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TaBLE 11
Water — Solvent 5077, Alcohol Pyridt
Hours 3 24 43 "3 e g 18 3 e 48
D-Galactose 20.5 €4.5 3.0 18.5 56.5 67.0 28.2 60.5 71.0
p-Glucose 0.0 8.4 0.0 7.9 14.3 18.0 3.4 38.2 64.0
D-Xylose 30.4 B85 51.3 23.9 16.4 48.7 20.8 H50.5 4.5
L-Arabinose 38.8 41.5 51.1 46.0 36.4 435 48.0 41.3 41.3
L-Rhamnose 17.5 42.9 13.7 25.5 22.0) 12.7 32.4 5.0 24.0

a solution of 7.5 g. of sodiwmn uitrite in 15 nl. of water.
Tlis was diluted to 93 nl.

Preparation of Formazans.—A wixture of 0.45 g. of aldose
(corresponding to 0.00235 niole of liexose, or 004G mole of
pentnse or 0.00275 mde of B-denxyhexosed und 0.45 g. of
plienylhiydrazine (000418 niede) was dissolved (i) i 2.5 il
of water, (ii) in 2.5 ml. of 507 ulcoliol, (iii) in 2.5 ml. of
gg’{ldmee aud allowed to staud at room temperature (20 =

After the desired period of tinte, 2.5 nl, of pyridine was
added to the aqueous aud 30%; alcoliol-water solution, re-
spectively, and 2.5 nil. of absolute alechol to tlie pyridine
solution.  Thiey were refrigerated aud tlieu coupled by
drapwise addition of the diazoniin solution prepared from
1.24 g. of aniline (1 mole + 7.5 and allowed to stand for
10 miinutes.  After this time, the solutions were pourwd
into ice-water five times their volumne, aud kept in the ice-
box overuight. The precipituted, bright-red, mostly crys-
talline forntazans were tlien collected, dried iu air at roou
temiperature, and weiglied. In the case of mannose, froni
all three solveuts the precipitated pheuylhydrazone was
co]]ectc.d, washied with alcohiol, water and etlier, then dis-
solved i1 68 wil. of pyridine. Ou addiug 7 wl. of cthanol,

(€ With galactuse 909, ggureoas pyridine was nserl.

the solution was fitally coupled with diazo solutiou pre-
pared from 0.24 g. of aniline; yields 0.63, 0.43, .48 g.
of foriazan (67.5, 45.7, 51.4%,.

No formazaun could be obscrved froni r-sorbose or D-
fructose in any of the media; merely a little of a yellowisli-
pinky, olcaginous, sticky substance precipitated.

Yields, in per cent., obtained in aqueous solutiou, in 50%
alcohol, and i pyridine are given in Table I1.

For identification, the crude products were crystallized to
constant m.p. from hot butanol, with the exception of the
forinazan obtained froin p-xylose, whicli was crystallized
by washing the crude product witli abs. ether, dissolviug it
in liot alcohol, and adding liot water to it (alcoliol to water
3:2).

Anal, Caled. for CoHnOsNy: N, 16.27. Found for
p-xylose: N, 16.12, 16.06; for r-urubinose: N, 16.12,
16.03.7

Solubility of tlie resulting formazans was determined with
various metliods. In distilled water at 20° it was found to
be 5-10 mg./100 ml.

(7) For the analyses of the other s\lgar forlllazans ¢f. our previous
papers.:?
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Acetolysis of the Glucomannan of Iles Mannan'

By F. Smrra anp H. C. SRIvasTAvA
RECEIVED NOVEMBER 16, 1955

The glucomannan of Iles mannan, the polysaccharide extracted from the tubers of Amorphophallus plants gives on acetoly-

sis followed by deacetylation a mixture of oligosaccharides in addition to p-glucose and p-mannose.

Three of the

oligosaccharides have been obtained in a crystalline form and have been shown to be 4-O-8-p-glucopyranosyl-a-p-1manno-

pyranose, 4-0-3-p-glucopyranosyl-8-D-glucopyranose (cellobiose) and 4-O-8-p-mannopyranosyl-a-p-glucopyranose.
structure of the last-named hitherto unknown disaccharide has been proved by methylation studies.

tern of the glucomannan polysaccharide is discussed.

Iles mannan obtained from the tubers of the
Amorphophallus oncophyllus and A. variabilis has
been shown? to be a mixture of two polysaccharides,
a glucomannan and an amylose-like polyglucosan,
in the ratio of approximately 6:1. Methylation
studies? showed that the glucomannan component
was composed of D-glucopyranose and p-mannopy-
ranose units linked together by 1,4’-8-linkages, the
ratio of mannose to glucose being approximately
2:1.

Information concerning the sequence of the sugar
residues in the glucomannan may be obtained by
stepwise degradation and characterization of oligo-
saccharides of varying degree of polymerization.
This paper is concerned with the partial degrada-
tion of the glucomannan component of Iles mannan
by acetolysis and the isolation and characterization

(1) Paper No. 3459, Scientific Journal Series, Minnesota Agricul-
tural Experiment Station. This paper will form part of a thesls to
be submitted by H. C. Srivastava to the University of Minnesota in

partial fulfillment of the requirements for the degree of Ph.D,
(2) P. A. Rebers and F. Smith, THIs JoUrRNAL, 76, 6097 (1954).

The
The structural pat-

of three oligosaccharides, namely, 4-O-3-p-gluco-
pyranosyl-8-p-glucopyranose (cellobiose), 4-O-8-p-
glucopyranosyl-a-p-mannopyranose and 4-0O-8-D-
mannopyranosyl-a-p-glucopyranose.

The glucomannan was separated from Iles man-
nan meal by precipitation as a copper complex and
subsequent decomposition of the latter with dilute
acid as previously described.? Preliminary experi-
ments were carried out in order to establish the
conditions under which acetolysis produced the
largest amounts of oligosaccharides. The maximum
yield of the oligosaccharide acetates was obtained
when the acetolysis® was conducted initially at 0°
and after 24 hours completed by heating. The na-
ture and relative amounts of the products formed by
acetolysis was determined by deacetylation of the
mixture of acetates followed by qualitative paper
chromatography. Acetolysis was found to give
several oligosaccharides as well as p-glucose and
p-mannose. The mixture of mono- and oligosac-

(3) Cf., K. S. Barclay, E. J. Bourne, M. Stacey and M. Webb,
J. Chem. Soc., 1501 (1954).
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charides was resolved into its componentsby chroma-
tography first on a charcoal-celite column* and
then on a cellulose column.? In certain cases sheet
paper chromatography proved to be effective for
final purification of the oligosaccharides.

That the oligosaccharides were not reversion
products was shown by the fact that when a mixture
of glucose and mannose (in the ratio of 1:2) was
treated with acetic anhydride and sulfuric acid
under conditions similar to those in the acetolysis
of the glucomannan and the reaction product de-
acetylated, chromatographic analysis on paper
showed no evidence for the formation of oligosac-
charides.

Three of the oligosaccharides produced by acetol-
ysis and subsequent deacetylation have been crys-
tallized and identified as 4-O-8-p-glucopyranosyl-a-
p-mannopyranose (A), 4-0-8-p-glucopyranosyl-3-
p-glucopyranose (cellobiose, 8) and 4-O-8-p-manno-
pyranosyl-a-p-glucopyranose (C).

The oligosaccharide A which had m.p. 134-
139° and showed [a]?'D +4.7° (final) in water gave
equal parts of glucose and mannose upon acid hy-
drolysis as ascertained by paper chromatographic
analysis. Bromine oxidation followed by hydrolysis
afforded glucose and mannonic acid. This showed
that the oligosaccharide was a glucosyl-mannose.
Since the glucomannan had already been shown to
possess only 1,4’-linkages, it appeared likely that
this disaccharide was a 4-glucosyl-mannose. This
proved to be correct for the disaccharide was found
to be identical with the 4-O-8-p-glucopyranosyl-a-
D-mannopyranose previously synthesized.8” More-
over, it gaverise to octa-O-acetyl-4-O-3-p-glucopy-
ranosyl-p-mannose® upon acetylation with sodium
acetate and acetic anhydride.

The oligosaccharide B which had m.p. 227° and
showed [a]®¥p +28° — 434° in water and gave
only glucose upon treatment with g-glucosidase
proved to be identical with 4-O-8-p-glucopyrano-

(4) R. L. Whistler and D. F. Durso, THIS JOURNAL, T2, 677 (1950).

(5) L. Hough, J. K. N. Jones and W, H. Wadman, J. Chem. Soc.,
2511 (1949).

(6) M. Bergmann and H. Schotte, Ber., 54, 1570 (1921).

(7) W. N. Haworth, E. L, Hirst, H. R. L. Streight, H. A. Thomas

and J. I. Webb, J. Chem. Soc., 2636 (1930).
(8) D. H. Brauns, THIS JOURNAL, 48, 2776 (1926).

)3 O(,Hd
D
Hydrolysis |
syl-8-p-glucopyranose (cellobiose). Its identity

was confirmed by converting it into the corre-
sponding known S-octaacetate.

The third oligosaccharide C having m.p. 203—
204° and [«]®D 4+30° = +19° in water gave upon
hydrolysis glucose and mannose in equal amounts.
Its molecular weight determined by oxidation with
alkaline hypoiodite® and by bromine water corre-
sponded to that of a disaccharide. Hydrolysis of
the bromine oxidation product yielded mannose
and gluconic acid. Moreover, $-glucosidase had
no hydrolytic action on this oligosaccharide. It
was apparent therefore that C was a mannosylglu-
cose and since the original glucomannan was known
to be composed of glucose and mannose units
joined by 1,4’-glycosidic bonds, the oligosaccha-
ride C must also contain the 1,4’-linkage. Proof of
this followed from the observation that methyla-
tion of C to give D followed by hydrolysis of the
latter gave rise to 2,3,4,6-tetra-O-mnethyl-p-man-
nose, identified as the anilide,’® and 2,3,6-tri-O-
methyl-p-glucose identified as the 1,4-bis-p-nitro-
benzoate.? From the fact that the oligosaccha-
ride has a low initial rotation (430°, water) it is be-
lieved that the biose linkage is of the 8-type and
since it displays a downward mutarotation, the
configuration at C; is probably «. The disaccharide
is therefore designated 4-O-B-p-mannopyranosyl-a-
D-glucopyranose.

Since 1t has already been established that the
glucomannan has a linear structure? and is com-
posed of two parts of mannose and one part of glu-
cose, and if it may be assumed that the structural
pattern is repeated throughout the polymer mole-
cule, then the isolation of cellobiose only, and none
of its related homologs such as cellotriose or cello-
tetraose requires that the structural pattern of the
repeating unit in the polysaccharide be tentatively
formulated as

—48-D-G pl—46-D-Gp 1—(46-D-Man p 1)—

By joining two of these together the formation of

the two other disaccharides, 4-O-8-p-glucopyrano-

syl-p-mannose and 4-0-8-p-mannopyranosyl-n-glu-
(9) J. L. Baker and H. F. E. Hulton, Biochen. J., 14, 754 (1920).
(10) J. C. Irvine and D. McNicoll, J. Chem. Soc., 97, 1449 (1910).



1406

cose during degradation of the glucomannan be-
comes apparent.  Since no mannobiose or nanno-
triose was isolated, it would appear that the link-
age between the mannose units is cleaved more
readily than the others during the process of acetol-
ysis. Further support for the above formulation
for the glucomnannan is now being sought in the
identification of the other oligosaccharides pro-
duced by acetolysis.

Experimental

All evaporations were done under reduced pressure at
35-45°. The nielting points are uncorrected. The follow-
ing solvents were uscd for partition chromnatograpliy: (1)
pyridine-ethyl acetate-wuter (1:2.5:3.5—upper layer),!
(2) 1-propanol: water azeotrope, (3) 2-butanone-wuter azceo-
trope,'2 (4) 1-butanol-ethanol-water (5:1:4—upper layer),
(5) beuzene-etlhunol-water (200:47: 15—upper layer )% aud
(6) 1-butanol-acetic acid-water (4:1:5—upper layer).
The following spray reagents were used for the detection of
sugars and their derivatives: (u) acetouic silver nitrate and
alcoliolic caustic soda,' (h) p-anisidine trichloroacetate,!
(c) periodate-benzidine aud (d) hydroxvlamine-ferric
chiloride.t

Isolation of the Glucomannan from Iles Mannan.—To
Iles mannan flour (20 g.) was added sodium xylene sulfouate
(40 mil., 509, solution) and thie manuan allowed to swell.?
Sodium hydroxide (200 ml., 309, by weiglt) was tlien added
aud the mixture allowed to stand for 0.5 hour when tle
material swelled still furtlier. The mixture was heated at
60° aud water (1800 ml.) in portions of 100 ml. was added
with stirring to effect solution. Tlie solution was ceritri-
fuged to remove the undissolved residue and to the super-
natant liquid Feliling solution B (400 ml.) and Fehling
solution A (300 ml.) were added with stirring. The copper
complex, which precipitated as a jelly, was filtered, washed
witl dilute Feliling solution and decomposed by suspending
it in water at 0° and adding N hiydrochloric acid dropwise.
Tlhie portion (A) of the complex which did not dissolve was
removed (ceutrifuge). The supcrnatant was poured into
959, ethiauol when tliere separated a white jelly-like pre-
cipitate witlt a grecnish-blue tinge. The color due to copper
was reinoved by trituration with acetone—acetic acid.

Tlhe portion A of the copper complex, which had not dis-
solved in N hydrocliforic acid, was dissolved in ammonium
hydroxide (sp. gr., 0.9) and thie deep-blue solution was di-
alyzed agaiust distilled water until no more color could be
removed. Tlie glucomannan was precipitated by pouring
the dialyzed solution into 959, ethanol. The light bluc-
green color of tlie polysaccharide was removed by trituration
witli acetone-acctic uacid as described previously. The
two fractions of the glucoinanuan polysaccliaride thus ob-
tained from tlie decnposition of the copper coniplex were
combined and reprecipitated by dissolving in sodiun liy-
droxide (309 aud adding ¥eliling solution, thie copper coin-
plex of the polysaccharide being decomposed with 2 N liy-
drocliloric acid as i tlie previous manner.  The polysac-
charide was precipitated by pouring the solution into alcolinl
and the copper ious removed, with acetone—acetic acid.
The glucomannan thus obtained was a white amorphous
granular powder (16.3 g.) which had [a]%D —32° (¢ 1) in
309, sodium hydroxide.

Acetolysis of the Glucomannan, Experiment (a).—The
glucomannan (0.5 g.; was shaken with a mixture of acetic
anhvdride (2.5 ml.), acetic ucid {2.8 nil.) and coucentrated
sulfuric acid (0.14 ml.) for 6.5 days at room temperature.
When the reaction mixture was poured with stirring into
water no precipitate was formed. Extraction of the mixture
witlt chloroforin gave a sirupy acctate (0.4 g.). Deacetyla-

(11) E. F. McFarren, K. Brand and 11I. R. Rutkowski, 4 xa/l.
23, 1146 {19510

¢{2) L. Boggs, L. 5. Cuendet, [. Ehrentllal, R. Koch and I*. Simith,
Nuture, 166, 520 (1950).

(13¢ G. A Adams, Can. J. Chem., 33, 56 (1955).

(14) W. E. Trevelyan, D. P. Procter and J. S. Harrison, Nature, 166,
444 (1950).

(15) L. Hough, J. K. N. Jones and W. H. Wadman, J. Chem. Soc.,
1702 (1950).

(16) J. A. Cifonelli ané F. Smith, Anal. Chem., 36, 1132 (1954).

(17) M. Abdel-Akher and F. Smith, THIs JoURNAL, 73, 5859 (1951).
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tion of the acetate mixture i methiyl alcoliolic solution with a
catalytic mmount of sodium® gave a mixture of reducing
sugars aud olignsuccharides wlhich were examined by paper
cliromatography usiug solvent | and spray reagent a. ‘Tle
results arc given inn Table I.

Experiment (b).—Iu a sccond experimneut the glucoman-
nan (0.5 g.) was shaken with acetic anhydride (10 ml.) and
sulfuric acid (0.3 wl.) for 38 liours. The yield of acetolysis
product wliich separated ou pouring the reaction mixture
1ato water was (0.4 g, Tlie comnponents produced upon de-
acetylution are given in Table 1.

TABLE 1
CHROMATOGRAPHIC ANALYSIS OF THE COMPONENTS PRO-
DUCED BY ACETOLYSIS OF GLUCOMANNAN
Rinannose ( Rm} values (solvent 1, spray rcagent a)

Experiment (a) Experiment (b)

Component \m Component Rm
1 0.17 a 0.10
2 37 b .32
3 A9 ¢ 15
4 )
3 (glucose) .86 5 (glucose) .85
6 (manuosc) 1.0 6 (niaunose) 1.00

7 (maltose standurd) 0.55 7 (wnaltose standard) 0.55

It is believed that compouents 2 and 3 of experiment (a)
are similar if not identicdl witli components b aud ¢ of ex-
periment (b). Component a of experiutent (b) haviug Ry
0.1, however, is believed to be a ligher .oligosaccharide and
is not identical witli componeut 1 of experiment (a).

Experiment (¢).—The glucomannan (4.6 g.) in small por-
tions was added with stirring to a miixture of acetic anhy-
dride (17.5 ml.) and sulfuric acid (1.8 ml.) cooled to 0°.
After all the polysaccharide was added, the mixture was
stirred (at 0°) for another 2 liours, and then at room tem-
perature for 12 hours. More acetic arhydride (4.6 ml.) was
added and thie mixture stirred for a further period of 33
liours after whicl time the reaction was completed by licat-
ing at 80-90° for 15 minutes (rapid darkening of the solu-
tion took place during heating). The reaction mixture was
poured with stirring into cold water wlien a grey-white pre-
cipitate wus obtaiuned. It was filtered, washed with water
and dried (7.8 g.). The mixture of acetates gave upon
deacetylation® four oligosaccharides in addition to glucose
atnd mannose,

Au attemnpt to resolve the mixture of the acetates of the
niono- and oligosuccharides using a calcium carbonate
colunin according to the procedure of Bredereck, et al.,®
fuiled.

Examination of Possible Reversion during Acetolysis.—
To a wixture of glucose (0.5 g.) and mannose (1.0 g.) was
added a cold (0°) inixture of acetic anhydride (6.6 mnl.) and
sulfuric acid (0.67 ml.) and tlie reaction mixture stored in
tlie cold (5°) witli occasional shaking for 24 hours. Tle
reaction mixture was further allowed to stand at room tem-
perature (20-25°) for another 24 hours, and then heated at
80-90° for 15 minutes. The reaction mixture was poured
into water with stirring aud the acctates, after extraction
with chloroform, isolated in the usual manner. TUpon de-
acetylation of the sirupy mixture of acetates and chromato-
graphic analysis, only glucose and mannose were found to
be present.

Separation of the Mono- and Oligosaccharides on a Char-
coal Column.—A portion (1.0 g.) of the mixture of sugars
obtained in (b) was fractionated on a charcoal-celite column?
in thie usual way. The column was cluted successively witl
water (2 1.),% 59, aqueous ethanol (1.5 1.), 159, aqueous
ethanol (1 1.) aud 509, aqueous ethanol.

The prestuct eluted with 509, etlianol was a degraded

(18) G. Zemplén, Ber., 58, 1258 (1926).

(19) H. Bredereck, H. Ddrr and K. Ruck, Ber., 87, 32t 11954).

(20) 1o other experiments, it was found better to pack the charcoal -
Celite mixture as a slurry o 2.55) aqueous ethanol, and to begin the
separation of the mixture of sugars with the same solvent rather than
with water. This procedure results in a more effective separation of
the monosaccharides from the oligosaccharides than Is the case with
water (Allene Jeanes, C. A. Wilham, R. W. Jones, H. M. Tsuchiya
and C. E. Rist, THIS JoUrwNalL, 75, 5911 (1953)).
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Tapre 11
FRACTIONATION OF SUGARS OBTAINED FRC(A! GLUCOMANNAN
oN THE Ciarcoar CoLumy

Solvent, 5% ethanol Solvent, 174, etliansl

Frac- Wt. Frac- \\t.
tien  (mg.) Comprmelit? tion  (mg.) Compeoliennt?
1 '5 Glucose 15 200 Olignsacclarbles
_— Munuose 2 f - A, Buand C
2 I =" Oligosacchurides
3¢ Aand B
4 ‘! Oligosacclaride i Oligosaccelutrides
'( 126 C plus small | 14 A B Canda
5 amount of B ‘ fourtl higher
6 I Oligosaccluride 0 oligo~acchuride
7] o48 C

¢ The eompeatentts i cuclt fractionn were ascatgined hy
puper chronategraply using sodvent 1.

polysuccharide (310 mg.) which did et uteve oy jeger
clhiromatogran using scdveut

Separation of the Oligosaccharides on Cellulose Coluiun.
—The eomtbbied mixture of sugar< V] Lasg, s froan fractions
1, 2, 3, 4+ aud 3 of tlie 155% alecdied cliate froan thie eliareoal
column (Table IT) wus dissdved in 1-propanadiwater azeo-
trope and put o a cellulise eolumn previcasly cquilibraterd
with the samne solveut. Thie eolunnt swes developed with
solvent 2 and the fractions (10 nil.; collected at intervals of
30 minutes. The fractions crataining pure cdigosevela-
rides as checked by paper cliromatography were combined.
On evaporation 7n vacio and crystallizatiea from aquecus
ethanol, oligosaccharides A, B and C were abtained i1 o
pure state.

Characterization of 4-0)-3-1»-Glucopyranosyl-e-n-manno-
pyranose.—Olignsaccliuride A froan the cellulise cohmnnn
obtainied as a sirup had [e)?'n =477 (cquilibriun value)
in water (¢ 2), and the same Ry in osolvemrs 1, 2 and 4 as
4-0-8-p-glucopyrunosyl-p-manose.  When o soluticnr of
A i ethanol was allowed to evaperare <beavly i the air,
lurge crystals of 4-0-3-p-gluco|yratiesyl-a-D-1Ia IO Y-
ose mounohydrate were obtatned, wp. and wixed mn.p. 134-
130°, When the oligosaccharide A was hydrolyzed with
V sulfuric acid and tlie resulting mixture of glucose asid
mannose resolved and the sugars deterniined quantitatively
according to tlie procedure deseribed below in the identificu-
tion of 4-0-3-D-manuosyl-n-gluerse, thie oligosaccharide wus
found to be ccanposed of equal parts of glucose aud mannose.

Acetylation of the crystuls (25 wmg.) by treatment with
acetic anhydride (3 mil.) and auhydrons scdimn acetate (0.1
g.) for 2.5 hours on a boiling wuter-bath gave octa-O-ucetyl-
1-0-8-p-gluenpyratosyl-g-p-ttannopyramese  (tecdles  from
metlanol) m.p. and mixed m.p. 2037, [a!®D +34° iu
chloroforur (¢ (.6G),  Brattas® reports ut.p. 202-203° and
[a]D +:36° i chloroform for this compound.

Oxidation of 4-()-3-p-Glucopyranosyl-D-mannose with
Bromine.—To a ~cdution of A (7 g, in 2 ml. 1.0), bartun:
carbomate (10 wg. i and browine (2 drops) were added.
The reaction mixture was shuken aud kept at room tempera-
ture (25°) in the dark for 2.5 days. Excess bromine was
removed by aeration, tlie niixture filtered and the filtrate
evaporated. The residual sirup was hiydrolyzed in a sealed
tube with .V sulfuric acid on a boiling wuter-bath for 11
hours. After neutralization (BaCO;; uand filtration. tlhe
filtrate was evuporated aud the residue extracted with liot
absolute ethanol. Tlie ethauol extruct, after filtration and
evaporation and chrowatographic aualysis, was found to
contain glucose ouly. The residue left after etlunol extrac-
tion was dissolved in wuter and passed through a colun of
cation-excliange resin.  The cffluent after evaporation wias
chiromatograplied using solvent ¢ aud spray reagent d.
Thie results indicuated thie presence of p-nante-s -lactnue.

Identification of 4-()-3-p-Glucopyranosyl-g-v-glucopyran-
ose (3-Cellobiose '.-—Oligreaccluride 13, ebtained froan the
cellulose enlumn in a erystalline forur, had nep. 227° (un-
depressed o adutixture with 3-cellobiose) wid showed [« * D
428 — 4-34° (equilibrium value) in water (¢ 1), Upou in-
cubation of a solution of B in sodiwn acetate buffer (pH 3)
with g-glucasidase in a melting point tube at 38° for 24 lours
according to the proccdure of Porter, et al.,? the oligosac-

(21) W. L. Porter and N. Hoban, Anal. Chem., 26, 1846 (1954).
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clhiaride was found, by paper chiromatography, to be com-
pietely hyvdralyzed to glucose.

Octa-0-acetyl-3-cellobiose.—Tlic disaccluaride B (60 ing.),
anhiydrous sodium acetate (0.5 g.) and ucetic anhydride (5
utl.) were sluuken overunight and theun heated on a boiling
water-buatlt for 6 hours. The reaction niixture was poured
o water when a granular precipitate was obtained. It
wus extracted with chiloroform and the cliloroforin extract,
after washing successively with a solution of sodium bicar-
bomate and water and drying, was evaporated to give a
crystalline acetate (65 mig.). It was reerystallized from
(S ethanol; unp. 188° and [«]%p —35.4° in cliloroforin (¢
1.5, (m.p. aud {«|p in chiloroform of octu-0-uacetyl-8—ello-
biose reported by Hudsou® 202°, —14.77 und that by
Muaquensie2? 101-102° gud  —7.4°%, respectively):  mixed
mp. with an autheutic speciinen of octa-O-acetyl-3-cello-
biose (np. 105 1967 ¢ 101 -1957.

Crystallization of 4-()-3-n-Maunopyranosyl-n-glucose.—
The white anorplions <olid (48 myg. «obtabied o evaporution
ol thie 5¢¢ vqueotts ctlhiauol cluate (fractiouns 6 aud 7) from
the cluareos] colmnn was retluxed widt absolute cthianol (10
ml. cnd a drop of water, until all the oligosceclueide was
lissalved, O ecooling the ~olution, crystals in the fornn of
ieedles separnted. After keephg in the eold (57) for 3
duivs, the erystals were dltered, washed witlt etlianol and
dried unp. INO IS ovield 16 mgs. After reerystalliza-
tion from cthatol and a few drops of wuater the 4-0-3-p-
tmopyratosy l-a-n-glucopyranose I up. 202-203° and
fe ip =30% cliaiging in 4.5 hours to +10° 11 water (¢ 1.

Awal. Caled. for CullsOyg: C, 42.1; H, 6.5, Found:
C, 4255 H, 6.8,

Identification of 4-0-3-n-Mannopyranosyl-«-n-glucopyran-
ose: Determination of Molecular Weight (a).—7To a solu-
tion of C (10.7 mg. in 1 ml. water) was added a solution of
toditse 5 wl., .05 N followed by sodium hydroxide (7.5
wl., 0.05 Voo Afrer 10 minutes the solutionn was acidified
and titrated witlt 0011 NV sodiuw thiosulfate (6.2 ml.). The
cquivaleat weight by this method was 346 (caled. for a di-
saccharide 342). (b) Bromine Oxidation.—A solution of
C /20 mg.; in water (1 l) was treated with broutine (0.3
il amwld barium carbowate (50 wg.).  After keeping the
reactiont niixture at roour tewperature for 72 lhiours aud re-
moving the excess of bromine, eliromatograpliic aalysis
sliowed that oxidation was incomplete.  Oxidation was com-
pleted by adding more bromiue (0.3 ml.) and heating the
niixturc at 33-60° for 6§ hours in prescuce of barium carbon-
ate (50 mg.j. The reaction wmixture was freed from bro-
mine, centrifuged and the supernuatant passced thirough a
cation-exchange resin (AmbRerlite TR 120). The effluent
was neutralized (Ag.QOr, filtered and the filtrate evaporated.
The residue was extracted with water aud the extract fil-
tered und the filtrate evaporated. The residue was ex-
tracted witlt water and the extract filtered after treatuient
witht hiydrogen sulfide.  The filtrate was passed through a
cation-exchange resin (Amberlite IR 120) and thie efflucnt
cvaporated to a sirup wliclt was dried (2 vacno over sulfuric
acid (vield 188 wmg..  The cquivalent weight of the acid
derived from the oligosacchuride was deternined by titra-
tiotr with (.01 N sodiuin hydroxide. Fouud: cquiv. wt.,
310 (caled. for a disaccharide acid, 35%).

The sugar acid was hiydrolyvzed with NV sulfurie acid i a
sealed tube o a boiling water-batlh for 22 liours.  The liy-
drolysute wus neutralized (BaCO; i, filtered and the filtrate
passed first througlh u catioti-exchange resin aud tlien through
an union-exchange resin.  The ¢ffluent was evaporated aud
the resulting sirup was found by paper chromatography to
cotttain ouly uurnose. ‘The acid adsorbed by tlie aniou-
exchange resin was displaced by .V sodiuut hiydroxide and the
effluent passed througlt ¢ colunm of catiou-excliange resin
(Awmberlite IR 1205, Evaporation of the eftlucut :aid cliro-
natograpliic aualysis of tlhie resulting sirup usityg solveut 6
and spray reagent  demonstratenl thie prescice of n-glucoto-
y-luctone.

Determination of the Glucose: Mannose Ratio in C. - A
solution of oligosuccluaide € 10 wmyg.) in sulfuric acid (2
ml., V) was heated for 24 Tours i a sealed tube i a boiling
water-batli.  Thie solution, wfter ncutralization (BaCOy)
aud filtration, was evaporated and the resulting sirup cliro-

(22) C. S. Hudson and [. M. Julinson, Tiis JolUkxal, 37, 1276
(1915).

(23) L. Marpdenne and W. Gowlwin, Bull. soc. chim
(1004).
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matographed on a sheet of paper using solvent 1. The
zones containing glucose and mannose were cut out by the
help of marginal guide strips and the sugars, after extraction
from the paper with water, determined colorimetrically by
the method of Dubols, ¢f al.,24 using phenol and sulfuric acid.
The oligosaccharide was found to be composed of equal parts
of glucose and mannose,

‘When a solution of the oligosaccharide was incubated with
B-glucosidase in the manner described above, no hydrolysis
occurred,

Methylation of 4-0-8-p-Mannopyranosyl-p-glucopyranose.
—To a solution of C (137 mg.) in water (5 ml.) cooled in ice,
potassium hydroxide (5 ml., 509,) and methyl sulfate (1
ml.) were added dropwise with vigorous stirring. In this
manner 6 ml, of methyl sulfate and 30 ml. of potassium hy-
droxide solution were added over a period of 1.5 hours.
During the addition of the reagents the temperature was
maintained below 10°, The solution was stirred for anotlher
6 hours and then more methyl sulfate (6 nil.) and potassium
hydroxide (30 ml., 509%,) were added at room temperature
(25°), The reaction mixture which at this stage was non-
reducing, was then heated to 50-60° and the methylation
continued by the dropwise addition of methyl sulfate (5 1nl.)
and potassium hydroxide (25 ml., 40%) in the previous
manner. The reaction mixture was heated at 90-100° for
1 hour and the product extracted from the cooled reaction
mixture with chloroform, The extract on drying and
evaporation gave a sirup (24 mg.). Since the yield of the
methylated material was poor, the aqueous solution left
after chloroform extraction was neutralized (sulfuric acid)
and then diluted with an equal amount of methanol to pre-
cipitate the sodium sulfate, The precipitate was filtered
and the filtrate evaporated, The material thus obtained
was combined with the chloroform soluble product and,
after adding acetone (20 ml,), methylated with methyl
sulfate (10 ml.) and potassium hydroxide (50 mil., 409) at
50-60° in the manner described above. The reaction mix-
ture was heated at 90-100° for 1.5 hours, and, after cooling,
extracted with chloroform. Evaporation of the dried
(MgSO4) chloroform extract afforded a sirup (75.5 mg.).
The aqueous solution left after chloroform extraction was
worked up in the previous manner and the material thus ob-
tained was methylated separately with methyl sulfate and
alkali. In this way 19 mg. more of chloroform soluble meth-
ylated material was obtained. It was combined with the
product obtained previously, dissolved in ether, filtered and
the filtrate evaporated to give a sirup (94 mg.). The latter
was methylated twice with methyl iodide and silver oxide
and the sirupy methylated product (82 mg.) isolated in the
usual manner,

Hydrolysis of Octa-O-methyl-4-0-8-p-mannopyranosyl-p-
glucopyranose.—The methylated oligosaccharide D (75

(24) M. Dubols, K. A, Gilles, J. K. Hamilton, P. A. Rebers and F.
Smith, Anal. Chem., 28, 350 (1956).
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mg.) was refluxed with N sulfuric acid (5 wl.) for 18 lLours,
and the resulting solution, after neutralization (BaCO;) and
filtration evaporated to a sirup, The sirup was chromato-
graphed on paper using solvents 3 and 5 and the methylated
sugars detected by spray reagent b. The presence of 2,3,6-
tri-O-methylglucose (component I) aud 2,3,4,6-tetra-O-
methylmannose (component 11) was recognized by compari-
son with authentic samples of tliese two sugars (see Table
111),

TaBLE 111
Solvert 3 Solvent 5

Methylated sugars Rge Rub
Component I 0.68 0.30
Component 11 .08 0.97
2,3,4,6-Tetra-O-metliyl-p-riannose .08 1.00
2,3,6-Tri-O-methiyl-p-manuose .60 0.39
2,3,6-Tri-O-methyl-p-glucosc 68 .31
2,3,4,06-"Tetra-O-methyl-n-glucose 1.0 L0t

s Re = R (2,3,4,6-tctra-O-methyl-b-glucose). * Ry, = R

(2,3,4,6-tetra-O-iethyl-p-inunuose).

The mixture of methylated sugars, obtained ou hydrolysis
of the methylated oligosaccharide, was resolved iuto pure
componetits I and II by chromatogruphy on sheets of puper
using solvent 3, wlien 33 mg. of 2,3,6-tri-O-methyl-p-glucose
(1) and 39 mg. of 2,3,4,6-tetra-O-methyl-p-mannose (I1),
both in the form of sirup, were obtained.

Identification of 2,3,6-Tri-O-methyl-p-glucose.—Compo-
nent I (22 mg.) which had [«]*p +43° in nmiethanol (¢ 0.7)
was converted into d bis-p-nitrobenzoate by treatment of
it in pyridine solution with p-nitrobenzoyl chloride.? After
recrystallization from methanol the derivative (10 mg.) had
in.p, and mixed m.p. with an authentic sample of 2,3,6-tri-
O-methyl-p-glucose 1,4-bis-p-nitrobenzoate 192° and showed
[a]®D —34° in chloroform (¢ 2).2

Identification of 2,3,4,6-Tetra-O-methyl-p-mannose.—
Component II (20 mg.), which had [«]*D +24° in methanol
(¢ 0.7), was converted into the corresponding anilide by
boiling for 7 liours with ethanol (3 ml.) containing aniline
(100 mg., freshly distilled). After keeping the reaction mix-
ture overnight, the solvent and excess of aniline were re-
moved in vacuo when the anilide crystallized. Recrystalli-
zation from ethanol-petroleum ether gave needles of 2,3,4,6-
tetra-O-methyl-p-mannose anilide,’® m.p. and uiixed m.p.
144°, [«]®Dp —7° (equil. value) in methanol (¢ 0.8), When
mixed with 2,3,4,6-tetra-O-methyl-p-glucose anilide the
m.p, was 118-127°,
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