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Abstract—Synthesis of hydrazide, azide and substututed amides of carboxymethylchitin is reported. Stability of
azides in aqueous solution and their acylating ability in the reactions with aromatic amines are studied.
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Chitin and its derivatives possess important properties  area; therefore modification of polymer with hydrophilic
and are used as auxiliary and biologically active  groups is actual problem. Carboxymethylation of chitin

compounds in medicine, pharmacy and cosmetics [1,2].  is a most studied process allowing synthesis of water-
Insolubility in water restricts essentially chitin application  soluble polysaccharide derivatives [1]. Carboxyl groups
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Table 1. Quantitative characteristics of carboxymethylchitin
hydrazides2

Ce.m Of the Cacm Chem 0f hydrazide of CMC found by
CMC of ethyl
sample ester hydroxame iodometric
reaction titration
0.77 0.4 0.40 0.48
0.95 0.32 0.30 0.35
1.02 0.34 0.29 0.30
1.04 0.32 0.32 0.35
2 Coms Caom are the numbers of the carboxymethyl and alkoxy-

carbonylmethyl groups attributable to one monosaccharide fragment
of CMC.

introduced by this way into polymer can be used for the
further chemical modification of chitin. However their
reactivity is poorly examined.

The purpose of this work is synthesis of hydrazide and
azide of carboxymethylchitin and also studying an azide
stability and reactivity.

A chemical modification of chitin was carried out by
the scheme.

Carboxymethylchitin (CMC), its H* form and ethyl
ester were prepared according to an earlier reported
technique [3]. Hydrazide of CMC was obtained by the
heating of carboxymethylchitin polyacid with hydrazine
hydrate excess at 100°C for 4 h or by work up of ethyl ester
of CMC with hydrazine hydrate excess at room temperature
for 24 h. The product was precipitated by ethanol,
reprecipitated from 0.2 N solution of sodium hydroxide
by ethanol, and dried in a vacuum. Yield was 90%.
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Fig. 1. Dependence of the content of the azide groups N,,
in CMC samples (% from the number of the azide groups in
polysaccharide at the time of formation) vs. the keeping time
T (min) of their solutions at 0°C. pH values: (/) 2, (2) 4, (3) 6,
4 8, (%) 10, (6) 12.
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Samples of CMC hydrazide obtained by the heating
of polyacid with the hydrazide excess were insoluble
in water, though, according to iodometric titration data,
a transformation extent of the carboxylate groups into
hydrizide was about 30%. Earlier similar result was
observed at the heating of carboxymethyl derivatives
of some other polysaccharides. It was explained by
a diacylhydrazines formation [4]. In this connection
hereafter CMC hydrazide was synthesized from its ethyl
ester.

CMC hydrazide is a light-brown powder soluble in
water. By comparing the IR spectra of CMC salt and
hydrazide proved that an intensity of absorption bands
“amide I and IT” was more in the hydrazide spectra. They
are more visible on a v(COO-) band background.

Hydrazide samples were characterized by hydazino-
carbonylmethylation extent Cy ., (anumber of the hydrazide
groups accounting for a monosaccharide fragment of
chitin), which was determined by the iodometric titration
[4, 5] and by means of spectrophotometry method based
on a hydroxame reaction [4, 5] (Table 1).

To obtain carboxymethylchitin azide (CMCA) an
aqueous solution of HCMC was treated with solutions
of trifluoroacetic acid and sodium nitrite for 30 min at
0°C. The product was precipitated with acetone and
dried under a vacuum at 18-25°C. CMC azide represents
a light-brown amorphous powder, soluble in water and
insoluble in acetone. The IR spectrum of azide contains
absorption band v(N;) at 2160 cm~1.

To determine conditions for the reactions of azide with
amine, we examined stability of aqueous solutions of
CMCA depending on time, temperature and pH (Fig. 1).
Concentration of the azide groups in the solutions was
determined using the hydroxame method [4].

It was found that azides are fairly stable in strong-
acidic aqueous solution at 0°C. As pH rises, azide stability
decreases sharply. Thus, after 2 h from the formation time
at pH 2 the number of the azide groups in the samples
constituted about 90% from the initial value, at pH 4,
80%, pH 6, 45%, at pH 8, 26%. In the strong alkaline
medium CMC azides decayed almost completely for
5 min. An increase in the solution temperature also
reduces the azide stability. For example, after 2 h of the
reaction at 17-22°C and pH 2 approximately 58% of the
azide groups were remained; at pH 4, 22%; pH 6, 13%;
pH 8, 7%.

These data allow comparing the azide stability
of carboxymethylchitin, carboxymethyl and
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Fig. 2. The stability of carboxyethyldextran azides (/) [6],
carboxymethylchitin (2) and carboxymetyldextran (3) [6]
in the aqueous solutions at 20°C and pH 2; (N,,) content of
the azide groups (% from the number of the azide groups in
polysaccharide in the time of formation), (t) time (min).

carboxyethyldextran in the aqueous solutions at pH 2
and 20°C (Fig. 2). We have found that CMC azide is more
stable than carboxymethyldextran azide but less stable than
carboxyethyldextran. Thus, after 2 h from the formation
the number of the azide groups in carboxyethyldextran,
carboxymethylchitin, and carboxymethyldextran were
86, 58 and 34% respectively.

For acylation of amine we used aqueous solutions
of CMC azide resulted in its synthesis from HCMC. To
a solution of azide was added 3—15 mol of amine per
1 mol of the azide group; pH value was adjusted to 1-10
with the aid of an acid or alkali. Ethanol was added for an
increase in the amines solubility (30% from the reaction
mixture volume), and the reaction was carried out at 0°C
for 0.25-24. After keeping reaction mixture the product
was precipitated with ethanol, reprecipitated from 0.1 N
aqueous solution of sodium hydroxide in order to remove
ion-bounded amine and dried under a vacuum.

CMC amides are white or light-brown colored
amorphous powders, which are soluble in water, but
insoluble in alcohol and acetone.

The IR spectra of CMC amides worked up with acid
contain absorption bands characteristic for the substituted

Table 2. Results of acylation of aromatic amine with CMC
azide at 5 mol of amine per 1 mol of the azide group. The
temperature 0°C, the reaction time 2 h

Amine Optimum pH Cam> %0
p-Anisidine 5-7 70
Aniline 5-7 64
p-Bromaniline 3-5 60
Anesthesin 1 33
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benzene ring in a range of 700—860, 1500 and 1600 cm™!,
and also bands “amide I” (1660 cm-!), “amide II”
(1550 cm~!) and bands of carboxyl group (1730 cm™1).

In the UV spectra of aqueous solutions of the
synthesized amides there are absorption maxima
characteristic for aromatic compounds. The values A,
are coincided in the spectra of N-arylamides of CMC and
corresponding acetanilides, but differ from A, values
in the spectra of amines. Therefore UV spectrometry is
convenient technique for a quantitative analysis and an
estimation of purity of synthesized compounds. We used
corresponding acetanilides for calibration plotting.

CMC amides were characterized by transforming
extent of the azide groups into amide C,,, (%). Along with
we took into account that non-reacted azide groups were
hydrolyzed to carboxylic acids in the course of reaction
and isolation [4].

On studying of acylating ability of CMC azides in
the reactions with aromatic amines, we suggested that
the amine excess and medium acidity mostly effected
on a completeness of transformation of the azide groups
into the amide. A temperature can not be increased above
20°C. The reaction of CMC azide with aniline as well as
with carboxymethyldextran [4] was almost completed
for 30 min.

Indeed in the reaction of CMC azide with aniline
at pH 6 upon the amine excess increased to 15 mol the
transformation extent C,,, rised to 75% (Fig. 3). The
transformation extent of CMC azide into amide also
depended on properties of a substituent in p-position
and on pH in the reaction with aromatic amines (Table 2,

Cam
80

40

5 10 15

Can

Fig. 3. Dependence of the transformation extent C,,, (%) of
CMC azide from the amine excess in the reaction with aniline.
pH 6, the temperature 0°C, the reaction time 2 h, (c,,) aniline
quantity (mol).
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Fig. 4. Dependence of C,,, (%) of CMC azide on pH in the

reaction with aniline at 5 mol of amine per 1 mol of azide group.
The temperature 0°C, the reaction time 2 h.

Fig. 4). In this case an electron-donating substituent
increased C,,,, on the contrary an electron-withdrawing
substituent decreased. The stronger are substituent
properties, the maximum values C,, are attained in the
more acidic medium (Table 2).

In view of the enhanced stability of CMC azide in
acidic media, the transformation extent of the azide
groups into the amide may be increased by an increase
in the reaction time. Thus, at pH 2, temperature 0°C and
reaction time 24 h completion of the reaction of CMC
azide with anesthesin was 60 % that was almost 2 times
more than for 2 h (33%). Better results in the case of
p-anisidine were obtained at pH 5-7 for 2 h (C,,, 70%).
Anincrease in the reaction time did not effect on the
result. Presumable it is explained by the simultaneous
hydrolysis of azide to carboxylic acid.

DUDAREYV, I0ZEP

CONCLUSION

(1) Reaction of ethyl ester of carboxymethylchitin
with the excess of hydrazine hydrate at room temperature
forms hydrazide with 90% yield .

(2) Carboxymethylchitin hydrazide, reacting with
sodium nitrite in acidic medium, transforms into azide.
The latter is more stable at 0°C and pH 2.

(3) An aqueous solution of CMC azide can be used
for acylation of aromatic amines at the adjustable pH
values.
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