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Abstract: Cyclohexylcarbamates of cellulose and amylose were prepared and their resolving abilities for
enantiomers were evaluated as chiral stationary phases (CSPs) for high-performance liquid chromatography.
The CSPs showed high resolving abilities, which are comparable to those of popular CSPs, tris(3,5-
dimethylphenylcarbamate)s of cellulose and amylose. The cycloalkylcarbamates could also be used as CSPs
for thin-layer chromatography because of the absence of a phenyl group, which causes the difficulty of detection
by UV radiation. In addition, these two derivatives were soluble in chloroform and exhibited chiral discrimination

to some chiral compounds #tH NMR spectroscopy as well as in HPLC.

Introduction chiral recognition as CSPs for HPL)€22although they poorly
absorb UV light.

Cellulose and amylose are the most accessible optically active | this study, we found that tris(cyclohexylcarbamate)s of
polymers on the earth. These polysaccharides are known tocellulose () and amylosed) showed high chiral recognition
exhibit a high chiral recognition as phenylcarbamate derivétives gpilities and can be used as the CSPs in both HPLC and TLC.
and afford very useful chiral stationary phases (CSPs) for high- Chiral recognition ofl was also observed by NMR spectro-
performance liquid chromatography (HPLEYhe chiral rec- scopy.
ognition mechanism of the derivatives has also been studied

by NMR and computer simulatioh.However, because the OCONHR OCONHR ~
phenylcarbamate derivatives strongly absorb ultraviolet (UV) % o 0 R =

light, which is conveniently used for detection in thin-layer > o~ W/
chromatography (TLC), these are not eligible for practical CSPs  gconpr  OCONHR 6Connr  OCONHR

in TLC as well as most other useful CSPs in HPLOn the 1 2

other hand, alkylcarbamate derivatives such as methyl and
isopropyl derivatives of the polysaccharides exhibit much lower Experimental Section
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analytical reagent grade, carefully dried, and distilled before use. Table 1. Resolution of Racemate8<13) on
Solvents used in chromatographic experiments were of HPLC grade. Tris(cyclohexylcarbamate)s of Cellulosg) @nd Amylose 2)?

CDCl; (99.8 atom % D, Nacalai) was dried over molecular sieves 4A 1 2

(Nacalai) and stored under nitrogen. Racema8slg) were com-

mercially available or were prepared by the usual mefhod. ke o Rs ke a Rs
Synthesis of Cellulose Tris(cyclohexylcarbamate) (1)Cellulose 3 111() 160 3.82 1.02¢) 1.39 2.78

tris(cyclohexylcarbamate)ll was prepared by the reactiof cellulose 4  0.26() 1.19 044¢) ~1

(1.0 g) dissolved in aiN,N-dimethylacetamide (15 mE)LiCl (1.5 g) 5 233() 152 490 1.42¢) 1.32 2.15

mixture at 100°C for 24 h and an excess of cyclohexyl isocyanate 6  0.28(F) ~1 0.46 () 2.54 6.43

(4.0 g, 32 mmol) and pyridine (20 mL) were added to the polysaccharide 7 6.65 (t) 147 456  3.43%) 1.36 1.58

solution. The reaction was continued for 36 h at 200 The resulting 8 014 1.0 013 1.0

carbamate derivative was isolated as a methanol-insoluble fraction. The 1?) ggé 8 Ni'zz g 873 663 112 ggg

degree of substitution of the hydroxy_ groups was determined to be 1 4:44 &) 243 531 6.84{-) 1:17 1:13

nearly three forl by elemental analysis antH NMR spectroscopy. 12 198() 118 210 4.33¢) 112 173

IR (KBI’) 3449, 3336 (’NH); 1719 @c=o); IH NMR (CDClg, 60 OC, 13 0.22 1.0 100'6) 3.89 16.27
TMS) 6 1.16-1.28, 1.66-1.86 (br, cyclohexyl protons, 30H), 3.36,
3.89, 4.26, 4.53, 4.82 (br, cyclohexyl protons and glucose protons, 10H), 2 Eluent, hexane2-propanol (90:10); flow rate, 0.5 mL mik The
4.92,5.18, 5.60 (br, NH, 3H). Anal. Calcd for£€1430sNs)n: C, 60.32; signs in parentheses represent the optical rotation of the first-eluted
H, 8.06; N, 7.82. Found: C, 59.48; H, 8.57; N, 7.76. enantiomer.

Synthesis of Amylose Tris(cyclohexylcarbamate) (2Amylose (1.0
g) was first dissolved in aN,N-dimethylacetamide (10 mE)LICI (1.0
g) mixture at 8C°C for 24 h and then an excess of cyclohexyl isocyanate
(3.3 g, 26 mmol) and pyridine (20 mL) were added to the polysaccharide
solution. The reaction was continued for 24 h at°80 The resulting
carbamate derivative was isolated as a methanol-insoluble fraction. The
degree of substitution of the hydroxy groups was determined to be
nearly three for2 by elemental analysis arftH NMR spectroscopy.
IR (KBr) 3444, 3319 {nn), 1718 (c—o); *H NMR (CDCl, 60 °C,
TMS) 6 1.27, 1.66-1.96 (br, cyclohexyl protons, 30H), 3.40, 4.12,
4.24, 4.40, 4.80, 5.10, 5.20, 7.15 (br, cyclohexyl protons, glucose
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protons and NH, 13H). Anal. Calcd for §#1430sN3)n: C, 60.32; H, T 2‘0 ;g
8.06; N, 7.82. Found: C, 59.49; H, 8.39; N, 7.66. 0 10
Preparation of the Stationary Phase.Packing materials were Elution time / min

prepared by coating the carbamate derivatives on macroporous silicaFigure 1. Separation of enantiomers of benzoin ethyl etd&) on 2.

gel (Daiso Gel, particle size m, pore size 100 nm). Then these were  Chromatographic conditions are shown in Table 1.

packed in a stainless steel tube (25 sm0.46 cm (i.d.)) by slurry

methods. The plate numbers of coluninand2 were 6100 and 5700,  [=2(t2 — t1)/(wa + ws)] were found to be 3.89 and 16.27,

respectively, for benzene using a hexaglepropanol (90:10) mixture  respectively. Dead timelg) was estimated to be 6.3 min with

as the eluent at a flow rate of 0.5 mL mif 1,3,5-Tritert-butylbenzene 1,3,5-tritert-butylbenzene using a hexan2-propanol (90/10,

was used as a nonretained compound to estimate deadtg)fie ( v/v) mixture as an eluent at a flow rate of 0.5 mL mi{12 kg
Preparation of TLC Plates. 2(0.75 g) was dissolved in 10 mL of ~ ¢m~2).6 This value was similar to th& values (6.0 min) for

tetrahydrofuran (THF) The solution was added to the above silanized the co'umns packed W|th phenylcarbamate_based pack|ng

macroporous silica gel (3 g), and wetted silica gel was dried under y5ierials prepared under conditions similar to those described

vacuum. This coating process was repeated with the remaining po a1b Thig agreement suggests that one may basically evaluate

carbamate solution. The silica gel (1.5 g) and fluorescent indicator (0.1 the chiral recoanition abilities of cvelohexvicarbamates and
g) were mixed in methanol (ca. 3 mL). The slurry was carefully poured ! gnit it 4 Xy

on a standard slide glass (26 26 mm), and then spread to form a  Phenylcarbamates of polysaccharides by comparing-telues
uniform layer (0.3 mm). The plate was dried in an oven for 30 min at for these CSPs.
110°C. The layer weight was found to be 0.13 g after drying.

Apparatus. Chromatographic experiments were performed on a Q 0 ph
JASCO 980-PU chromatograph equipped with a UV (JASCO 970- . N
UV) and a polarimetric (JASCO OR-990) detector at room temperature. OC_QHO A ¢H-OH /@m/
A solution of racemate (225 uL) was injected into the chromato- OH Ph CFs3

graphic system with a Rheodyne Model 7125 injector. IR spectra were

measured on a JASCO FT/IR-620 spectrometer as a KBr pifHet. 3 4 5 6
NMR spectra were measured with a Varian Gemini-2000 spectrometer
(400 MHz) using TMS as an internal standard. OH HO o o 0
Results and Discussion Q—D Co(acac)s Cj/ O\)i

. . o

HPLC Resolution on Tris(cyclohexylcarbamate)s of Cel- Me Me Ph

lulose (1) and Amylose (2)The results of resolution of eleven 7 8 9 10
racemates3—13) on the cellulose derivativel] and amylose CONHPh
derivative @) are given in Table 1, and Figure 1 shows the Q%_?HO Q_ﬁ_?H
chromatogram of resolution of racemic benzoin ethyl etf8) ( CONHPh O OH O Ot
on a column packed with. The enantiomers eluted at retention 1 12 13
times oft; andt, showing complete separation. Capacity factors,
ki' [=(t-to)/to] and ko' [=(to-to)/to], were 1.00 and 3.89, Both 1 and 2 showed high chiral recognition abilities. For

respectively. Separation factarf=k,'/k;'] and resolution factor instance, the chiral recognition ability df was higher for

Rs (6) Koller, H.; Rimbk, K.-H.; Mannschreck, AJ. Chromatogr1983
(5) Kaida, Y.; Okamoto, YBull. Chem. Soc. Jprl992 65, 2286. 282 89.
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Figure 2. TLC chromatogram showing the separatiorbp6, and13.
Eluent, hexane2-propanol (90:10). Spots were detected using a 254
nm UV hand lamp. 40 ' 3.8 ' 3,

6
8/ ppm

racemic compoundsand9 than the very popular CSP, cellulose  Figure 3. *H NMR spectra of a selected regi¢RS)5 (18.1 mM) in

tris(3,5-dimethylphenylcarbamaté)?a4.” and2 more efficiently the absence (A) and presence (B)10{37.2 mM glucose units) in

resolved racemates 6, 9, 10, and 13 than the amylose tris- CDCls.

(3,5-dimethylphenylcarbamat&)2x9.8 Therefore, racematds o .

9, 10, and13 were better resolved adthan both the tris(3,5-  detected by UV radiation at 254 nm, showing two spots of

dimethylphenylcarbamate)s. Besides the racemates shown irfhantiomers. These spots were identified by using each pure

Figure 1, several racemates sucht@ss-cyclobutane dicar- ~ €nantiomer. The TLC results are evaluated by the rafs (

boxylic acid dianilide ¢ = 3.52) and 1-(1,2,3,4-tetrahydronaph- andRy) of. the developments for enantiomer and solvent and

thyl) benzoateq = 2.00) onl andtrans-4-chlorostilbene oxide ~ Were obtained af, = 0.47 andRy = 0.52 for 5, 0.55 and

(o = 2.53) and hydrobenzoiru(= 1.91) on2 were resolved ~ 0.71 for6, and 0.45 and 0.69 fdt3. ) )

also efficiently with a largex value. These results suggest that  The Ra and R values can be correlated with the capacity

the CSPsL and 2 will be very useful as well as the tris(3,5- factors k' andky’) and separation factonj in HPLC by eqs

dimethylphenylcarbamate)s. The elution order of the enanti- 1-3

omers of the two racemat&sand9 were reversed oth and?2.

It has been shown that the tris(3,5-dimethylphenylcarbamate)s k' = Mo — h_l -1 _ 1 1)
of cellulose and amylose exhibit complementary separation for 1ie hy Ry
many racemates, and the enantiomers often elute in a reversed
order? Analogous phenomena appear to be realized amd o = h,—h, 1
2. The CSP4l and2 were quite stable for at least 80 h under 2eTe T T h R, 1 (2)
the chromatographic condition with a hexar#propanol (90:
10) mixture as the eluent. k! R.(1—Ry)

TLC Resolution on Tris(cycloalkylcarbamate) of Amylose Qo = e =1 2 A3)
(2). When cellulose tris(3,5-dimethylphenylcarbamate) was used Ki'tie  Rp(1—Ry)

as a CSP for TLC, the detection of sample spots by irradiation ]

of UV light which is usually applied in TLC was possible only ~Whereho is the length of solvent development, ahdand h;

for compounds containing a fluorescent anthryl residue. The are the lengths of enantiomer development. Thus, a more
detection of other compounds with a phenyl group was difficult developed enantiomer with a largg value should be less
because of strong UV absorption of the CSPs with phenyl retained to give a smak value. From theRy and Ry, values,
groups. So far, successful TLC resolution on the CSPs contain-the aric values for5, 6, and13 are estimated to be 1.22, 2.00,
ing a phenyl group has been reported only for the racematesand 2.72, respe_cnvely, which are qualltatlvelylr_\ agreement with
Wlth a ﬂuorescent resideéHowever, becaus@ has no phenyl the COI’reSpondlng Va|UeS 132, 254, and 3.89 in HPLC ShOWI’l

group, the sample spots in TLC are expected to be detectable Table 1. Thex values in HPLC are larger than those in TLC.
by UV irradiation. This result indicates that the HPLC resolution is more efficient

The solutes5, 6, and 13, were dissolved in a hexar@- than the TLC resolution. This must be due at least partly to the
propanol (90:10) mixture at a concentration of approximately fact that the HPLC column was packed at a very high pressure
0.3 mg mL-t and applied as spots 1 cm above the bottom edge which can increase the relative volume of the CSP compared
of the TLC plate (76x 26 mm) using glass capillaries and With a mobile phase. The TLC plate has been prepared under
developed using a mobile phase (hexaBepropanol (90:10))  @n atmosphere. In HPLC, the separation factgrdf ca. 1.20
at room temperature. The results of TLC resolutios,d, and is usually sufficient for baseline separation. On the other hand,

13 are shown in Figure 2. The chromatograms were readily 0Ur TLC chiral plate showed two spots due to the enantiomers

: i : of 5 (oo = 1.34). These results suggest that the cycloalkylcar-
EQ ggmgﬁiil name: gﬂ:g:gg'ka% (('Ijjf’gﬁ:‘fa'l))- bamates of polysaccharides are expected to be very useful CSPs
(9) () Bhushan, R.; Parshad, ¥. Chromatogr. AL996 736 235. (b) for TLC, which will enable rapid setup of the conditions for

Armstrong, D. W.; Zhou, YJ. Lig. Chromatogr1994 17, 1695. the HPLC resolution. WheRwas coated on a commercial silica
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gel TLC plate (Merck (6.5 cmx 2.0 cm)), the resolution dd field than the correspondingR)-5-OH), indicating that (§)-
was not efficiently attained, showing lower separatiBa, = 5-OH) interacts more strongly witth. The downfield shift of
0.33 andR, = 0.43. This is ascribed to the difference in the the OH resonances is ascribed to hydrogen bond formation. The
silica gel. The silica gel used for the commercial TLC plate larger chemical shift movement of theS({5-OH) resonances
has a much larger surface area compared with the silica gelthan (R)-5-OH) observed in théH NMR is associated with
used in this work. the chromatographic elution order of the enantiomer. Because
Chiral Discrimination by Tris(cyclohexylcarbamate) of of the absence of aromatic protons of the alkylcarbamate
Cellulose (1) in NMR. As shown in Table 1 in the resolution  derivatives, the chemical shift differencesSA0) between the
of 5on1by HPLC, the enantiomers were completely resolved enantiomers in the aromatic region can be easily detected. This
with the separation factor(= 1.52) and eluted as a second suggests that and2 may also be useful as chiral shift reagents.
peak indicating that§)-(+)-5 interacts more strongly with the Conclusion. We found that cellulose and amylose tris-
stationary phasd. Figure 3 shows the 400 MHZH NMR (cyclohexylcarbamate)s showed high chiral recognition in HPLC
spectra of R9-5 in the absence (A) and presence (B)loih and can be used as the CSPs in TLC and chiral shift reagents
CDCls. The hydroxy proton (2.931 ppnd, = 4.4 Hz) of the ;14 NMR. Other alkylcarbamates, particularly cycloalkylcar-

enantiomers ob was significantly separated into two peaks ,mates, are also expected to show high chiral recognition in
(3.686 and 3.808 ppmAA6=48.8 Hz,J = 4.4 Hz) in the both HPLC and TLC.

presence of. Some anthryl protons and fluorine were also split
with relatively small chemical shift differences. This clearly
indicates thail can recognize the enantiomers even in solution.
A similar result has been observed in a cellulose trisphenyl-
carbamate systefd.On the basis of the measurement with
enantiomerically pureS)- and R)-5, it became clear that the
hydroxy protons )-5—0H) were more largely shifted down-  JA992421Q
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