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Novel intermediates for the preparation of highly pure aprepitant or fosaprepitant

The invention provides a salt, preferably in crystalline form, of (2R,3S)-2-[(R)-1-(3,5-Bis-
trifluoromethylphenyl)ethoxy]-3-(4-fluorophenyl)morpholine (BFM2) with a O,0’-substituted
chiral tartaric acid derivative. Furthermore, a composition comprising said salt is provided. In
another aspect, a process for the preparation of said salt or said composition is provided. In a
further embodiment, a process for the preparation of aprepitant or fosaprepitant is provided.
One embodiment refers to the use of a salt or a composition according to the invention for the
preparation of aprepitant or fosaprepitant. A further embodiment refers to aprepitant or
fosaprepitant obtained or obtainable according to the process according to the invention. A
further embodiment refers to a composition comprising aprepitant or fosaprepitant obtained or

obtainable according to the process of the invention, preferably for use as a medicament.

Background prior art

Aprepitant (Formula X below) has been firstly disclosed in EP 0734381 B1 and is currently
being marketed as a treatment for chemotherapy-induced nausea and vomiting under the trade
name Emend®. In EP 0734381 B1 a synthetic route for this compound and a series of other
morpholine derivatives is described. However, the disclosed processes for these compounds

suffer from low product purity.

In EP 0748320 B1 the structure of fosaprepitant is disclosed. US 5,719,147 discloses
morpholine and thiomorpholine tachykinin receptor antagonists. In WO 99065900 A1 an
improved process for the introduction of the 1,2,4-triazolin-5-on-yl-methyl side chain by using 3-
chloromethyl-1,2,4-triazolin-5-one as alkylating agent is described. In WO 2003089429 A1 the
prior art process for the introduction of the side chain is improved by conducting step 2 of the

introduction of the side chain at a temperature ranging from 140°C to 150°C.

A stereoselective synthesis for the key intermediate of Formula |, in the following also referred
to as BFM2, is disclosed in W02001096319 A1:
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The process makes use of a chiral auxiliary attached to the nitrogen of the morpholine ring. A

major drawback of this route is that the chiral auxiliary is destroyed during removal thus making

the process expensive.

Another synthesis of key intermediate of Formula | is described in WO 2001096320 A1. This
route makes use of an intramolecular rearrangement to correctly set the hard to make acetal
center. The stereochemistry of the exocyclic methyl group is established by a prior art process,

giving an unfavorable mixture of isomers at this center.

US 5668280 A and US 6130331 A disclose approaches for the synthesis of key intermediate of
Formula | based on crystallization induced diastereomeric transformations. In both patents a

selective reduction of a lactone using an expensive metal hydride is required.

In WO2007044829 A2 a mixture of 4 of 8 possible stereoisomers is prepared in an unselective
manner. The desired isomer is isolated by several purification steps from this mixture of

isomers, resulting in a low overall yield.

In WO 2001094322 A1, WO 2001094323 A1, and WO 2001094324 A1 an efficient process for
the synthesis of the key intermediate of Formula | by making use of a crystallization induced
diastereomeric transformation is described. In this process the isolation of only three
intermediates en route to aprepitant is required, making this process interesting from an
economical point of view. Pye et al. (Chem. Eur. J. 2002, 8, No. 6, pages 1372-1376) describe
a crystallization-induced asymmetric transformation that can be used for preparing morpholine
derivatives. Zhao et al. (J. Org. Chem. 2002, 67, 6743-6747) describe an asymmetric synthesis
of aprepitant by using an enantiopure oxazinone, obtained by a crystallization-induced dynamic

resolution process, as starting material.
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Furthermore, WO 2009106486 (A1) discloses a process for preparation aprepitant of Formula 1.
However, the procedure disclosed in WO 2009106486 (A1) results in a number of
(diastereomeric) impurities as depicted in Figure 1. If the key intermediate of Formula | is then
converted into aprepitant, then corresponding diastereomeric impurities will also be present in

the final product.

Gangula et al. (Synthetic Communications®, 40: 2254-2268, 2010) disclose the crystallization of
diastereomer of the key intermediate of formula | with tartaric acid for removing contamination

with another diastereomer.
Although some efficient processes for the synthesis of aprepitant and fosaprepitant are
available, it is an object of the present invention to provide an enhanced process that

overcomes at least one of the problems of the prior art processes.

Summary of the invention

Surprisingly, it was found that a highly pure salt of BFM2 with Di-p-toluoyl-D-tartaric acid (D-
DTTA) which is substantially free from other stereocisomers can be prepared. It is contemplated
that it is also possible to prepare highly pure salts of BFM2 when using any other chiral tartaric

acid derivative that is O,0’-substituted as described below.

As a result, aprepitant or fosaprepitant which is prepared from the highly pure salt of BFM2 with
the tartaric acid derivative, which salt is an intermediate during the preparation of aprepitant or

fosaprepitant, is also free from other stereocisomers.

Thus, one embodiment provides a salt, preferably in crystalline form, of (2R,3S)-2-[(R)-1-(3,5~
Bis-trifluoromethylphenyl)ethoxy]-3-(4-fluorophenyl)morpholine (BFM2) with a O,O’-substituted
chiral tartaric acid derivative as described herein. Furthermore, a composition comprising said

salt is provided.

In another embodiment, a process for the preparation of said salt or said composition is
provided, comprising the steps of:
a) providing a composition comprising (2R,3S)-2-[(R)-1~(3,5-Bis-trifluoromethyl-
phenyl)ethoxy]-3-(4-fluoro-phenyl)morpholine (BFM2), and

—-3=
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b) bringing into contact the composition of step (a) and a O,0-substituted chiral
tartaric acid derivative, preferably the tartaric acid derivative is Di-p-toluoyl-D-tartaric
acid (D-DTTA).

In a further embodiment, a process for the preparation of aprepitant or fosaprepitant is provided
comprising the steps of:
a) providing a salt according to the invention or a composition according to the
invention, and
b) carrying out an alkylation reaction to give aprepitant or fosaprepitant directly or via
e.g. protected intermediates and optionally, conversion of aprepitant to

fosaprepitant by phosphorylation or a phosphorylation - deprotection sequence.

One embodiment refers to the use of a salt or a composition according to the invention for the
preparation of aprepitant or fosaprepitant. A further embodiment refers to aprepitant or
fosaprepitant obtained or obtainable according to the process according to the invention. A
further embodiment refers to a composition comprising aprepitant or fosaprepitant obtained or

obtainable according to the process of the invention, preferably for use as a medicament.

Short description of the Figures

Figure 1 shows (diastereomeric) impurities of Formula I-VIII that are formed when preparing
BFM2. Impurity of Formula Il is BFM1 intermediate which gets generated during preparation of
BFM2. Impurity of Formula Il is carried over from the first step of synthesis (see Figure 2
below) as mentioned in WO 2009106486. Impurity of Formula IV is formed from impurity of
Formula Il during the preparation of BFM2. Impurities of Formula V, VI, and VIl are
corresponding impurities of Formula Il, Il and IV formed if the chiral alcohol (R-Bis
trifluormethylphenyl ethanol) which is used in second step (see Figure 2 below) is contaminated
with the S-isomer. Impurity of Formula Vil is corresponding impurity of BFM2 if chiral alcohol
(R-Bis trifluormethylphenyl ethanol) which is used in second step is contaminated with the S-

isomer.

Figure 2 shows a reaction scheme for preparing aprepitant (Formula 1X) or fosaprepitant
(Formula XV) by using a novel key intermediate (BFM2-D-DTTA, Formula I) according to the

invention.
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Detailed description

The synthesis of aprepitant as described herein involves the key intermediate (2R,3S)-2-[(R)-1-
(8,5-Bis-trifluoromethylphenyl)ethoxy]-3-(4-fluorophenyl)morpholine (BFM2) (Formula I). This
intermediate is associated with other diastereomeric impurities such as (2R,3R)-2-[(R)-1-(3,5-
Bis-trifluoromethylphenyl)ethoxy]-3-(4-fluorophenyl)morpholine  (Formula 1l in Figure 1),
(2S,3R)-2-[(R)-1-(3,5-Bis-trifluoromethylphenyl)ethoxy]-3-(4-fluorophenyl)morpholine  (Formula
Hi in Figure 1) and (25,38)-2-[(R)-1-(3,5-Bis-trifluoromethylphenyl)ethoxy]-3-(4-

fluorophenyl)morpholine (Formula IV in Figure 1).

These impurities are difficult to remove by conventional crystallization methods and if BFM2
containing these impurities is converted into aprepitant or fosaprepitant, the API will contain
said impurities. When BFM2 is converted into its Di-p-toluoyl-D-tartaric acid salt, all these
impurities are depleted to below 0.1 % and BFM2 of very high purity is obtained. BFM2
obtained from BFM2 Di-p-toluoyl-D-tartaric acid salt allows preparing highly pure aprepitant or

fosaprepitant.

To confirm this result, the crystallization according to the invention was carried out with
relatively high amounts of all three impurities (Formula Il, Ill and IV). As can be derived from the
experimental data provided below, it was possible to prepare a highly pure D-DTTA salt of

BFM2 with isomeric impurities well below 0.1%.

In addition to the above impurities, impurities V, VI, VIl and VIl as shown in Figure 1 are also

possible in the route of synthesis. These impurities can also be removed by this method.

Thus, one embodiment of the invention refers to a salt, preferably in crystalline form, of
(2R,3S8)-2-[(R)-1-(3,5-Bis-trifluoromethylphenyl)ethoxy]-3-(4-fluorophenyl)morpholine  (BFM2)
with a O,0’-substituted chiral tartaric acid derivative. The salt may be present as a hydrate or in

amorphous form.

Additionally preferred, the salt is in crystalline form, further preferred the salt may have the
crystal structure that is obtained when crystallizing the salt from a mixture of water and 2-

propanol.



10

15

20

25

30

35

WO 2012/146692 PCT/EP2012/057716

The term “O,0’-substituted chiral tartaric acid derivative” as used herein refers to a
stereoisomer of a tartaric acid derivative. Preferably, the stereoisomer is a derivative of the D-
form of the tartaric acid. Additionally preferred, the substituents comprise a phenyl group which
is optionally substituted. Preferably, the tartaric acid derivative is selected from the group
consisting of di-O,0’-toluoyl tartaric acid, di-O,0’-benzoyl tartaric acid, di-O,0’-anisoyl tartaric
acid, O,0O'-dibenzoyl tartaric acid mono(dimethylamide), and Di-p-toluoyl-D-tartaric acid (D-
DTTA). Further preferred, the aforementioned tartaric acid derivatives are in the D-form.

Further preferred, the tartaric acid derivative is Di-p-toluoyl-D-tartaric acid (D-DTTA).

Additionally preferred, the salt described herein comprises (2R,3S)-2-[(R)-1-(3,5-Bis-
trifluoromethylphenyl)ethoxy]-3-(4-fluorophenyl)morpholine (BFM2) and the O,O’-substituted
chiral tartaric acid derivative in a molar ratio of between 1:1.3 and 1.3:1, preferably in a 1:1

ratio.

Additionally preferred, the salt of the invention has an enantiomeric purity of at least 99.0%
(which e.g. means that all diastereomeric impurities are at most 1.0%), further preferred of at
least 99.4%, further preferred of at least 99.6%, further preferred of at least 99.8%, further
preferred of at least 99.9%, preferably of more than 99.9%, as determined by chiral HPLC,
and/or a purity of at least 99.0%, further preferred of at least 99.4%, further preferred of at least
99.6%, further preferred of at least 99.8%, further preferred of at least 99.9%, preferably of
more than 99.9%, as determined by HPLC/chiral HPLC. The methods for determining
enantiomeric purity and purity are described below. In another embodiment, purity of the salt
may be determined by 'H-NMR (nuclear magnetic resonance) spectroscopy, wherein purity
may refer to the amount of all enantiomers of said salt without distinguishing between

stereoisomers.

Another embodiment refers to a composition comprising a salt of BFM2 as described herein.

In a preferred embodiment, the enantiomeric purity and/or purity of said salt in the composition
is at least 99.8%, further preferred at least 99.9%, even further preferred more than 99.9% as
determined by chiral HPLC. The methods for determining enantiomeric purity and purity are
described below. In one embodiment, the composition may thus comprise a salt of BFM2 as
described herein, having an enantiomeric purity as described above, and additionally comprises
other components, preferably components, such as pharmaceutical excipients or other
pharmaceutically active compounds, that do not represent by-products from the process of

preparing said salt, particularly preferred, the composition comprises by-products that result

—6-—
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from the process as described in Figures 1 and 2 in amounts of less than 0.2%, further
preferred less than 0.1% as measured by HPLC/chiral HPLC.

In one embodiment, the composition comprises a salt of BFM2 as described herein in an
amount of at least 99.0%, further preferred of at least 99.4%, further preferred of at least
99.6%, further preferred of at least 99.8%, further preferred of at least 99.9%, preferably of
more than 99.9%, as determined by chiral HPLC/HPLC.

The invention also refers to a process for the preparation of a BMF2 salt as described herein or
a composition comprising a BMF2 salt as described herein comprising the steps of:
a) providing a composition comprising (2R,3S)-2-[(R)-1-(3,5-Bis-trifluoromethyl-
phenyl)ethoxy]-3-(4-fluoro-phenyl)morpholine (BFM2), and
b)  bringing into contact the composition of step (a) and a O,0’-substituted tartaric acid
derivative as described herein, preferably the tartaric acid derivative is selected from
the group consisting of di-O,0O’-toluoyl tartaric acid, di-O,0’-benzoyl tartaric acid, di-
O,0’-anisoyl tartaric acid, O,0O'-dibenzoyl tartaric acid mono(dimethylamide), and Di-
p-toluoyl-D-tartaric acid (D-DTTA), further preferred the tartaric acid derivative is Di-
p-toluoyl-D-tartaric acid (D-DTTA).

Preferably, step (b) of the above process comprises contacting.

Additionally preferred, step (b) of the above process comprises crystalizing and isolating the

desired salt or composition from an organic solvent or organic solvent mixture.

Additionally preferred, step (b) in the above process, comprises:
b1) dissolving the composition of step (a) in an organic solvent or mixture of organic
solvents, preferably the organic solvent is or comprises a polar solvent such as an
alcohol, preferably 2-propanol, and/or
b2) adding the tartaric acid derivative as described herein to the solution of step (b1),
and/or
b3) adding water to the reaction mixture of step (b2) and obtaining said salt or

composition.

Suitable organic solvents are polar solvents, preferably alcohols, such as ethanol, n-butanol,

sec-butanol, tert-butanol, methanol, 2-propanol, or toluene, tetrahydrofuran, acetonitrile, DMF,

-7=
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DMSO, dioxane, DME, diglyme, nitromethane, methyl fert-butyl ether, CH,Cl,, or NMP or
mixtures thereof, with toluene and ethanol, 2-propanol, n-butanol, sec-butanol, or tert-butanol,

2-propanol being particularly preferred.

Additionally preferred, process step (b1) comprises increasing the temperature of the obtained
solution from preferably about room temperature (between 18°C and 24°C), preferably under
stirring, to a temperature of between 40°C and 70°C, preferably between 45°C and 65°C, most
preferably between 50°C and 55°C.

Additionally preferred, the reaction mixture obtained in step (b2) is kept at said increased
temperature for a period of time of between 10 and 60 minutes, preferably, between 15 and 30

minutes, most preferably about 20 minutes.

Additionally preferred, in process step (b3), water is preferably slowly added, preferably, the
water is added over a period of time of between 20 minutes and 2 hours. Water may e.g. be
added in an amount of 20% to 40% by volume based on the total volume of solvents that are

already present in the mixture.

Additionally preferred, process step (b3) includes cooling the reaction mixture obtained after
addition of water to a temperature of between 20°C and 35°C, further preferred to a
temperature of between 25°C and 30°C, further preferred, the cooled reaction temperature is
kept at said temperature under stirring for at least 1 hour, preferably between 2 and 10 hours,

further preferred between 4 and 8 hours.

Additionally preferred, process step (b3) comprises to further reduce the temperature in a
second cooling step to below 20°C, further preferred to a temperature of below 10°C;
Additionally preferred, the cooled reaction temperature is kept at said temperature for at least 1

hour, preferably between 2 and 10 hours, further preferred between 4 and 8 hours.

Additionally preferred, the salt in step (b3) is obtained by filtration, optionally followed by
washing the product, preferably with a mixture of 2-propanol and water, e.g. a 1:1 mixture of 2-

propanol and water.

Additionally preferred, the composition provided in step (a) comprises at least 85% by weight

based on the total weight of the composition, further preferred at least 90% by weight, and even

-8-—
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further preferred at least 95% by weight, further preferred at least 97% by weight of BFM2.
Additionally preferred to each of the aforementioned minimum amounts of BFM2, the
composition provided in step (a) comprises at most 99% by weight based on the total weight of

the composition, further preferred at most 98% by weight of BFM2.

In another embodiment, the composition provided in step (a) comprises (2R,3S)-2-[(R)-1-(3,5-
Bis-trifluoromethyi-phenyl)ethoxy}-3-(4-fluoro-phenyl)morpholine (BFM2) with a purity and/or
enantiomeric purity of at least 85%, further preferred of at least 90%, further preferred of at
least 95%, and even further preferred of at least 97% of as determined by chiral HPLC/HPL.C.
Additionally preferred to each of the aforementioned minimum purity levels of BFM2, said BFM2
has a maximum purity and/or enantiomeric purity of at most 99%, further preferred of at most
98%.

In another embodiment, the composition provided in step (a) comprises BFM2 having an
enantiomeric purity of at least 70%, further preferred of at least 80%, even further preferred of

at least 90%, preferably as determined by chiral HPLC.

Additionally preferred, the composition provided in step (a) is prepared from aprimin having the

Formula X:

Additionally preferred, the composition provided in step (a) is prepared from aprimin of Formula
X by reducing aprimin with H, or an H, equivalent in the presence of a catalyst and by removing

the catalyst by filtration, preferably, aprimin is reduced in the presence of methanol/H,/Pd/C.

Additionally preferred, the composition provided in step (a) is not isolated after the reduction

step but is directly used for step (b2).

Additionally preferred, the preparation of aprimin comprises the steps of:

—9-
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al) athree component coupling of N-benzyl amino ethanol, 4-fluorophenylboronic acid
and glyoxal in the presence of a chiral acid, preferably Di-p-toluoyl-L-tartaric acid (L-
DTTA), preferably by using toluene and 2-propanol as solvent system, and followed
by crystallization and isolation of an addition salt of the compound of Formula XIV
with the chiral acid, preferably as Di-p-toluoyl-L-tartaric acid salt (L-DTTA) according
to Formula XII:

- L-DTTA

a2) portioning the salt of the compound of Formula X1V and the chiral acid, preferably
the compound of Formula Xll, between an alkaline aqueous layer and a water-
immiscible organic phase; activation of the hemi-acetal functionality by transforming
the OH-group into an activated derivative; reaction of the resulting activated acetal

with an alcohol of Formula Xill

CF,

CF
OH

XIIL.

and removal of impurities by extraction to get a solution of a compound according to Formula
XI:

—-10 —
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a3) removal of the N-protecting group to give (2R,3R)-2-[(R)-1-(3,5-Bis-
trifluoromethylphenyl)ethoxy]-3-(4-fluorophenyl)morpholine (BFM1);

a4) oxidation of the amine of (2R,3R)-2-[(R)-1-(3,5-Bis-trifluoromethylphenyl)ethoxy]-3-
(4-fluorophenyl)morpholine (BFM1) to the corresponding cyclic imine aprimin and

isolation of aprimin.

Additionally preferred, the oxidation in step (a4) is carried out in the presence of an oxidizing
agent and a base, preferably in the presence of dimethylformamide (DMF), K,COs; N-
chlorosuccinimide (NCS) and 1,8-diazabicyclo[5.4.0Jundec-7-en (DBU);

The above process for preparing aprimin is described in detail in W02009/106486 A1. In step
a1), a three component coupling of an amino alcohol, of 4-fluorophenylboronic acid or a Ci¢
alkyl or cyclic ester thereof, and of glyoxal is carried out. The obtained morpholine derivative
can be crystalized as addition salt with a chiral acid as described in W0O2009/106486 A1, such
as Di-p-toluoyl-L-tartaric acid salt (L-DTTA). The product of Formula Xl can then be isolated.
Optionally, the undesired isomers in the mother liquor are racemized by treatment with acid or
base, optionally at higher temperature, and the racemic morpholine derivative is resubjected to
a crystallization with a chiral acid. Optionally, the racemization of the undesired isomers and the
crystallization of the desired isomer as a chiral acid addition salt is performed in a one pot

fashion;

Instead of N-benzyl amino ethanol and 4-fluorophenylboronic acid, other agents can be used as
described in WO2009/106486 A1.

The amino alcohol, glyoxal, and the phenylboronic acid are dissolved in an organic solvent in
the presence or absence of water or in a mixture of organic solvents with or without water. The
order of addition is not critical. The reagents can be added in any order. In all cases, compound

of Formula X1V in the form of its free base is formed.
Suitable organic solvents are e.g. alcohols, such as ethanol, n-butanol, sec-butanol, fert-

butanol, methanol, 2-propanol, or toluene, tetrahydrofuran, acetonitriie, DMF, DMSO, dioxane,

DME, diglyme, nitromethane, methyl tert-butyl ether, CH,Cl,, or NMP or mixtures thereof, with

-11 -
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toluene and ethanol, 2-propanol, n-butanol, sec-butanol, or tert-butanol, 2-butanol being

particularly preferred.
Further process details for preparing aprimin are described in W0O2009/106486 A1.

A further embodiment refers to a process for the preparation of aprepitant or fosaprepitant
comprising the steps of providing a BMF2 salt as described herein or a composition comprising
a BMF2 salf as described herein and converting BMF2 contained in said salt or composition into
aprepitant or fosaprepitant. Additionally preferred, the step of providing a BMF2 salt or
composition containing a BMF2 salt comprises crystallizing and isolating said BMF2 salt as

described herein from an organic solvent/organic solvent mixture.

Particularly preferred, the process additionally comprises the steps of:
a) providing a BMF2 salt as described herein or a composition comprising a BMF2 salt
as described herein, and

b) carrying out an alkylation reaction to give aprepitant of Formula 1X:

: CE
[O]“\\O /\©/ 3
N '/@\CFS
N
HN F
>// NH

O IX,

or fosaprepitant according to Formula XV:
CF,

""'-AKQCFS

[ojﬁo

Q ,NQ') F

HO-P-N
NH
OH
o XV
directly or via e.g. protected intermediates and optionally, conversion of aprepitant to

fosaprepitant by phosphorylation or a phosphorylation - deprotection sequence.
—-12 -
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Additionally preferred, said alkylation is carried out by using an amidrazone, preferably N'-[1-

Amino-2-chloro-eth-(Z)-ylidene]-hydrazinecarboxylic acid methyl ester.

Additionally preferred, the alkylation in step (b) comprises:
b1) reacting (2R,3S)-2-[(R)-1-(3,5-Bis-trifluoromethyl-phenyl)ethoxy]-3-(4-fluoro-
phenyl)morpholine (BFM2) in the presence of toluene, water, NaHCO; and DMF;
b2) reacting the reaction mixture of step (b1) with amidrazone, preferably N'-[1-Amino-
2-chloro-eth-(Z)-ylidene]-hydrazinecarboxylic acid methyl ester, in the presence of
diisopropyl ethyl amine, and

b3) adding the methanol and water to the reaction mixture of step (b2).

A further embodiment refers to the use of a BMF2 salt as described herein, preferably a salt of
BMF2 with Di-p-toluoyl-D-tartaric acid (D-DTTA), or a composition comprising said salt for the

preparation of aprepitant of Formula IX or fosaprepitant according to Formula XIV.

A further embodiment refers to aprepitant or fosaprepitant obtained or obtainable according to
the process as described herein. A further embodiment refers to aprepitant or fosaprepitant
having impurities of less than 0.2%, preferably, less than 0.1% as determined by chiral
HPLC/HPLC.

A further embodiment refers to a composition comprising aprepitant or fosaprepitant obtained
or obtainable according to the process as described herein, preferably for use as a
medicament. For example, the compositions as described herein can be used for prevention of
acute and delayed chemotherapy-induced nausea and vomiting (CINV) and for prevention of
postoperative nausea and vomiting. Preferably, compositions comprising aprepitant or

fosaprepitant contain pharmaceutical excipients.

A further embodiment is a process of purifying BMF2 by converting it to a salt with a chiral

tartaric acid derivative as described herein.

Methods
Method for determining enantiomeric purity by HPLC

Chromatographic conditions:

Column: Chiracel ODH, 250 mm x 4.6 mm, 5 ym or equivalent column
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Mobile Phase: n- heptane: ethanol: dried methanol; 100: 1: 1 v/v
Diluent: n- heptane: ethanol: dried methanol; 80: 10: 10 v/v
Flow rate: 0.8 ml/minute

Injection volume: 10 pi

Detection : 210 nm

Sample temp. : 25°C

Column oven temp : 25°C

Run time: 30 minutes

System: Isocratic

Test concentration: 2000 ug/ ml of BFM2 - D-DTTA

Method for determining purity by HPLC

Chromatographic conditions:

Column: Waters, X-bridge C18, 250 x 4.6 mm x 5 p or equivalent column

PCT/EP2012/057716

Buffer: Weigh 1.74 g of dipotassium hydrogen orthophosphate anhydrous in 1000ml of water,

dissolve and adjust the pH to 8.0 + 0.05 by adding dilute ortho phosphoric acid using pH meter.

Filter through 0.45 um filter and degass.

Mobile Phase A : Buffer : Acetonitrile : Methanol; 80 : 15:5
Mobile Phase B : Buffer : Acetonitrile : Methanol; 25: 70 : 5
Flow rate: 1.5 ml/minute

Injection volume: 10 pl

Detection: 210 nm

Sample temp.: 5°C

Oven temp: 25°C

Run time: 35 minutes

System: gradient

Gradient program: Time ( min.) % mobile phase

0 45
5 55
20 90
30 90
32 45
35 45

Test concentration: 2000 ug/ml of BFM2-D-DTTA
— 14 —
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Examples
The following examples describe the present invention in detail, but they are not to be

construed to be in any way limiting for the present invention.

Procedure for Synthesis of BFM2-(D)-DTTA
CF,

CF,

E°Jiif’

D-DTTA

Example 1: (Input BFM2 containing 1.0 % of impurity of Formula Il and 9% of impurity of
Formula [ll)

In a 10 liter glass reaction vessel equipped with a condenser, stirrer and thermometer, a
solution of 6.5 liter 2-propanol and 0.438 kg of BFM2 (compound of Formula | obtained as per
Example 7 of WO 2009/106486 A1) were taken. The resultant solution was heated to 50°C to
55°C under stirring and 0.386 kg of Di-p-toluoyl-D-tartaric acid was added to it. The reaction
mixture was maintained at 50°C to 55°C for about 20 minutes. To the resultant reaction mixture
was then added 2.1 liter of water in about 30 minutes. The reaction mixture was then slowly
cooled to about 25°C to 30°C and maintained with stirring for about 6 to 7 hrs. The slurry was
further cooled to about 10°C and maintained for about 6 hr. The resulting crystals were
collected by filtration, washed with 0.4 liter of a mixture of 2-propanol and water (1:1), and dried
at 55°C and 20mbar to give 0.661kg (80 %) of the title compound as white crystals (HPLC

purity >99.9 %, impurities of Formula Il and Il are below limit of detection).

Example 2: (Input BFM2 containing 6.0% of impurity of Formula Il and 9% of impurity Formula
i)}

In a 250mI glass reaction vessel equipped with a condenser, stirrer and thermometer a solution
of 165 ml. 2-propanol and 11 g of BFM2 (compound of Formula 1l spiked with 6.0 % impurity of
Formula 1l) were taken. The resultant solution was heated to 50°C to 55°C under stirring and
9.65 g of Di-p-toluoyl-D-tartaric acid was added to it. The reaction mixture was maintained at

50°C to 55°C for about 20 minutes. To the resultant reaction mixture was then added 55 mi of
— 15—
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water in about 30 minutes. The reaction mixture was then slowly cooled to about 25°C to 30°C
and maintained with stirring for about 6 to 7 hrs. The resulting crystals were collected by
filtration, washed with10 ml of a mixture of 2-propanol and water (1:1), and dried at 55°C and
20mbar to give 11.4 g (65%) of the title compound as white crystals (HPLC purity >99.9 %,

impurities of Formula Il and lI are below limit of detection).

Example 3: (Input BFM2 containing 1.0 % of impurity of Formula Il and 2.0% of impurity
Formula IV)

In a 250ml glass reaction vessel equipped with a condenser, stirrer and thermometer a solution
of 82.5 ml 2-propanol and 5.5 g of BFM2 (compound of Formula [l spiked with 2.0 % impurity
of Formula V). The resultant solution was heated to 50°C to 55°C under stirring and 4.8 g of
Di-p-toluoyl-D-tartaric acid was added to it. The reaction mixture was maintained at 50°C to
55°C for about 20 minutes. To the resultant reaction mixture was then added 27.5 ml of water in
about 30 minutes. The reaction mixture was then slowly cooled to about 25°C to 30°C and
maintained with stirring for about 6 to 7 hrs. The resulting crystals were collected by filtration,
washed with 6 ml of a mixture of 2-propanol and water (1:1), and dried at 55°C and 20mbar to
give 5.6 g (68 %) of the title compound as white crystals (HPLC purity >99.9 %, impurities of

Formula Il and IV are below limit of detection).

Example 4: (Input BFM2 containing 1.0 % of impurity of Formula Il and 2.0% of impurity of
Formula V)

In a 250ml glass reaction vessel equipped with a condenser, stirrer and thermometer a solution
of 75 ml 2-propanol and 5.0 g of BFM2 (compound of Formula 1l spiked with 2.0 % impurity of
Formula V). The resultant solution was heated to 50°C to 55°C under stirring and 4.35 g of Di-
p-toluoyl-D-tartaric acid was added to it. The reaction mixture was maintained at 50°C to 55°C
for about 20 minutes. To the resultant reaction mixture was then added 25 ml of water in about
30 minutes. The reaction mixture was then slowly cooled to about 25°C to 30°C and maintained
with stirring for about 6 to 7 hrs. The resulting crystals were collected by filtration, washed with
5.5 ml of a mixture of 2-propanol and water (1:1), and dried at 55°C and 20mbar to give 5.76 g
(70 %) of the title compound as white crystals (HPLC purity >99.8 %, impurity of Formula i is

below limit of detection and impurity of Formula V is 0.11%).

Example 5: (Input BFM2 containing 1.0 % of impurity of Formula I, 2.0 % of impurity of
Formula VI and 2.0 % of impurity VIII)
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In a 100ml glass reaction vessel equipped with a condenser, stirrer and thermometer a solution
of 30 ml 2-propanol and 2.0 g of BFM2 (compound of Formula Il spiked with 3.0 % impurity of
Formula VI). The resultant solution was heated to 50°C to 55°C under stirring and 1.7 g of Di-p-
toluoyl-D-tartaric acid was added to it. The reaction mixture was maintained at 50°C to 55°C for
about 20 minutes. To the resultant reaction mixture was then added 10 ml of water in about 30
minutes. The reaction mixture was then slowly cooled to about 25°C to 30°C and maintained
with stirring for about 6 to 7 hrs. The resulting crystals were collected by filtration, washed with
2 ml of a mixture of 2-propanol and water (1:1), and dried at 55°C and 20mbar to give 2.5 g (65
%) of the title compound as white crystals (HPLC purity >99.9 %, impurities of Formula Il and VI

are below limit of detection and impurity of Formula VIl is 0.12 % )

Cited literature
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WO 2001094323; WO 2001094324; WO 2009106486; US 2007265442; Gangula et al.
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pages 1372-1376); and Zhao et al. (J. Org. Chem. 2002, 67, 6743-6747).
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Claims

1. Salt, preferably in crystalline form, of (2R,3S)-2-[(R)-1-(3,5-Bis-
trifluoromethylphenyl)ethoxy]-3-(4-flusrophenyl)morpholine  (BFM2) with a O,O’-substituted

chiral tartaric acid derivative.

2. The salt of claim 1, wherein the tartaric acid derivative is selected from the group
consisting of di-O,0’-toluoyl tartaric acid, di-O,0-benzoyl tartaric acid, di-O,0O’-anisoy! tartaric
acid, O,0'-dibenzoyl! tartaric acid mono(dimethylamide), and Di-p-toluoyl-D-tartaric acid (D-
DTTA), preferably, the tartaric acid derivative is Di-p-toluoyl-D-tartaric acid (D-DTTA).

3.  The salt of claim 1 or 2, having an enantiomeric purity of at least 99.0%, further preferred
of at least 99.8%, as determined by chiral HPLC, and/or a purity of at least 99.0%, further
preferred of at least 99.8%, as determined by HPLC.

4. Composition comprising a salt according to any of claims 1-3.

5. Process for the preparation of a salt according to any of claims 1-3 or a composition
according to claim 4 comprising the steps of:
a) providing a composition comprising (2R,3S)-2-[(R)-1-(3,5-Bis-trifluoromethyl-
phenyl)ethoxyl-3-(4-fluoro-phenyl)morpholine (BFM2), and
b)  bringing into contact the composition of step (a) and a O,Q-substituted chiral
tartaric acid derivative, preferably the tartaric acid derivative is selected from the
group consisting of di-O,0'-toluoy! tartaric acid, di-O,0’-benzoyl tartaric acid, di-
0,0’-anisoyl tartaric acid, O,0'-dibenzoyl tartaric acid mono(dimethylamide), and Di-
p-toluoyl-D-tartaric acid (D-DTTA), further preferred the tartaric acid derivative is Di-
p-toluoyl-D-tartaric acid (D-DTTA).

6. The process of claim 5, wherein step (b), comprises:
b1) dissolving the composition of step (a) in an organic solvent or mixture of organic
solvents, preferably the organic solvent is or comprises a polar solvent such as an
alcohol, preferably 2-propanol,
b2) adding the chiral tartaric acid derivative to the solution of step (b1), and
b3) adding water to the reaction mixture of step (b2) and obtaining said salt.
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7.  The process of claim 5 or 6, wherein the composition provided in step (a) comprises at
least 85% by weight based on the total weight of the composition, further preferred at least 90%
by weight, and even further preferred at least 95% by weight, of (2R,3S)-2-[(R)-1-(3,5-Bis-
trifluoromethyl-phenyl)ethoxy]-3-(4-fluoro-phenyl)morpholine (BFM2).

8. The process of any of claims 5-7, wherein the composition provided in step (a) is

prepared from aprimin having the Formula X:

CF,
ey \

CF,
[O o
o MF X,

9. The process of any of claims 5-8, wherein the composition provided in step (a) is
prepared from aprimin of Formula X by reducing aprimin with H, or an H, equivalent in the
presence of a catalyst and by removing the catalyst by filtration, preferably, aprimin is reduced

in the presence of methanol/H,/Pd/C.

10. The process of claim 8 or 9, wherein the preparation of aprimin comprises the steps of:
al) a three component coupling of N-benzyl amino ethanol, 4-fluorophenylboronic acid
and glyoxal in the presence of a chiral acid, preferably Di-p-toluoyl-L-tartaric acid (L-
DTTA), preferably by using toluene and 2-propanol as solvent system, and followed
by crystallization and isolation of an addition salt of the compound of Formula XIV
with the chiral acid, preferably as Di-p-toluoyl-L-tartaric acid salt (L-DTTA) according

to Formula XH:

Xlv

—-19—
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a2) portioning the salt of the compound of Formula XIV and the chiral acid, preferably
the compound of Formula Xll, between an alkaline aqueous layer and a water-
immiscible organic phase; activation of the hemi-acetal functionality by transforming
the OH-group into an activated derivative; reaction of the resulting activated acetal
with an alcohol of Formula Xlli
CF,

o

S .
OH X1l

and removal of impurities by extraction to get a solution of a compound according to Formula
XI:

a3) removal of the N-protecting group to give (2R,3R)-2-[(R)-1-(3,5-Bis-
trifluoromethylphenyl)ethoxyl]-3-(4-fluorophenyl)morpholine (BFM1);

a4) oxidation of the amine of (2R,3R)-2-[(R)-1-(3,5-Bis-trifluoromethylphenyl)ethoxy]-3-

(4-fluorophenyl)morpholine (BFM1) to the corresponding cyclic imine aprimin and

isolation of aprimin.
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11. Process for the preparation of aprepitant or fosaprepitant comprising the steps of;
a) providing a salt according to any of claims 1-3 or a composition according to claim
4, and
b) converting (2R,38)-2-[(R)-1-(3,5-Bis-trifluoromethyl-phenyl)ethoxy]-3-(4-fluoro-
phenylimorpholine (BFM2) contained in the salt or composition into aprepitant of

Formula IX:

or fosaprepitant according to Formula XV

CF,

e XV,

12.  The process of claim 11, wherein step (b) comprises carrying out an alkylation reaction,
wherein the alkylation reaction can be carried out directly or via protected intermediates and
optionally, conversion of aprepitant to fosaprepitant by phosphorylation or a phosphorylation -
deprotection sequence, and wherein preferably said alkylation is carried out by using an
amidrazone, preferably N'-[1-Amino-2-chloro-eth-(Z)-ylidenel-hydrazinecarboxylic acid methyl
ester.
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13.  Use of a salt according to any of claims 1-3 or a composition according to claim 4 for the

preparation of aprepitant of Formula IX;

g cACS
ST

%vNH

O IX,

or fosaprepitant according to Formula XV:

“13
C j"
N ! =
u N“m Z F
HO-P ) =N NH
GH

XV,

14. Aprepitant or fosaprepitant obtained or obtainable according to the process of claims 11
or 2.

15.  Composition comprising aprepitant or fosaprepitant obtained or obtainable according to

the process of claims 11 or 12, preferably for use as a medicament.
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Figure 1:
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Figure 2:
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