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Various quaternary chitosan derivative structures were synthesized by redathigroacyl-60O-triphenylmeth-
ylchitosans with tertiary amines. Full substitutions were obtained from the quaternization reactions and the obtained
water-soluble quaternary chitosan derivatives were thoroughly characterizetHWMR, 13C NMR, 1H—-13C

HSQC NMR, and FT-IR.

Introduction Experimental Section

Chitosan (poly-1,43-p-glucosamine) is a nontoxic and Materia_ls. Chitoclear chitosan donated by Primex Ltd (Reykjayik,
b|odegradab|e b|0p0|ymer that has been studied recen“y in |Ce|and) WlthMW 201 kDa,Mn 898 kDa.and degree of de{:lcetylatlon
various fields. The cationic character of chitosan has been ©f 85%, was used as a starting material for the synthésiShloro-
suggested to be the main cause of the unique properties an(ficetyl-60-tr|phenylmethylchltosar(l)' with a degree pf substltgtlon
activity of chitosan. Chitosan derivatives with a quaternary (ds) of 0.85 and\-chlorobutyryl-60-triphenylmethylchitosa(2) with
ammonium moiety are thus interesting, since a permanent? 9S of 0.67 were prepared as reported eatlieyridine, N-
cationic charge is gained on the polysaccharide backbone. AISOmethylpyrrohdone and trethylammg were purified by dlstlllatlop and
the poor water-solubility of chitosan can be enhanced by all other reagents were of high-purity grade and used as received.
attaching a quaternary ammonium moiety into chitosan. Qua- Characterization. 'H and*3C NMR spectra were recorded at 300K

; 7 A t 343 K Bruker AVANCE DRX 500, ti t 500.13 and
ternary chitosan derivatives have shown potential in various ora on a Bruker opere no & an

pharmaceutical applications, such as in delivery of pepfides 125.76 MHz, respectively. The concentration of the samples was 20
. ' Lo ) ' mg in 600uL of D,O. 3-(Trimethylsilyl)propionatek was used as an
vaccine$ and gene8&f and as antimicrobials:1° N " 0. 3 ylsilyhprop :

internal standard. FdiH spectra, the recycling time was 6.2 s and 64

We recently reported the synthetic route for the preparation transients were collected. F¢#H} —3C spectra, the recycling time
of N-chloroacyl-60-triphenylmethylchitosans, which are ex- was 4.7 s and 8192 transients were accumulalide3C gradient-
tremely useful intermediates for synthetic modifications of enhanced heteronuclear single quantum correlation (ge-HSQC) experi-
chitosant! In the present study, we studied the usefulness of ments were carried out in the phase sensitive mode, using the Echo/
these organo-soluble intermediates for the preparation of variousAntiecho-TPPI gradient selection. FT-IR spectra were recorded on a
quaternary chitosan derivatives. Nicolet 510 P spectrometer from KBr pellets.

The chemical structures of the water-soluble quaternary end ~ SynthesisN-(1-Carboxymethyl-2-pyridinium)chitosan Chloric.(
products were thoroughly characterized'syNMR, 13C NMR, A total of 300 mg ofN-chloroacetyl-60-triphenylmethylchitosaiil)
1H—13C HSQC NMR, and FT-IR. The degrees of substitution W&s stirred in 10 mL of pyridine under argon at 80 for 72 h. The
were determined from théH NMR spectra. solvent was evaporated and the product was washed with methanol
and diethyl ether. The product yield was 176 mg (51%).

The 6O-triphenylmethyl protecting group was removed during a
3-h reaction by stirring 170 mg of the product from the previous reaction
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IH NMR spectrum by comparing the aromatic proton signals (H-9, Scheme 1. Synthetic Route for the Preparation of Various
H-10, and H-11) to the pyranose proton signals (H-2, H-3, H-4, H-5, Quaternary Chitosan Derivatives (3-7) via
and H-6), and it was 0.85. The prody8) yield was 63 mg (65%). IR~ N-Chloroacyl-6-O-triphenylmethyichitosans (1 and 2)

(KBr): v 3600-3100 (O-H), 3100-3000 (G-H, pyridinium), 2956~ Jr A

2700 (G-H), 1687 (amide 1), 1559 (amide I1), 1490+, pyridinium), &%W NR, &O& Aq. HCI g‘i

1374 (C=C, pyridinium), 1156-950 (C-O, pyranose), 783 (arom, Ho o—~| T~ Ho o—| — T HO O—

pyridinium), 725 (arom, pyridinium), 677 cm (arom, pyridinium). HN o Jn HN o n HN o n

H NMR at 300K (D3:O): ¢ 2.0 (CH;, N-acetyl), 3.5-3.6 (H-5), 3.7 2: 2: 2:

4.0 (H-6), 3.7-3.8 (H-4), 3.8-4.0 (H-3), 3.85-4.0 (H-2), 4.7-4.8 (H- 1 o N'R, 36 NR,

1), 5.5-5.7 (H-8), 8.1-8.2 (H-10), 8.65-8.75 (H-11), 8.75-8.9 ppm

(H-9). *3C NMR at 300K (BO): d 25.0 (CH;, N-acetyl), 58.8 (C-2), N N | (/N/ NN AN

63.0 (C-6), 64.6 (C-8), 74.7 (C-3), 77.6 (C-5), 81.1 (C-4), 103.3 (C- 3 ~" N ) ,

1), 131.0 (C-10), 148.6 (C-9), 149.8 (C-11), 169.4 ppm (C-7). 3 4 5 6
N-[1-Carboxymethyl-2-(1-methylimidazolium)]chitosan Chloridke (

A total of 295 mg ofN-chloroacetyl-60-triphenylmethylchitosar1) T _N T

was stirred in 10 mL of 1-methylimidazole under argon at°60for o g | o Aq. HCI OH

72 h. The reaction mixture was evaporated to dryness, and the product ‘XE&/O\ —_— —%QLO\ A ‘%‘Lo\

was washed with methanol and diethyl ether. The product yield was |"°~ HN N HO™ 1N HO™ N

116 mg (34%). © o -n 0 -n
The 6O-triphenylmethyl protecting group was removed during a 2 7

3-h reaction by stirring 105 mg of the product from the previous reaction cl N /N*

with 15 mL o 1 M HCI at room temperature. The reaction mixture /\ | @

was evaporated to dryness, and the product was washed with methanol . o

and diethyl ether. The degree of substitution was calculated from the @nd diethyl ether. The degree of substitution was calculated from the
IH NMR spectrum by comparing the H-9, H-10, and H-11 proton 'H NMR spectrum by comparing the H-10, H-11, and H-12 proton
signals to the pyranose proton signals (H-2, H-3, H-4, H-5, and H-6) signals to the hemiacetal proton signal (H-1), and it was 0.85. The

and it was 0.85. The produf#) yield was 45 mg (77%). IR (KBr)w product(6) yield was 55 mg (83%). IR (KBr)» 3600-3100 (O-H),
3600-3100 (O-H), 3100-3000 (C-H, imidazolium), 2956-2700 3109—2700 (C-H, pyranose and alkyl chains), 1685 (amide 1), 1568
(C—H), 1685 (amide 1), 1560 (amide II), 13754, imidazolium), ~ (@mide 1), 1156-950 cm* (C—O, pyranose).'H NMR at 343K
1150-950 (C-O, pyranose)H NMR at 300K (D0): & 2.1 (CH, (Dz0): 0 0.9-1.1 (H-12), 1.3-1.5 (H-11), 1.6-1.8 (H-10), 2.1 (CH,
N-acetyl), 3.5-3.6 (H-5), 3.6-3.9 (H-G), 3.6-3.8 (H-4), 3.739 (H- N-acetyl), 3.2-3.3 (H-g), 3.35-35 (H-9), 3.4-3.6 (H-5), 3.6-3.9 (H-
3),3.8-3.9 (H-2), 3.9-4.0 (H-12), 4.6-4.8 (H-1), 5.1-5.3 (H-8), 750  ©6), 3.6-3.75 (H-4), 3.65:3.8 (H-3), 3.7-3.8 (H-2), 3.95-4.05 (H-8),
(H-11), 7.52 (H-10), 8.758.85 ppm (H-9)1%C NMR at 300K (BO): 4.6-4.7 ppm (H-1).°C NMR at 343K (DO): ¢ 15.5 (C-12), 21.9

5250 (CH% N-acetyl), 38.8 (C-12), 53.6 (C-S), 58.6 (C-Z), 63.0 (C- (C-ll), 25.0 (CH, N—acetyl), 26.3 (C-lO), 28.2 (C-lO), 58.2 (C-g), 58.7

6), 74.7 (C-3), 77.6 (C-5), 81.3 (C-4), 103.4 (C-1), 126.3 (C-11), 126.5 (C-2), 60.3 (C-8), 63.3 (C-6, C-9), 74.8 (C-3), 77.7 (C-5), 81.4 (C-4),

(C-10), 140.3 (C-9), 170.5 ppm (C-7). 103.1 (C-1), 167.6 (C-7). _ _
N-(1-Carboxymethyl-2-triethylammonium)chitosan Chlorige A N-(1-Carboxybutyl-4-pyridiniumjchitosan Chiorid@)( A total of

total of 400 mg ofN-chloroacetyl-60-triphenylmethylchitosafil), 5.05 .220 mg ofN-chI_o_robutyryI-GO-trlphenylmethylch|tosan (2) was stirred

mL of triethylamine, and 239 mg of Kl were stirred in 20 mL of in 8 mL of pyridine under argon at 60C for 72_ h. The solvent was

N-methylpyrrolidone under argon at 6T for 72 h. The reaction evaporated, and the product was washed with methanol and diethyl

i 0,
mixture was cooled in icewater and the product was precipitated with ether. The product yield was 140 mg (57%).

diethyl ether and washed with methanol and diethyl ether. The product The QO—trlphgnyImethyI protecting group was removgd dunng.a
- 3-h reaction by stirring 140 mg of the product from the previous reaction
yield was 180 mg (33%).

- ) . with 14 mL o 1 M HCI at room temperature. The reaction mixture
The 6_O-tr|ph¢nylmethyl protecting group was removgd durlng.a was evaporated to dryness and the product was washed with methanol
3-h reaction by stirring 180 mg of the product from the previous reaction

i i ) and diethyl ether. The degree of substitution was calculated from the
with 18 mL o 1 M HCI at room temperature. The reaction mixture 1H NMR spectrum by comparing the aromatic proton signals (H-9,
was evaporated to dryness, and the product was washed with methanol, 15 4nq H-11) to the pyranose proton signals (H-2, H-3, H-4, H-5

and diethyl ether. The degree of substitution was calculated from the H-6) and it was 0.67. The produ@) yield was 44 mg (56%). IR

IH NMR spectrum by comparing the H-10 proton signal to the (KBr): v 3600-3100 (O-H), 3100-3000 (C-H, pyridinium), 3000-
hemiacetal proton signal (H-1), and it was 0.85. The pro¢hicyield 2700 (G-H), 1655 (amide 1), 1554 (amide Il), 14894, pyridinium),
was 40 mg (45%):H NMR at 343K (DO): 4 1.3 (H-10), 2.1 (CH, 1150-950 cnt! (C—O, pyranose), 775 (arom, pyridinium), 682 (arom,
N-acetyl), 3.45-3.6 (H-5), 3.5-3.7 (H-9), 3.5°3.9 (H-6), 3.65-3.8  ,yigjinium). IH NMR at 343K (D,O): 6 2.0 (CHs, N-acetyl), 2.3-2.4
(H-4), 3.7-3.85 (H-3), 3.8-3.9 (H-2), 3.95-4.05 (H-8), 4.6-4.7 ppm (H-9), 2.4-2.5 (H-8), 3.1-3.2 (H-2, when amino group unsubstituted),
(H-1). *C NMR at 343K (DO): 0 9.8 (C-10), 25.0 (CH N-acetyl), 3 4 3 9 (4.6, H-5, H-4, H-3, H-2 substituted), 4-8.6 (H-1, substi-
57.8 (C-9), 58.3 (C-2), 59.2 (C-8), 63.1 (C-6), 74.8 (C-3), 77.6 (C-5). yteq), 4.6-4.7 (H-10), 4.8-4.9 (H-1, unsubstituted), 8-18.2 (H-12),

81.2 (C-4), 102.9 (C-1), 167.5 ppm (C-7). 8.5-8.6 (H-13), 8.8-8.9 ppm (H-11).C NMR at 343K (DO): &
N-(1-Carboxymethyl-2-tributylammonium)chitosan Chloriee £ 25.1 (CH;, N-acetyl), 29.1 (C-9), 34.8 (C-8), 58.2 (C-2, substituted),
total of 400 mg olN-chloroacetyl-60-triphenylmethyichitosai), 8.58 58.8 (C-2, unsubstituted), 63.2 (C-6, substituted), 63.4 (C-6, unsubsti-
mL of tributylamine, and 239 mg of KI were stirred in 20 mL of  tyted), 63.7 (C-10), 73.5 (C-3, unsubstituted), 74.9 (C-3, substituted),
N-methylpyrrolidone under argon at 6@ for 72 h. The reaction 776 (C-5, substituted), 78.1 (C-5, unsubstituted), 80.2 (C-4 unsubsti-
mixture was cooled in icewater and the product was precipitated with  tyted), 82.2 (C-4, substituted), 100.5 (C-1, unsubstituted), 103.8 (C-1,
diethyl ether and washed with methanol and diethyl ether. The product sypstituted), 131.3 (C-12), 147.0 (C-13), 148.8 (C-11), 177.3 (C-7).

yield was 120 mg (20%).

The 6O-triphenylmethyl protecting group was removed during a
3-h reaction by stirring 120 mg of the product from the previous reaction
with 12 mL o 1 M HCI at room temperature. The reaction mixture N-Chloroacyl6-O-triphenylmethylchitosansl(and?2), used
was evaporated to dryness, and the product was washed with methanoais starting materials for the quaternization reactions, v&e[s%

Results and Discussion
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Figure 1. H—13C HSQC NMR spectra of quaternary chitosan derivatives measured in D,0.

prepared as reported earlier \NephthaloylchitosanN-phtha- full degree ofN-chloroacetylation (0.85), where&ischlorobu-
loyl-6-O-triphenylmethylchitosan, and ®-triphenylmethylchi- tyryl-6-O-triphenylmethylchitosan had a degreeNsthlorobu-
tosant! N-Chloroacetyl-60©-triphenylmethylchitosanl) had a tyrylation of 0.67. The ds value of 0.85 can be considere%s%
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full substitution, since there were 15% of theacetyl groups
remaining in the starting material. Various tertiary amiris (
6) were reacted witiN-chloroacetyl-60©-triphenylmethylchi-
tosan (), and a pyridine derivativerj was also prepared from
N-chlorobutyryl-6O-triphenylmethylchitosan?) (Scheme 1).

N-Chloroacyl-60-triphenylmethylchitosans are soluble in
organic solvents, which enable the synthetic modifications in
homogeneous reaction mixtures. Solubilization of chitosan is
crucial in order to obtain high degrees of substitution and also
to have control over the modification reacti&iit has also been

Communications

Conclusions

The present study shows that various water-soluble quater-
nary chitosan derivative structures can be prepared by reacting
N-chloroacyl-60O-triphenylmethylchitosans with tertiary amines.
Some tertiary amines could be attached just by mixing them
solely withN-chloroacyl-6©O-triphenylmethylchitosans, whereas
the modification reaction inN-methylpyrrolidone, with the
addition of Kl, is required for other tertiary amines.

Full degree of substitution of the quaternization step was
obtained, so chitosan derivatives with various degrees of

suggested that heterogeneous reaction conditions can result iquaternization can be prepared by usiNechloroacyl-60-
block structures in chitosan that can result in, for example, triphenylmethylchitosans having various degreedafhloro-

solubility problems-3-15 Pyridine @ and7) and 1-methylimi-
dazole 4) were attached intd\-chloroacetyl-60-triphenyl-
methylchitosan ) and pyridine also intdN-chlorobutyryl-6-
O-triphenylmethylchitosan2) just by stirring the compounds
1 and2 solely in dry pyridine and 1-methylimidazole, respec-
tively. This strategy was attempted for triethylamir® é&nd
tributylamine @) also, but this resulted in poor degrees of
substitution. However, triethylamine and tributylamine were
successfully attached th-chloroacetyl-60-triphenylmethyl-
chitosan 1) by reaction inN-methylpyrrolidone with addition
of KI.

Reactions proceeded smoothly, and water-soluble end prod-
ucts were obtained after removal of ti@triphenylmethyl
moiety. For the modification olN-chloroacetyl-60-triphenyl-
methylchitosan X), the end products3(-6) showed a degree
of substitution of 0.85; that is, all of thé-chloroacetyl moieties
were substituted with tertiary amines. This was also the case
with the modification ofN-chlorobutyryl-6O-triphenylmeth-
ylchitosan @); that is, all of the chlorines were exchanged with
pyridine moieties, so that the end product had a similar ds value
(0.67) to that of the starting material. NMR spectra of the end
products measured at 33 mg/mL in@were well-defined and
all the signals could be assigned (Figure 1). For Mél-
carboxymethyl-2-tributylammonium)chitosan chlorids, (the
NMR signals from the methylene-9 and methylene-10 are
divided (Figure 1) due to the steric hindrance of the tributy-
lamine side chains. For the-(1-carboxybutyl-4-pyridinium)-
chitosan chloride 7), the signals of H-1 and H-2 from the
unsubstituted pyranose moiety can be clearly detected from the
NMR spectra (Figure 1).

The molecular weights of the end products were not
measured in this preliminary study. We have earlier reported
that the protectiordeprotection strategy applied here degrades
the chitosan polyméf-16

acylation as starting materials.
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