-glucopyranoside (6) m amorphous form, [a];’ + 136 6” 
(c 1.3, chloroform) ; t 1 c RP 0 52 (Solvent B). 

AnaZ Calc for C3sHs402e C, 49 90, H, 5 80 Found C, 49 71, H, 5 98 
Conventional methanesulfonylatron of 4 gave methyl O-(2,3,4,6-tetra-O-acetyl- 

a-D-glucopyranosyl) - (l-+4) - 0 -(2,3,6-u-r - 0-acetyl-a-D-glucopyranosyl)-(1+4)-3,6- 
dr-O-acetyI-2-O-methylsulfonyI-a-~-glucopyranosrde Q, m p 105-106” (from 2- 
propanol), [a];’ + 122 3” (c 1 6, chloroform), n m r data (chloroform-d) r 6 50 
(s, 3 H, OMe), 6 93 (s, 3 H, MeSO,). 

AnaZ Cab for C,,H,,SO,, C, 46 82, H, 5 58; S, 3 29. Found C, 46 70, 
H,571,S,317. 

MetlzyZ 0-a-D-gIucopyrano.syZ-(l-+4)-0 -a-D-gIuc6pyranosyZ-(1+4)-a-D-gluca- 

pyranoszde (5) - To a solutron of 4 (3 g) m dry methanol (40 ml) was added 0 l&f 
sodmm methoxrde m methanol (10 ml), the mrxture was stn-red for 1 h at room 
temperature Dry Amberhte IR-120 (H’) Ion-exchange resm was added, and the 
suspension was stured for 20 mm, and then filtered Removal of the solvent afforded 
a hygroscoprc sohd, wmch was crystalhzed from water to grve 5 (1 66 g, 96%), 
m-p 146-147 5O, [a]; +203-O” (c 1.6, water), n m r data (deuterium oxrde) r 4 64 

(d, 2 H, J,,,2, and J,,,,Z- 3 0 Hz, H-l’ and H-l”), 5 20 (d, 1 H, J, ,* 3 5 Hz, H-l), and 
6 39 (s, 3 H, OMe), ht.‘. m p 145-147 So, [I& +202” (water) 

0-(2,3,4,6-Tetra-O-ace~Z-a-D-gZucopyr~o~Z)-(~~~-O~2,3,6-trz-O-acetyZ-~-D- 
gZucopyrrmosyl)-(l-+4)-3,6-dz-0-acetyi-2-O-?richZoroacetyZ-a-D-gizfcopyranosyi chio- 
ride (S) - Compound 2 (1 g) was isomerized with t&ukm tetrachloride (6 ml) m 
chloroform (40 ml), according to the procedure of Wolfram et al *, to gave 8 as an 
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amorphous sohd (0 93 g), [a];’ + 137 8” (c 1 6, chloroform), t 1 c RF 0 35 (Solvent A), 
n m r data (chloroform-d)* 7 3 72 (d, 1 H, JI,t 3 8 Hz, H-l) 

AnaZ Calc for C3sH4sC140t5 C, 43 61; H, 4 62; Cl, 13 55 Found C, 43 84; 
H, 478, Cl, 13 31 

O-(2,3,4,6-Tetra-0-acetyZ-a-D-gZucopyranosyZ)-(I +4)-0-(2,3,6-trz-O-acetyZ-a-D- 

gZ~tcopyranosyZ)-(l~4)-3,6-dz-0-acelyl-ar-D-glucopyranosyi chlorrde (9) - (a) Com- 
pound 8 (2 1 g) was ueated at 0”, as described for 2, m ether (40 ml) saturated mth 
ammoma to afford 9 (I 56 g, 86%), m p 187-188” (from ethyl acetate-petroleum 
ether), [a];’ + 167 0” (c 2 0, chloroform), n m r data (chloroform+ z 3 90 (d, 1 H, 
.JI 2 4 0 Hz, H-l), OH proton obscured by the overlappmg with other rmg protons 

AnaZ Calc for C,,H&lO,,. C, 47 98, H, 5 48, Cl, 3 93. Found C, 47 86, 
H, 522, Cl, 399 

(6) Compound 3 (4 2 g) was lsomenzed’ with tltamum tetrachlorlde (25 ml) 

m chloroform (170 ml) to gve 9 (3 9 g, 93%), m p 188-189” (from ethyl acetate- 
ether), [alA + 166 0” (c 1 7, chloroform), ldentlcal (nuxed m p and n 1m r ) urlth that 
prepared m (a) 

M’ethyZ 0-(2,3,4,6-tetra-O-acetyZ-a-D-gZucopyronosyZ)-(l~4)-0-(2,3,6-trz-O- 

acetyZ~-D-gZucopyro~yZ)-(Z~4)-3,6-dz-O-acefyZ-~-D-gZz~copy~~no~zde (10) - The 
a-chlonde 9 (4 8 g) was treated with pyrldme (0.47 ml) and sliver mtrate (1 0 g) m 
methanol (120 ml), as described for the preparation of 4, to @ve 10 (3 54 g, 74%), 

m p_ 138-139” (from ethanol), [&]A’ + 109 3” (c 1.7, chloroform), n m r data (dl- 
methyl sulfoxlde-d,) T 4 63 (d, 1 H, Jz,z_oH 5 5 Hz, exchangeable with D,O, OH-2 
and 6 63 (s, 3 H, OMe) 

AnaZ Calc for C37H52025 C, 49 55, H, 5 84 Found C, 49 72, H, 5 77 
MethyZ O-(.?,3,4,6-tetra-O-acetyZ-a-D-gZucopyranosyZ) -(I+#)-O-(2,3,6-trz-O- 

trr-O-acetyZ-a-D-gZz~copyro?zosyZ)-(~~~-3,6-dL-O-acetyZ-2-O-rnetZlyZ~ZfOnyZ-~-D- 

gimopyranoszde (11) - Methanesulfonylatlon of 10 gave 11, m p 173-174” (from 
ethanol), [a]&’ f82 5” (c 1 0, chloroform), n m r data (chloroform-d) z 6 46 (s, 
3H, OMe) and 6 97 (s, 3 H, MeS02) 

Anal Calc for C,sHs4SOZ7 C, 46 82, H, 5 58, S, 3 29 Found- C, 46 86, 
H, 541, S, 320 

0-(2,3,4,6-Tetra-O-acetyZ-a-D-gZzfcopyranosyl)-(l~4)-0-(2,3,6-trz-O-acetyZ-a-D- 

gZucopyranosyZ)-(1~4)-2,3,6-Zrz-O-acetyZ~-D-gZ#copyrano~Z bromrde (12) - To a 
cblled solution of the /?-hendecaacetate 1 (10 g) m acetic acid (35 ml) was added an 
acetic acid solution (25 ml) that had been saturated with hydrogen bronude at 0” The 
nurture was stu-red for 1 h at room temperature, chloroform was added, and the 
nuxture was poured mto Ice-water The orgamc layer was separated, washed 
successively vvlth water, aqueous so&urn hydrogencarbonate, and water, tied 
(MgSO,), and evaporated to a syrup whch crystalhzed from ether-ethyl acetate to 
gve 12 (9 0 g, 88%), m p- 105-106”, [alA + 153 8’ (c 1 5, chloroform), n m r data 
(chloroform-6) z 3 50 (d, 1 H, J,,, 4 0 Hz, H-l). 

Anal CaIc for CasHslBrO1s- C, 46 21; H, 5 20, Br, 8 09 Found- C, 46 40; 
H,511,Br,789 
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MethyZ 0-(2,3,4,6-Zetra-O-acetyi-a-D-gZucopyrazzo~Z)-(~~4)-0-(2,3,6-trz-O- 

acetyZu-D-gZzzcopyranosyZ)i~~~-2,3,6-tr~-O-acetyZ-~-D-gZ~copyr~os~e (13) - To a 
solution of the a-bronude 12 (5 g) m dry benzene (30 ml) was added anhydrous 
calcnun sulfate (4 g), mercunc acetate (3 g), and dry methanol (10 ml) The mixture 
was &u-red overmght at room temperature, and then fihkred through a Cehte pad 
after &h&on urlth benzene. The filtrate was washed urlth water, dned (Na,SO,), and 
evaporated to a syrup This was shotin, by t 1 c (Solvent B), to be composed of a 
major product and a slower-movmg contammant, which was removed by column 
chromatography with Solvent B. The fractions contammg 13 were evaporated to grve 
an amorphous powder that could not be crystaihzed (2 4 g, 52%), [a]:’ +77 8” 
(c 1 0, chloroform), t I c R, 0 50 (Solvent B); n m r data (chloroform-d) T 6 52 
(s, 3 H, OMe) 

Anal Calc for C39H-24026 C, 49 90, H, 5 80 Found C, 49 69, H, 5 87 
The compound was shown to be Identical ([a],, n m r , and t 1 c ) with that 

obtamed by acetylation of 19 
MethyZ O-cr-D-gZ~copyranosyZ-(I~4)-0-or-D-gZ~copyranosyZ-(I~4)-~-D-gZzzco- 

pyratzoszde (14) - (a) Treatment of 13 (1 8 g) urlth methanohc 0 1~ sodmm 
methoxlde (5 ml) m methanol (20 ml), as described for the preparation of 5, gave 14 
as a chromatograpkcally homogeneous powder (10 g, 96%), [a]z5 + I1 1 9” (c 2 3, 
water), t 1 c - R, 0 68 (Solvent C), n m r. data (deutenum oxrde)- z 4 64 (d, 1 H, 

2 ;;yJle;2 3 0 Hz, H-l ’ and H-l”), 5 63 (d, 1 H, .I1 ,z 8 0 Hz, H-l), and 6 38 

Anal Calc for C19HJ4016 C,4402,H,661 Found C,4407,H,682 
(b) An analogous O-deacetylation of 10 (0 8 g) with methanohc 0 1~ sodmm 

methoxlde (2 ml) m methanol (10 ml) gave 14 (0 43 g, 93%), [a]g5 + 111 2” (c 1 1, 
water), whch was 1denficaI (n m r and t 1 c ) w&h the compound obtamed m (a) 

0-(2,3,4,6-Tetra-O-acetyZ-a-D-gZucopyranosyZ)-(~~~-O-(2,3,6-trz-O-acetyZ-~-D- 

gZzrcopyranosyZ)-(l-4)-1,3,6-trz-O-acetyZ-~-D-gZ~copyra~zose (15) - The a-chlonde 9 
(1 g) was treated urlth a solution of mercunc acetate (1 g) m acetic acid (10 ml) for 
4 h at room temperature The soIutlon was &luted with chloroform, washed with 
water, dned (Na2S04), and evaporated to a crystalhne mass, which was recrystalhzed 
from ethanol to @ve 15 (790 mg, 77%), m p. 126-1273 [a]:’ + 103 2” (c 1 7, chloro- 
form), n m r data (dunethyl sulfoxlde-d,) z 4 40 (d, 1 H, J2,2_oH 5.8 Hz, exchange- 
able with D,O, OH-2) and 4 43 (d, 1 H, J1,2 9 0 Hz, H-l). 

Anal Calc for CJSH51026- C, 49 41; H, 5 56 Found- C, 49 23; H, 5.69 
Acetylation of 15 ~th acetic anhydnde-pyridme gake the /Lhendeeaaeetate 1 
0-(2,3,4,6-Tetra-O-acetyZ-a-D-gZzzcopyranosyZ)-(l-+4)-0-(2,3,6-trz-0-acetyZ-~-D- 

gZzzcopyr~zosyZ)-(l~~-~,3,6-trz-O-acetyZ-2-O-~zethyZ~~nyZ-~-D~Zucopyr~ose (19 
- Methanesulfonyiatxon of 15 gave 16, m p. 113-l 14” (from ethanol), [a]? + 90 5” 

(c 12, chloroform), n m r data T 4 22 (d, 1 H, J1 2 8 0 Hz, H-l) and 7 02 (s, 3 H, 
MeSO,) 

Anal Calc. for C39H53S028. C, 46 75, H, 5 33, S, 3 20 Found- C, 4672; 
H, 5.50, S, 3 09. 
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General procedure for the preparatzon of aryI 2,2’,2”,3,3’,3”,4”,6,6’,6”-deca-O- 
acetyl-jl-maltotrzoszdes - The procedure used was essentially that described by 
Dea’ ’ 1 3 The phenol (3 7 eqmv based on the a-brormde 12) m a solution of 
potassrum hydroxide (3 7 equlv based on 12) m water (1 g/10 ml) was added to a 
solution of 12 m acetone (equal volume to the water used) The mixture was stured 
for 15 h at room temperature and then the acetone removed under reduced pressure 
The resultmg residue was extracted with benzene and the extract washed succesavely 
with M sodmm hydroxide and water, dned (Na,SO,), and evaporated to dryness The 
deca-O-acetyl derlvatlves of phenyl, p-bromophenyl, m- and p-chlorophenyl /I- 
glycosxdes crystalked from methanol, and those of o-bromophenyl, p-chlorophenyl, 
and p-mtrophenyl jl-glycosldes from methanol-chloroform In the case of m-bromo- 
phenyi and m-mtrophenyl glycoslde acetates, the resulting syrup was punfied by 
column chromatography on slhca gel with Solvent B In each instance, the first 
fraction from the column contalmng the mador product was evaporated to a syrup, 
which on crystalhzatlon from ethanol gave the crystalline glycoslde acetate 

General procedure for the 0-deacetylatzon of aryl deca-O-acetyI-&malto- 
tzzoszdes - A solution of the glycoade acetate m dry methanol (1 g/i0 ml) was 
treated with methanohc M sodmm methoxlde m methanol (0 5 ml) The solution was 
stirred for I h at room temperature, and then neutrahzed with Amberhte IR-120 (H’) 
Ion-exchage resm, filtered, and evaporated to dryness Crystalhzatlon of the phenyl, 
o- and p-bromophenyl- and o- and p-chlorophenyl /?-glycoedes from methanol 
ylelded crystals mBromopheny1, m-chlorophenyl, and m- and p-mtrophenyl 
P-glycosldes could not be crystallized, but these glycosldes were shown to be homo- 
geneous on t 1 c with Solvent C 

0-(2,3,4,6-Tetra-O-acety~-cc-D-g~zzcopyranosyI)-(I-,4)-0-(2,3,6-trz-O-acet~~l-a-D- 
gIztcopyranosyl)-(1~4)-2,3-dz-O-acet~l-1,6-anhydro-~-~-gIzzcopyranose (17) - A 
mixture of 19 (8 7 g) and aqueous 2 61~ potassmm hydroxide (80 ml) was heated for 
6 h on a bollmg water-bath The soIutlon was cooled, neutrahzed with 6~ sulfunc 
acid, and concentrated to dryness The &stdlatlon was Interrupted thnce and the 
preclpltated salts were removed by filtration To the completely dned syrup obtained 
by repeated azeotroplc dlstlllatlon with ethanol were added acetIc anhydnde (45ml) 
and anhydrous sodmm acetate (45 g) The rmxture was heated for 3 h on a bollmg 
steam-bath, and then poured mto Ice-water The resuItmg preclpltate was Gltered off, 
washed well with water, and dried Crystalhzatlon from methanol gave 17, (6 0 g, 
Sl%), m p 156 5-157”, [a];’ f82 4” (c 1 5, chloroform) 

Anal Calc for C36H48024 C, 50 00, H, 5 60 Found- C, 49 83, H, 5 52 
O-cr-~-Glzrcopyrirnos~~i-(i~4)-O-~-D-glzzcopyranosJ,I-(~~~-~,6-an~zydro-~-D- 

gfucopyrazzose (18) - O-Deacetylatlon of the nonaacetate 17 (5 3 g) with M sodmm 
methoxlde (1 ml) m methanol (IO ml) as Just described gave 18 (2 9 g, 97%), m p 254- 
254 5” (from methanol), [alA + 130 2” (c 1 1, water), n m r data (deutermm omde) 
z 4 54 (broad smglet, 1 H, H-l), 4 61 (d, 1 H, J1m,2w 3.0 Hz, H-l”), and 4 87 (d, 1 H, 
J 1,,2, 3 5 Hz, H-l’), the compound drd not reduce a bollmg Fehlmg solution 

Anal Calc for C,8H,,,0,, C, 4445; H, 622 Found C, 4439, H, 625 
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