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ABSTRACI 

The semi-preparative reversed-phase HPLC separation of brompheniramine enantiomers using p-cyclodextrin as a chiral 
mobile phase additive is described. Enantiomers were recovered free from mobile phase components on-line by a novel cohmm 
switching procedure. On a 250 mm x 10 mm I.D. cyan0 column, a throughput of 8 mg per hour (0.65 mg per gram column 
packing per hour) was achieved at product optical purities of 88% and above. This was achieved using two passes through the 
system. 

Comparison is made with other reported semi-preparative chiral separations using P-cyclodextrin, and the potential utility of 
the described method discussed. 

INTRODUCI’ION 

P-Cyclodextrin has found much use in recent 
years as a chiral resolving agent in HPLC, either 
as a mobile phase additive [l-3] or incorporated 
into stationary phases [4-61. The cyclodextrin 
imparts enantioselectivity to the chromatograph- 
ic system by formation of diastereomeric inclu- 
sion complexes with the analyte enantiomers [7]. 

The majority of reported enantiomer separa- 
tions using cyclodextrins have been carried out 
only on an analytical scale. However, there is a 
need in the pharmaceutical industry for semi- 
preparative separation of enantiomers in order 
to provide milligram quantities of pure enan- 
tiomers for pharmacological investigation. 

Preparative chiral separations on cyclodextrin 
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stationary phases have been reported. Thus, 
P-cyclodextrin polymer gels have been used for 
the mg-scale resolution of racemates such as 
methyl mandelate [8] and indole alkaloids [9]. In 
these cases, low throughputs were obtained 
owing to the poor efficiency of these gels and the 
low flow-rates employed. 

Vigh et al. [lo-121 have recently shown that 
/3-cyclodextrin-silica HPLC stationary phases 
may be employed to effect semi-preparative 
separation of isomeric compounds in displace- 
ment mode. Using two 250 x 4.6 mm I.D. 
Cyclobond I columns in series, up to 6 mg of 
various racemates were resolved in high yield 
and optical purity in run times of 3-6 hours [ 121. 

Work in this laboratory has focused on the 
possibility of using @zyclodextrin as a mobile 
phase additive for semi-preparative chiral sepa- 
rations in elution mode, taking advantage of the 
distinct selectivity obtained in this way. Hitherto, 
the use of mobile phase additives has largely 
been limited to analytical scale chiral separa- 
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tions, owing to the difficulty of separating the 
resolved enantiomers from the chiral additive. A 
novel solution to this problem has recently been 
presented from this laboratory, involving on-line 
recovery of the resolved enantiomers from the 
chiral eluent via column switching [13]. This was 
initially applied to the resolution of trimeprazine 
enantiomers, a racemate that is easily resolved 
using &cyclodextrin (selectivity, (Y = 1.24, R, = 
2.1 at low column loading). A throughput in 
excess of 1 mg per hour was .obtained, using only 
a small column (100 mm length X 4.6 mm I.D.). 

In this paper, the semi-preparative resolution 
of brompheniramine enantiomers by a similar 
procedure is presented. The separation of brom- 
pheniramine enantiomers using p-cyclodextrin- 
containing eluents on analytical scale has previ- 
ously been described by Mularz [14], who re- 
ported selectivity, cr, of only 1.13 (R, = 1.7) in 
this case. The semi-preparative resolution of this 
racemate therefore provides an illustration of the 
application of /3-cyclodextrin as an eluent addi- 
tive with on-line recovery of enantiomers to 
racemates where only moderate selectivity is 
observed. 

EXPERIMENTAL 

Equipment and materials 
The chromatograph consisted of an LDC Con- 

stametric 111, pump and LDC Spectromonitor 
III and Pye-Unicam LC3 UV detectors. A valve 
switching unit (purpose-built) was provided by 
ICI Research Engineering Laboratory, Alderley 
Park, Macclesfield, UK, and consisted of two 
Rheodyne 7010 valves controlled by a timer unit. 

Spherisorb SSCN columns were obtained from 
Hichrom (Theale, Berks., UK). A Spherisorb 
S5C6 column was obtained from Capital HPLC 
(Edinburgh, UK). Lichroprep RP18 25-40 pm 
material was obtained from BDH (Poole, 
Dorset, UK). Hamilton PRP-1 12-20 pm ma- 
terial was donated by Hamilton (Reno, NV, 
USA). Recovery columns (100 x 10 mm car- 
tridges and holders) were donated and packed by 
SGE (Milton Keynes, UK). 

Acetonitrile (MeCN) , methanol (MeOH), 
ethanol (EtOH) and triethylamine (TEA) (all 
HPLC grade), glacial acetic acid (HOAc), maleic 

acid (both SLR grade) and dimethylsulphoxide 
(Me,SO) (AR grade) were obtained from Fisons 
(Loughborough, UK). &cyclodextrin (P-CD) 
hydrate was donated by Wacker Chemie 
(Munich, Germany). Brompheniramine and 
pheniramine (both as racemic maleate salts) 
were donated by A.H. Robins (Horsham, Sus- 
sex). 

Resolution of brompheniramine enantiomers 
Brompheniramine enantiomers were separated 

on a 250 mm x 10 mm I.D. column containing 5- 
pm cyanopropyl-silica (Spherisorb SSCN), using 
a mobile phase consisting of methanol-aqueous 
triethylammonium acetate [0.85% TEA (v/v), 
acetic acid to pH 41 (5:95, v/v) containing 12 mg 
ml-’ p-c 

Y 
clodextrin hydrate, at a flow-rate of 3.5 

ml min- . 
The instrumentation employed to effect res- 

olution and recovery of enantiomers is shown in 
Fig. 1. The pump was an LDC Constametric 
111,. Detector 1 was an LDC Spectromonitor III 
UV detector operated at 285 nm, 2.0 AUFS, and 
was used to monitor the separation of enantiom- 
ers. Detector 2 was a Pye-Unicam LC-UV 
detector operated at 290 nm, 1.28 AUFS, and 

RHEODYNE 7MK) 
VALVE (MANUAL) 

WASTE OR COLLECT 

Fig. 1. Column switching system for on-line recovery of 
enantiomers following chiral separation. 
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was used to monitor the effluent from the on-line 
recovery system. 

Injections of +-brompheniramine maleate (5 
mg) were made onto the separating column using 
a Rheodyne 7125 injector equipped with a loo-p1 
loop. Following separation, the enantiomers 
were switched onto two recovery columns (100 
mm x 10 mm I.D.) packed with 12-20 pm poly- 
styrene-divinylbenzene (Hamilton PRP-1) using 
the purpose-built valve switching system. A total 
of 22-24 repeat injections of racemate were 
made, giving a total recovery column loading of 
about 60 mg per enantiomer. The recovery 
columns were then each flushed with 180 ml of 
methanol-water (5:95, v/v), and the bromphenir- 
amine fractions were eluted with methanol. The 
separating column was by-passed during the 
flushing and elution stages of the procedure so as 
to avoid the need to re-equilibrate with mobile 
phase between runs. 

A sample of each fraction was retained for 
subsequent analysis. The remainder of each 
fraction was evaporated to dryness, re-dissolved 
in mobile phase, and further purified by a second 
pass through the system as described above. 

HPLC assay of fractions 
The fractions were assayed for recovery and 

optical purity using a Spherisorb C6 column (150 
mm x 3 mm I.D.) with a mobile phase consisting 
of acetonitrile-aqueous triethylammonium ace- 
tate [0.89% TEA (v/v), acetic acid to pH 41 
(10:90, v/v) containing 21 mg ml-’ p-cyclo- 
dextrin hydrate, at a flow-rate of 1 ml min-I. 

Calibration standards of ?-brompheniramine 
maleate at 0.01,0.05 and 0.25 mg ml-’ in mobile 
phase were prepared and injected in triplicate to 
produce a calibration graph for each enantiomer 
using peak height ratio brompheniramine : inter- 
nal standard ( ? -pheniramine maleate). 

Nh4R assay of fractions 
The chemical purity of the fractions was as- 

sessed by comparison of their 270-MHz ‘H-NMR 
spectra in ‘H,O with that of the unresolved 
standard. Recovery was also checked by NMR, 
by addition of one mole equivalent of maleic 
acid and comparison of the resulting proton 
signal integrals. 

Optimisation of enantiomer separation 
Initial optimisation was carried out on an 

analytical (250 mm x 4.6 mm I.D.) column 
packed with Spherisorb SSCN, with mobile 
phase flow-rate 1 ml min-‘. 

Optimisation of recovery procedure 
The recovery procedure was optimised using 

“off-line” experiments in which recovery 
columns (packed with either Lichroprep RP18 
25-40 pm or Hamilton PRP-1 12-20 pm) were 
loaded with brompheniramine dissolved in 
mobile phase, and flushed with various solvents 
before the brompheniramine was eluted with 
methanol, and the recovery and optical purity 
assessed by NMR. In this way, the performances 
of the two above materials were compared, and 
the procedure optimised. 

RESULTS 

Optimisation of brompheniramine enantiomer 
separation 

The effect of mobile phase composition on 
resolution of brompheriiramine enantiomers at 
low column loading is illustrated in Table I. 

It is well established that the presence of 
organic modifiers reduces enantioselectivity in- 
duced by p-cyclodextrin in the mobile phase [l]. 
Low eluent modifier levels were therefore em- 

TABLE I 

EFFECT OF MOBILE PHASE COMPOSITION ON 
RESOLUTION OF BROMPHENIRAMINE ENANTIO- 
MERS (2 pg ON COLUMN) ON A SPHERISORB SSCN 
(250 x 4.6 mm I.D.) COLUMN 

AI1 eluents made up to 100% with bWer [0.8% (v/v) 
triethylamine, acetic acid to pH 41. 

Modifier % (v/v) [P-CD] k; cr R, 
(mg ml-‘) 

MeCN 

MeOH 

Me,SO 

EtOH 

5 16 0.9 1.14 1.0 
10 20 0.8 1.12 0.7 
3 11 1.5 1.14 0.9 
5 11 1.7 1.14 0.8 
5 11 1.6 1.12 1.1 

20 1.1 1.15 0.9 
5 20 0.9 1.12 0.8 
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ployed. It was necessary then to use a column 
packing of low hydrophobicity, such as cyano- 
propyl-silica, in order to give reasonable solute 
retention values. Another significant factor was 
cyclodextrin solubility. This was found to be 
reduced on addition of methanol, but enhanced 
by the presence of the other modifiers employed. 
Addition of triethylamine to the mobile phase 
improved peak shape but had little effect on 
selectivity. Selectivity was found to be maxi- 
mised at pH values less than 6, with the solute 
molecules in cationic form. 

I I I 0 

0 2 4 

min 
6 8 10 12 14 

Highest selectivity was obtained using a 
mobile phase containing 5% (v/v) Me,SO and 16 
mg ml-’ P-cyclodextrin. Highest resolution at 2 
pg loading was observed with a mobile phase 
containing the same level of modifier but lower 
cyclodextrin content, due to increased retention. 
Differences between the resolution values ob- 
tained with the eluents investigated were gener- 
ally small, as Table I shows. Highest resolution 
at 1 mg on column was obtained using a mobile 
phase containing 5% (v/v) MeOH and 11 mg 
ml-’ P-cyclodextrin. The resolution obtained 
using this mobile phase on a semi-preparative 
(10 mm I.D.) column is illustrated in Fig. 2. An 
amount of 5 mg was deemed to be the optimum 
loading on this column, on the basis of using two 
passes through the semi-preparative system to 
obtain high optical purity with minimum wastage 
of material. 

b 

, 1 I I I I 

0 2 4 6 8 10 
min 

Optimisation of recovery procedure 

Fig. 2. Resolution of brompheniramine enantiomers on an 
SSCN column (250 x 10 mm I.D.). Conditions as text. (a) 10 
pg k-brompheniramine maleate on column. Detection: UV 
254 nm, 0.1 AUFS; (b) 5 mg k-brompheniramine maleate on 
column. Detection: UV 285 nm, 2.0 AUFS. 

The capacities of Hamilton PRP-1 and Lichro- 
prep RP18 for brompheniramine, loaded at 1 
mg ml-’ in the chosen eluent, were measured in 
off-line “breakthrough” experiments and found 
to be 3.8 mg per gram of packing material (PRP- 
1) and 2.8 mg per gram packing material 
(RP18). The higher capacity of the polymeric 
material was found to allow a much more 
thorough flushing step, resulting in a product 
free from cyclodextrin or buffer components. 
Hamilton PRP-1 was therefore the material used 
to pack the recovery columns for on-line use. 

analytical column during flushing of the recovery 
columns allowed a high flow-rate to be used 
during flushing. This, together with the fact that 
a number of injections of racemate could be 
made before recovery column flushing, ensured 
that this part of the procedure made up less than 
20% of the overall time involved. 

Semi-preparative resolution of brompheniramine 
enantiomers with on-line recovery 

The length of the flushing step required to The purity and recovery of the fractions ob- 
yield chemically pure product was found to be tained after each pass through the system are 
substantial -about 40 column volumes. How- summarised in Table II. The HPLC analysis of 
ever, use of a switching valve to by-pass the the fractions is illustrated in Fig. 3. The more 
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TABLE II 

OPTICAL PURITY (ENANTIOMERIC EXCESS, e.e.) 
AND RECOVERY OF BROMPHENIRAMINE ENAN- 
HOMERS AFTER SEMI-PREPARATIVE RESOLUTION 
ON A 250 mm x 10 mm I.D. COLUMN (CONTAINING 
11.8 g PACKING MATERIAL), DETERMINED BY 
HPLC ASSAY OF FRACTIONS 

Conditions as in text. 

After 1st pass After 2nd pass 

Peak 1 Peak 2 Peak 1 Peak 2 

Recovery (%) 68.0 72.0 49.7 35.1 
e.e. (%) 82.2 75.8 95.4 88.0 
Throughput (mglh) 11.9 12.8 4.5 3.2 

efficient and retentive C6 column gave near- 
baseline resolution of the enantiomers under 
analytical conditions (although was too retentive 
to give high throughput in semi-preparative 
mode). 

After one pass through the system, the frac- 
tions showed enantiomeric excess values less 
than the 90% required for pharmacological use. 
The second pass resulted in a substantial im- 
provement in optical purity. 

Recoveries were 35-50% overall. No brom- 
pheniramine was detected in the eluate from the 
recovery columns on flushing with methanol- 
water. The loss of brompheniramine observed 
must therefore reflect the diversion of optically 
impure material to waste between the two col- 
lected fractions. In this respect, there is a “trade- 
off’ between throughput, recovery and optical 
purity. 

Fig. 4 illustrates the chemical purity of the 
fractions. They were found to contain up to 0.4 
mol% of @cyclodextrin, but no triethylamine or 
other buffer components were detected by 
NMR. 

The optical rotations of the products as free 
base in dimethylformamide were determined. 
The first eluting peak gave a positive rotation 
and the second peak a negative rotation. As 
might be anticipated, this elution order is the 
reverse of that reported on a Cyclobond I 
column [15]. 

d 

)I 

0 ‘5” 10 15 
min 

b 

6 
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min 

---T 5 10 

min 

min 

Fig. 3. Analytical resolution of brompheniramine enantio- 
mers on SSC6 column (150 x 3 mm I.D.). Conditions as text. 
Peak identities: i= -C-pheniramine (I.S., 1 pg on column); 
ii and iii = brompheniramine enantiomers. (a) +-Brom- 
pheniramine maleate standard, 3.5 pg on column; (b) peak 
1 fraction after 1st pass; (c) peak 1 fraction after 2nd pass; (d) 
peak 2 fraction after 1st pass; (e) peak 2 fraction after 2nd 
pass. 

Further confirmation of the antipodal nature 
of the products was provided by their NMR 
spectra in the presence of /3cyclodextrin. As 
reported by Casy and Mercer [16], the addition 
of &cyclodextrin to racemic brompheniramine 
results in duplication of proton NMR signals. On 
addition of &cyclodextrin to the resolved prod- 
ucts, no duplication of signals was observed 
(resolution being too low to allow detection of 
the minor antipode in each fraction). On mixing 
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a the fractions to re-form a racemate, duplication 
of some signals in the presence of the cyclodex- 
trin was again observed. 

b 

L 

I 
9 I , * I 4 lmm I 1 

Fig. 4. 270-MHz ‘H-NMR spectra of brompheniramine 
maleate in ‘H,O. (a) Racemate (standard). (b) HPLC peak 1 
fraction after 2nd pass. 

DISCUSSION 

Table III summarises the semi-preparative 
enantiomer separations carried out in this lab- 
oratory using @cyclodextrin. It can be seen that 
semi-preparative product purity and throughput 
depend to a large extent on the selectivity 
obtained under analytical conditions. The work 
reported herein is of value in demonstrating that 
useful separation can be carried even when 
analytical selectivity is only moderate. This is 
particularly important, as it is rare for p- 
cyclodextrin to impart selectivity greater than 
that seen for brompheniramine. The majority of 
semi-preparative separations using this resolving 
agent are therefore likely to need the kind of 
approach developed here. 

The throughput obtained here using p- 
cyclodextrin as a mobile phase additive was 
0.65 mg racemate per gram column packing per 
hour. This is similar to the throughputs achieved 
by Vigh et al. [lo-121, using a &cyclodextrin 
stationary phase in displacement mode. How- 
ever, the latter technique was applied to some- 
what more difficult separations in elution mode 
than brompheniramine, and resulted in high 
yields of products at higher optical purities 
(>99%). This is not unexpected, since displace- 

TABLE III 

SUMMARY OF SEMI-PREPARATIVE CHIRAL SEPARATIONS CARRIED OUT USING P-CYCLODEXTRIN- 
CONTAINING ELUENTS 

Racemate a e.e. (%) Throughput 

[mg/(hg)l 

Ref. 

TAl 1.61 Trimeprazine 1.33 

TA12 1.22 
Brompheniramine 1.14 

Peak 1 Peak 2 

99.1 98.4 3.5 99 92 4.4 t::; 

96.3 87.6 2.1 P31 
95.4 88.0 0.7 
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ment mode is widely reported to be more effi- Hamilton (Reno, NV, USA) and by Scientific 
cient than elution mode for preparative scale Glass Engineering (Milton Keynes, UK) is grate- 
separations [ 171. fully acknowledged. 

However, the use of /3-cyclodextrin as a 
mobile phase additive in elution mode may still 
be advantageous. Optimisation of semi-prepara- 
tive separation in elution mode is more facile, 
since it is based closely on an analytical-scale 
separation. Use of &cyclodextrin as an eluent 
additive allows more flexibility in optimisation 
than when a Cyclobond stationary phase is used, 
since column type and cyclodextrin type may be 
varied with ease. Furthermore, this technique 
will be particularly applicable to solutes where 
better inherent enantioselectivity is obtained 
using P-cyclodextrin as an eluent additive. Dif- 
ferences in this respect result from the modi- 
fication of the cyclodextrin on bonding to the 
silica support to form a stationary phase. 
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