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ABSTRACT 

Two routes for the syntheses of 6-O-(2-acetarmdo-2-deoxy-8_D-gIucopyranosyI- 
uromc acid)-D-glucose (12) were studled In the first, benzyl 6-O-(2-acetanudo-2- 
deoxy-fi-D-glucopyranosyl)-p-D-glucopyranoslde (10) was obtamed by condensation 
of benzyl 2,3,4-tri-O-acetyi-B-D-glucopyranoslde (obtamed ma the 6-0-tntyl denva- 
tive) with 3,4,6-tn-O-acetyI-2-deoxy-2-dlphenylphosphoryla~no-~-D-~ucopyranosyl 
bronude, followed by removal of the dlphenylphosphoryl and 0-acetyl groups and 
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subsequent N-acetylatlon In the second route, 2-methyl-4,5-(3,4,6-tn-O-ace@-2- 
deoxy-a-D-glucopyrano)-2-oxazolme was used as 2-acetanudo-2-deoxy-D-glucose 
moiety m the condensation reactlon to gve benzyl 6-0-(2-acetamldo-3,4,6-tn- O- 
acetyl-2-deoxy-~-D-glucopyranosyl)-2,3,~tn-O-acetyl-~-D-glucopyranoside (ll), and 
subsequent removal of 0-acetyl groups gave compound 10 Oxldatlon of the primary 
hydroxyl group of 10 gave benzyl 6-O-(2-acetamldo-2-deoxy+D-glucopyranosylu- 
romc acid)-P-D-glucopyranoslde (S), which was converted by catalytic hydrogenolysls 
mto the free dlsacchande 12 

INTRODUCTION 

2-Ammo-2-deoxy-D-galacturomc acid has been isolated from the V, antigen of 
Salmonella typhosa’ and 2-ammo-2-deoxy-D-glucuronic acid has been reported to 
occur m Hernophzltzus znj?uenzae, Type d 2 These aminohexuromc acid monomers, 
2-ammo-%deoxy-D-glucuromc acid3 and 2-ammo-2-deoxy-D-galacturomc acld4, as 
well as 2-ammo-2-deoxy-D-mannuronlc acid’ have been synthesized 

In 1962 PerkIn@ ’ found a heteropolymer which conslsted of an equlmolar 
proportlon of D-glucose and 2-acetamldo-2-deoxymannuromc acid residues m the 
cell wall of Mzcrococcus Zysodezktzcus Penodate oxldatlon of the polymer and lsola- 
tlon of a dlsacchande from it suggested’ the structure to be composed of alternative 
residues of these two sugars, m which D-ghCOSe was substituted at C-6 Jeanlozg 
also showed the linkage at C-6 of glucose by permethylation of the polymer fraction 
Recently, rt was shown that the 2-acetamldo-2-deoxymannuroruc acid residues 
were lmked through C-4 and C-l and had the D-configuratlon’O l1 In this work, 
6-0-(Zacetamldo-2-deoxy-B-D-glucopyranosyluromc acid )-D-glucose was synthesized 
as an analog of the dlsacchande portlon of the polymer To our knowledge, this IS the 
tit disaccharide synthesized that contams an ammodeoxyhexuromc acid 

RESULTS AND DISCUSSION 

Benzyl6- U-(2-acetarmdo-2-deoxy-B_D-glucopyranosyl)-~-D-glucopyranos~de 
(10) was synthesized vza two dflerent routes In the first route, 3,4,6-tn-O-acetyl-Z 
deoxy-2-d~phenylphosphorylam~no-a-D-glucop~anosyl bromide” (4) was condensed 
with benzyl2,3,4-tn-O-acetyl+?-D-glucopyranos?de (3) m dry benzene m the presence 
of mercuric cyamde to mve m 60% yield benzyl 2,3,4-tn-0-acetyl-6-U-(3,4,6-tn-O- 
acetyl-2-deoxy-2-d~phenylphosphorylarno-~-D-glucopyranosyl)-~-D-glucopyrano- 
side (7) Compound 3 had been obtained from benzyl p-D-glucopyranoside (1) by tntyl- 
atlon and acetylation to Bve benzyl 2,3&n- 0-acetyl-6- O-tntyl+D-glucopyrano- 
side (2) followed by detntylatlon with 60% acetlc acid Removal of the acetyl and 
dlphenylphosphoryl groups of 7 was performed with 0 5~ sodmm hydroxide (catalytic 
hydrogenolysls of the dlphenylphosphoryl group may also remove the benzyl group) 
The intermediate 9 was not isolated and N-acetylatlon with acetic anhydnde at pH 
7-8 gave crystalhne 10 
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Zurabyan et al I3 have shown 2-methylglycofl’,2’ 4,5]-2-oxazohnes to be 
effectrve glycosyiatmg agents Benzyl 6-O-(2-acetamtdo-3,4,6-tn-0-acetyl-2-deoxy-& 
D-gtucopyranosy~)-2,3,~-tn-O-acetyl-~-D-glucopyranoslde (11) was obtamed in 46% 
yield by heatmg the 4,5-(3,4,6-tn-U-acetyl-2-deoxy-~-D-glucopyrano)-2-methyl-2- 
oxazohner4 (6) wrth 3 m dry benzene-mtromethane m the presence of p-toluenesul- 
fonrc acrd at pH 3-4 Deacetylatron with 0 4hr sodmm methoxtde gave 10 m 86% 
yield 

Periodate oxtdatron studies of 10 showed a (146) glycostde bond and a ratio 
of D-glucose to 2-ammo-2-deoxy-D-glucose of 1.1 These results are consistent with 
the proposed structure Compound 10 was oxrdrzed with oxygen m the presence of 
Adams’ platmum catalyst to grve benzyl6-O-(2-acetamrdo-2-deoxy-/3-o-glucopyrano- 
syiuromc acrd)$-D-glucopyranostde (8) m 55% yreld Thus compound showed a smgle 

acrdrc spot on paper chromatogram After hydrolyses, D-glucose and 2-ammo-2-deoxy 
D-glucuromc acrd were detected, the latter gtvmg with ninhydrm the charactertsttc 
browmsh color whrch turned purple wrth trme The i r spectra of 8 showed the ab- 
sorplon of the carboxyl group of 1750 cm -I Hydrogenolysrs of 8, m the presence 
of palfadmm-on-charcoal, gave 6-0-(2-acetamrdo-2-deoxy-8_~-glucopyranosyh1romc 
acrd)-D-glucose (12) m 80% yteid On paper chromatograms, 12 migrated as a single 
spot reacting with Bromophenol Blue and wrth the stlver mtrate-sodmm hydroxide 
reagents to show the presence of a reducmg group The I r spectra of 12 showed the 
absorption of the carboxyl group The j?-D-configuratron of the (l-+6) glycosldlc 
bond m the dtsaccharides was ascertamed by the enzymtc hydrolyses of 10 with a 
N-acetyl-@-D-glucosammrdase and from the n m r, spectra of I1 (H-l doublet at 
6 5lOppm, A2 7-8 Hz, anomenc 2 H, 2-acetamtdo-2-deoxy+I-n-glucostde and 
@-r)-glucosrde) 

EXPERIMENTAL 

General methods - All melting pomts are uncorrected Optrcal rotatrons were 
determined m a 0 5-dm tube wrth a Hrtachr Model No 042-4 polanmeter I r spectra 
were recorded for potassium bromide drscs, wrth a Nrppon Bunko model IR-S 
spectrophotometer N m r spectra were obtamed wrth a Vanan T-60 spectrometer on 
ca 20% solution XI chloroform-d wrth tetramethyIsdane as mternal standard Paper 
chromatography was performed by the ascendmg method on Toyo filter paper 
No 51 T 1 c was performed on srhca gel G (Nakaral Chemicals, Ltd) The solvent 
systems for chromatography were (A) 7 7 6 butyl alcohol-pyndme-water, (B) 3 1 1 
butyl alcohol-methanol-water, (C) 3 1 1 butyl alcohol-formrc acrd-water, and (D) 
ether. The paper chromatograms were detected with a solutron of 1% mnhydnn m 
butyl alcohol saturated with waterI for free ammo groups, with chlonne-lodme- 
starch16 for i%acetylated ammo groups, with 0 05% Bromophenol Blue m water 
for free carboxyhc groups, wrth silver rutrate m acetone-sodmm hydroxrde17 for 
reducing groups, and with the Elson-Morgan reagent l8 for ammoaldehyde groups 
T 1 c plates were sprayed wrth 1.1 sulfurrc acrd-ethanol and heated to detect carbo- 
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hydrates D-Glucose was determmed by the orcmol methodi , Z-ammo-2-deoxy-D- 
glucose by the Elson-Morgan methodzO, and phosphonc acid by the Frske-Subbarow 
method*l with ashmg of the sample accordmg to the Chen-Tonbara-Warner 
method*’ Elementary analyses were performed at the Institute for Protem Research, 
Osaka Umverslty 

Benzyl 2,3,~-tri-0-acefy~-~-D-glucopyranosrde (3) - A mixture of benzyl 
23 @glucopyranosIde ( 1, 3 g) and chlorotnphenylmethane (5 g) m dry pyndme 

(30 ml) was stured for 2 h at lOO”, followed by the addrtron of acetIc anhydrIde (18 ml) 
The reaction mixture was kept overmght at room temperature, and then poured mto 
Ice-water, and &n-red for 4 h The crude benzyl 2,3,4tn-0-acetyl-6-U-trrtyl-B-D- 
glucopyranoslde (2) was filtered off and detntylated wlthout further punfication by 
treatment with 60% acetIc acid (39 ml) for 2-3 h at 100”. The reactIon rmxture 
was cooled and the tnphenylmethanol filtered off After the filtrate had been concen- 
trated, rt was codI.stIlIed with toluene, and the residue was crystalhzed from 99% 
ethanol to @ve 2 4 g of 3 (54% yield from compound l), m p 128-130” Recrystalh- 
zatron from acetone-ether raised the m p to 132-134”, [ol]$,’ - 39’ (c 2, chloroform), 
t 1 c. m ether RF 0 74 (sulfunc acid) 

AnaI Calc for C1gH240g, C, 57 57, H, 6 05 Found C, 5748, H, 6 12 
Benzyl6-0-(3,4,6-tr~-0-acetyl-2-deo,uy-2-nrphe 

anosyI)-2,3,4-trz-0-acetyl-t?-D-ghtcopyranoszde (7) - A mixture of 3,4,6-trl-O- 
acetyl-2-deoxy-2-d~phenylphosphorylam~no-~-D-glucopyranosyl bromIdeI (4, 3 g), 
benzyl 2,3,4-tn-0-acetyl-j?-D-glucopyranosIde (3, 2 g), and mercunc cyamde (2 g) 
m dry benzene (30 ml) was stlrred for 2 h at 90” and then filtered. The titrate was 
&luted with chloroform (50 ml), washed successrvely twrce with 10% sodmm chlonde 
and thrice with water, dried (sodmm sulfate), and evaporated The residue was tritu- 
rated with dry ether and crystaihzed from 2-propanol to gve 2 8 g (61%) of needles, 
m p 200-201°, raised by recrystalhzatlon to 202-203”, [ijg -20” (c 2, chloroform) 

Aizal Calc For C43H50N01gP C, 56 38, H, 5 51, N, 1 53, P, 3 38 Found 
C, 56 45, H, 5 70, N, 1 34, P, 3 51 

BenzyZ 6-0-(2-acetanzzdo-2-deo#y-8_D-g(rrcopyranosyl)-~-D-gZzfcopyra~zoszde (LO) 

- Franz compound 7 A mixture of compound 7 (2.5 g) In acetone (125 ml) and M 
sodmm hydroxide (125 ml) was kept for 4 h at room temperature and overmght In 
the cold After the acetone had been evaporated, the solution was treated with acetIc 
acid until pH 8 was reached and N-acetyIatIon was performed with acetIc anhydrIde 
m keeping the pH at 7-8 by addrtron of sodmm carbonate The reaction mrxture was 
then passed successively through a column of Dowex 50 (X-8, H+) and of Dowex 2 

(CO,*-_), and the delomzed soIutIon was evaporated CrystalhzatIon of the residue 
from methanol gave 0 5 g of 10 (38%), m p 237-238’, rarsed by recrystalhzatlon to 
240-241”, [cz]‘,” - 50” (c 1 6, methanol), paper chromatography m solvent C. RF 0 74 
(chlorme-Iodme-starch method) 

Anal Calc for C,,H,,NO,, H,O. C, 5130, H, 6 78, N, 2 85 Found C, 5182, 
IZ, 6.96, N, 2 91. 

A solution of 10 (4 37 mg, 9 6 pmoles) m water (8 ml) was nuxed with a per- 
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lodate solution prepared by dlssohmg 13 8 mg (60 flmoles) of potassmm metaper- 
lodate m water (4 ml) The reactlon rmxture was kept at 30” m the dark and the con- 
sumpuon of perIodate was followed by measurement of the absorption at 290 nma4 
agamst a blank of water with a Hltachl Model Perkm-Elmer 139 spectrophotometer 
An absorbance of AZgO 0 248 corresponded to 1 pmole of penodate per ml of solu- 
tlon, and forrmc acid was determmed by tltratlon of the reaction mixture with 0 1~ 
sodmm hydroxxde A consumption of 3 07 moles of penodate with formatlon of 1 03 
moles of forrmc acid per mole of dlsacchande was determmed 

Benql 6-0-(2-acetanzzdo-3,4,6-trz-O-acetyZ-2-deoxy-~-D-gZacopyranosyI)-2,3,4- 

trz-0-acetyZ-j?-D-glzzcopyranoszde (11) - A rmxture of 4,5-(3,4,6-tn-O-acetyl-2-deoxy- 
a-D-glucopyrano)-2-methyl-2-oxazolme l4 (6, repreclpltated from a $y ether soIutlon 
by addltlon of petroleum ether twice to remove colhdme but not further purified, 
7 0 g), 3 (5,0 g) and p-toluenesulfonic acid (ca 300 mg to give a pH 3-4) III 1.1 dry 
benzene-mtromethane (85 ml) was heated for 3 h at 100-105” The reaction was foIlo- 
wed by t 1 c (solvent D) The cooled reaction nnxture was washed with water, 
evaporated, and the residue was tnturated with ether The resultmg preclpltate was 
recrystalhzed from ethanol to give 4 2 g, (46%), showmg a ratlo of D-glucose to 
2-ammo-2-deoxy-D-glucose of 1 1 after hydrolysis; m p 210-2ll”, [a]g -26” 
(c I, chloroform), t 1 c m ether RF 0 14 (sulfunc acid), n m r data 6 5 10 (doublet, 
J1 Z 7-8 Hz, anomenc 2 H) 

Anal Calc for C,3H,,N0,, C, 54 61; H, 5 97, N, 1 93 Found C, 54 24, 
H, 6 00, N, l-97 

BenzyZ 6-0-(2-acetainzdo-2-deo_~y-P_D-ghlcopyranosyZ)-~-D-gZucopyranoszde (10) 
- From cornporazd 11 A solutlon of compound 11 (2 1 g) m abs methanol (25 ml) 
was treated with 0 4~ sodmm methoxlde m methanol (0 3 ml) for 10 mm at room 
temperature, and the mixture was kept overmght In the cold The crystals were filtered 
off and recrystalhzed from methanol to gve 1 2 g @SO/,), m p 237-238”, [a]&” -42” 
(c 2, methanol), showmg no m p depresslon with 10 Just described and an ldentlcal 
behavior on paper chromatograms The crystals lost 0 5 mole of water after being 
kept for 39 h at 100” zn uaczto 

AnaZ Calc for C,,H,,NO,, 0 5 H,O C, 52 57, H, 6 69, N, Z 90 Found. 
C,5236,H,688,N,282 

Incubation of 10 with a 2-acetarmdo-2-deoxy-B-D-glucoslde 2-acetamldo-2- 
deoxy-/?-D-glucohydrolase (E C 3 2 1 30) (AspergdZzm oryzae)25 26 at 37” for 4 h, 
resulted m 90% hydrolysis (by the Park-Johnson method”) 

BemyZ 6-O-(2-ncetamrdo-2-deo_xy-8_D-gIucopyranosyZzzronzc aczd)-B-mslucopyra- 
noszde (8) - In a three-necked flask, equipped with a stirrer and an mlet capdIary, 
oxygen was introduced mto a mixture of compound 10 (2 g, prepared from compound 
11) and freshly reduced Adams’ platinum catalyst (1 g) m water (20 ml), under vlgo- 
rous stlrrmg, at 65-70”) the pH was kept at 6-8 by the occaslonal addlhon of a 0 5M 
sodium hydrogen carbonate solution The reaction was continued untd th:: startmg 
matenal had dlsappeared by exammatlon on t 1 c After the mixture had heen cooled, 
the catalyst was filtered off, the solution was delomzed with Amberhte IR 120 (H’) 

Cmfmhyd Res ,24 (1972) 133-139 



138 R IWAMOTO, Y IMANAGA 

and evaporated to give a syrup whxh was crystallized from water (1 1 g, 55%), 
m p 147-14P, [a]“,” -60’ (c 1, water); paper chromatography m solvent A RF 0 64 
(sulfuric acrd) The crystals lost 1 8 moles of water after 39 h at 100” z?z baczlo 

Anal Calc for C,,H,,NO12 0 5 H,O C, 50 80; H, 6 09; N, 2 82 Found 
C, 50 80; H, 6 27; N, 2 68 

6-0-(2-Acetamzdo-2-deoxy-B_D-glucopyuanosyi~~o~~c aczd)-D-ghcose (12) - 

A solutton of 8 (1 0 g) m water (100 ml) was hydrogenolyzed with hydrogen under 
normal pressure in the presence of 10% palladmm-on-charcoal (1 3 g) for 2 h 
The catalyst was filtered off and the solutton evaporated The restdual syrup was 
dtssolved m the mrmmum amount of water and ethanol was adaed The precrpttate of 
rmpunttes was hltered off, and the solutron was evaporated to gave a hygroscoptc 
wlute powder (0 6 g, 80%) whtch showed only one spot on paper chromatography 
and t 1 c For elementary analysts, the prectpttatton from water with ethanol was 
repeated three trmes, m p 132-134”; [a]g -4-, - 14” (at equmbnum, c 0 5, water), 
paper chromatography m solvent C RF 0 21 (Bromophenol Blue and sdver mtrate- 
sodrum hydroxtde); t 1 c m the same solvent RF 0 27 (sulfurtc actd) The crystals 
contamed a small amount of ash (0 3%), and they lost 0 9 mole of water after 36 h 
at 60” zn taczzo 

Anal Calc for C14H23N012 C, 4232, H, 583, N, 353 Found C, 4210, 
H, 6 15, N, 3 17 
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