
July 1967 STEREOCHEMISTRY O F  2,3-DIPHENYL-l-&fETHYLPROPYWhlINE 72.5 
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The absolute configuratioii of d-( + )-~-2,3-dipheiiyl-l-methylpropylamine has been established as 1S,2S by 
degradation to two optically active compounds, m d  synthesis of each of them from qtereochemically knowlr 
btartirig materials. 

Derivatives of 2,3-diphenyl-l-methylpropylamine 
have been examined recently for their physiological 
activity and, in particular, their hypocholesterolemic 
effect. 
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Ia, Ar = CsHs; R = H 
b, Ar = p-ClC&; R = COCH=CHC02H 
c, Ar = C&; R = COCH=CHCO*H 
d, Ar = p-C1C&; R = H 

Benzmalecene (Ib, a isomer), for example, has 
shown activity in both animals and humans, however, 
not without side effects. 

Each of the enantiomorphs of a-dechlorobenz- 
malecene (IC) has been tested as a hypocholesterolemic 
agent, and the (+) isomer was shown to be the active 
one.= 

I n  these and related compounds, prior a~signment’,~ 
of the prefix “a” has been made arbitrarily to the 
isomer Lyith the higher melting amine hydrochloride 
and maleamic acid derivative; the prefix “p” has been 
assigned to the lower melting derivatives. 

The parent amine Ia  has previously been prepared 
by Ishiwata and Suguki4 and more recently by Schultz, 
Bicliing, and Weibelhaus. The Japanese group was 
interested in the amine as an intermediate in the syn- 
thesis of 1,3-dimethyli-benzyl-3,4-dihydroisoquino- 
line. They made no overt attempt to  separate the 
isomers, although, from the melting point of the hydro- 
chloride (reported4 as 249” dec), it seems likely that con- 
siderable purification toward the less soluble a isomer 
occurred. Schultz, et a1.,3 report the melting points 
of the isomeric hydrochlorides as 247-248” (a) and 

We have now directly established the absolute con- 
figuration of the d-( +)-a-Ia, shown that d-(+)-a-Id 
possesses the same stereochemistry, and thus, in- 
directly, proven the relative configuration of the p 
series. The &(+)-a isomer according to the “se- 
quence rule”j possesses the 1S,2S configuration. 

161-162” (p ) .  

(1) T h e  biological activity is summarized in the  accompanying paper, 

(2) J. W. Huff, Merck Insti tute for Therapeutic Research, Rahway, 

(3) C. M. Schultz, J. B. Bicking, and V. D. Weihelhaus, British Patent 

(4) S. Ishiwata and K. Suguki, J .  Pharm. SOC. Japan ,  71, 1272 (1951); 

( 5 )  R. S. Cahn, C. K. Ingold, and V. Prelop, Ezperienlia. 12, 81 (1956). 

E.  M. Schutz, et ai., J .  M a d .  Chem., 10, 717 (1967). 

N. J., personal communication. 

901,438 (July 18, 1962). 

Chem. Abslr . ,  46, 5591% (1952). 

The proof of configuration presented herein involves 
partial degradation of d-( +)-a-2,3-diphenyl-l-methyl- 
propylamine to two optically active compounds, each 
retaining the original configuration at  one of the active 
carbons. Identical compounds have been synthesized 
from previously established optically active precursors 
in an unambiguous manner. Carbon 1 was shown 
to be configurationally related to L-alanine by the 
method of Scheme I. 
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L-Alanine, as its S-trifluoroacetyl derivative (VII), 
was converted to the corresponding phenyl ketone (11) 
via Friedel-Crafts reaction.6 The optically active 
ketone was also obtained by dichromate oxidation of 
the intermediate IV, obtained from d-( +)-a-Ia, thus 
establishing the configuration at  C-1 as S (or L). 

(6) E. Sohallenberg and M. Calvin [ J .  Am. Chem. Soc.,  77,  2779 (195511 
have shown the  ioptical integrity of amino acids in the  conversion to N-tri- 
fluoroacetates and then t o  acid chloridea. 
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n-~,3-Diphenylpropionic :wid (T') was converted to 
:in oxime T'I after formation of  the methyl ketone in 
the usuiil maiiiier \t ith diniethylradmium. Camp- 
bell :md ICenyon8 synthesized optically active 3-phenyl- 
2-hutaiione oxime from a-methylphenylucetic. acid by 
the same reactioii sequence. III our case, it is quite 
appureiit that corisidernhle racemization occurred 
during the renctioris; the c ~ u d c  oxime initially isolated 
wis orily about 30YG optically pure. 

This oxime (VI), once purified, proved to be identical 
with the one found from d-( +)-a-1%. Dehydrochlori- 
I i n t i o r i  of the intermediate S-chloramine to the imiiie 
M ith sodium methoxide muit be performed under mild 
rwiditions for maximum retciitiori of optical activity. 
Heating the mixture at  reflux with a slight excess of 
h i h e  permiti complete raceniizlttion of thr  adjacent 
carbon atom, presum:hly through n r i  imine e rnamiiie 
t:iuti)rnerizatioii. 

The imiiie so formed trniisformed directtly to 
the vorrebpoiidiiig oximc upoil ndditioii of nri acjueouh 
si)lutioii of hydroxylamine. In three different experi- 
ments, the crude oxime ohtniried showed [ a ] u  + 3 3 ,  
+ l l l ,  and +120", respectively. In the first experi- 
ment, all of the allroxide was :dded initially at ice-bath 
t cniperature, arid the rcwtioii was allowed to proceed 
ovcriiight, u arming to  rooni temperature. The more 
sucwsiful experiments n ere carried out as described 
b(ilO\\-, wherein sodium methoxide \vas added slo~v1y at 
room temperature, permitting reasonable rates of dc- 
liydrochlorinntitln without excessive accumulation 
of t)aw. In all wses,  a molar irisufficienry of base waq 
llhetl. 

The starting material for the degradation studieh. 
d-(+)-a-amine (Ia), has been obtained by two path- 
\\ ays which prove the interrelationship of the chlaro 
: t i i d  decahloro seriei nf (unpoiitids. 

( 7 )  I<. Petterason, Arkia K e n t ? ,  10, 297 tlHJ6). 
(8) .1. Campbull and J. I i m ~ o n .  J f ' h e m .  Soc., 2 5  (1946). 
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and concentrated in vacuo to dryness. 2,4,6-Collidine (20 ml) was 
added to the residue and the resulting solution deposited colli- 
dine hydrobromide upon heating a t  90' for 2.5 hr. The cooled 
mixture was distributed between ether and dilute HCl, and the 
aqueous layers were extracted with ether after washing the ether 
layer with a fresh portion of acid. The combined ether layer 
was dried ( h l g s o ~ ) ,  filtered slowly through a small layer of acid- 
washed alumina, and concentrated in uucuo to a solid residue. 
Crystallization from ether-petroleum ether gave 2.7 g (48%) 
of prisms, mp 89-90'. Further recrystallization of the second 
crop gave analytically pure material, mp 90.5-92", [ a ] ~  -60.8' 
(c 2, dioxane), XMeoH 236 mp (log E 4.1). 

Anal. Calcd for CI,HI,F&O: C, 67.69; H, 5.05; N, 4.38. 
Found: C, 67.63; H, 5.10; N, 4.29. 
2-Trifluoroacetamidopropiophenone (11). By Oxidation of IV. 

-To a stirred solution of 2.7 g (0.0085 mole) of I V  in 10 ml of 
acetic acid and 5 ml of benzene a t  15' was added a solution of 4.7 g 
of NanCreO7 in 10 ml of acetic acid. Aft,er 20 min stirring, a 
solution of 1.05 ml of 98CC HzSOI in 2 ml of AcOH was added over 
a 40-miri period. After a further 75 min, the reaction was poured 
into a mixture of benzene and water. The benzene layer was 
washed with three 25-ml portions of water and finally wit'h 37,  
SaHCOa. The bicarbonate solut'ion deposited benzoic acid, 
mp 121", upon acidification. The benzene layer was evaporated 
to an oil which smelled of benzaldehyde. 

Chromat,ography on 100 g of acid-washed alumina sufficed to 
separate the benzaldehyde (20: 80 benzene-hexane) from the 
desired product (30 : 30 benzene-hexane). Distillat'ion of the 
product-rich fractions gave the desired ketone which only partly 
cryst,allized. The distillate showed [ a ] ~  -51.2' ( e  2, dioxane). 
The infrared spectrum was indistinguishable from that of the 
same ketone prepared by t'he Friedel-Crafts reaction (v ide  supra). 

The dinitrophenylhydrazone, prepared as  before, showed mp 
165-166', [.ID -132.5' ( c  2, EtOH), which was undepressed on 
admixture with a sample of the previously mentioned DNP. 
The infrared spectra of the two DNP's were indistinguishable. 

Anal. Calcd for C17HL4FJN505: C, 48.01; H, 3.32; X, 16.45. 
Found: C, 48.07; H, 3.32;  N, 16.31. 

~-2,3-Uiphenylpropionic Acid (V).-Alkylation of phenyl- 
acetic acid in liquid ammonia with benzyl chloride13 gave the 
racemic acid which was resolved via its quinine ~ a 1 t . l ~  0-2,3- 
Diphenylpropionic acid was liberated from the more soluble 
salt (see Table I). 

T\BLE 1 
Quinine salt of V ,--V _---_ 

IuID, deg [ab, d w  
LIP, O C  (MeOH) Alp, OC (benzene) 

Lit.14 178-179 89 + 86 
Found 174-176 -86 2 78-80 + 99 

(+)-3,4-Diphenyl-2-butanone Oxime (VI) from V.-To a solu- 
tion of 3.1 g (0.0138 mole) of V in 25 ml of anhydrous benzene 
was added 1.9 in1 (0.026 mole) of SOC12. The solution, protected 
from moisture, was heated on the steam bath for 1.5 hr, then 
evaporated to a dry residue in vacuo. The acid chloride was 
dissolved in 20 ml of anhydrous benzene and used below. 

To a stirred solution of 7.6 ml of ca. 3 M AIeMgBr (Arapahoe 
Chemical Co.) in 17 ml of anhydrous ether was added 2.2 g 
(0.012 mole) of anhydrous CdC12. The reaction mixture, pro- 
tected from the atmosphere by Nz, was heated a t  reflux for 1.5 hr, 
then 50 ml of dry benzene was added and the solvent was dis- 
tilled until the vapor temperature reached 79". The slurry was 
cooled in an ice bath and to it was added the solution of acid 
chloride (see above). After heating a t  reflux 2 hr, the reaction 
was again cooled in ice, and decomposed in the usual fashion 
with dilute HzS04. The organic layer was separated and com- 
bined with benzene extracts of the aqueous phase. After washing 
the combined organic layers (HzO, 5% NaHCO3, HzO), the sol- 
vent was removed in vacuo. To the semisolid mass was added 
10 ml of ethanol and the mixture was allowed to stand overnight. 
The insoluble solids were removed and the ethanol filtrate was 
concentrated to an oil. To it was added 11 ml of methanol and a 
solution of 1.23 g (0.018 mole) of hydroxylamine hydrochloride 
and 1.48 g (0.018 mole) of NaOAc in 5 ml of water. The mixture 

was refluxed 4 hr and cooled, and the methanol was removed 
under vacuum. The crude oxime [1.9 g, mp 100-120", [ n ] ~  
+54" (c 1, dioxane)] was purified by removal of successive crops 
of near-racemic oxime according to Table 11. The mother liquors 
from the crystallization and recrystallization of crop 5 gave 195 
mg of almost optically pure oxime, mp 96-98', [a10 +141° 
( e  1.2, dioxane). 

TABLE I1 

no. Solvent mg deg AIp, o c  
c r o p  \vt, [a]D. 

1 EtOH 600 + 3 . 0  134-136 
2 EtOH 300 $4 3 134-136 
3 EtOH-ether 50 +6 4 132-135 
4 Ether-petr ether 220 +9 7 132-135 
5 Petr ether 400 $132 97-103 

Anal. Calcd for C16H1,?u'O: C, 80.31; H, 7.16; N, 5 3 5 .  
Found: C, 80.38; H, 7.15; N, 5.80. 

( +)-3,4-Diphenyl-2-butanone Oxime (VI) from d-( + )-a-Ia.- 
A solution of 11.3 g (0.05 mole) of d-( +)-a-2,3-diphenyl-l- 
methylpropylamine in 100 ml of CHzC12 was cooled in an ice 
bath. To i t  was added 6.9 g (0.0517 mole) of N-chlorosuccin- 
imide with stirring. After 10 min, the solution was warmed to 
room temperature and allowed to stir an additional 2 hr. The 
solution tested neiitral to wet Alk-acid paper. The reaction 
was washed with two 50-ml portions of wat'er, dried (NazS04), 
and concentrated to an oil, 13.4 g ( ~ 1 0 0 % ) ,  [aylu +38.9" 
( e  2.5, dioxane). 

Anal. Calcd for C16H18ClX: C, 73.97; 11, 6.98; X, 5.39. 
Found: C, 73.88; H, 6.85; S, 5.03. 

A portion of the resulting crude oil (10.84 g, 0.0418 mole), was 
dissolved in 50 ml of ethanol and a solution of 40 mmoles (by 
titration) of SaOCH3 in 2.5 ml of ethanol was added dropwise 
over a period of 3 hr. KaC1 precipitated during the reaction. 
The solvent was removed in vacuo, and the residue was taken up 
in methanol. A solution of 4.2 g (0.06 mole) of hydroxylamine 
hydrochloride and 5 g (0.061 mole) of NaOAc in 10 ml of water 
was added and the mixture was stirred and heated for 4 hr 
under reflux. The methanol was removed in vacuo, water was 
added, and the crude crystalline oxime was isolated by filtration. 
After washing with water and petroleum ether, the product was 
dried in vacuo; yield 7.8 g (78Yc), mp ea. 90-100", [a]D $111' 
(c 2,  dioxane). 

Fractional crystallization provided the racemic oxime (from 
ethanol), mp 135-136". From the mother liquor there was 
eventually obtained pure (+ )-oxime (from ether-petroleum 
ether), mp 95.5-96.5', [ a ] ~  +133" ( e  2,  dioxane). The rotation 
was not, increased by continued recrystallization. 

Ana/ .  Calcd for C16HliNO: C, 80.31; H, 7.16; N, 5.85. 
Found: C, 80.55; H, 7.28; K, 5.77. 

Resolution of dZ-~-2,3-Diphenyl-l-methylpropylamine (Ia). 
Isolation of the d - ( + )  Isomer.-A slurry of 69.1 g (0.264 mole) 
of dl-a-2,3-diphenyl-l-methylpropylamine hydrochloride3 in 
400 ml of hexane and 400 ml of water was basified with 23 ml of 
50yG NaOH. After stirring 3 hr a t  40-.iO", two clear layers were 
achieved. The organic phase and a hexane extract of the aqueous 
phase were washed with water and concentrated to an oil which 
was dissolved in 450 ml of an 8 : l  (volume) acetone-methanol 
mixture. A solution of 94.6 g (0.264 mole) of dibenzoyl-L- 
tartaric acid in 530 ml of the same solvent was added. The 
slurry which formed was heated arid stirred at  reflux for 2 hr, 
then recooled to room temperatlire. The crystalline salt was 
filtered, washed with acetone, and dried to give 70.15 g (91%, 
based on one antipode), mp 186-187", [ n ] ~  -29.9' (e  1, MeOH). 
Purification by hot reslurry in t'he same solvent system gave 
69.7 g (88.2% over-all), mp 188-189", [ a ] ~  -28.9'. The 
physical constants were unchanged after further attempts a t  
purification. 

To 67.9 g of the above salt was added 600 ml of hexane, 600 
ml of water, and 29.4 g of ?rTaHC03.15 After 4 hr of stirring a t  
reflux, the aqueous phase was removed and acidified after cooling 
to provide 37 g of recovered dibenzoyl-L-tartaric acid. The 
hexane layer gave the optically active d-(+)-a-Ia as an oil, 24.3 g 

(13) C. R. Hausex and I\'. R. Dunnavant,  078. Sun., 40, 38 (1960). 
(14) H. Fujimura and Y. Yamikawa, J .  Pharm. SOC. Japan,  80, 333 

( 1960). 
(15) When NaOH w-as used, the resolving agent w a s  hydrolyzed t o  a 

mixture of benzoic and  tartaric acids. 




