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Note 

Some N-aryiidenechitosan gels* 
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N-Acylcmtosan gels have been prepared at room temperature by N-acylation of 
chltosan, a (l-4)-2-ammo-2-deoxy-8_D-glucan, with carboxyllc anhydrIdes m 

aqueous acetic acid-methanol2 3 Another novel group of gels can be formed from 
cmtosan and aldehydes’ 

Nud’ga et al 4 reported that the ammo groups of chitosan react with 2-hydroxy- 
benzaldehyde to give the Scmff-base derivatives (d s 1 0), but only a few ammo 
groups of chitosan reacted with benzaldehyde and its 4-methoxy and 2-mtro derivatives 
Some enzymes have been immobihsed with glutaraldehyde on chitm5-’ and chito- 
san9.lo 

We now report m more detail1 on gels (1) formed from chitosan and aryl- 
aldehydes These gels are important as polymer supports for orgamc synthesis usmg 
the phenohc hydroxyl groups, for use m affimty and gel chromatography, and as 
model compounds for the study of pigments hnked to chitm by the Sch~ff base present 
m crab shells 
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1 R = phenyl or substituted phenyl 

Gels were produced by treatment of chitosan with 4 mol or more of benzal- 
dehyde per hexosammyl resrdue (see Table I for yields and analytical data) Gels 
formed withm a few seconds at -28”, and withm a few minutes at -4O, after the 
addition of benzaldehyde GeIs formed at - 19 o witbm - 5, - 15, and - 30 mm 

*A prehmmary report appeared in Ref 1 
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Fig 1 Changes m the specdk rotation of chltosan m 10% acetlc acid-methanol durmg Schlff-base 
formatton wth 3-methylbenzaldehyde (A), benzaldehyde (B), 3,4_dunethox>benzaldehyde (C), and 
4-hydroxybenzaldehyde (D) 

TABLE I 

DATA FOR THE REAmON OF BENZALDEHYDE WITH CHlTOSAN 

Benzaldehyde added 
(mol /GkN resldae) 

GeIatwP Dried products 

Yield (%) CJN (mol ) b Ds= 

08 - 
40 + 
80 + 

16 -t 
56 f 

74 nd nd 
92 12 20 094 
93 12 85 099 
94 12 70 097 
92 1300 100 

aKey -, no gels formed, f, gels formed *Calculated from the elemental analytIca data, C/N = 
13 00 corresponds to d s = 100 =Degree of substltutlon (see footnote a 111 Table II) 

wrth 2-, 3-. and 4-substituted benzaldehydes, respectrvely The vanety of [a]n 
changes durmg SchrfI-base formatton and gelatron 1s shown m Frg 1. These changes 
may be due to conformational drfferences of the IV-aryhdenechrtosan molecules m 
the gels, and thrs aspect 1s under mvestrgation 

The gels thus prepared were transparent or semr-transparent, colourless or 
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shghtly yellow to brown, and contained l-3 oA of N-aryhdenechltosans, the remamder 
being solvent. The gels did not melt on heating at 200” for 10 mm The dried xerogels, 
which were gelatinous, hygroscoplc, slightly coloured, and Isolable m yields of 50- 
100 %, began to decompose at 240-260”, and the decomposltlon temperature was 
little influenced by the structure of the N-substltuents They were msoluble and stable 
m cold and boiling water, alkali, methyl sulphoxlde, formamlde, and other organic 
solvents, and were unchanged on soalung m 2M NaOH at room temperature for 
24 h, but were degraded easily m 0 5~ HCl within a few hours or in 10% acetic acid 
wlthm 24 h Cmtosan hydrochloride, or hydroacetate, and aldehyde were detected m 
the reaction mixture (see Expenmental) The dned xerogels had v:,“,’ 1650-1640 
(C=N of the Schlff base), 1600 (phenyl), and 900-650 cm-’ (substituted phenyl) 
The elemental analyses (Table II) agreed with the Schlff-base structure and a d s 
of 1 00. A few derivatives contamed 0 16-O 20 mol of -NfH3AcO- groups, as 
reflected by the elemental analyses and by the weak I r bands at 1560 and 1410 cm-’ 
It 1s not known whether these groups reflect stencally hindered ammo groups or 
arise by degradation of the Schlff base with aqueous acetlc acid durmg the lsolatlon 
N-Aryhdenechltosan gels were rrgd, but the gels containing -N+H,AcO- groups 
were soft. The ultrastructure of the xerogels was mlcroporous and polyphaslc, and 
resembled that of chltm gels’* 

It IS concluded that the gels described herem consist of small droplets of solvents 
and polyphaslc mlcropores produced from N-aryhdenechltosan chains by way of 
membrane formation” The heat stability of the gel may be due to this ultrastructure 

MPERIhIENTAL 

Matertals and nterhods - Chltosan, [a]g -10 5” (c 1 3, 10% acetic acid), 
was prepared3 from chltm (crab shells) by N-deacetylatlon with 40% NaOH m the 
presence of 0 01% of NaBH, The p m r. spectrum (D,O-DC02D, 10 1) of the 
product contained no signals for NAc at 6 -2, and no I r. absorptlons at - 1650 
and - 1550 cm-’ (C = 0 and NH of NAc) 

The other methods have been described prevlously’3 
Pt-eparatton of N-aryhdenechttosan geIs - Chltosan (0 25 g) was dissolved m 

l-10 % aqueous acetic acid (10 ml) at room temperature to afford a VISCOUS solution 
wlch was diluted with methanol (10 ml) and treated with a solution of an aryl- 
aldehyde (4-8 mol ) m methanol (10 ml) The mixture, when stored at room tempera- 
ture overnight, sohdlfied to afford a gel (13-15 g) The gels were fragmented, and 
suspended m methanol (100 ml) at room temperature for 24 h. The process was 
repeated several times with fresh methanol to remove acetic acid and aldehyde The 
gels were collected by centnfugatlon, suspended m ethanol (100 ml) and then m 
ether (100 ml), collected, washed with ether, and dned over P,O, at 100” for 5 h 
zn vacua. 

Reactton of N-benzyItdenechtrosatz wtth actd. - A suspension of dry N-benzyhd- 
enechltosan (0 4 g) m 0 5~ HCI (20 ml) was stored at room temperature ovemlght 
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to give a clear solutron which was then treated with ethanol (60 ml). The mrxture 
was stored at room temperature ovemrght, and the precipitate was collected by 
centnfugatton, washed with ether, and dried over P,05 at 100” for 5 h zn vacua to 
gave chitosan hydrochlonde (293 mg, 92%), milx vKBr 3400 (OH, NH), 2050, 1630, 1520 
(N+H,CI-), 1140-1000 (C-O), and 900 cm-r (j?-D-glycoside) 

The I r. spectrum was rdentrcal wrth that of an authentrc sample prepared from 
chitosan by dissolution m 0 5M HCl and isolation as described above 

Clzanges zn [a] ,, durzng gelatron - To a solution of chltosan (25 mg) m 10% 
acetic acid (0 5 ml) m a l-cm cell was added a methanohc solution (2 ml) of 8 mol of 
an arylaldehyde The changes m [aID are shown in Fig 1 
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