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Since norfloxacin was reported to show potent antibacteri­
al activity,1 a number of new quinolone antibacterials such 
as ofloxacin, enoxacin, ciprofloxacin, lomefloxacin and 
fleroxacin have been developed. Among others, ofloxacin is 
chiral and it is quite interesting to note that the (- )-S-enan- 
tiomer is more active than the (+)-R-enantiomer or the ra­
cemic form.2 The effort to develop more potent quinolone 
antibacterials is still going on and various quinolones have 
been prepared.3 Some of them are also chiral. Consequently, 
during the process of developing new quinolone anti­
bacterial agents, the establishment of analytical techniques 
that distinguish between two enantiomers is essential in ord­
er to meet the government regulations such as US FDA's 
guide lines for the development of new stereoisomeric 
drugs.4 In this aspect, liquid chromatographic direct separa­
tion of enantiomers on chiral stationary phases (CSPs) 
might be the choice because this technique has been known 
as one of the most convenient and accurate means of deter­
mining the enantiomeric composition of chiral compo나ndsF 
In this study, we wish to report that a new HPLC chiral sta­
tionary phase (CSP) derived from (+)-(18-crown-6)-2,3,11, 
12-tetracarboxylie acid 1 can be successfully employed in 
resolving various investigational racemic quinolones con­
taining a primary amino group. Previously compound 1 has 
been utilized in resolving primary amino compounds by ca­
pillary zone electrophoresis.6 However, to the best of our 
knowledge, the use of compound 1 bonded to silica gel as 
an HPLC CSP has not been reported.

A new CSP (CSP 2) used in this study was prepared by 
bonding (+)-(18-crown-6)-2,3, 11,12-tetracarboxylie acid 1 
(available from Aldrich) to amino propyl silica gel via sim­
ple two step procedure. (+)-(18-Crown-6)-2,3,11,12-tetra- 
carboxylic acid 1 was first converted into its dianhydride by 
treating with acetyl chloride via the known procedure.7 And 
then, the dianhydride compound was treated in dry methy­
lene chloride at 0 °C under an argon atmosphere for 2 days 

with triethylamine and aminopropyl silica gel (particle size: 
5 /zm, available from Rainin) which was dried in advance 
by azeotropic removal of water in refluxing benzene. The 
modified silica gel (CSP 2) was washed with methanol, wat­
er, 1 N HC1 solution, water, methanol, dichloromethane and 
hexane and then dried under high vacuum.8 The structure of 
CSP 2 is believed to be $)銘-diamide form based on the pre­
vious study concerning the stereoselective ^yn-opening of 
the dianhydride by primary amino compound in the pres­
ence of triethylamine.9 CSP 2 thus prepared was slurried in 
methanol and then packed into a 150 mm x 4.6 mm I.D. 
stainless-steel HPLC column using a conventional slurry 
packing method with an Alltech slurry packer.

1 CSP 2
CSP 2 was successfully employed in resolving various in­

vestigational racemic quinolones 3 containing a primary am­
ino group.10 The representative chromatograms are shown in 
Figure 1 and the res이ution results are summarized in Table
1. As shown in Table 1, eight quinolones (3a-h) based on 
4( 1 H)-quinolinone-3-carboxylie acid and four quinolones (3i- 
1) based on 4-oxo-1,8-naphthyridine-3-carboxylie acid are 
resolved with reasonable separation factors. Elution orders 
were determined only for two configurationally known qui­
nolones (3e and j), the (R)-enantiomer being retained longer. 
For the quinolone (31) containing two chiral centers, all of 
the four stereoisomers are separated as shown in Figure lb 
and in Table 1. However, at the present stage, we were not 
able to assign which peak corresponds to which isomer be-
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Figure 1. Resolution of (a) quinolone 3h and (b) quinolone 31 
on CSP 2. Chromatography was performed with an HPLC sys­
tem consisting of a Waters Model 510 pump, Waters Model U6k 
Liquid Chromatographic Injector, Waters Model 441 Absorbance 
Detector and Waters Mod이 740 data Module Recorder. Chro­
matograms were obtained by using 80% methanol in water con­
taining H2SO4 (10 mM, pH=1.6) as a mobile phase with flow 
rate of 1.2 mL/min at 20 °C.

Table 1. Resolution of various quinolones containing a primary 
amino group on CSP 2°

Quinolone Data" Quinolone Data” 

ki'=16.26 
k2=18.31 3j 
a=1.13 
Rs=O-77

ki'=12.27 
k2‘=15.64 
a=l,27 
Rs=l-65

ki =13.27 
k2‘= 18.61 
a=1.40
Rs=2.16

k]'=12.33 
k2‘=17.68 
a=1.43 
Rs=2.20

ki'=14.01 
k2‘=14.76 
(R) second 
a=1.05 
Rs=0.22

kl'=0.43 
k2‘르 L08 
5.24 
Rs=0.81

k i'=9.50 
k2=10.94 
(R)second 
a=1.15 
Rs=0.71

kf=14.43 
k2=17.20 
a=1.19
Rs=0.81

kl=13.53
k2=14.58
k3‘=17.95
k4 =24.21

a For the chromatographic conditions, see the caption of Figure 1. 
h Chromatographic resolution data: ^'=capacity factor for the first 
eluted enantiomer, "capacity factor for the second eluted enan­
tiomer, ^3'=capacity factor for the third eluted enantiomer, k^= 
capacity factor for the fourth eluted enantiomer,。느separation fac­
tor, As=resolution factor.

cause the peak size of the four stereoisomers are quite sim­
ilar and consequently the separation factors for the two 
enantiomers are not calculated. We also tried to resolve ra­
cemic quinolones containing a secondary amino group, but 
it was not successful.

The chiral recognition mechanism is not clear yet. Howev­
er, complexation of the primary ammonium group formed 
from the primary amino group of quinolones and the acidic 

modifier in the mobile phase inside the cavity of 18-crown-6 
ring of the CSP is believed to be essential for chiral re­
cognition.11 In addition, the two carboxylic acid groups of 
the CSP might interact with the other polar substituents of 
quinolones for chiral recognition. B나t, the details of the 
chiral recognition mechanism need further study and are 
underway in our laboratory.

In conclusion, CSP 2 derived from readily available (+)- 
(18-crown-6)-2,3,11,12-tetracarboxylic acid 1 via the two 
step procedure was successful in separating the two enan­
tiomers of racemic quinolones containing a primary amino 
group. CSP 2 is expected to be also useful in resolving oth­
er class of racemic compounds containing a primary amino 
group. The study for the use of CSP 2 in the resolution of 
other racemic primary amino compounds is underway in 
our laboratory.

Acknowledgment. The authors are grateful to Dr. C. 
Y. Hong at LG Biotec, Taejon, Korea for providing the qui­
nolones used in this study. This work was supported by 
grants from the Korea Science and Engineering Foundation 
(OCRC and 97-0501-08-01-03) and from the Basic Science 
Research program, Ministry of Education, Korea (BSRL97- 
3410).

References

1. Koga, H.; Itoh, A.; Murayama, S.; Suzue, S.; Irikura, T.
J. Med. Chem. 1980, 29, 1358.

2. Hayakawa, L; Atarashi, S,; Yokohama, S.; Imamura, M.; 
Sakano, K.-L; Furakawa, M. Antimicrob. Agents 
Chemother. 1986, 29, 163.

3. (a) Kimura, Y.; Atarashi, S.; Kawakami, K.; Sato, K.; 
Hayakawa, I. J. Med. Chem. 1994, 37, 3344. (b) Cec- 
chetti, V.; Clementi, S.; Cruciani, G.; Fravolini, A.; 
Pagella, P. G.; Savino, A.; Tabarrini, O. J. Med. Chem. 
1995, 38, 973. (c) Oh, J.-I.; Pack, K.-S.; Ahn, M.-J.; 
Kim, M.-Y.; Hong, C. Y.; Kim, I.-C.; Kwak, J.-W, An­
timicrob. Agents Chemother. 1996, 40, 1564. (d) Kim, 
M.-Y.; Oh, J.-I.; Pack, K.-S.; Hong, C. Y.; Kim. L-C.; 
Kwak, J.-W. Arch. Pharm. Res. 1996, 79, 52. (e) Nam,
K. -S.; Kim, B.-J.; Lee, T.-S.; Kim, W.-J. Korean J. 
Med. Chem, 1996, 6, 203. (f) Kim, S. H.; Kim, Y. K.; 
Kang, H.-J.; Hong, C. Y. Korean J. Med. Chem. 1997, 
7, 19. (g) Hong, C. Y.; Kim, Y. K.; Chang, J. H.; Kim, 
S. H.; Choi, H.; Nam, D. H.; Kim, Y. Z.; Kwak, J. W. 
J. Med. Chem. 1997, 40, 3584.

4. Announcement, Chirality 1992, 4, 338-340.
5. Ahuja, S. Chiral separations: an overview. In: Ahuja, 

S., Ed. Chiral Separations by Liquid Chromatography; 
ACS Symposium Series 471, American Chemical So­
ciety; Washington, DC. U. S. A., 1991; pp 1-26.

6. (a) Kuhn, R.; Emi, F.; Bereuter, T.; Hausler, J. Anal. 
Chem. 1992, 64, 2815. (b) Kuhn, R.; Stoecklin, F.; Emi, 
F. Chromatographia 1992, 33, 32. (c) Kuhn, R.; Hoffs- 
tetter-Kuhn, S. Chromatographia 1992, 34, 505. (d) 
Hohne, E.; Krauss, G.-J.; Gubitz, G. J. High Resol. 
Chromatogr. 1992, 15, 698. (e) Walbroehl, Y.; Wagner, 
J. J. Chromatogr. A 1994, 680, 253. (f) Walbroehl, Y.; 
Wagner, J. J. Chromatogr. A 1994, 685, 321. (g) 
Schmid, M. G.; Gubitz, G. J. Chromatogr. A 1995, 709, 
81. (h) Lin, J.-M. Nakagama, T.; Hobo, T. Chromato- 



Communications to the Editor

graphia 1996, 42, 559. (i) Mori, Y.; Ueno, K.; Umeda, 
T. J. Chromatogr. A 1997, 757, 328.

7. B아ir, J.-P.; Girodeau, J. M.; Hayward, R. C.; Lehn, J.- 
M.; Sauvage, J.-P. H이. Chim. Acta 1980, 63, 2096.

8. The more detailed synthetic procedure will be reported 
elsewhere. Elemental analysis of the modified silica gel, 
CSP 2 (found: C, 4.74%; H, 0.77%; N, 0.35%) 아lowed 
the increase in the content of carbon and the decrease 
in the content of nitrogen compared to the contents of 
carbon and nitrogen of original aminopropyl silica gel 
(found: C, 2.33%; H, 0.58%; N, 0.44%). Based on the 

Bull. Korean Chem. Soc. 1998, Vol. 19, No. 8 821

elemental analysis of CSP 2, the maximum loading of 
(+)-(18-crown-6)-2,3,l 1,12-tetracarboxylic acid 1 per 
gram of stationary phase is caculated to be 0.15 mmoles.

9. Behr, J. P.; Lehn, J. M.; Moras, D.; Thierry, J. C. J. Am. 
Chem. Soc. 1981, 103, 701.

10. All investigational quinolones 3 used in this study were 
generously provided by Dr. C. Y. Hong at Biotech 
Research Institute, LG Chem., Taejon, Korea.

11. (a) Gehin, D.; Kollman, P. A.; Wipff, G. J. Am. Chem. 
Soc. 1989, 111, 3011. (b) Kuhn, R. J. Chromatogr. A 
1994, 666, 367.


