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SUMMARY 

Metabolites of methoxyphenamine in- urine obtained after oral administration 
of the drug to rats have been isolated by Sephadex LH-20 column chromatography 
and identified as the 0-, N,O- and N-demethylated derivatives of methoxyphenamine 
by thin-layer chromatography,. spectrometry, and comparisons with synthesized 
compounds. The unchanged drug and the metabolites excreted in urine have been 
extracted and determined by gas chromatography after treatment with trifluoroacetic 
anhydride. 

_ 
INTRODUCTION 

It was shown by Chundela and Slechtov9 that one of the metabolites of 
methoxyphenamine in humans is the N-demethylated derivative, .2-amino-l-(o- 
methoxyphenyl)propane, and another metabolite may be either N-hydroxylated 
methoxyphenamin e or 1-(o-methoxyphenyl)-2-propanol. Later, Midha and Coutts’ 
demonstrated that the mass spectrum of another metabolite found in the previous 
study was clearly difcerent from those of synthesized N-hydroxylated methoxyphen- 
-amine and 1-(a-methoxyphenyl)-2-propanol, but it was identical to that of the 
O-demethylated derivative, 1-(o-hydroxyphenylj-2-methyiaminopropane. 

In this study, the metabolites of methoxyphenamine found in urine after oral 
administration of the compound to rats have been isolated and identified by com- 
paring their analytical data with those of synthesized 2-amino-l-(o-methoxyphenyl)- 
propane, 1-(u-hydroxyphenyl)-2-methylaminopropane and 2-amino-l-(o-hydroxy- 
phenyl)propane. The main metabolic route of methoxyphenamine in rat is O- 
demethylation and the major metabolite is I-(o-hydroxyphenyl)-2-methylamino- 
propane together with small amounts of 2-amino-1-(o-hydroxyphenyl)propane and 
2-amino-I-(o-methoxyphenyl)propane. 

EXPERIMENTAL 

MateriaIs 
Methoxyph enamine hydrochloride was extracted with chloroform from 

Orthoxin (Japan Upjohn, Tokyo, Japan). The extract was recrystallized from ethanol- 
diethyl ether (1:l) to give the required product, m-p. 130432”. 
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I-(o-HydroxyphenyZ)-2-methyZaminopropane hydrochloride. A mixture of 1 g 

of methoxyphenamine and 6 ml of 48 % hydrobromic acid was refluxed for 2 h. The 
reaction mixture was made alkaline, with sodium carbonate and then extracted with 
diethyl ether. Hydrogen chloride was passed into the ether extract and the ether was 
evaporated. The residue obtained was recrystallized from ethanol-diethyl ether (1 :I) 
to. give the required product, m-p. 165-166’. 

2-Amino-I-(o-methoxyphenyl)propane hydrochloride. To a mixture of 5 ml of 
tetrahydrofuran and 3.5 g of lithium aluminum hydride, was added dropwise 5 mi of 
a tetrahydrofuran solution containing 5 g of l-(o-methoxyphenyl)-2-nitro-1-propene 
which was synthesized by the method of HeinzeIman3. The mixture was refluxed for 
4 h, then filtered and the filtrate was evaporated under reduced pressure. The residue 
was dissolved in diethyl ether and extracted with I N hydrochloric acid. The aqueous 
layer was separated, made alkaline with sodium carbonate and extracted with diethyl 
ether. Hydrogen chloride was passed into the ether solution and the ether was evapo- 
rated. The residue was recrystallized from ethanol+liethyl ether (1:1) to give the 
required product, m-p. 11 l-l 12”. 

2-Amino-I-(o-hydroxyphenyl)propane hydrochloride. 2-Amino-l-(o-methoxy- 
phenyl)propane was demethylated at a methoxyl radical in the same manner as in the 
synthesis of l-(o-hydroxyphenyl)-2-methylaminopropane. The product had m.p. 
160-161”. 

Sephadex LH-20 and p-glucuronidase were purchased from Pharmacia (Upp- 
sala, Sweden) and Sigma (St. Louis, MO., U.S.A.), respectively, and all of the other 
chemicals were special grade. 

isolation’ of metabolites 

Methoxyphenamine hydrochloride (50 mg/kg) was given orally as 10 m&ml 
aqueous solution to five male Wistar rats weighing 150-200 g. The animals were 
placed in individual cages and their urine was cohected every 24 h. 

The urine was adjusted to pH 9.0 with sodium carbonate and extracted four 
times with equal volumes of chloroform-isopropanonoi (3 : 1). The solvent was evapo- 
rated under reduced pressure, after drying over anhydrous sodium sulphate and 
adding a drop of acetic acid to prevent evaporation of the compounds. The unchanged 
drug and the metabolites were contained in the residue. The urine remaining from 
the extraction was neutralized with hydrochloric acid. A volume of concentrated 
hydrochloric acid equal to one fifth of the solution volume was added and the mixture 
was heated on a boiling water-bath for 1 h in order to hydrolyze conjugated metab- 
elites. The resuhing solution was neutralized with sodium hydroxide and adjusted 
to pH 9.0 with sodium carbonate, followed by an extraction with chloroform-iro- -._----__-- 
propanol as described above. 

For the identification of the metabolites a large-scale experiment was carried 
out as follows. Urine, which had been collected for 24 h after oral administration of 
methoxyphenamine to 100 male rats, was extracted with chloroform-isopropanol 
(3:1) as described above. The extract was dissolved in a small volume of methanol 
and separated by column chromato,oraphy on Sephadex LH-20 into four fractions, 
eluted with acetone (fractions A and B), with acetone-methanol (98:2) (fraction C) 
and with acetone-methanol (95:5) (fraction D)_ 
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Analytical procedures 
Thin-layer chromatography (TLC). TLC was carried out on 250-pm layers of 

silica gel GFzso (E. Merck, Darmstadt, G.F.R.). The solvent systems used for develop- 
ment were chloroform sat-&rated with 28 % ammonium hydroxide-ethanol-methanol 
114.1 .I\ IA\ -~+L~....l c)QO/ .-...a..-.-...:.~m h..Ar--v;A, IlM.1 C\ /a\ .-,..A rrl.l,w-,.Frr- 
\lQ.l.‘, c&x,, I~~uILLu”L--LQ ,. LLLLLULV~LLLU IIJuL”NUG \ruv.r.a, \u, ouu ~u.x”L”I”I~- 

methanol-acetic acid (15 :4: 1) (C). Chromatograms were visualized under an ultra- 
violet (UV) lamp. (254 nm) and by sprayin, 0 the following reagents: 20 o/0 sodium 
carbonate solution, 1 y0 sodium nitroprusside solution and 50% acetaldehyde in 
ethanol (I); 0.1 y0 2,6-dichloroquinone4chloroimide in ethanol and ammonia (II); 
or 0.25 0/0 fluorescamine in acetone and 10 % triethyhunine in methylene chloride (III). 

Gas chromatography (GC). A Shimadzu GCXCM gas chromatograph 
equipped with a flame ionization detector was used. The glass column (2 m x 3 mm 
I-D_) was packed with 2% OV-17 on Chromosorb W AW DMCS (SO-100 mesh) as 
the stationary phase. Temperatures: oven, 130” ; injection port, 180”; detector, 180”. 
Nitrogen flow-rate, 50 ml/min. The chloroform-isopropanol extract obtained from 
the urine was dissolved in 200 ~1 of ethyl acetate and 200 ~1 of trifluoroacetic; anhy- 
dride were added. The vessel containing the mixture was stoppered tightly and heated 
at 55” for 20 min. The solvent was evaporated under reduced pressure and the residue 
obtained was dissolved in ethyl acetate; 1 ~1 of this solution was injected into the gas 
chromatograph. For the determination of the unchanged drug and the-metabolites, 
0.15 pg/pl of bibenzyl in ethyl acetate was used as an internal standard. A Shimadzu 
Chromatopac-1A digital-integration computing system was used for integration and 
peak identification. 

UV, infrared (IR) and mass spectra were obtained with Shimadzu MPS-5000, 
JASCO DS-701G and JELL OIS-G instruments, respectively_ 

RESULTS AND DISCUSSION 

Identification of the metubolites 
Four spots were recognized on thin-layer chromatograms of the chloroform- 

isopropanol extract of urine obtained after administration of methoxyphenamine 
(Table I). One of the four spots, which gave a blue colour with reagent I, was identical 
l rr CL, . . . . ..k--..d A-.- .-.-A ct.,. ,4-&,,, +I-,,, “-_^C^ /lirF ,-A AA \ . .._r_ ,.#...,:Ap-pA L” LIl&Z uX&XlaJq,=u urug, izull LLlLZ “LllCl LllLCC spuw \I”rl, M2 illJ.U I”13, WGL%Z c.“IwIIlbL&;LL 
to be metabolites of methoxyphenamine. It was presumed that the metabolites Mi, 
M, and M3 were & N,O- and N-demethylated derivatives of methoxyphenamine, 
respectively, from the colours of the spots obtained by spraying with the various the 
reagents and from a comparison of the RF values with those of synthesized l-(0- ’ 
hydroxyphenyl)-2-methylaminopropane, 2-amino-l-(o-hydroxyphenyl)propane and 
2-amino-1-(o-methoxyphenyl)propane on thin-layer chromatograms. 

Gas chromatographic analysis of the extract treated with trifhtoroacetic 
anhydride showed three peaks other than that of the unchanged drug. The retention 
times from the gas chromatograms are compared with those of the synthesized 
compounds in Fig. 1. 

Fraction A, obtained by Sephadex LH-20 column chromatography of the 
urine extract from the large-scale experiment, gave the metabolite M1, corresponding 
to the spot having RF 0.33 in solvent system A in TLC; fraction B, the unchanged 
drug, corresponded to the spot having RF 0.48, fraction C, the metabolite Ms, corre- 
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TABLE I 

Xi VALUES AND COLOUR REACTIONS OF METHOXYPHE~AMME AND iTS METAR- 
OLITES EXCRETED IN URINE 

Solvent systems used for development were chloroform saturated with 28 % ammonium hydroxlde- 
ethanol-methanol (18:i:l) (A), methanol-2g0A ammonium hydroxide (1OO:l.S) (B) and chloroform- 
methanol-acetic acid (15 :4: 1) (C). Reagents used for colour development were 20 o/0 sodium carbonate 
solution, 1 y0 sodium nitroprusside solution and 50% acetaldehyde in ethanol (I), 0.1 o/0 2,6-dichloro- 
quinone4chloroimide in ethanol and ammonk and 0.25% fluo rescamine in acetone and 10% 
trietbylamine in methylene chloride (III). 

c*&und RF value Colour development 

Solvent system 3eogent 

A B c I II III 

Unchanged methoxyphenamine 0.48 0.37 0.44 Blue - - 
wi, 0.33 0.51 0.42 Blue Light blue - 
Mz 0.27 0.53 0.33 - Purple Yellow fluor.’ 
MS 0.43 0.48 0.50 - - Yellow fluor. * 

* Yellow fiuorezcence under a UV lamp (365 nm) after spraying with reagent III. 

0 5 10 15 20 25 
Retention Time (min) 

Fig. 1. Gas chromatograms of methoxyphe namine and its metabolites treated with trifluoroacetic 
anhydride. The solid line shows the trifluoroacetylated extract of urine obtained after oral administra- 
tion of methoxyphenamiue to rat. The dashed lines show authentic 2-amino-l-(o-hydroxyphenyl)pro- 
pane (l), I-(o-hydroxyphenyl)-2-methylaminopropane (2), 2-amino-l-(0-methoxyphenyl)propane (3) 
and methoxyphenamine (4). 

sponded to the spot having RF 0.43 and fraction D, the metabolite M2, corresponded 
to the spot having RF 0.27. The unchanged drug and the metabolites M1, M+ and M3 
separated by the column chromatography were recrystallized from ethanol-diethyl 
ether (1: 1, v/v) as their hydrochlorides. 

UV absorption spectra of the hydrochIorides in methanol are shown in 
Table .II. The fact that the maximum absqrptions of M1 and Mz in methanolic 1% 
sodium hydroxide solution are shifted by 1.5 nm to longer wavelengths than in 
methanol suggests that these compounds, possess phenolic OH groups. 

Mass, high-resolution mass and IR spectra are shown in Fig. 2, Table III and 
Fig. 3, respectively. The analytical data of ML, M, and M3 are in excellent agreement 
with those of synthesized l-(o-hydroxyphenyl)-2-methylaminopropane, 2-amino-l- 
(u-hydroxyphenyl)propane and 2-amino-1-(u-methoxyphenyl)propane, respectively. 
From these results it is concluded that M1, M, and M3 are the 0-, N,O- and N- 
demethylated derivatives of methoxyphenamine, respectively (Fig. 4). 
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TABLE H . 
ULTRAVIOLET ABSORPTION OF METHOXYPHENAMINE AND ITS METABOLES 

Unchanged methoxyphemimine 273.0 279.0 l 273.5 279.5 - 
M1 275.5 280.5 l 277.0’ 282.0 :. 
MZ 276.0 281.5’ 277.5 - 283.0 
M3 273.0 279.0 * 273.0 279.0 - 

l Shoulder. 

-- 

Fig. 2. Mass spectra of methoxyphenamine (1) and its metabolites Mt (2), M2 (3) and MS (4) which 
are isolated from the urine. 

TABLE III 

MkssMEksUREMENr FORM+• FMETHOXYPHENAMINE ANDITS M~TABOLITES 
BY HIGH-RESOLUTION MASS SPECTROMETRY 

Compound MC 

Found Calc. Formula 

Unchanged methoxyphenamine 179.130 179.131 CnHl,NO 
MI 165.114 165.115 C~OHISNO 
MZ 151.100 151.100 C&I,NO 
M3 165.117 165.115 C&,NO 

Excretion of the unchanged drug and the metabolites in rat urine 
Recovery of methoxyphenamine, kmino-i-(o-methoxyphenyijpropane, i-(0- 

hydroxyphenyl)-2rmethylaminopropane and 2-amino-l-(o-hydroxyphenyl)propane, 
which were added to the urine of a control rat, was examined by GC after the extrac- 
tion. When diethyl ether or. chloroform was used as extraction solvent, 90-100 % of 
the. first three compounds was recovered, but only 70-80 % of 2-amino-l-(o-hydroxy- 
phenyl)propane. For the extrq%ion the most suitable solvent was chloroform-iso- 
propanol(3:1), the recovery.of all the compounds ranging from 96 to 100%. 
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Fig. 3. IA-a-red spectrs of the hydrocblorides of methoxyphenamine and its metabolites in sodium 
chloride disks. The solid limes (a) show the hydrochlorides of methoxyphenamine (l), ML (2), Mz (3) 
and MS (4) which are isolated from the urine. The dashed lines (b) show the hydrochlorides of authen- 
AC_ -_*L_-.--L____-~__ I.\ l /- L-_>-_..-_l--___I\ ” __rl__*__~__ _____ __ /-\ - __I__ 1 /_ L_.> ___._. I.K memoxypnm~C <I,. I~~nyuroxypn~nyr-~~~~~ ammopropane CL,. L-anun u-l-\u-nyur”ny- 
phenyl)propane (3j and 2-amino-l+-metboxyphenyl)propane (4). 

Q 0 CH2_CIH-CH3 -4 0 C&-$I+CH3 
0CH3 NH-W3 a-i NHCH3 

Q 0 CH2-$ii-C& 
(J=b NH+i Z+min~.=-m~oxyphenyl)popure(M3) 

Fig. 4. The metabolitcs of methoxyphenamine excreted in rat urine. 

In order to identify and determine conjugated metabolites, 10 ml of urine was 
adjusted to pH 5.0 with 10 ml of 0.2 M acetate buffer (pH 5.0) and acetic acid. 
#LGlucuronidase (3000 units) was then added and the mixture was incubated at 37” 
for 48 h. The incubation mixture was adjusted to pH 9.0 wi*& sodium carbonate and 
extracted with chloroform-isopropanol (3 :l). It was co-ed by TLC that the 
unchanged drug and the metabolites ML, MZ and MS were contained in the extract. 
The amounts of the metabolites in the extract were determined by GC, and compared 
with those in the urine before hydrolysis. It was shown that glucuronides of the 
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metabolites were not present in the urine, since the contents of the metabolites before 
and after hydrolysis were approximately equal. Hydrolysis with hydrochloric acid 
was attempted as follows. Concentrated hydrochloric acid was added to the urine to 
give a final acid concentration of 2 N. This mixture was then heated for various times 
from 0.5 to 2.5 h. Under all conditions of hLdrolysis the metabolites MI and Mr were 
identified by TLC. The maximum amounts of the metabolites were obtained after 
heating for 1 h and these amounts were unaltered by more longer periods of heating. 
This result suggests that conjugated metabolites other than glucuronides are excreted 
in urine. The amounts of unchanged drug and the metabolites in urine after oral 
administr&on of the drug to rats are shown in Table Iv. 

TABLEIV i 

URJNARY EXCRETION OF METHOXYPHENAMINE AND ITS METABOLITES AFTER 
ORAL ADMINISTRATION TO RAT 

nsl. = Not detected. 

Metabofite Percentage of &se excreted 

Day after oral administration 

I 2 3 4 5 

Unchanged methoxyphenamine 3.8 + I.2 0.2 5 0.2 n.d. 

I-(o-Hydroxypheayl)-2-methlaminopropane, M, 
free 14.8 & 2.1 0.9 io.7 0.3 &O-3 0.1 kO.1 trace 
^^-:..-c& r”u,“~- i.7 * G-6 0.1 + 0.1 tizce n.d. 

2-Amino-1-(o-hydro.xyphenyl)propane, MZ 
free 2.8 2 0.8 0.1 & 0.1 trace n.d. 
conjug2ted 0.7 & 0.5 0.1 & 0.1 n-d. 

2-Amino-l-(o-methoxyphenyl)propane, MS 0.6 & 0.2 0.1 & 0.1 n-d. 

The unchanged drug and the metabolites excreted in rat urine comprised 26 % 
of the dose when determined 4 days after oral administration, and the main meta- 
hn1;tc-c ,I,PS-P n_Anm~th.rl~t.a.4 ma+h.T\vxm.h.Pm.xm&x. (17 Cl o/\ c,.nri N n-clnm~th.rl~tm-l ““ll.“U .1-L- v-urruru,rarbu LII~t.Ll”*,pLabuLL~.~b \L # -/ ,o, c&&Au L.,v-ururru,Lrr-u 

methoxyphenamine (3.7%). These phenols were excreted mainly as the free com- 
pounds. Only 4.0% of the dose was excreted unchanged and 0.7 y/o appeared as 
N-demethylated methoxyphenamine. 
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