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PROCESSES AND INTERMEDIATES FOR PREPARING A MACROCYCLIC
PROTEASE INHIBITOR OF HCV

Field of the invention

The present invention relates to synthesis procedures and synthesis intermediates of a
macrocyclic protease inhibitor of the hepatitis C virus (HCV).

Background of the Invention

Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of common
general knowledge in the field.

Hepatitis C virus (HCV) is the leading cause of chronic hepatitis, which can progress to
liver fibrosis leading to cirrhosis, end-stage liver disease, and HCC (hepatocellular
carcinoma), making it the leading cause of liver transplantations. Current anti-HCV
therapy, based on (pegylated) interferon-alpha (IFN-c) in combination with ribavirin,
suffers from limited efficacy, significant side effects, and is poorly tolerated in many
patients. This prompted the search for more effective, convenient and better-tolerated
therapy.

Replication of the genome of HCV is mediated by a number of enzymes, amongst which
is HCV NS3 serine protease and its associated cofactor, NS4A. Various agents that
inhibit this enzyme have been described. WO 05/073195 discloses linear and
macrocyclic NS3 serine protease inhibitors with a central substituted proline moiety and
WO 05/073216 with a central cyclopentyl moiety. Amongst these, the macrocyclic
derivatives are attractive by their pronounced activity against HCV and attractive
pharmacokinetic profile.

WO 2007/014926 describes macrocyclic cyclopentyl and proline derivatives including
the compound of formula (I), with the structure represented hereafter. The compound of
formula (I) is a very effective inhibitor of the HCV serine protease and is particularly
attractive due to its favorable pharmacokinetical profile. Because of its properties this
compound has been selected as a potential candidate for development as an anti-HCV
drug. Consequently there is a need for producing larger quantities of this active
ingredient based on processes that provide the product in high yield and with a high
degree of purity. WO 2008/092955 describes processes and intermediates to prepare the
compound of formula (I).
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The compound of formula (I) can be prepared starting from an intermediate (VI),
wherein the ester function is hydrolysed, yielding carboxylic acid (V), which in turn is
coupled in an amide forming reaction with the cyclopropyl amino acid (Va). The
5 resulting intermediate (I'V) is cyclized by an olefin metathesis reaction in the presence

of a suitablc mctal catalyst such as c.g. an ylidenc Ru-bascd catalyst. The resulting
macrocyclic ester (III) is then hydrolyzed to macrocyclic acid (IV). The latter is
coupled with a sulfonylamide (V) in an amide forming reaction to yield the end product
(D). These reactions are outlined in the reaction scheme herebelow. In this and the

10  following reaction schemes or representations of individual compounds, R is C;alkyl,
in particular R is C;3alkyl, more in particular R is C;;alkyl, or in one embodiment R is
cthyl. R' is Cyalkyl, in particular R' is C,_alkyl, more in particular R' is C)alkyl, or
R'is methyl; or R' is ethyl.
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Intermediate (V1) in turn can be prepared using procedures described in

WO 2008/092955, in particular starting from a hydroxycyclopentyl bis-ester of formula
(Xa), by either

(a) reacting the hydroxycyclopentyl bis-ester of formula (Xa) with a thiazolyl

substituted quinolinol (VII) in an ether forming reaction, thus obtaining a
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quinolinyloxycyclopentyl bis-ester of formula (XII), wherein the benzyl ester group
that is in cis position vis-a-vis the ether group in the quinolinyloxy-cyclopentyl
bis-ester of formula (X11) is selectively cleaved to a mono carboxylic acid (XI),
which in turn is coupled with an alkenylamine in an amide forming reaction, thus

5 obtaining the desired end product of formula (VI); or

(b) selectively converting the hydroxycyclopentyl bis-ester of formula (Xa) to the

mono carboxylic acid (IX), which in turn is coupled with an alkenylamine in an
amide forming reaction to obtain hydroxycyclopentylamide (VIII), which in turn is
reacted with a thiazolyl substituted quinolinol (VII), thus obtaining the desired end

10 product of formula (VI); as outlined in the following reaction scheme:
b /_?\
Vil o
x
COO0Bn OH NZ
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"1// 1 (0]
COOR _ 5
(Xa) > MeO “COOR!
)
CO,H
Hou---O) (1X)

"/COOR! /_%‘
(@] N7
N\ | COOH
N X
HOIm- | O-Oj
‘ MeO “COOR!

“COOR!
Vi (Xn

S N



10

15

20

25

WO 2010/072742 PCT/EP2009/067715

-5
S__N
(@]
4
N | /\/\/\
N
NN 0 \
MeO “COOR!
(V1)

Each R' in the processes represented in the above scheme is as specified above and
preferably R is methyl. Bn represents benzyl.

The presence of various chiral centers in the compound of formula (I) and its
predecessors poses particular challenges in that chiral purity is essential to have a
product that is acceptable for therapeutic use. The intermediate (V1) has three chiral
centers and getting the correct stereochemistry for all three centers is an important
challenge for any synthesis processes aimed at preparing this compound. Hence the
processes for preparing (VI) should result in products of acceptable chiral purity
without use of cumbersome purification procedures with the loss of substantial

amounts of undesired stereoisomeric forms.

WO 2008/092955 describes a synthesis procedure for intermediate (Xa) starting from
4-oxo-cyclopentyl-1,2-bis-carboxylic acid (XVII) by reducing the keto function to an
alcohol, thus obtaining 4-hydroxy-cyclopentyl-1,2-bis-carboxylic acid (XVI), which in
turn is cyclized to the bicyclic lactone (XV), wherein the carboxylic acid group in the
bicyclic lactone (XV) is esterified with benzyl alcohol thus obtaining the lactone
benzyl ester (XIV). The lactone in the latter is opened by a transesterification reaction
in the presence of a C, 4alkanol, thus yiclding the hydroxycyclopentyl bis-ester of
formula (X), which in turn is resolved in enantiomers (Xa) and (Xb); as outlined in the

following reaction scheme:
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Each R' in the processes represented in the above scheme is as specified above and
preferably R is methyl.

5 A disadvantage of the above process is that it involves a resolution of the enantiomers
of (X) by chiral column chromatography, a cumbersome procedure that is difficult to

run at large scale production.

Honda et al., Tetrahedron Letters, vol. 22, no. 28, pp 2679-2682, 1981, describes the
10 synthesis of (+)-brefeldin A using the following starting materials:

COOR COOMe
rac O:C( R1O-"<:( rac
“COOR “COOR?
2 R=Hrac R'=H, R?=Me;rac
3 R=Me;rac

R1 =H s R2 = CH206H5; rac
R'=Ac, R2Z=H;rac

o I I

The synthesis of Honda et al. starts from d/-trans-4-oxocyclopentane-1,2-dicarboxylic
acid 2, which was esterified to the corresponding methyl ester 3, and reduced with

15 Raney-Ni to the alcohol 4. Partial hydrolysis of 4 to the monocarboxylic acid and
benzylation with benzyl bromide gave predominantly diastercoisomer 3, namely the
diastercoisomer wherein the hydroxy and benzyl ester groups are in cis position. The
latter ester 5 in Honda et al. and compound (X) are both racemates, but are

diastereoisomers of each other, more precisely epimers on the carbon no. 4 bearing the
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hydroxy group. Compound (Xa) is one of the two enantiomers obtained by separation

from the racemic compound (X). The other enantiomer is compound (Xb).

WO 2005/073195 describes the synthesis of enantiomercally pure bicyclic lactone (8b)
starting from an enantiomer of 3,4-bis(methoxycarbonyl)cyclopentanone. The latter was
prepared as described by Rosenquist et al. in Acta Chemica Scandinavica 46 (1992)
1127 - 1129. The trans (3R,4R)-3,4-bis(methoxycarbonyl)cyclopentanone isomer was
converted to the bicyclic lactone (8b):

fo) OH

(8b)
WO 2005/073195 additionally describes further modification of lactone (8b) to the t.Bu

ester, opening of the lactone and coupling with appropriately protected amino acids, e.g.

with (1R,2S)-1-amino-2-vinylcyclopropane carboxylic acid ethyl ester, which in the
OH
N
HOOC o
HN 9
T
¢ OEt

The build-up of the compounds of formula (I) necessarily involves introducing the

latter instance yields:

\.

thiazolyl substituted quinoline moiety on the cyclopentyl ring via an ether linkage. The
Mitsunobu reaction offers an attractive reaction route for preparing aromatic alkylethers
in which an alkyl ether is activated and reacted with a phenol. In addition, Mitsunobu
reactions are in general more efficient than the O-arylation reactions, which require
additional synthesis steps. In this mild reaction the stereochemistry of the alkyl part is
inverted. The reaction gives rise to side products, such as R’0O0OC-NH-NH-COOR’,
wherein R’ is Cj4alkyl and in particular ethyl or isopropyl, other nitrogen-containing
compounds, and triphenylphosphine oxide, which need to be separated from the desired
end product.

It is an object of the present invention to overcome or ameliorate at least one of the
disadvantages of the prior art, or to provide a useful alternative.
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The processes of the present invention are advantageous in that they are suitable for
large scale production. Cumbersome purification steps, in particular by chromato-
graphy, are avoided. Essential in the synthesis of the compound of formula (1) is the
built-up of the cyclopentyl moiety with the right stereochemistry at its three chiral

centers.

One of the aspects of this invention concerns processes for preparing the intermediates
(VIII) in high yield and purity, especially in terms of chiral purity, that are fit for large
scale industrial application.

The present invention is aimed at providing procedures to prepare cyclopentyl
intermediates with the right stereochemistry, in high yield and purity. In particular the
present invention concerns the preparation of the intermediates

(Vi)

b

which find use in the procedures to prepare the compound of formula (1).

Description of the Invention

According to a first aspect, the present invention provides a process for preparing a
compound of formula (VIII), starting from an cinchonidine salt (XXa), which is reacted
with N-methyl-hexenamine (NMHA) (XIX) in an amide-forming reaction to yield the
bicyclic lactone amide (XVIII), in which the lactone group is opened to yield the desired
product (VIII), as illustrated in the scheme below, wherein R! is Caalkyl:

\
AN T X
O HO \’f:li X
O o N (XIX)
(0] x
/
N

(XXa)
o)

. 0 VN
A el
o N/\/\/\

/ .”,,y/ O\R1
0

(Vi

(XviIy
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According to a second aspect, the present invention provides a process for preparing the
cinchonidine salt (XXa), which is obtained from the racemic salt (XX) by

crystallization:

. oo i
= Cgf

According to a third aspect, the present invention provides the cinchonidine salt of

formula
=
/bi h
0 . N
OH
° @8%?\
=
N

(XXa)

10 According to a fourth aspect, the present invention provides the use of the
chinochonidine salt (XXa) defined herein, as an intermediate in the preparation of
intermediate (VIII).

According to a fifth aspect, the present invention provides cinchonidine salt obtained by
15 the process of the second aspect.

According to a sixth aspect, the present invention provides a compound of Formula
(VIII) obtained by the process of the first aspect.

20  According to a seventh aspect, the present invention provides a process for the

preparation of a compound of formula (I)
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which process comprises a process for the preparation of a compound of formula (VIII)

followed by conversion to a compound of formula (I).

According to an eighth aspect, the present invention provides the use of the
chinochonidine salt (XXa) (in which (XXa) is as defined in the present invention), as an
intermediate in the preparation of compound (I) (in which (I) is as defined in the seventh

aspect).

Unless the context clearly requires otherwise, throughout the description and the claims,
the words “comprise”, “comprising”, and the like are to be construed in an inclusive
sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense of

“including, but not limited to”.

In one aspect, the present invention relates to a process for preparing a compound of
formula (VIII), starting from an cinchonidine salt (XXa), which is reacted with
N-methyl-hexenamine (NMHA) (XIX) in an amide-forming reaction to yield the
bicyclic lactone amide (XVIII), in which the lactone group is opened to yield the desired
product (VIII) as illustrated in the scheme below, wherein R' is Ci4alkyl.
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= NSNS
0 HO N \
o . N (XIX)
5 OH § -
(XXa) N
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0
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/ /// \R1
o)
XVIII
v (VI

In a further aspect the invention concerns the preparation of the cinchonidine salt

(XXa), which is obtained by the resolution of the diastereoisomeric salt mixture (XX)
by selective crystallization of (XXa). The salt (XX) in turn is obtained by forming the
cinchonidine salt of the racemic bicyclic lactone carboxylic acid (XV), as outlined in

the following reaction scheme:

—
HO,
N
0L 0.
_— : AN
O COOH o) COOH NP

(XV) (XX)

In still a further aspect, the invention concerns the cinchonidine salt of formula
IS
»@O‘\ .
O . N
OH
=
N
(XXa)

10 Xxa
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This salt is useful as intermediate in the preparation of intermediate (VIII), and
therefore also in the preparation of the HCV inhibitor (I).

The synthesis procedures of the present invention offer the advantage that the correct
stereochemistry at the cyclopentyl moiety is obtained and this without using chiral
chromatography. The cinchonidine salt (XXa) has been found to selectively crystallize
with high chiral purity.

The reaction of the cinchonidine salt (XXa) with NMHA (XIX) is an amide forming
reaction, which comprises reacting the starting materials with an amide-coupling
reagent in a reaction-inert solvent, optionally in the presence of a base. Solvents that
can be used comprise halogenated hydrocarbons such as dichloromethane (DCM) or
chloroform, ethers such as tetrahydrofuran (THF) or 2-methyltetrahydrofuran
(MeTHF), alcohols such as methanol or ethanol, hydrocarbon solvents such as toluene
or xylene, dipolar aprotic solvents such as DMF, DMA, acetonitrile, or mixtures
thereof. Preferred arc dichloromcthanc, McTHF, mcthanol, cthanol, tolucne, or
mixtures thereof. Amide-coupling agents comprise agents such as N-ethoxycarbonyl-
2-ethoxy-1,2-dihydroquinoline (EEDQ), N-isopropoxycarbonyl-2-isopropoxy-1,2-
dihydroquinoline, in particular its hydrochloride salt, (IIDQ), N,N.N',N'-tetramethyl-
O-(7-azabenzotriazol-1-yljuronium hexafluorophosphate (HATU), benzotriazol-1-yl-
oxy-tris-pyrrolidino-phosphonium hexafluorophosphate (commercially available as
PyBOP®), 1,1'-Carbonyldiimidazole (CDI), 1-ethyl-3-(3-dimethylaminopropyl)
carbodiimide (EDI or EDCI) as well as its hydrochloride salt, dicyclohexyl-
carbodiimide (DCC), or 1,3-diisopropylcarbodiimide, O-benzotriazole-N,N,N’ N’-
tetramethyl-uronium-hexafluoro-phosphate (HBTU) and the like. A catalyst may be
added, for example |-hydroxybenzotriazole (HOBt) or 4-dimethylaminopyridine
(DMAP). The reaction is usually conducted in the presence of a base, in particular an
amine base such as a tertiary amine, e.g. triethylamine, N-methylmorpholine,
N.N-diisopropylethylamine, (the latter also being referred to as Hiinig’s base, DIPEA,
or DIEA). Preferably, no base is used. In one embodiment, the reaction is conducted in
DCM or MeTHF with EEDQ, optionally with addition of methanol at the end of the

reaction, at reflux temperature of the reaction mixture.

In an alternative embodiment, the salt (XXa) can be split into cinchonidine and the
bicyclic lactone, and the latter can be reacted with NMHA in an amide forming
reaction as described above. It has been found that the cinchonidine salt (XXa) itself
can be used in the amide forming reaction and the cinchonidine can afterwards be

removed easily in the work-up of the reaction mixture, for example by treatment of the
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latter with an acid such as HCI, and washing away the side products with aqueous
phases.

The lactone functionality in the resulting bicyclic lactone amide (XVIII) is opened by a
transesterification reaction with an alcohol, which may also serve as a solvent, in
particular a Cj4alkanol such as methanol or ethanol, in the presence of an acid. Acids
that can be used are strong organic acids such as sulfonic acids, in particular
methanesulfonic acid. A solvent can be added such as an ether, in particular THF or
M¢eTHF; or hydrocarbon solvents such as toluene or xylene. The transesterification
reaction yields the ester of the alcohol that is used, ¢.g. when conducting the reaction in

methanol, the methyl ester is formed.

The cinchonidine salt (XX) in turn can be prepared by treating the racemic bicyclic
lactone carboxylic acid (XV) with cinchonidine. Typically the racemic salt (XX) is not
isolated, but kept in solution while the desired isomer (XXa) is allowed to crystallize.
In onc cmbodiment, a suspension of cinchonidinc is addcd to a solution of (XV) at
slightly elevated temperature and subsequently allowing the mixture to cool whereupon
the desired salt (XXa) crystallizes. Further purification may comprise recrystallization.
Suitable solvents for dissolving (XV) include ester solvents such as ethyl acetate,
whereas suitable solvents for the cinchonidine supension include acetonitrile. In one
embodiment the salt formation is done at a temperature of about 50 to about 70°C, in
particular at about 60°C, and the mixture is allowed to cool to about room temperature,
such as a temperature in the range from about 20 to about 25°C, c.g. at about 22°C.
Further purification can be done by recrystallization from an appropriate solvent or
solvent mixture, in particular an alcohol such as a C, 4alkanol, e.g. isopropanol, or by
re-slurrying in a solvent or solvent mixture, e.g. an ethanol/water mixture such as a

5%/95% (w/w) water/cthanol mixture.

The finding that the salt (XXa) can be isolated by crystallization provides an elegant
way to obtain the bicyclic lactone in high enantiomeric purity. Recrystallization or
reslurrying allows further purification of this salt. (XXa) can be used as a starting
material in the further synthesis of intermediates (XVIII) and (VIII), as described
above. The latter in turn can be converted to intermediate (VI1), an important building
block in the preparation of the compound of formula (I).

The racemic bicyclic lactone carboxylic acid (XV) is prepared as described in
WO 2008/092955 and as outlined above in the scheme illustrating the preparation of
(Xa) and (Xb). In particular, (XV) is prepared by reducing the ketocyclopentane
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biscarboxylic acid (XVII) to the corresponding hydroxycyclopentane biscarboxylic
acid (XVI), which subsequently is converted to (XV) by lactone formation. The keto to
hydroxy reduction in (XV1lI) can be done by hydrogen in the presence of a noble metal
catalyst, e.g. rhodium on carbon (Rh/C) or Raney Ni, in a reaction-inert solvent, e.g. in
water. The resulting hydroxycyclopentane biscarboxylic acid (XVI) can be converted
to a salt, ¢.g. a tertiary amine salt such as the triethylamine salt.

Cyclization via lactone formation of (XVII) can be done by reaction with a chloro-
formate, ¢.g. with ethyl or methyl chloroformate. This reaction is donge in a reaction-
incrt solvent such as a ketonge, in particular acetone, or an cther such as THF or

MeTHEF, or acetonitrile. A base can be added, e.g. a tertiary amine such as

triethylamine.

@] O
T QUG o S O
o) HO . |

“, OH ", _-OH rac OH
Rac- 7// Rac- /// o}

o) 0

(Xv)

(XVI1) (Xv1)

In one embodiment, the present invention relates to the use of the compounds of
formula (XX) or (XXa) as intermediates in the preparation of the compound of formula
(1), or the salts thereof.

In another embodiment, the present invention relates to the compounds per se of
formula (XX) or (XXa). These compounds may be in isolated form, or in solution. In

particular, the compounds of formula (XX) or (XXa) are isolated in solid form.

The further processing of the compounds of formula (VIII) to the end products of
formula (I) are as outlined in the reaction schemes above and in particular as outlined
m WO 2008/092955. This further processing comprises a Mitsunobu reaction, which
involves the inversion of the stereochemistry of the cyclopentyl carbon bearing the
hydroxy group.

The intermediate of formula (VI) is crystallizable, in particular when mixed with an
alcoholic solvent, more in particular when mixed with a Cjsalkanol. Crystallization of
the intermediate of formula (V1) allows controlling the purity of this compound as well

as any compounds derived therefrom in subsequent process steps. In particular this
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property allows the preparation of the intermediate of formula (VI) in greater

enantiomeric purity.

This crystallization of intermediate (V1) not only allows to remove the side products of
the Mitsunobu reactions that yield these compounds, but also to subsequently separate
intermediate (VI) from its reaction mixtures in a simple way. This separation is easily
done by effecting a solvent change, in particular by adding an alcoholic solvent to the
reaction mixture obtained from the Mitsunobu reactions, without having to manipulate
any further the reaction mixture or any component thereof. Further, since intermediate
(V1) is not soluble in an alcoholic solvent, while the by-products are, this offers

immediate purification of intermediate (VI) from the reaction mixture.

As used in the foregoing and hereinafter, the following definitions apply unless
otherwise noted. The term halo is generic to fluoro, chloro, bromo and iodo. The term
“C4alkyl” defines straight or branched chain saturated hydrocarbon radicals having
from 1 to 4 carbon atoms such as for cxample methyl, cthyl, 1-propyl, 2-propyl,
1-butyl, 2-butyl, 2-methyl-1-propyl, 2-methyl-2-propyl. “C;_;alkyl” is generic to
methyl, ethyl, 1-propyl, and 2-propyl. “C;_salkyl” is generic to methyl and ethyl. The

term C,_4alkanol refers to an alcohol derived from a C, salkyl group.

The generally accepted convention for representing stereochemical compounds, which

is also adhered to herein, is the following:

- A compound represented without stercobonds, e.g. compound (XV), is racemic or
the configuration of the stereogenic center(s) is not defined.

- A compound represented with stercobonds and one of the descriptors “(£)”, “rel”, or
“rac”, 1s racemic and the stereochemistry is relative.

- A compound represented with stereobonds but without the descriptors “(z)”, “rel”,
or “rac” refers to a non-racemic compound (scalemic substance) or an enantio-

enriched, i.e. the stereochemistry is absolute.

For instance, in the Honda et al. reference the designation “(£)” is used in the title of
the article, meaning that there is described a racemic synthesis with racemic
intcrmediates. Howcever the above convention may not necessarily be followed in all

publications.

The chiral purity is given as enantiomeric ratio (e.r.). For the salts, the e.r. value refers
to the ratio of the two enantiomers in the diastereomeric mixture. See for example
intermediate (XV).



10

15

20

25

30

WO 2010/072742 PCT/EP2009/067715

-14-

In certain embodiments, the term “about” when used in relation to a numerical value
can be left out so that the exact value 1s meant. In other embodiments this term can

mean the numerical value to which 1t 1s linked + 10%, or + 5%, or + 1%.

Examples
The following examples are intended to illustrate the present invention and should not

be construed as a limitation of the scope of the present invention.

Example 1

it XV
o Y

CH

To a suspension of 32.7 g (0.19 mol) of intermediate (XVII) (racemic) in 237.5 ml
water under an atmosphere of nitrogen was added 1.0 ml (0.019 mol) 50% wt/wt
aqueous NaOH. Warm the mixture to 60°C and add 2.5 g Rh/C (5% wt/wt). The
reaction flask was purged with hydrogen and stirred under an atmosphere of hydrogen
until complete conversion was reached. The warm reaction mixture was filtered over
Celite. The filter cake was washed twice with 10 ml water. Triethylamine (55.61 ml,
0.40 mol) was added and 80% of the solvent volume was distilled off under a pressure
of 30 mbar. The reaction flask was fitted with a Dcan-Stark trap filled with 2-methyl-
tetrahydrofuran. 2-Methyltetrahydrofuran (100 ml) was added to the reaction mixture,
which was refluxed for 4 hours to remove the remaining water. 80% of the solvent
volume was distilled off under ambient pressurc. The mixture was cooled to 50°C and
acetone (380 ml) added. The mixture was cooled further to 22°C and again acetone
(760 ml) was added. The resulting suspension was cooled under an atmosphere of
nitrogen to —5°C and triethylamine (27.8 ml, 20.24 g, 0.2 mol) was added. Then ethyl
chloroformate (22.68 g, 0.21 mol) was added dropwise and the mixture was stirred at
0°C for 3 hours. The reaction mixture was warmed to 22°C and stirred for a further

12 hours, then filtered over dicalite and the solids were washed with acetone (100 ml).
The resulting solution of (XV) in acetone was used in the following example to prepare

its cinchonidinc salt.
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Example 2: Preparation of cinchonidine salt (XXa)

7
o)
o) © HO. N
OH
AN
(XXa) P

N

Method 1

Approximately 80% of the solvent volume was distilled off under atmospheric

pressure. Ethyl acetate (190 ml) was added and the organic solution was washed with
aqueous HCI (2M, 114 ml), yielding a solution of (XV) in ethyl acetate. The solution of
(XV) in ethyl acetate was added to a suspension of cinchonidine (55.94 g, 0.19 mol) in
acetonitrile (760 ml) at 60°C. The resulting mixture was stirred at 60°C for 10 minutes
and then cooled to 22°C and filtered. The solids were recrystallized from isopropanol
(1500 ml) to yield after drying 24.8 g (29% yield) of a white solid. Chiral purity: e.r.:
89/11

H-NMR (DMSO-d6 — 400 MHz), & ppm 1.45 — 1.86 (m, 6 H), 1.93 — 2.19 (m, 3H),
2.32 (brs, 1H), 2.56 — 2.80 (m, 2H), 2.90 — 3.07 (m, 2 H), 3.12 — 3.29 (m, 1H), 3.30
3.52 (m, 1H), 4.93 - 5.03 (m, 3H), 5.52 (d, J = 5.6Hz, 1H), 5.80 — 5.89 (m, 1H), 7.5 (d,
J=42Hz, 1H), 7.6 (t, J = 5.6Hz, 1H), 8.0 (d, J = 9.3Hz, 1H), 8.3 (d,J = 8 1Hz, 1H),
8.8 (d,J = 4.6Hz, 1H),

Method 2

Approximately 80% of the solvent volume was distilled off under atmospheric
pressure. Ethyl acetate (522 ml) was added and approximately 50% of the solvent
volume was distilled off. The remainder was cooled to 22°C and ethyl acetate (180 ml)
was added. The resulting suspension was filtered and the filtrate added to a suspension
of cinchonidine (55.94 g, 0.19 mol) in acetonitrile (760 ml). This mixture was warmed
to 60°C, stirred for 10 minutes, then cooled to 22°C and filtered. The solids were
recrystallized from isopropanol (1500 ml) to yield after drying 24.8 g (29% yield) of a
white solid. Chiral purity: e.r.: 90/10

Method 3
Following the procedurc of Mcthod 2, but changing the suspension of cinchonidine
(55.94 g, 0.19 mol) in acetonitrile (760 ml) by a suspension of cinchonidine (55.94 g,
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0.19 mol) in isopropanol (325 ml) and ethanol (325 ml), there were obtained 24.8 g
(29%) of a white solid. Chiral purity: e.r.: 92/8.

The chemical purity of (XXa) as well as the e.r. can be increased by either
recrystallisation or re-slurry of the salts, as described in the following three procedures.

12 g of crude (XXa) (chemical purity: acid titration: 96.2%, base titration 102.2%;
chiral purity: e.r.: 78.7/21.3) was dissolved in 500 ml refluxing 2-propanol. The
mixture was allowed to cool slowly. If the crystallisation did not begin spontaneously,
the mixture was seeded with (XXa) at 40°C, then stirred at this temperature for 2 hours.
After cooling to room temperature, the mixture was stirred further for 2 hours, filtered
and washed with 50 ml of 2-propanol to give, after drying in vacuum at 50°C, 5.51 g of
white product. Chemical purity: acid titration 99.6%, base titration 98.4%; chiral
purity: e.r.: 88.1/11.9.

A mixturc of 5.3 g (XXa) with c.r. §7.0/13.0 and 0.5 g (XXa) with c.r.: 90.6/9.4 was
dissolved in 160 ml refluxing ethanol containing 5 wt % of water. The clear solution
was allowed to cool slowly. If the crystallization did not begin spontaneously, the
mixture was seeded with (XXa) at 45°C. After cooling to room temperature, the
mixture was stirred further for 14 hours, filtered and washed with 10 ml of ethanol
containing 5 wt % of water to give, after drying in vacuum at 50°C, 4.21 g of white

product. Chiral purity: e.r.: 96.5/3.5

A mixture of 25 g (XXa) with e.r. 87.0/13.0 and 2.5 g (XXa) with e.r.: 90.6/9.4 was
heated to reflux in 160 ml ethanol containing 5 wt % of water. After 1 hour at reflux,
the slurry was allowed to cool to room temperature over 2 hours and stirred further for
14 hours. The mixture was then filtered and washed with 15 ml of ethanol containing 5
wt % of water to give, after drying in vacuum at 50°C, 22.96 g of white product. Chiral
purity: e.r.; 97.6/2.4
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Example 3: preparation of (XVI) and its triethylamine salts (XVIa).

O
OH
HOIu:
"y, ~OH
Rac-
o (XVI)

(a) 344 mg (2 mmol) (XVII) and 725 mg (4 mmol) tetramethylammonium hydroxide
pentahydrate were dissolved in a mixture of 2.5 ml methanol and 2.5 ml MeTHF. The
solution was stirred overnight at room temperature under hydrogen atmosphere in the
presence of 82 mg wet 5% rhodium on charcoal as a catalyst. The catalyst was filtered
off and the filtrate was diluted to a final volume of 100 ml with methanol. LC analysis
showed that 46.% (XVI) was formed as its bis(tetramethylammonium) salt while 41%
(XVII) was still present as its bis(tetramethylammonium) salt.

(b) To 400g of a 6.6 wt/wt% (XVI) solution in water was added 44.4 ml tricthylamine.
330 g solvent was distilled off under vacuum, then the oily residue was allowed to cool
to 50°C and 51.5 ml acetone was added thus obtaining a suspension. This suspension
was cooled to room temperature and 155 ml more acetone was added. The suspension
was cooled to 5°C and stirred overnight at that temperature. The solid was filtered,
washed with cold acetone and dried at 70°C under vacuum thus obtaining 15.05 g
(XVI) as its complex with various amounts of triethylamine (XVIa) as a white
crystalline powder. Yield: 37%. For example (XVI) as its complex with 1/3, or with 2

tricthylamine could be obtained.

o)
OH
HQ . xXEZN
'I"I/ OH
Rac- 7f
O (XVIa),

wherein x is between 1/3 and 3, e.g. x is 1/3; x is 2.

Purification of (XVIa)

(a) 2.00 g crude (XVIa) was suspended in 10.4 ml acetone and the suspension was

brought to reflux before being allowed to cool down to room temperature. The solid
was filtered, washed with acctone and dried at 50°C under vacuum to give 210 mg pure
(XVIa) as a white powder. Yield: 35%.
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(b) 2.00 g crude (XVIa) was suspended in 10.4 ml butanol and the suspension was
brought to reflux before being allowed to cool down to room temperature. The solid
was filtered, washed with acetone and dried at 50°C under vacuum to give 190 mg
purified (XVIa) as a white powder. Yield: 14%.

Example 4: preparation of (XVIII)

(XVIII)

(a) 14.18 g (31.5 mmol) (XXa) (e.r.: 90/10), 3.92 g (34.6 mmol) NMHA and 8.56 g
(34.6 mmol) EEDQ were suspended in 157 ml DCM and the resulting suspension was
refluxed overnight. 47.2 ml methanol was added and the reflux was prolonged
overnight. The reaction mixture was then concentrated under vacuum and the residue
was partitioned between 47 ml toluene and 79 ml aqueous 1M HCL. The organic layer
was successively washed with 31.5 ml water, 31.5 ml aqueous 1M NaOH and 31.5 ml
water, then concentrated under vacuum to give 11.93 g crude (XVIII) (e.r. 90/10),

which was used without purification in the next step.

(b) 2.50 g (5.55 mmol) (XXa), 691 mg (6.10 mmo!) NMHA and 1.51 g (6.10 mmol)
EEDQ were suspended in 28 ml THF and the suspension was refluxed for 2 days.

22 ml toluene was added and 28 ml solvent was distilled off. After cooling to 50-60°C,
19.4 ml aqueous 1N HCI was added and the two layers were separated. The organic
layer was washed with 5.6 ml water then concentrated under vacuum and the residue
was purified by flash chromatography to give 910 mg (XVIII). Yield: 65%.

'H NMR (CDClz, 600 MHz, two rotamers present, ratio 55 / 45): ppm 1.26 - 1.38 (m,

2 H), 1.43-1.60 (m, 2 H), 2.01 (m, 2 H), 2.07 - 2.21 (m, 4 H), 2.86 (s, 3 H — minor
rotamer), 2.89 - 2.97 (m, 2 H), 2.97 (s, 3 H — major rotamer), 3.21 (ddd, 1 H — minor
rotamer, J = 14.7, 9.1, 5.8 Hz), 3.29 (m, 1 H — minor rotamer), 3.31 (t, 2 H, J=7.6 Hz
— major rotamer) 4.87 - 4.93 (m, 2 H)4.96 (d, 1 H, J = 16.2 Hz) 5.71 (m, 1 H).

C NMR (CDCls, 150 MHz, two rotamers present): major rotamer: ppm 25.86, 26.39,
33.24, 33.94, 35.17, 37.43,37.97, 45.71, 47.95, 80.67, 114.71, 138.26, 170.91, 177.33 -
minor rotamer: ppm 25.7, 27.72, 33.14, 33.69, 34.29, 36.72, 38.02, 46.19, 49.61, 80.64,
115.22,137.73,171.17, 177.28.
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(c) 17.85 g (39.6 mmol) (XXa) (e.1.: 97.6/2.4),4.71 g (41.6 mmol) and 10.78 g

(43.6 mmol) EEDQ were suspended in 198 ml MeTHF. The suspension was refluxed
2 days then cooled to room temperature. The solid materials (consisting mostly of
cinchonidine) was filtered off and rinsed with toluene. To the combined filtrate were
added 40 ml water and 7.14 ml concentrated HCL. The resulting two layers were
separated and the organic one was washed with 20 ml water, dried over magnesium
sulfate, filtered and concentrated under vacuum. The residue was purified by
chromatography through silica gel (eluent: ethyl acetate — heptane : 65/35) to give
9.35 g (XVIII) as an oil. Yield: 68%.

Example 5: preparation of (VIIla), which is the intermediate of formula (VII) wherein
R' is methyl.

HQuuun

“u

(o]
/\/\/\
AN
TN
(Vllla)

(a) 1.05 g (4.2 mmol) (XVIII) was dissolved in 25 mL methanol. 0.014 mL (0.2 mmol)
methanesulfonic acid was added and the reaction mixture was stirred three days at
room temperature. The volatiles were removed under vacuum and the residue was
redissolved in toluene — aqueous 0.33 M NaOH mixture 15 mL each). The layers were
separated and the organic layer was dried over magnesium sulfate and concentrated

under vacuum to give 330 mg crude (VIIIa) as an oil (yield: 28%).

(b) 20.0 g (44.4 mmol) (XXa), 5.53 g (48.8 mmol) NMHA and 12.08 g (48.8 mmol)
EEDQ were suspended in 222 ml methanol. The mixture was refluxed for 24 hours
then 178 ml toluene was added. 250 ml solvents were distilled off and the resulting
suspension was cooled to 30°C. 155 ml aqueous 1M HCl was added and the two layers
were separated. The water layer was extracted twice with 44 ml toluene. The combined
organic layers were dried over magnesium sulfate and filtered giving 122.78 g of

4.1 wt/wt% (VIlIa) solution in toluene. Yield: 40%.

(c) 18.42g of 4.1 wt/wt% (VIIIa) solution in toluene was concentrated under vacuum
and the residue was purified by flash chromatography (eluent: ethyl acetate — DCM:
15/85) to give 680 mg chemically pure (Vllla).
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(d) 44.06 g (97.8 mmol) (XXa) (e.r.:92.4/7.6), 12.18 g (107.6 mmol) NMHA and
26.60 g (107.6 mmol) EEDQ were suspended in 490 ml methanol. The mixture was
refluxed overnight, then 391 ml toluene was added and 750 ml of the solvents were
distilled off. 156 ml water and 30.8 ml concentrated HCl were added to the residue.
The resulting two layers were separated and the water layer was extracted with 98 ml
toluene, then with 98 ml MeTHF. The combined organic layers were dried over
magnesium sulfate and filtered to give 384 g 3.6 wt/wt% (VIlla) solution in MeTHF-
toluene. Yield: 50%.

() 19 g (42.2 mmol) (XXa) (c.r.: 93.4/6.6), 5.01 g (44.3 mmol) NMHA and 11.46 g
(46.4 mmol) EEDQ were suspended in 210 ml THF. The suspension was refluxed
overnight, then cooled to room temperature. The solid materials (mostly cinchonidine)
were filtered off and rinsed with 84 ml toluene. To the combined filtrates were added
42 ml water and 7.6 ml concentrated HCI. The two layers were separated and the
organic layer was washed with 21 ml water, dried over magnesium sulfate, filtered and
concentrated under vacuum. The residuc was dissolved in 84 ml mcthanol, 0.14 ml
methanesulfonic acid was added and the solution was stirred overnight at room
temperature, then refluxed for 24 h before being cooled to room temperature. 223 mg
sodium carbonate was added and the mixture was stirred for 1 hour at room
temperature. 295 ml toluene was added and 160 ml solvents were distilled off to give
184.9 g of 5.3 wt/wt% (VIIIa) solution in toluene. Yield: 82%.

() 19 g (42.2 mmol) (XXa) (e.r.: 93.4/6.6), 5.34 g (47.2 mmol) NMHA and 12.51 g
(50.5 mmol) EEDQ were suspended in 210 ml toluene. The suspension was refluxed
for 2 days, then cooled to room temperature. A quantitative analysis showed an in situ
yield of 80% of (XVIIT). The solid materials (mostly cinchonidine) were filtered off
and rinsed with 42 ml toluene. To the combined filtrates were added 42 ml water and
7.6 ml concentrated HCI. The two layers were separated and the organic layer was
washed with 21 ml water then with 21 ml brine and concentrated by distilling off

206 ml solvents. To the concentrate were added 84 ml methanol and 0.14 ml
methanesulfonic acid. The resulting solution was stirred overnight at room temperature.
223 mg sodium carbonate was added and stirring was continued for an additional 1-

2 hours. 295 ml tolucnc was added and the resulting solid materials were filtered off.
183 ml of solvents were distilled off to give 180.5 g of 2.7 wt/wt% (VI1Ila) solution in
toluene. Overall yield of (VIIIa): 41%.

Example 6: preparation of (VIa), which is the intermediate of formula (VI) wherein R
is methyl.
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"I""/fo\
o (Vla)

(a) 20.0 g (44.4 mmol) (XXa) (e.r.: 90.1/9.9), 5.53 g (48.8 mmol) NMHA and 12.08 g
(48.8 mmol) EEDQ were suspended in 222 ml methanol. The mixture was refluxed for
24 hours, then 178 ml toluene was added. 250 ml solvents were distilled off and the
resulting suspension was cooled to 30°C. 155 ml aqueous 1M HCl was added and the
two layers were separated. The water layer was extracted twice with 44 ml toluene. The
combined organic layers were dried over magnesium sulfate and filtered giving

122.78 g of 4.1 wt/wt% (VIlla) solution in toluene. To 98.22 g of this solution were
added 11.17 g (35.5 mmol) (VII) and 9.78 g (37.3 mmol) triphenylphosphine and the
mixture was cooled to 0°C. 7.4 ml (37.3 ml) DIAD was added dropwise, then the
resulting reaction mixture was stirred at 0°C for 2 hours during which a precipitate
appeared. 0.1 ml acetic acid was added and the precipitate was filtered off. The filtrate
was concentrated under vacuum and the residue was dissolved in 71 ml boiling
isopropanol. The solution was cooled to 0°C allowing (Vla) to crystallize. The solid

was filtered, washed with cold isopropanol and dried under vacuum to give 6.32 g
(VIa) (e.r.: 97.2/2.8). Yield from (XXa): 31%.

(b) To 382.8 g of 3.6 wt/wt% (48.6 mmol) (VIIla) solution in MeTHF-toluene, were
added 18.53 g (48.6 mmol) (VII) and 19.7 g (75.4 mmol) triphenylphosphine. 118 g of
the solvents were distilled off and the resulting residue was cooled to 0°C. 14.9 ml
(75.4 mmol) DIAD was added dropwise and the reaction mixture was stirred 2 hours at
0°C. The resulting solid precipitate (mostly triphenylphosphine oxide) was filtered off
and washcd with cold tolucne. 140 g solvents were distilled off from the combined
filtrates, then 97 ml 1-butanol was added and 77 g solvents were distilled off. The
mixture was cooled to 80°C and 97 ml isopropanol and 2.43 g dicalite were added.
After stirring a few minutes at reflux, the mixture was filtered while hot and the
resulting filtrate was cooled to 40°C. 14 mg (Vla) was added as sceding material and
the mixture was cooled to 0°C. After stirring overnight at 0°C, 48 ml isopropanol was

added and stirring was continued at 0°C for 2 hours. (VIa) was isolated by filtration,
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washed with 9.7 ml cold isopropanol and dried at 70°C under vacuum. A first portion
of 8.77 g (VIa) was obtained (yield: 28%). The mother-liquors were concentrated under
vacuum and the residue was purified by flash chromatography through silicagel to
yield a second crop of (VIa) (12.1 g — yield: 43%).

(c) To 58.9 g (8.3 mmol) of 4 wt/wt% (VI1lIa) solution in toluene, were added 2.86 ¢
(9 mmol) (VII) and 2.29 g (10.2 mmol) triphenylphosphine. The suspension was dried
by distilling off 27 ml solvent, then cooled to 0°C. 8.7 ml (10.2 mmol) DIAD was
added dropwise and the reaction mixture was stirred 1-2 hour at 0°C. The solid
materials were filtered off and rinsed with 4.2 ml toluene. From the combined filtrates,
27 ml solvent were distilled off. 25 ml 1-butanol was added and 25 ml solvents were
distilled off. The residue was cooled to 80°C, 25 ml isopropanol and 415 mg dicalite
were added, the suspension was refluxed and filtered while hot. The filtrate was cooled
to 30°C and 2.4 mg (VIa) was added as seeding material. The suspension was cooled to
0°C and stirred at this temperature overnight. (VIa) was filtered, washed with 2.5 ml
cold isopropanol and dricd under vacuum, thus obtaining 24.3 g white powder. Yicld:
80%.
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7.

CLAIMS

o

A process for preparing a compound of formula (VHI), starting from an ¢inchonidine
salt {XXa}, which is reacted with N-methyl-hexenamine (NMHA) (XIX) i1 an amide-
forming reaction to vield the bicyelie lactone amide (XVIN), in which the lactone group
is opened to yield the desired product (VI as iHustrated in the scheme below, wherein
R s O alkyl:

e

e S N R
o HO w NN TN
e AN H

Q 7 o AN £
S AL . WY {XIX}
AT o - i

" >
4-:,‘?\ ’f\\\.

ol 2 Tl %
L\ A
N

TN
{XXa) N
O
| i
ﬁ\ o3 \,ﬁl\'\ NN
ﬁ/o J Jy IOV 'H(:)in(.<’\ ] N\ TN R
e - S ., o «’J‘ ~
G{: EQ‘ '#\\’\/‘/f e \Q} ‘t:?},ﬂ\:k 4
! ' P&
AN “«
(X {8

The process of elaim | wherein R" is methyl,

The process of claim 1 or claim 2, wherein amide~-forming reaction is conducted in the
presence of an anude-coupling resgent in a reaction-inert solvent, opticnally in the

presence of a base,

The process of claim 3 wherein the solvent comprises halogenated hydrocarbons soch ag
dichioromethane (DOM) or chloroformy, ethers such as tetrahydrofiwan (THF Y or 2-
methyltetrabydrofiran (MeTHFE), aleohols such as methane! or ethanol, hyvdrocarbon
solvents such as toloene or xylene, dipolar aprotic solvenis such s DMF, DMA,

acetonitrile, or mixtures thereof

The process of claim 3 wherein the amide forming agent comprises agents such as N-
sthoxyearbonyh2-ethoxy-1,2-dihydroguineline (EEDQ), N-sopropoxyearbonyl-2~
wopropoxy-1, 2-dilvdroquinoline (HHDQ), NN N N-tetramethyb-O-( T asabenzotriaznl-1-
vhureniuny hexaftuorophosphate (HATU), benzotriazo b L -yl-oxy-tris-pyrroliding
phosphonivm hexafluorophosphate, CD, -ethyd-3-(O-dimethylaminopropyl)
carbodiimide (EDCI) or its hydrochlonde, dicyelohexylcarbodiimide (DCO),

1,3-disopropylearbodiimide, or O-benzotriazole-NNN" N tetramethyl-oronium-
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hexafluorophosphate (HBTU), optionally in the presence of a catalyst such as
{-hydroxybenzotriazale (HOB or 4-dunethylammopyridine {DMAPL

<

The process of ¢laim 3 wherein the optional base i a tertiary aming, such as
triethylamine, Ne-methvimorpholine, N N-dilsopropylethylamine.

7. A procesy for preparing the cinchoniding salt (XXa), which is obiaiped fom the racemic
salt {XX) by crystallization:

8. The process of claim 7, wherein the racemde salt {XX) is obtained by contacting the
bieyehic lactone carboxylic acid (XV} with cinchonidine:
;\‘%
# ::N N
o - O k L T
i- { o { J\ . ,/»\ e
\ 1

(V) ,

Q. The process of claim 8, wherein a suspension of ¢cinchonidine s added to a solution of
{XV} at shghtly elevated temperature and subsequently allowing the mixture to cool
whereupon the desired product (XXa) coystallizes.

10. The process of claim 7 or clatm §, wherein (XY} is dissolved in a solvent selected frow
ester splvents such as ethyl acetate, and solvents for the cinchonidine supension include
ac‘emmiiri}e.
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The process of claim 9 or claim 10, wherein the salt formation 18 dope at a temperature
of about 50 to about TOC, and the muixture is allowed 1o cool to gbout room

temperature.

The process of claim 11, wherein the salt formation is done at a temperature of about
HO°C.

The process of elaim 11 or elaim 12 wherein the mixture is allowed to coolto a

temperature i the range fom aboul 20°C o about 25°C.

The process any one of claims 9 to 13, wherein the salt 1s farther purified by
reerystallization fow an appropriate sobvent or solvent mixture; or by re-shirrving m &

solvent ar solvet mixture.

The process of claim 14, wherein the solvent in the recrystallization is a
Chasalkanol or i the re-shurying the solvent or solvent mixtore is an ethanolwater

i

mixture suclt as & 3%%/95% {(wiw) water/sthano! mixture.

The process of claim 15, wheretn the Cisalkanol is isopropancl.

The cinchomidine salt of ormula

The use of the cinchonidine salt (XXa} defined in claim 14, as an intermediate in the

preparation of intermediate (VIH}L

Cinchonidine salt obtained by the process of any one of elaims 7 to 16,

Compound of Formula (VHI} obtained by the process ofany one of ¢laims 1 to 6.

A process for the prepacation of a compound of formula (1)
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)
which process comprises a process for the preparation of a compound of formula (VIII)
as claimed in any one of claims 1 to 6, followed by conversion to a compound of

formula (I).

22. A process as claimed in claim 21, wherein the conversion to the compound of formula
(I) is as follows:
(1) reaction of compound of formula (VIII) with a compound of formula (VII) to form a

compound of formula (VI),

SN /_2\
NT | SN
\
OH 0
NT /M
O
",
MeO Cco

\

(Vi) OR!
(V1)

(ii) conversion of (VI) to (I) in accordance with the following scheme:
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23, A process for the preparation of a compound of formula (13, asdefined n claam 21,
which process comprises & process for the preparation of & compound of formula {XXa}
as claimed nany one of clayms 7 o 16, Hllowed by conversion {0 a compound of
formula (1),

24, A process as clatmed n claim 23, whereln the compound of formula (XXa) is first
gonverted to a compownd of formuda (VI Bllowing a process as claimed in any ong of

claims 1 to 6.

25, A process as claimed in claim 24, wherein the conversion from the compound of

formula (VHD to the compoand of formula (1) is as claimed in claim 22

2. The use of the chinochonidine salt {XXa) (In which (XX} s as delined 1 ¢laim 17), as
at intermediate in the preparation of compoeund (13 (In which {1} is as defined i claim

21

27, Aprocess for preparing g compound of formula {VIIT) a4 process for preparing the
cinchonidine salt {XXa), conpoand of formula (V) a process for the preparation of a
gompound of formula (I); the use of the chinochonidine salt (XXa} as an intermediate in

the preparation of compound (I} emochonidine salt or use of the chinochonidine salt
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(XXa) substantially as herein described with reference to any one of the embodiments of the

invention illustrated in the accompanying examples but excluding comparatives, if any.
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