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Abstract

Chitin carbamate derivatives including 4-substituted and 3,5-disubstituted phenylcarbamates, 1-phenylethylcarbamates, and cycloalkylcar-
bamates were synthesized and coated on macroporous silica gel to evaluate their chiral recognition abilities as chiral stationary phases (CSPs
for high-performance liquid chromatography (HPLC). Among the derivatives, the 3,5-dimethylphenyl, 4-chlorophenyl, and 4-trifluoromethyl-
phenylcarbamates showed relatively high-chiral recognition abilities when a hexane—2-propanol mixture was used as the eluent. The CSPs
based on the chitin 3,5-dimethylphenyl and 3,5-dichlorophenylcarbamates could be stably used in the presence of chloroform and ethyl acetate
as a component of the eluents, and a few racemates were more sufficiently resolved by the addition of a small amount of chloroform in the
mobile phase. Some racemates were more efficiently resolved under the reversed phase condition.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction a large number of phenylcarbamate derivatives of cellulose
and amylose have been prepafdd6] and it was found
Biologically active chiral compounds often exhibit quite that the introduction of alkyl or halogen groups at theor
different physiological behaviors between enantiomers. p-position on the phenyl groups significantly influence the
Therefore, the pharmacokinetic and physiological activi- chiral recognition abilitie§6]. Among the many derivatives,
ties of both enantiomers must be investigated before use.the 3,5-dimethylphenylcarbamates of cellulose and amylose
Chromatographic enantioseparation by high-performance exhibit high-chiral recognition and have been widely used to
liquid chromatography (HPLC) using a chiral stationary resolve a broad range of racemaj@s9]. The chiral recog-
phase (CSP) has advanced in the past two decades andition by arylalkylcarbamates has also been evaluated and
has become a practically useful method not only for de- 1-phenylethylcarbamates were found to show high-chiral
termining their optical purity but also for obtaining optical recognition abilities depending on the chirality of the aryl-
isomers. The development of effective CSPs is the key for alkyl group[10,11] More recently, cycloalkylcarbamates,
this method, and many CSPs consisting of a small optically such as cyclohexyl and norbornylcarbamates, of cellulose
active molecule and an optically active polymer have been and amylose were found to be useful CSPs for thin-layer
prepared[1-3]. In the latter polymer-based CSPs, most chromatography (TLC) as well as for HPLC2,13]
polymers with high-chiral recognition possess a regular Phenylcarbamates of other polysaccharides including xy-
higher-order structure, which seems to be the important lan, dextran, chitosan, curdlan, galactosamine, and inulin
factor for efficient chiral recognition. Polysaccharides such were also prepared, and their chiral recognition abilities
as cellulose and amylose are the most readily availableas CSPs for HPLC were quite dependent on the nature of
stereoregular polymers. These polysaccharides can be conthe monosaccharide units and linkage position and type.
verted into various derivatives on hydroxy groups. So far, Some of their 3,5-dimethylphenyl and 3,5-dichlorophenyl-
carbamates showed a relatively high-chiral recognition

[14,15]
* Corresponding author. Tek:81-52-7894600; fax:-81-52-7893188. Chitin is also one of the most abundant natural optically
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linked byB-(1 — 4), and its derivatives had not been used as Wako. The 3,5-dimethylphenyl and 4-tert-butylphenyl iso-
CSPs for HPLC probably due to the difficulty of the deriva- cyanates were kindly supplied by Daicel. The 3,5-dichloro-
tization owing to its low solubility in solvents. In 1996, Cass phenyl, 4-chlorophenyl, 4-bromophenyl, an®)-( and
et al.[16] prepared chitin phenylcarbamates and evaluated (R)-methylbenzyl isocyanates, 4-bromo-2-methylaniline,
their abilities as CSPs for HPLC. However, these derivatives and (3-aminopropyl)triethoxysilane were from Tokyo Kasei.
showed a low-chiral recognition, which may be attributed The 4-methylphenyl, 4-isopropylphenyl, 4-fluorophenyl,
to the low substitution of the hydroxy group of chitin to the 4-iodophenyl, 3,5-bis(trifluoromethyl)phenyl, and cy-
carbamate group based on the elemental analysis data.  clopentyl isocyanates, and=]-exo-2-aminonorbornane
In our previous study{17], we prepared three chitin  were purchased from Aldrich. The 4-trifluoromethylphenyl
phenylcarbamates, 3,6-bis(phenylcarbamate), 3,6-bis(3,5-socyanate was obtained from AZmax. Cyclohexyl iso-
dimethylphenylcarbamate), and 3,6-bis(3,5-dichlorophenyl- cyanate was from Kishida. The porous spherical silica gel
carbamate), and their chiral recognition abilities were (Daiso gel SP-1000) with a mean particle size @frii and
evaluated. Among them, the 3,5-dimethylphenyl and a mean pore diameter of 100 nm was kindly supplied from
3,5-dichlorophenylcarbamates exhibited relatively high-chiralDaiso Chemical. Pyridine and,N-dimethylacetamide were
recognition abilities, especially for some chiral drugs such from Kanto Chemical as anhydrous reagents. The racemates
as ibuprofen and ketoprofen. were commercially available or were prepared by the usual
In this study, various chitin phenylcarbamates having alkyl method[18].
and halogen groups at thm- or p-positions of the phenyl
moiety, arylalkylcarbamates, and cycloalkylcarbamates were 2.2. Synthesis of chitin phenyl carbamates
prepared and their chiral resolution abilities were evalu-
ated as CSPs for HPLC. Because of the poor solubility of The 3-bromo-5-methylphenyB] and @)-exo-2-norbo-
the chitin derivatives, the eluents containing chloroform and rnyl isocyanate§l 3] were prepared from 4-brao2methyl-
ethyl acetate, which cannot be used as eluents for otheraniline and {)-exo-2-aminonorbornane, respectively.
polysaccharide-type CSPs, could be examined as eluentsChitin carbamatesHg. 1) were prepared by the reaction
Chiral separation on the chitin phenylcarbamates under re-of chitin (1.0 g) with the corresponding isocyanates. Chitin
versed phase conditions was also investigated. was dissolved in am,N-dimethylacetamide (15 ml)-LiCl
(1.59g) mixture at 80C for 24 h, and then an excess of
an isocyanate (1.3eq) and pyridine (5ml) were added to

2. Experimental the chitin solution. The reaction was continued for 24 h at
80°C. The resulting chitin phenylcarbamate derivative was
2.1. Chemicals and reagents isolated as the methanol-insoluble fraction. e NMR

data and elemental analysi¥aple ) of the derivatives
Chitin from shrimp shells was purchased from Sigma. indicated that the hydroxy groups of chitin were almost
Phenyl isocyanate and lithium chloride were obtained from quantitatively converted into the carbamate moieties.
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Fig. 1. Structures of chitin carbamates.
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Table 1
Elemental analysis of chitin carbamates
CSPs Calculated (%) Found (%)

C H N C H N
la 62.8 6.3 8.5 62.8 6.5 8.6
1b 59.9 5.3 9.5 59.9 55 9.5
1c 45.6 3.3 7.3 45.6 34 7.3
1d 43.8 2.7 5.9 43.8 2.7 5.9
le 46.0 6.7 4.0 46.0 6.8 43
1f 65.1 7.1 7.6 64.9 7.4 7.7
19 64.0 6.7 8.0 63.0 6.9 8.2
1h 61.4 5.8 9.0 61.5 6.0 9.0
i 55.4 4.4 8.8 53.9 4.8 8.5
1 38.1 31 6.1 38.0 3.3 6.0
1k 51.8 4.2 8.2 51.1 43 8.1
U 44.1 35 7.0 44.1 3.6 6.9
im 49.9 3.7 7.3 49.9 3.8 7.4
1n-(9 62.3 6.3 8.5 62.0 6.6 8.6
In-(R) 62.3 6.3 8.5 59.4 6.7 8.2
1o 58.3 7.8 9.3 58.3 7.8 9.1
1p 56.5 7.3 9.9 56.3 7.6 10.1
1q 60.4 7.4 8.8 52.4 7.2 8.1
Chitin 47.3 6.5 6.9 47.3 6.7 7.0

Estimated based on a repeafdéicetylglucosamine unit.

2.3. Preparation of stationary phase

The packing materials were prepared by coating the car-
bamate derivatives on silanized macroporous silica gel as
previously described6]. As a coating solvent, tetrahydro-

low solubility of the chitin phenylcarbamates. Other chitin
derivatives were dissolved in DMSO-THF or pyridine—THF
(2:1 to 8:1, v/v). The packing materials were packed into
a stainless-steel tube (25cm 0.46cm i.d.) by a con-
ventional high-pressure slurry packing technique using a
model CCP-085 Econo packer pump (Chemco). The plate
numbers of the columns were 4000-8000 for benzene with
hexane—2-propanol (90:10) as the eluent at a flow rate of
0.5ml/min. 1,3,5-Tritert-butylbenzene and acetone were
used as the non-retained compound for estimating the dead
time (tp) under normal and reversed phase conditions,
respectively.

2.4. Apparatus

The chromatographic experiments were performed on a
Jasco PU 980 Intelligent HPLC pump equipped with UV
(JASCO 970-UV) and polarimetric (JASCO OR-990) detec-
tors at room temperature. A solution (141 of a race-
mate was injected into the chromatographic system with a
Rheodyne Model 7125 injector. THél NMR spectra were
taken in pyridine-g or DMSO-¢; at 80°C using a Varian
Gemini-2000 NMR spectrometer (400 MHz).

3. Results and discussion

In order to obtain the carbamate derivatives with a high
enantioselectivity, it may be important to completely syn-

furan (THF) was used for only 3,5-dichlorophenylcarbamate thesize the disubstituted derivatives. The polysaccharide
and 3,5-bis(trifluoromethylphenylcarbamate) because of thecarbamate derivatives having a low degree of substitution

py

(ppm)

Fig. 2. 1H NMR spectrum of chitin bis(4-trifluoromethylphenylcarbamatiy (pyridine-cs, 80°C, 400 MHz).
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Fig. 3. Structures of racemates.

of the hydroxy groups with carbamate residues probably 3.1. 3,5-Disubstituted phenyl carbamates of chitin

show poor chiral resolution abilities due to their irregular

structure. However, the complete derivatization of chitin

would be difficult due to its poor solubility. For the com-

In a previous study, the chitin phenyld), 3,5-dimethyl-
phenyl (b), and 3,5-dichlorophenylcarbamatek)( were

plete derivatization of chitin to carbamate derivatives, chitin prepared and the high-chiral recognition By and 1c has

was dissolved inN,N-dimethylacetamide—lithium chloride

and then allowed to react with the excess isocyanates inderivatives,

been observeflL7]. In the present study, the additional two
3,5-di(trifluoromethyl)phenylcarbamatéd d)(

the presence of pyridine. The results of the elemental and 3-bromo-5-methylphenylcarbamate)( were synthe-

analysis are summarized ifable 1which indicates that
most carbamates, except far, 1n-(R), and 1q, are com-
pletely derivatizedFig. 2 shows the'H NMR spectrum
of chitin bis(4-trifluoromethylphenylcarbamateing) as an
example for a quantitatively derivatized chitin bisphenyl-
carbamates.

The HPLC resolution on the CSP&—p was exam-
ined for ten racematestrans-stilbene oxide 2), 2,2-
dihydroxy-6,6-dimethylbiphenyl 8), benzoin §), 2-phenyl-
cyclohexanonef), Troger basef), 1-(9-anthryl)-2,2,2-tri-
fluoroethanol ), cobalt(lll) tris(acetylacetonateB), 1,2,
2,2-tetraphenylethano®), flavanone 10), andtrans-cyclo-
propanedicarboxylic acid dianilidell) (Fig. 3. Fig. 4
shows a chromatogram of the resolutiori@fon the column
packed with chitin bis(4-chlorophenylcarbamat&y)( The
enantiomers eluted at the retention timeg10f=20.3 min)
and t; (=27.9min) showing complete separation. The
capacity factorskj(=(r1 — 10)/to) and k5(=(r2 — 10)/to),

sized and their chiral recognition abilities were compared
with those ofla—c. Table 2shows the capacity factors for the
first-eluted enantiomek() and separation factora)for 10
racemate®-11 on the 3,5-disubstituted phenylcarbamates
of chitin. The chiral recognition abilities are significantly
influenced by the substituents on the phenyl groups, and
the introduction of the substituents onto a phenyl group im-
proves the chiral recognition. The racemates excei éan

be separated on at least one of the 3,5-disubstituted phenyl-
carbamates. Among the 3,5-disubstituted phenylcarbamates,
1b exhibited the highest chiral recognition abilitic, 1d,

and le also showed a relatively high-chiral recognition for
some racematedb andlc, which has the substituents with
the opposite electronic properties, i.e., electron-donating
and electron-withdrawing, are complementary in chirality
recognition to some extent. Enantiomers not resolved on
1b were resolved oric, and vice versald also has two
electron-withdrawing trifluoromethyl groups and exhibits

were 2.10 and 3.26, respectively, and the separation factora similarity to 1c in chiral recognition ability. The chiral

a(=k5/k}) was found to be 1.55.

0
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Fig. 4. Resolution of flavanonel@) on chitin bis(4-chlorophenyl-
carbamate) k).

recognition ability ofle bearing both an electron-donating
methyl group and an electron-withdrawing bromine is not
clearly related to those dib andlc.

3.2. 4-Qubstituted phenylcarbamates of chitin

Eight 4-substituted phenylcarbamates of chitifi—n)
were prepared and their chiral recognition abilities as CSPs
for HPLC were compared for the ten racemat@sl()
as shown inTable 3 where the substituents are arranged
in the decreasing order of electron-donating power from
left to right. Only chitin bis(4-bromophenylcarbamaté))(
was not dissolved in any solvents, and therefore, its chi-
ral separation ability was not evaluated as a coated-type
CSP.
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Table 2

Resolution of racemates on chitin 3,5-disubstituted phenylcarbamate

Racemate la 1b ((CHs)2) 1c (Cly) 1d ((CFs)2) le ((Br, CHg))

ky o ky a ky o Ky a k3 a

2 0.30 () ~1 0.21¢+) ~1 0.20 ¢) ~1 0.15 ¢) ~1 0.24 &) ~1

3 229 () 124 141 ¢) 1.30 1.30¢) 117 0.63 ¢) 1.25 2.01 ¢) 1.28
4 331 ) 1.04 1.93¢) 1.10 2.34¢) 1.33 1.69¢) 1.12 1.86 ¢) 1.19
5 119 () ~1 0.73¢+) ~1 1.28() 1.39 1.10¢) 1.07 1.01¢) 1.12
6 0.32 (+) ~1 0.29¢+) 1.14 0.34¢) ~1 0.14¢) ~1 0.33¢) ~1

7 1.01¢) 117 0.97 ¢) 1.25 0.29 ~1 0.15 ) 1.26 0.62¢) 1.15
8 1.05 +) 1.18 0.82 ¢) 1.06 0.49 ¢) 1.12 0.28 ¢) ~1 0.41 &) 1.13
9 1.02 +) ~1 0.59 &) 1.17 0.23 ¢) ~1 0.10 ) ~1 0.47 &) 1.22
10 1.27(-) 1.20 0.96¢) 1.54 271 ¢) 1.34 0.56¢) 1.13 1.00 ¢) 1.39
11 157 () ~1 0.70¢) 1.14 0.34¢) ~1 0.32¢+) 1.34 0.78 ¢) ~1

Flow rate: 0.5 ml/min. The signs in parentheses represent the optical rotation of the first-eluted enantiomer. Eluent: hexane—-2-propane).(90:10, v/

Among these 4-substituted phenylcarbamate deriva- bonding on the NH or €O groups[6,19,20] The adsorb-
tives, the 4-methylphenyl1f), 4-chlorophenyl 1k), and ing powers of these sites may be strongly influenced by
4-trifluoromethylphenylcarbamatesing) exhibited rela- the nature of the substituents on the phenyl grfglpFor
tively high-chiral recognition abilities. Regarding to the the chitin phenylcarbamates, the most important adsorbing
4-alkylphenylcarbamates, 4-methylphenylcarbamaté) ( sites are considered to be the polar carbamate and acetamide
exhibited the highest chiral recognition ability. Bulkier alkyl residues, and the polarities of these sites must be influenced
groups,tert-butyl (1f) and isopropyl groupsif), reduced by the substituents on the phenyl group. For example, race-
the k; values and the chiral recognition ability for most mates5, 8, and10, which have carbonyl and ether oxygens,
racemates. tend to interact more strongly with the CSHsm having

The most important adsorbing site for the chiral recog- electron-withdrawing substituents than the C3Rd hav-
nition on the phenylcarbamate derivatives of cellulose and ing electron-donating substituents. This is because the acid-
amylose under normal phase conditions has been considity of the NH proton of carbamate group increases along
ered to be the polar carbamate residue, which can interactwith an increase in the electron-withdrawing power of the
with enantiomers mainly through intermolecular hydrogen substituents on the phenyl group. On the other hand, alcohols

Table 3

Resolution of racemates on chitin 4-substituted phenylcarbamate

Racemate 1f (t-Bu) 1g (i-Pr) 1h (CH3) la (H)

ki o Ky a k3 o ky o

2 0.18 ) ~1 0.20 &) ~1 0.28 &) ~1 0.30 () ~1

3 1.75 () 1.21 2.06 {) 1.11 2.66 {) 1.35 2.29 ¢) 1.24
4 1.22 () ~1 1.10 () 1.05 2.21 ¢) 1.10 3.31 ¢) 1.04
5 0.62 () 1.06 0.52 ¢) 1.10 0.79 ¢) ~1 1.19 ¢) ~1

6 0.21 1.00 0.214) ~1 0.34 () ~1 0.32 ¢) ~1

7 0.81 ~1 0.79 ~1 1.34 () 1.24 1.01 €) 1.17
8 0.22 ) ~1 0.23 &) ~1 0.46 () 1.33 1.05 ¢) 1.18
9 0.44 (=) ~1 0.40 &) ~1 0.77 &) 1.13 1.02 ¢) ~1
10 1.20 () 1.73 0.85 ) 1.68 0.89 ¢) 1.35 1.27 ¢) 1.20
11 0.42 (=) 1.38 0.39 ¢) 1.36 1.03 ¢) ~1 157 () -1

1i (F) 1 1k (Cl) 1Im (CRs)

2 0.24 () ~1 0.18 &) ~1 0.27 ¢) 1.15 0.18 1.00
3 143 (-) 1.29 1.39 ¢) 1.13 224 ¢) 1.24 158 ¢) 1.20
4 243 () 1.02 2.23 §) ~1 2.65 () 1.09 1.90 ) 1.19
5 1.04 () ~1 1.00 &) ~1 1.47 &) 1.03 1.22 §) 1.07
6 0.32 () ~1 0.41 ¢) ~1 0.35 () 1.14 0.22 ¢) 1.23
7 0.72 () 1.08 0.41 ~1 0.47 ~1 0.35 ~1

8 0.72 ) 1.24 0.78 ¢) ~1 0.83 () 1.22 0.54 ¢) 1.13
9 0.45 (+) 1.18 0.43 ¢) ~1 0.47 &) 1.28 0.18 ¢) 1.22
10 1.22 () 1.39 1.35 ¢) 153 2.10 ¢) 1.55 2.26 ¢) 1.62
11 113 ) ~1 0.64 &) ~1 0.71 &) 1.13 0.39 ¢) 1.44

Flow rate: 0.5 ml/min. The signs in parentheses represent the optical rotation of the first-eluted enantiomer. Eluent: hexane—-2-propane).(90:10, v/
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Table 4

Resolution of racemates on chitin 1-phenylethylcarbamates and cycloalkylcarbamates

Racemate In-(§ In-(R) 1o 1p

ky o Ky o Ky a k3 o

2 0.26 (+) ~1 0.08 &) ~1 0.09 &) ~1 0.10 &) ~1

3 312 (¢) ~1 255 () 1.20 2.87 ¢) 1.06 2.36 ) 1.03
4 1.92 (-) 1.14 0.65 ¢) ~1 121 ¢) ~1 1.10 ¢+) ~1

5 0.50 ) 1.16 0.13 ¢) ~1 0.21 ) 1.29 0.21 ¢) 1.24
6 0.26 () ~1 0.05 &) ~1 0.15 ¢) ~1 0.12 &) ~1

7 1.85 (-) 1.44 0.94 ¢) ~1 1.73 ~1 1.72 ~1

8 0.33 (+) ~1 0.14 1.00 0.104) ~1 0.10 1.00
9 0.91 &) ~1 0.28 ) 1.25 0.57 ¢) ~1 0.51 &) ~1
10 0.58 () ~1 0.13 1.00 0.24-) ~1 0.24 ¢) ~1
11 1.37 () ~1 0.58 @) 1.29 0.84 ¢) ~1 0.93 &) ~1

Flow rate: 0.5ml/min. The signs in parentheses represent the optical rotation of the first-eluted enantiomer. Eluent: hexane—2-propane).(90:10, v/

3, 7 and 9 having hydrogen capable of hydrogen bonding  The elemental analysis daf@aple 1) suggest thatn-(R)

with C=0 of carbamate group tend to interact more strongly may possess 20% of the unsubstituted hydroxy groups dif-
with the CSPdli—-m than the CSP&f—h, indicating that the  ferent from1n-(S). Therefore, we tried to enhance the sub-
electron-donating substituents increase the electron densitystitution degree through the reaction bf-(R) with excess

of the carbonyl oxygen of the carbamates. isocyanate. However, no further reaction proceeded. Both
the 1n derivatives exhibited low-chiral recognition abilities,

3.3. Arylalkyl- and cycloalkylcarbamates of chitin but half of the racemates were resolved on either of the
derivatives.

The results of the HPLC resolution on chitin ary-  For cycloalkylcarbamates, norbornylcarbamate)(ap-
lalkylcarbamates having chiral side groups9-( and pears to be part|_ally subst|tu.ted basgd on the result of the
(R)-1-phenylethylcarbamatedr(-(S) and 1n-(R)), and cy- glemental analysis. The obtained derivative was not soluble
cloalkylcarbamates 16, p) are summarized irTable 4 in any solvent, and therefore, the CSPlof could not be
In our previous study on the cellulose and amylose prepared. The cyclopentyl, cyclohexyl, and norbornylcarba-
1-phenylethylcarbamatés0,11] the chiral recognition abil- ~ Mates of cellulose and amylose exhibit a high-chiral recog-

ities depended on the chirality of the 1-phenylethyl groups, nition as well as the 3,s-dimethylphenylcarbamates of cellu-
and the §)-1-phenylethylcarbamate of amylose showed a lose and amylose, which are very popular CSPs for HPLC.
high-chiral recognition ability. On the other hand, for the cel- These cycloalkylcarbamates may also be used as the CSPs
lulose derivatives, theR)-1-phenylethylcarbamate showed for thin-layer chromatography due to the absence of a phenyl

a higher chiral recognition ability than th&){isomer. group [12]. However, the chitin cycloalkylcarbamatek)
Table 5
Effect of eluents on resolution of racemates 1o
Racemate Hexane—2-propanol Hexane—CHG-2-propanol Hexane—CHG (90:10) Hexane—AcOEt-2-propanol
(90:10) (90:10:1) (90:10:1)
k3 o ky o ky o k3 o
2 0.27 &) ~1 0.25 &) 1.12 0.62 ¢) 1.40 0.24 ¢) 1.33
3 1.27 () 1.29 4.92 ()° 1.36 32.6 ()° 1.21 3.70 ) 1.32
4 1.98 () 1.12 3.01 ¢)° 1.13 14.2 {)b ~1 2.73 ) 1.15
5 0.82 ¢) ~1 0.79 &) 1.06 3.07 )P ~1 0.98 &) ~1
6 0.30 ¢4) 1.13 0.35 ¢) 1.31 1.84 ¢) 1.62 0.61 ¢) ~1
7 1.11 () 1.19 5.76 {)° 1.13 38.8 ()° 1.12 2.16 ~1
8 1.08 @) ~1 0.38 () 1.21 2.57 §)° 1.27 3.85 ¢) 1.19
9 0.62 ) 1.18 0.99 ¢)° 1.29 3.42 )P ~1 0.82 &) 1.37
10 1.01 () 1.54 1.02 ¢) 1.75 3.46 £)° 2.04 1.04 ¢) 1.63
11 0.73 () 1.11 < - - - 15.3 ()P 1.24

a Flow rate: 0.5mlImin’. The signs in parentheses represent the optical rotation of the first-eluted enantiorner.
b Flow rate: 1.0 mI min,
¢ Not eluted.
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ky'= 0.30 k,'= 0.25 Ky'= 0.62

a=~1 a=1.12 a=1.40
5
< t t
3 0 0
Q
¢ | l
> | |

|
0 10 0 10 0 10

(a) Elution time / min (b) Elution time / min (c) Elution time / min

Fig. 5. Chromatograms of the resolution of trans-stilbene ox@le 1c with (a) hexane—2-propanol (90:10), (b) hexane—CH€ipropanol (90:10:1),
and (c) hexane—CHgI(90:10) as eluent.

Table 6
Effect of eluents on resolution of racemates It
Racemate Hexane—2-propanol (90:10) Hexane—@HZTpropanol (90:10:1) Hexane—AcOEt—2-propanol (90:10:1)
k; a ky a Ky o
2 0.20 () ~1 0.20 ) ~1 0.12 &) ~1
3 1.30 () 1.17 7.15 )P 1.08 3.70 ¢) 1.13
4 2.34 () 1.33 3.70 £)° 1.38 1.32 ¢) 1.08
5 1.28 (+) 1.39 1.36 ¢) 1.24 0.74 ¢) 1.30
6 0.34 () ~1 0.40 &) 1.15 0.34 ¢) 1.68
7 0.29 ~1 1.85 ()P 1.10 0.58 ~1
8 0.49 () 1.12 0.15 ¢) 1.33 1.05 ¢) 1.86
9 0.23 () ~1 0.57 ¢) 1.19 0.24 ¢) ~1
10 2.71 () 1.34 257 ¢) 1.25 0.57 ¢) 1.18
11 0.34 4) ~1 < ¢ 5.45 (4)b 1.24

2 Flow rate: 0.5ml/min. The signs in parentheses represent the optical rotation of the first-eluted enantiorner.
b Flow rate: 1.0 ml/min.
¢ Not eluted.

andl1p, showed a low-chiral recognition and could separate charide derivatives. Therefore, in order to improve this de-

only the two racemate3 and>5. fect, several methods for the immobilization of the cellulose
and amylose derivatives onto silica gel have been examined
3.4. Effect of eluent composition on enantioseparation [21-32] On the other hand, the solubilities of the chitin

phenylcarbamates prepared in this study are very low, indi-
The coated-type chiral packing materials of the cellulose cating that a wide range of solvents can be utilized as the
and amylose derivatives cannot be used with solvents sucheluents without immobilizing the chitin derivatives on silica
as THF and chloroform, which dissolve or swell the polysac- gel.

Table 7
Resolution of racemates dtb and 1c under normal and reversed phase condiftons
1b 1c
Racemates Hexane—2-propah(®0:10) MeOH-HOFC (75:25) Hexane—2 proparfo({90:10) MeOH-HOF (75:25)
ky o Ky o k3 o ky o
2 0.27 (+) ~1 192 ¢) 122 0.20 ¢) ~1 1.60 ¢+) 1.35
3 1.27 () 1.29 0.30 ¢) ~1 1.30 ) 117 0.16 ¢) ~1
4 1.98 (-) 1.12 0.70 ¢) 1.16 234 ¢) 1.33 0.68 ) 1.18
5 0.82 (+) ~1 0.93 &) 1.19 1.28 ¢) 1.39 2.34 §) 1.43
6 0.30 (+) 1.13 1.28 ¢) 1.05 0.34 ¢) ~1 1.69 ) 127
7 111 () 1.19 1.25 ~1 0.29 ~1 0.30 ~1
8 1.08 (+) ~1 0.27 &) 111 0.49 ¢) 112 0.31 ¢) 1.42
9 0.62 &) 1.18 3.74 ¢) 1.19 0.23 ¢) ~1 1.26 ¢) ~1
10 1.01 () 1.54 2.84 ¢) 1.45 271 ¢) 1.34 3.00 ¢) 111
11 0.73 ) 111 0.31 ¢) ~1 0.34 @) ~1 0.48 ) ~1

@ The signs in parentheses represent the optical rotation of the first-eluted enantiomer.
b Flow rate: 0.5 ml/min.
¢ Flow rate: 0.4 ml/min.
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Fig. 6. Chromatograms of the resolution toéins-stilbene oxide Z) on 1c with (a) hexane—2-propanol (90:10) and (b) methangBH75:25) as eluent.
The flow rate was (a) 0.5 ml/min and (b) 0.4 ml/min.

The enantioseparation of the racemates using chloroformthe chiral recognition, because several nonpolar aromatic
and ethyl acetate as an eluent component was studiéd on compounds have also been resolved. On the other hand,
(Table 5. The racemates except féiwere more efficiently  this nonpolar interaction may play a major role under the
resolved by using hexane—CHER-propanol (90:10:1) as  reversed phase condition. Comparing the results under the

the eluent rather than hexane—2-propanol (90:10). reversed phase condition with those under the normal phase
Fig. 5 shows the chromatograms of the resolution2of  condition, the resolved racemates seem to be different from
on 1b using hexane—2-propanol (90:10), hexane—GH&! each other; the racemates having the hydrogen capable of
propanol (90:10:1), and hexane—CHC{90:10) as elu- hydrogen bonding3d, 7, 9, and 11) seems to be resolved
ents. Racemate2 was not separated orlb with a under the normal phase, while hydrophobic racema?es (
hexane—2-propanol (90:10) mixture; however, partak{ 5, 9, and 10) are more efficiently retained and resolved

1.12) and complete resolutions (= 1.40) were attained  under the reversed phase conditiéig. 6 shows the chro-
by reducing the 2-propanol content and simultaneously matograms of2 on 1c. Racemate2, which could not be
adding chloroform. 2-Propanol may prevent the interaction separated oic with hexane—2-propanol as the eluent, was
between the enantiomers and the carbamate moiety of thecompletely separated into enantiomers using methand-H
phenylcarbamate derivatives, and therefore, the reduction of(75:25).

the amount of 2-propanol in the eluent increased the capac-

ity factor, k7, especially for the racemates having hydrogen

capable of hydrogen bonding. Racematewas not eluted 4. Conclusions

with the eluents containing chloroform.

The separation factors for seven racemate4,(8-11) New chitin carbamate derivatives were synthesized
with hexane—ethyl acetate—2-propanol (90:10:1) were higherand used as the CSPs in HPLC. The chiral recogni-
than those with hexane—2-propanol (90:10). C&Pwas tion abilities were significantly influenced by the sub-
stable for the eluent containing 10% chloroform or ethyl stituents on the phenyl groups, and among the derivatives,

acetate. the 3,5-dimethylphenyl, 4-chlorophenyl, and 4-trifluoro-
The resolution on CSRc using the eluents containing methylphenylcarbamates were found to show high-chiral
CHCI3 and ethyl acetate was also examinékakle 6. recognitions. The solubilities of the chitin derivatives

The effectiveness of the eluents for the resolution de- were very low, and therefore, the range of the solvents
pends on the racemates; the highaswvalues were ob-  that can be used as eluents was expanded. In the addi-
tained for3, 5, and 10 with hexane—2-propano4, 7, and tion of chloroform or ethyl acetate to the eluents, chitin
9 with hexane—CHGH2-propanol, and, 8, and 11 with derivatives 1b and 1c could be safely used as CSPs
hexane—ethyl acetate—2-propanol. and showed higher chiral recognition abilities than those
The chitin phenylcarbamatesll, c) also exhibited observed with hexane-2-propanol. Chitin bisphenylcar-
high-chiral recognition abilities under a reversed phase bamates have a polar acetamide residue at 2-position
condition with methanol-L0 (75:25) {Table 3. Under the of glucose unit differing from cellulose and amylose
normal phase condition with a hexane—alcohol mixture, trisphenylcarbamates, and the acetamide residue may play
enantiomers can interact with the CSPs through a polar in-same important role for recognition enantiomers sim-
teraction, for instance, hydrogen-bonding and dipole—dipole ilar to phenylcarbamate residue. This might be a rea-
interactions. Besides these polar interactions,the in- son why chitin phenylcarbamates exhibit the high-chiral
teraction between the phenyl group of the CSP and therecognition ability comparable to cellulose and amylose
aromatic groups of the enantiomers may play some role in phenylcarbamates.
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