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pegradation of (—)-ephedrine in solution and
during extraction with diethyl ether
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aqueous media using either regular or analytical grades of diethyl ether.
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ant losses occurred during the extraction of small quantities of ephedrine from

The losses were,

at least in part, caused by reaction of the ephedrine with aldehydic impurities in the ether;
three substituted oxazolidines were identified, using g.l.c. and g.l.c.-ms. These and one
other oxazolidine were synthesized and characterized by g.l.c., g.l.c.-ms, nmr and infrared

spe

ctroscopy. Alternative mechanisms for ephedrine breakdown were considered. Ephedrine

was separately oxidized by three different oxidizing agents and also irradiated by ultraviolet
light; the products were characterized by g.l.c., g.l.c.-ms. A method for the purification of
diethy] ether is recommended to minimize ephedrine breakdown.

Inconsistent calibration curves were obtained when
diethyl ether was used for the extraction of small
_ guantities of ephedrine from biological fluids, for

assay by gl.c. A reduction in the ephedrine/internal
standard peak height ratios corresponded to an
increase in size of at least two and sometimes three
unidentified g.l.c. peaks. The possibility that these
products might arise from the oxidation of ephe-
drine, or its degradation due to impurities in the
ether, was investigated.

MATERIALS AND METHODS
Compounds and reagents
The following compounds were purchased: (—)-
ephedrine anhydrous (Sigma), (—)-ephedrine hydro-
chloride, nickel peroxide, formaldehyde solution
409, w/w), acetaldehyde, propionaldehyde (all
BDH), activated alumina (Woelm), diethy! ether
SLR grade (BDH, M & B, and Fisons) and Analar
grade (Fisons).

General method of analysis

An aliquot of aqueous ephedrine solution (5 ml) was
made alkaline with sodium hydroxide (5 M, 0-5 ml),
n-butylamphetamine hydrochloride marker solution
added (1 m!) for quantitative work and the solution
extracted with freshly distilled Analar diethyl ether
2 X 10 ml). The combined ethereal extracts were
®vaporated to 50ul in a water bath (45°) and
€Xxamined by g.l.c.

Im’e:ftigation of factors affecting the assay
um bicarbonate, potassium carbonate or

Ammonia solution was substituted for sodium

[
COrrespondence.

hydroxide in the assay, to vary the pH of the solution
between pH 9 and 14. The effect of substituting n-
pentane as the extracting solvent and of adding n-
butanol (25-50 il per tube) to the ethereal extracts
before their evaporation, was investigated. Purifi-
cation of the diethyl ether was attempted by washing
with water, sodium metabisulphite solution (10%
aqueous), hydrochloric acid (M) and sodium hydr-
oxide (5M) before distillation. The effect of using
different grades (Analar or SLR), different batches or
different distillate fractions of diethyl ether was also
investigated.

Gas liquid chromatography was carried out on a
Perkin Elmer F11 instrument with a flame ionization
detector, using a glass column, 1m, 0-40 cm id.,
packed with 2-09, Carbowax 20M and 5% potass-
ium hydroxide on acid washed, DMCS treated
Chromosorb G (100-120 mesh); oven temperature
100° (system 1; for identification of breakdown
products) or 125° (system 2; for quantitative work);
nitrogen carrier gas flow, 106 ml min—* (pressure
105 kPa). G.l.c. retention times are at oven temp.
100° unless otherwise stated.

G.l.c. linked mass spectrometry (g.l.c.-ms) was
performed on a Perkin Elmer model 270 instrument
using a glass column, 1 m, 0-40 cm i.d., packed as
above. Helium 100 ml min~! was the carrier gas
(100 kPa); the oven temperature 120-140° and the
ionizing potential 70 V.

Direct inlet mass spectra were recorded on an AE1
MS-9 or MS-12 instrument using an ionizing
potential of 70eV.
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Nuclear magnetic resonance spectra were recorded
on a Perkin Elmer R32 spectrometer incorporating
a field lock on the TMS (tetramethylsilane) internal
standard signal, as 109} solutions in CDCls.

Infrared spectra were recorded on a Perkin Elmer
model 157G spectrophotometer as neat films or
Nujol mulls between rock salt plates.

RESULTS AND DISCUSSION OF THE ASSAY
General method of analysis—factors affecting ephe-
drine degradation
Using the method described above, erratic results
were obtained on repeated g.l.c. analysis of aqueous
ephedrine solutions. The degree of ‘breakdown’
varied from day to day; it was often up to 0-005 pzmol
per assay, occasionally greater than 0-05 umol per
assay, though sometimes not detectable.

()]

@éH-ﬁ?H-NHCH;
CH3
1
N0l ? NHCH
win Qfgoe
¢ H ‘Me 3
1 31
G.l.c. Rt(min)
Compound R, R, system
I — — 26:0
Ila H H 9-0
1Ibi H CH; 76
IIbii CH, H 99
1lci H C,H; 10-0
Ilcii C,H; H 12-6
11d CH; CH;, 9.7
L — — 12-7 (dec.)
Ether impurity 11-2

Fic. 1. Structures and g.l.c. retention times of some
OIxidation and possible oxidation products of ephedrine
.

On g.l.c., two ephedrine ‘breakdown’ peaks were
always observed and were identified by g.l.c.-ms.
In most samples the peak of shorter retention time
(I1bi, Rt 7-6 min) was larger than that of longer
retention time (Ilci, Rt 10:0 min); but the ratio of
these peak heights was not constant. A third minor
peak (ITa, Rt ca 9-1 min) was sometimes evident
but gl.c.-ms was not possible due to the small
amount usually present. A further gl.c. peak
(Rt 11-2 min) was sometimes observed and was due
to an impurity in some batches of ether (distilled or
undistilled); the presence of this peak made it

difficult to obtain even qualitative correlation of the
effects of different factors (e.g. light, alkali, heat, air)
with the degree of ephedrine decomposition.

Ephedrine breakdown was shown not to occur on
the glc. instrument as follows. Two ethereal
ephedrine solutions of the same, low concentration
were injected into the g.l.c. (system 2); the first was
obtained by dissolving ephedrine base in ether and
the other by dissolving the same amount of ephe-
drine in a much larger quantity of ether and eva-
porating to a similar concentration. The first
solution gave only one peak on g.l.c. (due to ephe-~
drine) whereas the second solution gave in addition,
‘breakdown’ peaks as described above. Changing
the pH of the ephedrine solution extracted had
no effect on the degree of breakdown. The
addition of n-butanol to the ethereal extract before
evaporation reduced the ‘breakdown’ that occurred
if the extracts were allowed to boil dry in the water
bath; for this reason its routine use is of value
(provided aldehyde free n-butanol is used).

Of the experimental factors considered, the
extracting solvent was found to cause the greatest
degree of ephedrine breakdown. SLR grade ether
produced consistently greater breakdown than the
Analar grade and gave a larger number of ‘ether
impurity’ peaks on gl.c. Different batches of the
same grade of ether also caused differences in the
amount of breakdown occurring. Single complete
distillation of the ether used did not significantly
reduce the amount of ephedrine ‘breakdown’;
however middle fractions caused significantly less
‘breakdown’ than the first or last fractions. Un-
distilled Analar ether caused consistently less
‘breakdown’ of ephedrine than undistilled SLR
grade ether and calibration curves obtained using
the same batch of ether were reasonably consistent
from day to day.

Consistent, low levels of ephedrine ‘breakdown’
(less than 0-0015 u mol per assay) were achieved by
prior washing of the ether (500 ml undistilied
Analar grade) with sodium metabisulphite solution
(10%, 50 ml) followed by hydrochloric acid (im,
50 mt) and finally with sodium hydroxide (5M, 50 ml),
the latter being the most effective if only a single
wash was employed. This treatment also adequately
eliminated the ‘breakdown’ caused by the deliberate
contamination of ether with formaldehyde, acetal-
dehyde, and propionaldehyde. However, after
subsequent storage, (greater than 24 h) the treated
ether caused more ephedrine breakdown than it did
before storage, possibly due to peroxide formed
following removal of the stabilizer.
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Attempted acceleration of ephedrine breakdown
Decomposition of (—)-ephedrine was less than 1%
after the prolonged passage of air through cold
(20°) or refluxing, neutral or basic aqueous solu-
tions (0-2% w/v ephedrine hydrochloride in phos-
phate buffer pH 7-4 or in 19 sodium hydroxide).
The observed products (g.l.c. analysis) probably
‘arose through condensation of ephedrine with
aldehydes in the ether used in the extraction.
Similar solutions irradiated with ultraviolet light
for 18 h showed slight discolouration, but the
observed breakdown products (Ibi, Ici and/or
1Ibii) represented less than 19%,. Negligible decom-
position was observed on refluxing ephedrine base
(0:5% w/v) in ether saturated with aqueous 209,
sodium hydroxide, for 8h, or ephedrine base
8% w/v) in ethanolic sodium hydroxide for 3 h.

Ephedrine base stored in ether (100 mg ml—?1) at
room temperature (15-25°) in the light for several
weeks decomposed to give Ila and IIbi. This is in
contrast to the small amount of decomposition
that occurred upon ultraviolet irradiation of
aqueous solutions of ephedrine (029, w/v hydro-
chloride salt in phosphate buffer, pH 74 or in 19
sodium hydroxide). Solutions of ephedrine base
(3% w/v) in ether or benzene were extensively
degraded by ultraviolet light over 18 h (30 w power,
A254 nm, 20 cm from the sample). The main ether
soluble products observed on g.l.c. systems 1 and 2
were IIbi and IIa (g.l.c.-ms evidence), in addition,
ether insoluble resinous material was formed and
ether soluble material with long g.l.c. retention times
(not identified).

Conclusion for analysis of ephedrine
The major decomposition products yielding peaks
upon g.1.c. examination after extraction of ephedrine
solutions with ether and concentration of these
extracts, arise from addition and condensation with
ephedrine of acetaldehyde, propionaldehyde and/or
formaldehyde impurities in the solvent. Minor
products result from oxidation of ephedrine by
small amounts of other impurities (e.g. peroxides)
in the ether. Single distillation failed to remove these.
The solvent is best purified by washing with
sodium metabisulphite solution, dilute hydro-
chloric acid, and by sodium hydroxide solution.
The solvent should then be distilled and used within
24h; any remaining should be discarded. The
addition of 25-50 ul of aldehyde free n-butanol to
each tube before evaporation of the ether is re-
commended.

These precautions may also be necessary to
prevent losses during the extraction of pseudo-
ephedrine and other related S-hydroxyamines which
can react with aldehydes to form oxazolidines, or
where the phenyl ring is activated such as in phenyl-
ephrine and the catecholamines, to form iso-
quinoline type structures.

CHEMISTRY

Erythro-3,4-dimethyl-5-phenyloxazolidine (11a)
Formaldehyde solution (40% HCHO, 9 ml 120 mmol)
in ethanol (969, 50 ml) was added to a solution of
(—)-ephedrine base (17-0g, 103 mmol) in ethanol
(96 %, 100 ml) and left for 14 h at room temperature.
The solvent and water were removed and the product
distilled in vacuo to yield the title compound as a
colourless oil (16:6g, 889%) b.p. 61-65°; 0-04-0-05
mmHg (cf. Pfanz & Kirchner, 1958; (4)-isomer, 80°,
0-5 mmHg); nmr 8 0-66 (d, J = 66, 3 CHCH;) 2-38
(s, 3, NCHy), 2-88 (m, 1, CHCH,) 4-07 (4, J = 3-1,
1, CHH (487 (d, J = 3-1, 1, CHH) 510 (d, J = 7-2,
1, ArCH) 7-29 (s, 5, Ar); infrared (ilm) vmax 700 (s),
715 (m), 755 (s), 1000 (s), 1065 (s), 1095 (m), 1145 (m),
1175 (m), 1210 (m), 1230 (s), 1320 (m), 1365 (m),
1380 (s), 1455 (s), 1495 (m), 2705 (m), 2795 (s), 2860—
3000 (s) cm™'; ms (direct inlet) m/e (9 rel. abund);
177 -5, M*) 176 (2), 175 (1-5), 106 (7), 105 (8),
77 (10), 72 (13), 71 (100), 56 (22), metastables (m*)
at 44-2 and 26-0. Found: C, 74-9; H, 8'5; N, 80.
Calc. for C;;H;;NO: C, 74-6; H, 85; N, 79%.

Erythro-2,3,4-trimethyl-5-phenyloxazolidine (1Ib)

This was prepared in a similar manner to Ila using
acetaldehyde (6:1g, 139 mmol) and (—)-ephedrine
base (20-0 g, 121 mmol) to give a colourless oil which
was a disproportionate mixture of two diasterecoisomers
(196 g, 859% yield), b.p. 58-62°, 0-08 mmHg (cf.
Pfanz & Kirchner, 1958; 87°, 1-0 mmHg); nmr (IIbi)
8065 (d, J = 60,3, OCH'CH’;) 145 (d, J = 4+4, 3,
CHCHCHy) 220 (s, 3, NCH,) 2-72 (m, 1, CHCHCH,)
392 (q, J = 4-4 OCH'CH;) 496 (d, J = 78, 1,
CHCHCHg;) 7-28 (s, 5, Ar) and a set of signals of 5-10%,
the intensity of those of IIbi identified as from the
diastereoisomer IIbii; infrared (film) vmax 700 (s), 720
@m), 755 (s), 780 (m), 1015 (s), 1070 (s), 1100 (m), 1140
(s), 1195 (s), 1230 (5), 1335 (s), 1345 (s), 1395 (m), 1450
(s), 1490 (m), 2785 (s), 2800 (s), 2980 (s) cm—*; ms (direct
inlet) mje (% rel. abund.): 191 (3,M+) 190 (5), 189 (4),
176 (4), 148 (14), 85 (100), 77 (11), 71 (10), 70 (3),
58 (19), 57 (23), 56 (12), metastables (m*) at 124-5, 57-7
and 38-2. Found: C, 75-4; H, 88; N, 7-3; Calc. for
C:H;NO: C, 75-4; H, 8:9; N, 7-3%.

Erythro-2-ethyl-3,4-dimethyl-5-phenyloxazolidine (IIc)

This was prepared in a similar manner to IIa from
propionaldehyde (49 g, 85 mmol) and (—)-ephedrine
base (10-0 g, 61 mmol) to give a colourless oil (10:6 g,
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859% vyield). (cf. Pfanz & Kirchner, 1958; 109°, 2-2
mmHg) b.p. 80°, 0-4 mmHg; nmr 065 (d, J = 62,
3, CHCH;) 1-08 (t, J = 68, 3, CH,CH;) 175 (m, 2,
CH,CHj,) 2:23 (s, 3, NCHy) 2:75 (m, 1, CHCH;) 3-78
(dd, J = 60, 1, CHCHy) 498 (d, J = 74, 1, ArCH)
7-30 (s, 5, Ar)—Ilci and in addition a set of signals of
ca 5%, intensity assumed to be due to a diastereoisomer,
Ilcii; infrared (film) vmax 705 (s), 755 (s), 1025 (s),
1070 (s), 1140 (m), 1195 (s), 1220 (s), 1345 (s), 1455 (s),
1490 (m), 2800 (s), 2970 (s) cm™*; ms (direct inlet)
mfe (% rel. abund.): 205 (0-3, M+), 204 (1), 176 (19),
148 (38), 116 (10), 105 (10), 99 (100), 91 (17), 84 (46),
77 (10), 56 (10), 42 (22), metastables (m*) at 124-5,
119-5 and 71-3. Found: C, 75-8: H, 9-2; N, 6-8. Calc.
for C,;H,NO: C, 76-1; H, 9-3; N, 6-80.

Erythro-2,2,3,4-tetramethyl-5-phenyloxazolidine (IId)
(—)-Ephedrine base (10:0 g, 61 mmol) was refluxed in
acetone (150 ml, 2-0 mol) for several days, after which
time only half the ephedrine had reacted. Activated
alumina (20 g, grade 1) was added, and the solution
refluxed for a further 2 h, after which the reaction was
complete. The alumina was removed by filtration, the
excess acetone removed and the product distilled in
vacuo. The first fraction (1-4 g, b.p. 30°/0-:25 mmHg)
was concluded to be diacetone alcohol (nmr and
infrared evidence). The second fraction (81°/0-3 mmHg)
was the title compound, solidifying as oily crystals
9-5g, 76% vyield) which were recrystallized from
ether-n-pentane over an acetone-solid CO, bath,
m.p. 42-44° (cf. Hyne, 1959; 39-43°); nmr & 0-60 (d,
J = 60, 3, CHCH,;) 119 (s, 3, CCH;) 1-49 (s, 3,
CCH’;) 222 (s, 3, NCHy) 3-12 (m, 1, CHCH,) 5-02
@, J = 71, 1, ArCH); infrared (Nujol) vmax 700 (s),
755 (m), 1030 (s), 1040 (s), 1050 (s), 1170 (m), 1205 (s),
1225 (m), 1265 (s), 1320 (m), 1360 (s), 1375 (s), 1450 (s),
1490 (m), 2790 (w), 28403000 cm~*; ms (direct inlet),
mfe (%, rel. abund.): 205 (0-4, M*"), 190 (30), 148 (100),
132 (11), 117 (13), 105 (11), 99 (71), 91 (23), 84 (30),
77 (20), 71 (25), 58 (18), 56 (57), 51 (14), 43 (27), 43
(33), metastables (m*) at, 119-5, 115-3, 103-7 and
92-5. Found: C, 76:3; H, 94, N, 68. Calc. for
CisHiyNO: C, 76-1; H, 9-3; N, 6:8%.

2-Methylamino-1-phenyl-1-propanone (IIT)

(—)-Ephedrine (1-0g, 61 mmol) was refluxed in
benzene (50 ml) with ‘active silver carbonate’ on
Celite (10-1g = to 18 m mol Ag,CO;) (Fetizon &
Golfier, 1968) in a Dean and Stark apparatus until
no more water was collected (60 min). The Celite/
silver carbonate residues were filtered and washed,
and the combined organic layers extracted with 2 m
hydrochloric acid (2 x 20 ml). The acid layers were
basified and extracted with ether (3 X 20 ml), the
ether extracts dried (anhyd. MgSO,) and the basic
components precipitated with HCl gas (0-46 g yield).
The salt was recrystallized from ethanol-ether to give
the title compound as an off-white solid (033 g, 33%

yield), m.p. 170-178° (with decomp.), (cf. Takamats“’
1956, 173-175°) nmr (extracted from HCI] salt in
D,0) §1:30 (d, J = 64, 3, CHCH,) 2-38 (s, 3, NCx.
422 (q, J = 64, 1, CH) T3-81 2m, 3 + 2, 4,
infrared (HCI salt in Nujol) vmax 700 (s), 900 (m)'
975 (m), 1005 (m), 1245 (m), 1300 (m), 1360 (m)
1380 (m), 1460 (s), 1575 (m), 1590 (m), 1685 (s, C = 0):
2450 (m), 2700 (s, NH,*), 2840-3000 (s) cm™;
(direct inlet, HCI salt), mfe (9 rel. abund.): 164 (0-g
M + 1), 163 (0-3, M*), 105 (3), 77 (11), 58 (100):
56 (10), 51 (4), 42 (4), 36 (6), metastables (m*) at
56-5. Found: C, 59-6, H, 7-1; N, 6-9; Cl, 18-0. Calg,
for C,,H;,NOCl: C, 60-2; H, 7-0; N, 7-0; Cl, 17-8 %.

Oxidation of (—)-ephedrine base with nickel peroxide
(—)-Ephedrine base (0-03 g) was shaken for 15 miy
with nickel peroxide (0-01 g), in ether. The producty
were qualitatively examined by g.l.c. The product of
oxidation of ephedrine base with nickel peroxide, gave
peaks due to benzaldehyde (Rt 1-4min) and the
oxazolidines ITbi (Rt 7-6 min) and IIbii (a diastereoisg.
mer of IIbi, Rt 99 min, 109 peak height of IIbi) op
g.l.c. system 1.

Oxidation of (—)-ephedrine base with ‘active silver
carbonate’

The product of oxidation of ephedrine with ‘active
silver carbonate’ gave two peaks on g.l.c. (system 1 or
2); a sharp peak at 12-7 min, merging into a much
broader peak centred at ca 15 min, which tailed
extensively away from the solvent front towards the
ephedrine peak. A small amount of benzaldehyde
and a negligible quantity of IIbi were also formed.
A gl.c.-ms run of the 12-7 min peak showed the base
ion at mje 58 with an mje 56 ion increasing rapidly
in intensity as subsequent scans were made, the mfe
58 ion rapidly decreasing in intensity. The main
product isolated from the reaction was 2-methyl-
amino-1-phenyl-1-propanone (III). See also the g.lc.
properties of III below, and under the syntheses.

Oxidation of (—)-ephedrine base with ‘active manganese
dioxide’
(—)-Ephedrine base (10-0 g, 61 mmol) was stirred in
ether (100 ml) with ‘active manganese dioxide’ (65 8;
prepared as described by Attenburrow, Cameron &
others, 1952) at room temperature for 1 h. The
manganese dioxide was removed by filtration, washed
with ether and the residue discarded. The combined
ethereal filtrates were examined qualitatively by
g.l.c. and g.l.c.-ms.

A mixture of products similar to those from both
the above oxidations was obtained.

DISCUSSION OF THE CHEMISTRY
Synthesis of the oxazolidines
Products of the condensation of ephedrine with
aldehydes exist almost entirely in the oxazolidiné
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unlike the corresponding norephedrine analogues

0 icl’l exist substantially as the Schiff base (Bergmann,
Wh53. pfanz & Kirchner, 1958). None of the oxazolidine
19 'ounds synthesized showed an infrared absorption
- the region 1650-1690 cm™* that could be attributed
the imine C=N stretching frequency, nor did the

0 (ra show significant OH absorption bands in the
spefon 3200-3400 cm—*. Also, the mass spectra are
ost consistent with an oxazolidine type structure

) rather than an imine type structure.

precipitation of the HCI salt of ITa from dry ether,

ith HCl gas, was successful; however it partially
decomposed to ephedrine on an attempted recrystalli-
zation; similar results were obtained for IIb. All the
oxazolidines (ITa—11d) partially decomposed on t.l.c.
to ephedrine (g.l.c. evidence) using silica gel G, or
neutral alumina plates run in a variety of organic
solvents.

G.l.c.-ms provided almost the sole means of identi-
‘fying some of the breakdown products of ephedrine
due to their similar g.l.c. properties and lability on
tlc. In low concentrations it was not possible to
distinguish between Ilci, IId and IIbii on g.l.c.; g.l.c.-
ms however, indicated the identity and composition
of such peaks after concentration of the extracts. A
gl.c.-ms of one of the ephedrine breakdown products
indicated it could be due to a compound having
structure Ilc or IId; both these oxazolidines were
therefore synthesized and found to have similar g.l.c.
retention times. However, IIc and IId were readily
distinguished by g.l.c.-ms; Ilc gives a substantial m/e
176 (19%) (M*-Et) whereas IId does not, but instead
gives a moderately strong mfe 190 (329,) ion (M+-
Me), which is absent in Ilc. Each of the compounds
ITa-IId were characterized by the loss of a mass 106
(probably benzaldehyde from the molecular ion) with
consequent retention of the charge on the remaining
fragment [mfe 71 (100%) from Ila, m/e 85 (100%)
from IIb, mje 99 (100%) from IIc and m/e 99 (65%)
from IId], and the presence of ions due to the loss of
a methyl radical from the (M*-PhCHO) ions: [m/e 56
(22%) from Ila, mfe 70 (30%) from IIb, m/e 84 (46%)
from Ilc and m/e 84 (8%) from IId]. In addition,
mfe 148 ions were present in the spectra of IIb-IId
(14, 38 and 100% rel. abund. respectively and are
accounted for by the loss of C,H, from an m/e 176
fon (m* 124-5) with 1Ib and Ilc and C,H, or C;H,N
from an m/e 190 ion (m* 115-3) with IId.

G.l.c. properties and glc.-ms of 2-methylamino-1-
Dphenyl-1-propanone (111)

Compound III was isolated from the product of
oxidation of ephedrine with ‘active silver carbonate’;
it gave a peak on g.l.c. at 12-7 min (salt or base) which
tailed sharply away from the solvent front indicating
breakdown, and had the same g.l.c.-ms characteristics
as the 12-7 min peak of the oxidation mixture from
which it was obtained. In the g.l.c.-ms of the tail of
the g.l.c. peak the base ion (m/e 56) is at least ten
times the intensity of the next most intense ion (m/e

+
58), and may be due to ion CH,~C=N-CH, or

+
CH,=C=NH-CH, either of which could readily arise
from structure 4 in a manner similar to the formation

+
of CH;-CH=NHCH,; (m/e 58) from 3 (direct inlet
ms) or ephedrine.

o
Osgpen
CHs ph CHx

v v

@—c-CH=CHZ
]}
0

Vi

CHs Ph

CHsN N-CHz

Simple g.l.c. breakdown of III to IV by loss of
hydrogen is unlikely unless disproportionation into
IV and ephedrine (I) occurs. Structure V (above) is
an alternative which could arise through the addition
of two molecules of III and subsequent loss of two
molecules of water. However, mass spectral fragmenta-
tion of V to form such an intense m/e 56 base ion is
unlikely; also, ions greater than m/e 165 were not
observed. G.l.c. breakdown of the w-amino-ketone,
3 to l-phenylprop-2-en-1-one (VI) and methylamine,
whilst possible, is not consistent with the g.l.c.-ms
evidence obtained of the main g.l.c. peak. The HCI
salt of III, gives the same g.l.c.-ms breakdown pattern
as the base (a-amino-ketones are much more stable
as a strong salt, than in basic media; Takamatsu,
1956).
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