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[57] ABSTRACT

The synthesis of enantiomers of a series of methoxy-
and alkyl- substituted phenylisopropylamines is de-
scribed. The synthesis comprises reducing the imines,
formed by the reaction of appropriate phenylacetones
with either (+)- or (—)-a-methylbenzylamine, by low-
pressure reduction techniques, and subsequently sub-
jecting the optically active N-(a-phenethyl)phenyliso-
propylamine derivative to hydrogenolysis. The hydro-
genolysis products are characterized by enantiomeric
purities in the range of 96 — 99%. Yields of products are
approximately 60%.
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ASYMMETRIC SYNTHESIS OF
PHENYLISOPROPYLAMINES

The invention described herein was made in the
course of work under a grant or award from the De-
partment of Health, Education, and Welfare.

DESCRIPTION

The invention is directed to the synthesis of com-
pounds of the formula

CH;

ArCH,CHNH,,

und salts thercof. The symbol “Ar” is used hcrein to
designate phenyl or phenyl substituted by selected
groups as defined in greater detail hereinafter. More
specifically, the invention is directed to the asymmetric
synthesis of these compounds particularly the (8)-(+)
and the (R)-(—) cnantiomers. The compounds of the
invention are conventionally classified as amphetamine
derivatives. Amphetamine is phenylisopropylamine.

In an article published by C. F. Barfkecht, and D. E.
Nichols, published in the Journal of Medicinal Chemis-
try, Volume 15, page 109 (1972), it was suggested that
LSD could be considered a phenethylamine derivative.
LSD is a lysergic acid alkaloid. Natural lysergic acid, of
the formula

COOH
NCH,
H
HN
possesses the SR,8R absolute configuration, cstab-

lished by H. G. Leeman and S. Fabbri, in Helv, Chim.
Acta, 42, 2696 )1959) and P. Stadler and A. Hofmann,
ibid., 45, 2005 (1962). The absolute configuration of
phenylisopropylamines, or amphetamines, are S-(+)
() and R-(—) (Il) as determined by P. Karrer and E.
Ehrhardt, in Helv. Chim. Acta, 34 2202 (1951).

R, NH. )]
///“

R, CH,

R, NH, (I
‘H

R, CH,

It was predicted that the psychotomimetic cffects of
the amphetamines might reside in the R enantiomers,
based on their stercochemical relationship to lysergic
acid.

While much information was available in the prior art
about the structural activity relationships of onc-ring
psychotomimetics, only recently have rescarch groups
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reported data on the relative potency of optical isomers
of the 1-ring psychotomimetics.

The psychotomimetic cffects of (+)-3.4-dimethoxy
phenylisopropylamine and (—)-3.4-dimethoxy pheny-
lispropylamine and of (+) amphetamine were deter-
mined in studies on rats and published in the Journal of
Medicinal Chemistry, Volume 15, 109 (1972). p-
methoxy phenylisopropylamine has been shown to cx-
hibit “LSD-like™ potency in rats, in a publication by
Smythies ct al. in Nature 216:128 (1967). The compar-
ative cffects of the stereoismers of P-methoxyampheta-
mine, or P-metoxyphenylisopropylamine, were studied
in the manuscript submitted for publication entitled
“Comparative Effects of Stereo Isomers of Psychoto-
mimetic Amphetamines™ by Dyer ct al. The phy-
chotomimetic cffeccts of 2,4- and 2.5-dimethoxy-
phenylisopropylamines was studied by Shulgin ct al.
and published in Nature 221:357 (1969). Peretz re-
ported that 3,4,5-dimetoxy-4-bromoamphetamines was
hallucinogenic in man. 2,5-Dimethoxy-4-methyl substi-
tuted phenyl isopropyl amine has been the subject of
research, which has revealed that the R-(+) cnantio-
mer is responsible for the sensory and halucinatory
cffects of 2,5-dimethoxy-4-methylamphetamine, which

5 results werc published by Shulgin, J. Pharm. Phar-

macol, in press.

Weingartner ct al. have published experimental data
relating to the psychotomimetic cffects of 2,5-dime-
thoxy-4-ethylamphetamines, in Behavioral Science,
Volume 15, No. 4, July, 1970. Bennington et al. in
unpublished results, have obscrved that the R-(—) iso-
mer is also responsible for the psychotomimetic effects
of 2,5-dimethoxy-4-bromoamphetamine, first disclosed
by Barfknecht and Nichols in the Journal of Medicinal
Chemistry, 14, 370 (1971) and A. T. Shulgin ct al. in
Pharmacology, 5, 103 (1971).

All of the foregoing identified publications are incor-
porated herein by reference and are relied on.

In accordance with one feature of the invention there
is provided a new method for the synthesis of optically
active amphetamines and amphetamine derivatives. In
its broadest aspects the method of the invention com-
prises reacting an unsubstituted phenyl- or substituted
phenyl acetone with an optically active mcthyl benzyl-
amine to form the corresponding imine; subjecting the
imine to low pressure hydrogenation conditions and
subsequently forming the corresponding optically ac-
tive N-(a-phenylethyl)phenylisopropylamine and sub-
jecting the N-(a-phenylisopropylamine to hydrogenol-
ysis. Hydrogenolysis of the N-(a-phenethyl)phenyliso-
propyl amines results in asymmetric optically active
isomers of the general formula

CH,

Ar—CH,—CH—NH,

Weinges and Graab have rcported an asymmetic
synthesis of a4 mcthoxy-substituted amphetamine. In the
Weinges and Graab procedure, 3.4-dimethoxypheny-
lacetone was mixed with (+)- or —)amethylbenzyla-
mine and shaken at high pressures, approximately 100
atm of H,, over a Raney Nickel catalyst. The subse-
quent and final step of the Weinges and Graab proce-
dure required trcating the resulting N-(a-phenethyl)-
‘phenylisopropylamines to hydrogenolysis over reduced
PdCl, as a catalyst. Overall yields in the Weinges and
Graab reference were reportedly very low, approxi-
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mately 12%. The final hydrogenolysis step required
about 5 days of completion. The Weinges and Graab
procedure was reported in Chem. Ztg. Chem. App., 94,
728 (1970).

The method of this invention differs from the
Weinges and Graab procedure in several ways. It is
believed that in the course of the method of this inven-
tion an intermediate product which is an imine is
formed. The imine intermediate product without being
isolated is subsequently subjected, according to this
invention, to a low pressure hydrogenation to produce
the N-(a-phenylethyl)-phenylisopropylamines.
Whereas, Weinges and Graab produce the N-(a-
phenylethyl)-phenylisopropylamine in a one step high
pressure hydrogenation reaction with only 20% yields.
According to this invention, the N-{a-phenylethyl)-
phenylisopropylamine intermediates are produced in
yields of up to 70%. Moreover, this invention obviates
the necessity of employing high pressure hydrogena-
tions which are inherently dangerous.

In a somewhat simplified outline, the process of this
invention comprises three basic steps, using the hydro-
chloride SALT as illustrative:

Step |-
NH,
|
CHCH,
O
1l -H,0
Ar—CHCCH, + ———>> iminc
(+}) or (--)
Step 2
CH,
low pressure
imine Ar—CH,CHNH=CH
hydrogenation |
CH,
IR.R[-(+) or {§S]-{~)
Step M

CHy
|

Ar—CH,CHNH=—CH

. HC1 CH,

CH, H,
—> Ar—CH,CHNH,;—HCI

{RR}-(+) or [8.8)-(--) R-(—) or S-{+)

These steps will be more fully understood by the
detailed description of each step in the preferred em-
bodiment of the instant invention set forth below.

As stated above, the compounds produced by the
instant invention are of the general formula

CH,
|
ArCH.CHNH,

and derivatives thereof, more especially the water solu-
ble salts thereof. These compounds are basically
phenylisopropylamines. They are conventionally rc-
ferred to as amphetamines and as amphetamine deriva-
tives. The symbol " Ar” is defined as a phenyl group or
as a substituted phenyl group. The selected substituents
are alkyl, hydroxy or alkoxy. In particular, if the phenyl
group contains alkyl substitution, the alkyl substitution
will be selected from alky! groups comprising lower
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alkyls. By lower alkyl is meant an alkyl group contain-
ing from 1 to 5 carbon atoms. Specifically, lower alky!
groups may be selected from methyl, ethyl, propyl,
isopropyl, primary, secondary, or tertiary alkyls such as
n-butyl, isobutyl or tertiary butyl. Alkoxy substituents
on Ar- may be selected from the group consisting of the
alkoxy groups of lower molecular weight alcohols, such
as methoxy, ethoxy, propoxy and the like.

The compounds prepared by the instant invention
may contain at least one oxygen substituent on the
phenyl moicty or the phenyl isopropylamine, although
the invention includes the preparation of unsubstituted
optically active amphetamines, as can be scen from
Tables I and 11, compounds 1 and la. As can be seen
from the cxamples in Tables I and Table II, the aro-
matic ring may contain dimethoxy substitution and
trimethoxy substitution as well as monomethoxy substi-
tution. In addition, the aromatic moiety of the
phenylisopropylamine products may contain hydroxyl
substitution. It is contemplated that any other substitu-
ent which is not labile to the reductive procedures, or
which will not react with the aminoalkyl functionality
present in the starting materials, may be present as
substituents on the aromatic moiety of the phenyliso-
propylamine. Certain substituents, including halogens
such as bromine, chlorine, or iodine, and sulfur com-
pounds which may poison the catalyst, are obviously
incompatible with the reaction conditions. Although
such substituents may not be present in the aromatic
moiety of the phenylacetone employed to produce the
ultimate product, such substituents may be introduced
subsequent to the formation of the desired optical iso-
mers. Subsequent to the formation of the desired opti-
cal isomers, further chemical modifications may be
carried out which will not destroy the chiral or asym-
metric center producing new compounds having opti-
cal purity. By way of example, cthers may be treated to
yield hydroxyls, or as another cxample, ether or hy-
droxy substituted compounds may be hydrogenated,
nitrated or sulphonated to give compounds bearing
substituents which could not be tolerated in the original
reaction conditions for preparation of the optically
active isomers. Thus, the method can indirectly lead to
a wide array of optically active phenylisopropylamines.

As set forth above, the first step of the reaction pro-
cess of this invention comprises reacting a phenylace-
tone with an optically active methylbenzyl amine. The
phenylacetone has a general formula ArCH,(CO)CH,,.
The definition of Ar of the phenylacetone is the same
as defined above with respect to the definition of the
phenylisopropylamine products. Thus, Ar may contain
alkyl substitution, cther substitution or hydroxy substi-
tution. Certain substituents, cnumerated above, includ-
ing the halogens and sulfur compounds, which are obvi-
ously incompatible with the reaction conditions, may
be introduced subsequent to the formation of the de-
sired optically active isomers.

With respect to the examples, all of the phenylace-
tones cmployed to form the compounds in Table 1 have
been reported in the literature with the exception of
2,5-dimethoxy4-ethyl phenylacetone, the synthesis of
which is described in the experimental section. The
appropriately substituted phenylacetones were cither
obtained commercially or prepared by Fe~HCI reduc-
tion of the corresponding |-phenyl-2-nitropropenes,
according to the Fe~HClI reduction of |-phenyl-2-nitro-
propenes reported by H. Haas et al. in J. Org. Chem.
15, 8 (1950). The nitropropenes were prepared by
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condensation of the substituted benzaldehydes with
EtNO,, in accordance with the method and procedures
published by C. B. Gairaud and G. R. Lappin, inJ. Org.
Cheme, 18,1 (1953). All aldehydes and nitropropenes
have been reported previously with the exception of
the 2.5-dimethoxy-4-ethyl compounds, the synthesis of
which is set forth in the cxperimental section.

As set forth above, step | of the process comprises
the following reaction. In particular, a phenylacetone
of the general formula, ArCH,(CO)YCH;, where Ar is
defined above, is mixed with and reacted with cither
(+)- or (—)-a-methyl benzylamine. (+)- and (—)-a-
methylbenzylamine, employed as a reactant, may be
procured from commercial sources. In particular, the
reaction between the phenylacetone and the optically
active methylbenzylamine includes refluxing the reac-
tion mixture for several hours. Benzene or other sol-
vent inert to the reaction is generally used as the reac-
tion medium. In the course, an imine product is formed
with water as a by-product. The water is removed by
convenient means such as Dean-Stark trap or distilla-
tion. The imines which are believed to be formed need
not be isolated. However, it is contemplated that isola-
tion of the imines may be an optional step. The appro-
priate phenylacetone and optically active a-methylben-
zylamine are usually allowed to reflux for a period of 24
hours with continuous water removal. The formation of
the imine intermediate, according to this invention, is
distinct from Weinges and Graab method.

In the Weinges and Graab method, the imine is
formed and hydrogenated at the same time. Low yields
arc obtained. In the method of this invention the water
formed in the reaction is removed and the imine inter-
mediate is then treated to low pressure hydrogenation.
Particularly, the resulting imines, which were not iso-
lated, were reduced directly at 50 psig in a Parr shaker.
The resulting optically active N-(a-phenethyl)-
phenylisopropylamines are actually reduction products
of the preformed imines. In a preferred embodiment,
the low pressure hydrogenation includes as a reducing
agent, hydrogen gas at, for example, 50 psig. in the
presence of a Raney-Nickel catalyst.

In a preferred embodiment, the method of this inven-
tion includes the further treatment of the resultant
N-(a-phenethyl)-phenylisopropylamine with acid to
form the corresponding acid salt salt.

In the hydrogenation step 2, the imine will absorb the
calculated amount of hydrogen within about 24 hours
to produce the resultant optically active N-{(a-phene-
thyl)phenylisopropylamine. The reduction of the imine
is usually undertaken in a protic solvent. After hydro-
gen uptake ceases, the solvent containing the reduced
product is filtered. The filtrate is then acidified. Acidifi-
cation results in the formation of the salt of the opti-
cally active N-(a-phenethyl)phenylisopropylamine.
Usually, acidification is undertaken with a solution of
an acid and the solvent employed to conduct the Raney
Nickel reduction of the imines of step 1. Ethanol is
often employed as a solvent medium for the Raney-
Nickel reduction of imine. Thus, acidification may be
conducted with a solution of ethanol and acid. Al-
though various mineral acids may be employed, hydro-
chloric acid has been found to be particularly useful. In
this embodiment, the hydrochloric acid salt of the N-
(a-phenethyl)phenylisopropylamine is the ultimate
product of Step 2.

When the hydrochloride salt is formed, it may be
precipitated by dilution of the acidified solvent medium
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with ethyl ether. Re-crystallization of the hydrochlo-
ride salt of the amine product of step 2 may be con-
ducted with various mixtures of solvents. Particularly,
recrystallization may be undertaken with an acetone
water-solvent solution or with an acetone-isopropanol
solvent mixture.

Step 3 comprises the hydrogenolysis of the N-(a-
phenethyl)phenylisopropylamine to form the ultimate
products of the instant invention, optically active sub-
stituted phenylisopropylamines. In  the illustration
above, the hydrochloride salts of the N-(a-phenethyl)-
phenylisopropylamines arc employed in the hydrogen-
olysis of step 3. The hydrogenolysis of step 3 proceeds
in quantitative yields and usually occurs in less than 36
hours when a 10% Pd/C catalyst is employed. Gener-
ally this reaction is undertaken in a solvent. It was
found convenient and cfficient to employ methanol as
a solvent for hydrogenolysis of the N-(a-phenethyl)-
phenylisopropylamine hydrochlorides over a Pd/C cat-
alyst.

The summary of the data relating to the ultimate
optically active phenylisopropylamine produced by the
instant invention is set forth in Table II. Highest enan-
tiomer purity was obtained by several recrystallizations
of the N-(a-phenethyl)-phenylisopropylamines. Such a
fact indicates that final purity is dependent on the pu-
rity of the diastereomeric intermediates. However, a
single recyrstallization sufficed to give enantiomeric
purities of final compounds in the range of 96 to 97%.

TPC amide (N-trifluoroacetyl-S-prolylamides) deriv-

atives were used to confirm the absolute configuration
of the resulting products. Westley, ct al., in Anal.
Chem., 10, 2046 (1968), pointed out that the §.S dia-
stereomer of N-trifluoroacetyl-S-prolylamides always
clutes after the S,R form. Although stereospecificity of
the asymmetric synthesis is strong presumptive cvi-
dence for predicting the absolute configuration of the
enantiomers, the order of elution of the TPC amides
confirms that in every case the compounds which were
produced were of the R-(—) and the S-(+) configura-
tions. .
Glc analysis of enantiomer purity using the o-
methoxy-a-trifluoromethylpheny! acetamides (MTPA
amides), indicated that rctention times were in the
order of 20 to 30 minutes with typical separation be-
tween diastereomers of 4 to 6 minutes. The (—)-amine-
(+)-MTPA or (+)-amine-(—)-MTPA amides have
longer retention times than the (—)-amine-(—)-MTPA
or (+)-amine-(+)-MTPA amides. Dale, et al., have
presented evidence suggesting that MTPA is of the
R-(+) absolute configuration. If such assignment is
correct, the order of elution of the diastereomers if R,S
or S,R before R,R or §,8. Such a result would be appar-
ently consistent with the findings of Westley et al. set
forth above.

Attempts to cmploy N-trifluoroacetyl-8-prolylamides
(TPC amides) to determine cnantiomer purity were
complicated by racemization of the reagent. Although
TPC reagent is inexpensive and has been used to deter-
mine the enantiomeric purity of amphetamines in the
past, variable results were obtained in attempting to
determine the enantiomeric purity of the substituted
amphetamines because of racemization during the
preparation of the amides. As a control, (—)-a-methyl-
benzylamines of known (99+%) cnantiomeric purity
was tested in this fashion and was found to lose appar-
cnt purity which varied from 85 to 95%. The variation
in the apparent purity appeared to be related to the
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length of time the amide preparations were allowed to
stand before work-up. Although the cxact reason for
the racemization of the TPC derivatives is not known,
it is possible that in the presence of amines racemiza-
tion would proceed through a ketene intermediate.
Thus, it is more reliable to usc the MTPA amides in
which no possibility of racemization cxists to determine
cnantiomeric purity.

Employing the mcthod described by Dale ct al. in J.
Org. Chem., 34, 2543 (1969), the cnantiomeric purity
of isomers was also determined by fluorine nmr. The
data so obtained is set forth in Table IIl in the experi-
mental section. Analysis by this method indicated that
the purity of the compounds appeared to be 100%,
whercas, gic analysis indicated that such a value was
too high.

Molar rotations for the phenylisopropylamines were
calculated and are sct forth in Table II, which is con-
tained in the experimental section. The data appcears to
indicate that | « ] D for the 2,5-dimethoxy-substituted
scries depends only on the atomic weight of the para-
substituent. An attempt to extend this method to prepa-
ration of cnantiomers of 2-aminotetralin resulted in
optical purity of only 5 to 10%. Moreover, the cnantio-
mers of 1,2,3.4-tetrahydro-2-naphthylamine could not
be prepared by this method.

EXPERIMENTAL

Melting points were determined in open glass capil-
laries using a Thomas-Hoover Uni-Melt apparatus and
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EXAMPLES | THROUGH 14

The compounds set forth in Table | are typically
prepared according to the following method.

[R;R](+) or [S;S]-(—) Substituted N-(a-phenethyl)-
phenylisopropylamine hydrochlorides
Step |:
s
CHCH,

0
"

Ar=—CH,—C—CH, +

-H.0

imine
(+)or (=)

The appropriate phenylacetone, 0.05 moles, and
0.05 M of cither R-(+) or S-(—)a-mecthylbenzylamine
(Aldrich) were heated together under reflux in 50 ml
C,H, for 24 hours with continuous H,O removal. Addi-
tion of a few drops of AcOH did not decrease reaction
time. The C4Hg were removed.

Step 2:

CH;
low pressure |

imine ————————— Ar—CH.,("HNH—CH

hydrogenation
CH;,

[R.RI-(-H) or [SS]-(—)

TABLE 1

Substituted N-(a-Phencthyl)phenylisopropylamine Hydrochlorides

LI‘H:; (i‘H:x
ArCH,CHNHCH
. HCl
{a]D, deg
Compd  Ar substitution lsomer (¢ 2, McOH Mp, ° C (cor) Yicld. % Formula Analyses
1 Unsubstituted R.R-(+) +21.0 233.5-234.5 70,5 CyHuCIN CHN
2 3.4-(OMe), 8.5-(—) —-20.5 216-217 48 CwHuCINO, CHN
3 4-OMc R.R-(+) +36.1 195-197 40 CwH, CINO CHN
4 4-OMc $.5-(—) —-36.1 195-197 57.5  CuHuCINO CH.N
5 2.3-(OMe), R.R-(+} +22.1 IR1-182 32 CyHCINO, CH.N
6 2.3-(OMu), 8.8-(—) -21.7 180-181 CHuCINO,  CHN
7 2.5-(OMe), R.R-(+) +7.50 227-228 63 CuwHxCINO,  CHN
] 2,5-(OMe), 8.8-(-) ~7.7% 227-228 67 CuHWCINO,  CHN
9 3.4,5-(0OMe), R.R-(+) +4.00 223-224.5 67 CpHuCINO,  CHQ
10 3.4.5-(OMe), $.5-(—) —-4.24 223.5-224.5 68 CuHuCINO;  CHC)
1 2.5-(0OMe)y-4-Me  RR-(+) +7.38 198-199 44 CauHnCINO,  CHCI
12 2,5-(0Mc)y-4-Me $.8-(--) =718 195--196.5 41 CyH,CINO, CHCO
13 2,5-{0Mc¢),-4-Ft R.R-(+) +11.2 214-214.5 40 CayHyCINO, C.H.N
14 2.5-(0OMe)y-4-Ft $.8-(-) —11.4 213.5-214.5 24 CyHWCINO,  CHN
were corrected. Elemental analyses were undertaken
by Midwest Microlab, Ltd., Indianapolis, Inc., or by the 55

Microanalytical Laboratory of the Division of Medici-
nal Chemistry, University of lowa. Where analyses are
indicated by symbols of the clements, the analytical
results obtained were within +0.4% of the calculated
values. Optical rotations were measured with a Perkin-
Elmer Model 141 polarimeter using 2% solutions in
MEOH or H,0 as indicated. Glc analyses were per-
formed on a Hewlett-Packard Model 5750 gas chro-
matograph cquipped with a flame ioniztion detector.
Fluorine nmr were run on a Varian Associates HA-100
spectrometer (94.1 MHz). Chemical shifts were mca-
sured in 80% CDCl, relative to an internal standard of
20% CF,COOH.

6(

65

After the benzene was removed, the residue was
dissolved in 50 ml abs EtOH and the resulting solution
shaken over 2.g. EtOH-washed W-2 Ra-Ni at 50 psig.
H, until the calculated amount of H, was absorbed,
usually within 24 hours. The mixture was filtered
through sintered glass, * the filtrate acidified with
EtOH-HCI and concentrated to small volume. The HCI
salt precipitated upon dilution with Et,O and was re-
crystallized from Me,CO-H,O or Me,CO-isoPrOH.

* The catalyst is extremely pyrophoric.

The compounds resulting from Step 2 are set forth in

Table 1.
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EXAMPLES 1« THROUGH 14 TABLE Il-continued
The ultimate products, sct forth in Table 2, and re- SUBSTITUTED PHENYLISOPROPY]. AMINE
. HYDROCHLORIDES
sulting from Step 3:
% Enantiomer
Compd yicld® purity, % Formula
CH, H 'i‘“e""(" Ba 90 96t CHRCINO,
. . X + .l 9% 84 C:HuyCING,
ArCH,=CH=—NH—CH —> ArCH,CH 104 R2 CrHACINO,
) Fa &3 e CrHaCINO,
CH, CH, 12 82 CHoCINO,
IRRI-t+1or [8.81-(-) R-(—) or $-(+) LD 97 gy CHRCINO,
14a 91 97 f,;,:'l._..::"ll\i:)z
) is 545 W HBrCINO,
may be prepared according to the following procedure. 16 54.8 100" € HBrCINO,

*Quantitative yiclds of slightly depressed melting points are obtained. reported

R-(—) or S-(+) Substituted P.henyhsupmpylammc yickls are recrystallised.
Hydrochlorides IS Ma)ty 24.8% W. Lcith Chom. Ber.. 65,664 (1912),
. “Lit, ¥lalt) 23
To a slurry of 0.35 g of 10% Pd-C in several ml of “Determined by ple analysis of MTPA amines

H,O was added 90 ml of MeOH and 5 g of either the  Determined by fuorine o WM LA arunes.

[R:R}-(+) or [$;S]-(—) N-(a-phenethyl)phenyliso- ’ a e ST

propylamine HCI prepared above. The mixture was 20

shaken at 5() _psig H;. The calculated uptake usually EXAMPLES 15 and 16

occurred within 48 hours (reduced amounts of catalyst

greatly prolonged this time). The mixture was filtered, As set fOTEh above, the Ar group nf.thc r%’uctz.mt
concentrated to dryness and the residue recrystallized ArCH,(CO)CHj, should not contain substituents which
from isoPrOH-Et,0. would interfere with the reaction conditions of Step 1,

TABLE Il
SUBSTITUTED PHENYLISOPROPY1LAMINE HYDROCHI.ORIDES

CH,
ArCH,CHNH, . HC!

{a]®D. deg

Compd  Ar Substitution Isomer (€2, H,0) llM D I Mp.° Cleor)

la Unsubstituted R-{—} -27.2" 46.7 I57-138

24 34-1OMc)hy S-(+) +23.1" 53.5 141-142
(3.4-DMA)

3 4-OCH(PMA) R-(—} —22.5 45.4  251-253

4u 4-OCH, S-(+) +22.4 452 250.5-251.5

Sa 2. 340Me), R-(—} =169 39.2 124-125
(2.3-DMA)

60 2.3+40Me), S-(+) +16.6 38.5 123-124 N

Ta 2.5-(OMe), R-(--) —18.7 43.3 145-146
(2,5-DMA)

#a 2.5-¢0OMc)y S-(+) +18.0 41.7 144-145%

Ya 31.4.540Me), R-(-} -17.7 46.3 206-20R
('TMA}

10a 1.4.5-(OMe)y §-(+) +17.3 453 206-20%

a 2.5-(OMce)-4-Me R-(—) -17.2 42.3 204-205
(DOM)

124 2,5-(0OMce)-4-Me S-(+) +17.2 42.3 204-208

13a 2.5-(OMc)y-4-Et R-(—) —=16.1 41.% 226.5-227
(DOEL)

140 2.5-¢OMc1-4-Et S-(+) +16.0 41.6 225.5-226.5

15 2.5-(0OMc),-4Br R-(—} -13.7 42,5  203.5-204
{DORB)

16 2,5-(0Mc)-4-Br S-(+) +13.7 42.5 204-205

*Ouantitative yiclds of slightly depressed melting paints are obtained: reported yields ure receystal-
lized.

el 24 K% W. Leithe, Chem. Ber,, 05,664 (1932),

“Lit* e | 23°.

“Determined by gle anatysis of MTPA amines.

"Determined by fluorine nmr of MTPA amines.

Nickls based on 2.5 DMA starting materialb.

TABLE Il
SUBSTITUTED PHEN YLISOPROPY I AMINE 60
Y DROCHLORIDES . . L
H H Step 2 or Step 3. Such substituents, which might inter-
Combd i'/" y E";'l:‘r'ii‘“m;f Formula fere with the reaction conditions of the instant process
omp rield? o 4 X . .

! e party may be introduced into an Ar-moiety after the produc-
la z(ﬂl (l)l;fll" g““ﬁ'(;%() tion of the ultimate optically active phenylisopropyla-
=il 4 . ‘ .

b 67 99 4 100" C o HACING' 65 mines are synth'esued. The followu}g examplg shows
da 0% CuHCINO the method of introducing a bromine atom into the
5a 492 07 CyHRCING,

o o CHACING, Ar-moiety to produce compounds 15 and [6 as set
Ta K7 wa 0" € HLWCINO, forth in Table Il
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(+) or (—) 2,5-Dimethoxy-4-bromoamphetamine
hydrochloride ‘

Bromination was accomplished by the method of
Harley-Mason published in J. Clrem. Soc., 200 (1953).
The free base, (1.62 g; 8.3 mM), of cither (+) or (—),
2,5-DMA was dissolved in 6 ml AcOH. A solution of
1.33 g (8.3 mM) of Br, in 4.5 ml AcOH was added over
10 minutes and the solution stirred 24 hours at room
temperature. The mixture was diluted to 200 ml with
Et,O and the HBr salt precipitated. The salt was col-
lected by filtration, neutralized with 10% NaOH, taken
up into Et,O and precipitated as the HCI salt with dry
HCI. The salt was recrystallized from isoPrOH. Yield
1.40 g (54.5%).

EXAMPLE 17
Preparation of 2,5-dimethoxy-4-ethyl-phenylacetone

2.5-dimethoxy-4-ethylbenzaldehyde. This was pre-
pared by a modification of the method of Rieche, et al.
in Org. Svn, 47, 1 (1967). 2.5-dimethoxyethylben-
zene(66.4 g, 0.4 mol) was dissolved in 250 ml of dry
CH,Cl, and cooled to 10° and 208 g (0.8 mol) of anhy-
drous SnCl, was added. CIl,CHOCH, (45.9 g, 0.4 mol)
was then added over 40 minutes, maintaining the tem-
perature at 5° — 10°. The preparation of 2,5-dimethox-
yethylbenzene was reported by Howe, ct al. J. Org.
Chem, 25 1245 (1960). The solution was allowed to
warm to room temperature over 45 minutes, heated
under reflux for 1 hour, cooled, and poured over 500 g
of ice-H,O. The aqueous layer was discarded. The
CH,Cl, layer was washed with 3 N HCI and H,O and
dried (Na,SO,). After removal of the solvent the resi-
due was triturated with saturated NaHSO, solution.
The addition product was dissolved in H;O; the aque-
ous solution was washed with Et,0O and then decom-
posed with Na,CO, solution. On cooling, the aldehyde
solidified, was collected by filtration, and recrystallized
from MeOH-H,O: yield 42 g (54%); mp 46° - 47°,
Anal. (C;H,,0,)C, H.

1-(2,5-dimethoxy-4-ethylphenyl)-2-nitropropene
was prepared by condensation of the above aldehyde
with EtNO, in AcOH containing NH,OAc, according
to C. B. Gairand and G. R. Lappin procedure in J. Org.
Chem., 15, 8 (1953). The yellow product was recrystal-
lized from MeOH: yield 60.8%; mp 63° — 64°. Anal.

5
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Identification Procedures

Preparation of MTPA Amides.

In accordance with the postulates set forth by Dale ct
al. inJd. Org. Chem., 34,2543 (1969) the MTPA amides
were prepared.

(+)- or (—)-methoxytrifluoromethylphenylacetic
acid (MTPA, Aldrich) (1 g) was refluxed 12 hr with 10
ml of SOCIl,. The SOCI, was removed and the MTPA-
Cl diluted with 1 ml of dry pyridine and 4.6 ml of
CHCl;. The amphetamine HCI (0.5 mmol) was dis-
solved in 0.25 ml of pyridine and 0.5 ml of CHCl; and
allowed to sit overnight with one-fourth of the MTPA-
Cl solution (approximately 1.05 mmol). The solution
was diluted to 10 ml with CHCI, and washed with 3 N
HCl, 4% NaHCOQ,, and H,0. The CHCl; solution was
dried (NaSQ,), the CHCl; removed, and the residue
recrystallized from CgHg-hexane. This was difficult in
most cases and analyses were usually carried out on the
crude viscous amide.

Glc Analysis of MTPA Amides.

A copper column, 1.33 m X 3.18 mm id., packed
with 2% Carbowax 20M on 80 — 100 mesh Gas Chrom
Q (Applied Science Labs) was used. The column was
conditioned for 24 hours at 225° before use and oper-
ated at the same temperature. The He carrier gas flow
was adjusted to ca. 100 ml/min. Sample and detector
temperatures were set at 300°. A 5-u | volume contain-
ing 5-10 ug of the MTPA amide was injected and the
per cent composition determined by cutting out the
peaks and integrating the area by direct weighing.

Preparation of N-Trifluoroacetyl-S-prolylamides and
Determination of Absolute Configuration

The N-trifluoroacetyl-S-prolyl chloride reagent was
prepared in accordance with the Weygand, et al., pro-
cedure, in Chem.. Ber., 90, 1896 (1957) or according
to the Wells method published in J. Off. Ass. Anal.
Chem., 55, 146 (1972). (TPC reagent is available from
Regis Chemical Co.) Amides of the amphetamine iso-
mers were prepared and analyzed using the same col-
umn and conditions as was described for the MTPA
amides. Table 1Il. Nmr Chemical Shifts of Diasterom-
cric Amides of (+)- or (—)-a-methoxy-a-trifluorome-
thylphenylacetamides

Diastereomer

Chemical shifts of diustereo-
mers of Hz downfield of tri-
fluoroacetic acid

Aminc
configuration

(—)-Amphctamine

(+)-MTPA

(--)-p-Mcthoxyamphctamine

(+)-MTPA

R 687

R 686

(—)-2.5-Dimethoxy-
amphetamine

(—)-MTPA

675

(+)-2.5-Dimethoxy-4-

bromoamphetamine S

(+)-MTPA

660

(CsHzNOy) C, H, N.
1-(2,5-dimethoxy-4-ethylphenyl)-2-propanone. This
substituted phenylacetone was prepared by Fe-HCI

The results noted above have been previously re-
ported in the Journal of Medicinal Chemistry, Vol. 16,
480-483 (1973), and that article is incorporated

reduction of the above nitro compound by the method 65 herein.

of Haas: yield 60%; bp 131° - 132° (0.1 mm); charac-
terized as the oxime, mp 79.5° - B0.5°. Anal
(Cy3H;yNO3) C, H, N.

What is claimed is:
1. A method of preparing the R-(—) and S-(+) iso-
mers of a compound of the general formula
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i
Ar=CH,CHNH,

or water soluble salts thereof wherein Ar is an unsubsti-
tuted phenyl group or a phenyl group substituted by
lower alkyl, lower alkoxy, hydroxy or a mixture thereof
wherein the method comprises

a. mixing a phenyl acetone compound of the formula:

Ar—CH.-CO -CH,

wherein Ar is as defined above, with an optically
active methyl benzyl amine to form a reaction mix-
ture and reacting at elevated temperature,

b. removing at least a portion of the water produced

in the reaction,

¢. and thereafter subjecting the rcaction mixture

under reducing conditions to low pressures of hy-
drogen gas in the presence of a hydrogenation
catalyst to produce a corresponding optically ac-
tive N-(a-phenylethyl)phenylisopropylamines,

d. recrystallizing the N-(a-phenylethyl)phenyliso-

propylamines, and

¢. subjecting said optically active amine to hydrogen-

olysis.

2. The method of claim 1, wherein step (a) comprises
reluxing Ar—CHy(CO—)CH;) with said optically ac-
tive methyl benzyl amine.

3. The method of claim 1, wherein step (¢) is under-
taken at a pressure in the range of 30-150 psig.

4. The method of claim 3, wherein the hydrogenation
conditions include a Raney-Nickel catalyst.

5. The method of claim 1, wherein the hydrogenation
of step (d) includes a Pd/C catalyst.

6. The method of claim 1, wherein step (c) further
includes the step of acidifying the amine product step
{¢) to form the corresponding acid salt.

7. The method of claim 3, wherein step (c) further
includes the step of acidifying the amine product of
step {¢) to form the corresponding acid salt.

8. The method of claim 7, wherein the hydrogenoly-
sis of step (d) is performed using a Pd/Catalyst.

9. The method of claim 8 wherein step (d) is per-
formed cmploying a water-methanol medium.

10. The method of claim 1, wherein Ar is unsubsti-
tuted.

11. The method of claim 1, wherein Ar is 3,4-dime-
thoxy substituted.

12. The method of claim 1, wherein Ar is 4-methoxy
substituted.

13. The method of claim 1, wherein Ar is 2,3-dime-
thoxy substituted.

14. The method of claim 1, wherein Ar is 2,5-dime-
thoxy substituted.

15. The method of claim 1, wherein Ar is 2,5-dime-
thoxy-4-methyl substituted.

16. The method of claim 1, wherein Ar is 2,5-dime-
thoxy-4-ethyl substituted.

17. The mcthod of claim 1, which includes as a final
step. subjecting optically active phenylisopropylamines
to an aromatic substitution reaction of halogenation
thereby introducing into the Ar moiety substituents
which are labile to the reaction conditions of steps (a),
(b), (c) and (d).

18. The method of claim 1, which includes the step of
reacting the optically active phenylisopropylamines,
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wherein Ar contains ether substitution, with an cther
cleavage reagent.

19. The method of claim 17 wherein (+)- or (—)-2,5-
dimethoxyamphetamine is treated with Br, in the pres-
ence of a solvent.

20. A mcthod of preparing the R-(—) and S-(+) iso-
mers of a compound of the general formula

CH,
Ar=CH.,CHNH,

or water soluble salts thereof wherein Ar is an unsubsti-
tuted phenyl group or a phenyl group substituted by
lower alkyl, lower alkoxy, hydroxy or a mixture thereof
wherein the method comprises

a. mixing a phenyl acetone compound of the formula

Ar—CH,;—CO—CH;

wherein Ar is as defined above, with an optically
active methyl benzyl amine to form a reaction mix-
ture and reacting at elevated temperature,
b. removing at least a portion of the water produced
in the reaction,
¢. and thereafter subjecting the reaction mixture
under reducing conditions to low pressures of hy-
drogen gas in the presence of a hydrogenation
catalyst to produce a corresponding optically ac-
tive N-(a-phenylethyl)phenylisopropylamines, fil-
tering and then acidifying the filtrate,
recrystallizing the N-(a-phenylethyl)phenyliso-
propylamines in a solvent, and
¢. subjecting said optically active amine to hydrogen-
olysis.
21. The method of claim 20 wherein a plurality of
recrystallizations are conducted in step (d).
22. A method of preparing the R-(—) and S-(+) iso-
mers of a compound of the general formula

d.

CH,
Ar—CH,CHNH,

or water soluble salts thereof wherein Ar is an unsubsti-
tuted phenyl group or a phenyl group substituted by
lower alkyl, lower alkoxy, hydroxy or a mixture thereof
wherein the method comprises

a. mixing a phenyl acetone compound fo the formula

Ar—CH;—CO—CH,

wherein Ar is as defined above, with an optically
active methyl benzyl amine to form a reaction mix-
ture and reacting at elevated temperature,

b. removing at least a portion of the water produced
in the reaction,

c. and thereafter subjecting the reaction mixture
under reducing conditions to low pressures of hy-
drogen gas in the presence of a Raney-Nickel hy-
drogenation catalyst and a solvent for the reaction
to produce a corresponding optically active N-(a-
phenylethyl)phenylisopropylamines, filtering and
acidifying the filtrate to obtain an acid salt,

d. adding ethyl cther and recrystallizing the acid salt
of N-(a-phenylethyl)phenylisopropylamines, and
¢. subjecting said acid salt of the optically active

amine to hydrogenolysis.
] * »* * *



