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1. L-amphetamine sulfate 1g used in a mixture of enantiomers
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BACKGROUND

This is invention 1s related to a process for assaying a

sample, and a method for detection of an amphetamine product
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disorder (ADHD) and narcolepsy. L~ amphetamine sulfate has
also been researched to improve cognition in mnultiple
sclerosis (M3) patients.

. One problem with levoamphetamine synthesis is that

amphetamines have a stereo-defined amine center which can

provide the economic redquirements of high vyields, high

~ R R L I o T - 3 a e Y e N e P I el e P ] ey | . R S PN R
selectlvity and low process costs. Typlcally such reactions

reagents. Conventicnal teaching reguires that the use such
crganometalliics reguires that the reaction femperature be

maintained at a cold temperature, such as an ice bath at less

. Another problem with levoamphetamine synthesis i1s that ths
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14.

15.

16.

17.

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 cone
approach norephedrine is refluxed with hvdrogen iodide and
red phosphorous. In another appreoach norephedrine is
chlorinated using thionyl chloride and then catalytically
hydrogenated. In U.S. Pat. No. 7,705,184, amphetamine
synthesis is disclosed using hyvdrogenation of a chlorinated
phenvlpropanclamine. Aziridine chemistry, and specifically
aziridine phosphoramidates are not taught in the
amphetamine synthesis pricr 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 reglogpecific, which it is not. Int'l J. for Rapid
Commun. of Syn. Org. Chem., 28:7, 1127-1137 {(1988).
Accordingly, where the prior art contained an erroneous
teaching, it was surprising to discover otherwise.
Additionally, the use of protecting groups and leaving
groups is well known. However, it has been discovered that
there is significant variation among the various protecting
groups. Specifically, where a carbonyl is 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 destroving the molecule.

Accordingly, there is a need for synthetic processes and

useful compounds for the manufacture of levcamphetamine and
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itg derivatives which have high purity, high chemical

yield, high selectivity,

less dangercous to handle.

low cost,

lower toxicity and are
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herein 1s a synthetic pathway to levoamphetamine
using an aziridine Dbased process with an

ic compound by heating the reactants in a first
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21. Provided is a process of making levoamphetamine sulfate.

N ke N J u °
Salid process comprises:

~ o~y

22, providing a compound of F

O
=
=
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(&)

having a regioiscmeric

purity > 9%%:

S

Y cpiree d

23. H O N

(Formula 5) wherein R is alkyl or aryl;

) 3
24, and
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24.

25.

26.

27.

29.

30.

31.

32.

33.

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

and then levoamphetamine sulfate of Formula I:

H,50,

[

(Formula I)

wherein the step of providing a compound of Formula b5

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

PIOYOR),
N

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

reacting the compound of 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.

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%.

5
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35. In another example, the disclosure provides a process as

described above, wherein said providing a

Formula 5 comprises:

.

36. providing a compound of Formula 4:

POYORY,
N

\ssssss

o

38. wherein R is alkvyl or aryl and
40. reacting the compound of Formula 4 witl

5
~

halide

and temperature conditions effective to prcduce

cof Forrmula 5 in a
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11. In ancther example, the disclosure provides a

"

described above to produce Formula 5

ther example, th

M

disclosure provides a

produce Formula 5

compound

and a copper or copper halide catalyst unde

purity substantially fr

bpurity  of formula 5 is  »99%

o
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process as
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44, In another example, the disclosure provides a process as

described above to produce Formula 5 wherein the copper

- - - ] el T R - ] I omy g A
catalyvst 1s CuCl, CuCl,, CuBr Cufk Cu (OAC) - Cuf{acac) -,
Cu{lMe)., Copper turnings or Copper nanoparticles.

A5 T anothe Ao e ‘he disclosur - o A o 0Cess o
40, 1 anctiner eXample, The GlsClLOoSuUre Provices a proces as
a3

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 crganic ether, tetrahyvdrofuran,

Z2-methyltetrahydrofuran or toluene.

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

temperature conditions range from 25°C to 8§0°C

47, In another example, the disclosure provides a process as
described above, wherein said providing a compound of
Formula 4 comprises: providing a compound of Formula 3

. herein R 1is alkyl or aryi; R! is alkyl or aryl or
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mpoun of Formula 3 with a base under

conditions effective fo produce a compound of Formulia 4.
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ther example, the disclosure provides a process as
described above for prcducing Formula 4 where Rl=alkyl aryl
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tuted aryl.
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52. In another example, the disclosure provides a process as

ih I

described above for producing Formula 4 where R' is selected
from the group of methyl, phenvyl or 4d-methylphenvl.

53, In another example, the disclosure provides a process as

described above for producing Formula 4 where Rl'is methyl.
. In ancother example, the disclosure provides a process as
described above for producing Formula 4 wherein R'= methyl
and R= methyl, ethyl, iscpropyl or phenvl.

. In ancother example, the disclosure provides a process as

described above for producing Formula 4, wherein th

®

is potassium hydroxide or potassium carbonate.

. In another example, the disclosure provides a process as
described above for producing Formula 3, whereiln the step

¢f providing a compound of Formula 3 comprises the steps

. reacting the compound of Formula 2 with an alkyl, aryl
or substituted rylsulfonyl chloride and a base under

conditions effective to produce a compou of Formula 3

. In ancther example, the disclosure provides a process as
described above for producing Formula 3 wherein the R=
methyl, ethvl, isopropyl or phenyl.

. In ancother example, the disclosure provides a process as

described above for producing
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0. In another aspect, the disclosure provides a compound
the formula:
PEOKOR ),
< \_\
. T
H,C
32, wherein: R i1s alkyl cr aryl .
3. The disclosure also provides an aziridine compound

described above, wherein the alkyl

10
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6. In ancther aspect, the disclcsure provides
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described above, wherein the arvyl group is phenyl
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the synthesis of levoamphetamine derivatives. The

comprises the step of performing a stereospecific

addition reaction wupon an aziridine phosph

compound to cbtain a chiral arvl or a
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solvent extraction of compounds ba-d from

compounds ba-d and Ga-d. The process comprises
of performing a sclvent extraction using a mixture

patient; (1i) performing a suitable assay for amnphe
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more impurities from a Leuckart and/or nitro

processes said impurities comprising oF:

benzaldehvyde related conpound A or

unspecified/formaldehvde impurity, wherein the

using a cuprate reaction of a phosghoramidate compoun
the presence of a Grignard reagent, followed by
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solvent recrystallization in heptanes, made into a sulfate
salt; (iv) comparing the impurity in p

to a reference standard for the impurity from 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)
identifving whether the amphetamine from the plasma sample

was prepared using the cuprate process.
The impurity from the cuprate process may be Compound 6b

as defined hereinbelow.

87a. Another aspect of the invention provides a method for

detection of amphetamine product in a sample, according to

claim 2.

12
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DETAILED DESCRIFTION

91. Alkyl means any C1-Ci0 straight or branched chain alkyl
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isclosure relates to processes for
the synthesis of levoamphetamine, derivatives of these,
including their salts, solvates, hydrates and novel
Precursors and ntermediates obtained thereby, b
synthesizing aziridine phosphoramidate compounds in specifiec
solvents at specified temperatures, and then converting to a
I-alkyl phosphoramidate precursor using an

crganometallic compound such as a copper salt, where the novel

et

aryi or aryl-alkyvl phosphoramidate precursor 1is then easily

converted to the target compounds using known reactions, e.g.

=2

acid dephosphoryiation, thylaticn of the nitrogen followed

wherein said alkyl, is optionally substituted with C1-C6

alkyl, C2-Cé aikenvyl, hydroxy, amino, halo, halcalkyl,

a
nitro, iminc, alkyviamino, aminoalkyl, sulfhydryl, thioalikyl,

or sulfonyl.

. Arvli means any alicyclic or aromatic, mono-, bi- or
tricyclic, carbo- or heterocyclic ring, wherein the ring is

either unsubstituted or substituted with one oY  more

including, but not limited to, alkylamino, amido, anino,

amincalkyl, azo, benzyloxy, C1-C9 straight or branched chain
9

13



13 06 23

93.

94.

cycleoalkenvl, carbonyl, carboxy, cyvano, diazo, ester,
formanilido, halo, haloalkyl, hvdroxy, imino, iscocvyano,
isonitrileo, nitrilo, nitro, nitroso, phenoxy, sulfhydryl,
sulfonylsulfoxy, thio, thiocalkyl, thiocarbonyl, thiocyvano,
thicester, thioformamido, trifluoromethyl, and carboxylic
and hetercocyclic moieties, including alicycelic and aromatic
atructures; wherein the individual ring size is 5-8
members; wherein said heterocyclic ring contains 1-6
hetercatom(s) independently selected from the group
consisting of O, N, and 8; and wherein said aromatic or
tertiary alkyl amine is optionally oxidized. Useful carbo-
and heterocyclic rings include without limitation phenyl,
benzyl, naphthvl, indenyl, azulenyl, fluorenyl,
anthracenyl, indolyl, iscindolyl, indelinyl, benzofuranyl,
benzothiophenyl, indazolyl, benzimidazolyl, benzthiazolyl,
tetrahydrofuranyl, tetrahydropyranyvl, pyridyl, pyrrolyl,
pyrroiidinyl, pyridinyl, pyrimidinyl, purinyl, quinolinvl,
isoquinolinyl, tetrahydreoguinclinyl, guinolizinyl, furvl,
thiophenyl, imidazolyl, oxazolyl, benzoxazolyl, thiazolyl,
isoxazolyl, isotriazolyl, oxadiazolyl, triazolyl,
thiadiazolyl, pyridazinyl, pyrimidinyl, pyrazinyl,
triazinyl, trithianyl, indolizinyil, pyrazolyl, pyrazolinyl,
pyrazolidinyl, thienyl, tetrahydroisoguinolinyl,
cinneolinyl, phthalazinyl, guinazolinyl, guinoxalinyl,
naphthyridinyl, pteridinyl, carbazmolyl, acridinyl,
phenazinyl, phenothiazinyl, and phenoxazinyl.

R may alsco be in certain preferred embodiments any C2-Ci0
straight or branched chain alkenvl or C1-Cl0 alkozy,
unsubstituted or optionally substituted with moieties
listed above.

Copper nanoparticles means particles having an average

diameter of about 1 nm-100 nm.

14
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95.

96.

97.

Alkyl Phosphonic Acid Protecting group means any group
attached to the aziridine nitrogen having one or more alkyl
groups attached to a phosphorous atom thereby having the
formula P—-0—(OR};, where Rl and R2Z can be the same or
different, and include without limitation any alkyl, alkoxy
or aryvl group as defined herein, and including any and all
equivalents thereof.

Solvents, as used and exemplified herein, are not intended
to be limiting and may include without limitation solvents
selected from Ligroine, Pentane, Hexane, Heptane, Octane,
Cyclopentane, Cyclohexane, Cycloheptane, Cyclooctane,
Dichloromethane, Chloroform, Carbon tetrachloride, 1,2-
Dichloroethane, 1,1,%2,2-Tetrachloroethane, Methylacetate,
Ethylacetate, Propylacetate, Butylacetate,
BPimethylformamide, Diethylformamide, Dimethylacetamide,
Diethylacetamide, Diethylether, Diiscopropylether, 20 methyl
tert-Butyl ether, THF, Dioxane, Acetonitrile, Sulfolane,
DMSQ, HMPT, NMP or mixtures of these solvents. Preferred
solvents are Dichloromethane, Chloroform, Ethyl acetate,
Propyl acetate, Butyl acetate, Dimethylformamide,
biethylformamide, Dimethylacetamide, Diethylacetamide,
Diisopropylether, methyl tert-Butyl ether, THF, Dioxane,
Acetonitrile or mixtures of these. Especially preferred
solvents are Dichloromethane, Chloroform, Ethyl acetate,
Butyl acetate, Dimethyvlformamide, Dimethvlacetamide, methyl
tert-Butyl ether, THF, Dioxane, Acetonitrile or mixtures of
these.

The term, regioselective or regioselectivity, means without
limitation, by way of explanation, the preference of one
direction of chemical bond making or breaking over all
other possible directicons. It can often apply to which of

many possible positions a reagent will affect, such as

15
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98.

99.

which preoton a strong base will abstract from an organic
molecule, or where on a substituted benzens ring a further
substituent will add. Because of the preference for the
formation of one product over another, the reaction is
selective. This reaction is regioselective because it
selectively generates one constitutional isomer rather than
the other.

The term, sterecoselective or sterecoselectivity, means
without limitation, by way of explanation, the property of
a chemical reaction in which a single reactant forms an
unequal mixture of stereocisomers during the non-
stereospecific creation of a new stereocenter or during the
non-sterecspecific transformation of a pre-existing one.
The selectivity arises from differences in steric effects
and electronic effects in the mechanistic pathways leading
to the different products.

The literature teaches that the product from the cuprate
addition to the aziridine phosphoramidate is regiospecific
which has been discovered, is not the case. In fact, the
crude product is of acceptable purity to proceed with.
Further, it has also been discovered that, where the
process generates 3-5% of 6 (a,b,c or d} in the crude
product, that it could not be removed later in the
aynthetic seguence. It was alsc found that if vou used a
single solvent {5b crystallizes from heptane or petroleum
ether}, then you did not remove the corresponding éb. It is
required to leave a residue of the reaction solvent (THF)
in the mixture to separate the 5b from 6b. Interestingly,
it has been discovered that a ratioc of specific solvents
vielded the most preferred embodiment. This ratio comprises
about 7 part heptane and 1 part THF for 5b, and the other

versions of 5 {(a, ¢ or d) needed other solvent mixtures,

16
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100.

but the common item was that it was required to leave a

residue of THF in the mixture.

Experimental Introduction:

101. Unless otherwise noted, reagents and solvents were used as
received from commercial suppliers.

102. NMR spectra: Proton nuclear magnetic resonance spectra
were obtained on a Bruker AV 300 or a Bruker AV 500
spectrometer at 300 MHz and 500 MHz, respectively. Spectra
are given in ppm (®) and coupling constants, J, are reported
in Hertz. Tetramethylsilane was used as an internal
standard for proton spectra.

103. HPLC analyses (achiral): Analyses were obtained on a Varian
Prostar 210 HPLC system using a Prevail C18 column (53 x 7
mm, Alltech) with PDA detection at 208-210 nm and solvent
gradient program Method A.

104. HPLC Method A:

Time Flow %A %B
(min) (mL/min)

0.0 2.0 95.0 5.0
10.0 2.0 5.0 95.0
11.5 2.0 5.0 95.0
11.6 2.0 95.0 5.0
13.0 2.0 95.0 5.0

105.

106.

107. A = Water with 0.05% v/v Trifluoroacetic Acid

108. B = Acetonitrile with 0.05% v/v Trifluoroacetic Acid

17
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109. HPLC analyses

110.

111.

Methanol;

HPLC analysis

detection at 205 nm and isocratic 0.1%

H20/ACN = 70/30; 1.0 mL/min.

(chiral method 1): Analyses were obtained
using a CR(-) CrownPak (150 x 4 mm, 5 um, Diacil Lot #
CRMOCB-0K005) with PDA detection at 210-215 nm and

isocratic solvent 90% water pH = 1.5 (perchloric acid):
Flow rate: 0.7 mL/min.

(chiral method 2): 5 Analyses were obtained

using a CHIRALPAK® IA-3 (50 x 4.6 mm i.d., 3pm) with PDA

(FID):
Agilent HP-5ms UI 30m x 0.32mm
Column x 0.25um
PN:123-1334
Injection
Volume 1y
Carrier Gas Helium

Constant flow
rate

1 mL/min (13.5 psi initial @
80°C)

Inlet Temp 250°C
Split Ratio 20:1
Detector Temp [300°C

H2 Flow 40 mL/min
Air Flow 450 mL/min
He Makeup 45 mL/min
Flow

Oven Ramp

80°C Initial

10°C/min to 180°C

5°C/min to 240°C hold for 3 min

Total Runtime

25 minutes

18
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112.

113.
114.

CAP-0104 CAP-0105 CAP-0106

RRT=0.47 RRT=1 RRT=1.02-1.03

115.

116.
117. Samples are prepared at 2 mg/mL in chloroform.

118. Preparation of Compound 4 (Scheme 1)
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120.
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122. Preparation of 4a:

123.
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126. A 500 mL, 3-neck flask equipped with an overhead mechanical

stirrer and pressure equalizing addition funnel was charged

with 1 (d-alaninol; 12.5 g, 166.4 mmol), triethylamine (29

mL, 208 mmol, 1.25 equiv) and dichloromethane

The reaction solution was cooled to +2 °C and

dimethylphosphoryl chloride (20 mL,

183 mmol,

(125 mL).
treated with

1.10 equiv)

over 40 minutes while maintaining an internal temperature

<+8 °C. The reaction mixture was stirred with ice bath

cooling for 1 hour at which point the reaction was complete

by TLC analysis (silica gel, 93:6:1 DCM/MeOH/NH,OH and 6/3/1

CHC1,/MeOH/NH,OH; KMnO, stain). Additional triethylamine

(25.5 mL, 182.5 mmol, 1.10 equiv) was added to the reaction

mixture and methanesulfonyl chloride (14.9 mL, 191 mol,

1.15 equiv) was added drop-wise over 45 minutes while

maintaining an internal temperature <+10 °C.

The resulting

reaction mixture was stirred with ice bath cooling for

20
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127.
128.

about 1.0 hour after which time TLC analysis indicated the
reaction was complete. Potassium hydroxide solution (3 M,
220 mL, 650 mmol, 4.0 equiv) was slowly added to the
stirred reaction mixture while maintaining an internal
temperature < +16°C. The reaction was continued with
agitation for 6 hours, after which time the aqueous layer
was separated and discarded. Saturated NaHCO; solution (35
mL) was added and the biphasic mixture heated to 40—42 °C.
Distillation was started and a first fraction of 90 mL of
dichloromethane was collected. When the temperature reached
50 °C, a second fraction was collected until the batch
temperature was 65 °C. The mixture was heated at 65 °C for
another 1 hour and then cooled to ambient temperature.
Dichloromethane (90 mL) was added and the mixture stirred
for 10 minutes before separation. The dichloromethane layer
was concentrated under reduced pressure. The residue was
dissolved in heptanes (15 mL) and concentrated under
reduced pressure to remove the residual water. This
azeotropic drying was repeated two more times. The
resulting 4a was obtained as a light-yellow liquid (20.9 g,
76% yield, 95.40 % GC purity). A colorless sample was
prepared by short path distillation (80—85 °C @ 15 mm Hg

vacuum). Optical rotation ¢ = 1.00, ethanol, 25.0 °C, -
38.5°. 'H NMR (300 MHz, CDCl;) & 3.80 (s, 3H), 3.76 (s, 3H),

2.65-2.50 (m, 1H), 2.42-2.31 (m, 1H), 1.92 (dt, J = 3.6,
1.2 Hz, 1H), 1.28 (dd, J = 5.4, 1.2 Hz, 3H).

Preparation of 4b:

21
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129.
130.

wy,  CIPOXOED, | o O Mg P
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A 5 L 3-neck flask fitted with an overhead mechanical
stirrer and 1 L pressure equalizing addition funnel was
charged with 1 (d-alaninol; 100.0 g, 1.32 mol),
triethylamine (148 g, 1.46 mol, 1.09 equiv) and
dichloromethane (2.25 L). The stirred solution was cooled
to 0 °C in an acetone/crushed ice/salt bath and
diethoxyphosphoryl chloride (229.7 g, 1.32 mol, 1.0 equiv)
was added over one hour while maintaining an internal
temperature <+5 °C. The reaction mixture was stirred an
additional 1 hour at which point additional triethylamine
(148 g, 1.46 mol, 1.10 equiv) was added to the reaction
mixture and methanesulfonyl chloride (152.5 g, 1.32 mol,
1.0 equiv) was added drop-wise over one hours while
maintaining an internal temperature <+10 °C. The resulting
reaction mixture was stirred for 4 hours. An aqueous
potassium hydroxide solution (373 g, 6.67 mol, 5 equiv
dissolved in 1 L of deionized water) was slowly added to
the stirred reaction mixture while maintaining an internal

temperature < +16°C. The reaction was stirred for 12 hours,
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after which time the aqueous layer was separated. Sodium
chloride (80 g) was added to the agqueous phase and the
resulting aqueous phase was extracted with additional
dichloromethane (800 mL). The combined organic layers were
concentrated under reduced pressure. The resulting R-
diethyl (2-methylaziridin-1-yl)phosphonate, 4b, was
obtained as a light-yellow liquid (205 g, 80.0% yield,
98.70 % GC AUC purity). A colorless sample was prepared by
short path distillation at 66—67 °C, 0.9 mm Hg. Optical
rotation (¢ = 1.148 in EtOH) @ 24.3 °C -28.74°. 'H NMR (300

MHz, CDCl;) & 4.15 (dgq, J = 8.0, 7.1 Hz, 4H), 2.64 — 2.45

(m, 1H), 2.33 (ddd, § = 17.9, 5.9, 1.3 Hz, 1H), 1.91 — 1.81
(m, 1H), 1.34 (dt, 0 = 7.1, 0.9 Hz, 6H), 1.28 (dd, J = 5.4,
1.4 Hz, 3H).

131. Alternate Preparation of 4b:
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132.

133.
134.
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A suitably sized, 3-neck flask equipped with an overhead
mechanical stirrer and pressure equalizing addition funnel
is charged with 1 (d-alaninol; 12.5 g, 166.4 mmol),
triethylamine (29 mL, 208 mmol, 1.25 equiv) and
dichloromethane (125 mL). The reaction solution is cooled
to 0 °C and then treated with diethoxyphosphoryl chloride
(28.7 g, 24 mL, 183 mmol, 1.10 equiv) over 40 minutes while
maintaining an internal temperature <+8 °C. The reaction
mixture is stirred in an ice bath cooling for 1 hour at
which point the reaction should be complete by TLC analysis
(silica gel, 93:6:1 DCM/MeOH/NH,OH and 6/3/1
CHC1l;/MeOH/NH,OH; KMnO, stain). Additional triethylamine
(25.5 mL, 182.5 mmol, 1.10 equiv) is added to the reaction
mixture and benzenesulfonyl chloride (33.7 g, 24.4 mL, 191
mol, 1.15 equiv) is added drop-wise over 45 minutes while
maintaining an internal temperature <+10 °C. The resulting

reaction mixture is stirred with ice bath cooling for at
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135.

least 3.0 hours, until the TLC analysis indicates the
reaction was complete. Potassium hydroxide solution (3 M,
220 mL, 650 mmol, 4.0 equiv) is slowly added to the stirred
reaction mixture while maintaining an internal temperature
< +20 °C. The reaction is stirred overnight at room
temperature, after which time the aqueous layer is
separated and discarded. The dichloromethane layer is dried
over anhydrous magnesium sulfate, clarified and
concentrated under reduced pressure. The residue is
dissolved in heptanes (15 mL) and concentrated under
reduced pressure to remove the residual methylene chloride.
The resulting 4b should be obtained as a light-yellow
liquid. A colorless sample can be prepared by short path

distillation at about 66—67 °C @ 0.9 mm Hg vacuum.
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137.
138.
139.

140.
141.

Alternate Preparation of 4b:
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A suitably sized, 3-neck flask equipped with an overhead
mechanical stirrer and pressure equalizing addition funnel
is charged with 1 (d-alaninol; 12.5 g, 166.4 mmol),
triethylamine (29 mL, 208 mmol, 1.25 equiv) and
dichloromethane (125 mL). The reaction solution is cooled
to 0 °C and then treated with diethoxyphosphoryl chloride
(28.7 g, 24 mL, 183 mmol, 1.10 equiv) over 40 minutes while
maintaining an internal temperature <+8 °C. The reaction
mixture is stirred in an ice bath cooling for 1 hour at
which point the reaction should be complete by TLC analysis
(silica gel, 93:6:1 DCM/MeOH/NH,OH and 6/3/1
CHCl;/MeOH/NH,0H; KMnO, stain). Additional triethylamine
(25.5 mL, 182.5 mmol, 1.10 equiv) is added to the reaction
mixture and a solution of p-toluenesulfonyl chloride (TsCl;

36.3 g, 191 mol, 1.15 equiv) in dichloromethane (50 mL) is
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142.

added drop-wise over 45 minutes, while maintaining an
internal temperature <+15 °C. The resulting reaction
mixture is stirred with ice bath cooling for at least 3.0
hour, until the TLC analysis indicates the reaction was
complete. Potassium hydroxide solution (3 M, 220 mL, 650
mmol, 4.0 equiv) is slowly added to the stirred reaction
mixture while maintaining an internal temperature < +20 °C.
The reaction is stirred overnight at room temperature,
after which time the aqueous layer is separated and
discarded. The dichloromethane layer is dried over
anhydrous magnesium sulfate, clarified and concentrated
under reduced pressure. The residue is dissolved in
heptanes (15 mL) and concentrated under reduced pressure to
remove the residual methylene chloride. The resulting 4b
should be obtained as a light-yellow liquid. A colorless
sample can be prepared by short path distillation at about
66—67 °C @ 0.9 mm Hg vacuum.
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144. Preparation of 4c:
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148. A 250 L, 3-neck flask fitted with an overhead mechanical
stirrer and pressure equalizing addition funnel was charged
with 1 (d-alaninol; 4.2 g, 55.7 mmol), triethylamine (9.74
mL, 69.68 mmol, 1.25 equiv) and dichloromethane (50 mL).
The stirred reaction solution was cooled to +2 °C and
diisopropylphosphoryl chloride (12.3 g, 61.3 mmol, 1.10
equiv) was added drop-wise over 1.3 hours maintaining an
internal temperature <+8 °C. The reaction mixture was
stirred at about 0 °C for 10 hours. Additional triethylamine
(8.6 mL, 61.3 mmol, 1.10 equiv) was added to the reaction
mixture and methanesulfonyl chloride (4.96 mL, 64.1 mmol,
1.15 equiv) was added over 1.5 hours maintaining an
internal temperature <+10 °C. The resulting reaction
mixture was stirred at about 0 °C for 1.5 hours after which
time TLC analysis (see above) indicated the reaction was

complete. Potassium hydroxide solution (3 M solution, 74

28



13 06 23

149.
150.

mL, 222.9 mmol, 4.0 equiv) was slowly added to the stirred
reaction mixture while maintaining an internal temperature
< +16°C. The reaction was continued with agitation for 6
hours, after which time the layers were separated. The
organic layer was washed with 10% citric acid solution (40
mL) and saturated salt solution (2 x 40 mL). The organic
layer was concentrated under reduced pressure and the
residue was distilled (bulb-to-bulb; 79-82 °C @ 3 mm Hg
vacuum) to afford 4c as a clear colorless liquid (5.2 g,

42.0% yield, 97.0 % GC AUC purity). Optical rotation ¢ =
1.01, ethanol, 22.5 °C, -27.8°.'H NMR (300 MHz, CDCl;) & 4.71

(m, 2H), 2.64 — 2.41 (m, 1H), 2.28 (ddd, J = 17.6, 5.6, 1.3
Hz, 1H), 1.81 (dd, J = 14.1, 4.9, 1.3 Hz, 1H), 1.34 (m,
12H), 1.22 (dd, J = 5.6, 1.2 Hz, 3H).
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152. Preparation of 4d:
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155. A 500 L 3-neck flask fitted with an overhead mechanical

stirrer and a pressure equalizing addition funnel was

charged 1 (d-alaninol; 25 g, 332 mmol), triethylamine (57.3

mL, 409.7 mmol, 1.25 equiv) and dichloromethane (500 mL).

The stirred reaction mixture was cooled to +2 °C and treated

with diphenylphosphoryl chloride (98.2 g, 365.4 mmol, 1.10

equiv) over 1 hour while maintaining an internal

temperature <+10 °C. The reaction mixture was stirred for 10

hours. Additional triethylamine (51.5 mL, 361.6 mmol, 1.10

equiv) was added to the reaction mixture and

methanesulfonyl chloride (29.5 mL,

379.6 mmol, 1.15 equiv)

was added over 1 hour while maintaining an internal

temperature <+10 °C. The resulting reaction mixture was

stirred with ice bath cooling for 1.5 hours after which

time TLC analysis (see above method) indicated the reaction

was complete. Potassium carbonate (180.8 g, 1.31 mol, 4.0

equiv) was added to the cooled, stirred reaction mixture

30



13 06 23

while maintaining an internal temperature < +16°C. The
reaction mixture was stirred for 6 hours at ambient
temperature. The solid was filtered and the organic phase
was washed with 10% citric acid solution (200 mL) and
saturated sodium chloride solution (2 x 150 mL). The
organic solution was concentrated under reduced pressure
and the residue was purified by column chromatography. The
resulting 4d was obtained as viscous oil (57.5 g, 60.0%

yield, 96.8 % GC purity). Optical rotation ¢ = 1.00,

ethanol, 25.1 °C, -35.2°.'H NMR (300 MHz, CDCl;) d 4.71 (m,

2H), 2.64 — 2.41 (m, 1H), 2.28 (ddd, J = 17.6, 5.6, 1.3 Hz,
1H), 1.81 (dd, J = 14.1, 4.9, 1.3 Hz, 1H), 1.34 (m, 12H),
1.22 (dd, J = 5.6, 1.2 Hz, 3H).
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157. Scheme 2: Preparation
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161.
162.
163.

164.
165.

166.
167.

Barbier Preparation of 5b purified:
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A 12 L 4-neck flask with an overhead stirrer, water-cooled
condenser, pressure equalizing addition funnel and
thermometer was charged with magnesium turnings (31.45 g,
1.3 mol), CuCl (1.18 g, 0.012 mol), 4b (200 g, 1.04 mol)
and THF (3900L). The stirrer was started and the mixture
was heated to about 40 °C at which point the DIBAL solution
(3.4 mL of a 1.0 M solution in THF) was added in one
portion. The temperature was increased to 55° C. An
initiator portion of bromobenzene (14.8 g; 10 mL) was added
in one portion and the reaction stirred for 0.5 hours. The
temperature was increased to 60°C at which point the
remaining bromobenzene (172.2 g, 115 mL; 1.20 mol total) in
THF (100 mL) was added dropwise over 1.0 hour while
maintaining a gentle reflux. The reflux was continued for 2
hours and then the reaction was cooled to ambient
temperature. The reaction was quenched by slow addition of
ethyl acetate (200 mL). The reaction was then quenched
into a cooled (about 15 °C) solution of saturated aqueous

ammonium chloride/water (50/50 v/v, 1400 mL) while
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168.

maintaining an internal temperature below 20 °C. Heptanes
(1000 mL) was used to rinse the reactor and was transferred
to the quench mixture, the mixture was agitated for 5
minutes, allowed to separate for 20 minutes then the
aqueous phase was removed. The organic phase washed with
deionized water (1000 mL) and the organic phase
concentrated under reduced pressure to a volume of about
1.0 . Heptanes (1.0 L) was added and the solution was
concentrated under reduced pressure distillation to a total
volume of about 1.0L. The solution was slowly stirred for
24 hours at ambient temperature to afford a white slurry
which was then cooled to 5 °C for about 1.5 hours. The
resulting crystalline solid was collected by filtration and
washed with cold heptanes (2 x 250 mL). After drying under
vacuum at 35 °C for 48 h, 5b was obtained as a white
crystalline solid (220 g, 80.0% yield) 99.8% GC purity
(with 0.09% of 6b). mp 64-65 °C. Optical rotation ¢ = 1.00,

ethanol, 25.0 °C, -27.7°.'H NMR (300 MHz, CDCl;) & 7.32 —

7.17 (m, 5H), 3.66 (d, J = 6.4 Hz, 3H), 3.50-3.83 (m, 1lH),
2.71 (d, J = 6.6 Hz, 2H), 2.45 (m, 1H), 1.15 (d, T = 6.6
Hz, 3H). Chiral analysis (chiral method 2) showed none of

the S isomer of 5b was present.
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170. Preparation of 5b purified with prepared phenylmagnesium

bromide:
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172. 5o purified
173.
174. Pt. 1: Grignard formation:

175. A 2 L, 3-neck flask with an overhead stirrer, water-cooled
condenser, pressure equalizing addition funnel and
thermocouple was charged with magnesium turnings (14.2 g,
0.41mol) and dry THF (400 mL). The stirrer was started and
the suspension was heated to 46 °C. A catalytic amount of
DIBAL solution (2.0 mL of 1.0 M solution in THF) and the

suspension was heated to 50 °C. Bromobenzene (8.95 g, 6.0
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176.
177.
178.

mL) was added in one portion and the reaction initiated
within 5 minutes. The batch temperature was raised to 60
°C. When the reaction slowed, the balance of the
bromobenzene (75.0 g; 100 mL) in THF (175 mL) was added at
a steady rate over 1 hour, and the addition funnel rinsed
into the batch with fresh THF (50 mL). The maximum batch
temperature reached during the addition was 69 °C. The
reaction was heated to 65 °C and held there for 90 minutes

and cooled to 30 °C.

Pt 2. Cuprate reaction

To a 5 L 3-neck flask with an overhead stirrer, water-
cooled condenser, pressure equalizing addition funnel and
thermocouple was charged with CuCl (320 mg, 1.0 mol%),
diethyl(2-methylaziridin-1-yl)phosphonate 4b (80 g, 0.414
mol) and THF (400 mL). The stirrer was started and the
mixture was heated to about 45 °C at which point the
Grignard solution from part 1 was added over 1.5 hours,
while maintaining the internal batch temperature of 48-52 °C
Following the Grignard addition, the batch was heated at
about 50 °C for an additional hour at which point the batch
was cooled to ambient temperature. The reaction was first
quenched by slow addition of ethyl acetate (25 mL). The
reaction was then cooled to about 15 °C and a solution of
saturated aqueous ammonium chloride/water (50/50 v/v, 560
mL) was added while maintaining an internal temperature
below 20 °C. Heptanes (320 mL) were added to the quenched
reaction mixture. The biphasic mixture was mixed for about
30 minutes and allowed to separate overnight at ambient
temperature. The layers were separated and the aqueous
phase was removed (Note: any remaining rag layer can be

broken/removed by an in-line filtration). The organic phase
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179.

180.

181.

182.
183.

184.
185.

washed with deionized water (75 mL) and the organic phase
concentrated under reduced pressure to a volume of about
200 mL. Heptanes (2 X 80 mL) was added and the solution
was concentrated under reduced pressure distillation to a
total volume of about 200 mL. The solution was slowly
stirred for 24 hours at ambient temperature to afford a
white slurry which was then cooled to 5 °C for about 2
hours. The resulting crystalline solid was collected by
filtration and washed with cold heptanes (50 mL). The
filter cake was air dried for 1 hour and then transferred
to a glass drying tray and dried under vacuum at 35 °C for
48 h. Compound 5b was obtained as a white crystalline
solid in 61 % yield (68.2 g) with 98.8% GC AUC purity
(0.16% 6b). GC analysis of dried 5b for residual benzene
indicated < 1 ppm. The combined mother/wash liquors were
concentrated under reduced pressure to about 50 mL to
afford a second crop of 5b as a white crystalline solid in
13.4 % yield (15.4 g) with 99.5% GC AUC purity (0.09% 6b).
GC analysis of dried CAP-0127 second crop, for residual

benzene indicated < 1 ppm.
'H NMR (300 MHz, CDCl;) & 7.36 — 7.08 (m, 5H), 4.14 — 3.85

(m, 3H), 3.85 — 3.66 (m, 1H), 3.58 — 3.32 (m, 1H), 2.81 —
2.61 (m, 2H), 2.38 (t, J = 9.8 Hz, 1H), 1.38 — 1.18 (m,
6H), 1.15 (d, J = 6.4 Hz, 3H).

13¢ (75.5 MHz, CDCl,) & 138.7, 129.9, 128.7, 126.7, 62.5 (d,

2Jep = 5.4 Hz), 62.4 (d, *Jep = 5.6 Hz), 49.5, 45.5 (d, *Js =
6.4 Hz), 23.1(d, 3Je = 4.1 Hz), 16.6 (d, 3T = 7.3 Hz).
Melting point: 64-66 °C

Optical rotation ¢ = 1.10, ethanol, 22.5 °C, -27.9.

Preparation of 5b purified:
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A 12 L, jacketed, bottom outlet flask was charged with 4b
(500 g, 2.58 mol), THF (2.5 L) and CuCl (2.0 g, 0.78 mol%)
and the stirred mixture was heated to 46 °C. A pressure
equalizing addition funnel was charged with PhMgCl
(commercial 2M in THF, 1.6 L) and the solution was added
slowly while maintaining an internal temperature between
48-51 °C. After the addition was complete, the reaction
mixture was stirred at 48-51 °C for an additional 30 minutes
and then cooled to ambient temperature. The reaction was
quenched by slow addition to a cooled mixture of saturated
aqueous ammonium chloride solution and water (50/50 v/v,
3.0 L) while maintaining an internal temperature below 20
°C. The flask was rinsed with heptanes (2.0 L) and the rinse
was transferred to the quenched reaction mixture. The
biphasic mixture was stirred for 15 min, allowed to
separate for 20 min and then the aqueous phase was removed.
The organic phase washed with deionized water (500 mL) and
the organic phase concentrated under vacuum to a volume of
about 1.0 L. Heptanes (1000 mL) was added and the solution
volume was adjusted by reduced pressure distillation to a
total volume of about 1.5 L. The stirrer was slowed and the
crystallization was allowed to proceed for about 24 hours.
The slurry was cooled to 5 °C for about 1.5 hours. The
resulting crystalline solid was collected by vacuum

filtration and washed with cold heptanes (2 x 200 mL).
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190.
191.
192.

194.

195.

196.
197.

After drying under vacuum at 35 °C for 48 hours the 5b
purified was obtained as a white crystalline solid (565.0
g, 80.5% yield; 99.66% GC purity with 0.04% 6b present). mp
64-65°C. Optical rotation ¢ = 1.10, ethanol, 22.5 °C, -

27.5°.'"H NMR (300 MHz, CDCl;) & 7.36 — 7.08 (m, 5H), 4.14 —

3.85 (m, 3H), 3.85 — 3.66 (m, 1H), 3.58 — 3.32 (m, 1lH),
2.81 — 2.61 (m, 2H), 2.38 (t, J = 9.8 Hz, 1H), 1.38 — 1.18
(m, 6H), 1.15 (d, J = 6.4 Hz, 3H).

Recrystallization of 5b Purified:
193.
To a 2L, 3-neck round bottomed flask, equipped with a

mechanical stirrer, water-cooled reflux condenser and
thermocouple was added 250.0 g of 5b. Heptanes (500 ml)
were added, stirring was initiated and the thermocouple was
set at 45°C. Upon reaching 45°C, the suspension was
noticeably thinner and the color had become somewhat pale
yvellow. The thermocouple was reset to 60 °C. At about
50°C, the suspension quickly gave way to a clear, pale,
yvellow-brown solution. This solution was heated at about
60 °C for about 90 minutes whereupon the heat was removed
and the reaction allowed to cool to ambient temperature.
The 5b began crystallizing at 48 — 50 °C and the batch
temperature held at about this temperature during the
crystallization. The crystalized batch was stirred at room
temperature overnight and cooled in an ice/water bath to
about 5 °C. The solid 5b was collected by vacuum
filtration, air dried, then dried overnight under full
vacuum at 35 °C to afford a 94 % recovery of 5b Purified
(235 g).

Preparation of levoamphetamine (7):
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BENNR.
(RO, §§§

198. S puvified .
199.
200. A 2 L jacketed bottom outlet valve flask was charged with

201.

202.

203.

5b purified (300g, 1.10 mol) and 3 M HC1l (725 mL) and the
reaction mixture was heated to 80 °C for 1.5 h, then cooled
to room temperature. The orange solution was extracted with
toluene (500 mL) and the organic extract was discarded.
Sodium hydroxide solution (50%, 250 mL) was slowly added to
the remaining aqueous layer, bringing the pH up to at least
13. During the pH adjustment keep the internal batch
temperature below 25 °C. Methyl tert-butyl ether (350 mL)
was added and the reaction mixture was agitated for 20 min
then allowed to separate for 30 min. The aqueous layer was
removed and the organic layer washed with water (250 mL)
and concentrated under vacuum to afford a light brown oil.
The residue was distilled (Distillation conditions: short
path still; head T= 65-90°C (after removal of lower boiling
solvent and water), vacuum = 4-5 mmHg) to give 7, as a
clear colorless oil (125.1 g, 84.1% yield, > 99.8% pure by
GC). Chiral HPLC analysis (chiral method 1): 99.78%

levoamphetamine; 0.22 % dextroamphetamine; 99.67% ee.

'H NMR (300 MHz, CDCl;) & 7.36 — 7.26 (m, 2H), 7.23 — 7.13

(m, 3H), 3.26 — 3.03 (m, 1H), 2.72 (dd, J = 13.2, 5.4 Hz,
1H), 2.53 (dd, J = 13.2, 8.0 Hz, 1H), 1.20 (br s, 2H), 1.13
(d, J = 6.3 Hz, 3H).

3¢ (75.5 MHz, CDCl;) ®140.2, 129.6, 129.4, 128.9, 128.8,

126.5, 48.9, 47.2, 24.0.
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204. Chiral HPLC analysis retention times: levoamphetamine 14.3
min, dextroamphetamine 16.1 min

205. Optical rotation ¢ = 2.0, methanol, 22 °C, -29.2°.
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206.
207.
208.

209.
210.

Preparation of levoamphetamine sulfate (8):

HSG,
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To a chilled mixture of water (70 mL) and isopropanol (145
mL) in a 1L Erlenmeyer flask was slowly added concentrated
sulfuric acid (40.4 g; 22 mL; 0.41 mol). To a 5L, 3-necked
round bottomed flask equipped with a temperature probe,
inert gas purge, pressure equalized addition funnel was
charged 7 (110.0 g; 0.814 mol), water (40 mL) and
isopropanol (700 mL) and the stirrer was started. The
isopropanol — aqueous sulfuric acid mixture was added at a
rate to keep the batch temperature below 45°C. The acid
solution was rinsed in with additional isopropanol (175
mL). During the addition, the solid product started to
crystalize. After the addition was complete, the batch
temperature was increased to reflux (81°C). Additional
water (265 mL) was added in portions (260 mL) to achieve a
complete solution. The heat was removed and the batch was
allowed to cool. The 8 began to crystallize at 65°C and the
stirred batch was cooled to 25°C overnight. The following
morning, the batch was cooled to 5°C and stirred for 2
hours. The solids were collected by vacuum filtration and
the flask and filter cake was rinsed with cold isopropanol
(100 mL). The solids were vacuum dried at 35 - 40°C for 48
hours to afford 8 (124.0 g; 93.2% yield) as a white

crystalline solid.
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211. Preparation of 5a purified:
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214. A 100 mL 3-neck flask was charged with 4a (4.0 g, 24.2

mmol), THF (25 mL) and CuCl (28 mg, 1 mol%) and the stirrer
was started. The mixture was heated to 48 °C. A pressure
equalizing addition funnel was charged with PhMgCl (2M in
THF, 13 mL) and the solution was added slowly while
maintaining an internal temperature between 48-51 °C. The
reaction was stirred at 48-51 °C for an additional 30
minutes and then cooled to ambient temperature. The
reaction was quenched by slow addition to a cooled (15 °C)
solution of saturated aqueous ammonium chloride in water

(50/50 v/v, 40 mL) while maintaining the temperature below
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215.
216.
217.

219.
220.

20 °C. Heptanes (40 mL) was used to rinse the reactor and
the rinse solution was transferred to the quenched reaction
mixture. The mixture was agitated for 5 minutes, allowed
to separate for 20 minutes then the aqueous phase was
discarded. The organic phase washed with deionized water
(10 mL) and the organic phase concentrated under reduced
pressure to give an oil. The residue was dissolved in
heptanes (50 mL) and the solution was concentrated under
reduced pressure. The residue was crystallized from methyl
tert-butyl ether (1g/3mL), filtered and dried to give 5a
purified as white needles (3.29 g; 60.2% yield), with
99.89% GC purity (containing 0.05% 6a). mp 86-88 °C. Optical
rotation ¢ = 1.00, ethanol, 25.0 °C, -28.8°.'H NMR (300 MHz,

cpcl;) & 7.32 — 7.17 (m, 5H), 3.66 (d, J = 6.4 Hz, 3H),

3.50-3.83 (m, 1H), 2.71 (d, J = 6.6 Hz, 2H), 2.45 (m, 1H),
1.15 (d, J = 6.6 Hz, 3H).

Preparation of levoamphetamine (7):

$§&€§§§§§§§g

{ ) . RN N
B0 T HLC %
218. Sapurified 7

A 50-mL flask was charged with 5a purified (3.0 g, 12.3
mmol) and 3 M HCl1 (15.0 mL) and the stirred reaction
mixture was heated to 80 °C for 1 hour, then cooled to room
temperature. The reaction mixture was washed with isopropyl
acetate (2 x 20 mL) and the organic extracts were disposed.
The aqueous layer was treated with sodium hydroxide
solution (50%, 15.0 mL) keeping the internal temperature

below 25 °C. Methyl tert-butyl ether (15 mL) was added and
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the reaction mixture was agitated for 5 minutes then
allowed to separate. The organic layer washed with water
(10 mL) and concentrated under reduced pressure to give
levoamphetamine 7 as a colorless oil (1.57 g, 95% yield,

>99.5 % purity by GC and chiral HPLC).

221.
222. Preparation of 5c Purified:
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224.
225. A 100-mL jacketed flask equipped with an overhead stirrer

was charged with 4a (5.0 g, 22.6 mmol), THF (25 mL) and
CuCl (23 mg, 1 mol%). The stirrer was started, and the
mixture was heated to 48 °C. A pressure equalizing addition

funnel was charged with PhMgCl (2M in THF, 12.4 mL) and
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226.
227.

this solution was added while maintaining the internal
temperature of 48-51 °C. The reaction was allowed to stir at
48-51 °C for 30 minutes after Grignard addition and then
cooled to 20 °C. The reaction was quenched by slow addition
to a pre-cooled (15 °C) solution of saturated aqueous
ammonium chloride solution in water (50/50 v/v, 40 mL)
while maintaining an internal temperature below 20 °C.
Heptanes (40 mL) was used to rinse the reactor and the
rinse solution was added to the quench mixture. The mixture
was agitated for 5 minutes, allowed to separate for 20
minutes and then the aqueous phase was removed. The organic
phase washed with deionized water (10 mL) and the organic
phase concentrated under reduced pressure. The residue was
dissolved in heptanes (50 mL) and the solution was
concentrated to dryness under reduced pressure. The
residue was purified by chromatography. The appropriate
fractions were concentrated to dryness under reduced
pressure to give the desired product as a slow
crystallizing solid (4.4 g, 65%, 92% GC purity). The GC
analysis indicated the presence of 8% biphenyl as well as
0.09% of 6c. A 1 g sample was removed and crystallized
from 1 volume cold heptanes at -15 °C. The resulting
crystals of 5c purified (0.421 mg, 42% recovery) were found
to be 99.75% pure by GC analysis with 0.04% of 6c. The
crystalline 5c¢ purified melted when the sample reached room

temperature. Optical rotation ¢ = 1.10, ethanol, 22.5 °C, -
27.400 lH NMR (300 MHZ, CDC13) 6 7.32 - 7.17 (m, 5H), 4.59 -

4.41 (m, 2H), 3.53 — 3.41 (m, 1H), 2.86 — 2.80 (m, 1lH),
2.69 — 2.61 (m, 1H), 2.36 (t, J = 9.6 Hz, 1H), 1.32 — 1.26
(m, 12H), 1.08 (d, J = 10.1 Hz, 3H).

Preparation of levoamphetamine (7):
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231. A 50-mL flask was charged with 5c¢ purified (3.0 g, 10 mmol)

232.

and 3 M HC1l (15 mL) and the stirred reaction mixture was
heated to 80 °C for 12 hours, then cooled to room
temperature. The aqueous solution was washed with isopropyl
acetate (2 x 20 mL) and the organic extract was discarded.
The aqueous layer was treated with sodium hydroxide
solution (50%, 10.0 mL) keeping the internal temperature
below 25 °C. Methyl tert-butyl ether (40 mL) was added and
the reaction mixture was agitated for 5 minutes then
allowed to separate for 15 minutes. The aqueous layer was
extracted with methyl tert-butyl ether (40 mL) and the
combined organic layers were washed with water (10 mL) and
concentrated under reduced pressure to give 7 as a
colorless oil (1.1 g, 82% yield, >98 % purity by GC and
chiral HPLC).
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234. Preparation of 5d purified
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235.
236.

237. A 500-mL jacketed flask was charged with 44 (10.0 g, 34.6
mmol), THF (100 mL) and CuCl (42 mg, 1 mol%) and the
stirred mixture was heated to 48 °C. A pressure equalizing
addition funnel was charged with PhMgCl (2M in THF, 18 mL)
and the solution was added slowly while maintaining a
reaction temperature of 48-51 °C. The reaction was allowed
to stir at 48-51 °C for an additional 30 minutes and then
cooled to ambient temperature. The reaction was quenched by
slow addition to a cooled (15 °C) solution of saturated
aqueous ammonium chloride/water mixture (50/50 v/v, 75 mL)
while maintaining the batch temperature below 20 °C.

Heptanes (100 mL) was used to rinse the reactor and was
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238.
239.
240.

242.

transferred to the quench mixture. The mixture was agitated
for 5 minutes and the aqueous layer was removed. The
organic layer washed with deionized water (25 mL) and the
organic phase concentrated under reduced pressure to give
an oil. This residue was dissolved in heptanes (100 mL)
and the solution was concentrated under reduced pressure to
afford a gummy solid. The gummy solid was crystallized
from ethanol (1 g/5 mL) to give 5d purified as a white
solid (7.5 g, 60% yield, 99.65% GC AUC purity). mp 102-103
°C (lit 101-102 °C). Optical rotation ¢ = 1.00, methanol,

25.0 °C, -18.4°.'H NMR (300 MHz, CDCl;) & 7.38 — 7.11 (m,

154), 3.83 — 3.65 (m, 1H), 3.00—2.89 (m, 1H), 2.86—2.78 (m,
1H), 2.73—2.62 (m, 1H), 1.15 (d, J = 10.1 Hz, 3H).

Preparation of levoamphetamine (7):

(PR ‘\
241. i purified ?

A 50-mL flask was charged with 5d purified (7.24 g, 19.71
mmol) and 3 M HCl1l (15.0 mL) and the stirred reaction
mixture was heated to 80 °C for 32 hours, at which point it
was cooled to room temperature. The organic layer was
washed with isopropyl acetate (2 x 20 mL) and the organic
extracts were discarded. The aqueous layer was treated
with sodium hydroxide solution (50%, 3.0 mL to a pH of 14)
keeping the internal temperature below 25 °C. Methyl tert-
butyl ether (40 mL) was added and the reaction mixture was
agitated for 5 minutes and then separated. A second
portion of methyl tert-butyl ether (40 mL) was added and

the reaction mixture was agitated for 5 minutes. The
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combined organic extracts were washed with water (10 mL)
and concentrated under reduced pressure to give 7 as a
colorless oil (2.05 g, 76.9% yield, > 99% purity by GC and
chiral HPLC).

243. EXAMPLES OF ALTERNATE SULFONATES
244. Preparation of R- diethyl (2-methylaziridin-1-
yl)phosphonate (4b):

245.
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248. A 5 L 3-neck flask fitted with an overhead mechanical
stirrer and 1 L pressure equalizing addition funnel was
charged with d-alaninol (1; 100.0 g, 1.32 mol),
triethylamine (148 g, 1.46 mol, 1.09 equiv) and
dichloromethane (2.25 L). The stirred solution was cooled
to 0 °C in an acetone/crushed ice/salt bath and
diethoxyphosphoryl chloride (229.7 g, 1.32 mol, 1.0 equiv)
was added over one hour while maintaining an internal

temperature <+5 °C. The reaction mixture was stirred an
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additional 1 hour at which point additional triethylamine
(148 g, 1.46 mol, 1.10 equiv) was added to the reaction
mixture and methanesulfonyl chloride (152.5 g, 1.32 mol,
1.0 equiv) was added drop-wise over one hours while
maintaining an internal temperature <+10 °C. The resulting
reaction mixture was stirred for 4 hours. An aqueous
potassium hydroxide solution (373 g, 6.67 mol, 5 equiv
dissolved in 1 L of deionized water) was slowly added to
the stirred reaction mixture while maintaining an internal
temperature < +16°C. The reaction was stirred for 12 hours,
after which time the aqueous layer was separated. Sodium
chloride (80 g) was added to the agqueous phase and the
resulting aqueous phase was extracted with additional
dichloromethane (800 mL). The combined organic layers were
concentrated under reduced pressure. The resulting R-
diethyl (2-methylaziridin-1-yl)phosphonate, 4b, was
obtained as a light-yellow liquid (205 g, 80.0% yield,
98.70 % GC AUC purity). A colorless sample was prepared by
short path distillation at 66—67 °C, 0.9 mm Hg. Optical
rotation (¢ = 1.148 in EtOH) @ 24.3 °C -28.74°. 'H NMR (300

MHz, CDCl;) & 4.15 (dgq, J = 8.0, 7.1 Hz, 4H), 2.64 — 2.45

(m, 1H), 2.33 (ddd, § = 17.9, 5.9, 1.3 Hz, 1H), 1.91 — 1.81
(m, 1H), 1.34 (dt, 0 = 7.1, 0.9 Hz, 6H), 1.28 (dd, J = 5.4,
1.4 Hz, 3H).
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250.

251.

252.
253.

Alternate Preparation of R- diethyl (2-methylaziridin-1-
yl)phosphonate (4b):
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A suitably sized, 3-neck flask equipped with an overhead
mechanical stirrer and pressure equalizing addition funnel
is charged with d-alaninol (12.5 g, 166.4 mmol),
triethylamine (29 mL, 208 mmol, 1.25 equiv) and
dichloromethane (125 mL). The reaction solution is cooled
to 0 °C and then treated with diethoxyphosphoryl chloride
(28.7 g, 24 mL, 183 mmol, 1.10 equiv) over 40 minutes while
maintaining an internal temperature <+8 °C. The reaction
mixture is stirred in an ice bath cooling for 1 hour at
which point the reaction should be complete by TLC analysis
(silica gel, 93:6:1 DCM/MeOH/NH,OH and 6/3/1
CHCl;/MeOH/NH,0H; KMnO, stain). Additional triethylamine
(25.5 mL, 182.5 mmol, 1.10 equiv) is added to the reaction
mixture and benzenesulfonyl chloride (33.7 g, 24.4 mL, 191

mol, 1.15 equiv) is added drop-wise over 45 minutes while
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254.

maintaining an internal temperature <+10 °C. The resulting
reaction mixture is stirred with ice bath cooling for at
least 3.0 hours, until the TLC analysis indicates the
reaction was complete. Potassium hydroxide solution (3 M,
220 mL, 650 mmol, 4.0 equiv) is slowly added to the stirred
reaction mixture while maintaining an internal temperature
< 420 °C. The reaction is stirred overnight at room
temperature, after which time the aqueous layer is
separated and discarded. The dichloromethane layer is dried
over anhydrous magnesium sulfate, clarified and
concentrated under reduced pressure. The residue is
dissolved in heptanes (15 mL) and concentrated under
reduced pressure to remove the residual methylene chloride.
The resulting 4b should be obtained as a light-yellow
liquid. A colorless sample can be prepared by short path

distillation at about 80—85 °C @ 15 mm Hg vacuum.
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256. Alternate Preparation

yl)phosphonate (4b):
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260. A suitably sized, 3-neck flask equipped with an overhead

mechanical stirrer and pressure equalizing addition funnel
is charged with d-alaninol (12.5 g, 166.4 mmol),
triethylamine (29 mL, 208 mmol,

(125 mL).

1.25 equiv) and
dichloromethane The reaction solution is cooled
to 0 °C and then treated with diethoxyphosphoryl chloride
(28.7 g, 24 mL, 183 mmol, 1.10 equiv) over 40 minutes while
maintaining an internal temperature <+8 °C. The reaction
mixture is stirred in an ice bath cooling for 1 hour at
which point the reaction should be complete by TLC analysis
93:6:1 DCM/MeOH/NH,OH and 6/3/1
CHCl;/MeOH/NH,0H; KMnO, stain). Additional triethylamine

(25.5 mL, 182.5 mmol,

(silica gel,

1.10 equiv) is added to the reaction

mixture and a solution of p-toluenesulfonyl chloride (TsCl;
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261.
262.

263.

264.
265.

36.3 g, 191 mol, 1.15 equiv) in dichloromethane (50 mL) is
added drop-wise over 45 minutes, while maintaining an
internal temperature <+15 °C. The resulting reaction
mixture is stirred with ice bath cooling for at least 3.0
hour, until the TLC analysis indicates the reaction was
complete. Potassium hydroxide solution (3 M, 220 mL, 650
mmol, 4.0 equiv) is slowly added to the stirred reaction
mixture while maintaining an internal temperature < +20 °C.
The reaction is stirred overnight at room temperature,
after which time the aqueous layer is separated and
discarded. The dichloromethane layer is dried over
anhydrous magnesium sulfate, clarified and concentrated
under reduced pressure. The residue is dissolved in
heptanes (15 mL) and concentrated under reduced pressure to
remove the residual methylene chloride. The resulting 4b
should be obtained as a light-yellow liquid. A colorless
sample can be prepared by short path distillation at about

80—85 °C @ 15 mm Hg vacuum.

Amphetamine Assay — Capsules Standard
USP Reference standards (11) — USP Dextroamphetamine

Sulfate RS

Identification—

A: Mix an amount of the Capsule contents, equivalent to
about 50 mg of dextroamphetamine (sulfate) made according
to the process for preparing amphetamines described herein
that comprises 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, with about 10 mL of water for 30 minutes, and
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filter into a small flask. Cool the filtrate to about 15°,
add 3 mL of 1 N sodium hydroxide, then add 1 mL of a
mixture of 1 volume of benzoyl chloride and 2 volumes of
anhydrous ethyl ether, and shake for 2 minutes. Filter the
precipitate, wash with about 15 mL of cold water, and
recrystallize twice from diluted alcohol: the benzoyl
derivative of dextroamphetamine so obtained, after being
dried at 105° for 1 hour, melts between 154° and 160°.

266. B: The retention time of the major peak in the chromato-
gram of the Assay preparation is the same as that of the

Standard preparation obtained in the Assay.
Dissolution, Procedure for a Pooled Sample <(711) —

267. Medium: water; 500 mL.
Apparatus 1: 100 rpm.
Time: 45 minutes.
Procedure—Determine the amount of (C9H1I3N)2 -« H2S04

268. dissolved, employing the procedure set forth in the Assay,
making any necessary modifications.

269. Tolerances—Not less than 75% (Q) of the labeled amount of
(C9H1I3N)2 -« H2S04 is dissolved in 45 minutes.

270. Usp 37

271.

272. Uniformity of dosage units <(905) : meet the requirements.

273. Assay—

274. Mobile phase—

275. Dissolve 1.1 g of sodium l-heptanesulfonate in 525 mL of
water. Add 25 mL of dilute glacial acetic acid (14 in 100)
and 450 mL of methanol. Adjust dropwise, if necessary, with
glacial acetic acid to a pH of 3.3 * 0.1. Filter through a

0.5-pm membrane filter. The volume of methanol may be

56



13 06 23

276.
277.

278.
279.

280.
281.

282.
283.

adjusted so that the retention time for dextroamphetamine
is about 5 minutes.

Standard preparation—

Dissolve an accurately weighed quantity of USP
Dextroamphetamine Sulfate RS, made according to the process
for preparing amphetamines described herein that comprises
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, in 0.12 N phosphoric acid to obtain a solution having
a known concentration of about 0.3 mg per mL.

Assay preparation—

Remove, as completely as possible, the contents of not
fewer than 20 Capsules, and weigh. Transfer an accurately
weighed portion of the mixed powder, equivalent to about 15
mg of dextroamphetamine sulfate as made herein, to a 50-mL
volumetric flask. Add 40 mL of 0.12 N phosphoric acid, and
sonicate for 15 minutes. Dilute with 0.12 N phosphoric acid
to volume, and mix. Filter through a 0.5-pm membrane filter,
discarding the first 20 mL of the filtrate.

Chromatographic system

The liquid chromatograph is equipped with a 254-nm detector
and a 3.9-mm x 30-cm column that contains packing Ll. The
flow rate is about 2 mL per minute. Chromatograph three
replicate injections of the Standard preparation, and
record the peak responses as directed for Procedure: the
relative standard deviation is not more than 2.0%.
Procedure—

Separately inject equal volumes (about 50 pL) of the

Standard preparation and the Assay preparation into the
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284.
285.

286.
287.

288.

289.
290.

chromatograph by means of a suitable automatic injector or
sampling valve, record the chromatograms, and measure the

responses for the major peaks. Calculate the quantity, in

mg, of (CY9H1I3N)2 - H2SO4 in the portion of Capsules taken

by the formula:

50C(rU / rS)

in which C is the concentration, in mg per mL, of USP Dex-
troamphetamine Sulfate RS in the Standard preparation; and
rU and rS are the peak responses obtained from the Assay

preparation and the Standard preparation, respectively.

Amphetamine Assay — Tablets
USP Reference standards Tablets {11) — USP

Dextroamphetamine Sulfate RS

Identification—

A: Transfer a portion of finely ground Tablets, equivalent
to about 50 mg of dextroamphetamine (sulfate) made
according to the process for preparing amphetamines
described herein that comprises 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, to a suitable
centrifuge tube. Add 25 mL of water, shake vigorously, and
centrifuge until clear. Decant the clear solution into a
250-mL, separator, add 5 mL of 2.5 N sodium hydroxide, mix,
and extract with 60 mL of ether. Wash the ether ex- tract
with two 5-mL portions of 0.25 N sodium hydroxide, and
discard the washings. Filter the ether extract through a
pledget of cotton, previously saturated with ether, into a

100-mL beaker, and evaporate on a steam bath in a current
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291.

292.
293.

294.

295.
296.

297.
298.

of air to about 1 mL. Dissolve the residue in 3 mL of
alcohol, and transfer to a glass-stoppered, 125-mL conical
flask containing 25 mL of water. Rinse the beaker with 3 mL
of alcohol, and transfer to the flask. Cool to about 15°,
add 3 mL of 1 N sodium hydroxide, then add 1 mL of a
mixture of 1 volume of benzoyl chloride and 2 volumes of
anhydrous ethyl ether, and shake for 2 minutes. Filter the
precipitate, wash with about 15 mL of cold water, and
recrystallize twice from diluted alcohol: the benzoyl
derivative of dextro- amphetamine so obtained, after being
dried at 105° for 1 hour, melts between 154° and 160°.

B: The retention time of the major peak in the chromato-
gram of the Assay preparation corresponds to that in the
chromatogram of the Standard preparation, as obtained in
the Assay.

Dissolution, Procedure for a Pooled Sample —

Medium: water; 500 mL.

Apparatus 1: 100 rpm.

Time: 45 minutes.

Determine the amount of (C9H13N)2 -« H2S04 dissolved by
employing the following method.

Mobile phase—

Dissolve 1.1 g of sodium l-heptanesulfonate in 575 mL of
water. Add 25 mL of dilute glacial acetic acid (14 in 100)
and 400 mL of methanol. Adjust by the dropwise addition of
glacial acetic acid to a pH of 3.3 = 0.1, if necessary,
filter, and degas the solution. Make adjust- ments if
necessary .

Chromatographic system

The liquid chromatograph is equipped with a 210-nm de-
tector and a 3.9-mm x 30-cm column that contains packing

Ll. The flow rate is about 1.5 mL per minute. The column
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299.
300.

301.
302.

303.
304.

305.

temperature is maintained at 40°. Chromatograph replicate
injections of the Standard solution, and record the peak
responses as directed for Procedure: the relative standard
deviation is not more than 2.0%.

Procedure—

Inject a volume (about 100 pL) of a filtered portion of the
solution under test into the chromatograph, record the
chromatogram, and measure the response for the major peak.
Calculate the quantity of (C9H13N)2 -+ H2S04 dissolved in
comparison with a Standard solution having a known
concentration of USP Dextroamphetamine Sulfate RS in the
same Medium and similarly chromatographed.

Tolerances—

Not less than 75% (Q) of the labeled amount of (C9HI3N)2
H2S04 is dissolved in 45 minutes.

Isomeric purity—

Pack a pledget of fine glass wool in the base of a 200- x
25-mm chromatographic tube, with the aid of a tamping rod.
Add 5 g of chromatographic siliceous earth, and tamp firmly
to compress the material to a uni- form mass.

Finely powder a number of Tablets, equivalent to about 300
mg of dextroamphetamine (sulfate) made according to the
process for preparing amphetamines described herein that
comprises 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, mix the powder in a mortar with 5 g of
chromatographic siliceous earth, add 1 mL of methanol and
0.5 mL of ammonium hydroxide, and triturate to a uniform

mixture. Transfer the mixture without delay to the
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306.
307.
308.

chromatographic tube, and tamp as before. Wipe the mortar
and pestle with a small amount of glass wool, and insert it
into the tube on top of the column. Arrange a 125-mL
separator containing 35 mL of 0.1 N sulfuric acid to
receive the effluent. Pass 60 mL of chloroform through the
column. Shake the separator vigorously for 1 minute, allow
the layers to separate, and discard the chloroform. Add to
the aqueous phase in the separator 2.5 g of sodium
bicarbonate, preventing it from coming in contact with the
mouth of the separator, swirl until most of the bicarbonate
has dissolved. By means of a 1-mL syringe, rap- idly inject
1.0 mL of acetic anhydride directly into the con- tents of
the separator. Immediately insert the stopper in the
separator, and shake vigorously until the evolution of
carbon dioxide has ceased, releasing the pressure as
necessary through the stopcock. Allow to stand for 5
minutes, and extract the solution with 50 mL of chloroform,
shaking vigorously for 1 minute. Filter the chloroform
extract through a pledget of filter cotton into a 100-mL
beaker, rinse the cotton with a small amount of chloroform,
and evaporate on a steam bath in a current of air or
nitrogen to dryness. Heat and triturate the residue until
the odor of chloroform is no longer perceptible. Allow the
residue to cool, inducing it to crystallize. Reduce the
crystals to a fine powder, heat at 80° for 30 minutes, and
cool: the specific rotation of the acety- lamphetamine so
obtained, determined in a solution in chloroform containing
20 mg per mL, a 200-mm semimicro polarimeter tube being

used, is between —-37.5° and —-44.0°.

Assay—

Mobile phase—
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309.

310.
311.

312.

313.

314.
315.

316.
317.

Dissolve 1.1 g of sodium l-heptanesulfonate in 525 mL of
water. Add 25 mL of dilute glacial acetic acid (14 in 100)
and 450 mL of methanol. Adjust dropwise, if necessary, with
glacial acetic acid to a pH of 3.3 * 0.1. Filter through a
0.5-pm membrane filter. Make adjustments if necessary.
Standard preparation—

Dissolve an accurately weighed quantity of USP
Dextroamphetamine Sulfate RS, as made according to the
cuprate process herein, in 0.12 N phosphoric acid to obtain
a solution having a known concentration of about 0.3 mg per
mL.

Assay preparation—

Weigh and finely powder not fewer than 20 Tablets. Transfer
an accurately weighed portion of the mixed powder,
equivalent to about 15 mg of dextroam- phetamine sulfate,
as made according to the cuprate process herein, to a 50-mL
volumetric flask. Add 40 mL of 0.12 N phosphoric acid, and
sonicate for 15 minutes. Di- lute with 0.12 N phosphoric
acid to volume, and mix. Filter through a 0.5-pm membrane
filter, discarding the first

20 mL of the filtrate.

Chromatographic system

The liquid chromatograph is equipped with a 254-nm detector
and a 3.9-mm x 30-cm column that contains packing L1l. The
flow rate is about 2 mL per minute. Chromatograph replicate
injections of the Standard preparation, and record the peak
responses as directed for Procedure: the tailing factor is
not more than 3, and the relative standard deviation is not
more than 2.0%.

Procedure—

Separately inject equal volumes (about 50 pL) of the

Standard preparation and the Assay preparation into the
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318.
319.
320.

321.
322.
323.

324.

325.

326.
327.
328.
329.
330.
331.
332.

333.

chromatograph, record the chromatograms, and meas- ure the
responses for the major peaks. Calculate the quantity, in
mg, of (CY9H1I3N)2 - H2SO4 in the portion of Tablets

taken by the formula:

50C(rU / rS)

in which C is the concentration, in mg per mL, of USP Dex-
troamphetamine Sulfate RS in the Standard preparation; and
rU and rS are the peak responses obtained from the Assay

preparation and the Standard preparation, respectively.

Additional Comparison Step Option

Confirm 98%+ purity of the dextroamphetamine sulfate, as
made according to the cuprate process herein.

Then, compare to amphetamine made by the Leuckart or
nitrostyrene process.

Compare the cuprate-made amphetamine to the Leuckart or
nitrostyrene-made amphetamine standard, which has one or
more impurities:

cathinone 0.25 NMT limit w/w$%,

benzaldehyde 0.25 NMT limit w/w%,

dextroamphetamine related cmpd A 0.25 NMT limit w/w% ,
dextroamphetamine related cmpd B 0.25 NMT limit w/w% , or

unspecified impurity (formaldehyde) 0.1 NMT limit w/w%.

Perform a secondary confirmation of the cuprate-made
amphetamine by performing an HPLC assay to identify
impurity 6b.

The presence or absence of the [cathinone, benzaldehyde,
related cmpd A or B, or unspecified/formaldehyde impurity],
compared to the presence or absence of cuprate-process
impurity 6b, identifies the process by which the

amphetamine was made.
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334.
335.
336.
337.

338.

339.

340.

341.
342.

Additional Assay of Patient Sample

Obtain a sample, e.g. plasma, of a patient.

Perform a suitable assay for amphetamine.

Identify whether the sample contains an impurity of
Compound 6b from the cuprate process or has one or more
impurities from the Leuckart and/or nitrostyrene processes
comprising [cathinone, benzaldehyde, related compound A or
B, or unspecified/formaldehyde impurity].

Compare the sample results to a reference standard for the
impurity of Compound 6b in the Cuprate Process and from the
from the Leuckart and/or nitrostyrene processes comprising
[cathinone, benzaldehyde, related compound A or B, or
unspecified/formaldehyde impurity].

Identify whether the amphetamine from the sample was
prepared using the cuprate process.

In another embodiment, the invention also includes a method
for detection of amphetamine product in a sample,
comprising the steps:

(1) performing an amphetamine assay on a plasma sample;
(ii) identifying whether the plasma sample contains an
impurity from a cuprate process or has one or more
impurities from a different amphetamine reaction process,
said impurities comprising cathinone impurity 0.25 NMT
limit w/w%, benzaldehyde impurity 0.25 NMT limit w/w$%,
related compound A or B impurity 0.25 NMT limit w/w%,
respectively, or unspecified/formaldehyde impurity 0.1 NMT
limit w/w%, 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
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CLAIMS

1. A process for assaying a sample, comprising:
(i) obtaining a plasma sample of a patient;
(i) performing a suitable assay for amphetamine and impurities;

(iii) identifying whether the plasma sample contains an impurity 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 or 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 in 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.

2. A method for detection of amphetamine product in a sample, comprising the steps:
(i) performing an amphetamine assay on a plasma sample;

(ii) identifying whether the plasma sample contains an impurity from a cuprate process
or has one or more impurities from a different amphetamine reaction process, said
impurities comprising cathinone impurity 0.25 NMT limit w/w%, benzaldehyde impurity
0.25 NMT limit w/w%, related compound A or B impurity 0.25 NMT limit w/w%,
respectively, or unspecified/formaldehyde impurity 0.1 NMT limit w/w%, wherein the
cuprate process comprises preparing dextroamphetamine or 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
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a first solvent crystallization in THF and heptanes, and a second solvent

recrystallization in heptanes, made into a sulfate salt;

(iii) comparing the impurity in plasma sample results to a reference standard for the
impurity in the cuprate process and from the different amphetamine process
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.
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