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Process for Making Levoamphetamine
BACKGROUND
Field of the Invention

This invention relates to a process for synthesis of

levoamphetamine sulfate.

Background of the Invention

L-amphetamine sulfate is used in a mixture of enantiomers
of l-phenyl-2-aminopropane salts as an active
pharmaceutical agent for treatment of attention deficit
hyperactivity disorder (ADHD) and narcolepsy. L-
amphetamine sulfate has also been researched to improve

cognition in multiple sclerosis (MS) patients.

One problem with levoamphetamine synthesis 1s that
amphetamines have a stereo-defined amine center, which can
be subject to racemization. Accordingly, only
stereospecific methods are useful. However, stereospecific
methods do not provide the economic requirements of high
yields, high selectivity and low process costs. Typically
such reactions involve a coupling agent, such as Grignard
or organclithium reagents. Conventional teaching requires
that the use of such organometallics requires that the
reaction temperature be maintained at a cold temperature,

such as an ice bath at less than 10 degrees Celsius.
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Another problem with levoamphetamine synthesis is that the
intermediates are toxic as well as flammable. This requires
special handling such as double-walled drums and safety

accommodations to protect manufacturing personnel.

The prior art in U.S. Pat. No. 6,399,828 teaches the
production of amphetamine using various methods. In one
approach norephedrine is refluxed with hydrogen iodide and
red phosphorous. In another approach norephedrine 1is
chlorinated using thionyl chloride and then catalytically
hydrogenated. In U.S. Pat. No. 7,705,184, amphetamine
synthesis is disclosed using hydrogenation of a chlorinated
phenylpropanolamine. Aziridine chemistry, and specifically
aziridine phosphoramidates are not taught in the

amphetamine synthesis prior art.

Zwierzak et al. disclose a method of reacting N-
phosphorylated aziridines with copper-modified Grignard
reagents as a new route to substituted pyrrolines and
pyrrolidines. However, Zwierzak et al discloses this method
as being regiospecific, which it is not. Int'l J. for Rapid
Commun. of Syn. Org. Chen., 28:7, 1127-1137 (1998) .
Accordingly, where the prior art contained an erroneous

teaching, it was surprising to discover otherwise.

Additionally, the use of protecting groups and leaving
groups 1is well known. However, it has been discovered that
there is significant variation among the various protecting
groups. Specifically, where a carbonyl 1s used as a
protecting group, the reaction must be kept at below 10
degrees Celsius or the carbonyl will react with the
Grignard reagent. Where a sulfonyl is used as a protecting
group, it is impossible to remove the protecting group

without destroying the molecule.
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Accordingly, there 1s a need for synthetic processes for
the manufacture of levoamphetamine which have high purity,
high chemical vyield, high selectivity, low cost, lower

toxicity and are less dangerous to handle.
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BRIEF SUMMARY OF THE INVENTION

The present invention addresses one or more of the
shortcomings of the prior art by providing a process

according to claim 1 and a process according to claim 19.

More generally, the present disclosure provides processes
for the synthesis of levoamphetamine, derivatives,
including salts, solvates, hydrates, and novel precursors
and 1ntermediates obtained thereby, by synthesizing
aziridine phosphoramidate compounds in specified solvents
at specified temperatures, and then converting to a novel
aryl or aryl-alkyl phosphoramidate precursors using a
modified organometallic compound such as a organocopper
reagent, where the novel aryl or aryl-alkyl phosphoramidate
precursor is then easily converted to the target compounds
using known reactions, e.g. acidification, methylation of

the nitrogen followed by dephosphorylation, etc.

In one example the disclosure provides a synthetic pathway
to levoamphetamine derivatives using an aziridine based
process with an organometallic compound by heating the
reactants in a first step, and then adding as a second step

the Grignard reagent in a dosage controlled fashion.
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In another example, the disclosure provides a process of

making levoamphetamine sulfate, said process comprising:

providing a compound of Formula 5 having a regioisomeric

purity > 99%:

{ROMOH ?H

. g e N TN _\_\‘.ﬂ‘:}
i‘i ;{.\ e A

(Formula 5) wherein R is alkyl or aryl;

and

deprotecting the compound of Formula 5 under acidic
conditions effective to produce levoamphetamine free base

and then levoamphetamine sulfate of Formula I:

(Formula I)

wherein the step of providing a compound of Formula b

comprises the steps of: providing a compound of Formula 4:

FOKORY,

(Formula 4); wherein R is alkyl or aryl and

reacting the compound c¢f Formula 4 with phenylmagnesium
halide and a copper catalyst under solvent and temperature
conditions effective to produce a compound of Formula b5
having a regioisomeric purity > 99% and stereochemical

purity of > 99%,

wherein the solvent conditions comprise a crystallization
step requiring a mixture of two or more solvents, wherein

one of the two or more solvents is residue THF.
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In another example, the disclosure provides a process as
described above wherein the acidic conditions are aqueous

hydrochloric, sulfuric or phosphoric acids.

In another example, the disclosure provides a process as
described above wherein the agueous acid water content is

in an amount of 50% to 90%.

In another example, the disclosure provides a process as
described above wherein R= methyl, ethyl, isopropyl or

phenyl.

In another example, the disclosure provides a process as
described above, wherein said providing a compound of

Formula 5 comprises:

providing a compound of Formula 4:

POXOR),

wherein R is alkyl or aryl and

reacting the compound c¢f Formula 4 with phenylmagnesium
halide and a copper or copper halide catalyst under solvent
and temperature conditions effective to produce a compound
of Formula 5 1in a purity substantially free of any

regioisomeric and stereochemical impurities.

In another example, the disclosure provides a process as
described above to produce Formula 5 wherein the
regioisomeric purity of Formula 5 1is > 99% and the

regioisomer is < 0.1%.

In another example, the disclosure provides a process as
described above to produce Formula 5 wherein the
stereoisomeric purity of formula 5 1is >99% and the

stereoisomer is <0.1%.
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In another example, the disclosure provides a process as
described above to produce Formula 5 wherein the R= methyl,

ethyl, isopropyl or phenyl.

In another example, the disclosure provides a process as
described above to produce Formula 5 wherein the copper
catalyst 1is CuCl, CuCl;, CuBr CuF, Cu(OAc):, Cuf(acac)gq,

Cu(CMe)., Copper turnings or Copper nanoparticles.

In another example, the disclosure provides a process as
described above to produce Formula 5 wherein one of the
mixture of two or more solvents is selected from the group
consisting of heptanes, an organic ether, tetrahydrofuran,

2-methyltetrahydrofuran or toluene.

In another example, the disclosure provides a process as
described above to produce Formula 5 wherein said

temperature conditions range from 25°C to 80°C.

In another preferred example, the disclosure provides a
process as described above, wherein said providing a
compound of Formula 4 comprises : providing a compound of

Formula 3

O
ro §H 0
R Ny T N 'R}
i‘i 3{\ h § §
O (Formula 3);

wherein R 1is alkyl or aryl; Rlis alkyl or aryl or

substituted aryl and

reacting the compound of Formula 3 with a base under

conditions effective to produce a compound of Formula 4.

In another example, the disclosure provides a process as
described above for producing Formula 4 where R!= alkyl

aryl or substituted aryl
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In another example, the disclosure provides a process as
described above for producing Formula 4 where R! is selected

from the group of methyl, phenyl or 4- methylphenyl.

In another example, the disclosure provides a process as

described above for producing Formula 4 where R! is methyl.

In another example, the disclosure provides a process as
described above for producing Formula 4 wherein R! = methyl

and R= methyl, ethyl, isopropyl or phenyl.

In another example, the disclosure provides a process as
described above for producing Formula 4, wherein the base

is potassium hydroxide or potassium carbonate.

In another example, the disclosure provides a process as
described above for producing Formula 3, wherein the step
of providing a compound of Formula 3 comprises the steps
of: providing a compound of Formula 2

N O
ROy

pey NH
};l o OH

(Formula 2) wherein R is alkyl or aryl; and
reacting the compound of Formula 2 with an alkyl, aryl or
substituted arylsulfonyl chloride and a Dbase under

conditions effective to produce a compound of Formula 3.

In another example, the disclosure provides a process as
described above for producing Formula 3 wherein the R=

methyl, ethyl, isopropyl or phenyl.
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In another example, the disclosure provides a process as
described above for producing Formula 2, wherein said

providing a compound of Formula 2 comprises:
providing a compound of Formula 1

(Formula 1); and reacting the compound of

Formula 1 with

i‘l}
B
% T “‘?§
B i\ Y §w

RO o

wherein R= alkyl or aryl under conditions

effective to produce a compound of Formula 2.

In another example, the disclosure provides a process as
described above for producing Formula 2 wherein the R=

methyl, ethyl, isopropyl or phenyl.

In another example, the disclosure provides a compound of

formula:

ROZOP Nz

1{3 {:\ N \\\\\\

(Formula 5)

Prepared by reacting a compound of Formula 4 with
phenylmagnesium halide and a copper or copper halide
catalyst under solvent and temperature conditions effective
to produce the compound of 5 in a regiochemical purity of

> 1700:1
Wherein:
R is alkyl or aryl

In another example, the disclosure provides a compound
prepared by reacting a compound of Formula 4 with
phenylmagnesium halide and a copper or copper halide

catalyst under solvent and temperature conditions effective

9
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to produce the compound of 5, wherein the alkyl group 1is
selected from the group consisting of methyl, ethyl or

isopropyl

In another example, the disclosure provides a compound
prepared by reacting a compound of Formula 4 with
phenylmagnesium halide and a copper or copper halide
catalyst under solvent and temperature conditions effective
to produce the compound of 5 wherein the aryl group 1is

phenyl.

In another example, the disclosure provides a compound of

formula 5:

SR ~\€ y _.v.<}\‘“ .
{RQ .}&:{{}.}{ }f}i

Y
it
e SN T
HLOT T
R 3 =

Prepared by reacting a compound of Formula 4 with
phenylmagnesium halide and a copper or copper halide
catalyst under solvent and temperature conditions effective
to produce the compound of Formula 5 in a stereochemical

purity of > 1000:1
Wherein:
R is alkyl or aryl

In another example, the disclosure provides a compound
prepared by reacting a compound of Formula 4 with
phenylmagnesium halide and a copper or copper halide
catalyst under solvent and temperature conditions effective
to produce the compound of Formula 5, wherein the alkyl
group 1is selected from the group consisting of methyl,

ethyl or isopropyl

In another example, the disclosure provides a compound
prepared by reacting a compound of Formula 4 with

phenylmagnesium halide and a copper or copper halide

10
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catalyst under solvent and temperature conditions effective
to produce the compound of Formula 5 wherein the aryl

group 1s phenyl.

In another example, the disclosure provides a compound of
formula:
P(O}OR),
N
e
Ei ;{

wherein:
R is alkyl or aryl.

In another example, the disclosure provides an aziridine
compound as described above, wherein the alkyl group 1is
selected from the group consisting of methyl, ethyl or

isopropyl.

In another example, the disclosure provides an aziridine
compound as described above, wherein the aryl group 1s

phenyl.

In another example, the disclosure provides a process for
the synthesis of levoamphetamine derivatives comprising the
step of performing a stereospecific cuprate addition
reaction upon an aziridine phosphoramidate compound to
obtain a chiral aryl or aryl-alkyl phosphoramidate

levoamphetamine precursor.

In another example, the disclosure provides a process for
solvent extraction of compounds 5a-d from a mixture of
compounds bSa-d and 6a-d, comprising the step of performing
a solvent extraction using a mixture of two or more solvents

wherein at least one of the two or more solvents is THF.

In another example, the disclosure includes a process for
assaying a sample, comprising the steps: (i) obtaining a

plasma sample of a patient (ii) performing a suitable assay

11
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for amphetamine and impurities; (iii) identifying whether
the plasma sample contains an impurity of Compound 6b from
a cuprate process or has one or more impurities from a
Leuckart and/or nitrostyrene processes said impurities
comprising cathinone, benzaldehyde, related compound A or
B, or unspecified/formaldehyde impurity, wherein the
cuprate ©process comprises preparing dextroamphetamine
(sulfate) using a cuprate reaction of a phosphoramidate
compound in the presence of a Grignard reagent, followed
by hydroxide reduction of the alkyl side chain, followed
by a first solvent crystallization in THF and heptanes, and
a second solvent recrystallization in heptanes, made into
a sulfate salt (iv) comparing the impurity in plasma sample
results to a reference standard for the impurity of
Compound 6b 1in the cuprate process and from the Leuckart
and/or nitrostyrene processes comprising cathinone,
benzaldehyde, related compound A or B, or
unspecified/formaldehyde impurity; and (v) identifying
whether the amphetamine from the plasma sample was prepared

using the cuprate process.

12
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DETATILED DESCRIPTION

Accordingly, the present invention relates to processes for
the synthesis of levoamphetamine sulfate as defined in

claim 1.

Levo rotation refers to optical rotation. The optical
rotation of D-alaninol is -17 to -18 degrees. The optical

rotation of L-alaninol is +17 to +18 degrees.

Alkyl means any Cl1-Cl0 straight or branched chain alkyl,
wherein said alkyl, 1is optionally substituted with C1-C6
alkyl, C2-C6 alkenyl, hydroxy, amino, halo, haloalkyl,
thiocarbonyl , ester, thiocester, alkoxy, alkenoxy, cyano,
nitro, imino, alkylamino, aminoalkyl, sulfhydrvyl,

thioalkyl, or sulfonyl.

Aryl means any alicyclic or aromatic, mono-, bi- or
tricyclic, carbo- or heterocyclic ring, wherein the ring
is either unsubstituted or substituted with one or more
substituent (s) independently selected from the group
including, but not limited to, alkylamino, amido, amino,
amincalkyl, azo, benzyloxy, Cl1-C9 straight or branched
chain alkyl, C1-C9 alkoxy, C2-C9 alkenyloxy, C2-C9 straight
or branched chain alkenyl, C3-C8 cycloalkyl, C5-C7

13
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was added over ong howr wvhile saintaining an internal
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{3148 g, 1.4% mol, 1.10 sguiv) was added 4o the reaction

mixturg and methanssulfonyl ohlorids {(1582.% g, 1.33 mol,

maintaining an intermal teaperaturs <10 “C. The resulting
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med, 5 egulv
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ot
Following the Grignard addition, the hatch was heatsd at

3

about 58 ¢ for an sdditionsl hour st which polnt the batch

ant temperature. The reaghion was fivst

ot

was cooled o and

quenched by slow addition of sthyl avstats {35 sy, The

raaction wag then cooled o about 18 ¢ and a solution of

o

saturated sguecus ammornium chloridelwater (3030 v/iv, 560

o]
T
-
s
Z,
w
%
g
-y
Sl
§),
i 5/
5-

whils maintaining s internal tsmparaturs
{330 mu} were added bo the gqueandthed
resction mizturs. The kiphasic mixture was mixed for about
30 minutes and allowsed to separsis overnight at sablent
tamperaiure. The lavers ware separated and the agueous
rhase was ramoved (Nobe:r any remaining rag layer can b

broken/removed by an in-line filzration}. The organic phass

36
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182,
183

184,

1R85,

washad with deiondzed watsy {75 nl} snd vhe ovganic phase
concantrated undeyr reduced prassure o a volume of about
200 nk., Heptanss {& X B0 =l} was added and the solution
was concentrated under reduced prassurs distillation to s
total veluns of aboubt 200 al. The solution was slowly
stivred for 24 hours at anblent temperature to affcexrd a
white slurry which was then oooled to § °C for sboutn 2
hours. The rvesulting coystalline solid was collsched by
wmli. The

o~ 1 o3 g e Yo N o 30N - N N R Y
and washed with oold heptanes (B0
&

filter cake was aily dyded for 1 hony and then transierred

r

to a glass dyying tray and dried uandsy vacuuw st 38 *Q for
48 h. Cumpound Bb was obtainsd s g white cyystallins

g1 with B8.8% GO AU purin
{3,188 &b, 50 analysis of dried 5b for residusl benzens
indicatad < 1 ppn. The conbined wmothsr/wash liguors were
goncentrated under reduced presgure to abount 50 ol to

afford 8 second crop of &b as a white crystalline solid din

13.4 % yisld {15.4 g} winh §5.5% QU AUC puriny {0.08% &b},

1"

%
2.

GO analysis of drisd C8P-0I27 srop, for residual

BONME (300 MBz, ODOL) B Y.36 - T.08 (m, SHY, 4014 - 3.8%

fm, IH)}, 3.8% — 3.866 {m, IH), 3.858 -~ 3,32 {m, 1H}, 2.80 -
¥

2.61 {m, 2}, 2.38 {t, J = 0.§ Wz, 1M}, 1.38 ~
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WO 20 IRGR2S POT/USG2/8308713

204, Chiral HPLC snalysis retention timss: levoanphstamine 14.3

min, dextroamphetanine 6.1 min

285, Uptical rotation ¢ = 2.0, methanol, 22 ¢, -28.2%.
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06, Preparation of levoawphetamins sulfats {8):
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ol i B . L
dtated for B minutss vhen

i

the vesaotlion migturse was 8

3%

allowad to separate. The organic layeyr washed with watex
{10 b} and concentrated under reduced presssure to give

Tog, 95% vield,

(3

levoamphetaning 7 as a celorless oil (1.5

»EULE % puribty by & and chixal BPLOY.

&

2dL.
2. Preparation of So Purified:

sy

)
%]

o Gy ied

25, A 100~nU tacksted flash eguippsd with an overhsad stirrey

o ~
was chargsd with da (3.8 g, 2.8 mwol}), THF {25 ml) and

CuCl (33 mg,y Lo omold).  The stirver was stavted, and the
TN EEVNEEN ey P A = Ak 35 & I8 4
mizture was heated to 48 . A presgurs sgualizing sddition

funnel wan chavged with PhdaCl (3N 4in TEF. 13.4 o) and

o
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238,

231 & 50-mt flask was charged with B¢ purified (3.0 g, 10 amcol}
and 3 M HCL {15 ob) and the stirred rescticn mixturs was
heated to 80 € foyx 13 hours., then coolesd wo roow
tanperature. The agueons solutdon was waghed with iscpropyl
acetate {2 x 20 o) and the organic exiract was discarded.

The sguegus layey was treated with sodiun hydrowids

solubtion (30%, 10.0 wl} keeping the internsl tenpervatuve
below 25 0. Methyl feri-bubtvyl sther (40 iy was addesd and
the rsactlon mixture was agiiated for % minutss ther

allowad to separate for 15 wminutesn. The agueous luayver was

gxtractad with methyl terd-butyl sther (48 mL) and the

combined organic layers weare washsd with water (10 mi) and
congentrated uander veduced pressure to give 7 39 &

colorless oxd (1.1 g, 83% vield, »58 % purity by 8C and

chiral HRPIOY.
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transfarved o ths guesnch mixture. Ths mixbturs wag agitatsd
far &% minutes and the sgueous layer was ramoved. Ths
organic layey washed with delonized watey {35 ml) and the
grganic phase conoentrated undey reduced pressure Lo give

;Y Mt o vaa delita twng o1 an S B
an oid. This rssidus wag disaoived 1

o

1 heprtanss (100 i)

and the scluticon wan concsihtrated undey reduced pressure to

afford a guwamy sclid. The gummy solid was ¢ryvstallized
frowm ethanel {1 g5 nl} o give Sd purified as a white
selid {(7.% g, &0% yield, 55.653% 8C AU purityy. mp 102-103

ST R4t FOL-102 0. Outical rotation o o= 1,040, methanal,
RG.0 90, ~18.4%.H NMR (300 MMz, ODCL:y & TL3B — 7.1l {m,

IRHY, .83 ~ 3085 {m, 1H)}, 3.00~2.8% {m, IH}, 2.86-3.78 ({w,

241. Bk gy el .

SN
A .
B S S

=

A &0-mb flask was charged with 54 purified (7.24 g, 18.71
armcd} oand 3 M ORCY {(1%5.0 o) and the stirrved vesstion
mizture was hsated to 80 °C for 38 hours, st which polint it
was gooled bo room tenmpersturs. The ocoganic laver was
washed with iscpropyl agstate {2 x 20 al} aand the odgarde
gxtracts were discarded. The agusous laysy was freatsd

with sodiom hydroxnide sclution (50%, 3.8 nf Lo a pH of 143

iy

keeping the internal temperaturs below 2% 0. Methyl fsri-
putyl sther (40 al) was added and the resction mixturs was
agitated for 5 wminutes and then separvatsd. & ssoond

vortion of methvyl fari-bubtyl sther (40 ML was added and

the reaction mizture was agitated for & minutes. The

A%
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combrined organic szibracts wers wagshed with waber (10 ml)
and concsntrated under reduced prossurs to give 7 as a

ans oll {(2.485 g, T8.9% vield, > 58% purity by &80 and

e
: %»1
4 Y
’ &1
[ et

HPLO) .

BXAMPLES OF ALYERRATE SULPONATES
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Preparation of B~ diethyl (2-methylasiridin-i~

viphosphonate {(db):
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h
to 8 % in an acstongforushsad loedsalit bath and
g 3 ¢

hosyrhosthoryl obhloride (328.7 g, 1038 med;, 1.0 eguivy
3

was added over one hour while maintaining an internal

tenperature <+% %L, The reaction mixture was stirred an
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2BQ. Alternate Prepavsbion of R~ dlethyl (2-metbhylazividin-i-
yl)phasphonate {4biz

251.

an K
Qg‘f‘i.

g
e,

Bz

2

3. & sultably gized, 3-neck flask squippsd with an overhsad
machanical stirrer and pressure sgualizing addition funnsl

5

ig charged with d-alaninel {(12.5 g, 186.4 mueol),

tristhviamine {29 b, 208 mmoed, 1.2% sgquiv) and

2

lichloromethane {135 ni) . The reaction soluticn ig coclsd
o § %0 and then treated with disthoxyphosphoryl chloride
{3807 g, 34wl 183 mwol, 1.10 sguiv) over 40 minntes while
ternal tomperatiure <48 °C. The reaction
mixbure 1y ghizred in an ice bath cocling for 1 howy at
which point the reacticn shounld be compleate by TLC snalysis
{silica gel;, 23:6:1 DUM/MeOH/NEOH and 87371
CHOL/ MaCH/NHGH:; KMnd; stain). Additional triethylawine
{35.5 mL, 182.5 mwmod, 1.390 sguiv) is added to the rsacilion
mizturs and besnresnsasunlfonyl eobhlovide (3307 g, 24.4 nd, 181

1
mol, 115 eguivy is added drop-wise ov 4% minutes while

%
e

i
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286, Alternate Prepavsbion of R~ dlethyl (2-metbhylazividin-i-
yl)phasphonate {4biz

287,
258,
o
259,
B0, A sultably sized, 3-nsek flask sguippsd with an overhsad

machanical stirrer and prassgurs egualizing addirion funneld

iz chavged with deslaninol {13.5 g, 186.4 mmoll,

s

8.
tristhylaming {3 ml, 208 mwmol, 1.2% sguiv) and

dichloromethang {125 i) . The reasviion solulion s aovled

maintaining an internal tompersturs <8 *C. Ths rgaction
mixture dg stivred in an ice hath cooling for 1 hour at
which point the reaction should s cowpletes by TUC amalysis
{ailice gel, $3¥sd:l DOM/MeCOH/NHOH and 87371

CHOL /MeOH /O BMnQe stain). Additional tristhylamins

>

{2%,5 nd, 183.% mwmol, 1,10 esguiyv) is added o the veastion

,»1

3

lusnesulfonyl chlorids {Tsll;

e

mixture and a solution of p-to
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chromatograph by means of & suitable antomatio injscror or
sappling walve, regord the obromatogranmsg, and measure the
responses for the major peaks. Calcoulate the guantity, in

g, wf {C9§i3ﬁ}§  HEENE An the portion of Capsulss taken

in which € is the conosntrabion, in ng per mb, of USE Dex

troamphataning Swulfate RS in the Standard prsparation: and
R 3 ~ e N Ee - o Yo ey SN & T o3 B e g S B W o e
¥ and r$ are the peal responses obtained frowm the Assay

g o o e N N VT SV gy 2 e e - o S
praparation and the Standard preparvetion, respeotively.

Amphetanine dssay —~ Tablets
USSP Refavenoe standards Tableks (11

Daxtroanphetamins Sulfste RS

ITdentification-

forn

3 Transfey a portion of finsedy ground Tablets, eguivalent
to about 50 mg of dextroanghetaming {sulfats) nade
secovding to the provess for praparing anphetamings
described hersain that comprises a cuprate veasticn of &
phissphoranidats conpound 4n the pressnos of g Grigasyd
reagent, followsed by hydrozide readuction of the alkyl sids

chain, followed by a first solvent crystallizatlon in THF

Lamtan@af made into s sulfate salt, o & suiiable

tube. Add 25 ol of water, shake vigovously, and
centyifugs until clesr. Desoant ths olsar solutlion into s
I50%-ml separator, add 5 ol of 2.5 N sodium hyvdroxide, mix,
and extract with &0 nl of ether. Wash the ethey sy~ trast
with two S-nd portions of .25 W sodium hydroxide, and
discard the washings. Filter the sther sxtract through a
rleddget of cobton, previcusly saturated with ethsr, into a

100-nl heakeyr, and svapavate on o steam bath in g ourrent
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Additional dssay of Patisnt Sample

Obtain a aaswple, 2.9, plasma, of g patisnt.

Perforn a sultable asgay for amphetamine.

Identddy whethar the sawple containsg an dwpurity of

he ouprate procssg oy has ong Or nore
impurities from the Leuskart and/or nitrostyrens processes

comprising [oathinone, benzaldshyde, velsted conpound A o

B, or unspecifisd formal ]

Compare the sanple regulis to a refevence standard for the

impurity of Compound 60 in the Juprats Frocess and from the
from the Leuckart aad/ory nitrostyrans processes comprising

= T d R T Y ey ) 3 gy Yy b oy
{cathinons, besnsgldebyvde, ralated

@
5
o
=
m
3
%
byl
R

3
}ut

unspecd fisd/ formaldehyds lapurityi.
.e..

=

Ly
Identify whether the amphetamine frowm the sampls ws

In another swmbodiment, the ipvention alse incdndes a method

for detection of amphetaming product in & samples,

{11 parforming an anghebaming agsay on & plasma sapple;

A

{ad} iaﬁntif“ing whather the plasns sample contains an

N

impurity from a cuprats progaess oy hag ong oy nors
£ anmphataning ragotion process,

R A A =
from & Qifisreant

}-}/

sald lwmpurities cvomprising csthinons Lspurity (.25 NMT

Tlmit w/w$, benzsldehyde lupurity £L35 BMY limit wiwd,
related compound & or B impurity .25 NET limdt w/wg,

raspectively, or unspseifisd formaldebyvde impurivy §.1 NMT

limit w/we, wherein the cuprate process comprises preparing

2

extroamphetanine {sulfate) using & ouprate reacticn of a
phosphorsnldate compound in the presance of & Grighard

roagent, followed by hydrowide reduction of the alkyl side

chain, followed by a fivst solvsnt oyystalligzation in THE

and heptanes, and a second solvent recrystallization in



14 09 23

s
y
i

heptanes, made into a sulfate salt;

{ii1}) comparing the impurity in plasma to a

standard for the impurity in the cuprate process and

from the different amphetamine process comprising cathinone,

related compound A or B, or

unspecified/formaldehyde impurity; an

"ving whether the amphetamine from the plasma sample

was prepared using the cuprate process,

343, The assays may be used when the cuprate process ils used to
make dextro amphetamine from L~ alanincl, racemic amphetamine

racemic alaninol or moncisopropanclamine, or lev

from
amphetamine from D- alaninol, by converting onverting
alaninol to phosphoramidate, performing cuprate reaction of

phosphoramidate in presence of Grignard and THF solvent,
crystallizing in mixture of THF and Heptane solvents,
345, re~crystallizing in heptanes to 28%+ purity, then

16, comparing teo amphetamine made by a differenit non-cuprate

process to identify whether the amphefamine was made using

the cuprate process or a different non-cuprate process.

347, It will e clear To a person of ordinary skill in the art

that the above embodinme may he altered or that

-

insubstanti from the

changes may be made without

scope of the invention. Acceordingly, the scope of the
invention is determined by the scope of the following clainms

N

and their equitable Egquivalents.

65
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Claims

1. 1. A process of making levoamphetamine sulfate, said process comprising:

preparing an in situ phenyl magnesium bromide from a reaction of bromobenzene
with magnesium in the presence of catalytic diisobutyl aluminium hydride in 20 volumes of
tetrahydrofuran at a temperature of 60 °C;

reacting a compound of Formula 4:

POYOR),
N
(Formula 4)
with the in situ phenylmagnesium bromide and a copper catalyst under solvent and
temperature conditions effective to produce a compound of Formula 5 having a regioisomeric

purity > 99%:

(ROROP- iy

wherein R is alkyl or aryl; and
deprotecting the compound of Formula 5 under acidic conditions effective to produce

levoamphetamine free base

NH,

HL80,

2
(Formula 1)
wherein the solvent conditions for preparing the compound of formula 5 comprise a

crystallization step requiring a mixture of two or more solvents, wherein one of the two or

more solvents is residue THF.

66
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2. The process according to claim 1 wherein the acidic conditions are aqueous

hydrochloric, sulfuric or phosphoric acids.

3. The process according to claim 2 wherein the aqueous acid water content is in an

amount of 50 % to 90 %.

4. The process according to claim 1 wherein R= methyl, ethyl, isopropyl or phenyl.

5. The process according to claim 1 wherein the stereoisomeric purity of formula 5 is

>99% and the stereoisomer is <0.1%.

6. The process according to claim 1 wherein the copper catalyst is CuCl, CuCl,, CuBr CuF,

Cu(OAc);, Cu(acac),, Cu(OMe),, Copper turnings or Copper nanoparticles.

7. The process according to claim 1 wherein one of the mixture of two or more solvents
is selected from the group consisting of heptanes, an organic ether, tetrahydrofuran, 2-

methyltetrahydrofuran or toluene.

8. The process according to claim 5 wherein said temperature conditions of the crystallization

step range from 60°C to 80°C.

9. The process according to claim 1, wherein said providing a compound of Formula 4

comprises: providing a compound of Formula 3

ey O

R{};g\m 0
Ro W T
}_‘ i %(_\\ e '\'\‘\.o"{\} \\\\\\ é \\\\\ R H

O (Formula 3);
wherein R is alkyl or aryl; R1 is alkyl or aryl or substituted aryl and
reacting the compound of Formula 3 with a base under conditions effective to produce a

compound of Formula 4.
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10. The process according to claim 9 where R1=alkyl, aryl, or substituted aryl.

11. The process according to claim 10 where R1 is selected from methyl, phenyl or 4-

methylphenyl.
12. The process according to claim 11 where R1 is methyl.
13. The process according to claim 12 wherein R is methyl, ethyl, isopropyl or phenyl.

14. The process according to claim 13, wherein the base is potassium hydroxide or

potassium carbonate.

15. The process according to claim 9, wherein the step of providing a compound of
Formula 3 comprises the steps of:

providing a compound of Formula 2

0.0
R{}?‘?ﬁi‘i
h.¢ o OH

(Formula 2) wherein R is alkyl or aryl; and
reacting the compound of Formula 2 with an alkyl, aryl or substituted arylsulfonyl chloride

and a base under conditions effective to produce a compound of Formula 3.
16. The process according to claim 15 wherein the R= methyl, ethyl, isopropyl or phenyl.

17. The process according to claim 15, wherein said providing a compound of Formula 2

comprises: providing a compound of Formula 1:

¢ OH

(Formula 1);and
reacting the compound of Formula 1 with

RO b

wherein R= alkyl or aryl

68
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under conditions effective to produce a compound of Formula 2.
18. The process according to claim 17 wherein the R= methyl, ethyl, isopropyl or phenyl.

19. A process for the synthesis of levoamphetamine derivatives comprising preparing an
in situ phenyl magnesium bromide reagent from a reaction of bromobenzene with
magnesium in the presence of catalytic diisobutyl aluminum hydride (DIBAL) in 20 volumes of
tetrahydrofuran (THF) at a temperature of 60°C, then performing a stereospecific cuprate

addition reaction upon acompound of Formula 4

POYOR),

‘ “'gi«f}‘
H;C (Formula 4)

with the in situ phenyl magnesium bromide and a copper catalyst under solvent and
temperature conditions effective to produce a compound of Formula 5 having a regioisomeric
purity > 99%:

H
H

{ ¥
P

/‘L\ g
HyCm o~ (Formula 5)

wherein R is alkyl or aryl.

20. The process of claim 19, comprising solvent extraction of compounds of Formula 5:

ROROW- 2™

SN N
H.C (Formula 5)

where R is selected from methyl, ethyl, isopropyl, and phenyl;

from a mixture of compounds of Formula 5 and compounds of Formula 6:

e

e NN

i N O
i i

i i

i

N o o

o LN - B,

SETNT N OR Y

where R1 is selected from methyl, ethyl, isopropyl, and phenyl;
wherein the solvent extraction is performed using a mixture of two or more solvents wherein

at least one of the two or more solvents is THF.
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