
C’orbohydrate Research, 65 (1978) II-22 
0 Elsevier Scientific Publishing Company, Amsterdam - Printed in Belgium 

SYNTHESIS OF SOME 5-f%SUBSTITUTED 3-DEOXYOCT-Z-tiOSONIC 
ACIDS, AND THEIR RESPONSE TO THIOBARBITURATE DURING 
ACIDIC HYDROLYSIS 

ROBERT S. SARFATI AND LADLWAS SZAB~ 

l?qtdpe de Recherche No 55 drr C.N.R.S., DPpartemenr de Pharmacie Chimique, Centre d’kudes 
Phormaceutiques, UniversirP de Paris-&d, 92290-Chitenay-Mry (Frunce) 

(Received March 22nd, 1977; accepted for publication, November 9th. 1977) 

ABSTRACT 

5-0-(a-L-Rhamnopyranosyl)-, -(8-D-glucopyranosyl)-, -(2-acetamido-2-deoxy- 
B-D-giucopyranosyl)-, and -(B-D-glucopyranosyIuronic acid)-3-deoxyoctuiosonic acids 

have been synthesised in low yields by condensation of the appropriate 2-U-glycosyl- 
D-arabinose with oxalacetic acid. Their responses in the thiobarbiturate reaction 
during hydrolysis with acid are different and may be used for structural stud+. 

INTRODUCTION 

Endotoxins of Gram-negative bacteria are considered to be lipopolysac- 
charides’ in which the polysaccharide and lipid A moieties are usually linked by the 
ketosidic bond of 3-deoxyoctulosonic acid (KDO), which is easily cleaved by very 
mild (PH 3.4, 100”) hydrolysis with acid. Analysis of the polysaccharide moiety is then 
usually accomplished by reactions requiring treatment with more concentrated acid. 

3-Deoxyaldulosonic acids are readily degraded by acid’ through a series of reactions 
in which the hydroxyl functions of the aldulosonate participate. 5-O-Substituted 
3-deoxyaldulosonic acids have been identified in several bacterial endotoxins3*4. It 
was therefore of interest to investigate the behaviour of such 3-deoxyaldulosonic acids 

in acidic media. The reactions of 3-deoxy-5-O-methyloctulosonic acid’ allow no 
predictions to be made on the behaviour of 3-deoxyaldulosonic acids bearing acid- 
labile substituents. Hence, B-D-glucopyranosyl- (9), a+rhamnopyranosyl- (lo), 
2-acetamido-2-deoxy-D-D-glucopyranosyl- (ll), and -j?-D-ducopyranos+ronic acid) 
(l-+5)-(Z-deoxyoctulosonic acids) (12) were synthesised as a series having glycosidic 
bonds of progressively increasing stability to acidic hydrolysis. The stabilities of these 
disaccharides during acidic hydrolysis were examined and their behaviour in the 
thiobarbiturate reaction1 ’ was established_ 
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KESULTS AND DLKXJSSION 

As the naturally occurring6 3-deoxy-D-manno-octulosonic acid is not easily 
accessible in amounts that would make it an attractive starting material for synthesis, 
the glycosylated 3-deoxyoctttlosonic acids were obtained by condensation’ of the 
appropriate 2-0-glycosyl-D-arabinose with oxalacetic acid in alkaline medium. We 
have shown by the reaction sequence used previously’ that the condensation of the 
D-glucosyl derivative 8 gave a mixture of the D-gl~C0 and D-manno isomers in the ratio 
of - 1:3, which it was not considered necessary to separate for the present study. 

The glycosylated arabinose derivatives 1 and 2 were obtained by condensing 
benzyl 3,4-O-isopropylidene-jI-D-arabinopyranoside20 with the acetylglycosyl halides 
of a-D-glucose and a-L-rhamnose, respectively. Removal of the protecting groups 
from 1 and 2 by conventional methods gave 2-0-j?-D-ghrcopyranosyl-P-D-arabinose 
{via 5) and 2-O-a-L-rhanmopyranosyl-D-arabinose, respectively_ 
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11 R = 2-acetamido-2-deoxy-B-0-g[ucopyranosyl 
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acetyl-2-deoxy-D-ghrcosyl bromide failed. However, the protected disaccharide 3 was 
readily obtained when the arabinoside was treated with 3,4,6-tri-0-acetyl-2-deoxy-2- 
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(diphenyIphosphoramido)-a-u-glucopyranosyl bromideg. Catalytic hydrogenation lo 
failed to remove the diphenylphosphoryl group, as did the attempted transesteri- 
fication to give the dibeuzylphosphoramidate’ ‘. However, treatment of 3 with alkalir’ 
followed by Amberlite IR-120(H+) resin, with N-acetylation of the product in situ, 
gave benzyl 2-0-(2-acetamido-2-deoxy-B_D-glucopyranosyl)-~-D-arabinopyranoside 
(4). Hydrogenolysis of 4 gave the crystalline disaccharide 5, which showed no 
mutarotation. 

2-O-(8-D-Glucopyranosyluronic acid)-D-arabinose (8) was obtained by oxida- 
tion13 of 6 to give 7, followed by hydrogenolysis of the beuzyl group; the aldo- 
biouronic acid (8) was isolated as the amorphous ammonium salt. 

The a-glycosidic linkage expected for the rhamnoside was confirmed by 
r3C-n.m.r. spectroscopy 14. The linkage of the glucosylarabinoside 6 was jl as 
expected, since D-glucose was quantitatively released upon treatment with B-D- 

glucosidase. It follows that the (glucosyluronic acid)arabinose is also /3-linked. The 
assignment of a /3-glycosiclic linkage to 4 was also based on ‘3C-n.m.r. spectro- 
scopy l 5. 

To obtain the 5-U-substituted 3-deoxyoctulosonic acids 9-12, each of the 
foregoing disaccharides was condensed l6 with oxalacetate at pH 11. It is usual to 
monitor the formation of octulosonates by the thiobarbiturate test” and to stop the 
reaction at the time of maximal yield, but this procedure could not be followed here, 
because the 2-O-glycosylated arabinoses gave a strong red colour when treated with 
periodate and thiobarbiturate. The reaction was therefore arbitrarily stopped after 
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Fig. 1. Development of the response of 3-deoxy-D-manzo-oct-2-ulosonic acid -DO) and of 3-deoxy- 
5-O-(fl-D-glucopyranosyl)oct-2-ulosonic acid (9) in the tbiobarbiturate test during treatment with 
acetic acid of pH 3.4 at 100”. 
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Fig. 2. Development of the response of 3-deoxy-D-manno-oct-2-tiosonic acid (KDO) and of 3-deoxy- 
5-O-@-D-glucopyranosyl)oct-2-ulosonic acid (9) in the thiobarbiturate test during treatment with 
M HCI at 100”. Kinetics of the simultaneous release of D-giUCOSC from the disaccharide. 
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Fig. 3. Development of the response of 3-deoxy-5-O-(a-r-rhamnopyranosyl) act-Zulosonic acid (10) 
in the thiobarbiturate test during treatment with 0.1~ HCI at 100”. Kinetics of the simultaneous 
release of L-rhamnose from the disaccharide. 
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2 h, as this reaction time gave the best results for the analogous synthesis of 3-deoxy- 
5- O-methyloctulosonic acid ‘. The glycosylated 3-deoxyoctulosonic acids 9-12 
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Fig. 4. Development of the response of 5-0-(2-acetamido-2-deoxy-D-glucopyranosyl)-3-deoxyoct-2- 
ulosonic acid (11) in the thiobarbiturate test during treatment with hf HCI at 100”. Kinetics of the 
simultaneous release of 2-amino-2-deoxy-D-glucose. 

<hi;barbitumz . 

Fig. 5. Development of the response of 3-deoxy-5-O-(/-D-ducopyranosyiuronic acid)-act-Z-uiosonic 
acid (12) in the tbiobarbiturate test during treatment with hi HCI at 100”. Kinetics of the simultaneous 
release of D-@UCUrOUiC acid. 
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(mixed D-gluco and D-rnanno isomers) were isolated by ion-exchange chromatography 
in yields of 7-10% as their amorphous ammonium salts. 

The effect of acid on 9-12 is shown in Figs. l-5. When 3-deoxy-D-manzzo- 
octulosonic acid was treated with acetic acid (pH 3.4) at 109” (the conditions generally 
used for the cleavage of the polysaccharide and the lipid moieties of endotoxins), its 

response in the thiobarbiturate reaction decreased by -4O%, whereas that of the 

5-0-D-glucosyl (Fig. 1) and those of the other 5-0-glycosylated 3-deoxyoctulosonic 
acids remained constant. However, the molar absorption coefficient of the 5-O- 
glycosylated 3-deoxyoctulosonic acids (and of 3-deoxy-5-0-methyloctulosonic acid5) 
is only about one-seventh of that of the free, unsubstituted acids. 

In the more stringent conditions generally used for the hydrolysis of poly- 

saccharides, the four compounds behaved very differently, as monitored by the 
thiobarbiturate reaction. Thus, when treated with hr HCI at loo”, the response of free 
KDO decreased by -45% within 60 min. Under similar conditions, 95% of the 
D-glucose was released from 5-O-D-glucosyl-KDO and the response in the thio- 
barbiturate test passed through a maximum ( -2.5 times the initial value), but this 
response was less than one-third of that given by an amount of free KDO equivalent 
to that present in the disaccharide and exposed to the same acidic treatment (Fig. 2). 

The cleavage of the linkage in L-rhamnosyl-KDO was too fast to follow in hl 
acid. The kinetics of the thiobarbiturate reaction and of the release of t.-rhamnose on 

hydrolysis with 0.1~ HCl at 100” are shown in Fig. 3. The maximal value of the molar 
absorbancy is about the same as that observed for D-glucosyLKD0 treated with M 

HCI; it was 2.5 times the initial value and was reached in 30 min, when only -70% 
of the linkages had been cleaved. It is noteworthy that the intensity of the thiobar- 
biturate reaction decreased considerably more slowly in this case than with D-,OhCOSyl- 

and 2-acetamido-2-deoxy-D-glucosyl-KDO when M acid was used for the hydrolysis. 
Treatment of 2-acetamido-2-deoxy-D-glucosyl-KDO with hi HCl at 100” 

cleaved -55% of the linkages (Fig. 4); the response in the thiobarbiturate reaction 
had a maximum (- 1.7 times the initial value) at about 30 mm and returned to the 
initial value when the release of 2-amino-2-deoxyglucose, estimated by the Elson- 
Morgan reaction, had reached its final stages. The Morgan-Elson reaction indicated 
the presence of only negligibIe amounts of 2-acetamido-2-deoxyglucose. 

A very different type of curve was found for the (D-glucosyluronic acid)-KDO 
(Fig. 5). Whereas orJy very small amounts of D-glucuronic acid, estimated as reducing 
sugar’*, were reIeased by treatment with M HCI at loo”, the intensity of the response 
in the thiobarbiturate reaction decreased to about two-thirds of the initial value in 

1 h, remained nearly constant for the next 3 h, and declined thereafter. 
The terminal KDO molecule of a specific polysaccharide isolated from bacteria1 

endotoxins is often substituted in position 5. The foregoing data on the monitoring 
of the thiobarbiturate reaction should be helpful in obtaining preliminary indications 
as to the nature of the penultimate sugar substituting the terminal KDO molecule. It 
can be expected that pentoses, hexoses, and heptoses, if present as pyranosides, will 
give curves similar to Fig. I, and that 6-deoxyhexoses will resemble rhamnosyLKD0. 
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On the other hand, it is likely that, in the thiobarbiturate test, the hydrolysis of 
a-linked 2-acetamido-Z-deoxyglucosyLKD0 will have kinetics different from those 
of a /?-linked disaccharide, on account of the much faster hydrolysis of the latterlg. 
Comparisons of the thiobarbiturate reaction during the treatment with M HCl of 
2-acetamido-2-deoxy-B-D-glucopyranosyi-, j?-D-gIucopyranosyl-, and (B-D-gluco- 

pyranosyluronic acid)-KDO are shown in Fig. 6. 

2 3 4 
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6. Effect of M HCI at 100” on the disaccharides 9,11, and 12. At intervals, samples (0.25 ml) were 
removed from the equimolar solutions, cooled (O”), and successively treated with 0.5~ H,SOJ 
(0.5 ml) and M NaOH (0.25 ml). 70mw NaIO* (0.5 mI) was added and, after 30 min, 2% sodium 
arsenite in 0.5hf HCI (0.5 ml). Thiobarbiturate reagent I7 (4 ml) was added, and the mixture was kep,t 
at 100’ for 10 min and then cooled. The dye formed was extracted with redistilled cyclohexanone 
(3.6 ml), and the absorbance was read at 550 nm against distilled cyclohexanone. 

EXPERIMENTAL 

Benzyl 3,4-0-isopropyiidene-2-0-(3,4,6-tri-O-acetyl-2-deoxy-d-diphenylphos- 
phoramido-~-D-ghcopyranosyl)-jhD-arabinopyranoside (3). - To a solution of benzyl 
3,4-0-isopropylidene-B_D-arabinopyranoside ” (2.8 g) in anhydrous benzene (30 ml) 
were added powdered mercuric cyanide (2.55 g), anhydrous calcium sulphate (1 g), 
and molecular sieve (4 A; 1.7-2.4 mm), and the mixture was stirred for 1 h. After the 
addition of 3,4,6-tri-0-acetyl-2-deoxy-2-diphenylphosphora~~do~-o-glucosyI bro- 

mideg (6 g, prepared immediately before use), the mixture was stirred at room 
temperature for 24 h and monitored by t.1.c. (silica gel; carbon tetrachloride-ethyl 
acetate, 1: 1). If necessary, further amounts of the bromide were added gnd the stirring 
was continued for another 24 h. Solids were collected, and washed with warm benzene 
(50 ml). The solution was washed with ice-cold, saturated, aqueous sodium hydrogen 
carbonate and water, dried, and concentrated. The residue was crystalIised from ether 
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and then from ethanol to yield 3 (3.1 g, 38%), m-p. 143”, [B]:’ - 18” (c 1, chloroform) 
(Found: C, 58.3; H, 5.75; N, 1.7; P, 3.8. C39H46N01sP talc.: C, 58.65; H, 5.75; 
N, 1.75; P, 3.9%). 

Benzyl 2-0-(2-aceramido--?-deoxy-8-D-gZacopyr~o~Z)-~-D-apabinopyranoside (4). 

- M NaOH (125 ml) was added to a solution of 3 (2.5 g) in acetone (125 ml), and the 
mixture was kept first at room temperature (4 h) and then at 4” overnight. Acetone 
was removed, the residual aqueous solution was diluted to 600 ml with water, and its 
pH brought to 8 with acetic acid. A suspension of 5% acetic anhydride in water 
(12 ml) was added, the pH adjusted to 7.5 with saturated, aqueous sodium hydrogen 
carbonate, and the mixture kept at 100” for 10 min. The solution was cooled, and 
then deionised with Amberlite IR-120 (ET+) and Dowex 1x8 (CO;-) resins. The 
cohnnns were eluted with water until no more neutral sugars could be detected in the 
effluent with phenol-sulphuric acid”. The effluent was concentrated and the residue 
was crystalhsed from a small amount of ethanol to yield 4 (975 mg, 64%), m-p. 265”, 
bl co - 130” (c 0.5, water) (Found: C, 52.2; H, 6.5; N, 3.0. CloH2,N0, o. Hz0 talc.: 
C, 52.1; H, 6.7; N, 3.0%). 

2-0-(2-Acetamido-2-deoxy-~-D-gZz~copyranosyZ)-D-a~abinose (5)_ - A solution 
of 4 (0.5 g) in water (25 ml) was adjusted to pH 3.5 with acetic acid. 10% Palladised 
charcoal (40 mg) was added and the mixture was stirred in an atmosphere of hydrogen 
overnight_ After removal of the solids, the solvent was evaporated, and the residue 
(280 mg, yieid 80%) was crystallised from aqueous ethanol to give 5, m.p. 102”, 
r&f -36” (c 0.7, water) (Found: C, 44.0; H, 6.4; N, 3.9. C13H2sNO10 talc.: C, 44.2; 
H, 6.5; N, 4.0%). 

5-0-(2-Acetamido-2-deoxy-~-D-glucopyranosyZ)-3-deoxyoctz~Zosonic acid (mixed 

D-gluco and D-manno isomers) (11). - To ice-cold water (5 ml) were added, alternately, 
10~ NaOH and oxalacetic acid (600 mg) so as to maintain the pH between 8 and 10 

and, thereafter, finely powdered 5 (2 g)_ When the disaccharide had dissolved, the pH 
of the solution was adjusted to 11, and the mixture was stored for 2 h during which 

time the temperature gradually reached -20”. The yellow solution was neutralised 
with Amberlite IR-120 (H+) resin, filtered, and passed through a column (1 x2 cm) 
of Dowex Ix8 (AcO-) resin. The column was washed with water until the effluent 
was free of neutral sugars’l, and then eluted with 0.25~ pyridinium acetate buffer 
@H 3.5). Fractions (5 ml) giving a positive reaction in the Warren test were combined, 
adjusted to pH 6 with pyridine, and lyophilised. The slightly yellow residue was 
dissolved in 3 ml of water and the pH of the solution was brought to 7.5 with M 

ammonia. The ammonium salt of 5 (260 mg, 12%), precipitated by the addition of 
acetone, had [a]$’ + 17” (~0.42, water) (Found: C, 38.5; H, 6.4; N, 6.1. C16Hs0N2013. 
2H,O talc.: C, 38.8; H, 6.8; N, 5.S%). 

BenzyZ 3,4-O-isopropyZidene-2-0-(2,3,4-tri-O-acetyZ~-L-r~~nopyr~osyZ)-~-D- 

arabinoside (2). - To a soIution of benzyl 3,4-G-isopropylidene-@-D-arabino- 
pyranoside (2.8 g) in anhydrous benzene (30 ml) were added powdered mercuric 

cyanide (2.55 g), anhydrous calcium sulphate (1 g): and molecular sieve (4 A), and the 
mixture was stirred. 2,3,4-Tri-U-acetyl-a-L-rhamuosyl bromide” (3.53 g) was added 
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and the stirred mixture was kept at room temperature for 24 h. It was then filtered, 
benzene (75 ml) was added, and the solution was washed successively with ice-cold 
water, saturated, aqueous sodium hydrogen carbonate, and water, dried, and con- 
centrated. A solution of the residue in ‘ethyl acetate-hexane (1:l) was passed through 
a column (400 x 45 mm) of silicic acid (Mallinckrodt, 100 mesh) and eluted with the 
same solvent. Fractions (9 ml) were collected, and those containing the disaccharide 
were combined and concentrated to yield 2 (4.5 g, 900/,); the analytical sample 
(amorphous) was purified by t.1.c. on silica gel (Found: C, 58.8; H, 6.8. Ct7H360,2 
talc.: C, 58.7; H, 6.5%). 

Benzyl 2-0-a-L-rhamnopyranosyl-/3-D-arabinopyranofl~de_ - A solution of 2 
(4.1 g) in O.lM methanolic sodium methoxide was kept at 0” for 45 min, and then 
decationised with Amberlite IR-120 (Hf) resin. The solid was collected and washed 
with methanol, and the solution was concentrated. The residue was treated with 5mM 
oxalic acid (100 ml) at 100” for 30 min. The solution was cooled, neutralised with 
Amberlite IR-45 (HO-) resin, and filtered, and the filtrate and washings were con- 
centrated. The residue was crystallised from a small amount of ethanol to give the 
title compound (2.6 g, 92%), m.p. 203”, [a]F - 188” (c 1.4, water) (Found: C, 56.2; 
H, 6.6; 0, 37.3. C1sHs609 talc.: C, 56.0; H, 6.7; 0, 37.3%). 

2-0-a-L-Rhamnopyranosyl-D-arabinose. - A solution of the foregoing glycoside 
(1 g) in acicliiied (pH 4) water was hydrogenated as for 4. The title disaccharide was 
very hygroscopic and did not crystallise. It was homogeneous in t.1.c. using butanone- 
acetic acid-methanol (6:2:2), and in p-c. using butan-1-ol-acetic acid-water (4:1:5, 
organic phase) and butan-1-ol-pyridine-water (6:4:2) (Found: C, 43.1; H, 7.3. 
C, lH,,O,. Hz0 talc.: C, 43.4; H, 7.2%). 

3-Deoxy-50-(a-rhmmnopyranosyZ)octulosonic acid (10). - The foregoing 
rhamnosyl-arabinose (1.5 g) was condensed with oxalacetic acid (400 mg) as described 
for 11. The amorphous ammonium salt (180 mg, 10%) had [a] k” -go (c 0.52, water) 
(Found: C, 38.5; H, 6.6; N, 2.8. C,4Hz7N0,2 .2H20 talc.: C, 38.5; H, 6.9; N, 3.2%). 

Benzyl 3,4-O-isopropylide~e-2-0-(2,3,4,6-tetra-O-acetyI-~-D-giucopyr~osyt)-~- 

D-arabinopyranoside (1). - Benzyl 3,4-0-isopropylidene-p-D-arabinoside (5.6 g) was 
dissolved in benzene (300 ml) and nitromethane (300 ml), and two-thirds of the 
solvents were distilled off at atmospheric pressure. To the cooled solution was added 
mercuric cyanide (5.1 g) followed by acetobromoglucose (8.22 g), and the mixture was 
stirred for 72 h. More acetobromoglucose (2.05 g) was added and stirring was 
continued for 24 h. The reaction was monitored by t.1.c. (silica gel; ethyl acetate- 
benzene-methanol, 35:!5:10). Benzene was added (500 ml), the solids were removed, 
and the filtrate and washings were sequentially extracted with ice-cold, saturated, 
aqueous sodium hydrogen carbonate and water, and then dned and concentrated. The 
residue was crystallised from ether and then from ethanol to yield 1 (7.6 g, 63%), 
m.p. 154”, [a]fp - 105” (c 1.5, chloroform) (Found: C, 56.9; H, 6.2: 0,36.8. CzsH,,O,, 
talc.: C, 57.0; H, 6.2; 0, 36.8%). 

2-0-p-D-Gfucopyranosyl-8_o-arabinose. - A solution of 4 (3.05 g) in methanolic 
sodium hydroxide (0. IM, 300 ml) was stirred at 4” for 18 h and then passed through a 
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column of Amberlite IR-120 (Hf) resin, and the effluent and washings were con- 
centrated. The residue was dissolved in oxalic acid @m&r, 150 ml) and hydrogenated 
over 10% palladium-on-carbon. The mixture was filtered, and the filtrate was kept at 
100” for 1 h, cooled, neutralised with Amberlite IR-45 (HO-) resin, filtered, and 
concentrated to dryness. The residue was crystallised from aqueous methanol to give 
the title compound (1.4 g, 90%), m.p. 189-190”, [a]“, -96” (150 set), -67” (36 min, 
equilibrium) (c 1, water) (Found: C, 42.1; H, 6.4. C1,H220,2 talc.: C, 42.3; H, 6.4%). 

3-Deo~-5O-(B-D-ghcopyrano.sy~)ocl-hdosonfc acid (9). - Oxalacetic acid 
(264 mg) was dissolved in water (2 ml) at 0” by dropwise addition of 10~ NaOH with 
stirring, and the final pH was brought to 10. A solution of glucosyl-arabinose (1 g) in 
water (22 ml) was added and the pH of the ice-cold solution was brought to 11 with 
10~ NaOX The stirred mixture was allowed to reach room temperature (2 h) before 
neutralisation with Amberlite IR-120 (HC) resin. Solids were removed, the filtrate 
was passed through a column (1 x 10 cm) of Dowex 1x8 (CO;-) resin, and the 
column was washed with water until no neutral sugars (unreacted glucosyl-arabinose) 
were detected_ The column was then eluted with ammonium hydrogen carbonate 
(0.04~); fractions (3 ml) giving a positive thiobarbiturate reaction were combined, 
neutralised with Amberlite IR-120 (H+) resin, filtered, and lyophilised. The 
slightly yellow, solid residue was dissolved in a small volume of water, and the 

ammonium salt of the title compound precipitated with acetone. This material was 
adsorbed on a column (45 x 530 mm) of cellulose (equal amounts of Wbatman CFl 
and CFl 1). Acetone-water (15:85, 400 ml) was passed through the column, followed 
by acetone-water mixtures: 25:75 (300 ml) and then 35:75 (250 ml). Fractions (4 ml) 
containing the disaccharide were combined and concentrated to -2 ml, and the 
ammonium salt (235 mg) of 9 was precipitated by the addition of acetone. It had 
[a]‘, t29” (c 0.4, water) (Found: C, 38.25; H, 6.5; N, 3.5. C14H17NO13.H20 talc.: 
C, 38.6; H, 6.7’; N, 3.2%). 

Ben& 2-O-(8-D-glzrcopyranosyhronic acid)-8-marabinoside (7)_ - Ben@ 
3,4- 0-isopropylidene-2- O-(2,3,4,6-tetra- O-ace@-/?-D-ghrcopyranosyl)-/3-D-arabino- 
pyranoside (5 g) was deacetylated with methanolic sodium methoxide (0.1~~ 250 ml) 
at 4” for 18 h. The solution was neutralised with Amber&e IR-120 @If) resin, 
filtered, and concentrated. To a solution of the residue in water (50 ml) was added 
Adams’ platinum catalyst (3 g), and oxygen was bubbled through the stirred solution 
at 68”; the pH was maintained at 8 by the addition of 0.5~ sodium hydrogen car- 
bonate. When the oxidation (monitored by paper electrophoresis at pH 5) was 
complete, the cooled solution was filtered, decationised with Amberlite IR-120 (II+) 
resin, and stored at 100” for 15 min before being neutralised with ammonia and 
adsorbed onto a column (220 x 25 mm) of Dowex 1x8 (AcO-) resin. The column was 
washed free of neutral sugars and then eluted with pyridinium acetate buffer of 
pH 3.5 (0.25~, 500 ml; 0.5w, 500 ml; M as required). Fractions (10 ml) giving a 
positive test for neutral sugars were combined and lyophilised. Water (60 ml) was 
added to the dry residue, the pH was adjusted to 7.2 with ammonia solution, and the 
volume of the solution was diminished to -7 ml. The ammonium salt (1.75 g, 49%) 
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of 7, precipitated by trituration with acetone, had [a];’ - 143” (c 0.43, water) (Found: 
C, 46.8; 6.35; N, 2.8. C18H27NOll .1.5Hz0 caic.: C, 46.95; H, 6.5; N, 3.O%j. 

2-O-(B-~-GZ~copyranosyluronic acid)-marabinose (8). - A solution of 7 (1 g) 
in water (100 ml) was decationised with Amberlite IR-120 (H+) resin, filtered, and 
hydrogenated over 10% palladium-on-carbon. When hydrogen uptake had ceased, 
the catalyst was removed, the pH of the solution adjusted to 7.2 with ammonia 
solution, and its volume diminished to -3 ml. Compound 8 (750 mg, 94%) was 
precipitated upon addition of acetone and had [a];’ -78” (c 0.7, water) (Found: 
C, 36.0; H, 6.0; N, 3.85. C1,H2,N0,1.H20 talc.: C, 36.1; H, 6.4; N, 3.8%). 

3-Deoxy-5-O-(B-D-g&opyranosy/uronic acid)oct-2-zdosonic acid (12). - To 

ice-cold water (5 ml) were added, alternately, 10~ NaOH and oxalacetic acid (400 mg) 
so as to maintain a pH of 8-10. To the stirred, ice-cold sohrtion was added powdered 
2-O-@I-D-glucopyranosyluronic acid)-b-D-arabinose (950 mg), the pH was adjusted to 
11, and the reaction was allowed to proceed for 2 h, during which time the mixture 
reached room temperature. After the addition of sufficient Amberlite IR-120 (H+) 
resin to bring the pH to 7, solids were removed and the solution was percolated 
through a column (1 x 12 cm) of Dowex 1x8 (-4~0~) resin (lOO--200 mesh). The resin 
was washed with water (100 ml) and then eluted with 0.25~ pyridinium acetate buffer 
(pH 3.5) to remove (glucopyranosyluronic acid)arabinose, followed by 2M pyridinium 
acetate of the same pH to recover 12. Fractions containing the disaccharide (Warren 
test) were combined and concentrated to dryness. The residue was then dissoIved in 
water (10 ml) and lyophilised. The solid obtained was redissolved in water (50 ml), 
the pH was brought to 7.2 with ammonia solution, and the solution was concentrated 
to -2 mi and triturated with acetone. The precipitated ammonium salt of 12 (110 mg, 
S-4%), collected by centrifugation, had [a];’ +2” (c 0.9, water) (Found: C, 36.05; 

H, 6.4; N, 6.0. Cr4H,sN,0,,.H,0 talc.: C, 36.0; H, 6.2; N, 6.2%). 
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