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The stereospecifity1' 2> 3>4 of N—>0 acyl migrations in the realm of dia-
stereomeric 2-amino alcohols1-4 has been revealed during the last five years. 
Cis modifications appeared to undergo a faster shift (e.g. in compounds of 
acyclic and alicyclic types) than the corresponding trans-epimers. Furthermore 
the conversion of cis N-acylamino alcohols into the appropriate amino ester 
salts proved in every case to take place with retention of configuration, whe-
reas trans-2-aroyl amino cyclopentanols5 furnished on the action of hydrogen 
chloride the salts of cis-2-amino-cyclopentanol-0-esters obviously due to an 
inversion of configuration at the hydroxyl bearing carbon atom. 

These observations could be evaluated in order to establish the configura-
tions of a series of diastereomeric pairs (inosamines6, amino-borneols7, glucos-
amines8, 2-amino-3-tetralinols9) first in the 2-amino-alcohol series but later also 
in the 3-amino alcohols: tropines10, ecgonines11, granatanols12, and so on. Epi-
meric arylaliphatic 2-amino-l-aryl-l-propanols, e.g. N-acyl-nor-ephedrihe as 
compared with N-acy]-nor-i/;-ephedrine behave in a similar stereospecific 
manner153, i.e. the latter underwent acyl migration at a higher rate and with 
retention, whereas the former showed a notably lower reaction rate involving 
inversion at Cj. 

On this basis cis-conformation regarding OH and NHCH„ groups has been 
ascribed to i/;-ephedrine the reverse, trans one being attributed to ephedrine2. 

Another, preparative aspect of the investigations mentioned above emerged 
at an early stage, i. e. the separation of epimeric N-acyl-amino alcohols-, the 
cis form being converted by HC1 in ethanol into the amino-ester salt, whilst the 
amide remains unchanged. Obviously an ammonium salt could, in turn, easily 'be 
separated by its greater solubility in water from the epimeric amide. First 
(±) N-benzoy]-nor-ephedrine and the •¡/»-epimer were submitted to this treat-
ment, proving the correctness of our presumptions. We succeeded in separating 
y-ephedrine, i.e. (±) 0-benzoyl-?/;-ephedrine hydrochloride by the same method 
as well. However, the generalization of these principles could not be realized 
since some free amino alcohol bases suffer presumably undesired changes 
during the last step, i.e. on both acid13 and alkaline34 deacylations. 

Consequently, the extension of the method to epimeric N-carbobenzoxy 
amino alcohols was propounded153 this acyl group rendering acyl migration 
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possible as the basis for separation and on the other hand the protecting group 
being able to be removed ultimately from the already separated epimers by 
hydrogenolysis under very mild conditions which are unable to violate any 
sensitive moiety of the molecule. 

A preliminary paper15b recorded a few years ago the succesful adoption of 
this method in converting a mixture of the two racemates of N-benzyloxycar-
bonyl-2-amino-l-phenyl-l-propanols (lb) and (lib) on the action of HC1 in dry 
ethanol into (±) O-benzyloxycarbonyl-nor-i^-ephedrine hydrochloride (Illb) 
beside unchanged (±) N-benzyloxycarbonyl-nor-ephedrine (lb). The quite dif-
ferent solubility of the salt (Illb) from that of the amide (lib) in ethanol allo-
wed separation easy. Both (lib) and (Illb) as well as (lb) were, in turn, cleaved 
by hydrogenolysis over Pd-charcoal into pure (±) nor-ephedrine (la) and (±) 
•Mor-y-ephedrine (Ha) respectively. 

The detailed description of this method has been postponed as long as we 
should be able to extend our method precedingly to further models, e.g. to 
epimeric (±) 1.2-diphenyl-2-amino ethanols. Unfortunately, however, owing to 
solubility difficulties no acyl migration could be carried out in this case, at 
variance with the appropriate N-acetyl derivatives2. 

Nevertheless the short communication1515 quoted above received recently 
notable attention being extensively treated in the monograph series16 »Organic 
Reactions«. It deemed therefore timely to describe the experimental details of 
the present long-standing work. 
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Experimental 

(±) N-Benzyloxycarbonyl-nor-ephedrine (lb). 
(±) nor-Ephedrine (3 g, 0.02 mol) was dissolved in N HCI (20 ml) and to 

the ice-cold solution under vigorous mechanical stirring benzyl chloroformate 
(4 g, 0.025 mol) in benzene (4 ml) was added. After alkalinization of the reac-
tion mixture with 2N NaOH added in several portions (total amount: 25 ml), 
the amide separated first as an oil but solidifying soon. After stirring for 1 
hour it was filtered off to give a snow-white crystal powder (5.1 g). The pro-
duct was washed with N HCI (50 ml) then with water (30 ml) finally dried in 
a desiccator over calcium chloride to give a substance (4.8. g, 90.2°/pj m. p. 
98—101.5°. After recrystallisation from.a mixture of ethanol (30 ml)'and water 
(10 ml) hexagonal prisms (4.4 g) were obtained, m. p. 104—104.5°. (Found: 
C 71.45; H 6.95. C17H1903N requires: C 71.56; H 6.67%.) 
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Mixture of (±) N-benzyloxycarbonyl derivatives of nor-ephedrine (lb) and 
of (±) nor-ip-ephedrine (lib). 

(±) nor-Ephedrine (10 g) in 14% aqueous hydrochloric acid (500 ml) was 
refluxed for 12 hrs. in order to afford epimerization. The. solution was then 
treated with charcoal, af ter the removal of water ethanol (150 ml) was added 
and then repeatedly evaporated to dryness. The residue was dissolved in water 
(100 ml) decolorized with charcoal, cooled (ice) and acylated under Schotten-
Baumann conditions with benzyl chloroformate (10 ml) in benzene (5 ml) with 
mechanical stirring. A mixture of both white crystalline amides (14.5 g) was 
obtained, m. p. 62—84°. (Found: C 71.18; H 6.38%.) 

Separation of the mixture of the N-benzyloxycarbonyl derivative of (±)-
nor-ephedrine (lb) from that of (±) nor-yj-ephedrine (lib) by N—+ O acyl mig-
ration. 

5.5 N HC1 in anhydrous ethanol (10 ml) was added to the mixture obtained 
above (2.66 g) in dry ethanol (5 ml). After allowing to stand for 15 hrs. at room 
temperature, colourless prisms separated (0.69 g), m. p. 98—100°. Mixed m. p. 
with N-benzyloxycarbonyl-(±) nor-ephedrine (lb) was 99—102°. Af te r setting 
aside the mother liquor for 36 hrs. white crystals in needles began to separate 
(0.28 g), m. p. 228° (decomp.). M. p. raised to 229° on recrystallisation f rom dry 
ethanol (15 ml). The substance was soluble in water. (Found: C 63.42; H 6.21. 
CI7H20O3NC1 requires: C 63.48; H 6.23%.) This crop consisted of (±) CMbenzyl-
oxycarbonyl-Jior-y-ephedrine hydrochloride (Illb). 

0—>N Acyl migration of (IHb) into (±) N-benzyloxycarbonyl-nor-xp-ephed-
rine ('lib). (±) 0^benzyloxycarbonyl-?ior-!/;-ephedrine hydrochloride (Illb) 
(0.1 g) dissolved in hot water (10 ml) was made alkaline with 20% NaOH and 
cooled with ice. The separated amide became crystalline quickly. Recrystalliza-
tion f rom a mixture of ethanol (5 ml) and water (15 ml) afforded colourless 

.needles, m. p. 83°. (Found: C 71.59; H 7.02. C17H1B03N requires: C 71.45; 
H 6.670/o.) 

N—*0 acyl migration of a mixture of adjusted samples of (±) N-benzyl-
oxycarbonyl-nor-ephedrine (lb) and of (±) N-benzyloxycarbonyl-nor-yj-ephed-
rine (lib). 

(±) N-benzyloxycarbonyl-nor-ephedrine (lb). (15.2 mg) and (±) N-benzyl-
oxycarbonyl-nor-i/;-ephedrine (lib) (152 mg) were dissolved in dry ethanol 
(0.75 ml) and N HC1 in dry ethanol (2.5 ml) was added at room temperature. 
After 15 hrs. needles separated. After setting aside for 36 hrs. the reaction 
mixture was evaporated to dryness, the residual crystalline substance was 
extracted with hot water, leaving a product (149 mg) insoluble in water , m. 
p. 99—101°. Mixed with (±) N-benzyloxycarbonyl-nor-ephedrine (lb) m. p. 
100—102°. . 

Alkalinizatign of the aqueous solution with L7% ammonium hydroxide, fil-
tration of the separated crystals and its subsequent recrystallization gave a sub-
stance (106 mg), m. p. 81—82° undepressed by (±) N-benzyloxycarbonyl-nor-
y-ephedrine (lib). 

Hydrogenolysis of the benzyloxycarbonyl derivatives. 
(1) (±) N-Benzyloxycarbonyl-nor-ephedrine (lb). 10 N HC1 (0.35 ml) was 

added to (±) N-benzyloxycarbonyl-nor-ephedrine (lb) (0.53 g) dissolved in a 
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mixture of ethanol (15 ml) and water (10 ml). This solution was treated with 
palladised charcoal (0.3 g, 7% Pd 0) in ethanol (5 ml) and hydrogenated under sha-
king. The reaction was completed as C0 2 evolution ceased (checked by barium 
hydroxide). Complete hydrogenolysis lasted 3 hrs. The fi l trate of the catalyst 
was evaporated to give a white crystalline product (0.38 g). After recrystalli-
sation f rom dry ethanol (2.5 ml) it showed m. p. 193.5—195° undepressed by 
(±) nor-ephedrine (la) hydrochloride. It is to be noticed hydrogenolysis having 
not occured in neutra l medium. 

(2) (±) N-Benzyloxycarbonyl-nor-i/;-ephedrine (lib). 
(±) N-Benzyloxycarbonyl-nor-^-ephedrine (lib) (265 mg) was dissolved in 

the mixture of methanol (10 ml) and water (8 ml) and hydrogenated over pal-
ladised charcoal (0.15 g) in the presence of 10 N hydrochloric acid (0.18 ml). 
The reaction lasted 10 minutes. After evaporating in vacuo white crystals were 
obtained, which on recrystallisation from dry ethanol showed m. p. 164—166°. 
On admixture with an authentic specimen of (±) nor-yj-ephedrine hydrochlo-
ride (Ila) it melted at 165—166°. 

(3) (±) O-Benzyloxycarbonyl-nor-i/j-ephedrine hydrochloride (Illb). The 
hydrochloride (0.28 g) (Illb) was dissolved in the mixture of methanol (6 ml) 
and water (6 ml) and 'hydrogenated over palladised charcoal (0.15 g) under 
shaking. The reaction was completed af ter 30 minutes. The f i l t rate of the 
catalyst was evaporated in vacuo affording a crystalline product (148.2 mg) m. p. 
152—155°. After recrystallisation f rom alcohol m. p. raised to 156—157°, unde-
pressed by an authentic specimen of (±) nor-y;-ephedrine hydrochloride (Ila). 

Summary 

The mixture of (±) ?ior-ephedrine and (±) i/;-nor-ephedrine was converted 
into the benzyloxycarbonyl (i. e. carbobenzoxy) derivatives (lb) and (lib) and 
these, in turn, submitted to the action of HC1 in dry ethanol. (lib) furnished by 
acylmigration the O-acyl amine salt (Illb), which could easily be separated by 
extracting f rom the water-insoluble amide (lb). Hydrogenolysis of one epimeric 
form gave rise to pure nor-ephedrine (la), of the other to y-ephedrine (Ila). 

This method may be preferred to the more cumbersome fractional crystal-
lisation method of Hoover and Hass17. 
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