
By using soluble chitosan (1R)-(–)-10-camphorsulfonate
salt (chitosan-CSA), N,O-acylated chitosans were prepared in
dimethyl sulfoxide (DMSO) with cyclic acid anhydride under
homogeneous conditions. 

Chitosan 1 is a polysaccharide composed of β-(1-4)-2-
amino-2-deoxy-D-glucopyranose repeating unit. Most chemical
modifications of chitosan under homogeneous conditions have
been carried out in aqueous acetic acid (AcOH) or in mixed
aqueous AcOH and organic solvents such as MeOH.2

However, there is no report on the homogeneous chemical
modifications of chitosan in neat organic solvents, because chi-
tosan itself is essentially insoluble in any common organic sol-
vents.  In our previous work, O-acylation of 20% partially
deacetylated chitin (DAC-20) in a mixture of LiCl/N,N-
dimethylacetamide (DMAc)3 or selective N-acylation of chi-
tosan in aqueous medium4 was carried out effectively with
cyclic acid anhydrides.  More recently, we reported that chi-
tosan can dissolve in DMSO by salt formation with p-toluene-
sulfonic acid or with (1R)-(–)-10-camphorsulfonic acid (CSA).5

We report herein the highly substituted N,O-acylation of chi-
tosan-CSA salt in DMSO with cyclic acid anhydrides under
complete homogeneous conditions.

Chitosan (NHAc = 0.2, Mn = 24000) was purchased from
Kyowa Tecnos Co., Japan.  The degree of N-acetylation was
determined by 1H NMR spectroscopy and Mn was determined
by GPC using pullulan as standard.  Chitosan-CSA salt (NH2 :
CSA = 1:1) was prepared according to previous report (chitosan
1.0 g; CSA, 1.1 g; H2O, 50 cm3; dissolved at rt for 1 day;
lyophilized).5 A typical procedure for the acylation of chitosan-
CSA is as follow.  Chitosan-CSA (200 mg: 0.47 mmol NH2)
was dissolved in DMSO (7 cm3) and then various amounts of
cyclic acid anhydrides were added (Table 1).  After stirring for
selected reaction time, sat. aqueous Na2CO3 (10 cm3) was
added to the solutions, which was then dialyzed (MW cut off
12000) against H2O for 2 days, and lyophilized to provide N,O-
acylated chitosan (Scheme 1). All compounds showed satisfac-
tory NMR (Bruker AMX 500 MHz).6

Scheme 1 and Table 1 show the acylation of chitosan-CSA
salt in DMSO with some cyclic acid anhydrides such as suc-
cinic anhydride 2, phthalic anhydride 3, and 1,2,4-benzenetri-
carboxylic anhydride 4.  All reactions were carried out under
homogeneous conditions and gave water-soluble products in
good yields.  In the case of 2 at rt for 3 days (entry 1), the
degree of substitution (DS) was only 0.55.  Under higher tem-
perature (70 °C, entry 2), the DS value increased moderately to
1.06.  Using 3, high DS (1.67) was obtained after just 1 day of
reaction at rt (entry 4).  The DS could be controlled by the
amount of reagent added (entry 3, DS=0.51), or by the reaction
time (entry 5, DS=2.28), although the effect of temperature was
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not so great in this case (entry 6, DS=1.78). Anhydride 4 was
more reactive than 3 and gave higher DS after 1 day of reaction
(entry 7, DS=2.36). From these results, aromatic anhydrides
such as 3 and 4 showed the highest reactivity compared with
the aliphatic anhydride 2. All compounds were soluble in neu-
tral water, however high DS for 3 and 4 (entry 4–8) resulted in
insoluble products in acidic water (pH<3).

Table 2 shows the DS distribution of selected samples of
N,O-acylated chitosans obtained in Table 1.  At low DS
(0.51–1.06), simultaneous O-acylation also occurred to a great
extent (DS of O-acyl = 0.23–0.72).  In contrast, in highly sub-
stituted products (DS = 1.67–2.36), the peak at δ 2.8 ppm (H-2
of GlcN residue) disappeared, thus indicating complete N-acy-
lation.  Furthermore, the 13C NMR signal at δ 72.9 ppm was
shifted downfield to 75.3–75.4, which suggests that O-acylation
did proceed at both C-3 and C-6 hydroxyl groups at high DS
values (DS of O-acyl = 1.48 and 1.56), though the ratio of C-3
and C-6 acylation could not be estimated.  After the saponifica-
tion of derivatives 5–7 (0.2 M NaOH, rt, 2 h, dialized and
lyophilized), only N-acylated products were obtained and the
DS values (N-acyl) showed good agreement with those
observed before saponification.  Highly N-substituted products
were produced by this method in comparison to our previous
report (DS = 0.21–0.39) 4 for 6 and 7.  In this study, imido for-
mation of 5 was not observed from the 1H NMR spectrum (δ
2.44 ppm of NHCO-CH2 and 2.51 ppm of CH2-CO2H),
although phthalimide formation of chitosan in DMF was report-
ed.7

In conclusion, homogeneous chemical modifications of
chitosan were first accomplished using chitosan-CSA salt in
DMSO and highly water-soluble N,O-acylated chitosan deriva-

tives were successfully obtained. The free carboxyl groups of
these derivatives are useful for further modification such as in
the scaffolding of chitosan-dendrimer hybrid. These applica-
tions will be published in due course.
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