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9. Retention of Asymmetry During the Beckmnn, Lossen, and Curtius Changes. 
By A. CAMPBELL and J. KENYON. 

(i) The oxirne of (+)-a-phenylethyl methyl ketone undergoes the Beckmann transformation into (-)acet- 

(ii) ( +)Phenylmethylacethydroxamic acid is converted by the Lossen change into (- )-a-phenylethyl- 
u-phenylethylamide with almost complete retention of asymmetry. 

amine of 99.2% optical purity. 
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26 Retention of Asymmetry During Beckmann, Lossen, and Curtius Changes. 

( +)Ph*CHMe*CO,H - 
-> Ph*CHMe.CO*N, + (-)-PhCHMe*SH, . .. . .. ... 99.6 Schmidt 

-> Ph.CHMe*CO*NH, + ( -)-Ph*CHMe.NH, . . . . . . 95.8 Hofmann 

-> Ph*CHMeC( :NOH) O H  j (- ) -Ph*CHMe*NH, . . . 99.2 Lossen 
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[1946] Heilbron, Jones, and Lacey: Studies i.ul the PoLyene Series. Part X X I L  27 
Conversion of ( +)-a-Phenylethyl methyl ketoxime into ( -)acet-a-phenylet~ylamide. ( +)-a-Phenylethyl methyl ketone. 

To a cold ethereal solution of methylmagnesium bromide (from Mg, 1.5 g.) powdered anhydrous cadmium chloride 
(4-5 g.) was slowly added with stirring and the mixture stirred for 2 hours a t  room temperature. To this solution of 
dimethylcadmiurn, cooled to 0". was added dropwise during 30 minutes, an ethereal solution of ( +)-hydratropoyl 
chloride (from 7.3 g. of acid). The reaction mixture, after being heated under reflux for 3 hours, was decomposed with 
dilute sulphuric acid and extracted with ether ; the ethereal extract was washed with alkali, dried, and distilled yielding 
{+)-a-$henylethyI methyl ketone (5.0 g.), b. p. 116-117"/12 mm., uE,""" + 58.21"; u & ~ . ~ ~  + 58.18"; u L ~ . ~ ~  + 58.14' 
( I ,  0.5) (Found : C, 81.3 ; H, 8.4. 

The (+)-ketone (5  g.) was added to a solution of hydroxylamine hydrochloride 
(2.4 g.) and sodium acetate (2-7 g.) in water (15 c.c.) and alcohol (18 c.c.) and the whole heated under reflux for 4 hours. 
The resulting oxime separated from alcohol in needles, m. p. 96" (3.1 g.), [ G L ] & ~ . ~ '  +254" ( I ,  1 ; c, 2437,  ethanol), [a]&4.10 + 
17.4" (I, 1 ; c, 2-031, benzene) (Found : C, 73.7; H, 7.8; N, 8.6. 

Conc. sulphuric acid (2.5 g.) was added dropwise to a stirred solution of the (+)-oxime 
(2.5 g.) in dry ether (50 c.c.) and the mixture heated under reflux for 30 minutes; after evaporation of the ether and 
addition of ice, a crystalline precipitate of (-)-acet-a-yhenylethylamide (1.4 g.) was obtained having [a]&5.7* - 167.7" ( I ,  2 ; 
c, 2-177), [a]&6.20 - 167-1" ( I ,  2 ;  c, 2.094) both in ethanol. I t  separated from aqueous acetic acid in plates, m. p. 103-104", 
alone and mixed with an authentic specimen, prepared by the action of acetic anhydride on ( -)-a-phenylethylamine, 
which had m. p. 104O, [a]go -168-1" (I, 2 ;  c, 2.117, ethanol). 

( f)-PhenyInz8thyIacethydrox- 
a d c  acid. A solution of (+)-hydratropoyl chloride (5  g.) in benzene (18 c.c.) was added dropwise to a stirred 
solution of hydroxylamine (2 g.) in benzene (15 c.c.) a t  0" : the separated white solid was collected after some hours and 
crystallised from ethyl acetatein needles (3*8g.), m. p. 126", [a]b7" +20*3" (I, 1 ; c, 2.133, water), [ a ] r  +51.5" (I, 1 ; c, 5.132, 
ethanol), [ u ] & ~ * ~ *  +36.4" ( I ,  1 ; c, 2-173 acetone) (Found : N, 8.4. It gave a cherry-red 
colouration with aqueous ferric chloride. 

The corresponding dl-hydroxamic acid, prepared by the same method, had m. p. 119-120" (Found : N, 8.7%). 
( +) Benzoyl Pphenylmethylacethydroxamate. Benzoyl chloride (3.5 c.c.) was added in several portions with vigorous 

shaking to a cold solution of the (+)-hydroxamic acid (3.8 g.) in acetic acid (25 c.c.) and a saturated aqueous solution 
of sodium acetate (25 c.c.). The precipitated solid was separated, washed with water, and dried under reduced pressure. 
It separated from ethyl acetate-ligroin in plates (3.5 g.), m. p. 153", [a]&" +39*4" ( I ,  1 ; c, 3.279, alcohol), [a]k5* f22.3" 
(I, 1 ;  c, 2.785, chloroform), [a]g +28.6" ( I ,  1;  c, 2.906, benzene) (Found : N, 5.1. C,,H,,O,N requires N, 5.2%).  

A solution of potassium (0.83 g.) in anhydrous methanol (8 c.c.) 
was added to a solution of the (+)-benzoyl derivative (3.5 g.) in warm acetone (50 c.c.) and the potassium derivative 
separated as a colourless microcrystalline powder. Anhydrous ether (30 c.c.) was added and the solid (3.7 g.) separated 
by filtration. 

The potassium salt (3.7 g.) was mixed with dry benzene (25 c.c.) and heated under reflux 
for an hour; the suspension was then filtered to remove potassium benzoate. The filtrate * was mixed with conc. 
hydrochloric acid (5 c.c.), warmed to 45", and stirred for one hour. After some hours, the aqueous acid layer was separated 
and rendered alkaline. The liberated (-)-a-phenylethylamine (1-8 g.) had b. p. 72"/12 mm., -18-96" ( I ,  0.5). 
Its acetyl derivative had m. p. 103-104", alone or mixed with an authentic specimen, and [u]ka0 - 166.9" ( I ,  2;  G, 2.209) 
in ethanol. 

Conversion of (+)-hydratropic acid into ( -)-a-phenyIet~yIamine via hydratropic azide (Schmidt rearrangement). Sulphuric 
acid (10 c.c.) was added to a solution of (+)hydratropic acid (5  g.) in chloroform (40 c.c.) ; sodium azide (4 g., 1.2 mols.) 
was then added slowly to the vigorously stirred solution maintained at 45". After 30 mins., the evolution of nitrogen 
having ceased, the solution was rendered alkaline and extracted with ether. The resulting ( - )-a-phenylethylamine 
(2-9 g.) had [ ~ t ] & ~ . ~  - 19-04" ( I ,  0-5) ; by the action of acetic anhydride i t  was converted into (-)acet-a-phenylethyl- 
amide, leaflets from aqueous acetic acid, m. p. 103-104", alone or when mixed with an authentic specimen, [air - 165.2" 
( I  2;  c, 2.499, ethanol). 

A parallel experiment, using hydratropic acid having [a]$.50 + 32-47 O ( I ,  0.5), yielded a-phenylethylamine having 
[a]Y.' -11.80" ( I ,  0-5). The optical purity of the acid was 62.1% and of the amine 61.7%; thus, the retention of optical 
actitlty was 99.4%. 

It was shown by Bernstein and Whitmore ( J .  Amer. Chem. Soc., 1939,61, 1324) that the azide of incompletely resolved 
( +)hvdratropic acid, having + 86.1 O, was converted by the Curtius reaction into a-phenylethylamine, the benzoyl 
deriv&tive of which had [a]3' - 39.2" in benzene ; reference to this result ought to have been made in the paper by Kenyon 
and Young (Ioc. cit.), but these authors much regret they were unaware of it a t  the time. 

The benzoyl derivative of the ( - )-a-phenylethylamine obtained by the first Schmidt rearrangement described above 
had [a]g" -41.8" ( I ,  2 ;  c, 2.634, benzene) and [a]z.50 - 149" ( I ,  0.5; c, 1.167, carbon disulphide). 

Our thanks are due to Dr. D. P. Young for assistance in the early part of this work, to Dr. A. K. Mills for details of 
the preparation of dl-hydratropic acid, to Mr. S .  Bance for the analytical data, and to the Directors of Messrs. May 8z 
Baker, Ltd., who generously placed laboratory facilities at the disposal of one of us  (A. C.). 

C1,Hl,O requires C, 81-1 ; H, 8.1%). 
(+)-a-Phenylethyl methyE ketoxime. 

C,,H,,ON requires C, 73.6; H, 8.0; N, 8.6%). 
(-)Acet-a-phenylethylamide. 

Conversion of ( +) hydratropic acid into ( -)-a-phenylethylawine via the hydroxamic acid. 

C,HllO,N requires N, 8.5%). 

The corresponding dl-benzoyl derivative, prepared by the same method, had m. p. 148" (Found : N, 5.2%). 
Potassium benzoyl phenylmethylacetylhydroxamate. 

(-)-a-Phenylethylamine. 
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