Tetrahedron: Asymmetry, Vol. 7, No. 3, pp. 633-636, 1996

Pergamon Copyright © 1996 Elsevier Science Ltd
Printed in Great Britain. All rights reserved

0957-4166/96 $15.00 + 0.00

S0957-4166(96)00051-1

CHROMATOGRAPHIC RESOLUTION OF SEVERAL RACEMIC 9-FLUORENYL DERIVATIVES
ON A BONDED CELLULOSE DERIVED CHIRAL STATIONARY PHASE FOR HPLC
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Abstract: The enantiomers of several 9-fluorenyl derivatives have been successfully resolved
by HPLC on a chiral stationary phase (CSP) based on a mixed 10-undecenoate/3,5-
dimethylphenylcarbamate of cellulose bonded to allylsilica gel. Previous attempts at resolution,
such as NMR methods, GC and the use of a multiple interaction type chiral column for HPLC,
were unsuccessful. Copyright © 1996 Elsevier Science Ltd

Introduction

In the course of studies concerning the search for new materials, we faced the problem of measuring
enantiomeric excesses of some 9-fluorenyl derivatives, obtained by asymmetric reduction of either the
corresponding fluorenones (compounds 1 to 9, Figure 1) or 9-fluorylidene derivatives (compounds 10 to 13,
Figure 1). To our knowledge, there are no published studies on the resolution of 9-fluorenyl derivatives having
a stereogenic center at the 9 position. Only the enantiomeric excesses of some ortho-substituted benzhydryl
derivatives, through the analysis of their TH-NMR spectra using chiral shift reagents, have been determined].
The difficulty in the induction of asymmetry from the starting symmetric products, as well as in the resolution
of the enantiomers of such compounds, can be attributed to the relatively low geometric or electronic
difference between the two aromatic substituents bonded to the stereogenic center. This paper deals with
several attempts to resolve racemic compounds 1-13 with the aim of using the most suitable method to

measure enantiomeric excesses of mixtures of enantiomers of these compounds.

COOEt
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Fig. 1. Chemical structures of the 9-fluorenyl derivatives tested.

“wom
= -
%0~ &AW

0ol

S
b ol aled

633



634 D. VELASCO et al.

Results and discussion

Racemic fluorenol derivatives 1-9 were obtained by reduction with lithium aluminiun hydride of the
corresponding fluorenone2, whereas racemic compounds 10-13 were prepared from the corresponding
fluorylidene derivatives by catalytic hydrogenau'on3.

Mosher esters (3,3,3-trifluoro-2-phenyl-2-methoxy-2(R)-propionates) of 3 and 6 were obtained in
standard conditions4. The formation of Mosher esters from the corresponding alcohols showed quite different
reaction rates for the two enantiomers. Thus, whereas the conversion of one of the enantiomers into the ester
derivative was complete after 5 min, the reaction of the other enantiomer needed longer times. To compare the
kinetics of the reactions of the two enantiomeric alcohols of 3 and 6 with one homochiral Mosher’s reagent,
racemic alcohols 3 were allowed to react with racemic Mosher’s reagent. The ratio of the diastereomers
formed was determined by IH-NMR. The benzyl protons of the two diastereomers could be clearly
distinguished at 7.07 and 7.01 ppm respectively. The ratio of areas suowed that the formation of one
diastereomer is 4.83 times faster than the other. The same relative rates can be determined by integration of
the areas of the methoxy signals at 3.61 and 3.49 ppm respectively. The same experiment carried out with
racemic alcohols 6 resulted in a ratio of 5.19. The IH-NMR signals of benzyl protons were at 6.82 and 6.75
ppm and the methoxy signals were at 3.63 and 3.49 ppm respectively. This should be taken into consideration
in further studies about the potentiality of Mosher’s reagent for kinetic resolutions. However, the resulting
diastereomeric mixtures were studied not only by 1H-NMR but also by 19F-NMR and GC. Nevertheless, the
different conversion rates of the two enantiomeric alcohols in their diastereomers prevents the use of this
technique in the calculation of enantiomeric excesses for these compounds. The complete diastereomeric
separation by GC of the Mosher esters of 3 was only possible using chromatographic conditions> that result in
long retention times for both diastereomers.

The use of chiral shift reagents was also taken into account. Thus, the |H-NMR spectra of 3, 6 and 9 in
the presence of Eu(hfc)36, in molar ratios from 0.22 to 1.54 respect to the fluorenol derivative, were registered
using different solvents (CDCl3, CgDg, (CD3)2CO and CD3CN). The partial overlap of signals always
prevented the possible use of this approach as a quantitative technique in the measurement of enantiomeric
excesses.

To study the HPLC chiral resolution of fluorenyl derivatives, firstly a N-(3,5-dinitrobenzoyl)-(S)-
cyclohexylalanine bonded column$, given its high chemical stability, was tested. Unfortunately, only §
(a=1.07) and 6 (a=1.08) were partially resolved®. Therefore, a bonded cellulose-derived csplO.11) with a
wider application domain, was used to obtain their resolution. Table 1 shows the chromatographic data using
different mobile phases and the best conditions for the resolution of all compounds.

The cellulose-derived chiral selector present in this chromatographic column showed its ability in the
chiral recognition of ten of the racemic 9-fluorenyl] derivatives tested. Only 1, 5 and 11 were not separated in
the various chromatographic conditions used. The resolution was complete for compounds 6, 7, 8 and 13.

All compounds were quickly eluted with the mobile phases commonly used with commercially
available polysaccharide-derived CSPs. The use of a cellulose bonded CSP allowed the search for other kinds
of organic modifier in the mobile phase, in order to increase retention times. Thus compounds 2-4, 10 and 12
were partially resolved using terr-butyl methyl ether in the mobile phase. Among them, compounds 24
achieved the complete resolution (Rs>1.5) using a longer column (25 ¢m) with the same CSP. The 25 cm-CSP
used also showed its chiral recognition ability in the resolution of compounds 1 and 5, which presented the
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beginning of separation (a=1.06) that was not detectable in the 15 cm length column. Figure 2 shows the

resolution of compound 712,

Table 1. Chromatographic results on the cellulose-derived column?.

Compounds | k't a Rs k'l a Rs K'1 a Rs k'l a Rs
1 2272 100 - {1932 100 - |2722 100 - |1062 100 -
2 1682 100 - 0872 100 - | 1428 111 - | 718 119 1.26
3 1572 100 - |2022 100 - {8262 105 - |643¢ 120 125
4 1502 100 - [198 100 - |1282 104 - |6.25¢ 114 0.93
5 1802 100 - | 1422 100 - |1902 100 - |943@ 100 -
6 111 260 571 | 1.81% 248 762|691 1.17 169 | 438> 257 613
7 123 177 286 |230% 171 383 | 134> 103 - |202b 135 143
8 0.89b 181 225|090 194 440 | >60P >60P
9 363 107 - |e610P 108 0.71 | >60b >60P
10 0362 100 - |010b 100 - [4322 100 - |1.69 116 0.83
11 0442 100 - ]012b 100 - 6412 100 - |1.63¢ 1.00 -
12 1262 100 - |054b 100 - |10728 100 - |517¢ 124 132
13 3738 182 515|096b 141 1421722 100 - | 135 164 227

Mobile hept/2-PrOH# hept/EtOH/DEA$ hep/CHCI3® hept/(BuOMe*
. a) 98:2 a) 97.5:2.5:0.1 a) 95:5 a) 95:5
phase b) 90:10 b) 95:5:0.1 b) 70:30 b) 70:30
c) 80:20

* hept: heptane; 2-PrOH: 2-propanol; EtOH: ethanol; DEA: dicthylamine; CHCI3: chloroform; tBuOMe: tert-butyl methyl ether.

UV detection: #, 230nm; §, 280 nm; ®, 254 nm. In Italic/Bold characters the best chromatographic separations for the compounds

studied.

8.612------ )7
15.262-----(-)-7
T ¥ T T ] T T L B |—I ¥ T T | T AL
5.00 10.00 15.00
Time (min)

Fig. 2 Chromatographic resolution of 7: the signal at 8.612 min corresponds to dextrorotatory enantiomer,

whereas the signal at 15.262 min corresponds to the levorotatory.
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