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Dunng studies on applications of chltm for industrial purposesl, the need 
arose for denvatlves of chltosan that are soluble m organic solvents Darnlov and 
Phsko’ obtained an ethyl ether of chltm by treatment with ethyl chloride m an auto- 

clave for 10 h Fully methylated chltm was prepared3 from chltosan by repetltlon of 
acylatlon and methylatlon procedures Only a few attempts have been made to 
solublhze chltosan m orgamc solvents by chemical mod&atlon4 

Acylatlon, especially with long-cham fatty acids, IS a valuable method for 
changmg the solublhty properties of sugars Much literature exists covermg various 
aspects of acylatlon of hexltol? and of sucrose’ to yield potentially surface-active 
denvatlves of sugars Recently, Hlrano and co-workers reported’ the preparation 
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Fig 1 Treatment of chtosan with dodecanoyl chloride Chtosan (1 6 g) was boded under reflux 
with dodecanoyl chlonde (15 4 g) m a nurture of pyndme (46 mL) and chloroform (34mL) AddItional 
dodecanoyl chlonde (7 7 g) m chloroform (6 4 g) was added (*) after 5 h Ahquot samples were 
poured mto methanol, the resultant preclpltates were washed with methanol, and extracted with 
chloroform (chloroform-soluble fraction, -0-) and then extrac:ed with 0 1% hydrochlonc acid 
(chltosan fraction, -Cl-) The residue (chloroform-resoluble fraction, -A-) and the extracts 
were weighed and analyzed 
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TABLE I 

ANALYTICAL DATA FOR POLY(ACYL)CHlTOSANS 

Hexanoyl (found) 
Cak for C&&.lNOs* 

Dodccanoyl (found) 
(chloroform-soluble fraction) 

CaIc for C54H99NOsb 

Dodecanoyl (found) 
(chloroform-msoluble fraction) 

Cak for C43HiiN07C 

Tetradecanoyl (found) 
Calc for CssH11sNOs* 

65 11 9 19 2 54 260-327 o 
65 05 9 30 2 53 

72 68 

72 83 

7141 

71 71 

74 61 1177 1 38 253-294 o 
74 33 1149 140 

1166 

11 23 

11 30 

10 80 

I 84 256-300” 

1 57 

200 

195 

aTemperature range for thermal decomposltlon *Four mol of acyl group per monosacchande 
resldce (Three mol of acyl group per monosacchande residue 

of partially acylated chltosan derwatlves by treatmg aqueous acetlc acxd-methanol 

solutions of chtosan with acid anhydrides at room temperature, but, as with chltm, 
the products were soluble neither m organic solvents nor m water We now report a 
convenient method for preparation of fully acylated chliosan denvatlves that are 
soluble m organic solvents 

Chltosan was boiled under reflux with a large excess of dodecanoyl chloride 
m a mixture of dry pyrldme and dry chloroform An additional amount of dodecanoyl 
chloride was added after 5 h Ahquots were taken every h from the mixture and 
separated into 3 fractions chloroform-msoluble, chloroform-soluble, and the chltosan 
fraction The progress of the reaction was thus monitored (Fig 1) 

After 1 h, most of the product was chloroform-msoluble and It contained only 
1 0 % of free chltosan The presence of NH, N-acyf, and O-acyl groups m the chloro- 
form-msoluble fraction was shown by 1 r spectral absorptions (KBr) at 1540 (NH, 
ht.’ 1540 cm-‘), 1670 (C=O of N-acyl, lit ‘JO 1650), and 1745 cm-’ (C=O of 
O-acyl, lit lo 1750 cm-‘) Analytical data (Table I) suggested that the degree of 
substitution was - 3 per monosaccharide residue 

After 9 h, the mixture had become completely homogeneous; the preclpltate 
obtamed by addition of methanol was soluble m chloroform, benzene, ether, and 
pyndme Analytical data (Table I), and the ratio of methyl and methylene protons 
of the dodecanoyl group (6 3 O-7 0) to the metbme and methylene protons of the 
sugar residues (6 0 7-7 0), as calculated by integration of protons m the n m r 
spectrum, suggested that the d s by dodecanoyl groups was -4 per monosacchande 
residue 

No absorption was present m spectral regons associated urlth NH (1540 cm-‘), 
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OH (33OG35OO), and C=O of NHCOR (1670), but a new absorption at 1710 cm-l 
[C=O of N(COR),, l&12 1694 and” 1683 cm-l] was present These results thus 
suggested that the chloroform-soluble fraction had two 0-dodecanoyl groups and 

one N-dodecanoyl(dodecanamldo) group per monosacchande residue 
&car and co-workers described l3 the formatlon of an a-proplonylproplonyl 

group as a side reactlon accompanying the mam reactlon of cellulose with proplonyl 
chloride and pyndme Gas-chromatographlc exammatlon of the chloroform-soluble, 
acylated chltosan derivatives showed the presence of only one peak correspondmg 
to dodecanolc acid, and no additIonal peak13 (R-CO-CHZR) denved from an a- 
acylacyl group [CO-CH(COR)-R’] was present The I r spectrum of this chloroform- 
soluble fraction showed no absorptlon13 at 1800 cm-’ for the ketone group of an 

a-acylacyl substltuent These facts support the foregoing conclusion 
As further supportmg evidence, 2-deoxy-2-dodecanamldo-1,3,4,6-tetra-O- 

dodecanoyl-j?-D-giucopyranose (1) was converted mto 2-deoxy-1,3,4,6-tetra-o-dode- 
canoyl-2-N-dodecanoyl(dodecanamldo)-8-D-glucopyranose (2) by further acylatlon 
with an excess of dodecanoyl chlonde m the presence of pyrldme and chloroform’4. 
No signal for the NH proton (doublet at 6 6 27) of 1 was present m the n m r 
spectrum of 2, and no absorption in the spectral reDon associated with the NH 
group of an NHCOR substltuent (1512 and 3240 crnm1)14 was observed m the I r 

spectrum of 2 These facts suggest that, under these reaction condltlons, the additional 
acyl group (R-CO+) did not attack the a-powtlon of the acyl group m the NHCOR 
and/or O-COR substltuent, but instead attacked the nitrogen atom of the NH-COR 
substltuent to Bve the N(COR)2 group Detalled analysis of the n m r and 1 r 
spectra of 1 and 2 ehmmate the posslblhty that an a-dodecanoyldodecanoyl group 
had been formed under these condltlons 

The chloroform-soluble fraction was eluted by chloroform from a column of 
Sephadex LH-20 Just at the void volume It 1s thus clear that the fraction did not 
contam free dodecanorc acid as an mcluslon compound In a separate experiment 
with standard dodecanolc acid on an ldentlcal column of Sephadex LH-20, the acid 
was eluted far beyond the void volume 

Under the same condltlons of reaction, chltosan reacted with tetradecanoyl 
chloride or hexanoyl chloride to afford chloroform-soluble chtosan derlvatlves 
(Table I) Evaporation of the solvent from solutions of these poly(acyl)chltosans m 
chloroform left a rubberhke, thm film 

EXPERIMENTAL 

General methods - The temperature range of thermal decomposltlon was 
determmed with a Dfierential Thermal Analyser TRD_43-L (Cho Balance Corp ) 
N m r spectra were recorded w1t.h a Hitachi R-22 spectrometer (m CDCl, with 
Internal Me&), and 1 r spectra with a Shlmadzu IR-27 spectrometer (KBr pellets) 
Gel-liltration column chromatography was performed with a glass column (9 x 
120 mm) packed with Sephadex LH-20 Sapomficatlon was performed with 2 5h1 
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potassium hydroxide-ethanol, and bolhng under refiux was contmued for 2 5 h 
Fatty acids were extracted with ether from the acidtied solutions and the ether 
extracts were esterdied with methanol and boron trlfluonde etherate Gas chromato- 
graphy was performed with a Shmadzu GC3AF chromatograph eqmpped with a 
hydrogen fiame-lomzation detector, and a stamless-steel column (3 mm x 3 m) 
packed with 15 % DEGS on Neopak 1A The operatmg temperature was 205” and 
mtrogen was the carrier gas 

PoZy(dodecanoyl) chztosan - Chltosan was prepared accordmg to the method 
of Horton and Lmeback” from crab shells Repreclpltated chltosan (1 69 g) was 
soaked m pyrldme (30 mL) for 3 days and then the pyrldme was evaporated off under 
dlmmished pressure below 40” The chltosan was homogemzed with 46 mL of 
pyrldme, and chloroform (21 mL) was added To this stn-red, cold mixture (-loo), 
dodecanoyl chlonde16 (15 4 g) m chloroform (12 7 mL) was added dropwlse The 
mixture was bolled for 5 h under reflux, cooled agam, and dodecanoyl chloride 
(7 7 g) m chloroform (6 4 mL) added After bolhng for a further 4 h, the mixture was 
poured mto methanol (300 mL) Repeated preclpltatlons were conducted with 50 mL 
of ether and 600 mL of acetone, yield 5 1 g (57 5%) 

Anal Calc for C,,H,9NOs C, 72 83, H, 11 23, N, 1 57 Found C, 73 13, 
H, 11 82, N, 1 84 

PoZy(he_xanoyZ) chztosan. - A procedure slmllar to that described for the 
preparation of poly(dodecanoyl)chltosan was used, startmg with chltosan (320 mg) 
and hexanoyl chlonde (1 90 g), and then an additIona 1 95 g of the chlonde Bolhng 
under reflux was contmued for a total of 6 h for acylatlon Repreclpltatlon of the 
crude product from ether and methanol furnished 602 1 mg (54 7 %) of poly(hexa- 
noyl)chltosan, for analytlcal data, see Table I 

PoIy(tetradecanoyZ)chzto.san - A slrmlar procedure, starting with chltosan 
(161 mg), tetradecanoyl chlonde (1 63 g), and an addltlonal 1 60 g of the chloride, 
ylelded 886 mg (62 8 %) of poly(tetradecanoyl)clutosan Repreclpltation was per- 
formed with chloroform and methanol, for analytlcal datd, see Table I 
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