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The chelating properties of chitosan (1) can be enhanced when the amino 
groups are substituted to give derivatives (e.g., NHCH,CO,H) that have a stronger 

chelating ability’,‘. Some of these derivatives have industrial* and medical3 appli- 
cations. Several N-benzylidenechitosans have been described4, among which the 
N-salicylidene derivative5 (2) had increased chelating capacity against Cu(I1). Since 
derivatives (3) from amines and 1,3-dicarbonyl compounds are good metal chela- 
tor@, the preparation and chelating properties of similar derivatives of chitosan 
were investigated. kknino-‘Ldeoxy-D-glucose reacts with 1,3-dicarbonyl com- 
pounds to afford N-acylvinyl derivatives, for example, 4 from 2,4-pentanedione7. 
We now report on the corresponding derivative (5) of chitosan (1). 

Treatment of chitosan (1, NAc 13%) with 3 mol of 2,4 pentanedione per 
2-amino-2-deoxyglucosyl residue yielded (94%) a white, water-insoluble, amor- 
phous polysaccharide amino-enone derivative 5. The elemental analysis agreed 
with structure 5 (NAc 13%) and a degree of substitution (ds) of 1.00. The IR 
spectrum contained bands at 1607 and 1566 cm-’ for the intramolecularly bonded 
amino-enone system, as shown’ by the monomeric analogue 4. The structure 5 was 
confirmed by comparison of its solid-state CP-MAS spectrum with that of 4 and 
with that of the methyl P-pyranoside derivative 6 in solution (Table I). Although 
treatment of 5 with M HCI at room temperature regenerated chitosan (90-92%) 
and 2,4-pentanedione (94%) in agreement with a ds of 1.00, 5 was stable at room 
temperature in the pH range 3-9. 
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Copper@) acetate and C&I) acetate reacted readily with 5 in aqueous solution 
at pH 5 to produce the coloured complexes, Cu(II)-5 and Co(B)-5, which incorpo- 
rated 94% of the metal required for chelates with metal : 2-amino-2-deoxyglucosyl 
residue ratios of 1: 2, corresponding to the partial structure 7 as found6 for metal 
chelates derived from the simple ligands 3. The copper-chelating capacity of 5 [2.28 
mm01 of C&I) per g] is enhanced by a factor of 38 over that to.06 mm01 of Cu(I1) 
per gl recorded5 for chitosan and is similar to those [0.62 and 3.29 mm01 of C&I) 
per g] reported5 for 2 under different conditions. The metals could not be 
displaced from C&I)_5 and Co(B)-5 by ammonia, sodium acetate, or oxalic acid, 
but were totally or partially displaced by EDTA and 2,4-pentanedione. These 
results indicate a stability constant (k,) in the ranges 10’2-1014 for C&I)-5 and 
105-lo9 for Co(H)-5. 

Because of its enhanced chelating ability and its easy and inexpensive prepara- 
tion, 5 may find application in those areas where 1 and some of its derivatives have 
proved to be useful. 

EXPERIMENTAL 

General met/a&r.-Chitosan (1) from krill was supplied by the Sea Fisheries 
Institute (Gdynia, Poland) and its NAc content (13%) was determined by elemen- 
tal analysis and IR spectroscopy’. 
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TABLE I 

13C NMR data (6, ppm) for 4 and 5 as solids (at 75.4 MHz) and for 6 as a solution in Me,SO-d, (at 50.3 

MHz) 

Assignment Compound 

(Solid) (In solution) 

4 5 6 

CH,C=C 20.13 19.97 19.58 
CH,C=O (4’) 27.97 27.82 28.81 
CH,O - 56.56 
c-2 57.43 60.88 59.59 
C-6 60.49 60.88 60.97 
c-4 69.31 84.61’ 70.60 
c-3 70.43 75.51 75.58 
c-5 75.98 79.50 76.78 
C-la 91.31 - 

C-2’ 95.29 98.75 95.42 
c-1/3 96.31 105.53 102.82 
C-l’ 166.43 168.00 164.01 
w (3’) 193.23 195.35 193.32 

@ The chemical shift reflects the (1 + 4) linkages; cf. 82.9 and 81.1 ppm for chitin and chitosan*, 
respectively. 

Anal. Calcd for [(C,HllN04)0.87(C8H13N05)0.13 - 08H,O],: C, 41.53; H, 7.16; 
N, 7.74. Found: C, 41.21; H, 6.77; N, 7.68. 

IR spectra were recorded for KBr discs with a Bomem MB-120 spectropho- 
tometer and compounds were identified by comparison of IR spectra. r3C CP-MAS 
NMR spectra (75.4 MHz) were recorded with a Bruker MSG300 spectrometer and 
13C NMR spectra (50.3 MHz) on solutions with a Varian XL200 spectrometer. 

2,CPentanedione was determined by spectrophotometry of its Fe(II1) chelate” 
with a Beckman DU-7 apparatus; Cu and Co contents of the metal complexes were 
determined by atomic absorption analysis with a Perkin-Elmer 2380 apparatus. 

(1 + 4)-2-[Z-(2-Acetyl-l-methylvinyl)amino]-2-deoxy-~-D-glucan (5).-_(a) 
Preparation. To a stirred solution of 1 (1.0 g, 5.5 mmol) in 1: 1 MeOH-aq 10% 
acetic acid (80 mL) was added a solution of 2,4_pentanedione (1.65 g, 16.5 mm00 
in MeOH. After 4 h, the soft yellow gel was washed successively with MeOH, 
EtOH and ether, then dialysed against water for 24 h, freeze-dried, and dried at 
lOO”/l torr to give 5 (1.32 g, 94%) as a white powder. Analytical samples, dried at 
100°/0.02 torr, had v_ 3441 (NH and OH), 1607 and 1566 cm-’ (intramolecu- 
larly bonded O=C-W-N-H). For the 13C CP-MAS NMR data, see Table I. 

Anal. Calcd for [(C,~H17N05)0~s7(CsH13N05)0~13 - H,O],: C, 49.76; H, 7.27; N, 
5.47. Found: C, 49.71; H, 7.16; N, 5.06. 

(b) Hydrolysis. A solution of 5 (0.10 gl in M HCI (20 mL) was stored at 20” for 1 
h, then dialysed against water, freeze-dried, and dried in vacua to give chitosan 
hydrochloride (0.078 g, 92%); 94% of 2,4-pentanedione was present in the hydro- 
lysate. 
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(c) Stability. Suspensions of 5 (0.02 g) in buffer solutions of pH O-10 were 
shaken at room temperature. Aliquots (1.0 mL) were taken at intervals (O-48 h) 
and diluted to 25.0 mL, and the 2,4_pentanedione content was determined. No 
p-diketone was released in the pH range 3-9. 

(d) Chelate formation with Cu(II) and Co(IZ). A suspension of 5 (0.10 g) in satd 
aq C&I) acetate or Co(B) acetate (50 mL) was stirred vigorously at room 
temperature for 12 h. The solid, Cu(II)-5 or Co(B)-5, was collected, washed 
thoroughly with water, dialysed against water, freeze-dried, and dried in vacua. 

Each complex (0.10 g) was digested with hot coned HNO,. The residue was 
dissolved in water, the solution was diluted to 100 mL, and aliquots (1.0 mL) were 
used for atomic absorption analysis. The ratios metal:polysaccharide were as 
follows: C&1)-5, 145 mg of Cu(II)/g of chitosan [0.41 mol Cu(II)/mol 2-amino-2- 

deoxyglucosyl unit]; and Co(II)-5, 133 mg of Co(II)/g of chitosan [0.41 mol 
Co(II)/mol 2-amino-2-deoxyglucosyl unit]. Calculated for a 1: 2 metal : 2-amino-2- 
deoxyglucosyl unit stoichiometry: 0.435 mol/mol. 

Stability of Cu(II)-5 and Co@&5.-A suspension of each complex (10.0 mg) in 
water (5 mL) was stirred at room temperature for 48 h with an aqueous or 
methanolic solution (5 mL) of a stoichiometric amount of each ligand (L) (in 
brackets, the stability constants, k,)“. 

Disodium EDTA [17.2 mg for the formation of the CuL, complex (k, 10’8.8), or 
16.8 mg for the formation of the CoL, complex (k, 1016.3)] gave 5. 

With 2,4_pentanedione [4.6 mg for the CuL, complex (k, 1014.3), or 4.5 mg for 
the CoL, complex, (k, 108.9)], Cu(II)-5 afforded the violet solid Cu(I1) acetylaceto- 
nate immediately, and Co(B)-5 gave 5. 

Ammonia had no effect when bubbled through a suspension of Cu(II)-5 in 
MeOH. Likewise, oxalic acid dihydrate [5.9 mg for the CuL, complex (k, 10a9), or 
5.7 mg for the CoL, complex (k, 105.8)] and sodium acetate trihydrate [9.3 mg for 
the CuL, complex (k, 103.‘), or 6.0 mg for the CoL, complex (k, lO’.‘>] did not 
react with Cu(II)-5 or Co(B)-5. 
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