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Studies on Amino-hexoses. II. The Mechanism of
the Formation of So-called Chitose from Glucosamine
By Yoshio MATSUSHIMA

(Received September 18, 1950)

The reaction of nitrous acid upon gluco-
samine (2-amino-2-desoxyglucose) does not
proceed, as expected from our “common”
knowledge, to the production of glucose or man-
nose but to the production of so-called chitose.
Fischer and Tiemann® obtained an acid which
they called chilonic acid as its calcium salt
by the bromine oxidation of the sugar-like
substance which was formed from glucosamine
by the action of nitrous acid and named by
them chitose. Later, Fischer and Andreae®
treated chitonic acid with acetic anhydride
and sodium acetate and obtained hydroxy-
methyl-pyromucic acid, the constitution of
which was confirmed by Haworth, Hirst and
Nicholson® through its preparation from w-
bromo-5-methyl-furfural. Fischer and An-
dreae® proposed the 2,5-anhydro-hexose
structure for chitose from the elementary com-
position of chitonic acid and the reactions
mentioned above which can be summerized as
follows:

The “abnormal” behavior of glucosamine
‘toward nitrous acid caused several workers to
repeat the Fischer’s experiment and the com-
plicated results have been reported. Arm-
brecht® believed that he obtained a hexosa-
zone which was different from glucosazone, but
the formation of osazone must be impossible
if chitose has the structure mentioned above.
Zechmeister and Toth® reported the formation
of glucose and they attributed the non-
fermentability of the deamination mixture to
the co-existence of some inhibitory substance.
Schorigin and Makarowa-Semljanskaya® ap-
proved of the Fischer’s result and obtained the
crystalline diphenylhydrazone of chitose. The
complexity of the results let the authors of
the text-books of sugar chemistry state that
“Unsere bisherigen Kenninisse von der chitose
sind recht lueckenhaft. Auch Zweifel an der
Einheitlichkeit des Produktes erscheinen berech-

tigt,”™ or “Die Chemie der Chitose bedarf

jedoch noch einer eingehenden Bearbeitung.”®
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However, the author’s deamination experi-
ment on glucosaminol, the hydrogenated pro-
duct of glucosamine, and on some model
substances, together with the search into iitera-
tures enabled him to put a reasonable inter-
pretation upon the formation of chitose from
glucosamine. The author found that giucosa-
minol, when treated with nitrous acid, did
not produce any trace of sorbitol nor mannitol
The reaction mixture exhibited a reducing
action upon Fehling’s reagent and crystalline
diphenylhydrazone was isolated from it. This
was identified with the diphenylhydrazone of
2-desoxy-glucose. The experiments on two
model substances proceeded equally on the
same line with glucosaminol. Thus, 1-amino-
propane-diol-(2,3) produced acetol and 2-
amino-butanol-(8) produced methylethylketone
when treated with nitrous acid.
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McKenzie @ U9 first observed the “abnormal”
reaction of nitrous acid upon «-hydroxyl-
amines and named the reaction * semi-pina-
colinic deamination ” and explained the reac-
tion by the following scheme.
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Beveral workers() have been engaged in the
works of this line and the mobility of radicals
has been discussed.

On the other hand, the “abnormal” reaction
of nitrous acid upon common amines has been
observed for a iong time. Meyer and Forster(d?
reported the production of iso-propyl alcohol
beside n-propyl aleohol when n-propyl amine
was deaminated with nitrous acid. Freund
and Schoenfeld™) observed the production of
olefinic hydrocarbon CH,=C(CHj3CsH,3 and
tertiary alcohol (CH,!,C(OH)CgH,; from the
amine NH.,CH,CH(CH;)C¢H;3. According to
Levy and Gallais®® Ph,CHCH,NH, gives
stilben PhCH=CHPh. Enlargement of the
ring is reported by Wallach(® and Ruzicka(®
when amino-methyl cyclo-paraffin is treated
with nitrous acid.

The author’s interpretation of these *abnor-
mal” reactions originates in the Arndt-
Eistert’s(I") synthesis of carboxylic acid homo-
logues:

CHNH - +
RCOCl .~ RCOCHN=N —>
H0
RCOCH<+N; —>» CO=CHR — HOCOCH,R

The reaction mechanism has an analogy in the
Curtius’ degradation of acid azide or in the
Hofmann’s degradation of acid amide.

—+
RCONN=N —> RCON< +N; —» CO=NR
RCONHX — RCON<+HX —> CO=NR

In these rcactions the intermediate bivalent
radicals cause the rearrangements of atomic
groups. The reactions of amines with nitrous
acid can also be interpreted in the light of the
same reaction mechanisms which are sum-
merized as follows (the upper schema of p. 146).

McKenzie®™ has already pointed out the
similarity between glucosamine andet -hydroxyl-
amines in respect of ‘“unusual” behavior
toward nitrous acid but he could not interpret
explicitly the formation of 2,5-anhydro-ring
in chitose. The author offers the following
mechanism for the formation of chitose.
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The pyranoid structure of glucosamine has
been established by Irvine and Hynd.(® The
intermediate bivalent radical causes the rear-
rangement of lactol ring, thus forming the
furan ring of chitose. Glucosaminol converts

into 2-desoxy-glucose following the same
reaction mechanism.
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Hermans(® that the replacement of amino-
group by hydroxyl is merely one of the prob-
able reaction courses when primary amines
of the type >CHNH. are treated with nitrous
acid.

Experimental

Preparation of (lucosaminol,—High pressure
hydrogenation of glucosamine in small scale has
been reported by Karrer and Meyer.*» The
author hydrogenated a considerable quantity of
glucosamine.  The solution of 130g. m»-gluco-
samine hydrochloride in 500ce. of water added with
Raney’s nickel catalyser prepared from 50g. of
the alloy is heated under shaking at 100° for
several hours until the hydrogen pressure becomes
constant (initial pressure, 80 atm.). The reaction
mixture is filtered from nickel and concentrated
in vacuo. The resulting thick syrup is added
with 400cc. of absolute alcohol and the seed
crystals. Crystalization takes place immediately.
The yield of raw crystals of glucosaminol hydro-
chloride which show a trace of reducing action
amounts to 122 g, 40g. of raw crystals is dissolved
in 40 ce. of water and 160 cc. of absolute alcohol
is added under vigorous agitation. Colorless fine
crystals precipitate immediately which weigh 24.5
g. and melt at 159-160°,

The method of obtaining free base described
by Karrer and Meyert*® which consists in shaking
the hydrochloride with alcoholic diethylamine
solution is tedious and incomplete. The author
proceeded as follows:

(19) J. Berk and P. H. Hermans, Chem. Weekblad, 22,
270 (1925); C. 4., 19, 2473 (1925).
(20) P. Karrer and J. Meyer, Helv., 20, 020 (1947T).
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10g. of the hydrochloride is dissolved in 10ce.
of water and 5g. of diethyl amine is added
slowly. After adding 150cc. of alcohol, the rub-
bing of the wall accelerates the growth of crystals.
The colorless erystals of the free base thus obtained
are quite free from chlorine and melt at 131-132°,
The yield amounts to 75% of theory.

Deamination of Glucosaminol.—6.0g. of glu-
cosaminol (free base) dissolved in 50 cc. of water
is added with 3g. of sodium nitrite dissolved in
50 ce. of water and then with 3 ce. of acetic acid.
Evolution of nitrogen gas ceases after over-night
standing at room tfemperatures. The reaction
mixture is concentrated in wvacuo and is added
with 2g. of diphenylhydrazine dissolved in 5ce.
of alcohol. After an over-night standing the
rubbing of the wall accelerates crystalization.
The crystals thus obtained weigh 2.6 g. and melt
at 175-177°. 0.2g. of the same substance is
recovered from the mother liquor. The substance
which melts at 178-179° after being recrystalized
twice from 969 alcohol shows no melting point
depression when mixed with the diphenylhydra-
zone of Z-desoxyglucose which is prepared from
p-glucal following the method of Bergmann,
Schotte and Lechinsky.®®  Analyses give the
following results:

Found: C, 65.56; H, 6.74.
Caled. for C,SHO.;NS!: G, 65.44: H, 6.71,

Preparation of 1-Amino-propane-diol and 2-
Amino-butanol- (3). (@) 1-Amino-propane-diol
was prepared following the method of Knorr®»
taking account of the report of Hirata.(*» The
substance boiling at 140-141°/9 mm, in redistil-
lation is colorless wviscous liquid which has no
reducing action toward Fehling’s reagent or am-
moniacal silver solution.

(b) 2-Amino-butanol-(3) was prepared follow-
ing the method of Strauss®Y which was somewhat
modified.

Diacetyl monoxime is' reduced with sodium
amalgam under cooling with ice and salt in acid
conditions, The reaction mixture is made alkaline
and extracted with ether in a automatic apparatus
for 5 days. The substance boiling at 53.5-55.5°/
7 mm, in redistillation is colorless viscous liquid
which has a pyridine-like odor. The yield is 2.3
g. from 3g. of diacetyl monoxime,

Deamination of 1-Amino-propane-diol and 2-
Amino-bhutanol-(8). (a) 10g. of l-amino-propane-
diol is dissolved in 50 cc. of water and the solution
of 8.5 g. sodium nitrite in 10cc. water is added.
25¢c. of 6 N-sulfuric acid is dropped into the
mixture under stirring and ice-water cooling.
After letting it stand for 4.5 hours at room tem-
peratures hydrogen gas is passed until no trace
of nitrous acid remains. Van Slyke amino deter-

(21) M. Bergmann, H. Bchotte and W. Lechinsky, Ber.,
55, 165 (1922)-

22y L. Enorr and E. Enorr, Ber., 32, T50 (1899).

(28) Y. Hirats, K. Inuksi and T. Tsujiuchi, J. Chem.
Soc. Japan, 69, 59 (1948).

(24) E. Strauss, Ber., 33, 2827 (1900).
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mination carried out with a portion of the reac~
tion mixture reveals that 2.8 g. of the starting
amino-alcohol remains intact. The reaction
mixture which exhibits now a strong reducing
action upon Fehling’s reagent or upon ammonia-
cal silver solution is neutralized with barium
carbonate and the filtrate from barium sulfate is
divided into two equal portions. One is treated
with phenylhydrazine acetate and the other with
semicarbazide. Precipitation takes place im-
mediately in each case and the yield of raw
phenylosazone of acetol melting at 137° with
decomposition is 2.28 g. and that of semicarbazone
melting at 197.5° with decomposition is 1.09g.
The yield of both derivatives of acetol corresponds
to about 20% of the starting amino-aleohol

consumed. The osazone melts at 146.5-147° with

decomposition when once recrystalized from

alcohol. The analyses give the following results:
Found: C, 7T1.75; H, 6.47; N, 22.42,
Caled. for,

GﬁllmN“ - 0, 71.40; H, 6.39; N’ 22.21.

The semicarbazone melts at 197-198° with
decomposition when once recrystalized from water.
The analyses give the following results:

Found: C, 36.54; H, 7.21; N, 32.56.
Cald. for , . .
CH,0.N,. ©C»36.66; H, 6.91; N, 32.04.

(b) 1.06g. of 2-amino-butanol-(3) is dissolved
in 10 ce. of water and the solution of l4g. of
sodium nitrite in 15cc. of water is added. 3cc.
of acetic acid is dropped at room temperatures
into the mixture under stirring. After an over-
night standing the mixture is neutralized with
sodium hydroxide to a pH value of 5 and distilled
to about 80% of the whole. The distillate upon
treatment with dimedone solution gives a precip-
itate which may, be isobutylaldomedone@® but
can not be identified owing to the small amount
of the material. The mixture is again distilled
and the distillate is now added with acetic solu-
tion of p-nitropbenylhydrazine. Precipitation.
takes place immediately. The yellow crystals
thus formed weigh 0.83 g. and melt at 90-100°.
After being recrystalized three times the specimen
melts at 124.124,5° alopne or at 125-126° with the
authentic specimen of p-nitrophenylhydrazone of
methyl ethyl ketone which melts at 127.5-128°.
Analyses give the following results:

N, 20.87.
N, 20.28.

Found:
Caled. for O oH;sCuNa:
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