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Mstrwc-The condensation of (-kpkdrine with acetaldehydc grvcs IWO drastereomeric ?3.4-trimethyl-5 
phenyloxazdidincs. of greatly ddfering tkrmodynamic stability. ‘Ihc SUUC~UIC and configuration of both lhc 
diasrercoisomcrs was confumcd by chemical studier and by NMR spectroscopy. 

Extraction of small quantities of ephedrine from aqueous 
media using freshly distilled dicthyl ether resulted in 
some loss of the drug and the detection of new products. 
Aldchydic impurities in the ether condensed with the 
ephedrine to form substituted oxazolidincs. When the 

main contaminant, acctaldehyde, was separately reacted 

with ephedrine the product gave two peaks on GLC of a 
ratio of about IO: I, and gave two “sets” of NMR signals 

with a ratio of about 20: I. The product was identified by 
spectroscopy (IR. NMR and MS) as a 2.3.4 - trimethyl - 5 
- phcnyloxazolidinc and the major and minor com- 
ponents were thought to be related as diastcrcoisomcrs.’ 

In the present work we sought to confirm that the 

minor component of the oxazolidinc (4&r, Fig. I) was a 
diastercoisomcr of the major component and to detcr- 

mine their respective configurations by NMR. and by 

‘As a function of the NMR signal ~&IS of one methyl 
douMcr m each compound. 

comparison with the corresponding analogucs of pseu- 
doephedrine. 

tUSt_ITS A..D DWXSIM 

The reodon of (-)-ephtdtine wirh ocetddehyde. The 

formation of the oxazolidinc 4a from acctaldchydc and 
ephedrine probably proceeds via an open chain diol (2) 
or an iminium intermediate (3) (Fig. I). The reaction as 

followed on NMR. showed the virtual disappearance of 
the ephedrine signals within 4 min and the appearance of 
signals due to 4a and those due to a diastcrcoisomer 4b 
which subsequently reduced in intensity as the signals 

due to 4a increased (Fig. 2). 
A duplicate reaction was examined on GLC. However. 

due to the high temperature (e.g. injection port 2XP) the 

minor peak due to 4b was seldom greater, even after only 

a few seconds, than its height at equilibrium (5 to 10% of 

the main oxazolidine peak due to 4a). After distihalion, 
the oxazolidinc product 4 still gave two peaks on GLC; a 
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Fig. I. Scheme for Ihe formatron of oxazoldincs 4a and 4b from (-_)-cpMrrne and acctakhydc. 0 = Postulated 
intermediate-not isolated. 
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Fii. 2. The reaction of (-)_cphcdrir~~ (“A”) with ocetatdebyde IO form oxazdidincs 4a (“c”) and 9 (“B”) as 
follows by NMR spectral analysis (in 0,). 77~ dotted lines were a “best fit” by an p0alog.r~ computer using the 

relalionship AsB=C and the solid lines a ‘WI fit” using BzA=C. 

major peak (C, 9@95%) and a minor peak (6. 5-f@%). 
The NMR spectrum of the product showed a minor (co. 
5%) and major (co 95%) set of signals identified as the 
oxazolidine diastercoisomen UI and 4a respectively. 

The initial high concentration of 9 on adding 
acctaldehyde to ephedrine and eventual conversion of 
most of 4b to C (see Fig. 2) can be explained if there is a 
lower energy barrier for the formation of 4b from the 
reactants than there is for C. and if 4a is ther- 
modynamically more stable than 4b. An equilibrium 
between ephedrine plus acetaldehyde and the transitory 
open chain intermediate, 2. and between 2 and the 
oxazolidines C or 4b. wig allow inversion of the @C-N 
carbon centre and thus conversion of 4b to 4a (Fig. 2). 

Simulation of the reaction on an anafogue computer 
showed a “good tit” of the experimental data with the 

computed curves. using the relationship B .LIA &C 

(see Fig. 2). where A = ephedrine. B = 4b ‘Ad C ZC; 
relative values of k were (as read off the analogue 
computer potentiometers): k, = 7.23, kx = 3.64, k, = 1.63 
and Lr, = 0. IO. (The absolute values could rmt be readily 
determined due to the difficulty of accurately measuring 
the acetaldehyde in the necessarily small volume of 

CDCI,.) The relationship A& B SC where “B” is 

considered an intermediute be)lweenUephedrine and 4s. 
was unsatisfactory (for the “best fit” see Fig. 2). 

The shape of the “C” curve is particularly charac- 
teristic of the systems studied. Where “C” arises from 
“A” via an intermediate “B” there must be an initial 
“lag” time for the build-up of “C”, as “B” builds up, 
even if k; is fast and k; is slow. Where “C” arises from 
“A” independently of “B” both “C” and “B” can have 
an initial fast rate of formation. Thus the oxazolidinc 4r is 
formed independently of 41, although conversion of 4b 
to 4s does occur ria ephedrine or some other intcr- 
mediate. 

An alternative structure for the “minor product” 
giving rise to the “B” signals observed in the NMR 
spectrum run after the reaction of ephedrine with 
acetafdehyde is structure 2. However, this was rejected 
as a possibility because the “minor product” did not 

react with BSTFA at 35’ (NhfR evidence) or on GLC 
(ephedrine is sifylatcd on the bcnzylic oxygen by BSTFA. 
at room temperature). Also the ratio of the “minor 
product” to 4a is the same by NKR analysis (35”) as it is 
under the different conditions of GLC analysis (injection 
port uo”. oven temp. MO”); whereas structure 2 would 
be expected to lose water and cyclise on GLC. 
Furthermore the oxazolidincs formed from ephedrine 
and formaldehyde or acetone, which possessed no 
asymmetric centre at C-2. give only one peak each on 
GLC and their NMR spectra show no “minor signals”.’ 
further indicating the involvement of this asymmetric 
centre in the formation of the “minor component” of 4. 
Structure 2 is however postulated as a transitory 
intermediate in the formation of C from ephedrine and 
acetaldehyde (see Fig. I). 

Rcocricity of the hydroxyl and secondary amine 

funcrions with ocrraldehyde. Further evidence that the 
“intermediate” set of NMR signals observed on adding 
acetaldehyde to (-)-ephedrine was not due to an iminium 
(3) or a-N-hydroxyethyl intermediate (2) was given by 
the very poor reaction of acetaldehyde with N-methyl- 
amphetamine and N-methylephedrine; only one func- 
tional group being available (NH and OH respectively) 
for reaction in each case. Similarly, little or no reaction 
occurred on adding acetaldehyde to the O-TMS dcrrva- 
tive of (-)-ephedrine (NMR evidence). Thus both the 
&OH and NH groups must be available for the reaction 
of acetaldehydc with the compound under study, to form 
the relatively stable oxazolidinc in rhe case of ephedrine. 

Configuration at C-l and C-5 in oxawlidines Ir and 
4b. Inversion of the bcnzylic (ephedrine-bcarbon - 
oxazolidinc-Scarbon) during the condensation of (-)- 
ephedrine with acetzddehyde to form the oxazolidinc, is 
unlikely. There was no evidence from either GLC or 
KMR of more than two diastereoisomers being formed. 
The two diastereoisomers observed are explicable in 
terms of the two asymmetric centres of (-)-ephedrine 
retaining their geometry. and the formation of a new 
asymmetric centre (and thus two possible configurations) 
on the oxazolidine Z-carbon. only one diastereoisomcr 
was observed in each product from the condensation of 
formaldehyde and acetone with (-)-ephedrine (GLC and 
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NMR evidence’), in which the C-2 centres of these 
oxa.zolidincs are IMX chiial. 

The oxazolidim derived from acetaldehydc and (-)_ 
pseudoephedrine was composed mainly of one dias- 
tereoisomer (ca. 95%) with an additional, minor dias- 
tereoisomer (cu. 5%) (GLC and NMR evidence), as was 
the condensation product of (+)_pseudoephedrinc with 
acetaldehyde. The major oxazolidine diastereoisomers 
had an cnantiomeric relationship (identical NMR spectra) 
as did the minor diastereoisomcrs. Neither the major. 
nor the minor diastereoisomers formed from the reaction 
of the pseudoephedrine isomers and acetaldehyde were 
the same as the diastereoisomers formed from (-)- 
ephedrine. Furthermore, acid hydrolysis of the oxazolidine 
obtained from (-kphedrine and acetaldehyde, yielded 
exclusively (-)-ephedrine (NMR. m.p. and optical rotation 
data). Thus neither the a- nor pcpkdrine asymmetric 
centres were racemixd, either during the oxazolidine 
formation or hydrolysis. 

Configuration aI C-2 in rht oxazolidints. The 

configuration of the oxazolidine 2-carbon of 4a (NMR 
spectrum “C”) and thus of 4b (NMR spectrum 33”) may 
be assigned by qualitative analysis of their NMR spectra 
since the configurations of the 6 and Scarboas are the 
same as in the starting amine. The oxazolidine 4a is more 
stable than 4b (see Fig. 2) and conversion of 4b to 4a can 
occur via ephedrine or another intermediate. Thus 
configurational assignment rests on the following data: 

(1) Because the Cmethyl and 5-phenyl groups are cis 
to one another (4s and SR), the phenyl rotation is 
restricted such that it is always “edge on” to a gronp in 
the ?-position. Thus the anisotropic effect of the phcnyl 
ring will augment the magnetic field, causing a deshicld- 
ing effect on a group in the 2-position which will be 
greater if that group is cis rather than Irons to the ring. 
Therefore the “C” 2-CH,: indicates a ris configuration 
(i.e. 2s. 4S, 5R) for compound 4a and mns (2R. 4s. 5R) 
for 4b. 

(2) If compound 41 (spectrum “C”) has a 2s. 4s. 5R 
configuration, the phenyl ring and both the 2- and 4-CH, 
groups will be on the same side of the plane of the 
oxazolidine ring and thus the NCH, group will adopt a 
position on the other side of this plane, i.e. WMS to the 
phenyl ring and less deshielded than if it were cir. 
Conversely. 4b. with the 2R, 4s. 5R configuration will 
favour the NCH, group cis to the phenyl ring, i.e. more 
deshielded. The “C” NCH, sir&t being upfield by 
0.14 ppm to the “B” NCH, singlet, is consistent with 
these deductions. 

(3) A proton in the 2-position which is cis to the 
phcnyl ring (edge) [see (I) above] will be deshielded to a 
much greater extent than one in the Irons configuration. 
Compound 4r (spectrum “C”-2s isomer) will have its 
2-H proton dcshiclded by the rrans phenyl group less 
than the corresponding proton in the diastcreoisomer 4b, 
with Its 2-H atom cis to the phenyl ring. The “C” 2-H 
quartet being uptield by 0.8 ppm from the “B” 2-H 
quartet is consistent with the configuration proposal in 
(1) above. 

Thus the major oxazolidine diastereoisomer from the 
reaction of (-)-ephedrine with acetaldehyde has the 
configuration 2s. 4s. 5R (Ir) and the minor dias- 
tereoisomer 2R, 4S. 5R (4b). 

M&k Nuckar magnetic resonance (NW) sprctra were 
recorded on a Pcrkin Elmer R32 spcctrometcr. mcorporating a 

field lock on the TMS (tetnmethybilane) internal standard. as 
1096 solutions in CDCl,. The coupling calstanLs are quoted in 
Hertz_ aad chc notacioas used are: s. sin@; d, doubkt; q. 
quartet: III, muttip4el: Ar, aromatic signals. Gas liquid chroma- 
tography (GLC) was carried WI on a Perkin Elmer FII 
instrument with a tIame ionizntiocl deteaor; ush a &ss column. 
I m. Odcm id.. Packed with 2.5% Carbowax 20M and 5% 
Potassium hydroxide coated O(I acid washed DMCS seated 
Chromosorb G (lC&l2Omesh): with an oven temp. of loo” and 
unier gas (nitrogen) flow rale of 106ml rnin-’ (pressure 
I05 kPa). GLClmass specuometry (GLC/MS) was performed on 
a Perkin Elmer model 270 instrumenl u.9m.g a glass column. I m. 
0.4cm i.d.. Packed as above (system I). or a I m column, 0.4cm 
i.d. packed with 2% XE60 coated on Chro& G (E& 
lOOmesh) at an oven temp. of 90”. Helium was the carrier gas 
(IO0 kPa) and the ionizing pokntial70eV. Anabgtk computing 
was carrkd 0ul using an EAI model l&J computer (Electronics 
Associates) and specitk rotationr were determined using a Carl 
Zkss Circk 0.01” Polarirncter. 

Mat&. (-)_EphedAe anhydrous (Sign@. ephedrine 
hydrochloride (B.D.H.). acctaldehyde (B.D.H.), BSTFA fN.@ 
bis[trimelhylsilyl]Iriduotoacetnmide) (Pierce Chemicals); (+)_ 
and (-+cudocpbedti. N-rnethylampheramine and N-methyl- 
ephedrine were gifts from Burroughs Wellcome (England). 

Fonnorion of rhr 2,3.+uimahyl- 5 . phcnyloxardidints J1 and 
8. foUo*ud by NhfR 

The NMR spectrum of (-kphxdrine base was run (0.04g. 
0.24m mok. in 0.4ml CfXI+spectnrm “A”. Acctakichyde 
(12-U d. 0.2lAQ6m mokl was added and spectra recorded 
immediately and at varying intervals Ihereafter. The ephedrine 
signals rapidly decreased in intensity. wtdsl two new sets of 
signals appeared. “B” and “C”. where “B” was IME mtense 
than “c” (see Fu. 2). Set “C’ was due IO the OXAZOMIK C and 
KI “B” due to a diastereoisomer 8. Over a period of 30 min. the 
signals due IO 4b (“B”) decreased in intensity and those for Ir 
(“C”) increased, until at equilibrium 4a was ca. 909E. 8 co. SW. 
the remainder being epbcdrine CF& 2). 

The following data were abstracted from the NMR spectrum 
run eight minutes after the start of rhe reaction (less the aromatic 
signals; Ibe tkld was locked at 8 7.28); set “B” due to 4b: 6 0.62 
(d. J - 6.2. CHCHCt(,l I.35 (d. J - 4.6, CH’CH;) 139 (s. NC&l 
3.49 (m. CHCljCH,) 4.76 (q, J = 4.6, Clj’CH;) 5.29 fd. J - 5.0, 
C)?CHCH,) and set “C’ due to Ir: 6 0.65 (d. J - 6.0. CH’CIj;, 
1% (d. J i 4.4. CHCHCY,) 2.20 6. NC~,) 2.72 (m. CHCYCH,) 
3.92 (q. J = 4.4. CU’CH;) 4.96 fd, J = 7.8. CljCHCH,). Charac- 
terization of tlus product has been reported previously.’ 

7%~ nactkm of (-~pscufoqhedrinr wifh acnafdehyde 
(-~Pscudoephedrine (0.04g. 0.24mmok; extracted from the 

hydrochbridc salt) was dissolved in chloroform (0.5 ml) and 
acctaldehydc (co. 204. co. 0.3s m mok) added. After IS min 
solvent and excess acctaldehydc were evaporated under vacuum 
and the NMR spcctntm recorded in CDCI,: 6 I.13 (d. J = 6.2, 3. 
CHCHC~,) 1.37 (d. J = 5.3, d. CHQI;) 2.25 (s. 3. NC&) 2.38 
(m. I. CH@CH,) 4.21 (q. J - 5.3. I. 6H’CH;l4.50 (d. J * 8.8. I. 
CHCHCH,) 7.29 fs. S. Ar). and a number of sianals of about 
S-i096 of &e intensity of& mam signals. due to aless abundant 
diastercoisomer. The GE/MS (system 11 was UK same of that 
of the oxazdidine cbbined from the reaction of f-j-ephedrine 
with acetakkhyde.’ 

The rraction of (+ ~pseudotphcd~c with acrmldthydc 
Tlu reaction was carried out as described above. ‘Ihc NMR 

spectrum was identxal to that obtai& from the above isomer. 

Prepamtkm of rhr O-rrimtfhylrilyl dcritiiu oj cphufrine and 
attnptcd rcactbn of ir tih accialdehyde 

BSTFA (N.Ws[trimcthylsilyl]tr&~~~~e~. W d- 
excess) was added to f-bpbairir~ but (0.055g. 0.33m.mokl 



3316 A. H. BFXKEI? and G. R. JOKES 

and the solution kft at room rempcrature. overnight (co. 18 hr). 
Excess silylallng reagcnl was boiled ofl in ulcw (cu. 0% 
LOmmHg) at 4fPC. and Ihc NMR spectnrm of Lhe ephedrinc- 
TM derivarlve aas 6 0.95 (d, 3. CHClj,) 2.35 (I. 3. NCU,) 2.68 
lm. 1. CljCH,l4.61 (d. I. ArCH) 7.29 (s. 5. &). The &TMS wgnal 
was no1 recorded as rhc spectrum was run using IeIrameIhyl- 
silanc as the inrcrnal standard and locking signal. The mtus 
spccrrum of the derivatrve was consistent with that of UK &TMS 
ether Cc/. N.OdiTMS cIherl: GLCIMS. m/t (9t rel. ahund.1: 238 
IM+ I. 0.3). MT absent 222(l). l48tl). 91(l). 88(3). 7X2). 7X6). 
59(4). 58( loo), 4512). 

Acelaldchyde lea. 20 4. co. 0.35 m mole) was added IO rhe 
cphcdrin&TMS derivative in CDCI, (0.4mll and the NhiR 
spectrum run immediately and aI intervals up IO 2lOmin. No 
reaction was apparcnl. 

Alrrmprrd nacrion of amaldthydr wtrh S~mtrhykphrdrinc 

Tk method was as described above. only using N-methyk- 
phcdrinc (O&4 g. 0.34 m mok; ex~rackd from rhe hydrochloride 
salI). No reacltin was apparenl. 

Hydrolysis of rhr 2.3.4 . rtimnhyl . 5 . phmyloxazolidintr. 4a 
and 4b. IO (- kphedrinr 

2.3.4 . Trimethyl . 5 . phn~loxaddint (4r:4b approx. 20: I ‘A. H. BeckerI. G. R. Jones and D. Holltngsl~c. /. Phan. 

by NMR; 1.08, 5.24 mmok) was dissolved in ether (2% ml) and Phannac. in press. 

HCl gas buMed in unIil no more precipiIate was formed and a 
slight excess of HCI gas was in soluuon. Water (I ml) was added 
and the mixture stirred ovcrnigh~. afkr which the formatton of 
ephedrine was compktc (GLC). The ether was evaporated and 
the hydrochloride salt crysI&zcd from ethyl aceI.ate (0.98 8.93% 
yield) m.p. 2162lY [cf. authentic (-)_cphcdrinc hydrochloride 
217-220 and a mixed melting point with cphedrinc hydrcr 
chloride. 2162W. cf. (r)cphcdrinc hydrochloride. IR7-IW]: 
[a]“= -34.1’ in water. cf. authentic ephedrine hydrochloride 
[cx]~ = -34.9. The NMR spectrum of the base (partitioned 
between aqueous potassium carbonate and CDCI,) was identical 
to that of authentic (-)_cpMrinc. The liquor obtained after 
filtration of the ephedrine hydrochloride. was cvapora~cd. Ihc 
residue dissolved in wal(r (5 ml) and an NMR spcctNm run after 
add@ potassium carbonate and par~i~ionq I ml with CDCI, 
(0.5mJ). The NMR spccwum showed ~he CDCI, sdubk basic 
maIenal IO be at kasI 90% cphcdri~~. 
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