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Sympathomimetic drugs with substitution at either the a or fl carbon atoms 
exhibit optical isomerism. When the drug is lavorotatory arising from substitution at 
the j3 carbon, it has greater peripherical activity, e.g., L-epinephrine and L-norepine- 
phrine are ten times more potent than their dextrorotary isomers’. 

Optical isomer resolution is an important and attractive field of research; 
sympathomimetic amine racemates are resolved by high-performance liquid chroma- 
tography (HPLC) and gas chromatography (GC) using optically active compounds in 
the stationary phase or by derivatization2-5. Recently, capillary zone electrophoresis 
(CZE) has been used to resolve dansyl-amino acid racemates using either cyclodextrins 
or the aspartame copper complex6*‘. 

The optical isomer resolution of ephedrine and related compounds was studied 
by capillary isotachophoresis’ but the resolution of ephedrine and norephedrine was 
not achieved. There appears to be no report of enantiomer resolutions of epinephrine, 
norepinephrine and isoproterenol with electrophoretic techniques. Being interested in 
optical resolution by electrophoretic techniques9-“, we used CZE for the separation 
of ephedrine, norephedrine, epinephrine, norepinephrine and isoproterenol enantio- 
mers. Cyclodextrins were added as chiral agents to the background electrolyte (BGE) 
and the influence of the shape of the cyclodextrin and its concentration on the effecti- 
ve mobility was studied. Complete resolution of the five racemates by using low pH 
and 18 mM heptakis(2,6-di-0-methyl+cyclodextrin) were obtained. 

EXPERIMENTAL 

Apparatus 
The experiments were performed with a Bio-Rad HPE 100 apparatus (Rich- 

mond, CA, U.S.A.) equipped with an UV detector with a deuterium lamp (190-380 
nm). The volumes of the electrode vessels were about 1 ml and 100 ~1; for 
electrophoretic sampling the vessel with the lower volume was used. The apparatus 
was equipped with a power supply able to deliver up to 12 kV. Sampling and 
electrophoresis were controlled by a microprocessor. 

Separations were performed in a Bio-Rad 148-3002 HPE capillary cartridge 
(20 cm x 0.025 mm, coated). The capillary was filled with the BGE by using an 
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Hamilton microsyringe of 50 ~1. Electropherograms were recorded with an LKB 2210 
line recorder at a chart speed of 10 mm/min. 

Chemicals 
Tris(hydroxymethyl)aminomethane (Tris) and phosphoric acid were obtained 

from Carlo Erba (Milan, Italy), /?-cyclodextrin (/?-CD), ephedrine (E), norephedrine 
(nor-E), epinephrine (Ep), norepinephrine (nor-Ep), isoproterenol(i-P) and their 
enantiomers from Sigma (St. Louis, MO, U.S.A.). Heptakis(2,6-di-O-methyl-/?-cyclo- 
dextrin) (di-OMe-P-CD) and heptakis(2,3,6-tri-0-methyl-P-cyclodextrin) (tri-OMe- 
/&CD) were kindly supplied by Dr. D. Sybilska, Institute of Physical Chemistry, 
Warsaw, Poland. 

RESULTS AND DISCUSSION 

The resolution of the sympathomimetic drugs is based on the host-guest 
complexation between the enantiomers and cyclodextrins. Cyclodextrins are neutral 
polymers with different units of D( +)-glucopyranose and the most commonly CD 
used in such separation techniques are a, /? and y with six, seven and eight glucose units 
respectively. Modified CDs, e.g., di- and tri-O-methyl-P-CD are also available. 

The enantioselectivity of the CDs arises from the chiral atom present in the 
glucose units and depends on the stability of the complexes formed with the 
compounds studied. 

Snopek er aL8 in their study by capillary isotachophoresis achieved good 
enantiomeric resolution of organic bases by using cyclodextrins at pH 5.4. At this pH 
no resolution of ephedrine and norephedrine was obtained. 

We investigated the effect of B-CD, di-OMe-P-CD and tri-OMe-B-CD added to 
the BGE at low pH on the effective electrophoretic mobility of ephedrine, norephe- 
drine, epinephrine, norepinephrine and isoproterenol. 

As shown previouslyi2, in order to obtain highly efficient separations, electro- 
migration dispersion must be minimized, e.g., by using a co-ion in the BGE having 
similar effective mobility to that of the analyte. On the other hand the BGE should not 
adsorb at the wavelength used and should not form inclusion complexes with 
cyclodextrins. Tris, with a relatively low mobility, was selected as the cation in the 
BGE; phosphate was the anion at a pH of 2.4. 

In order to obtain high separation efficiencies and short analysis time, the 
electrophoretic experiments were carried out by using a short capillary with a relatively 
small I.D. The dissipation of the heat generated during electrophoresis is greater when 
capillaries with small 1.D.s are used13*14. 

The column length plays no role in separation efficiency but influences the 
migration time. The capillary used in the experiments was a commercially available 
coated one that allowed the electroosmotic flow to be minimized to the benefit of the 
resolution. The resolution of compounds with very similar mobilities can be achieved 
by balancing the electroomotic flow and effective mobilityi5. 

Fig. 1 shows the complete separation of the five racemic sympathomimetic 
drugs. The analysis was carried out in only 4 min. In this experiment it was possible to 
obtain a relatively high electric field (400 V/cm) by using a relatively low voltage 
(8 kV). 
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In the separation shown in Fig. 1 the amount injected was estimated by the 
formula proposed by Jorgenson and Lukacs” 

Q = (U + u,)J’ACti/L (1) 

where Q is the quantity injected in mole, u the effective mobility, U, the electroosmotic 
flow, V the injection voltage, A the cross-sectional area of the capillary, C the 
concentration of the sample, ti the injection time and L the length of the capillary. 

The quantity of epinephrine injected in the separation shown in Fig. 1 was found 
to be approximately 45 . lo-l5 mole and the volume injected was about 2 nl. 
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Fig. I. Electropherogram of the separation of the racemic amines: n-E = norephedrine; E = ephedrine; 
n-Ep = norepinephrine; Ep = epinephrine and i-P = isoproterenol. BGE: 10 mM Tris-H,PG,, pH 2.4. 
Sampling: electrophoresis at 6 kV for 6 s. The mixture contained 2 . lo-’ A4 for each racemic compound. 
Electrophoretic experiment: 8 kV; Z = 6.8 PA. 
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Different amounts of /?-CD were added to the BGE and the migration times of 
the compounds studied were measured. By increasing the concentration of jK!D the 
migration times of the five racemic compounds analyzed were reduced. This indicates 
that all the analytes form inclusion complexes with the CD used. Ephedrine and 
norephedrine showed the highest reduction in the effective mobility. Despite being 
a good complexing agent towards racemic compounds, j&CD was not able to resolve 
the sympathomimetic drugs into their enantiomers. Very poor resolution was obtained 
at a relatively high concentration of P-CD (20 m44) for ephedrine and isoproterenol. 

Fig. 2A and B shows the effect of the concentration of heptakis(2,6-di-o-methyl- 
/I-CD) on the migration time of E, nor-E, Ep, nor-Ep and i-P. From these results 
di-OMe+CD seems to be a very good enantioselective complexing agent towards all 
live compounds studied by CZE. 

Complete enantiomer resolution was achieved for nor-E, Ep and i-P when 9 mM 
of di-OMe-/?-CD was added to the BGE. To resolve completely the racemic E and 
nor-Ep, 18 mM of the chiral agent was used. In all cases the (+) isomer shows the 
lowest migration time and this indicates that the inclusion complexation is higher than 
that obtained with the (-) isomer. 

From the data shown in Fig. 2 it is evident that E and nor-E lit closely the cavity 
of the di-OMe+CD and thus are more complexed than the catecholamines studied. In 
this case the shape of the guest (analytes) plays an important role in the complexation: 
E and nor-E possess the aromatic group without any substitution. 

For optical resolution of the compounds studied, di-OMe-/3-CD was found to be 
a very good resolving agent for all samples but the best discriminating effect was 
observed in the optical resolution of catecholamines. 

Fig. 3a and b shows the resolution of racemic nor-E and E, nor-Ep, Ep and i-P 
respectively. 

In order to explain the different complexation of the enantiomers and modified 
CD is necessary to consider that CDs contain five chiral atoms for each glucose’6. 
Furthermore, the complex is influenced by the hydroxyl and O-methyl groups present 
on the rim of the cavity of the CD. The rim is relatively hydrophobic and can offer the 
possibility to form hydrogen bonds. 
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Fig. 2. Effect of the concentration of heptakis(2,6-di-0-methyl-B-CD) in the BGE on the migration time of: 
(A) 1 = (-)norephedrine; 2 = (+)norephedrine; 3 = (-)ephcdrine; 4 = (+)ephedrine; (B) 5 = 
(-)norepinephrine; 6 = (+)norepinephrine; 7 = (-)epinephrine; 8 = (+)epinephrine; 9 = (-)iso- 
proterenol; 10 = (+)isoproterenol. 
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Fig. 3. Electropherograms of the optical isomer resolution of: (a) norephedrine and ephedrine; (b) 
norepinephrine, epinephrine and isoproterenol. BGE: 10 mM Tris-HBPO1, pH 2.4 and 18 mM of 
di-OMe+CD. Other conditions as in Figs. 1 and 2. 

Experiments carried out by adding different amounts of tri-OMe+CD to the 
BGE showed retardation of all the five racemic compounds studied but a chiral 
resolution was not obtained. 

CONCLUSIONS 

Our experiments show that the resolution of racemic mixtures of sympa- 
thomimetic drugs can be obtained rapidly with CZE by adding to the BGE a chiral 
host-guest complexing agent. The resolution of the optical isomers studied depends on 
the type of cyclodextrin. The hydroxyl and the O-methyl groups on the rim of the 
cavity of CDs influence the resolution power; the presence of both groups in the 
entrance of the hydrophobic cavity improves the optical resolution. Very poor 
resolution is obtained when the CD possesses the same groups in the 2, 3 and 
6 positions either OH (B-CD) or 0CH3 (tri-OMe-/I-CD). The optical resolution is also 
influenced by the alkyl group bonded to the nitrogen atom of the sample. 
Isoproterenol with an isopropyl group is the best resolved racemic compounds. An 
increase in the amount of CD in the BGE improves the resolutions. 

CZE is a very promising analytical technique for the optical isomer resolution of 
the compounds studied. 

The drawbacks of other techniques such as HPLC where sophisticated 
stationary phases and/or the relatively high quantity of the chiral agent in the mobile 
phase do not exist in CZE. In fact the separations are generally performed in free 
solutions and the volume of the BGE in each experiment is relatively low. In this 
study only 2 ml of BGE was used for each run. 
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