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ABSTRACT The HPLC enantiomeric separation of 29 racemic bridged polycyclic
compounds was examined on commercially available Chiralcel OD-H and Chiralpak
OT(1) columns. The separations were evaluated under normal-phase mode (hexane
containing mobile phase) for Chiralcel OD-H and under normal-phase as well as under
reversed-phase mode (pure MeOH, temperature 58C) for Chiralpak OT(1). Almost all
compounds were resolved either on Chiralcel OD-H or on Chiralpak OT(1), in some
cases on both. The use of trifluoroacetic acid (TFA), as modifier of the hexanic mobile
phase, had a beneficial effect on the enantioseparation of some polar and acidic com-
pounds on Chiralcel OD-H. The influence of small chemical structural modifications of
the analytes on the enantioseparation behavior is discussed. A structure–retention rela-
tionship has been observed on both stationary phases. This chromatographic evaluation
may provide some information about the chiral recognition mechanism: in the case of
Chiralcel OD-H, hydrogen bonding, p-p and distereoselective repulsive are supposed to
be the major analyte-CSP interactions. In the case of Chiralpak OT(1), a reversed-phase
enantioseparation could take place through hydrophobic interactions between the aro-
matic moiety of the analytes and the chiral propeller structure of the CSP. The synthesis
of some unknown racemic bromobenzobicyclo[2.2.1] analytes is also described.
Chirality 21:507–518, 2009. VVC 2008 Wiley-Liss, Inc.
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INTRODUCTION

Bridged polycyclic compounds are widely used in sev-
eral fields of organic chemistry.1–4 As part of our interest
in the synthesis and reactivity of phenylsulfonyl bridged
polycyclic compounds, we have recently prepared some
enantiopure bicyclo[2.2.1]ketosulfones5–7 and some bicy-
clo[2.2.1]alkyl-, alkenylsulfones,8 and bromobenzonorbor-
nadienes,9,10 as racemates.

In this study, the HPLC direct enantioseparation of the
bridged polycyclic compounds 1–25, (Figs. 1–3), using
Chiralcel OD-H11–13 (CSP1), a cellulose tris(3,5-dimethyl-
phenylcarbamate)-type CSP, and Chiralpak OT(1)14,15

(CSP2), a (1)-poly(triphenylmethylmethacrylate) [PTrMA]-
based CSP (Fig. 4), has been evaluated.

Currently, polysaccharide-based CSPs are the most
used phases for HPLC enantioseparation, because of their
versatility and durability.16 Chiralcel OD-H, in particular,
has shown excellent resolving power for a variety of race-
mates containing polar functional groups.17 Among the
synthetic polymers-based CSPs, the one-handed helical
PTrMA exhibits a high chiral recognition for chiral aro-
matic hydrocarbons devoid of polar functional groups. To

the best of our knowledge, although some enantiomeric
resolution methods have been developed for simple chiral
bicyclo[2.2.1] compounds,15,17 an extensive investigation
of a family of such compounds on CSP1 and on CSP2 has
never been reported.

This article explores the influence of the hexanic mobile
phase composition on the enantiomeric separation on
CSP1: in some cases, the use of a ternary mixture of
solvents (n-hexane/2-propanol/methanol), also containing
trifluoroacetic acid (TFA) as an additive, improves the
enantioseparation efficiency. Elutions on CSP2 have been
carried out both under normal- as well as reversed-phase
mode. The influence of the structural features of the race-
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mic analytes on the chiral separation is discussed: the
enantioselectivity (a), the enantiomeric resolution (Rs) of
the examined racemates and the capacity factor of the
first eluting peak (k1) have been calculated and com-
pared. On the basis of numerous experimental results, an
empirical recognition model, for CSP1 and CSP2, is pro-
posed that facilitates the suitable choice both of the CSP
and the mobile phase, for the examined family of race-
mates or analogs. In addition, to explore the effect of the
substituents on the enantiomeric separation, synthesis of
some new racemic compounds such as aromatic ketosul-
fone 4, tribromobenzonorbornenes 19, 20, and 23, and
dibromobenzonorbornadienes 24 and 25 was designed
and carried out.

MATERIALS AND METHODS
Chemicals

Racemic compounds [(1–3),5,6 5,18 (6, 15, 16, 18),9

(7, 10–14),8 8 (Cossu, S. personal communication), 9,7

(17, 21–22)19] were prepared according to the published
procedures. The reagents were purchased from standard
chemical suppliers and purified20 to match the reported
physical and spectral data. The solvents were dried before
use. Thin layer chromatography (TLC) was performed on

silica gel plates (Si 60, Merck, Darmstadt, Germany).
Flash chromatography was carried out on Merck silica gel
60 (40–60 lm). NMR experiments were performed on
spectrometers operating at 300 (Bruker Advance300) and
at 400 (Varian Unity 400) MHz at 1H nucleus and at 75
and 100 MHz at13C nucleus. Chemical shifts (d) are
reported in parts per million (ppm) and are referenced to
SiMe4 (0 ppm). Multiplicities are reported as broad (br),
singlet (s), doublet (d), triplet (t), quartet (q), and multiplet
(m). Coupling constants (J) are reported in Hz. Mass spec-
tra were acquired on a Hewlett Packard GC MS model
5971 spectrometer at 70 eV, coupled with a Hewlett Pack-
ard model 5890 gas chromatograph equipped with a capil-
lary column DB5 (30 m, 0.25 lm).

(1)(2)-5,8-Dimethoxy-1,4-methano-3-oxo-2-exo-
phenylsulfonyl-1,2,3,4-tetrahydronaphthalene (4)

A suspension of MeONa (0.108 g, 2 mmol) in dry THF
(10 ml) was cooled to 08C and a solution of 2,3-bis(phenyl-
sulfonyl)-1,4-dihydro-5,8-dimethoxy-1,4-methanonaphthalene9

26 (0.482 g, 1 mmol) in THF (10 ml) was slowly added.
The mixture was stirred at room temperature for 5 h, then
HCl of 6 N (2 ml) was added. The mixture was stirred for
1 h, washed with H2O, extracted with CH2Cl2 (3 3 40 ml),
dried over Na2SO4 and concentrated in vacuo. Pure sam-

Fig. 1. Structures of ketosulfones 1–4.

Fig. 2. Structures of sulfones 5–14.
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ple of ketosulfone 4 (0.262 g, 73% yield) was obtained after
purification by flash chromatography (n-hexane/AcOEt in
a 9:1 ratio): 1H NMR (400 MHz, CDCl3) d ppm: 2.32–2.39
(m, 1H, H9a), 3.07 (dt, 1H, J 5 10.4 Hz, J 5 1.6 Hz, H9s),
3.45 (d, 1H, J 5 3.2 Hz, H4), 3.92 (d, 1H, J 5 1.6 Hz, H1),
4.46 (d, 1H, J 5 1.6 Hz, H2), 6.62 (s, 1H, Ar), 6.64 (s, 1H,
Ar), 7.52–7.68, 7.80–7.99 (series of m, 5H, Ar); 13C NMR
(100 MHz, CDCl3, 6 C atoms omitted) d ppm: 41.35, 46.80,
53.14, 55.87, 56.11, 68.10, 111.52, 128.78, 128.85, 129.05,
133.97, 200.11.

(1)(2)-1,4-Dihydro-5,8-dimethoxy-1,4-methano-1,2-
exo-9-anti-tribromonaphthalene (19)

A solution of Br2 (1.28 g, 8.0 mmol, 0.4 ml) in CCl4 (5
ml) was rapidly added to a solution of 2-bromo-1,4-dihydro-
5,8-dimethoxy-1,4-methanonaphthalene 1619 (2.27 g, 8.0
mmol) in CCl4 (20 ml), stirred under argon at reflux tem-
perature. After 5 min, the solvent was removed at reduced
pressure, giving 19 (3.52 g, quantitative yield) as a chemi-
cally pure red oil: 1H NMR (400 MHz, CDCl3) d ppm: 2.35
(ddt, 1H, J 5 13.2 Hz, J 5 8.8 Hz, J 5 0.6 Hz, H3endo), 3.03
(dt, 1H, J 5 13.2 Hz, J 5 4.0 Hz, H3exo), 3.68 (ddd, 1H, J 5
4.0 Hz, J 5 1.6 Hz, J 5 0.6 Hz, H4), 3.77 (s, 3H, OMe),
3.81 (s, 3H, OMe), 4.05 (ddd, 1H, J 5 8.0 Hz, J 5 4.0 Hz, J
5 1.6 Hz, H2endo), 4.22 (dd, 1H, J 5 1.6 Hz, J 5 1.6 Hz,
H9), 6.72 (s, 1H, Ar), 6.73 (s, 1H, Ar); 13C NMR (100 MHz,
CDCl3) d ppm: 38.69, 44.48, 51.42, 55.90, 64.15, 112.15,
112.45, 129.12, 132.15, 146.78, 148.29; m/z (%): 442 (8)
[M1 1 2], 440 (9) [M1], 361 (13), 253 (92), 201 (29), 171
(24), 115 (31), 97 (58), 69 (67), 57 (100).

(1)(2)-1,4-Dihydro-1,9-anti-dibromo-5,8-dimethoxy-
1,4-methanonaphthalene (24)

A solution of 19 (3.52 g, 8.0 mmol) in THF (15 ml),
stirred under argon at room temperature, was treated with

a solution of t-BuOK (2.69 g, 24 mmol) in the same solvent
(20 ml). The resulting brown mixture was then stirred at
reflux temperature for additional 3 h. After the mixture
had cooled to room temperature, the solvent was removed
under reduced pressure and the residue was diluted with
Et2O (50 ml). The organic phase was washed with H2O (3
3 50 ml) and brine (2 3 30 ml), dried (MgSO4) and con-
centrated under reduced pressure. The residue was puri-
fied by flash chromatography (petroleum ether/AcOEt in
a 9.5:0.5 ratio) (2.30 g, 80% yield): 1H NMR (400 MHz,
CDCl3) d ppm: 3.78 (s, 3H, OMe), 3.81 (s, 3H, OMe), 4.31
(ddd, 1H, J 5 3.2 Hz, J 5 1.2 Hz, J 5 0.8 Hz, H4), 4.53 (dt,
1H, J 5 1.2 Hz, J 5 0.8 Hz, H9), 6.61 (dt, 1H, J 5 5.2 Hz, J
5 0.8 Hz, H2), 6.64 (s, 2H, Ar), 6.66 (s, 2H, Ar), 6.69 (ddd,
1H, J 5 5.2 Hz, J 5 3.2 Hz, J 5 0.8 Hz, H3);

13C NMR (100
MHz, CDCl3) d ppm: 51.60, 56.00, 57.08, 66.15, 82.09,
111.21, 112.91, 133.14, 134.56, 139.86, 142.76, 147.75,
149.27; m/z (%): 362 (5) [M1 1 4], 360 (10) [M1 1 2],
358 (5) [M1], 279 (98), 249 (34), 171 (73), 114 (42), 97
(63), 69 (75), 55 (100).

(1)(2)-1,4-Dihydro-6,7-dimethoxy-1,4-methano-
1,2-exo-9-anti-tribromonaphthalene (20)

A solution of Br2 (0.30 g, 1.9 mmol, 0.1 ml) in CCl4 (3
ml) was rapidly added to a solution of 2-bromo-1,4-dihydro-

Fig. 4. Structures of CSP1 and CSP2.

Fig. 3. Structures of bromobenzobicyclo[2.2.1] derivatives 15–25.
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6,7-dimethoxy-1,4-methanonaphthalene 1719 (0.53 g, 1.9
mmol) in CCl4 (10 ml), stirred under argon at reflux tem-
perature. After 5 min, the solvent was removed under
reduced pressure, furnishing 20 (0.75 g, 90% yield) as a
white solid: 1H NMR (400 MHz, CDCl3) d ppm: 2.34 (ddt,
1H, J 5 13.2 Hz, J 5 8.0 Hz, J 5 1.2 Hz, H3endo), 3.04 (dt,
1H, J 5 13.2 Hz, J 5 4.4 Hz, H3exo), 3.42–3.47 (m, 1H, H4),
3.87 (s, 3H, OMe), 3.85–3.92 (m, 1H, H2endo), 3.90 (s, 3H,
OMe), 4.22 (dd, 1H, J 5 2.8 Hz, J 5 1.2 Hz, H9), 6.75 (s,
1H, Ar), 6.99 (s, 1H, Ar); 13C NMR (100 MHz, CDCl3) d
ppm: 39.09, 48.44, 51.66, 56.25, 62.66, 69.01, 105.09,
105.82, 133.96, 134.38, 148.90, 149.76.

(1)(2)-1,4-Dihydro-6,7-dimethoxy-1,4-methano-
2,2,3-endo-tribromonaphthalene (23)

A CCl4 (5 ml) solution of compound 17 (0.280 g, 1
mmol) and CBrCl2CBrCl2 (0.48 g, 1.5 mmol) was irradi-
ated with a 250 W halogen lamp, for 3 h at reflux tempera-
ture, while stirring. The solvent was removed at reduced
pressure and the residue was purified by flash chromatog-
raphy (petroleum ether/AcOEt in a 9:1 ratio). An exo/endo
mixture of 23 was obtained (0.167 g, 38% yield). A pure
analytical sample of endo-tribromo derivative 23 (12 mg)
was obtained after purification by flash chromatography,
under the reported conditions: 3-exo-23 1H NMR (400
MHz, CDCl3) d ppm: 2.21 (ddt, 1H, J 5 10.0 Hz, J 5 2.8
Hz, J 5 1.6 Hz, H9), 2.71 (dt, 1H, J 5 10.0 Hz, J 5 1.6 Hz,
H9), 3.49 (t, 1H, J 5 1.6 Hz, H4), 3.85 (s, 3H, OMe), 3.86
(s, 3H, OMe), 4.04 (t, 1H, J 5 1.6 Hz, H1), 4.39 (d, 1H, J 5
2.8 Hz, H3), 6.81 (s, 1H, Ar), 6.95 (s, 1H, Ar); 3-endo-23 1H
NMR (400 MHz, CDCl3) d ppm: 2.31 (dt, 1H, J 5 10.4 Hz,
J 5 1.6 Hz, H9), 2.61 (dt, 1H, J 5 10.4 Hz, J 5 1.6 Hz, H9),
3.51 (dd, 1H, J 5 3.6 Hz, J 5 1.6 Hz, H4), 3.84 (s, 6H,
OMe), 4.05 (t, 1H, J 5 1.6 Hz, H1), 5.29 (d, 1H, J 5 3.6 Hz,
H3), 6.82 (s, 1H, Ar), 6.90 (s, 1H, Ar); endo/exo mixture of
isomers 13C NMR (100 MHz, CDCl3) d ppm: 46.11, 47.04,
52.29, 55.29, 56.02, 56.17, 64.63, 65.04, 69.70, 69.94, 105.25,
108.27, 108.68, 109.07, 134.25, 135.09, 135.49, 136.42,
147.99, 148.11, 148.21, 148.92.

(1)(2)-1,9-anti-Dibromo-1,4-dihydro-6,7-dimethoxy-
1,4-methanonaphthalene (25)

A solution of 1,4-dihydro-6,7-dimethoxy-1,4-methano-
2,2,3-endo-tribromonaphthalene 23 as mixture of exo/endo
isomers (0.750 g, 1.7 mmol) in THF (10 ml), stirred under
argon at room temperature, was treated with a solution of
t-BuOK (0.570 g, 5.1 mmol) in the same solvent (20 ml).
The resulting brown mixture was then stirred at reflux
temperature for additional 3 h. After the mixture had
cooled to room temperature, the solvent was removed
under reduced pressure and the residue was diluted with
Et2O (50 ml). The organic phase was washed with H2O (3
3 50 ml) and brine (2 3 30 ml), dried (MgSO4) and con-
centrated under reduced pressure. The residue was puri-
fied by flash chromatography (petroleum ether/AcOEt in
a 9.5:0.5 ratio) (0.275 g, 45% yield): 1H NMR (400 MHz,
CDCl3) d ppm: 3.86 (s, 3H, OMe), 3.91 (s, 3H, OMe), 4.07
(ddd, 1H, J 5 3.2 Hz, J 5 1.2 Hz, J 5 0.8 Hz, H4), 4.45 (dt,

1H, J 5 1.2 Hz, J 5 0.8 Hz, H9), 6.55 (dt, 1H, J 5 6.0 Hz, J
5 0.8 Hz, H2), 6.71 (ddd, 1H, J 5 6.0 Hz, J 5 3.2 Hz, J 5
0.8 Hz, H3), 6.88 (s, 1H, Ar), 7.05 (s, 1H, Ar). m/z (%) 5
358 (4) [M1], 360 (8) [M1 1 2], 362 (4) [M1. 1 4], 279
(100), 281 (98), 263 (6), 235 (19), 157 (13), 114 (27),
57 (21).

Chromatography

An HPLC system Shimadzu LC-10AT Vp, equipped with
a Shimadzu 20 ll sample loop, an UV-Vis Shimadzu SPD-
10A Vp spectrophotometric detector operating at 254 nm
and a Millenium for Windows 95 integrator, was
employed. Chiralcel OD-H (250 mm 3 4.6 mm) (5 lm)
(cellulose tris-3,5-dimethylphenylcarbamate) (CSP1) and
Chiralpak OT(1) (250 mm 3 4.6 mm) (10 lm) {(1)-poly
(triphenylmethylmethacrylate) [PTrMA]} (CSP2) coated
on silica gel (Daicel, Tokyo, Japan) were used. Analyses
were performed in isocratic mode. HPLC-grade solvents
were supplied by Fluka (Switzerland) and by Riedel de
Haën (Seelze, Germany). Trifluoroacetic acid (TFA) was
purchased from Fluka (Switzerland). n-Hexane 100%, n-
hexane/2-propanol 5 90/10, n-hexane/2-propanol/metha-
nol 5 91/6/3 or n-hexane/2-propanol/methanol 5 91/6/3
(with 0.1% of trifluoroacetic acid) on Chiralcel OD-H and
methanol 100% or n-hexane/2-propanol 5 90/10 on Chiral-
pak OT(1) were used as mobile phases and were
prepared in a volume/volume relation and degassed under
He flow before use. Chromatographic resolutions were
performed at 258C, if not otherwise specified. The reten-
tion factor (k) was determined as k 5 (tR 2 t0)/t0, where
tR is the retention time for the eluted enantiomeric com-
pound. The enantioselectivity factor (a) was calculated as
a 5 k2/k1. The enantiomeric resolution factor (Rs) was
determined as 2(tR2 2 tR1)/(W1 1 W2) where tR and W are
the retention time and the basewidth of peak of the eluted
enantiomer, respectively. The peak of the solvent front
was considered to be equal to the dead time (t0), which
was taken from each run. For ketosulfones 1, 2, and 3,
the absolute configuration and the sign of the optical rota-
tion were confirmed by injecting pure enantiomers of
known configuration. The eluted samples of ketosulfones
1, 2, and 3 consist in an endo/exo epimeric mixture. In
fact, in the stereoselective desymmetrization of the corre-
sponding bis(phenylsulfonyl)alkenes, enantiopure ketosul-
fones are synthesized as epimeric mixtures,5–7 which can
be conveniently resolved in a single elution.

RESULTS AND DISCUSSION
Synthesis of Ketosulfone 4

Racemic ketosulfones 1–4 were synthesized as reported
elsewhere.5,21 For our purpose, the hitherto unknown
compound 4 features an interesting structure for our pur-
pose, because of the aromatic p-basic moiety which bears
two methoxy groups at 5 and 8 positions. As shown in
Scheme 1, the Michael addition of two equivalents of alco-
holate to 2,3-bis(phenylsulfonyl)-5,8-dimethoxybenzonor-
bornadiene 26 furnishes an intermediate mixture of the
corresponding enolether (i) and ketal (ii) (Scheme 1)
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which was directly treated with HCl of 6 N at room tem-
perature to obtain the racemic ketosulfone 4 (73% yield).

Bromination of Dimethoxybenzonorbornadiene
Derivatives: Synthesis of Analytes 19, 20, 23–25

Compounds 19, 20, 23, 24, and 25, bearing bromine
substituents at the 3-endo, bridgehead and anti methane-
bridge positions, respectively, were designed and pre-
pared by a properly conceived synthesis. Our goal was to
estimate the influence of the enhanced steric hindrance on
the enantiomeric separation. A careful evaluation of the
mechanisms regulating the bromination processes of
bridged polymeric alkenes,22–24 allowed us to prepare
compounds 19, 20, 24, and 25: bromination was carried
out under conditions which favor the formation of Wagner-
Meerwein rearranged products, through the interme-
diancy of nonclassical carbocations. In the case of 2-
bromo-5,8-dimethoxybenzonorbornadiene 16, the reaction
with bromine in CCl4 at reflux temperature provided the
desired rearranged 1,2,9-tribromo derivative 19 in quanti-
tative yield. Derivatives 19 was then dehydrobrominated
by treating it with t-BuOK in refluxing THF to afford the
dibromo derivatives 24 (80% yield) (Scheme 2).

Under free-radical conditions (250 W halogen light),
the bromination of 2-bromo-6,7-benzonorbornadiene 17
(Scheme 3) was performed using 1,2-dibromotetrachloro-
ethane in CCl4 solution, affording tribromo derivatives 23,
as an endo/exo mixture (38% yield).

As shown in Scheme 3, the reaction of 17 with a CCl4
solution of bromine leads to the formation of 20 which,
upon treatment with t-BuOK in refluxing THF, furnishes
25 (45% yield).

Chromatographic Screening

The results obtained on CSP1 and CSP2 are given in
Tables 1–3. The systematic chromatographic pool of
analyses are divided in three sets of experiments, involv-
ing ketosulfones 1–4 (Table 1), sulfones 5–14 (Table
2), and bromobenzobicyclo[2.2.1] derivatives 15–25
(Table 3), respectively. Ketosulfones 3a, 3b, and 4, bis-
(sulfone) 5, sulfones 7, 8, 9, and 10a, and bromoderiva-
tives 17, 19, 20, and 23 were analyzed only on CSP1.
Sulfone 13 and bromoderivative 18 were analyzed only
on CSP2. The remaining compounds were tested both
on CSP1 and on CSP2. Twenty-three of 29 screened
compounds showed selectivity values equal or above 1.2
and enantioresolution values equal or above 1.0. Ketosul-
fones 3a, 3b, and 4, bis(sulfone) 5, sulfone 10a, and
bromoderivatives 16, 17, 19, 22, 23, 24, and 25,
which contain polar functional groups in the polycyclic
skeleton, gave good selectivity on CSP1 using hexane-
based mobile phases. Sulfones 10b, 12, 13, and 14,
bromoderivatives 15, 18, and 21 are less polar and
were satisfactorily separated on CSP2 eluting with meth-
anol. Only two compounds, 7 (Table 2, entry 25) and 20
(Table 3, entry 45), were unresolved both on CSP1 and
on CSP2.

Influence of the Mobile Phases on the Enantioseparation
and the Enantioresolution

As reported,17 a mixture of n-hexane/2-propanol 5 90/
10 is the most recommended eluent, suitable to achieve ef-
ficient separation on CSP1: in fact, good enantioselectivity
and resolution factor (a 5 1.2, Rs 5 2.0) (Table 1, entry 1)
were obtained for ketosulfone 1a. In this study, the type

Scheme 1. Synthesis of ketosulfone 4.

Scheme 2. The bromination-dehydrobromination of 16.
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and the percentage of alcoholic modifier in the mobile
phase were varied in order to optimize the efficiency of
the analyses. The use of methanol as the alcoholic modi-
fier favors the solubility of samples and enhances the po-
larity of the mobile phase, by weakening the hydrogen
bonds. Moreover, the addition of TFA (0.1%), as acidic
modifier of the mobile phase, usually contributes to an
increase of the peak resolution for compounds containing
active hydrogens.11 High retention factors and a slight
increase in resolution (k1 5 8.5, Rs 5 2.3) (entry 2) were
observed for ketosulfone 1a when a ternary n-hexane/2-

propanol/methanol mobile phase containing a 3% v/v in
methanol was used. An improved enantioselectivity and re-
solution (a 5 1.3, Rs 5 2.9) (entry 3) were observed when
0.1% TFA was added to the ternary mobile phase. Under
these conditions, the retention factor substantially
decreases (k1 5 4.9). In the case of ketosulfone 1b
(entries 6, 7 and 8), the use of methanol and TFA does not
influence the enantioselectivity and the resolution values,
but only contributes to a decrease of the retention factor
(k1 5 3.2 versus 4.8). These results seem to suggest
greater hydrogen bond ability for 1a than 1b (Fig. 5).

Scheme 3. The bromination-dehydrobromination of 17.

TABLE 1. HPLC behavior of the racemic compounds 1–4 on CSP1 and/or CSP2

Entry Compounds CSPs Mobile phasea,b FRc tR1 (min) tR2 (min) k1
d ae Rs

1 1a 1 Hex:IPA (90:10) 0.8 25.2 (2) 29.9 (1) 5.5 1.2 2.0
2 1a 1 Hex:IPA:MeOH (91:6:3) 0.8 36.7 (2) 44.3 (1) 8.5 1.2 2.3
3 1a 1 Hex:IPA:MeOH (91:6:3) with 0.1% TFA 0.8 22.9 (2) 27.9 (1) 4.9 1.3 2.9
4 1a 2 Hex:IPA (90:10) 0.5 29.7 (2) 50.9 (1) 3.4 1.9 4.3
5 1a 2 MeOH 100% 0.7 11.3 (2) 39.8 (1) 2.2 4.7 9.2
6 1b 1 Hex:IPA (90:10) 0.8 17.1 (1) 19.9 (2) 3.4 1.2 2.1
7 1b 1 Hex:IPA:MeOH (91:6:3) 0.8 22.4 (1) 26.3 (2) 4.8 1.2 2.0
8 1b 1 Hex:IPA:MeOH (91:6:3) with 0.1% TFA 0.8 16.2 (1) 18.4 (2) 3.2 1.2 2.0
9 1b 2 Hex:IPA (90:10) 0.5 33.9 (2) 43.3 (1) 4.0 1.3 3.0

10 1b 2 MeOH 100% 0.7 11.3 (2) 15.6 (1) 2.2 1.5 2.8
11 2a 1 Hex:IPA:MeOH (91:6:3) 0.8 34.8 (1) 38.8 (2) 8.0 1.1 1.4
12 2a 2 Hex:IPA (90:10) 0.5 30.4 (2) 42.2 (1) 3.5 1.5 4.2
13 2a 2 MeOH 100% 0.7 14.4 (1) 16.8 (2) 3.1 1.2
14 2b 1 Hex:IPA:MeOH (91:6:3) 0.8 26.3 5.8 NSf

15 2b 2 Hex:IPA (90:10) 0.5 34.6 (1) 49.7 (2) 4.1 1.5 3.9
16 2b 2 MeOH 100% 0.7 13.2 (2) 23.0 (1) 2.8 2.0
17 3a 1 Hex:IPA:MeOH (91:6:3) 0.8 22.0 (1) 24.6 (2) 4.7 1.1 1.0
18 3a 1 Hex:IPA:MeOH (91:6:3) with 0.1% TFA 0.8 13.9 (1) 16.2 (2) 2.6 1.2 1.8
19 3b 1 Hex:IPA:MeOH (91:6:3) 0.8 40.7 (2) 59.0 (1) 9.5 1.5 3.1
20 3b 1 Hex:IPA:MeOH (91:6:3) with 0.1% TFA 0.8 21.3 (2) 23.7 (1) 4.5 1.1 1.5
21 4 1 Hex:IPA:MeOH (91:6:3) with 0.1% TFA 0.8 18.6 25.1 3.8 1.4 3.2

aHex, hexane; IPA, 2-propanol; MeOH, methanol; TFA, trifluoroacetic acid.
bAnalyses on CSP2, using pure MeOH as eluant, were performed at 58C.
cFlow rate (ml/min); FR 5 0.8, t0 5 3.9 min for OD-II column; FR 5 0.5, t0 5 6.8 min; FR 5 0.7, t0 5 3.5 min for OT(1) column.
dRetention factor of the first-eluted enantiomer.
eSeparation factor.
fNot separated.
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The use of TFA improves both the enantioselectivity
and the enantioresolution (a 5 1.2 vs. 1.1, Rs 5 1.8 vs.
1.0) for compound 3a (entries 17 and 18) whereas, for
compoud 3b, it substantially decreases the retention factor
(k1 5 4.5 vs. 9.5), while still providing acceptable enantio-
separation parameters (a 5 1.1, Rs 5 1.5) (entries 19 and
20). The less polar ketosulfones 2a and 2b have been bet-

ter separated on CSP2, eluting with methanol (58C) (Table
1, entries 13 and 16), as well as with n-hexane/2-propanol
5 90/10 (258C) (entries 12 and 15). Under the same con-
ditions, ketosulfones 1a and 1b have been also separated
(entries 4, 5, 9, and 10). The use of methanol as eluent on
CSP2 increases the solubility of the samples. In addition, it
offers the possibility of an alternative chiral recognition

TABLE 2. HPLC behavior of the racemic compounds 5–14 on CSP1 and/or CSP2

Entry Compounds CSPs Mobile phasea,b FRc tR1 (min) tR2 (min) k1
d ae Rs

22 5 1 Hex:IPA:MeOH (91:6:3) 0.8 34.7 43.2 8.0 1.3 2.4
23 6 1 Hex:IPA:MeOH (91:6:3) 0.8 14.8 15.5 2.8 1.1 0.6
24 6 2 MeOH 100% 0.7 8.3 8.6 1.4 1.1 0.2
25 7 1 Hex:IPA (90:10) 0.5 15.7 1.3 NSf

26 8 1 Hex:IPA (90:10) 0.8 20.0 21.1 4.2 1.1 0.7
27 9 1 Hex:IPA (90:10) 0.8 26.5 29.2 5.8 1.1 1.0
28 10a 1 Hex:IPA:MeOH (91:6:3) 0.8 10.5 11.6 1.7 1.2 1.1
29 10b 1 Hex:IPA:MeOH (91:6:3) 0.8 9.2 9.6 1.4 1.1 0.6
30 10b 2 MeOH 100% 0.5 12.7 17.0 2.2 1.5 2.5
31 11 1 Hex:IPA:MeOH (91:6:3) 0.8 8.1 8.6 1.1 1.1 0.8
32 11 2 MeOH 100% 0.5 13.8 15.7 2.5 1.2 0.9
33 12 1 Hex:IPA:MeOH (91:6:3) 0.8 8.7 8.9 1.2 1.0 0.3
34 12 2 MeOH 100% 0.5 10.0 11.0 1.5 1.2 1.0
35 13 2 MeOH 100% 0.5 10.9 13.0 1.8 1.3 1.2
36 14 1 Hex:IPA:MeOH (91:6:3) 0.8 6.7 0.7 NSf

37 14 2 MeOH 100% 0.5 12.0 13.7 2.0 1.2 1.1

aHex, hexane; IPA, 2-propanol; MeOH, methanol; TFA, trifluoroacetic acid.
bAnalyses on CSP2, using pure MeOH as eluant, were performed at 58C.
cFlow rate (ml/min); FR 5 0.8, t0 5 3.9 min; FR 5 0.5, t0 5 6.8 min for OD-H column; FR 5 0.5, t0 5 3.9 min; FR 5 0.7, t0 5 3.5 min for OT(1)
column.
dRetention factor of the first-eluted enantiomer.
eSeparation factor.
fNot separated.

TABLE 3. HPLC behavior of the racemic compounds 15–25 on CSP1 and/or CSP2

Entry Compounds CSPs Mobile phasea,b FRc tR1 (min) tR2 (min) k1
d ae Rs

38 15 1 Hexane 100% 0.4 14.9 15.3 0.5 1.1 0.5
39 15 2 MeOH 100% 0.5 9.5 11.7 1.4 1.4 1.9
40 16 1 Hexane 100% 1.0 27.3 44.4 5.5 1.7 3.0
41 16 2 MeOH 100% 0.5 11.0 12.0 1.8 1.2 1.0
42 17 1 Hexane 100% 1.0 28.6 46.5 5.8 1.7 3.5
43 18 2 MeOH 100% 0.5 14.3 20.0 2.6 1.5 3.6
44 19 1 Hex:IPA (90:10) 0.8 7.1 9.8 0.8 1.8 2.9
45 20 1 Hex:IPA (90:10) 0.8 10.5 1.7 NSf

46 21 1 Hexane 100% 0.4 11.1 11.9 0.1 1.6 0.8
47 21 2 MeOH 100% 0.5 9.2 12.0 1.3 1.5 2.7
48 22 1 Hexane 100% 1.0 12.1 14.9 1.9 1.4 1.9
49 22 2 MeOH 100% 0.5 11.5 12.1 1.9 1.1 0.4
50 23 1 Hex:IPA (90:10) 0.8 9.0 9.9 1.3 1.2 1.1
51 24 1 Hex:IPA (90:10) 0.8 6.7 8.2 0.7 1.5 2.7
52 24 2 MeOH 100% 0.5 10.4 11.3 1.6 1.1 1.0
53 25 1 Hex:IPA (90:10) 0.8 8.3 9.4 1.1 1.3 2.0
54 25 2 MeOH 100% 0.5 9.8 10.5 1.5 1.1 0.9

aHex, hexane; IPA, 2-propanol; MeOH, methanol; TFA, trifluoroacetic acid.
bAnalyses on CSP2, using pure MeOH as eluant, were performed at 58C.
cFlow rate (ml/min); FR 5 0.4, t0 5 9.7 min; FR 5 0.8, t0 5 3.9 min; FR 5 1.0, t0 5 4.2 for OD-H column; FR 5 0.5, t0 5 3.9 min for OT(1) column.
dRetention factor of the first-eluted enantiomer.
eSeparation factor.
fNot separated.
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mechanism. In fact, compounds 2a/2b show reversed elu-
tion order in hexanic mobile phase, compared to what
observed in methanol. Moreover, it is to be noted the high
enantioselectivity (a 5 4.7) and the enantioresolution (Rs

5 9.2) values obtained for ketosulfone 1a on CSP2 using
methanol as eluent (entry 5). By adding TFA to the ter-
nary mobile phase, ketosulfone 4 has been enantiosepa-
rated on CSP1 with good enantioselectivity (a 5 1.4) and
high enantioresolution (Rs 5 3.2), showing, in addition, a
suitable retention factor (k1 5 3.8) (entry 21).

Compounds of Table 2 were tested on CSP1 using
either n-hexane 100% or n-hexane/2-propanol 5 90/10 or
n-hexane/2-propanol/methanol 5 91/6/3. Bis(sulfone)
5 (entry 22) and alkenylsulfone 10a (entry 28) are well
enantioseparated employing n-hexane/2-propanol/metha-
nol 5 91/6/3. Under these or similar conditions, 2-phenyl-
sulfonylbenzonorbornadiene 6 is partially separated (a 5
1.1, Rs 5 0.6) (entry 23), as well as on CSP2 eluting with
methanol at 58C (entry 24). CSP2 (eluent methanol, 58C)
afforded good enantioseparation for alkenylsulfone 10b (a
5 1.5) (entry 29), whereas a poorer enantioselectivity was
obtained on CSP1 (a 5 1.1) (entry 28). Also sulfones 11–
14 are better separated on CSP2 (eluent methanol, 5 8C)
than on CSP1 in hexane containing mobile phase. For sul-
fone 11, which was not well separated on CSP1 (entry
31), a good selectivity (a 5 1.2) did not yield high resolu-
tion on CSP2, showing, in fact, Rs 5 0.9 (entry 32). The
use of n-hexane/2-propanol/methanol 5 91/6/3 on CSP1
did not afford the enantioseparation of heterobromosul-
fones 8 and 9. These compounds were well retained on
the polysaccharide stationary phase [k1 (8) 5 4.2; k1 (9)
5 5.8] but, when using n-hexane/2-propanol 5 90/10,
showed poor enantioselectivity (a 5 1.1). Bromosulfone 7
was unseparated under the reported conditions (entry 25).
The use of the hexane containing mobile phase on CSP2
gave no resolution for the sulfones reported in Table 2.

CSP1 and CSP2 exhibit complementary features
towards bromoderivatives 15–19 and 21–25, which are
well separated both on CSP1 and on CSP2, respectively
under n-hexane or n-hexane/2-propanol 5 90/10 and
methanol (see details in Table 3). Nevertheless, separation
of tribromodimethoxybenzonorbornene 20 was unsuc-
cessful. On CSP1, the ternary mobile phase n-hexane/2-
propanol/methanol 5 91/6/3 is unsuitable for the less po-
lar compounds of Table 3. A poor enantioseparation and/
or enantioresolution were achieved on CSP1 only by using
n-hexane 100% at low flow rate (0.4 ml/min) for bromode-
rivatives 15 (a 5 1.0, Rs 5 0.5) (entry 38) and 21 (a 5
1.6, Rs 5 0.8) (entry 46). The low values of the retention
factors suggest that the compounds 15 (k1 5 0.5) and 21
(k1 5 0.1) scarcely interact with the polysaccharide sta-
tionary phase (Fig. 6).

Nonpolar compounds 15 and 21 are better resolved on
CSP2 when eluting with methanol (entries 39 and 47). On
the contrary, the corresponding 5,8-dimethoxy derivatives
16 and 22 are better resolved on CSP1 in hexane contain-
ing mobile phase (entries 40 and 48) and show, on CSP2,
low enantioselectivity and enantioresolution (entries 41
and 49). The enantioseparation of dibromo and tribromo
derivatives 19, 23, 24, and 25 was achieved on CSP1 by

using n-hexane/2-propanol 5 90/10 (pure hexane was
unsuitable, showing scarce solvent ability for this class of
compounds). In fact, this class of racemates was better
resolved on CSP1 as compared to methanol elution on
CSP2. The use of hexane containing mobile phase on
CSP2 gave no resolution for these bromoderivatives.

Influence of the Structure of Analytes on
Chromatographic Separation

Chiral recognition plays a relevant role in the field of
enantioseparation. For liquid chromatography, the mecha-
nism for the chiral recognition on CSPs can be clarified by
means of chromatography, NMR spectroscopy, X-ray analy-
sis, and computational methods.16 In the case of polymeric
stationary phases, such as CSP1 and CSP2, it is difficult to
evaluate a precise recognition mechanism because chiral
polymers have very complex structures. The wealth of chro-
matographic data collected for compounds 1–25 has been
used to understand the nature of the interactions between
such compounds and CSP1 and CSP2: the impact of small
modifications within the fixed carbon skeleton (Fig. 7) of
bicyclo[2.2.x] (x 5 1,2) and benzobicyclo[2.2.1] derivatives
on the separation behavior has been investigated.

CSP1

It is well known that CSP1 has a left-handed 3/2-helical
conformation with the glucose units regularly disposed
along the helical axis. As reported by Okamoto et al.,16 the
chiral helical groove with its polar carbamate groups is
preferably located inside whereas the hydrophobic aro-
matic groups are placed on outside the polymer chain. Po-
lar enantiomers may predominantly interact with the car-
bamate residues in the groove through the formation of
hydrogen bonds or other polar interactions. These interac-
tions seem to be important for chiral discrimination, espe-
cially in normal-phase HPLC. In addition, the p-p interac-
tions25 between the phenyl groups of the stationary phase
and the aromatic groups of the analyte may play a role,
because several nonpolar aromatic compounds have also
been resolved.12

On the basis of these considerations, it may be sug-
gested that the CSP1 interacts with the polar functional
groups located on the bridged polycyclic skeleton, as
shown in Figure 8. Ketosulfones 1, 3–4, which are
resolved as well on CSP1, contain functional groups ame-
nable to similar interactions.

Fig. 5. Chromatogram of racemic compounds 1a/1b 5 70:30 on
CSP1, k 254 nm; mobile phase: n-hexane/IPA/MeOH 5 91/6/3 (0.1%
TFA); flow rate 0.8 ml/min.
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In the 2-phenylsulfonylbicyclo[2.2.1] series, it is likely
that a strong hydrogen bond interaction between the ke-
tone moiety at the C3 and the carbamate group of the
CSP1 contributes to the efficient separation. In fact, substi-
tution of the O atom of the ketone moiety with a methyl-
ene (10a) or a methyl group (12), which imparts less po-
larity to the C3 position, leads to a decrease of both enan-
tioselectivity and enantioresolution. Moreover, analytes
10a and 12, which do not bear the ketone moiety, inter-
act weakly with the CSP1, as inferred from the comparison
of the retention factor values [k1(1a) 5 8.5 vs. k1(10a) 5
1.7 and k1(12) 5 1.2]. Failure to separate compound 7
might be ascribed to the enhanced steric hindrance at the
C2 and C3 positions brought about by the bulky tolylsul-
fonyl and Br substituents. Furthermore, it is to be noted
that the exocyclic double bond of compound 10a interacts
with the stationary phase more efficiently than the endocy-
clic 2,3-double bond of derivative 12. In a similar fashion
compounds such as 10b, 11–14, which possess an alke-
nyl or an alkyl substituent at C3, are not well separated on
CSP1. This trend can also be observed in the case of 6
and 4, in which the substituents at C3 are hydrogen atom
and a ketone moiety, respectively.

The sulfonyl aromatic group of selectands may interact
only with the hydrophobic 3,5-(dimethyl) substituted aro-
matic rings of CSP1 located outside the polymer chain. In
this region the CSP1 exhibits poorer chiral recognition
ability. In fact, we have found that racemic aromatic poly-
cyclic hydrocarbons are better resolved with a different
chiral stationary phase such as the Chiralpak OT(1).
Rather, the phenylsulfonyl functionality seems to contrib-
ute to the interaction between analytes and the polysaccha-
ride-based CSP [k1(4) 5 3.8, a 5 1.4 vs. k1(6) 5 2.8, a 5
1.1]. This is also evident in the chromatographic behavior

of 5, which presents two vicinal phenylsulfonyl groups
and two additional aromatic nuclei at the apical zone. In
fact, although retained as 1a [k1(5) 5 8.0, k1(1a) 58.5],
the bis(sulfone) 5 shows only a slight increase both of se-
lectivity and resolution.

Furthermore, the presence of an heteroatom on the api-
cal position of bicyclo[2.2.1] structures (8 and 9 vs. 7)
increases the retention factor without affecting a and Rs

values positively.
The stereochemistry of the phenylsulfonyl group

located at C2 of the bicyclo[2.2.1] skeleton also plays a
role, as can be seen by comparing the different chromato-
graphic behavior of the endo (a) and exo (b) isomers (see

Fig. 7. Fixed skeletons of racemates 1–25.

Fig. 6. Chromatograms of compounds 15 and 21 on CSP1 and CSP2, k 254 nm. (A) 15, CSP1, n-hexane 5 100%, flow rate 0.4 ml/min; (B) 15,
CSP2, MeOH 5 100%, flow rate 0.5 ml/min; (C) 21, CSP1, n-hexane 5 100%, flow rate 0.4 ml/min; (D) 21, CSP2, MeOH 5 100%, flow rate 0.5 ml/min.
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data of Table 1). In fact, epimers a are more retained and
better separated than the corresponding epimers b. The
stereochemistry of the phenylsulfonyl group may influ-
ence the polarity of the ketone, changing its interaction
ability. Methanol and TFA, when added to the mobile
phase, respectively decrease the hydrogen bonding ability
of the carbonyl functionality and weaken the adsorption of
the racemic ketosulfone on the silica gel used as the sup-
port of the polymeric selector. These effects are more evi-
dent for 1a than for 1b, suggesting that the ketone moiety
of the exo epimer is less prone to interact with the station-
ary phase.

In the series of exo bicyclo[2.2.1] ketosulfones, the na-
ture of the C5-C6 moiety plays a pivotal role. Enhanced se-
lectivity and resolution were observed for 4 on CSP1,
because of the presence of the p-dimethoxyaryl group,
which formally replaces the double bond of 1b. In 2b, the
lack of the double bond between C5 and C6 induces a
drop of selectivity. The role of the p-electron density at C5
and C6 which proved to be crucial inside the chiral recog-
nition process involving exo ketosulfones and the chiral
sites of the stationary phase is self-evident. The chromato-
graphic data, reported in Table 1, seem to suggest that, on
the other hand, in the endo enantiomers only the ketone
and the phenylsulfonyl functionalities are involved in the
interaction with the stationary phase. On the basis of these
considerations, it is suggested that the endo enantiomer
might interact with the polar carbamate groups of the
CSP1 helical groove through a ‘‘side’’ approach (Fig. 9A),
in which the C5-C6 moiety scarcely contributes to reten-
tion and enantiodiscrimination. In the exo enantiomer,
instead, an ‘‘endo-face’’ approach (Fig. 9B) might better
play a role in the chiral recognition.

The chromatographic behavior of compound 3 shows
that the bicyclo[2.2.2] and the bicyclo[2.2.1] skeletons ori-

ent themselves differently in the chiral enviroment of the
CSP1. Probably, the enhanced steric hindrance onto the
exo face changes the bond angles of the bicyclo[2.2.2]
system, thus modifying all steric relationships.

The elution order of the enantiomers of 1, 2, and 3 has
been determined, as shown in Table 1. Computational
studies are in progress to rationalize these results.

It was difficult to resolve chiral aromatic bromoderiva-
tives 15 and 18 by using CSP1. These bromo-substituted
compounds contain only an aromatic functionality which is
able to weakly interact with the stationary phase. Also
compound 21, which contains the nonpolar trimethyl-
stannyl group at C3, has been partially resolved. Di-
methoxy derivative 22, 16, and 17 are well enantioseparated
with pure hexane. The mutual position of the two methoxy
groups on the aromatic ring does not affect the chromato-
graphic behaviour of bromoderivatives 16 and 17. The
comparison of chromatographic parameters of compounds
15 and 16 with those of the corresponding bromostannyl
derivatives 21 and 22 respectively is helpful to under-
stand the role of the trimethylstannyl group inside the rec-
ognition process. In fact, the bulky trimethylstannyl group
decreases the retention ability of compound 21 on the
CSP1. On the other hand, the Me3Sn-moiety may exert a
selective repulsive interaction with the stationary phase,
thus increasing the enantioselectivity and the enantioreso-
lution. These findings suggest that the bromobenzonor-
bornadiene structure approaches the stationary phase by
the endo face (Fig. 10), involving not only a strong interac-
tion with the aromatic ring but also a moderate interaction
with the 2,3-double bond. On the contrary if a ‘‘side’’
approach takes place, aforementioned effects related to
the Me3Sn-moiety would not be observed.

The dibromo and tribromo derivatives 19, 20, 23, 24,
and 25, eluted using hexane/2-propanol 5 90/10, are
poor retained on CSP1. Among these, compounds 23,
which presents two endo-bromo substituents, is the poorer
enantioseparated (a 5 1.2, Rs 5 2.1) (Table 3, entry 49),
thus confirming that the postulated ‘‘endo face’’ approach
of the analytes to the stationary phases is operative.

CSP2

Chiralpak OT(1) is the first commercialized CSP derived
from a synthetic chiral polymer. In particular, CSP2 is able
to resolve compounds lacking polar functional groups,14,15

whose separation would be difficult to realize by other con-
ventional methods. In fact the (1)-PTrMA exhibits a high
chiral recognition ability for various racemic compounds
containing only aromatic systems. Better separation
attained in reversed-phase system using methanol as eluent
than in normal-phase system using hexanic medium,
because the hydrophobic p-p interactions between the side
groups (trityl group) of the polymeric stationary phase and
nonpolar aromatic groups of the racemic solute appear im-
portant. In hexanic mixture the driving force for the enan-
tioseparation is mainly the hydrogen bond interactions
between the enantiomers and the chiral polymer.

The 29 evaluated compounds contain either an aromatic
nucleus bearing a sulfonyl moiety, or an aromatic system
which is part of the benzobyciclo[2.2.1] structure. The

Fig. 8. Plausible interactions between CSP1 and the ketosulfone
skeleton.
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chromatographic behavior of these compounds seems to
suggest a recognition mechanism in which the steric
approach of the aromatic ring of the selectand to the
stationary phase plays a critical role.

In the case of phenylsulfonyl compounds, enhancing the
bulkiness of the C3-substituent by means of a methylene
(10b) or a methyl group (12) or a bromine atom (7)
alters the enantioselectivity and enantioresolution as com-
pared to 1b which contains a carbonyl moiety at C3. It is
evident that the steric hindrance exerted by the substitu-
ent at C3 close to the phenylsulfonyl group decreases the
ability of the sulfonyl aromatic ring to establish hydropho-
bic interactions.

The enantiomers of 1a are better resolved than the cor-
responding enantiomers of 1b, showing very good enan-
tioselectivity and enantioresolution values (a 5 4.7, Rs 5
9.2) (Table 1, entry 5). This fact suggest that the stereo-
chemistry of the phenylsulfonyl group at C2 might play a
crucial role in the recognition mechanism between the
bicyclo[2.2.1] structure and the chiral polymeric stationary
phase. Furthermore, in 1a, the 5,6-double bond and the ar-
omatic moiety both contribute to the p interaction ability

of the endo face of the polycyclic structure. On the con-
trary, in 1b the mutual position of the sulfonyl aromatic
ring and of the 5,6-double bond is unsuitable for such
cooperation, as in the case of compounds 2. In addition,
the observed reversed elution order of 2a (Table 1) indi-
cates that the 5,6-double bond of 1a is strongly implicated
in the resolution mechanism on CSP2.

As to concerns the benzobicyclo[2.2.1] compounds
reported in Table 3, the recognition mechanism involves
the benzocondensed portion of the structure. In this case,
the steric hindrance of the aromatic moiety is responsible
for the poorer enantioseparation (Fig. 11).

Di- and tribromobenzobicyclo[2.2.1] derivatives cannot
interact effectively with the stationary phase and conse-
quently a low selectivity was achieved on CSP2. Com-
pound 6, which contains both the sulfonyl substituted aro-
matic ring and the benzofused one shows poor enantio-
separation and enantioresolution (a 5 1.1, Rs 5 0.2) on
CSP2 (Table 2, entry 24). The steric hindrance of the two
bulky group probably decreases the efficiency of the
hydrophobic interactions.

CONCLUSION

Under the described conditions, the enantiomers of 27
of 29 racemic bridged polycyclic compounds have been
successfully enantioseparated on at least one of the two
CSPs. Small variations in the chemical structure of the an-
alyzed polycyclic racemate have a relevant impact on the
chromatographic behavior. Both electronic and steric
properties of the substituents affect the resolution of the
racemates. Attractive interactions are supposed to be
mainly responsible for separations on CSP1. For CSP2 in
methanolic reversed phase system, hydrophobic interac-
tion mechanism has been postulated. Chromatographic pa-
rameters (k,a), related to the thermodynamic properties of
the diastereoisomeric complexes generated by the interac-
tion between the analytes and the binding sites of CSP
have been calculated. By comparing these data, we have
been able to evaluate how the nature and the position of a
certain functional group influence the chromatographic
separation. Given a defined chiral analyte inside a consid-

Fig. 9. Proposed chiral recognition model for the interaction between 1 and CSP1.

Fig. 10. Proposed interaction model between bromobenzonorborna-
dienes and CSP1.
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ered family of polycyclic compounds, this information pro-
vides an empirical and simple recognition model for the
selection of a suitable column.
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