April 5, 19506

aldopentose in 5 ml. of ethauol coutainiug 0.1 g. of freshly
distilled aniline was boiled nuder reflux for 3 hr. There-
after the solution was partially decolorized with carbon and
concentrated to 1 mil.; 2-deoxy-p-erythro-aldopentose anilide
crystallized slowly; yield 20 mg. Tle crude material was
recrystallized from ethanol; m.p. 163- 164° unchanged on
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admixture witlh an authentic specimen of 2-deoxy-p-erythro-
aldopeitose anilide?4® of m.p. 165-167°.

(256) W. G. Overend, M. Stucey and I.. IV, Wiggins, J. Chem. Soc.,
1358 (1949).
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Identification of Aldoses in the Form of Formazans via their Phenylhydrazones

By L. MESTER AND A. MAJOR
RECEIVED JUNE 16, 1955

Aldoses have been identified by the use of the formazan reaction.

By coupling with diazonium solutions, crystalline sugar

formazans with characteristic pliysical propertics have been prepared from the reaction of the corresponding aldose and phen-

ylhydrazine witliout isolation of the intermediate phenylhydrazone.

been established.

In earlier cominunications'? we have reported
that when allowed to react in pyridine solution
with cold solutions of diazoniuin compounds, aldose
phenylhydrazones yielded brilliant red, readily
crystallized sugar formiazans. Owing to their
melting point and characteristic crystalline forins,
these new nitrogenous sugar derivatives can be
used to advantage in identifying aldoses.
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| pyridine
CH,—OH CH,—OH
Aldose phenylhydrazoue Aldose diphenylformazan
TABLE I
M.p.,
°C. Crystalline form
p-Glucose diphenylformazan 177-178 Red ndls., freq. rosettes

167-168
174-175

Bronze-red tablets

Bunches of microscopic rus-
set ndls.

Bunches of fine
ndls,

Brill. red ndl. cryst.

I.anceolate red ndls.

p-Galactose diphenylforinazan
p-Mannose diphenylformazan
L-Arabinose diphenylformazan 173-174 br.-red
175-176
123-124

L-Rhamnose diphenylformazan
p-Xylose diphenylformazan

Because they contain no active methine groups®*
the ketose phenylhydrazones do not vield formaz-
ans; this reaction is therefore suitable for distin-
guishing aldoses from ketoses. It is more specific
than the osazone test, frequently used in the identi-
fication of sugars, for it yields a different forinazan
for each aldose, while the latter does not differen-
tiate between epimers.

For the purposes of identifying aldoses, we have
simplified this reaction. The sugar phenylhydra-
zones derived from the reaction mixtures of the
sugar and phenylhydrazine are not isolated but,
after addition of pyridine, are immediately coupled
to give the formazan.

In a previous paper? it has been reported that on
standing sugar phenylhydrazone solutions suffer a

(1) G. Zemplén and L. Mester, Acta Chim. Acad. Sci. Hung., 2, 9
(1952).

(2) L. Mester and A, Major, TrIs JoURNAL, TT, 4297 (19535).

(3) H. v. Pechmann, Ber., 25, 3181 (1892).
(4) 8. Hiinig and O. Boes, Anu., 579, 28 (1053).

The optimal conditions for formazan formation have

considerable diminution of their capacity for cou-
pling, a phenomenon connected with optically ob-
servable structural changes. Obviously, two proc-
esses are taking place in the reaction of the sugar
and phenylhydrazine, which from the point of view
of formmazan formation have opposing effects: (i)
the formation of phenylhydrazone; (ii) the trans-
formation of this into a form unsuitable for cou-
pling.

To decide on the usefulness of the simplified ecac-
tion in aldose identification, formazan formation
fromthe corresponding aldoses has been studied as a
function of time. For each sugar the reaction with
phenylhydrazine has been examined in three dif-
ferent solvents, viz., (i) water, (ii) 1207 alcohol-
water, (iii) pyridine. After identical periods of
time, all three solutions were coupled to vield the
formazan in a pyridine mediun by the addition of
diazotized anilife. The data in the tables reveal
that on the whole the yield was highest i pyridine
solution, between the 24th and 48th hour. With
mannose the nearly insoluble phenylhydrazone sep-
arates very soon; therefore in this case the formn-
azan reaction was done with the separated phenvl-
hydrazone and, of course, showed no deviation as a
function of time.

Experiments on the separation of mixtures of
sugar formazans by means of chromnatography are
in progress.

Acknowledgment.—The authors wish to thunk
Professor G. Zemplén for his interest in this work
and for valuable advice. Thanks are also due to I.
Gyongy, who performed some of the experiments.

Experimental

Reagents.—p-Glucose puriss. “Gyogyert’’; Dp-galactose
puriss. ‘‘Riedel”’; p-mannose ‘‘Hoflmaun-LaRoche’’; -
arabinose p. u. sci. ‘““Riedel’’; r-rhamnose “B.D.H.'’;
D-xylose puriss. ‘‘Fluka'’; L-sorbose pur. ‘‘Merck’’; b-
fructose p. u. sci. ‘“Schuchardt."”

Melting Points.—All m.p.’s were determined in capillary
tubes and are uncorrected. As the m.p. changes consider-
ably with the manner of heating,® our bath was heated rap-
idly to within about 10° of the m.p. Thereafter its tem-
perature was raised slowly, so that the mercury column was
unchanging at the moment of melting.

Preparation of Diazonium Solution.—A solution of 9.3 g.
of aniline in a mixture of 25 ml. of coned. hydrochloric acid
and an equal amount of water was diazotized at (0 -5° with

(5) H. v. Pechmann, Ber., 27, 1682 (1894).



1404 F. Syt anp H. C. SRIvasTavA Vol 78
TaBLE II
Water — Solvent 5077 Alcohol Pyridi
Hours 3 24 48 - oy 18 3 Yo 18
p-Galactose 20.5 64.5 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.¢ 3.4 38.2 64.0
p-Xvlose 30.4 385 51.3 25.9 16.4 48.7 20.8 50.5 5.5
L-Arabinose 38.8 41.5 Hl.1 16.0 26.4 43.5 48.0 41.3 41.3
L-Rhamnose 17.5 120 13.7 235.5 22 .0 12.7 32.4 45.0 24.0

a solution of 7.5 g. of sodiwn nitrite in 15 ml. of water.
This was diluted to 93 mnl.

Preparation of Formazans.—A mixture of 0.45 g. of aldose
(corresponding to 0.0025 mole of liexose, or 0.0030 mole of
pentose or 0.00273 mole of 6-deoxyliexose’ aud 0.45 g. of
plienylhydrazine (1.00418 mole) was dissolved (i) in 2.5 wl.
of water, (ii) in 2.5 ml. of 5057 alcohol, (iii; in 2.5 ml. of
gg’{ldmee and allowed to stand at room tewperature (20 ==

After the desired period of time, 2.5 ml. of pyridine was
added to the aqueous and 50%; alcoliol-water solation, re-
spectively, and 2.5 ml. of absolute alcohol to the pyridiue
solution. They were refrigerated and then coupled by
dropwise addition of the dinzoniunt solution prepared from
0.24 g. of aniline (1 mole + 7.35%) aud allowed to stand for
10 minutes. After this time, tlie solutions were poured
into ice-water five times their voluine, and kept in the ice-
box overnight. The precipitated, bright-red, mostly crys-
talline formazans were then collected, dried in air at room
temperature, aud weiglied. Iu the case of mannose, from
all three solvents the precipitated pheavihvdrazone was
collecte.d, waslied with alcoliol, water and ethier, then dis-
solved in 63 mil. of pyridine. On adding 7 wl. of ¢thauol,

(6) With galactose 907 agrcous pyridine was nsed.

the solution was finally coupled with diazo solution pre-
pared from 0.24 g. of aniline; yields 0.63, 0.43, .48 g.
of formazan (67.5, 45.7, H1.1%}.

No formazan could be observed from vL-sorbose or D-
fructose in any of the media; merely a little of a yellowish-
pinky, oleaginous, sticky substance precipitated.

Yields, in per cent., obtained in aqueous solution, in 50%
alcohol, and 11 pyridine are given in Table II.

For identification, the crude products were crystallized to
constant m.p. from hot butanol, with the exception of the
formazan obtained from p-xylose, whiclh was crystallized
by washing the crude product withi abs. ether, dissolving it
in liot aleohol, and adding hot water to it (alcohol to water
3:2).

Anal. Caled. for CpH0:Ny: N, 16.27. Fouund for
p-xylose: N, 16.12, 16.06; for p-arabinose: N, 16.12,
16.03.7

Solubility of the resulting formazans was determined with
various methods. In distilled water at 20° it was found to
be 5~10 mg./10¢ ml.

(7) For the analyses of the other sugar formazans ¢f. our previous
papers. }?
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Acetolysis of the Glucomannan of Iles Mannan'

By F. Smrta 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 D-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, 4-0-8-p-glucopyranosyl-g-p-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. wariabilis 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 thesis 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-8-p-gluco-
pyranosyl-8-D-glucopyranose (cellobiose), 4-O-8-D-
glucopyranosyl-a-p-mannopyranose and 4-O-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 D-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).



