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SUMMARY

Diethylpropion is known to be metabolised by two major routes: N-dealkylatior
and keto reduction. A method for the analysis in urine of diethylpropion and it:
basic metabolites, including the diastereoisomers and enantiomers of the aminc
alcohol metabolites, is described.

INTRODUCTION

The metabolism of diethylpropion (I) has been investigated by wvariou
workers?—3, but the published results are inconsistent and agree qualitatively onl;
on two metabolic routes: N-dealkylation and keto reduction to secondary alcohols
the latter route occurring for the three amino ketones (I, II and III) (Fig. 1).

The amino alcohols IV, V and VI can each exist as (-)-erythro (1S:2R)
(=)-erythro (xR:2S), (+)-threo (1S:2S) and (—)-fhreo (I1R:2R), but no informatio
is available on the proportions of the stereoisomers formed during the metabolisn
of diethylpropion. Since VI represents the isomers of norephedrine and norpseudo
ephedrine, and V and IV represent respectively, N-ethyl- and N-diethylnorephedrine
(and N-ethyl- and N-diethylnorpseudoephedrine), the biological activity of the amin:
alcohol metabolites will be influenced by the stereoisomeric forms present.

The present paper describes a procedure for the analysis of the amino ketones 1
II and IITI and the diastereoisomeric and enantiomeric forms of the amino alcohols IV
V and VI in mixtures of some or all of these compounds.

The amino ketones I, IT and III have an asymmetric centre, but racemisatio:
will be fast during extraction under alkaline conditions, and therefore no attemp
was made to investigate the proportions of these enantiomers.

EXPERIMENTAL
4 /Jjbumtus

A Perkin-Elmer F II gas chromatograph with a flame 1on1zat10n detector an
a Hitachi r4a recorder was used. The columns were made of stainless stéel, 1/8 in. O.L
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Fig. 1. Some routes of the metabolism of diethylpropion.

ments were made using a Bellingham Stanley/Bendix-Ericcson Polarmatic 62
instrument equipped with a 250 W Supersil xenon lamp with constant N, purging
and operation at-room temperature.

- NMR spectra of the compounds as bases in CDCly and as hydrochlorides in
D,0 were obtained on a 60 MHz Perkin-Elmer R-10 instrument.

‘IR spectra were recorded on a Unicam SP 200 spectrophotometer and a
Perkin-Elmer 157 G grating spectrophotometer with KCI discs.

Compounds
Compounds I to V were kindly supplied by the Wm. S. Merrell Co., Cincinnati,
O]uo, USA, .
- (==)-Norephedrine(( —)-VI erythro) and (-)-norpseudoephedrine((-+)-VI ¢iveo)
were purchased from K & K Lab. Inc., Plainview, N. Y., U.S.A.
(-+)-Norephedrine((+)-VI erytkro) and (-—)-norpseudoephedrine( (—)-VI- threo)
were kindly supplied by Wellcome Research Laboratories.
(+)- and (—)-N-ethylnorephedrine ((+4)- and (—)-V erythro) and (4)- and
(—)-N-ethylnorpseudoephedrine ((+)- and (—)-V threo), the prepara,tlon of these

‘compounds has already been describeds.
A anf A NLAiathvinaranhadrine ((d-)- and {--)-]'V ewthm) and ()
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follows. The corresponding primary amine base (0.005 mole) was dissolved in sodium-
dried diethyl ether (ca. 50 ml). Acetyl chloride (0.01 mole) was added with constant
stirring, and the mixture was allowed to stand for 1o min. LiAlH, (0.012 mole) was
added, and the mixture refluxed for 24 h. The excess of reagent was then carefully
hydrolyzed, the ethereal phase filtered, dried over anhydrous Na,SO,, and the ether
evaporated and replaced with sodium-dried diethyl ether. The reaction products were
examined by GLC on the first two columns described below. The whole synthetic
process was repeated three or four times until the GLC control showed that the
tertiary amine contained no primary or secondary amine. The amine hydrochloride
was precipitated from a sodium-dried diethyl ether solution by the dropwise addition
of ethanolic HCl, and recrystallized from an absolute ethanol-diethyl ether mixture.
The identity and purity of the product were checked by GLC, IR and NMR spectro-
scopy and ORD.

Furfurylamphetamine acetate was kindly supplied by Laboratoires Diamant
S.A., Paris.

N-Trifluoroacetyl-L-prolyl chloride (TPC) o.x M solution in CHCl; was pur-
chased from Regis Chemical Co., Chicago, Ill., U.S.A.

AnalaR diethyl ether was freshly re-distilled.

Gas-liquid chromatography

Before GLC, the reported®-® general extraction procedure was used.

Systemm A. A 1 m column packed with Chromosorb G (AW, DMCS-treated,
100-120 mesh) coated with KOH (10%,), Carbowax 20M (2%,) and Apiezon L (10%)
was used. The following conditions were used: oven temperature, 200°; injection block
temperature, ca. 200°; N, flow-rate, 33 ml/min (measured at room temperature); air
and H, pressures, 25 and 20 p.s.i., respectively.

System B. A 2 m column packed with Chromosorb G (AW, DMCS-treated,
100-120 mesh) coated with KOH (5%) and Carbowax 20M (5%) was used. The
following conditions were used: oven temperature, 180°; injection block temperature,
ca. 200°; N, flow-rate, 35 ml/min (measured at room temperature); air and H,
pressures, 25 and 20 p.s.i., respectively.

System C. A 2 m column packed with Chromosorb G (AW, DMCS-treated,
100-120 mesh) coated with SE-30 (3%) was used. The following conditions were used.:
oven temperature, 170°, injection block temperature, ca. 220°; N, flow-rate, 25 ml/min
(measured at room temp.) ; air and H, pressures, 30 and 15 p.s.i., respectively.

T hin-layer chvomatography

For TLC, 20 X 20 cm glass plates, covered with MN Kleselgel G/254 UV,
0.5 mm thick, were activated for r h at 100° immediately before use. The solvent
system used was acetone-methanol (88:12).

Determination of dicthylpropion and its amino ketone and amino alcohol metabolites
See Fig. 2 for outline of scheme.
(@) Amino alcohol metabolites (IV,V cmd VI) To 4 ml of urine (allquot A, Fig. 2),
1 ml of internal standard (I.8.) (furfurylamphetamine acetate, 40 ug/ml) and 0.5 ml
of & N NaOH were added. The mixture was extracted with diethvl ether (4 X 3 ml).
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by GLC- (system A). The concentrations of IV, V and VI in ug/ml were obtained by
multiplying their peak height ratios to 1.S. by the appropriate calibration factors
(C.FF.) (see (c) below). These peak height ratios were termed A;.

(b) Dicthyilpropion (1) and its amino ketone metabolites (11 and 111). The method
of BECKETT AND HossIE? was used. To 4 ml of urine (aliquot B, TFig. 2) were added

"1 ml of I.S. and o.7 ml of a phosphate buffer (52.4 g of K,HPO,+46.8 g of
“*NaH PO, 2H,0 in 200 ml of water). To this solution, NaBH, (ca. 10 mg) was added,

and the mixture shaken once; this reduction process was repeated twice at ro-min
intervals. Then 0.5 ml of 5 N NaOH was added, and the extractions and GLC analysis
of the total amino alcohols IV, V and VI were carried out as described above. From the
peak height ratios of IV, V .and VI to 1.S. (By), A; values were subtracted. These
differences were multiplied by the appropriate C.IF. (see (¢) below) to give the con-
centrations of I, II and IlI in ug/ml.

(¢) Calibration curves of I, II, III, IV,V and VI. FFor these calibration curves,
series of blank urine samples containing known amounts of I, II, III, IV ervihro
(or ¢hreo separately), V erythro (or threo separately) and VI ervthro (or threo separately)
were used.

Detevmination of the threo and ervihiro j)ercantavas of the amino alcohol metabolites IV,
Vand VI

(a) Amino alcohois IV and V1. Sample C (IFig. 2) (5-15 ml, depending on the
concentration of the metabolites) was made alkaline with § NV NaOH, extracted four
times with diethyl ether, and the ethereal extract concentrated to 10-30 ul in the
presence of AW anti-bumping granules; 2—-3 ul were analysed by GLC (system B)

Fig. 2. Outline of scheme for the determination of diethylpropion and its amino ketone metabolites
and amino alcohol metabolites (diastercoisomers and enantiomers),

1 Peak height ratios of IV, V and VI to internal standard (IS), furfurylamphetamine,
designated as 44.

2 Peak height ratios of reduced I, IT and IIT plus IV, V and VI to IS designated as 1B;.

3 Peak height ratios of V (erythro 4 thveo) to LV threo (present as metabolite but considered
as internal reference) before and after reaction with acetone to give the oxazolidine of V, designated
as D and L, respectively (LV does not react).

4 The optical rotation in millidegrees is used to give G, concentration of optlcally active
IV erythvo or threo.

5 Peak height ratio of IV erythro or threo to IS, multiplied by the appropriate calibration
factor, gives Hy, the total concentration of IV erythro or threo.

6 It is assumed that the fraction L of the eryﬂwo form, and the fraction (1 — L) of the
hreo form of V in spot B are the same as obtained for V in the analysis of sample C.

7 The optical rotation in millidegrees is designated as K.

8 Peak height ratio of V (erythro + threo) to IS, multiplied by the appropriate CF, gives M,
the total concentration of V.

9 The TP derivatives of the four isomers of V appear as two peaks; first peak (--)-erythro
plus (—)-threo; second peak (—)-erythro plus (--)-threo. The ratio of the area of the first peak to
the sum of the areas of both pecaks (measurement of external triangles) is designated as N,

10 The ratio of the hexght of the tiveo peak of VI to that of the sum of the height of this
peak plus the exythro peak of VI is termed R, (for spot E this ratio is termed R,).

11 The TP derivatives of the four isomers of VI appear as two peaks (sce (9)). The ratio
of the area of the first peak to the'sum of the’ areas of both peaks is termed P, (for spot E, the
ratio of the area of the sccond peak to the sum is termed P,). :

An dddltlon _the symbols 2 and » are uscd to desxgnate the factors obtained by d1v1d1ng

se R I | ISR Sy Y RN $ AV sim mam A NN RVl Ll ALY Y__ o2 s
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for IV and V1. The ratio of the ¢Ar¢co peak height to the sum of #ireo and eryvthro peak
heights (designated #hreo peak fraction) gave the #hreo and erythro percentages by
comparison with calibration curves; the latter were obtained by determining the
thveo peak fraction by GLC (system B) after adding known amounts of #reo and
erythro forms of IV and V to blank urines.

The peak height ratio of V to IV ¢threo was also measured.

(b) Amino alcohol V. From the chromatogram obtained above, the peak height
ratio of V to IV ¢hreo was obtained (D).

From the remaining ethereal extract obtained in (@), the anti-bumping granules
were removed and the ether was completely evaporated. Then o.1 ml of a freshly
prepared mixture of acetone—glacial acetic acid (100:0.25) was added to the residue,
and the tube was hermetically stoppered and allowed to stand for 4 h at 46 4- 0.5°
on a water-bath. The tube was cooled and the solution concentrated to a smaller
volume by means of a nitrogen flow; 2-3 ul were then analysed by GLC (system B)
for V and IV ¢hreo. The new ratio of V to IV ¢hreo (E) was determined and divided by
D to give the fraction of unreacted V.

Blank urine samples containing known amounts of V erythro and V ¢hreo were
submitted to this procedure in order to obtain a correlation between the percentage
of reacted V and the eryfhro percentage of V.

Determination of the enantiomeric proporiions of the diasteveoisomers of IV, V and VI
Sample D (Fig. 2) (200-400 ml, depending on the concentration of the
metabolites) was made acidic with 5 N HCI (2-4 ml) and washed twice with diethyl
ether. The sample was then made alkaline with 5 NV NaOH (10-20 ml) and extracted
three times with diethyl ether. The ethereal extract was dried over anhydrous
Na,S04, concentrated to ca. T ml and then added as many discrete spots on one or
two TLC plates. On the edges of the plates were put reference spots of authentic
metabolites as controls. After developing, the spots were made visible by UV light
(and by spraying with a saturated solution of iodine in CCl, for the reference spots).

The spots corresponding to the following metabolites were scraped off and
suspended in 2-3 ml of 0.1 N HCI: spot C (IV erythro), spot E (IV threo), spot B (V),
spot F (VI erythro) and spot G (VI threo) (see Figs. 2 and 7).

(@) Amino alcohols IV erythvo and IV threo. The above separated silica gel
suspensions of spots C and E were made alkaline with 5§ N NaOH (0.5 ml) and
extracted with diethyl ether (3 X 3 ml). The ethereal extracts were concentrated to
ca. 0.5 ml. Acetic anhydride (0.02 ml) was added and the mixture allowed to stand
for 30 min. Diethy! ether (x ml) was added and the ethereal solutions were extracted
with 0.x N HCl (3 X 2 ml). The aqueous phases were washed with diethyl ether
(2 X 2 ml) to remove any remaining amide, made alkaline and extracted with
diethyl ether. These ethereal extracts were evaporated and the residues: dlssolved in
0.7-0.8 ml of 0.1 N HCl. ’

The optical rotations of the solution obtamed from spot C and the one from
spot E were measured-in a 1-cm cell at 222 nm. These figures were divided by the
factor obtained: by d1v1dmg the, optlcal rotation of IV. erythro (or IV threo) by the
concentration of pure isomer used in solutions of various concentratlons ‘this gave
the concentration G: (in ug/ml) of ovticallv active IV ewvthro (or IV threo).
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solutions above was then measured by mixing o.r ml of each solution with x ml of I.S,,
extracting with diethyl ether and determining by GLC (system A) by comparison
with calibration curves of IV erythro (or IV threo) against 1.S.; the total concentration
in ug/ml was designated as H; and is equivalent to G; plus the concentration of the
(&) pair.

(b) Amino alcohol V. The silica gel suspension of spot B (Fig. 2) was extracted
with diethyl ether, the extract evaporated and the residue dissolved in 0.7-0.8 ml
of o.x N HCIL.

The optical rotation of this solution was measured in a 1-cm cell at 222 nm and
designated as K (in millidegrees). The factors » and # were obtained by dividing the
optical rotations of various solutions (in 0.1 NV HCI) of (+)-V erythro and (4-)-V threo,
respectively, by their concentrations. (The fraction L of the eryéhro form and the
fraction (x —L) of the ¢i7¢o form were assumed to be the same as already determined
for V on sample C.)

The total concentration of V in this solution was measured by mixing o.r ml
of the solution with I.S. (r ml), extracting with diethyl ether and determining by
GLC (system A) by comparison with a calibration curve of V against 1.S.; the total
concentration in ug/ml was designated as M.,

The remainder of the acidic solution was made alkaline, extracted with diethyl
ether, the ether was completely evaporated, and the residue dissolved in 2-3 ul of
CHCl,. TPC reagent (2—3 ul) was added and after 10 min this solution was analysed
by GLC (system C) for the TP derivatives of (+)- and (—)-V erytiro and (4)- and
(—)-V threo. The fraction of (+)-V erythro plus (—)-V ¢hreo to total V (V) was measured
by determining the ratio of the area of the first peak to the sum of the areas of this
peak plus the second peak (measurements of the areas of the external triangles¢).

(c) Amino alcohols VI erythro and VI threo. The silica gel suspensions of spot F
and spot G (Fig. 2) were extracted with diethyl ether and the ethereal extracts
concentrated to ca. 20 ul.

The extract (2-3 ul) of spot I was analysed by GLC (system B) for VI erythro
and VI ?¢hreo (as impurity); the fraction of VI #hreo in this solution was determined
by comparison of the threo/erythvo peak height ratio and designated as R,.

In the same manner, the fraction of VI threo (VI evythro as impurity) in the
spot G was determined, and déesignated as R,.

The remaining ethereal extract of spot F was then completely evaporated, and
the residue dissolved in 2-3 ul of CHCl,;. TPC reagent (2—-3 ul) was added and after
0 min the solution was analysed by GLC (system C) for the TP derivatives of (+)-
and (—)-VI erythro and (-)- and (—)-VI ¢hreo. The ratio of the area of the first peak
to the sum of the areas of this peak plus the second peak ((-)-VI erytivo plus (—=)-VI
thveo to total VI) was measured and designated as P1

The ethereal extract of spot G was analysed in a similar manner. The ratio of
the area of the second peak to the sum of the areas of this peak plus the first peak
((—)-V1 erythro plus (+)-VI threo to total VI) was measured and designated as P,

Examination of the comj)lete analytwal sckeme usmg mixtures of dwthylprojnon and zts
mvestzgated melabolites in urine

‘The following blank urine solutlons containing the various mvestlg‘ated
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(1) solutions containing mixtures of all compounds I to VI in known concen-
trations;

(2) solutions containing compounds I, II and III, plus the six investigated
diastereoisomers in known proportions;

(3) solutions containing compounds I, Il and III, plus the enantiomers of 1V
threo, V ervthro and threo and VI ervthiro and threo in known proportions.

These solutions were analysed as described in the scheme shown in IFig, 2
(solutions 1, as aliquots A and B; solutions 2, as samples C; solutions 3 as samples C
and D).

RESULTS AND DISCUSSION

Stercochemistry of the amino alcolols IV, V' and V1

The corresponding (+)-ervthro, (—)-crvihro, (4)-threo and (—)-threo forms of
the amino-alcohols IV, V and VI were shown to have the same absolute configuration
by the almost complete identity of the ORD curves of the corresponding isomers of
IV, Vand VI as salts in o.1 N HC! and as bases in hexane (see ref. 4 for ORD curves
of enantiomers of V erviliro and 'V threo).

|
Il U\_

. 015
Time (min)

Fig. 3. Chromatogram showing the separation of dicthylpropion and its metabolites. PPeak 1,
II+4 IIL; 2,VI; 3,V 4, I 5,IV; LS, internal standard. GLC system A 1-m stainless-steel column
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Determination of dicthyvilpropion (I) and its amino ketone (IT and III) and amino
alcohol (I, V and V1) metabolites

Using GLC system A, the retention times obtained were: 11 - 111 4.3 min;
VI 5.3 min; V 6.5 min; I 7.7 min; IV ro0.0 min; L.S. 13.7 min (see also Iig. 3). A
number of columns and conditions were investigated, the objective being to produce
a system that could give good separation of IV, V and VI with no interference from
compounds I, Il and IIl, as the latter could not be determined directly because of
decomposition during extraction and on the column,

Svstem A represented the best compromise, even though under these conditions
compound I partially decomposed to give a secondary peak (retention time 9.0 min),
which produced a shoulder on the peak of amino alcohol IV, but did not interfere
with the peak height of TV,

In GLC system A, nicotine also gave a sharp peak (retention time 4.8 min)
that partially overlapped with that of VI; hence subjects of metabolism studies with
diethyipropion must refrain from smoking when the present method of analysis of
IYig. 2 is used.

Calibration curves using system A under the conditions described in the
ENPERIMENTAL section for amino alcohols 1V, V and VI were lincar over the range
0.3-10 pg/ml when the compounds were added to blank urine samples. The tireo and
ervthiro forms had exactly the same retention times and detector responses,

Although the amino ketones I, I1 and IIT underwent substantial breakdown
during extraction and GLC, they could be determined by quantitative reduction
with NaBH, to the corresponding amino alcohols IV, V and VI, which could be
determined as such (see method of analvsis of 4'-chloro-2-ethylaminopropiophenone
and its metabolites™®). Reduction of these ketones to the secondary alcohols as
described in the experimental section, followed by GLC analysis using system A, gave
straight calibration lines over the range 0.3-10 ug/ml in blank urine samples,

Although Baxct ¢f al.® reported the determination of ketone IT in solution by
GLC, Hossii? was unable to determine the compounds I, IT and IIT from aquecous
solutions by GLC without substantial breakdown, even using mild conditions
(NaHCO, alkalization); the present work confirmed the finding of Hossirk,

Hence, the total of each amino alcohol IV, V and VI could be determined in
one aliquot of urine (aliquot A) by direct GI.C using system A. The ketones I, IT and
IIT could be determined using the same system on another aliquot of urine (aliquot B)
after reduction to IV, V and VI, the peaks observed being the sum of the original
amino alcohol metabolites and the same compounds produced by reduction of their
corresponding ketones,

Determination of the ervihiro and threo percentages of the amino alcohol nctabolites IV,
V and 171

Using GLC system B, the retention times obtained were: IT 7.4 min; I 10.1 min;
IIT 11.5 min; IV ¢reo 13.0 min; V ervthro and threo 14.5 min; IV ervthro 16.5 min;
VI threo 18,7 min; VI ervihro 20.0 min (see IFig. 4).

The #hreo and ervehro forms of IV and VI were well resolved, and calibration
curves of tireo percentages against the measured ¢erco peak fraction could be obtained
(IFig. &) from solutions of known amounts of #iwweo and ervtiivo IV and VI in blank
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comparison with the above calibration curves will then allow the percentages of the
threo and ervthro forms of IV and VI to be determined.

a4
1 5
I
7
8
3
2 6
V UU

i § 1

o] . , 20
Time (min)

IFig. 4. Chromatogram showing the separation ol the amino alcohol metabolites of dicthyl-
propion. Peak 1, 11; 2, 113, LIL; 4, IN threo 5.V ervthro <= threo; 6, TN eevthro; 7, V1 thireo; 8, VI
ervthro. GLC system 13: 2-m ostadinless-steel colummn (/8 ine O.D)) ]m(.]\wl with Chromosorh G
{1too--120 mesh, AW, DMCS-treated), coated with INOH (57%) and Carbowax 203 (59,). Oven
temperature, 180 N, tlow-rate, 35 ml/min.

Because it was not found possible to separate the exvithiro and threo forms of V
on a variety of columns without the peaks interfering with the peaks of other
metabolites, resort was made to differences in the rates of oxazolidine formation of
ervthro and threo forms (¢f., different rates of oxazolidine formation from ephedrine
and pseudoephedrine using acetone? or various ketones!), Under the conditions
described in the experimental section, V ireo reacted with acetone to give the
oxazolidine much faster than did V crvidiro.

Using acidic catalysis and carefully standardized conditions (i.e., acid-washed
anti-bumping granules, a freshly prepared accurate mixture of acetone and acetic
acid, hermetically stoppered reaction tubes, constant temperature, standardized time)
followed by GLC analysis (system I3), it was possible to obtain reproducible results
when different mixtures of ¢hreo and ervthro V were added to blank urine, The
metabolically produced tertiary amine IV #ireo was used as the internal reference as
it did not react with acetone. The percentage of the ervtiiro form in a threo and. eryitiro

miviiira ~f Vo owwrnce Aatavrmitnand laer aasmnenmsidiines esdddls L el 1 T -
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Fig. 5. Calibration curves for the determination of the threo percentages ol IV (@) and VI (0),

Conditions as in Fig, 4.

Fig. 0. Regression line correlating the percentage of ervthro form of Voand the percentage of
oxazolidine formation under standardised conditions (sce text). v — 0014 A= St.g, 2 == 0900,

(v) against the percentage of erviiiro form
from the results of GLC analysis of blank
known proportions of V ervtiiro and 'V threo.

(¥). This rvegression line was obtained
urine samples containing IV #ireo and

Determination of the cnantiomeric percentages of the diastereoisoiners of anino aleohols
IV, Vand VI

The application of TLLC to the separation of the diastercoisomers of IV, V and VI
was investigated. Of the many systems examined, the system described in the
EXPERIMENTAL scction proved to be the most useful. The Rp values of the pure com-
pounds were: V tireo, 0.13; V erythro, 0.20; LV ervihiro, 0.32; 11 + 111, 0.46; IV threo,
0.53; V1 ervihro, 0.61; VI threo, 0.70; 1, 0.83.

The main object of the search was to obtain of system to separate the dia-
stercoisomers of IV, V and VI at the same time, and also to separate them from I, 11
and III. Hence the inability to separate 1T and I1I using the system finally: adopted
was not disadvantageous relative to the stated objective

Despite the separation finally effected, the spots of some of the various com-
pounds were close to each other (Ifig. 7) and thercfore in metabolic studies it would
not be possible to obtain a spot consisting solely of a single compound with sufficient
purity to permit direct analysis of the enantiomeric percentage.

GILC analysis of the TLC spots obtained by adding all the above compounds
to urine showed that spot C (Rp 0.32) consisted of IV erviliro containing some II and
III but no IV tireo. Spot E (Rp 0.53) contained IV thrco with some 1I, IIT and VI
erythro, but no IV erviiivo, Spot B (Rp ca. 0.17) consisted of V ervéhiro and threo. Spot I
(R 0.61) consisted of VI erviliro plus some VI #ireo, while spot G (Re 0.40) consisted
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Success in determining the enantiomers in the various diastereoisomers was
finally achieved with the following multiple analytical procedure and calculations.

1
Hgg °O
c 00 7080
F o O
o {0
80 @ ‘0%
c O 30

300102

—_—A o—e

Tig. 7. [hm-laycr chromatogram of diethylpropion and its metabolites. Authentic compounds:
spot 1, V thieo; 2, V evythro; 3, IV evythro; 4 I1; 5, III; 6, IV threo; 7, VI evythvo; 8, VI threo; g, 1.
Spots A to I were observed from blank urine samplcs to which dlethylproplon and its authentlc
metabolites were added.

(@) Enantiomers of IV evythro. The amino alcohol IV erythro is a tertiary amine,
whereas the impurities in spot C are primary (III) and secondary (II) amines; the
latter compounds were made non-basic by acetylation to form the amides.

The tertiary amine IV erythro was then extracted from the resultant ethereal
mixture with dilute acid, and its optical rotation was determined. The purification
procedure led to complete separation of IV exythro from III1 and II (less than 1%
of II remained in the solution). To give a reasonable reading of the optical rotation
at 222 nm, at least 100 ug of optically active IV exythro were required.

" The two determinations carried out with this solution, namely, determination
of the concentration of optically active IV e»ythro by optical rotation measurement,
and the determination of the total concentration of IV eryﬂwo by GLC system A,
allowed the percentage of the predominant enantiomer in a mixture of (-4-)- and
(—)-1IV erythro to be calculated by means of eqn. 1 (see later).
© . (B) Enantiomers of IV thveo. The tertiary amine IV #ireo in spot E was con-
tamlnated ‘with the primary amine VI erythro in addition to the primary III and
secondary 11 amines. Acetylation as described for I'V erythro ((a) above) was thorefore
'adopted to separate the desired compound from its impurities in spot E.

-TFor a reasonable reading of the optlcal rotation, at least 50 ug of optlcally
actwe IV threo were required. :

~The determinations of the concentratlon of optically active IV #threo and the
determmatlon of the concentration of total IV ¢hreo were carried out as described for
IV. erythro, thus permitting the use of eqn. x-(see later) to calculate the percentage
-fof th'e‘ predominant enantiomer in‘a solution containing (-)--and (=)-IV #hreo.

».(c) ~Enantiomers’ of V erythvo and V ‘threo. The Ry values of pure 'V erythro and
V threo were not: very different and therefore in spot B both were present as indicated
hv GL.C analveis:no other metabolite was found in thespot.. =~ -« 70
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sufficiently pure form for the following analysis. Various different determinations
were necessary as described in the experimental section, each determination leading
to results all of which were required for the mathematical treatment (see below) to
yield the enantiomeric percentages of (-)- and (—)-V ery¢hro and (+)- and (—)-V

The required amounts of optically active V erythro and V ¢{hveo for a reasonable

“reading of the optical rotation were the same as for IV erythro and threo.

The separation of various ‘‘ephedrines’’ and ¢ pseudoephedrines” by making TP
derivatives and using GLC system C has already been described$. Using the analytical
conditions described in the experimental section, TP derivatives of authentic V
isomers showed two peaks: the first peak (retention time 114 min) consisted of
(+)-V erythro and (—)-V threo; the second peak (retention time r2o min) consisted
of (—)-V erythro and (+4-)-V ¢hreo. The separation factor of these two peaks was 0.55,
thus allowing the determination of the ratio of the sum ((+4-)-V erythro plus (—)-V
threo) to the sum ((—)-V erythro plus (+4)-V #hreo) by measuring the areas of the
external triangles of the peaks. .

Using (+)- and (—)-ephedrine, we have shown? that the measurement of the
areas of the external triangles of partially overlapping TP derivatives peaks allows
a good estimation of the enantiomeric ratio.

(@) Enantiomers of VI evythro and VI threo. GLC analysis (system B) of spot F
showed the presence of VI erythro with some VI threo as impurity, while spot C
showed the presence of VI ¢hreo with some VI erythro as impurity. The percentage o:
the diastereoisomers in each spot was determined under the same GLC conditions.

Extracts of spot F and of spot G were then separately treated with TPC anc
subjected to GLC system C analysis. Independent analysis of the four authenti
isomers of VI gave two peaks under these conditions; the first peak (retention tim«
63 min) consisted of (+)-VI erythro and (—)-VI threo; the second peak (retentior
time 70 min) consisted of (—)-VI erythro and (--)-VI ¢hreo. The separation factor was
0.93. The ratio of these two peaks was determined by measuring their areas.

The determinations carried out with the extracts of spots IF and G led to result:
which required collective consideration as described by various equations (see below)
Mathematical resolution of these equations led to eqns. 4 and 5, which allow- the
calculation of the enantiomeric percentages of (+)- and (—)-VI ery!ivo and of ()
and (—)-VI ¢threo.

Calculations used for the determination of enantiomeric pevcentages

(@) Enantiomers of IV erythvo and IV thveo. Using Gy, the concentration o
optlcally active amino alcohol, and Hj;, the total concentration (G; plus concentratior
of the (<) pair) in the solution, the percentage Z; of the predominant enantiomer o
total IV erythro or total IV ¢hreo can be obtained from eqn. 1.

Z, = 100(H,; + G;)/2H, (1

(b) Eﬂahtiomers of V eryihvo and V theeo. If a, b, ¢c.and d represent the concen
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in the solution obtained from spot B, the following equations can be written:
m(a — b) + n(c — d)
(@a+b)(a+b+c+d=
’ (@+b+c+ d) =
(@a+d)@a+b+c+d=

These four equations are solved for a, b, ¢ and 4, and from the values obtained, the

(+)/(—) ratio of V erythro (4 = a/b), and the (4)/(—) ratio of V threo (w = c/d)
can be calculated:

_ ML(m + n) — nM(1 — 2N) + K

= ML(m + n) + nM(1 — 2N) = K ()
_ (@M —-MLY(m 4+ n) — M(2mN + n) + K
- MQ@mN + n) — ML(m + n) — K 3

The percentage U of the (+4) form in total V erythro and the percentage W of the
(++) form in total V ¢lirveo are then calculated from
U = 100%/(u + I); W == 100w/(w + 1).

. (c) Enantiomers of VI erythro and VI threo. If the concentrations of the four
isomers of VI ((+)- and (—)-erythro, ()~ and (—)-threo) in the extract of spot F
are designated as a,, b,, ¢, and d,, respectively, and a,, by, ¢, and d, in the extract of
spot G, the following equations can be written:

‘ (_0‘1‘4' d1)/(¢?1 + by + ¢, +dy) =R,
ez +dy)/(a; + by + ¢ +dy)) =R,
(ay +dy)/(ay+ by + ¢y +d)=P,
(b2 + e2)/(az + by + ¢; + dy) =P,
Then‘ C
. s =a/by = a,/b,
and S
t=-c,/d; =cy/d,

where s and ¢ are the (--)/(—) ratios of VI erythro and VI ¢hreo, respectively. Solving
these equations for s and ¢ gives:

S"'SPl +R1 _Pl

. t= sPy +SR; — s + P, o : .(4)
and . S o -
s?(P,R;~ R, +P;R'2) +§(2P3R; — Ry + 2P;R; — R,) 4+ P,R; — R, + PR, = ¢

(5)

Eqn. 5 has two solutions from the general solution of the quadratic, viz,, s = —1

a.nd the actual chemical answer:

Sl — ‘/bz —tadc
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TABLE I

53

COMPARISON BETWEEN ADDED AND FOUND CONCENTRATIONS (IN g BASE/ml) or I, II, III, IV, V

AND VI

Amino ketone I

Awmino ketone Il

Amino ketone 11T

Added Found Added Found Added Found
0.354 0.32I 0.302 0.309 0.303 0.351
0.884 0.954 0.756 0.747 0.758 0.803
1.415 1.35 1.21 1.30 1.212 1.370
2.48 2.65 2.12 2.19 2,12 2.34
3.58 3.83 3.02 2.95 3.03 3.02
5.3r1 504 4-54 4.39 4.55 4.98
7.07 6.86 6.04 5.70 6.06 6.20
8.84 9.26 7.56 7.01 6.82 6.40

Mean diffevence

6.19%

Mean difference
4-5%

Mean difference

6.7%

Awmino alcohol IV

Amino alcoliol V

Amino alcohol VI

Added Found Added Found Added Found
0.317 0.300 0.290 0.295 0.283 0.273
0.792 0.799 0.724 0.791 0.708 0.721
1.267 1.338 1.159 I.19 1.133 1.178
2.22 2.23 2.03 1.90 1.98 1.82
3.17 3.24 2.90 2.88 2.83 2.98
4.75 4.67 4.35 4.15 4.25 4.36
6.33 6.72 5.80 573 5.66 6.03
7.91 7:79 7.24 6.84 7.08 7.23
Mean diffevence Mean differvence Mean diffevence
31% 49% 5°%

TABLE 11

COMPARISON BETWEEN KNOWN AND DETERMINED DIASTEREOISOMERIC PERCENTAGES or IV, V

AND VI

Amino alcohol IV

Percentage of evythro form

Amwmino alcohol V
Percentage of evythvo form

Amino alcohol VI

Percentage of evythro form

Added Found Added Found Added Found
5 5.7 o -1 5 6.0

10 10.7 20 = {:} 10 8.0
20 19.0 40 : 33 20 23.3
40 40.4 6o 62 40 38.0
60 60.7 8o 8o 6o 61.3

" 8o 80.4 100 o8 80 80.0
90 89.3 90 84.0

95 94.7 95 93.7

‘Mean difference

~ A0/

Mean difference
20/

Mean difference

s v0/
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TABLI TIT

COMPARISON BETWEEN KNOWN AND DETERMINED ENANTIOMERIC PERCENTAGES OF IV threo,
V erythro aND threo, AND VI crythro AND threo

Stereoisomer Added (94)  Found (%) Added (%,) Found (9,)
IV (-=)-threo 87 or 70 74
(—)-threo 13 9 30 20
100 100 T0o 100
\"% (-F)-crythro 5 8 10 11
(—)-ervthro 20 5 15 13
(+)-threo 45 15 6o 6o
(—)-threo 30 32 15 1{¢]
100 100 100 100
VT (A4)-erviiiro 6 s) 12 13
(—)-ervthro 53 50 47 48
(- )-threo 6 10 12 15
(—)-threo 35 28 29 24
100 100 100 100

The percentage S of the (4-) form in total VI crvifero and the percentage 7" of the
(+) form in total VI ¢/irco can then be calculated from
S = ro0s/(s + 1); T = 100¢/(¢ - 1).

Validation of the analytical scheme using a varicty of solutions containing known anounts
of compounds I, Il and III, and amino alcohols IV, V and VI both in their diasterco-
isomeric and enantiomeric formns

The results obtained are shown in Tables I, IT and III.

TFor Table III, the various proportions of the compounds chosen were such as
to be in the range of proportions and concentrations indicated by preliminary
metabolic studies of diethylpropion in man. IFor these reasons, the enantiomers of
IV crythro were not considered.
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