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Abstract 0 A rapid, sensitive, and accurate GLC method of analysis 
of a new anticonvulsant drug, 1-(2,6-dimethylphenoxy)-2-amino- 
propane, was developed, utilizing an acid hydrolysis procedure to 
increase its degree of recovery from urine and employing one of its 
isomers, l-(2,3-dimethylphenoxy)-2-aminopropane, as an internal 
standard. 
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A new anticonvulsant drug, 1-(2,6-dimethyIphenoxy)- 
2-aminopropane (I), is presently undergoing clinical 
testing and metabolic studies in humans (1, 2). Sig- 
nificant anticonvulsant activity has been demonstrated 
in patients with psychomotor seizures or temporal lobe 
epilepsy when receiving divided daily doses of 4-8 mg./ 
kg. (1). To evaluate its rate of elimination and other 
kinetic parameters, a rapid and accurate method of 
analysis in  urine of I was sought. Due to the structural 
similarity of I to amphetamine and its congeners, several 
GLC methods of analysis of amphetamine in biological 
fluids were evaluated from the literature (3-7). The 
method of Ramsey and Campbell (7) was found to be 
a simple, accurate, and rapid GLC method which was 
modified to accommodate the urinary analysis of I .  
This paper describes a fast (50 samples/day/technician), 
sensitive, and accurate GLC method of analysis for 
measuring urinary levels of I in humans. 

EXPERIMENTAL 

Extraction ProredureTwo milliliters of patient or standard 
urine was accurately measured and pipeted into a 15-ml. ground- 
glass conical centrifuge tube, and 1.0 rnl. hydrochloric acid solution 
was added. The tube was stoppered and the mixture was heated in 
a constant-temperature bath at 100" for 1 hr. After cooling to room 
temperature, the pH was adjusted to 12 (Hydrion E paper) with a 
saturated solution of sodium hydroxide. To the alkaline solution, 
0.5 ml. of internal standard (II)* solution (300 mcg./ml. water) and 
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Designated as  K O  1173 and supplied as the hydrochloride salt by 
C .  H. Boehringer Sohn, Ingelheim. Germany. Amounts and levels of 
K O  1173 and K a  1398 are designated throughout the paper milli- 
grams of free base rather than hydrochloride salt (1.0 g. KO 1173- 
HCI or KO 1398-HCI = 0.83 g. K 6  1173 or KO 1398 free base, re- 
spectively). 

Designated a s  KO 1398 (11) [I-(2,3-dimethylphenoxy)-2-aminopro- 
pane] (isomer of KO 1173-1) and furnished as the hydrochloride salt 
by C. H. Boehringer Sohn, Ingelheim, Germany, 

0.1 ml. chloroform were accurately measured and added. The free 
baqes were extracted into the chloroform layer by vigorous shaking 
for 1 min., followed by centrifugation for 4 min. After separation 
of the two layers. 1.0 11. of the lower chloroform phase was injected 
into the gas chromatograph. 

GLC-GLC experiments were performed on a dualchannel 
instruments equipped with four hydrogen flame detectors. The 1.83- 
m. (Gft.) long, U-shaped column (2-mm. id.) was packed with 3% 
OV-17 on Gas Chrom Q, 100-120 mesh. Operating temperatures 
were: injector port, 340"; column, 125' (isothermal); and detector, 
260". Flow rates (milliliters per minute) were: nitrogen, 60; air, 300; 
and hydrogen, 50. 
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Figure l-Clrroniulogram of hydrolyzed normal urine. 

8 Varian 2100. 
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Figure 2-Chromatogram of hydrolyzed normal urine with drug ( I )  
and internal standard (10 added. 

The standard calibration curve was prepared by measuring the 
peak height at  seven different concentration levels of I (5.06-150.90 
mcg./ml. urine) and I1 (75 mcg./ml. urine) oia GLC in normal urine 
after acid hydrolysis and extraction (Figs. 1-3). The mean of the 
peak height ratio of 1:II of six determinations at eachIconcentration 
level was plotted cersus its respective concentration level of I (micro- 
grams per milliliter urine). The least-squares method, employed to 
obtain the best fit for the seven concentration levels, indicated that 
the peak height ratios of I :I1 were linear with respect to the concen- 
tration of 1 (Fig. 4). 

RESULTS AND DISCUSSION 

GLC analysis of urine of epileptic patients who were taking I 
showed an increase in the chromatographic peak height of 1 when 
the urine was hydrolyzed in acid media cersus the peak height of I 
measured in nonhydrolyzed urine. Apparently, I exists partly con- 
jugated in urine and acid hydrolysis released the free drug, pro- 
ducing a larger peak height on the chromatogram. The optimum 
length of time for the urinary acid hydrolysis step was 1 hr. Addi- 
tional hydrolysis time did not increase. the amount of free uncon- 
jugated I in urine. 

Amphetamine, 2.3-11, and 2,4- and 2.5-dimethyl isomers of I 
were evaluated as internal standards. Amphetamine had an unde- 
sirable short retention time, with its chromatographic peak oc- 
curring in front of I close to the solvent front. The most favorable 

Table I-Typical Urinary Levels of I in Humans 

24-hr. Urine-- 

ConFntra- Amount 
Daily tion, Excreted, 

Total 

Patient Dose, mg. Volume, ml. mcg./ml. mg. 

L.J.F. 100 3260 13.5 44.0 
J.W. 100 1600 29.7 47.5 
L.F. 200 1500 42.3 63.5 
F.C. 200 1930 13.5 26.1 
L.S. 300 1900 24.1 45.8 
T.S. 300 1360 29.8 40.6 

marker appeared to  be 11. It was completely separated from I and 
possessed a longer retention time than I. Both drugs (I and 11) gave 
sharp, well-defined peaks with no tailing (Figs. 2 and 3). Initially, 
I1 was added as an internal standard before acid hydrolysis and 
then was hydrolyzed along with I for 1 hr. However, the results were 
erratic and inconsistent, and the standard calibration curve was not 
reproducible. GLC analysis of I added to standard urine before and 
after hydrolysis indicated that n o  acid degradation had taken place 
in either case. Therefore, the erratic quantitative results were not 
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Figure 3-Chrornafogmni of hydrolyzed putient wine with internal 
standard (10 added. 
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due to degradation of 1. Similar studies of I1 revealed some acid 
degradation when it  was added before hydrolysis. The problem of 
erratic quantitative results was. therefore, traced to acid degradation 
of 11 during the hydrollsis step. 

One can postulate that I is stable to acid degradation through 
steric hindrance imposed by the 2,Gdimethyl groups shielding the 
ether oxygen to protonation. However, 11, with its 2,3-dimethyl 

o.20 

group substitution, cannot provide the same degree of steric hin- 
drance as I and would be expected to degrade partially in acid 
media. In the case of amphetamine, the quantitative results were 
the same whether it was added before or after the acid hydrolysis, 
indicating acid stability. When I1 was added after the acid hydrolysis 
step, the results were consistent with the values obtained when using 
amphetamine either before or after hydrolysis. Therefore, the 2,3- 
dimethyl isomer (11) of I was chosen as the internal standard rather 
than amphetamine or one of the other isomers of I. The addition of 
I 1  after the acid hydrolysis step led to reproducible and accurate 
results, as indicated by the linearity of the standard calibration curve 
(Fig. 4, mean standard deviation = k5 .9X) .  

The advantage in using small volumes of extracting solvent (e.g., 
0.1 ml. chloroform) cersus larger volumes is in the reduction of im- 
purities that would normally be extracted with larger volumes 
(Figs. 2 and 3; note absence of impurities). An additional advantage 
is that only one centrifuge tube is used in the extraction. 

Several examples of urinary levels of I in humans are cited in 
Table 1. The complete results of the clinical trial and kinetic studies 
in humans will be published at  a later date. 
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