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Three chitin derivatives, 3,6-bis(phenylcarbamate), 3,6-
bis(3,5-dimethylphenylcarbamate), and 3,6-bis(3,5-
dichlorophenylcarbamate), were prepared and their chiral
recognition abilities as chiral stationary phases (CSPs) for
high-performance liquid chromatography (HPLC) were evalu-
ated.  Among the three, the 3,5-dimethyl- and 3,5-
dichlorophenylcarbamates showed a relatively high chiral
recognition ability.  Especially, some chiral acidic drugs such
as ibuprofen and ketoprofen were efficiently resolved on the
3,5-dichlorophenylcarbamate.

The phenylcarbamate derivatives of polysaccharides, par-
ticularly cellulose and amylose, show high chiral recognition
when used as chiral stationary phases (CSPs) for high-perform-
ance liquid chromatography (HPLC).1-5 Among the many
derivatives, the 3,5-dimethylphenylcarbamates of cellulose6

and amylose7 are very useful CSPs and can resolve a wide
range of racemates.  The phenylcarbamate derivatives of other
polysaccharides such as chitosan, garactosamine, xylan, cur-
dran, dextran, and inulin were also examined as CSPs.8,9

However, these derivatives, in most cases, exhibit lower sepa-
ration for many racemates than the 3,5-dimethylphenylcarba-
mates of cellulose and amylose.  Chitin is also a very readily
available polysaccharide.  However, until recently, this poly-
saccharide had not been used for the preparation of CSPs prob-
ably because of the difficult derivatization due to poor solubili-
ty.   Cass and co-workers recently reported the synthesis and
chiral recognition as CSPs of the phenylcarbamate and 3,5-
dimethylphenylcarbamate of chitin.10 However, these carba-
mates had very poor chiral recognition ability and could
resolve only a few compounds.  Judging from their experimen-
tal data, the phenyl- and 3,5-dimethylphenylcarbamate deriva-
tives that they used as CSPs must have possessed 20-30% of
unsubstituted hydroxy groups, and this may be the main reason
for the very low chiral recognition of the carbamates.

In the present work, we prepared the completely car-
bamoylated phenylcarbamate derivatives and found that these
derivatives exhibit a higher chiral recognition as CSPs for
HPLC.  As the derivatives, 3,6-bis(phenylcarbamate) (1a), 3,6-
bis(3,5-dimethylphenylcarbamate) (1b), and 3,6-bis(3,5-
dichlorophenylcarbamate) (1c) were examined.

Chitin from shrimp shells was obtained from Sigma.
Phenyl isocyanate (Wako, Japan), 3,5-dichlorophenyl iso-

cyanate (Tokyo Kasei, Japan) and 3,5-dimethylphenyl iso-
cyanate (Daicel, Japan) were used as obtained.  Porous spheri-
cal silica gel (Daiso gel SP-1000, pore size; 100 nm, particle
size; 7 µm) was silanized with (3-aminopropyl)triethoxysilane
in benzene in the presence of a catalytic amount of dry pyridine
at 90 °C.  Racemates (2-15) were commercially available or
prepared by the usual method.

Chitin was dissolved in dry N,N-dimethylacetamide con-
taining lithium chloride at 80 °C for 24 h, and then allowed to
react with an excess of a corresponding phenyl isocyanate in
dry pyridine.  The chitin derivatives were isolated as the
methanol-insoluble fraction (yield 83-88%).  The 1H-NMR
data and elemental analysis (Table 1) of the derivatives showed
that the hydroxy groups of chitin were almost quantitatively
converted into the carbamate moieties.11

Packing materials were prepared using macroporous silica
gel as previously described12 and were packed into a stainless-
steel tube (25 0.46 cm i.d.) by a conventional high-pressure
slurry packing technique using a model CCP-085 Econo packer
pump (Chemco, Japan).  The plate numbers of the columns
were 4600-6700 for benzene with a mixture of hexane–2-
propanol (90:10) as the eluent at a flow rate of 0.5 ml/min.
The dead time (t0) of the columns was estimated using 1,3,5-
tri-tert-butylbenzene as a nonretained compound.
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The agreement between the calculated and found values of
the elemental analysis listed in Table 1 indicates that two
hydroxy groups of a glucosamine residue were completely con-
verted into phenyl or 3,5-dimethylphenylcarbamate groups.
On the other hand, in the case of the chitin carbamate deriva-
tives reported in the literature,10 the conversions into the phenyl
and 3,5-dimethylphenylcarbamate groups seem to be about 80
and 70%, respectively, based on the elemental analysis data.
These different results may be attributed to the difference in the
dissolving abilities of the solvents used in the synthesis.

The HPLC resolution on the CSPs (1a-c) was examined
for racemates 2-15.  Figure 1 shows a chromatogram of the res-
olution of benzoin (4) on a column packed with chitin bis(3,5-
dichlorophenylcarbamate) (1c).  The enantiomers eluted at
retention times of t1 and t2 showing complete separation.
Capacity factors, k1’ [=(t1-t0)/t0] and k2’ [=(t2-t0)/t0] were 2.34
and 3.12, respectively, and the separation factor α [=k2’/k1’],
which reflects the chiral recognition ability of a CSP, was esti-
mated to be 1.33.

As shown in Table 2, among the chitin derivatives used in
this study, 3,5-dimethyl- and 3,5-dichlorophenylcarbamates
showed relatively high chiral recognition abilities.  The chitin
derivatives better resolved some racemates, for instance, com-
pound 5 on 1c, compound 8 on 1a, and compound 10 on 1b,
with larger α values than on the 3,5-dimethylphenylcarbamates
of cellulose and amylose.

Table 3 shows the results of the resolutions of four 2-aryl-
propionic acids.   Here, a small amount of trifluoroacetic acid
was added to the eluent.13 The acids 12-15 were better
resolved on the chitin carbamates, especially on 3,5-
dichlorophenylcarbamate, than on the 3,5-dimethylphenylcar-
bamates of cellulose and amylose.  The α value (1.72)
observed for 13 on 1c may be the largest one for the normal
phase HPLC enantioseparation on the polysaccharide deriva-
tives prepared so far.  Therefore, 1c appears to be useful for the
resolution of various 2-arylpropionic acids.

In the previous study by Cass, et al.,10 the resolution of
racemates 4, 6, 7, 10, and 13 by 1a and 1b were also examined
under the analogous conditions shown in Table 2.  However,
only two racemates 7 (α=1.1) and 10 (α=1.4) were resolved on
1a and on 1b, respectively.  These α values were smaller than
those observed on the corresponding derivatives prepared in
this study, and other compounds were not resolved.  The
improved resolution abilities of our CSPs may be ascribed to
the almost total substitution of hydroxy groups with the carba-
mate residues. It has also been found that a high degree of sub-
stitution of the hydroxy groups of cellulose with carbamate
residues is important to prepare CSPs with high enantioselec-
tivity.14

In this work, the chiral recognition abilities as CSPs for
HPLC of three chitin derivatives, in which the hydroxy groups
were almost quantitatively converted to the carbamate moi-
eties, were evaluated.  High chiral recognition abilities were
observed for the 3,5-dimethyl- and 3,5-dichlorophenylcarba-
mates.  Some chiral 2-arylpropionic acids were efficiently
resolved on the 3,5-dichlorophenylcarbamate.
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