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SUhlMARY 

Chromatographic retention and peak shapes for a group of five Z-phenylethyl- 
amine drugs in reversed-phase high-performance Iiquid chromatagaphy have been 
examined with a series of eluents containing various amines as part of the buffer 
system. An ODS-silica column was used with aqueous methanolic eluents containing 
orthophosphoric acid and sodium hydroxide to which the appropriate amines were 
added. Eleven eluents containing different amines have been examined along with two 
control eluents containing only inorganic buffer components. Large improvements in 
peak shape are demonstrated by the addition of some amines. The importance of 
selecting amines of suitable hydrophobic character and molecular geometry is dis- 
cussed. 

INTRODUCI-ION 

It has long been recognised that drugs with structures containing basic nitro- 
gen atoms can show tailing peaks in reversed-phase high-performance liquid chroma- 
tography (HPLC) when using bonded hydrocarbonaceous packing materials’. These 
problems are believed to arise from interactions between the drugs and the adsorption 
sites on the silica matrix of the packing material’-‘. 

Peak shapes can sometimes be improved by using acidic eluents containing 
hydrophobic anions (e.g. alkylsulphonic acids) but this is not always successful_ The 
addition of an amine or a quatemary ammonium compound to an eluent has proved 
to be an effective method of reducing peak tailing and controlling retention2-‘o. 
Apparently the amines mask the silanol groups on the packing material, limiting the 
adsorption of basic drugs. A wide range of masking agents has been used including 
amines of low molecular weight (e.g. triethylamine) which have high solubility in 
aqueous eluents and can be used as part of the buffer system. Alternatively, low 
concentrations (typically 1 rnlM) of long chain hydrophobic masking agents (e.g. 
N,N-dimethyloctylamine or N,N,N-trimethyinonylammonium ions) can be added to 
&rents in addition to the buffer components. The molecular geometry of the masking 
agent is most important and this point has been discussed by Bij et ~1.~. Nevertheless, 
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few results have been published which compare the chromatographic behaviour of a 
given group of compounds in the presence of a range of different masking agents 
although such information is required to aid the choice of appropriate additives_ 
Recent work by Sokolowski and Wahlund5 has examined the behaviour of several 
tricyclic antidepressant with eight masking agents. The present work examines chang- 
es in retention and peak shape for a group of five 2-phenylethylamine drugs with 

eluents containing a range of amine derivatives as part of the buffer. 

EXPERIXIENTAL 

Chromatography was performed with a Waters M6000 pump, a Rheodyne 
7E20 injection vaive (fitted with a 20-~1 loop) and a Perkin-Elmer LC-75 variable- 
waveiength detector operated at 250 nm. The column was stainless steel (16 cm x 5 
mm I.D.; Shandon Southern Products, Runcom, Great Britain) and packed with 
ODS-Hypersil (5 J@ by a slurry procedure using isopropanol for dispersing the 
packing material and hesane as the pressurising solvent. 

Mareriais 
Methanol, sodium hydra_xide, potassium hydroxide and orthophosphoric acid 

were AnalaR aade (BDH, Poole, Great Britain)_ Norpseudoephedrine and tyramine 
w’ere obtained as the hydrochlorides from Aldrich (Gillingham, Great Britain). J- 
Amphetamine sulphate and dimethylamphetamine hydrochloride were obtained 
from Smith. Kline and French Labs. (Welwyn Garden City, Great Britain)_ Phenter- 
mine was obtained from Riker Labs. (Loughborough, Great Britain). The structures 
of the five drug are gven in Table I. 

Tt\BLE I 

STRUCTURES OF ‘-PHENYLETHYLAIIINES 

R, LLNR,f?‘ 
i?. 

Compound Subsrimenrs 

Amphe%xnine H H Xfe H H H 
Dimethylamphsrarnine H H Me H Me Me 
Norpseudoephedrine H OH Me H H H 
?hentemine H H Me Me H H 
Tyramine OH H H H H H 

N-L%lethyl-r+hxamine was obtained from Sigma (Poole, Great Britain). All 
other amines were from ,Fluka (Fluorochem. Glossop, Great Britain). Dibutylamine. 
diethyiamine, heqlamine, triethanolamine, triethylamine and tris(hydroxymethyl)- 
aminomethane were of puriss gade. N-N-Dimethylethanolamine. NN-dimethyl- 
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ethylamine, N,N-dimethylhexylamine and N-methylhexylamine were of purum 
grade_ All amines were used without further purification_ 

Sodium hydroxide (25 g) was dissolved in distilled water (4930 ml) and ortho- 
phosphoric acid (70 ml) added slowly_ On cooling, methanol (500 ml) was added, 
giving a solution with a measured pH of 2.4. Aliquots of this stock solution were 
taken and the appropriate weight of each amine added to give a concentration of 0.05 
&1_ Two control eluents were also prepared in which the amine was replaced by 
sodium hydroxide or potassium hydroxide. The measured pH values of the eluents 
are shown in Table II. 

Chronratographic procedure 
The five drugs were dissolved in methanol (L-5 m&ml) for injection on to the 

column (5-10 ill)_ The quantity of each drug injected was maintained constant for all 
eluents while the detector sensitivity was adjusted accordingly_ Measurements were 
taken with a flow-rate of 2.5 ml/min. 

With each change of eluent the column was first washed with 50% aqueous 
methanol (50 ml), then methanol (100 ml). After flushing with the new eluent (30 ml) 
it was recycled for ca. 1 h at a flow-rate of 2.5 ml/mm before any injections were 
made. Some eluents were run several times throughout the experiments and measure- 
ments repeated to ensure that no irreversible changes occurred to the column. 

Chrdmatographic retention data were expressed as capacity ratios, k’ = (tR - 
to)/&, where 1, and f, are the retention times of the drug and a non-retained com- 
pound, respectively. The shape of each peak was assessed by measurement of the 
asymmetry factors A’,“, calculated by dropping a perpendicular from the peak masi- 
mum and measuring the distance from this line to the leading edge (a) and the trailing 
edge (6) at the IO?, peak-height level .& = b/a: therefore, a symmetrical peak has 
rl, = 1 while a tailing peak has A, > 1. 

RESULTS AND DISCUSSION 

A series of eleven eluents which differed only by the nature of the aliphatic 
amine in the buffer has been examined_ These eluents were prepared from phosphoric 
acid and sodium hydroside in 9.17: methanol to which the appropriate amines were 
added (0.05 A%!). In addition two control eluents were examined in which the amine 
was replaced by an inorganic base (sodium hydroxide or potassium hydroxide). Am- 
phetamine, dimethylamphetamine, norpseudoephedrine, phentermine and tyramine 
were selected as test compounds as they were previously seen to have a wide spread of 
retention properties with such chromatogaphic systems”. All eluents were acidic 
(pH < 3.10, Table Ii) and the drugs would therefore be protonated and pass through 
the column in association with phosphate ions. 

The k’ values for the five drugs with the thirteen ekuents are given in Table II 
along with peak-asymmetry data. The amine additives are listed in approximate 
ascending order of hydrophobic character. In addition to the asymmetry factors (A,) 
for each dru,o-eluent combination an average A, for the five drugs with each eluent is 
presented_ 
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The control eiuents, having no amine additives, showed very poor peak shapes 
with average A, values greater than 4. The eluent containing sodium ions showed 
slightly shorter retention times and better peak shapes than that containing potassi- 
um ions. Both contro1 eluents show a general increase in A, as the retention of the 
drugs increases, Le. the hydrophobic drugs show more tailing. Asmus and Freed” 
have shown that very hj7drophilic Zphenylethylamines such as catecholamines give 
good peak shapes on ODS-silica with &rents containing only inorganic buffers. Table 
II shows that phentermine gives a better peak shape than dimethyIamphetamine 
despite its greater retention. It can be seen that this occurs not only with the control 
eluents but also with most of the other eluents. This probably indicates that the two a- 
methyl groups on phentermine hinder the interaction of the amino group with the 
adsorption sites on the packing material. 

The retention data shown in Table Ii are plotted in Fig. 1 and it can be seen 
that the five drugs are eluted in the same order with all eluents. Elution times decrease 
as the added amines become more hydrophobic while those eluents containing polar 
amines bearing several hydroxyl groups (e.g. N-methylglucamine and triethanol- 
amine) show only small changes from the control eluents. Retention can thus be 
contro!led by the selection of an appropriate amine additive. 

The average A, values in Table 11 indicate that large improvements in peak 
shape can be obtained by adding amines to the eluent. As with chromatographic 
retention the A, values generally decrease as the hydrophobic character of the amine 
additive increases_ Several amines of high polarity containing hydroxyl substituents 

30 - 

l -w 
k’ \ 

l -• 
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Fis 1. Chromaro_sraphic retention of lixe I-phenylethylmine drugs with 13 duents containing added 
bases. Uuentsr orthophosphoric acid (0.19 ‘$0 +- sodium hydroside (0.13 zV) in 9.17; methanol with 
added base (0.05 _W). A = Potassium hydrodde; B = sodium hydroxide; C = N-methyl&cnmine; D = 
triethauolzmine; E = N,N-dimethylerhanolamine; F = N.N-dimethyIethyhtmine; G = 
tris(hydronymethyi)amioomethane; H = diethyhmtine; I = triethylamine; J = dibutyiamine; K = hexyl- 
amine; L = N-m~thylhertylamine; I M = N,N-dimethylhexyiamine_ They are in approsimnte order ot 
increasing hydrophobic character. Ii = Tyramine; A = norpseudoephedrine; 0 = amphetamine; I = 
dimethyhuttphetamine; l = phentermine. 
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were included in the study and pairs of compounds can be selected which represent 
the substitution of an amine additive with hydrosyl groups, e.g. N-methylglucamine 
represents a pentahydroxy derivative of N-methylhexylamine and triethanolamine 
represents a trihydrosy derivativ-e of triethylamine. in all cases the introduction of 
hydrosyl groups into the structure of an amine additive led to greater peak tailing. 

It has been suggested that amine additives of the type R-N(CH,& are particu- 
larly good for reducing peak taiiin$. Two esamples of this type are included in the 
present work where R = ethyl and R = hexyl. The average ri, values (2.65 and 1.65, 
respectively) demonstrate that an increase in chain length of the amine additive gives 
a significant improvement in peak shape. Such a change represents an increase in 
hydrophobic nature without significant alteration of the molecular geometry around 
the amino group. 

The importance of the moiecular geometry of the amine additives can best be 
assessed by comparin g isomers. Triethylamine and heqiamine (C,Hi5N) give 
average A, values of 3.20 and 1.74. respectively, clearly indicating that the tertiary 
amine interacts Iess strongly than the primary amine with the adsorption sites on the 
packing material. However. a decrease in the number of substituents on the nitrogen 
atoin does not always Iead to better peak shapes. N.N-Dimethylethylamine and dieth- 
ylamine (C,H, iN) give average _J, values of 2-65 and 3.06, respcctiwfy, the tertiary 
amine giving slightly better peak shapes than the secondary amine_ Similar results are 
seen for N.N-dimethylhesyIamine and dibutylamine (&H,,N), giving average A, 
values of l-65 and 1.75, respectively. It appears then that methyl groups on the 
nitrogen atom cause little steric hindrance to interaction with the adsorption sites. 
This point is further demonstrated by the hesylamine series [R-NH?, R-NHCH,. R- 
N(CI-I,)I, where R = C,H,,]. In the eluents containing these amines, the average -4, 
L-alues (I _74_ l-59 and 1.65. respectively) are all very similar. 

Table II shows that those amines which lead to the greatest improvements in 
peak shape also cause the largest decrease in retention times. Acceptable peak shapes 
(average II, -z 2) are on1y obtained with eluents where the drugs all show rl-’ < 5. It is 
clearly important that a particular amine additive continues to give good peak shapes 
when retention times are increased by changing other components in the eluent. Table 
III shows data for four drugs using a series of four eluents (A-D) each containing 

TABLE III 

HPLC RETESTIOS XND PEAK-SHAPE D.4-f.4 FOR FOUR DRUGS USING ELUENTS CON- 
TAIMNG N-N-DIXIETHYLHEXYLXMINE 

Eitlett~ T+tttine*f dnlphetunlitle*f Dinletft~ianlphetanlinetf Phenternrinen .+I verage 
4 

x O-19 (1.81) 1.91 (l&j) 1.97 ( 1.45) 3-91 (2.01) 1.69 
B 0.35 ( 1.55) 1Sl (I-72) 3.39 (1.70) 6.53 (1.71) 1.67 
C Q-63 (1.75) 1.23 (1.26) 3.95 (1.61) 10.14 (2.02) 1.67 
D 0.90 (‘53) 7.30 ( I AO) 11_21(1_70) 17.93 (1.68) 1.58 

* Elucnt A = orthophosphoric tid (0.19 _M) t sodium hydroxide (0.13 5) i- amine (0.05 M) in 
9-l 5; methanol ellrent B, C and D = orthophosphoric acid (0.2 M) + amine (x M) adjusted to pH 225 
with sodium hydroxide where I = 0.05. 0.025 or 0.01 for B, C and D, respectively. 

- Data presented ;?s k’(.-lJ. . 
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N,N-dimethylhexylamine and showing a progressive increase in retention times. This 
increase is achieved first by the removal of methanol from the eluent and then by 
decreasing the concentration of amine from 0.05 to O-01 M_ Phentermine shows an 
increase in A-’ from 3.9 1 to 17.93. It can be seen that despite the increases in retention, 
the average A, value remains below 1.7. 

In conclusion, the present study has shown that the control of peak tailins for 
2-phenylethylamine drugs in reversed-phase HPLC by the addition of an amine to the 
eluent is strongly influenced by the nature of the amine. The results provide some 
practical guidelines for the selection of suitable amine additives. 
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