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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

The 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-a) 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 cyclopentane moiety. Amongst these, the
macrocyclic derivatives are attractive by their pronounced activity against HCV and

attractive pharmacokinetic profile.

WO 2007/014926 describes macrocyclic cyclopentane 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 in terms of pharmacokinetics. Due to its favourable properties it
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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According to WO 2007/014926 the compound of formula I can be prepared starting

from the bicyclic lactone carboxylic acid referred to as compound 39 in example 4, or

in the general description of this reference as compound 17b, or as compound VII in

this description and claims. The carboxylic acid in bicyclic lactone carboxylic acid is

coupled with N-methylhex-5-enylamine 38, followed by lactone opening to 4-hydroxy-

cyclopentane derivative 41. The latter derivative 41 is then coupled with aminocyclo-

propylcarboxylic ester to cyclopentane dicarboxylic acid diamide 43, which is coupled

with quinoline 36 in an Mitsunobu ether-forming reaction, which involves an inversion

at the hydroxy-bearing carbon. The resulting intermediate 44 is cyclized via a

metathesis reaction to a macrocyclic derivative, in which the ester group is hydrolysed

and coupled with cyclopropylsulfonylamide to yield the desired end product of formula

I. These reactions are illustrated in the following scheme in which R represents

Ci4alkyl and in example 4, R is ethyl.

“41)
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TT
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The enantiomerically pure bicyclic lactone 39 was prepared starting from an
enantiomer of 3,4-bis(methoxycarbonyl)cyclo-pentanone, referred to as (17a) in

5 WO 2007/014926. The latter was prepared as described by Rosenquist et al. in Acta
Chemica Scandinavica 46 (1992) 1127 — 1129. Racemic cyclohexene dicarboxylic acid
methyl ester was synthesized via a Diels-Alder reaction of 3-sulfolene and dimethyl
fumarate, followed by oxidative cleavage of the double bond, cyclization, and
decarboxylation, resulting in (+) 4-ketocyclopentane dicarboxylic acid dimethyl ester.

10 Resolution of the latter by hydrolysis using pig liver esterase resulted in the

corresponding (+)-monoacid and the (-) diester, which is intermediate (17a) of
WO 2007/014926.
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After removal of the (+)-monoacid, the trans (3R,4R)-3,4-bis(methoxycarbonyl)
cyclopentanone diester (17a) was converted to the bicyclic lactone 17b (also referred to
5 as compound VII, see above), first by a keto to alcohol reduction, followed by

hydrolysis of the esters, and lactone formation.

The synthesis procedure for preparing I described in WO 2008/092955 starts from an
intermediate D, wherein the ester function is hydrolysed, and coupled with cyclopropyl

10 amino acid ester C. The resulting intermediate B is cyclized by an olefin metathesis
reaction to the macrocyclic ester A, which is hydrolyzed and coupled with
cyclopropylsulfonylamide to the end product I. These reactions are outlined in the
reaction scheme below. In this and the following reaction schemes R is C;4alkyl, in
particular R is ethyl. R' is C4alkyl, in particular R' is methyl or ethyl.
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Intermediate D in turn can be prepared starting from a hydroxycyclopentyl bis-ester of

formula H1, by either

5 (a) reacting H1 with a thiazolyl substituted quinolinol E to the quinolinyloxy-
cyclopentyl bis-ester of formula K, followed by a cleavage of the benzyl ester

group to the mono- carboxylic acid J, which in turn is coupled with an N-methyl

hexenamine to intermediate D; or

(b) cleaving the benzyl ester in H1 to the mono-carboxylic acid G, coupling the latter

10 with an N-methyl hexenamine to the hydroxycyclopentylamide F, which in turn is

reacted with E, thus obtaining D; as outlined in the following reaction scheme:
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Each R' is in this scheme is as specified above and Bn represents benzyl.

WO 2008/092955 furthermore describes procedures for preparing intermediate H1
5  starting from 4-oxo-1,2,-cyclopentanedicarboxylic acid O, by a keto to alcohol
reduction, thus obtaining 4-hydroxy-1,2-cyclopentanedicarboxylic acid N, which in
turn is cyclized to the bicyclic lactone M. Esterification of the carboxylic acid group in
the latter yields the lactone benzyl ester L, wherein the lactone is opened by a
transesterification reaction in the presence of a C;4alkanol, thus yielding intermediate
10 H, which is resolved in its enantiomers H1 and H2, as outlined in the following reaction

scheme:
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A disadvantage of the above process is that it involves a resolution of the enantiomers
of H by chiral column chromatography, a cumbersome procedure that is difficult to run

5  at large scale production. Another disadvantage is that the resolution takes place at a
later stage of the synthesis, whereby half of the building block H has to be discarded.
The presence of various chiral centers in the compound of formula I and its
predecessors poses particular challenges in that enantiomeric purity is essential to have
a product that is acceptable for therapeutic use. Hence the processes for preparing D

10 should result in products of acceptable enantiomeric purity without use of cumbersome

purification procedures with the loss of substantial amounts of undesired stercoisomeric

forms.

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

COOR COOMe
rac o:C( R1O‘“<:( rac

“COOR “COOR?
2 R=H;rac 4R'=H, R2’=Me;rac
R=Me;
3 e rac 5 R'=H, R2=CH,CeHs;rac
6 R'"=Ac, R2?=H;rac

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
20  Raney-Ni to the alcohol 4. Partial hydrolysis of 4 to the monocarboxylic acid and

benzylation with benzyl bromide gave predominantly diastereoisomer 5, namely the
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diastercoisomer wherein the hydroxy and benzyl ester groups are in cis position. The
latter ester 5 in Honda et al. and compound H are both racemates, but are
diastercoisomers of one another, more precisely epimers on the carbon no. 4 bearing
the hydroxy group. Compound H1 is one of the two enantiomers obtained by separation

from the racemic compound H. The other enantiomer is compound H2.

The bicyclic lactone (17b) is an interesting building block in the synthesis of the
compound of formula I. Finding a synthesis path to obtain this lactone in good yield
and high enantiomeric purity is a desirable goal to achieve. The present invention
provides a process to prepare (1R,2R)-4-ox0-1,2-cyclopentanedicarboxylic acid, which

can be readily converted to the bicyclic lactone (17b).

The processes of the present invention are advantageous in that they are suitable for
large scale production. Cumbersome purification steps, in particular by

chromatography, are avoided.

Description of the Invention

Overview of structures described in this description and claims.
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In one aspect, the present invention relates to a process for preparing [(1R,2R)-4-0x0-

1,2-cyclopentanedicarboxylic acid II, by the resolution of racemic 4-oxo-1,2-

cyclopentanedicarboxylic acid (V), said process comprising

(a) reacting 4-o0x0-1,2-cyclopentanedicarboxylic acid (V) with brucine or
(IR, 25)-(-)-ephedrine, thus preparing the bis-brucine or bis-(/ R, 2S)-(-)-ephedrine
salt of (V), and

(b) precipitating selectively the bis-brucine or bis-(/R,2S)-(-)-ephedrine salt of
(1R,2R)-4-0x0-1,2-cyclopentanedicarboxylic acid II, while the bis-brucine or bis-
(IR, 25)-(-)-ephedrine salt of [(15,2S5)-4-0x0-1,2-cyclopentanedicarboxylic acid
stays in solution;

(c) liberating the acid II by removal of brucine or (/R,25)-(-)-ephedrine from the
precipitated salt obtained in step (b).

This process is outlined in the following reaction scheme:

O O

OH  brucine OH
O — O .2
~, ~OH -, ~OH

W) an

o}
/ 0 )
ephedrine OH
(V) — 0 -2 CHs
-, OH

(Iv)

The invention also concerns the intermediate [(1R,2R)-4-0x0-1,2-cyclopentane-
dicarboxylic acid salt with brucine (1 : 2), having the structure 111, and the
[(1R,2R)-4-0x0-1,2-cyclopentanedicarboxylic acid salt with (/R,25)-(-)-ephedrine (1:2),
having the structure I'V.

The brucine salt III can be obtained by mixing brucine and #rans-4-oxo-1,2-cyclo-
pentanedicarboxylic acid in the presence of a solvent, heating the mixture until all

solids dissolve, and allowing the mixture to cool whereby the brucine salt crystallizes.
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Solvents include alcohols such as methanol or ethanol and aqueous alcohols, such as
aqueous methanol or ethanol. Of interest are alcohol/water mixtures with a minor
amount of water, ¢.g. a water content in the range of about 2% to about 20%, or about
5% to about 10% (w/w). In particular, use can be made of a mixture of water/methanol
with a water content in the range of about 5% to about 10%, ¢.g. about 5% (w/w). In
one embodiment a mixture of aqueous alcohol and brucine is made and slightly heated
to a temperature in the range of about 30°C to about 50°C, e.g. at about 40°C
whereupon a solution of frans-4-oxo-1,2-cyclopentanedicarboxylic acid is added. The
resulting mixture is heated until all solids are dissolved, in particular by heating to
reflux temperature. Then the mixture is allowed to cool, preferably slowly, to room
temperature. The solids that are formed are filtered. They may be recrystallized, e.g.

from water.

The (/R,2S5)-(-)-ephedrine salt IV can be obtained similarly, but instead of aqueous
alcohols, aqueous ketones such as aqueous acetone can be used. Of interest are
acetone/water mixtures with a minor amount of water, e.g. a water content in the range
of about 2% to about 25%, or about 10% to about 20% (w/w), ¢.g. about 16% (w/w).

The resolution can also be performed with (/§,2R)-(+)-ephedrine yielding the
(18,28)-4-0x0-1,2-cyclopentanedicarboxylic acid (/S,2R)-(+)-ephedrine (2 : 1) salt as a
white solid.

The resolution of trans-4-oxo-1,2-cyclopentanedicarboxylic acid was also attempted
with cinchonidine, resulting in the [(1S5,25)-4-0x0-1,2-cyclopentanedicarboxylic acid

cinchonidine (1:2)] salt being isolated as a solid.

Resolution was also attempted with cinchonine however the salt, in its racemic form,

could only be isolated as a glassy solid.

Resolution was also attempted with nicotine, again unsuccessfully as the salt of trans-

4-o0x0-1,2-cyclopentanedicarboxylic acid was isolated as an oil.

The brucine and (/R,25)-(-)-ephedrine salts of (1R,2R)-4-0x0-1,2-cyclopentanedi-
carboxylic acid can be converted to the free acid of formula II. In a first step brucine
and (/R,25)-(-)-ephedrine are removed by treating aqueous suspensions of the salts
with a base, ¢.g. ammonium hydroxide. This is preferably done at increased
temperature, for example at a temperature that is in the range of 60°C to 100°C, e.g. at

80°C. Cooling to room temperature results in crystallization of solid brucine, which can
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be isolated by filtration. Work-up of the remaining solution can be done by evaporation
to dryness, and re-dissolution of the residue in water. To this solution, an acid was
added, e.g. HCI, resulting in the precipitation of (1R,2R)-4-ox0-1,2-cyclopentane-

dicarboxylic acid. The resulting solids can be filtered and washed with cold water.

The bisalkali metal salt form of II can also be prepared and isolated.

The recovered brucine can be dried and recrystallized from water — ethanol (50:50) to

purify the brucine, which can be re-used in the resolution.

In further aspect, the (R,R)-4-0x0-1,2-cyclopentanedicarboxylic acid II, obtained by the
above process, or the brucine salt I1I or the (/R,25)-(-)-ephedrine salt (IV), are used as
a starting material in a process for preparing the bicyclic lactone (VII), by reducing the
keto functionality to an alcohol resulting in 4-hydroxy-1,2-cyclopentane-dicarboxylic
acid (VI), which is cyclized to the lactone (VII).

0O 0O

o) 0O
OH OH
O:O)L . HOO)L —
., OH -+, OH O OH

T i§

o) o)
(1) (VI (Vi

The racemic 4-oxo-1,2-cyclopentanedicarboxylic acid V starting material can be
prepared as described above in the Background of the Invention section. The keto to
hydroxy reduction in II to VI can be done using a suitable reductant, in particular by
hydrogen in the presence of a metal catalyst, ¢.g. rhodium on carbon or on alumina or
Raney Ni, in a reaction-inert solvent, ¢.g. in an aqueous medium, such as water, in the
presence of a base, ¢.g. NaOH, KOH, or an organic base such as tricthylamine,

N-methylmorpholine or Hunig’s base (diisopropylethylamine).

The resulting 4-hydroxycyclopentane-1,2-dicarboxylic acid VI can be converted to a
salt, e.g. a bistertiary amine salt such as the bis-triethylamine salt, or a bisalkali metal

salt such as the bis sodium or bis potassium salts.

Intermediate VI can be cyclized to form the lactone VII by reaction with a chloro-
formate, e.g. with ethyl or methyl chloroformate. This reaction can be conducted in a
reaction-inert solvent such as a ketone, in particular acetone, or an ether such as THF or

MeTHEF, or acetonitrile. A base can be added, ¢.g. a tertiary amine such as
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tricthylamine or N-methylmorpholine (NMM). In an alternative embodiment the

lactone-forming agent is 2,4,6-trichloro-1,3,5-triazine (TCT) or a derivative thereof.

In a particular embodiment, intermediate 11 is converted to the 4-hydroxy-1,2-cyclo-
pentane-dicarboxylic acid VI by a reduction reaction as described above, which is
cyclized to the lactone VII using a triazine derivative, in a one-pot procedure without
isolation of intermediary products. VI is obtained in water after the reduction step, to
which an organic co-solvent might be added in the second step, for example acetone,
methylethylketone (MEK), tetrahydrofuran (THF) or 2-methyltetrahydrofuran
(MeTHF). Triazine derivatives for this reaction comprise agents such as 2,4,6-
trichloro-1,3,5-triazine (TCT), chloro-dimethoxytriazine (CDMT), N-(3,5-dimethoxy-
triazinyl)-N-methylmorpholinium chloride (DMTMM) or dichloro-methoxytriazine
(DCMT). This reaction sequence offers a simple, short and economic procedure to
prepare the lactone VII in high yield and purity. The water used as solvent in the
reduction step need not removed and no separation of the intermediate 4-hydroxy-1,2-

cyclopentane-dicarboxylic acid VI is necessary.

The brucine and (/R,2S5)-(-)-ephedrine salts of (1R,2R)-4-0x0-1,2-cyclopentane-
dicarboxylic acid Il or IV can be converted directly to the dimethyl (1R,2R)-4-0x0-1,2-
cyclopentanedicarboxylate ester. In a first step brucine and (/R, 25)-(-)-ephedrine are
removed as described above and solid brucine and (/R,2S5)-(-)-ephedrine are isolated.
The mother liquors after the recovery of brucine and (-)-ephedrine are evaporated to
yield enantiomerically pure (1R,2R)-4-0x0-1,2-cyclopentanedicarboxylic acid. This
can be used to make I as described in WO 2007/014926. Thus, the residue that is
obtained after evaporation is taken up in a methanol/ toluene mixture and a strong acid,
¢.g. sulfuric acid is added. The reaction mixture is heated up, preferably to reflux,
whereafter the solvent is distilled off from the reaction mixture until an internal
temperature of > 70°C is reached. The mixture is then cooled to about 30°C and water
added. The resulting mixture is stirred at room temperature and further worked up by

isolating the organic layer that is formed. Evaporation yields the desired dimethyl ester.

The latter can be converted to dimethyl (1R,2R)-4-0x0-1,2-cyclopentanedicarboxylate
ester VIII as described above and further converted to other intermediates in the
synthesis of the compound of formula I. The keto group in VIII is reduced yielding an
intermediate X, which is converted to X by a hydroxy-assisted transesterification
reaction. The hydroxy-function in X is converted to a quinolinyl ether group in XI with
a Mitsunobu reaction, which involves an inversion at the hydroxy-bearing carbon atom.

The benzyl group in XI is removed, subsequently yielding an intermediate XII, and the
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latter is coupled with a cyclopropyl amino acid ester XXII to give XIII, in which the
methyl ester is hydrolyzed to yield XIV. The latter is coupled with N-methyl-5-hexen-
I-amine X VI resulting in an intermediate XV, which is as described above and can be

cyclized to macrocyclic intermediate A, which is converted to end product 1.

This reaction sequence is illustrated in the following scheme wherein Quin represents a

quinoline group of formula:

N
@) N [ >
~ [* S
F
O O O

OH OCH
0 . O:O)L s HO“.O)LOCHs .
g O ., ~OCHs ., LOCHj

T hig T

0 0
(I (VI (IX)
0 Q 0
OCHs O.O)LOCHs OCHs
i OB Quirl , ~OBN P on
" n ']/ Quin “
| ! r
0 0
(X) (X0) (Xl
0] O

HNA\COOEt HNA\COOEt

"’// ""/
(XII) (XIV)

\N/M

o)
/o.<:|/L§
—  Quin 1, 20 (XV)

,,/|//
HN,_..COOEt

A

"’//
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This synthesis procedure offers the advantage that several intermediates can be
crystallized, allowing to eliminate impurities. The end product is obtained in high yield
and purity, in particular high stereochemical purity. Intermediates that can be isolated
as a solid are intermediates X1, XII, XIII and XIV.

In a further aspect, compound XVIII, a useful intermediate to prepare I, is obtained

from intermediate X via the route described below:
0 O

OCHy _ O_O)LOCHs
HO ' o . OBn

., OBn '
g i
‘ o !
RZ/_
(X) (XIX)
0
. : )LOCH3 ] COOMe
— = 0 ',ll OH — 0 :] /l N\/\/\/\ —
7\ O /7 \ O
2" = R2 = (XXI)
(XX)

SN XY
s / 0
O -
e e e
R §
0O

(XVIIl, R = Me) D

10 Inthe above scheme and hereinafter, R* is hydrogen, C)4alkyl, aryl, halogen,
-S0,-Ci4alkyl, CN, or NO,. R? can be substituted in 0, m, or in particular in p-position.
Of interest is NO,, in particular p-NO, (4-NO,). R is as specified above and in

particular is methyl.

15  Compound X is reacted with an aromatic acid, an azodicarboxylate and a phosphine in
a Mitsunobu reaction to give XIX, which is isolated as a crystalline solid from the
reaction mixture, thereby providing an efficient purification from both impurities in X

and those from the Mitsunobu reaction, as well. XIX is treated with palladium acetate
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and sodium formate to give XX, which is coupled with N-methyl-5-hexen-1-amine
XVI to give XXI, which is treated with a base in methanol to give XVIII (R'= Me),

The synthesis procedures of the present invention offers the advantage that the correct
stereochemistry at the cyclopentane moiety is obtained without using chiral
chromatography. The brucine salt III and the ephedrine salt IV have been found to
selectively crystallize with high diasterecomeric purity (containing the acid II in high

enantiomeric purity).

The finding that the salts IIT and IV can be isolated by crystallization provides an
clegant way to obtain (R,R)-4-0x0-1,2-cyclopentanedicarboxylic acid II and eventually
the bicyclic lactone VII in high enantiomeric purity. Recrystallization or reslurrying
allows further purification of these salts. The salts III and IV can be used as starting
material in the further synthesis of the acid VI, as described above. The latter in turn
can be converted to the lactone VII, an important building block in the preparation of

the compound of formula I.

In another embodiment, the present invention relates to the compounds per se of
formula [T or I'V.

The cyclic lactone acid VII can be isolated, either as an acid or a salt thereof, but the
resulting aqueous-organic solution of VII obtained in the reaction sequence described
above can be used directly in a coupling reaction with the amine XVI to obtain the
amide XVII.

In further aspect, the bicyclic lactone acid VII, or a salt thereof, either isolated or non-
isolated, is used as a starting material in a process for preparing the cyclopentane
derivative XVIII, by reacting the bicyclic lactone VII with N-methyl-5-hexen-1-amine
(NMHA) XVI in an amide-forming reaction to yield the bicyclic lactone amide XVII,
in which the lactone group is opened to yield the desired product XVIII. These

reactions are illustrated in the scheme below, wherein R’ is as specified above.
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The further processing of the compound of formula X VIII to the end products of
formula I are as outlined in the reaction schemes above and in particular as described in
WO 2008/092955. The reaction of the bicyclic lactone VII with N-methyl-5-hexen-1-
amine X VI is an amide forming reaction, which comprises reacting the starting
materials with an amide-coupling reagent in a solvent, optionally in the presence of a
base, as described in WO 05/073195 and WO 2007/014926. This reaction can be
conducted, for example, by using N-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline
(EEDQ) as coupling agent, in dichloromethane (DCM), tetrahydrofuran (THF) or
2-methyltetrahydrofuran (MeTHF) as solvent, or can be performed by using TCT or a
derivative thereof (CDMT, DCMT, DMTMM) in water or a mixture of water and an
organic solvent. Organic solvents to this purpose include acetone, methylethylketone
(MEK), tetrahydrofuran (THF), MeTHF, CPME (cyclopentyl methyl ether), C;_4alkyl
acetate, C;4alkyl propionate, C;4alkyl butyrate and toluene.

As used in the foregoing and hereinafter, the following definitions apply unless
otherwise noted. The term “C;4alkyl” defines straight or branched chain saturated
hydrocarbon radicals having from 1 to 4 carbon atoms such as for example methyl and
ethyl; and also 1-propyl, 2-propyl, 1-butyl, 2-butyl, 2-methyl-1-propyl, 2-methyl-2-
propyl.

The generally accepted convention for representing stereochemical compounds, which

is also adhered to herein is the following:

- A compound represented without stereobonds, is racemic or the configuration of the
sterecogenic center(s) is not defined.

- A compound represented with stereobonds and one of the descriptors “(£)”, “rel”, or

“rac”, is racemic and the stereochemistry is relative.
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- A compound represented with stereobonds but without the descriptors “(+)”, “rel”,

or “rac” refers to a non-racemic compound (scalemic substance) i.e.enantio-enriched.

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
intermediates. However the above convention may not necessarily be followed in all

publications.

The enantiomeric purity is given as enantiomeric ratio (e.r.). For the salts, the e.r. value
refers to the ratio of the two enantiomers of the acid in the mixture of diastereomeric

salts.

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: Resolution of 4-oxo0-1,2-cyclopentanedicarboxylic acid with brucine.
Preparation of 4-oxo-1,2-cyclopentanedicarboxylic acid bis brucine salt, i.e. (1R,2R)-4-
oxo-1,2-cyclopentanedicarboxylic acid salt with brucine (1:2)

O

Brucine (288.7 g, 0.73 mol) was added to a solution of water (87 ml) in methanol
(1653 ml). The mixture was heated to 40°C and a solution of rac-trans-4-oxo-1,2-
cyclopentanedicarboxylic acid (60 g, 0.35 mol) in methanol (665 ml) and water (35 ml)
was added dropwise over 15 minutes. The resulting suspension was heated to reflux
until all solids had dissolved. The mixture was allowed to cool slowly to 22°C. The
solids were filtered and washed with a little water. The solid material was dried under
vacuum at 50°C for 16 hours to yield 265 g of the brucine salt (approximately 1:1
mixture of diastercomers). This salt was then recrystallized from water (1026 ml) to
yield after drying 120.6 g (36%) of (1R,2R)-4-0x0-1,2-cyclopentanedicarboxylic acid
compound with brucine (1:2) as an off white crystalline solid.

[a]p: -91.4
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Example 2: Resolution of 4-oxo-1,2-cyclopentanedicarboxylic acid with (-)-ephedrine.
Preparation of 4-oxo-1,2-cyclopentanedicarboxylic acid bis ephedrine salt, i.e. (/R,25)-
(-)-ephedrine [(1R,2R)-4-0x0-1,2-cyclopentanedicarboxylic acid compound with

(IR, 25)-(-)-ephedrine (1:2)]

(1R,2S)-(-)-ephedrine (20.16 g, 0.12 mol) was added to a suspension of trans-4-oxo-
1,2-cyclopentanedicarboxylic acid (10 g, 58 mmol) in acetone (200 ml) and water
(26 ml). The mixture was heated to reflux until a homogeneous solution was formed.
Allow the mixture to cool slowly to 22°C. The solids were filtered and washed with
acetone. The solid material was dried under vacuum at 50°C to yield 10.3 g (35 %)of
(1R,2R)-4-0x0-1,2-cyclopentanedicarboxylic acid compound with (1R,2S)-(-)-
ephedrine (1:2) as a white solid.

[a]p: - 69.1

1H-NMR (400 MHz, DMSO-d6) & ppm 0.86 (d, J = 6.8 Hz, 6H) 2.29 — 2.39 (m, 1H)
2.39 —2.47 (m, 1H) 2.49 (s, 6H) 2.96 — 3.12 (m, 4H) 4.89 (d, J = 3.3 Hz, 2H) 7.19 —
7.32 (m, 2H) 7.33 — 7.54 (m, 8H). 13C-NMR (150 MHz, DMSO-d6) 11.17, 31.81,
42.12, 44.06, 59.55, 71.08, 125.97, 126.92, 127.93, 142.17, 175.74, 176.47, 215.40.

The resolution can also be performed with (1S,2R)-(+)-ephedrine to yield in 32% yield
(18,25)-4-0x0-1,2-cyclopentanedicarboxylic acid compound with (1S,2R)-(+)-
ephedrine (1:2) as a white solid.

[a]p: +66.3

Example 3: (1R,2R)-4-0x0-1,2-cyclopentanedicarboxylic acid and recovery of
ephedrine.

To a solution of (1R,2R)-4-0x0-1,2-cyclopentanedicarboxylic acid salt with (/R,2S5)-(-)-
ephedrine (1:2) (251 g, 0.5 mol) was added 8 N aqueous KOH (199.21 g, 1.10 mole)
and the mixture was stirred for 5 minutes. 2-Methyltetrahydrofuran (688 ml) was added
and the mixture was stirred vigorously for 20 minutes. The two layers were separated
and the aqueous phase was acidified with HCL. The 2-methyltetrahydrofuran organic
phase contained the ephedrine, which could be recycled from that phase. The aqueous
phase was then evaporated to dryness on the rotavapor and the residue recrystallized
from water (50 ml) to yield 55.15 g (64 % yield) of (1R,2R)-4-0x0-1,2-cyclopentane-
dicarboxylic acid as an off white solid.
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The 2-methyltetrahydrofuran solution of ephedrine was evaporated to dryness on the
rotavapor to yield crude ephedrine as a yellow oil, which solidified on standing after 3
days. The crude ephedrine was dissolved in 2-methyltetrahydrofuran (400 ml) and the
mixture made acidic with HCl in isopropanol. The solid material was filtered and
washed with 2-methyltetrahydrofuran (50 ml). The solid ephedrine hydrochloride was
dried under vacuum at 50°C before being dissolved in water (300 ml) at 40°C.
Sufficient potassium carbonate was added portionwise to the warm aqueous solution,
until a two-phase system was obtained. 2-Methyltetrahydrofuran (200 ml) was added
and the mixture stirred vigorously for 5 minutes. The two layers were separated and the
aqueous phase extracted with 2-methyltetrahydrofuran (200 ml). The combined organic
layers were dried over Na,SQOy, filtered and evaporated to dryness to yield 124.7 g

(75% yield) of recovered ephedrine as a white solid.

Example 4: preparation of bicyclic lactone carboxylic acid VII
o V1)

0] COOH

To a suspension of 32.7 g (0.19 mol) of (1R,2R)-4-0x0-1,2-cyclopentanedicarboxylic
acid (intermediate II) in 237.5 ml water under an atmosphere of nitrogen was added
1.0 ml (0.019 mol) 50% wt/wt aqueous NaOH. The mixture was warmed to 60°C and
2.5 g Rh/C (5% wt/wt) were added. Then the reaction flask was purged with hydrogen
and kept under an atmosphere of hydrogen while stirring until complete conversion was
reached. The warm reaction mixture was filtered over Celite and the filter cake 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 Dean-Stark trap filled with 2-methyltetrahydrofuran and 2-methyltetra-
hydrofuran (100 ml) was added to the reaction mixture. The mixture was refluxed for

4 hours to remove the remaining water. Then 80% of the solvent volume was distilled
off under ambient pressure. The mixture was cooled to 50°C and acetone (380 ml) was
added. The mixture was cooled further to 22°C and additional acetone (760 ml) was
added. The resulting suspension was cooled under an atmosphere of nitrogen to —5°C
and triethylamine added (27.8 ml, 20.24 g, 0.2 mol). Subsequently, ethyl chloroformate
(22.68 g, 0.21 mol) was added drop-wise and the mixture was stirred at 0°C for

3 hours, then at 22°C for a further 12 hours. The reaction mixture was filtered over
Dicalite and the solids washed with acetone (100 ml). The resulting solution of VII in

acetone could be used in further procedures to prepare intermediate XVII.



10

15

20

25

30

35

WO 2011/113859 PCT/EP2011/053957

3

Example 5: synthesis of VIII, dimethyl (1R,2R)-4-0x0-1,2-cyclopentanedicarboxylate

{j)\ O/
0]
sy SO

i

0]

A suspension of 4-ox0-1,2-cyclopentanedicarboxylic acid bis brucine salt (144 g,

0.15 mol) in water (750 ml) was heated to 80°C. Ammonium hydroxide (50 % solution
in water, 11.8 ml, 0.32 mol) was added dropwise and the resulting mixture was stirred
at 80°C for 30 minutes. The suspension was cooled to 22°C and filtered, the solid
material was then washed with water (37 ml). The combined filtrate and washings were
evaporated to dryness on the rotavapor. To the residue was added methanol (300 ml)
and toluene (750 ml). Sulfuric acid (4.3 ml) was added and the mixture heated to reflux
for 2 hours. Solvent was distilled of from the reaction until an internal temperature of
>70°C was reached. The mixture was cooled to 30°C and water (150 ml) was added.
The resulting mixture was stirred at 22°C for 60 minutes. The two layers were
separated and the organic phase was dried over Na,SOy, filtered and evaporated to
dryness to yield 27 g of dimethyl (1R,2R)-4-0x0-1,2-cyclopentanedicarboxylate as a
pale yellow oil which solidified on standing.

GC-MS: m/z =200 (M+). "H-NMR (600 MHz, CDClz) 8 ppm 2.35 — 2.40 (m, 2H) 2.50
- 2.56 (m, 2H) 3.25 — 3.31 (m, 2H) 3.75 (s, 6H) ). "C-NMR (150 MHz, CDCls) 40.56,
43.23,52.09, 172.87, 212.03.

[a]p: - 192.2

Example 6: synthesis of X, dimethyl (1R,2R)-4-hydroxy-1,2-cyclopentane-
dicarboxylate

Rhodium on alumina (5% wet, 25 g) was added to a solution of dimethyl (1R,2R)-4-
oxo-1,2-cyclopentanedicarboxylate (100 g, 0.5 mol) in tetrahydrofuran (1000 ml). The
reaction vessel was purged with hydrogen and then stirred under an atmosphere of
hydrogen until complete conversion. The reaction mixture was filtered over Dicalite
and the filter cake washed with tetrahydrofuran (10 ml). The combined filtrate and
washings were evaporated to dryness to yield 95.9 g of dimethyl (1R,2R)-4-hydroxy-

1,2-cyclopentanedicarboxylate as a colourless oil.
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This reduction could also be carried out using Raney — Ni as catalyst under hydrogen at

6 bar pressure.

Example 7: synthesis of intermediate X, benzyl methyl (1R,2R,4R)-4-hydroxy-1,2-

cyclopentanedicarboxylate

/

0]

/N

HO"

Toluene (435 ml), sodium carbonate (23.6 g, 0.22 mol) and benzyl alcohol (48.13 g,
0.45 mol) were added to a flask fitted with a Dean-stark trap. The mixture was heated
to reflux for 90 minutes to remove any traces of water. The mixture was cooled to
80°C and the reaction flask purged with nitrogen. Dimethyl (1R,2R)-4-hydroxy-1,2-
cyclopentanecarboxylic acid (30 g, 0.15 mol) was added and the mixture was heated to
reflux with a slight flow of nitrogen over the reaction mixture for 6 hours. A solution of
HCI (42 ml, 0.46 mol) in water (56 ml) was added dropwise and the mixture was stirred
at 22°C for 15 minutes. The two layers were separated and the aqueous phase was
extracted with toluene (30 ml) and dichloromethane (30 ml). The combined organic
layers were dried over Na,SQy, filtered and evaporated to dryness on the rotavapor to
obtain crude intermediate X.

The residue was purified by chromatography over silica gel eluting with CH,Cl,/ethyl
acetate (85:15) to yield 23.9 g (58% isolated yield) of benzyl methyl (1R,2R,4R)-4-
hydroxy-1,2-cyclopentanedicarboxylate as a colourless oil.

GC-MS: m/z = 278 (M+). 'TH-NMR (600 MHz, CDCls) 8 ppm 1.90 —2.02 (m, 2H) 2.10
—2.16 (m, 1H) 2.26 (ddd, 1H) 2.37 (d, /J=4.91 Hz, 1H) 3.25 - 3.29 (m, 1H) 3.45 (q, J
=49 Hz, 1H) 3.66 (s, 3H) 4.37 — 4.40 (m, 1H) 5.15 (s, 2H) 7.30 — 7.37 (m, 5H).
BC-NMR (150 MHz, CDCl;) 38.59, 39.82, 45.21, 45.49, 52.12, 66.91, 72.86, 128.05,
128.28, 128.58, 135.73, 175.21

Example 8: synthesis of XI, benzyl methyl (1R,2R,4S5)-4-([2-(4-1sopropyl-1,3-thiazol-2-
yl)-7-methoxy-8-methyl-4-quinolinyl]oxy)-1,2-cyclopentanedicarboxylate



10

15

20

25

30

WO 2011/113859 PCT/EP2011/053957

5.

\pn

A solution of benzyl methyl (1R,2R,4R)-4-hydroxy-1,2-cyclopentanedicarboxylate
(intermediate X, 4.1 g, 14.7 mmole), 2-(4-isopropyl-1,3-thiazol-2-yl)-7-methoxy-8-
methyl-4(1H)-quinolinone (Quin-OH, 4.40 g, 14.0 mmole) and triphenylphosphine
(5.80 g, 22.1 mmole) in toluene (74 ml) was heated to reflux under Dean- Stark
conditions for 90 minutes. The mixture was cooled to — 5°C and diisopropyl
azodicarboxylate (4.47 g, 22.1 mmole) was added dropwise at such a rate that the
temperature remained under 5°C. The reaction mixture was stirred at 0 to 5°C for

3 hours before being allowed to warm slowly to 22°C and stir for 16 hours. Water
(14.7 ml) was added and the mixture stirred for 10 minutes. The reaction mixture was
filtered and the solids washed with a little toluene. The two phases of the filtrate were
separated and the organic phase evaporated to dryness. To the residue was added
1-butanol (74 ml) and the resulting solution stirred at 22°C for 2 hours. Solids were
filtered and washed with 1-butanol (5 ml) to yield after drying 6.8 g of benzyl methyl
(1R,2R,48)-4-([2-(4-1sopropyl-1,3-thiazol-2-yl)-7-methoxy-8-methyl-4-quinolinyl]-

oxy)-1,2-cyclopentanedicarboxylate as a white solid.

'H-NMR (600 MHz, CDCL) & ppm 1.38 (d, /= 7.1 Hz, 6H) 1.68 2.26 — 2.31 (m, 1H)
2.47 —2.49 (m, 1H) 2.56 — 2.64 (m, 2H) 2.69 (s, 3H) 3.19 (hept, J= 6.8 Hz, 1H) 3.35 —
3.39 (m, 1H) 3.57 (s, 3H) 3.68 — 3.72 (m, 1H) 3.97 (s, 3H) 5.18 (AB J = 12.5 Hz, 2H)
5.27 - 5.34 (m, 1H) 7.01 (s, 1H) 7.21 (d, J=9.1 Hz, 1H) 7.30 — 7.39 (m, 5H) 7.44 —
7.49 (m, 1H) 7.94 (d, J=9.1 Hz, 1H) C-NMR (150 MHz, CDCl:) 9.89, 22.50, 31.11,
35.92,36.79, 45.32, 45.73, 52.21, 56.25, 66.86, 78.26, 95.70, 112.34, 114.20, 116.81,
120.28, 121.92, 128.16, 128.34, 128.48, 132.08, 135.71, 148.71, 151.80, 158.13,
160.57, 164.97, 169.93, 174.06.

mp: 112.4°C

[a]D:-19.6

HRMS: 575.22095 — mass fits with formula Cs,H3sN,OgS

Calculated mass: 575.22158



10

15

20

25

30

WO 2011/113859 PCT/EP2011/053957

6-

Example 9: synthesis of XII, (1R,2R,4R)-4-[[2-(4-isopropyl-1,3-thiazol-2-yl)-7-
methoxy-8-methyl-4-quinolinyl]oxy]-2-(methoxycarbonyl)cyclopentanecarboxylic acid

J/~OH
o

Palladium (II) acetate (152 mg, 0.68 mmol) was added to a solution of benzyl methyl
(1R,2R,48)-4-([2-(4-1sopropyl-1,3-thiazol-2-yl)-7-methoxy-8-methyl-4-quinolinyl]-
oxy)-1,2-cyclopentanedicarboxylate (XI, 7.8 g 13.6 mmol) in 2-methyltetrahydrofuran
(27 ml) under a nitrogen atmosphere. The mixture was warmed to 45°C and triethyl-
silane (6.52 ml, 40.7 mmol) was added. The resulting mixture was heated to 60°C and
stirred for 16 hours. Hydrochloric acid (115 mg, 1.1 mmol), activated charcoal (0.4 g)
and Celite® (0.4 g) were added and the mixture stirred a further 60 minutes at 60°C.
The reaction mixture was filtered warm and the solids washed with 2-methyltetrahydro-
furan (6.8 ml). The combined filtrate and washings were evaporated to dryness. The
residue was dissolved in methanol and heated to reflux. Water (13.6 g) was added and
the mixture brought back to reflux. The mixture was allowed to cool slowly to 22°C
and the solid material filtered and washed with cold methanol (5.5 ml). The solids were
dried under vacuum at 50°C to yield 5.6 g of (1R,2R,4R)-4-[[2-(4-isopropyl-1,3-
thiazol-2-yl)-7-methoxy-8-methyl-4-quinolinyl]oxy]-2-(methoxycarbonyl)-
cyclopentanecarboxylic acid as a white solid.

'H-NMR (400 MHz, CDClz) & ppm 1.39 (d, J = 6.8 Hz, 6H) 2.30 — 2.39 (m, 1H) 2.48 —
2.69 (m, 2H) 2.70 (s, 3H) 3.16 — 3.29 (m, 1H) 3.36 — 3.44 (m, 1H) 3.64 (s, 3H) 3.69 —
3.77 (m, 1H) 3.99 (s, 3H) 5.32 (t, /=49 Hz, 1H) 7.03 (d, /= 0.76 Hz, 1H) 7.24 (d, J =
9.1 Hz, 1H) 7.51 (s, 1H) 7.95 (d, J = 9.6 Hz, 1H) 10.03 (br.s., 1H). *C-NMR (100
MHz, CDClL) 9.85, 22.42, 22.53, 30.90, 35.92, 36.57, 45.01, 45.55, 52.31, 56.22,
78.25,95.69, 112.46, 114.27, 116.77, 120.24, 121.95, 148.70, 151.49, 158.16, 160.63,
164.89, 170.36, 174.10, 178.76.

mp: 134.8°C

[a]D:-13.8

HRMS: 485.17776 — mass fits with formula C,sH20N,06S

Calculated mass 485.17463
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Example 10: synthesis of XIII, methyl (1R,2R,4R)-2-[[(1R,2S)-1-(cthoxycarbonyl)-2-
vinylcyclopropyl]carbamoyl]-4-[[2-(4-isopropyl-1,3-thiazol-2-yl)-7-methoxy-8-methyl-

4-quinolinyl]oxy]cyclopentanecarboxylate

S
e N SN

To a solution of (1R,2R,4R)-4-[[2-(4-isopropyl-1,3-thiazol-2-yl)-7-methoxy-8-methyl-
4-quinolinyl]oxy]-2-(methoxycarbonyl)cyclopentanecarboxylic acid (XII, 3 g,

6.19 mmol) in THF (31 ml) was added a 1M aqueous solution of NaHCO; (6.0 ml) and
the resulting solution stirred at 22°C for 15 minutes. 2-Ethoxy-1-ethoxycarbonyl-1,2-
dihydroquinoline (1.61 g, 6.50 mmol) and ethyl (1R,25)-1-amino-2-vinylcyclopropane-
carboxylate.4-methylbenzenesulfonate (XXII.TsOH, 2.03 g, 6.19 mmol) were added
and the mixture stirred at 22°C for 16 hours. 1M aqueous HCI (12.4 ml) was added to
the reaction and the mixture stirred for a few minutes. 2-Methyltetrahydrofuran (31 ml)
was added to the reaction mixture and the two phases separated. The organic layer was
washed with 1M aqueous NaOH (12.4 ml) and water (9.3 ml) before being dried over
Na,S0y, filtered and the filtrate evaporated to dryness. The residue was recrystallized
from isopropanol (18.6 ml) to yield after drying 2.2 g methyl (1R,2R,4R)-2-[[(1R,25)-1-
(ethoxycarbonyl)-2-vinylcyclopropyl]carbamoyl]-4-[[2-(4-isopropyl-1,3-thiazol-2-yl)-
7-methoxy-8-methyl-4-quinolinyljoxy]cyclopentanecarboxylate (XIII) as an off white

solid.

'"H-NMR (600 MHz, CD,CL) & ppm 1.11 (t, J = 7.8 Hz, 3H) 1.29 (d, /= 6.8 Hz, 6H)
1.36 (dd, J=9.44, 5.29 Hz, 1H) 1.72 (dd, J=7.93, 5.29 Hz, 1H) 2.01 — 2.06 (m, 1H)
2.25 —2.34 (m, 2H) 2.34 — 2.39 (m, 1H) 2.50 — 2.55 (m, 1H) 2.56 (s, 3H) 3.04 — 3.12
(m, 1H) 3.14 — 3.19 (m, 1H) 3.29 — 3.34 (m, 1H) 3.53 (s, 3H) 3.88 (s, 3H) 3.96 — 4.07
(m, 2H) 5.02 (dd, J= 10.39, 1.70 Hz, 1H) 5.17 — 5.23 (m, 2H) (m, 2H) 5.61 — 5.69 (m,
1H) 6.68 (s, 1H) 6.96 (d, J = 0.76 Hz, 1H) 7.15 (d, J = 9.06 Hz, 1H) 7.42 (s, 1H) 7.83
(d, J=9.06 Hz, 1H) *C-NMR (150 MHz, CD,CL) 10.17 14.52 22.75 23.50 31.69
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33.99 36.22 36.32 40.77 46.25 46.73 52.79 56.68 61.91 79.45 96.27 112.76 114.80
117.34 117.93 120.70 122.12 134.41 149.15 152.41 158.76 161.25 165.59 170.18
170.53 174.58 175.65.

[a]p: - 6.5

mp: 155.4°C

Example 11: synthesis of XIV, (1R,2R,4R)-2-[[(1R,25)-1-(ethoxycarbonyl)-2-vinyl-
cyclopropyl]carbamoyl]-4-[[2-(4-isopropyl-1,3-thiazol-2-yl)-7-methoxy-8-methyl-4-

quinolinyl]oxy]cyclopentanecarboxylic acid

S
e N SN

J

To a solution of methyl (1R,2R,4R)-2-[[(1R,2S5)-1-(cthoxycarbonyl)-2-vinylcyclo-
propyl]carbamoyl]-4-[[2-(4-isopropyl-1,3-thiazol-2-yl)-7-methoxy-8-methyl-4-
quinolinyl]oxy]cyclopentanecarboxylate (XIII, 0.97 g, 1.5 mmol) in THF (6 ml) was
added a solution of LiOH (66 mg, 1.57 mmol) in water (1.5 ml). The resulting mixture
was stirred at 22°C for 16 hours. Water (6 ml) and 2-methyltetrahydrofuran (10 ml)
were added and the two layers separated. The aqueous phase was extracted with
2-methyltetrahydrofuran (5 ml). The combined organic layers were washed with 1N
aqueous HCI (5ml), dried over Na,SO,, filtered and evaporated to dryness to yield
0.74 g of (1R,2R,4R)-2-[[(1R,25)-1-(ethoxycarbonyl)-2-vinylcyclopropyl]carbamoyl]-
4-[[2-(4-isopropyl-1,3-thiazol-2-yl)-7-methoxy-8-methyl-4-quinolinylJoxy]cyclo-
pentanecarboxylic acid (XIV) as a yellow solid. Analysis showed this to be > 90 %
pure and was used in the following step with no further purification.

HRMS 608.24262

Calculated mass 608.24304

Example 12: synthesis of XV, ethyl (1R,25)-1-([[(1R,2R,4R)-2-[hex-5-en-1-yl(methyl)-
carbamoyl]-4-[[2-(4-isopropyl-1,3-thiazol-2-yl)-7-methoxy-8-methylquinolin-4-yl]-

oxy]cyclopentyl]carbonyl]amino)-2-vinylcyclopropanecarboxylate
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To a solution of (1R,2R,4R)-2-[[(1R,2S5)-1-(ethoxycarbonyl)-2-vinylcyclopropyl]-
carbamoyl]-4-[[2-(4-isopropyl-1,3-thiazol-2-yl)-7-methoxy-8-methyl-4-quinolinyl]-
oxy]cyclopentanecarboxylic acid (XIV, 0.64 g, 1 mmol) and N-methyl-5-hexen-1-
amine (131 mg, 1.2 mmol) in THF (10 ml) was added 1-cthoxycabonyl-2-ethoxy-1,2-
dihydroquinoline (300 mg, 1.2 mmol). The resulting mixture was heated to reflux for

4 hours. The solution was allowed to cool to 22°C and 2-methyltetrahydrofuran (10 ml)
added. The organic solution was washed with 1N aqueous HCl (4.2 ml, 4.2 mmol) and
water (2.1 ml) before being dried over Na,SQy, filtered and evaporated to dryness to
yield 480 mg of ethyl (1R,25)-1-([[(1R,2R,4R)-2-[hex-5-en-1-yl(methyl)carbamoyl]-4-
[[2-(4-isopropyl-1,3-thiazol-2-yl)-7-methoxy-8-methylquinolin-4-yl]oxy]cyclopentyl]-
carbonyl]amino)-2-vinylcyclopropanecarboxylate as a glassy oil LC and NMR analysis
show > 90% purity.

LC-MS: m/z =703 (M + H]").

H-NMR (400 MHz, DMSO-ds — mixture of rotamers) 6 ppm 0.87 (t, /=7.30 Hz, 1H)
1.06 - 1.19 (m, 3 H) 1.19 - 1.31 (m, 2 H) 1.33 (d, /=6.80 Hz, 6 H) 1.35 - 1.45 (m, 2 H)
1.46 - 1.66 (m, 2 H) 1.84 - 2.00 (m, 2 H) 2.00 - 2.18 (m, 3 H) 2.25 - 2.36 (m, 1 H) 2.58
(s,3H)2.64-2.77 (m, 1 H) 2.80 (s, 3 H — one rotamer) 3.00 (s, 3 H — one rotamer)
3.08-3.30(m,2H)3.34-3.52(m,3H)397(s,3H)3.98-4.12(m,2H)4.82-5.13
(m,3 H)5.18 -5.37 (m, 2 H) 5.55-5.86 (m, 2 H) 7.39 - 7.50 (m, 3 H) 8.06 (t, /=8.94
Hz, 1 H) 8.59 (s, 1 H — one rotamer) 8.73 (s, 1H — one rotamer).

C-NMR (100 MHz, DMSO-ds — mixture of rotamers) 6 ppm 9.79, 13.80, 13.96, 13.99,
14.12, 14.53, 18.59, 22.21, 22.30, 25.25, 25.32, 26.02, 27.64, 30.40, 32.07, 32.14,
32.81, 33.19, 34.64, 34.68, 36.31, 36.76, 36.95, 36.98, 42.28, 46.01, 46.43, 46.74,
48.74, 56.10, 60.33, 60.51, 60.59, 78.73, 78.80, 95.34, 95.38, 112.67, 112.76, 114.67,
114.88, 115.47, 116.20, 116.23, 117.34, 120.03, 120.05, 120.59, 120.62, 134.13,
134.18, 138.41, 138.49, 147.85, 151.22, 157.98, 158.0, 160.75, 164.25, 168.66, 168.69,
169.82, 169.85, 172.48, 172.51, 173.66, 173.83
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Example 13: synthesis of XIX (R,= p-NO,), benzyl methyl (1R,2R,4S5)-4-[(4-nitro-

benzoyl)oxy]-1,2-cyclopentanedicarboxylate
@]

7~
@)

,,ﬁo

O

NO,

A suspension of benzyl methyl (1R,2R,4R)-4-hydroxy-1,2-cyclopentanedicarboxylate
(X, 96 g, 0.34 mol), 4-nitrobenzoic acid (69.2 g, 0.41 mol) and triphenylphosphine
(120.3 g, 0.46 mol) in toluene (1380 ml) was heated to reflux in a vessel equipped with
a Dean-Stark trap for 30 minutes to remove all traces of water. The mixture was cooled
to — 5°C and diisopropyl azodicarboxylate (92.8 g, 0.46 mol) added dropwise. The
resulting mixture was stirred at 0°C a further 60 minutes before being allowed to warm
slowly to 22°C and stirred for 12 hours. Water (345 ml) was added and the resulting
mixture stirred for 10 minutes. The solids and were filtered and washed with toluene
(86 ml). Distill from the filtrate 1200 ml solvent off. The mixture was cooled to 70°C
and isopropanol (1380 ml) was added. 1460 ml solvent was distilled off and the
mixture cooled to 70°C. Isopropanol (690 ml) was added and the mixture heated to
reflux. The mixture was allowed to cool slowly to 22°C and stirred a further 2 hours.
Filter the solids and wash with isopropanol (69 ml). Solid material was dried under
vacuum to yield 80.2 g of benzyl methyl (1R,2R,45)-4-[(4-nitrobenzoyl)oxy]-1,2-

cyclopentanedicarboxylate as an off white solid.

'H-NMR (400 MHz, CDClz) & ppm 2.15 — 2.36 (m, 2H) 2.36 — 2.46 (m, 1H) 2.46 —
2.59 (m, 1H) 3.28 — 3.38 (m, 1H) 3.57 - 3.64 (m, 1H) 3.65 (s, 3H) 5.17 (d,J=2.5 Hz,
2H) 5.49 — 5.53 (m, 1H) 7.33 — 7.39 (m, 5H) 8.15 (d, /=9.1 Hz, 2H) 828 (d, /= 8.8
Hz, 2H)

[a]D: -16.3

mp: 79.5°C

HRMS 428.13632

Calculated mass 428.13454
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Example 14: removal of benzylic alcohol from crude intermediate X by oxidation
Crude intermediate X, benzyl methyl (1R,2R,4R)-4-hydroxy-1,2-
cyclopentanedicarboxylate, as obtained in Example 7 (3.1 g, 11.1 mmole), in benzyl
alcohol (12.5 ml, 0.12 mol) was dissolved in toluene (246 ml). To this solution, 2,2'-
[1,2-cthanediylbis(iminomethanediyl)]diphenol copper”” salt (see Velusamy, S.;
Punniyamurthy, T., Eur.J.Org.Chem, 2003, 3913) (2.05 g, 6.15 mmol) and 2,2,6,6-
tetramethylpiperidine-N-oxide (0.96 g, 6.15 mmol) were added. The mixture was
heated to 80°C and atmospheric air was bubbled through the solution for 3 hours. The
mixture was allowed to cool to 22°C and filtered over dicalite. The filter cake was
washed with toluene. Water (246 ml) was added to the filtrate and the mixture stirred
for 5 minutes. The layers were separated and to the organic phase was added water
(123 ml) and sodium metabisulfite (46.76 g, 0.24 mmol). The resulting mixture was
stirred at 22°C for 10 minutes and then filtered over dicalite. The two layers of the
filtrate were separated and the organic phase washed with water (123 ml) and then 2M
aqueous HCI (240 ml). The organic solution was dried over Na,SQy, filtered and
evaporated to dryness on the rotavapor to yield 2.7 g of benzyl methyl (1R,2R,4R)-4-
hydroxy-1,2-cyclopentanedicarboxylate as a light brown oil that was used directly in
the following reaction.

Analysis of the product showed 95% benzyl alcohol had been removed.

Note: This reaction can also be carried out by bubbling 5% oxygen in 95% nitrogen
instead of atmospheric air. Whereas this makes the reaction safer it also increases the

amount of time required for the reaction to reach complete conversion.

Example 15: synthesis of XX (R,= p-NO»), (1R,2R,4R)-2-(methoxycarbonyl)-4-[(4-

nitrobenzoyl)oxy]cyclopentanecarboxylic acid.

NO,

To a suspension of benzyl methyl (1R,2R,4S)-4-[(4-nitrobenzoyl)oxy]-1,2-cyclo-
pentanedicarboxylate (XIX, 29 g, 67.8 mmol) and sodium formate (6.92 g, 102 mmol)
in DMF (204 ml) under an atmosphere of nitrogen was added palladium (II) acetate
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(762 mg, 3.4 mmol). The mixture was heated to 100°C for 3 hours. The reaction was
cooled to 70°C and filtered through Celite®. The filter cake was washed with DMF

(10 ml). The combined filtrate and washings were acidified to pH 1 with HClcp and the
resulting solution poured in to water (610 ml). The resulting mixture was stirred at
22°C for 10 to 15 minutes. The solids were filtered and washed with water (14 ml) to
yield after drying 18.4 g of (1R,2R,4R)-2-(methoxycarbonyl)-4-[(4-nitrobenzoyl)oxy]-

cyclopentanecarboxylic acid as a red/brown solid.

'H-NMR (600 MHz, CDCL) & ppm 2.24 — 2.36 (m,2H) 2.40 — 2.45 (m, 1H) 2.50 — 2.55
(m, 1H) 3.34 — 3.38 (m, 1H) 3.59 — 3.64 (m, 1H) 3.70 (s, 3H) 5.51 — 5.54 (m, 1H) 8.16
(d, J=9.0 Hz, 2H) 8.29 (d, J = 8.9 Hz, 2H) *C-NMR (150 MHz, CDCL;) 36.06, 36.65,
45.11,45.11, 52.41, 77.02, 123.58, 130.77, 135.47, 150.62, 164.02, 174.40, 177.64.
[a]p: -22.6

mp: 111°C

HRMS: 338.08726

Calculated mass: 338.08759

Example 16: synthesis of XXI (R,= p-NO»), (1R,3R,4R)-3-[5-hexen-1-yl(methyl)-

carbamoyl]-4-(methoxycarbonyl)cyclopentyl 4-nitrobenzoate

NO2

To a solution of (1R,2R,4R)-2-(methoxycarbonyl)-4-[(4-nitrobenzoyl)oxy]cyclo-
pentanecarboxylic acid (XX, 15.3 g, 39.0 mmol) and N-methyl-5-hexen-1-amine
(5.30 g, 46.8 mmol) in THF (78 ml) was added 1-ethoxycabonyl-2-ethoxy-1,2-
dihydroquinoline (12.06 g, 48.76 mmol) and the mixture heated to 50°C for 8 hours.
The mixture was cooled to 22°C and add 5N aqueous HCI (23.4 ml, 117.0 mmol) was
added and the mixture was stirred vigorously for 2 minutes. 2-Methyltetrahydrofuran
(78 ml) was added and the two layers were separated. The organic layer was washed
with 1M aqueous sodium bicarbonate (57 ml) and water (29 ml) before being dried
over Na,SOy, filtered and evaporated to dryness. The crude material was purified by

column chromatography over silica gel eluting with heptane/ethyl acetate (1 : 1) to
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yield 11.5 g of (1R,3R,4R)-3-[5-hexen-1-yl(methyl)carbamoyl]-4-(methoxycarbonyl)-

cyclopentyl 4-nitrobenzoate as a pale yellow oil.

'H-NMR (600 MHz, CDCl; — mixture of rotamers) 8 ppm 1.24 (t, /= 7.2 Hz, 2H) 1.36
—1.44 (m, 2H) 1.52 - 1.57 (m, I1H) 1.6 — 1.67 (m, 1H) 2.08 (q, /= 7.2 Hz, 2H) 2.17 —
2.24 (m, 1H) 2.27 - 2.32 (m, 1H) 2.54 — 2.61 (m, 1H) 2.96 (s, 3H — one rotamer) 3.10
(s, 3H — one rotamer) 3.41 (t, J= 7.5 Hz, 1H) 3.44 — 3.50 (m, 1H) 3.66 (s, 3H) 3.68 —
3.72 (m, 1H) 3.76 —3.80 (m, 1H) 4.94 — 5.02 (m, 2H) 5.53 — 5.59 (m, 1H) 5.72 — 5.81
(m, 1H) 8.16 (d, J=9.1 Hz, 2H) 8.29 (d, J = 8.3 Hz, 2H) C-NMR (150 MHz, CDCl;
— mixture of rotamers) 25.86, 26.53, 28.13, 33.41, 34.08, 35.40, 36.22, 37.16, 37.83,
41.64,42.17,46.01, 48.04, 49.86, 52.18, 77.88, 114.74, 115.14, 123.59, 130.71,
135.61, 137.96, 138.48, 150.57, 164.02, 173.12, 173.38, 175.07.

HRMS: 433.19708

Calculated mass: 433.19748

Example 17: synthesis of XVIII (R;= Me), methyl (1R,2R,4R)-2-[5-hexen-1-yl-
(methyl)carbamoyl]-4-hydroxycyclopentanecarboxylate

)
H3C\N HyC

o)

(47/(&(}'3

HO'III

Sodium carbonate (980 mg, 9.25 mmol) was added to a solution of (1R,3R,4R)-3-
[5-hexen-1-yl(methyl)carbamoyl]-4-(methoxycarbonyl)cyclopentyl 4-nitrobenzoate
(XXI, 4.0 g, 9.25 mmol) in methanol (46 ml) and the heterogeneous mixture stirred at
22°C for 90 minutes. The reaction mixture was filtered and the solids were washed with
methanol (20 ml). The combined methanol solutions were evaporated to dryness. The
residue was titrated with methanol (9 ml) and the solids filtered. The filtrate was
evaporated to dryness to yield 2.7 g of a yellow oil that solidified on standing.

LC analysis showed the isolated material to be a mixture of methyl (1R,2R,4R)-2-
[5-hexen-1-yl(methyl)carbamoyl]-4-hydroxycyclopentanecarboxylate (52 wt/wt%) and
methyl-4-nitrobenzoate. This material was used in the following step with no further

purification.
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Example 18: synthesis of D, methyl (1R,2R,45)-2-[5-hexen-1-yl(methyl)carbamoyl]-4-
[[2-(4-isopropyl-1,3-thiazol-2-yl)-7-methoxy-8-methyl-4-quinolinylJoxy]

cyclopentanecarboxylate

2-(4-isopropyl-1,3-thiazol-2-yl)-7-methoxy-8-methyl-4(1H)-quinolinone (Quin-OH,
1.27 g, 4.0 mmole) was added to the crude solution of methyl (1R,2R,4R)-2-[5-hexen-
I-yl(methyl)carbamoyl]-4-hydroxycyclopentanecarboxylate (XVIII, 2.2 g, 4.0 mmol)
in toluene (28 ml). Triphenylphosphine (1.11 g, 4.25 mmol) was added and the mixture
was cooled to — 5°C. Diisopropyl azodicarboxylate (860 mg, 4.25 mmole) was added
dropwise at such a rate that the temperature remained under 5°C. The mixture was
stirred at 0°C a further 60 minutes before being allowed to warm to 22°C and stir for 16
hours. The reaction mixture was filtered and the solids washed with toluene. The
combined toluene solution was evaporated to dryness and the residue purified by
column chromatography over silica gel eluting with heptane/ethyl acetate (7 : 3) to
yield 1.6 g of methyl (1R,2R,45)-2-[5-hexen-1-yl(methyl)carbamoyl]-4-[[2-(4-iso-
propyl-1,3-thiazol-2-yl)-7-methoxy-8-methyl-4-quinolinyl]Joxy]cyclopentane-
carboxylate as a beige solid.

LC,MS and NMR analysis were identical to those already reported.

As used herein, the weight% (w/w%) of salts in solution always refers to the w/w% of
the parent acid in the solution. For example, a 25 w/w% VIL.2NMM solution
(VI.2ZNMM referring to the (2 : 1) N-morpholine salt of compound VI) in a solvent
refers to a solution of VIL.2NMM in which 25 g of parent acid VI were present in 100 g

of the solution).

Example 19: 735 mg of 23.7 w/w% aqueous solution of VI, bis-potassium salt
(1 mmol) was diluted in 4 ml water and mixed with 364 uL. of NMM (3.3 mmol).

203 mg (1.1 mmol) TCT was added and the reaction mixture was stirred overnight at
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room temperature before dilution to a final volume of 10 ml to give a 63 mM aqueous
solution of VII ( yield: 63%).

Example 20: 735 mg of 23.7 w/w% aqueous solution of VI, bis-potassium salt

(1 mmol) was diluted in 4 ml water and mixed with 728 uLL. of NMM (6.6 mmol).

406 mg (2.2 mmol) TCT was added and the reaction mixture was stirred overnight at
room temperature before dilution to a final volume of 10 ml to give a 78 mM aqueous
solution of VII ( yield: 78%).

Example 21: 728 uL. of NMM (6.6 mmol) was mixed with 4 ml water and 406 mg
(2.2 mmol) TCT was added. The mixture was stirred a few minutes before adding
735 mg of 23.7 w/w% aqueous solution of VI, bis-potassium salt (1 mmol). The
resulting reaction mixture was further stirred overnight at room temperature before
dilution to a final volume of 10 ml to give a 57 mM aqueous solution of VII ( yield:
57%).

Example 22: 735 mg of 23.7 w/w% aqueous solution of VI, bis-potassium salt

(1 mmol) was diluted in 4 ml water and mixed with 221 pL. NMM (2 mmol). 648 mg
(2.2 mmol) DMTMM.H,0 was added and the reaction mixture was stirred overnight at
room temperature before dilution to a final volume of 10 ml to give a 54 mM aqueous
solution of VII ( yield: 54%).

Example 23: 386 mg (2.2 mmol) CDMT was dissolved in 4 ml acetone and 463uL
(4.2 mmol) NMMR was added. The mixture was stirred a few minutes then 735 mg of
23.7 w/w% aqueous solution of VI, bis-potassium salt was added. The resulting
mixture was further stirred overnight at room temperature before dilution to a final
volume of 10 ml to give a 69 mM solution of VII (yield: 69%).

Example 24: 386 mg (2.2 mmol) CDMT was dissolved in 4 ml MeTHF and 463uL.
(4.2 mmol) NMM was added. The mixture was stirred a few minutes then 735 mg of
23.7 w/w% aqueous solution of VI, bis-potassium salt was added. The resulting
mixture was further stirred overnight at room temperature before dilution to a final
volume of 10 ml to give a 54 mM solution of VII (yield: 54%).

Example 25: 5.66 g (32.2 mmol) CDMT was dissolved in 59 ml MeTHF. 3.7 ml
(33.7 mmol) NMM was added and the mixture was stirred 1h at 25°C. 10.0 g of
25.5 w/w% aqueous solution of VI.2NMM (14.6 mmol) was added and the resulting

mixture was further stirred a few hours at 25°C. 15 ml water and 3 ml concentrated HCI
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were added. The mixture was stirred a few minutes, the insoluble materials were
filtered off, the filtrate was decanted and the water layer was extracted with 15 ml
MeTHF. The organic layers were combined and washed with 7 ml brine to give 53.1 g
of 2.59 w/w% solution of VII in MeTHF, which also contained 0.23 w/w% VI (yield:
60%).

Example 26: 5.66 g (32.2 mmol) CDMT was dissolved in 59 ml isopropyl acetate.

3.7 ml (33.7 mmol) NMM was added and the mixture was stirred 1h at 25°C. 10.0 g of
25.5 w/w% aqueous solution of bis N-methylmorpholine salt of VI (14.6 mmol) was
added and the resulting mixture was further stirred a few hours at 25°C. 15 ml water
and 3 ml concentrated HCI were added. The mixture was stirred a few minutes, the
insoluble materials were filtered off, the filtrate was decanted and the water layer was
extracted with 15 ml isopropyl acetate. The organic layers were combined and washed
with 7 ml brine to give 56.6 g of 1.3 w/w% solution of VII in isopropyl acetate that also
contained 0.18 w/w% VI (yield: 32%).

Example 27: 5.66 g (32.2 mmol) CDMT was dissolved in 59 ml acetone. 3.7 ml
(33.7 mmol) NMM was added and the mixture was stirred 1h at 25°C. 10.0 g of

25.5 w/w% aqueous solution of bis N-methylmorpholine salt of VI (14.6 mmol) was
added and the resulting mixture was further stirred a few hours at 25°C. The insoluble
materials were filtered off, 1 ml concentrated HCI was added to the filtrate and the
filtrate was decanted. The organic layer was washed with 7 ml brine to give 44.4 g of
1.44 w/w% solution of VII in MeTHF, which also contained 0.04 w/w% VI (yield:
28%).

Example 28: 19.80 g (113 mmol) CDMT was dissolved in 205 ml MeTHF. 13 ml

(118 mmol) NMM was added and the mixture was stirred at 25°C for 2h. 35 g of

25.5 w/w% aqueous solution of bis N-methylmorpholine salt of VI (51.3 mmol) was
added and the reaction mixture was stirred overnight at 25°C. 51 ml water and 10.6 ml
concentrated HCl were added and the mixture was stirred a few minutes at 25°C. The
resulting solid was filtered off and the filtrate was decanted. The organic layer was
washed with 51 ml water and 26 ml brine to give 181.7 g of 2.13 w/w % VII solution in
MeTHF (yield: 48 %).

Example 29: 19.80 g (113 mmol) CDMT was dissolved in 205 ml MeTHF. 13 ml
(118 mmol) NMM was added and the mixture was stirred at 25°C for 2h. 35 g of
25.5 w/w% aqueous solution of bis N-methylmorpholine salt of VI (51.3 mmol) was
mixed with 14.3 ml (102.5 mmol) tricthylamine then added to the mixture of CDMT
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and bis N-methylmorpholine salt of VI (NMM) and the reaction mixture was stirred
overnight at 25°C. 51 ml water and 19.9 ml concentrated HCIl were added and the
mixture was stirred a few minutes at 25°C. The resulting solid was filtered off and the
filtrate was decanted. The organic layer was washed with 51 ml water and 26 ml brine
to give 163.6 g of 2.56 w/w % VII solution in MeTHF (yield: 52 %).

Example 30: 2.83 g (16 mmol) CDMT was dissolved in 29 ml MeTHF. 1.9 ml

(18 mmol) NMM was added and the mixture was stirred at 20°C for 1 h. 52.01 g of
2.59 w/w% solution of VII in MeTHF (8.7 mmol) [from Example 25] was mixed with
1.82 g NMHA and 232 pL (2.9 mmol) NMM and the resulting solution was added to
the mixture of CDMT-NMM in MeTHF. The reaction mixture was stirred overnight at
20°C. 14.6 ml water and 1 ml concentrated HCI were added. The mixture was decanted
and the organic layer was successively washed with 14.6 ml water, 14.6 ml water
containing 150 mg NaOH and 7.3 ml water, then dried over magnesium sulfate. The
insoluble materials were filtered off to give 83.1 g of 2.51 w/w% solution of XVII in
MeTHF (yield: 96% - 57% from bis N-methylmorpholine salt of VI).

Example 31: 2.83 g (16 mmol) CDMT was dissolved in 29 ml isopropyl acetate. 1.9 ml
(18 mmol) NMM was added and the mixture was stirred at 20°C for 1 h. 55.5 g of

1.3 w/w% solution of VII in isopropyl acetate (4.7 mmol) [from Example 26] was
mixed with 1.82 g N-methyl-5-hexen-1-amine (NMHA) and 232 uL (2.9 mmol) NMM
and the resulting solution was added to the mixture of CDMT-NMM in isopropyl
acetate. The reaction mixture was stirred overnight at 20°C. 14.6 ml water and 1 ml
concentrated HCIl were added. The mixture was decanted and the organic layer was
successively washed with 14.6 ml water, 14.6 ml water containing 150 mg NaOH and
7.3 ml water then dried over magnesium sulfate. The insoluble materials were filtered
off to give 82.51 g of 1.43 w/w% solution of XVII in isopropyl acetate (yield:
quantitative — 33% from bis N-methylmorpholine salt of VI).

Example 32: 2.83 g (16 mmol) CDMT was dissolved in 29 ml acetone. 1.9 ml

(18 mmol) NMM was added and the mixture was stirred at 20°C for 1 h. 43.3 g of
1.44 w/w% solution of VII in acetone (4.7 mmol) [from Example 27] was mixed with
1.82 g NMHA and 232 pL (2.9 mmol) NMM and the resulting solution was added to
the mixture of CDMT-NMM in acetone. The reaction mixture was stirred overnight at
20°C. Acetone was removed under vacuum and the residues was partitioned in toluene
(59 ml) - water (14.6 ml) - concentrated HCI (Iml) mixture. The layers were separated
and the organic layer was successively washed with 14.6 ml water, 14.6 ml water

containing 150 mg NaOH and 7.3 ml water then dried over magnesium sulfate. The
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insoluble materials were filtered off to give 74.27 g of 1.41 w/w% solution of XVII in
toluene (yield: quantitative — 29% from bis N-methylmorpholine salt of VI).

Example 33: 9.90 g (56.4 mmol) CDMT was dissolved in 103 ml MeTHF. 6.8 ml
(61.5 mmol) NMM was added and the mixture was stirred at 25°C for 2h. 162.2 g
2.13 w/w % solution of VII in MeTHF [from Example 28] was mixed with 0.71 ml
(5.1 mmol) triethylamine and 6.38 g (56.4 mmol) NMHA then added to the mixture of
CDMT-NMM. The reaction mixture was stirred for 3h at 25°C. 51 ml water and 3 ml
concentrated HCI were added and the mixture was stirred for a few minutes. The
resulting solid was filtered off and the filtrate was decanted. The organic layer was
successively washed with 26 ml water, 51 ml water containing 0.6 g NaOH and 26 ml
water, then dried over magnesium sulfate. The insoluble materials were filtered off to
give 265.4 g of 2.51 w/w % solution of XVII in MeTHF (yield: quant - 54% from bis
N-methylmorpholine salt of VI).

Example 34: 9.90 g (56.4 mmol) CDMT was dissolved in 103 ml MeTHF. 6.8 ml
(61.5 mmol) NMM was added and the mixture was stirred at 25°C for 2h. 180.2 g
2.56 w/w % solution of VII in MeTHF [from Example 29] was mixed with 0.71 ml
(5.1 mmol) triethylamine and 6.38 g (56.4 mmol) NMHA then added to the mixture of
CDMT-NMM. The reaction mixture was stirred 3h at 25°C. 51 ml water and 3 ml
concentrated HCl were added and the mixture was stirred a few minutes. The resulting
solid was filtered off and the filtrate was decanted. The organic layer was successively
washed with 26 ml water, 51 ml water containing 0.6 g NaOH and 26 ml water then
dried over magnesium sulfate. The insoluble materials were filtered off to give 2554 g
0f2.91 w/w % solution of XVII in MeTHF (yield: quant — 58 % from bis N-methyl-
morpholine salt of VI).

Example 35: To 82.1 g of 2.51 w/w % solution of XVII in MeTHF [from Example 30],
were added 14.6 ml methanol and 76 puL methanesulfonic acid. The solution was
refluxed overnight. 125 mg sodium carbonate was added and the mixture was refluxed
for an additional one hour. 51 ml solvent were distilled off (removal of methanol) and
the concentrate was successively washed with 7.3 ml water and with 3.5 ml brine, dried
over magnesium sulfate and filtered to give 31.1 g of 5.3 w/w% XVIII (R1= Me)
solution in MeTHF (yield: 71% - 41% from bis N-methylmorpholine salt of VI).

Example 36: 81.4 g of 1.43 w/w% solution of XVII in isopropyl acetate [from Example
31] were concentrated under vacuum and the residue was redissolved in 59 ml toluene.

14.6 ml methanol and 76 pL. methanesulfonic acid were added and the solution was
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refluxed overnight. 125 mg sodium carbonate was added and the mixture was refluxed
1h more. 38 ml solvent were distilled off (removal of methanol) and the concentrate
was successively washed with 7.3 ml water and with 3.5 ml brine, dried over
magnesium sulfate and filtered to give 28.9 g of 3.9 w/w % XVIII (R1= Me) solution in
toluene (yield: 86% - 28% from bis N-methylmorpholine salt of VI).

Example 37: 85.4 g of 1.45 w/w% solution of XVII in methyl isopropylketone (MIK)
[from Example 31] were concentrated under vacuum and the residue was redissolved in
59 ml toluene. 14.6 ml methanol and 76 uL. methanesulfonic acid were added and the
solution was refluxed overnight. 125 mg sodium carbonate was added and the mixture
was refluxed 1h more. 28 ml solvent were distilled off (removal of methanol) and the
concentrate was successively washed with 7.3 ml water and with 3.5 ml brine, dried
over magnesium sulfate and filtered to give 38.0 g of 3.2 w/w% XVIII (R1= Me)
solution in toluene (yield: 86% - 30% from bis N-methylmorpholine salt of VI).

Example 38: To 73 g of 1.41 w/w% solution of XVII in toluene [from Example 32],
were added 14.6 ml methanol and 76 pL. methanesulfonic acid. The solution was
refluxed overnight. 125 mg sodium carbonate was added and the mixture was refluxed
for an additional one hour. 31 ml solvent were distilled off (removal of methanol) and
the concentrate was successively washed with 7.3 ml water and with 3.5 ml brine, dried
over magnesium sulfate and filtered to give 63.0 g of 1.75 w/w% XVIII (R1= Me)
solution in toluene (yield: 95% - 28% from bis N-methylmorpholine salt of VI).

Example 39: To 135 g of 2.51 w/w% solution of XVII in MeTHF [from Example 33],
were added 26 ml methanol and 84 pl. methanesulfonic acid. The solution was refluxed
overnight. 136 mg sodium carbonate was added and the mixture was refluxed for one
additional hour. About 52 ml solvent were distilled off (removal of methanol) and the
concentrate was washed with 26 ml water, dried over magnesium sulfate and filtered to
give 55.16 g of 5.30 w/w% XVIII (R1=Me) solution in MeTHF (yield: 76 % - 41 %
from bis N-methylmorpholine salt of VI).

Example 40: To 135 g of 2.51 w/w% solution of XVII in MeTHF [from Example 33],
were added 154 ml toluene. 32 ml solvent were distilled off and the concentrate was
cooled down to 60°C. 26 ml methanol and 84 puL methanesulfonic acid were added and
the solution was refluxed overnight. 136 mg sodium carbonate was added and the
mixture was refluxed 1h more. About 52 ml solvent were distilled off (removal of

methanol) and the concentrate was washed with 26 ml water, dried over magnesium
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sulfate and filtered to give 88.74 g of 5.21 w/w % XVIII (R1= Me) solution in MeTHF
(yield: quant — 65 % from bis N-methylmorpholine salt of VI).

Example 41: To 126 g of 2.91 w/w% solution of XVII in MeTHF [from Example 34],
were added 154 ml toluene. 190 ml solvent were distilled off and the concentrate was
cooled down to 60°C. 26 ml methanol and 84 puL methanesulfonic acid were added and
the solution was refluxed overnight. 136 mg sodium carbonate was added and the
mixture was refluxed 1h more. 20 ml solvent were distilled off (removal of methanol)
and the concentrate was washed with 26 ml water, dried over magnesium sulfate and
filtered to give 92.6 g of 2.20 w/w % XVIII (R 1= Me) solution in MeTHF (yield: 49 %
- 29 % from bis N-methylmorpholine salt of VI).
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Claims

1. A process for preparing [(1R,2R)-4-0x0-1,2-cyclopentanedicarboxylic acid 11, by
the resolution of racemic 4-oxo-1,2-cyclopentanedicarboxylic acid (V), said
5 process comprising

(a) reacting 4-oxo0-1,2-cyclopentanedicarboxylic acid (V) with brucine or (/R,25)-
(-)-ephedrine, thus preparing the bis-brucine or bis-(/R,25)-(-)-ephedrine salt
of (V), and

(b) precipitating selectively the bis-brucine or bis-(/R,2S)-(-)-ephedrine salt of
10 (1R,2R)-4-0x0-1,2-cyclopentanedicarboxylic acid II, while the bis-brucine or
bis-(/R,25)-(-)-ephedrine salt of [(1S,2S5)-4-0x0-1,2-cyclopentanedicarboxylic

acid stays in solution;

(c)liberating the acid II by removal of brucine or (/R,25)-(-)-ephedrine from the

precipitated salt obtained in step (b);
15
as outlined in the following reaction scheme:

O O

OH brucine OH
O — O .2
OH -, OH

O
(+)
(V) (1)

N.
ephedrine OH CHs;
V —» O .2
(V) = . OH CHj

(IV)
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2. A process for preparing the bicyclic lactone VII, comprising reducing
4-ketocyclopentanedicarboxylic acid 11, or a salt thereof, obtained by the process of
claim 1, to 4-hydroxy-1,2-cyclopentanedicarboxylic acid (VI), which is cyclized to
the lactone (VII), as illustrated in the following reaction scheme:

0 0 /bk
o) 0
OH OH
., ~OH “, ~OH 0 OH

T

o) o)
5 (1) (V1) (v

3. A process for preparing cyclopentane derivative X VIII, wherein the bicyclic lactone
VII is reacted with N-methyl-hexenamine (NMHA) X VI in an amide-forming
reaction to yield the bicyclic lactone amide XVII, in which the lactone group is
10 opened to yield the desired product XVIII, as illustrated in the scheme below,
wherein R' is C;_4alkyl, in particular wherein R' is methyl:

Ao
0
o) SN
y NN TR
o e © j =
O —_—
i (XVII)
0
/M
— HO™- N
o
R
0
XVl

4. The [(1R,2R)-4-0x0-1,2-cyclopentanedicarboxylic acid salt with brucine (1:2),
15 having the structure III.

5. The [(1R,2R)-4-0x0-1,2-cyclopentanedicarboxylic acid salt with (/R,2S5)-(-)-
ephedrine (1:2), having the structure I'V.

20 6. A process according to claim 2, comprising conducting the reduction of 11 in water,
and conducting the cyclization of the intermediate VI to VII without isolation of VI
or removing water, with or without adding an organic solvent, using a triazine

derivative:
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O O /bﬂ
0
OH OH
O:G)L N HO«O)L — >
~,, ~OH o, ~OH 0 OH

(I (VI) (Vi)

7. The process of claim 6 wherein the organic solvent is acetone, methylethylketone

(MEK), tetrahydrofuran (THF), MeTHF, CPME (cyclopentyl methyl ether),
Cialkyl acetate, Cj4alkyl propionate, C;_4alkyl butyrate or toluene, and the triazine
is 2,4,6-trichloro-1,3,5-triazine (TCT), chloro-dimethoxytriazine (CDMT),
dichloromethoxytriazine (DCMT), or N-(3,5-dimethoxytriazinyl)-N-methyl-
morpholinium chloride (DMTMM).

8. A process for preparing an intermediate of formula B, said process comprising

converting intermediate II to dimethyl (1R,2R)-4-0x0-1,2-cyclopentane-
dicarboxylate ester VIII; reducing the keto group in VIII is yielding an
intermediate X, which is converted to X by a hydroxy-assisted transesterification
reaction; converting the hydroxy-function in X to a quinolinyl ether group in XI
with a Mitsunobu reaction that involves an inversion at the hydroxy-bearing carbon
atom; removing the benzyl group in XI is yielding an intermediate XII; coupling the
latter with a cyclopentyl amino acid ester to XIII, in which the methyl ester is
hydrolyzed to yield XIV; coupling XIV with N-methyl-hexenamine, thus obtaining
an intermediate B, as illustrated in the following scheme wherein Quin represents a

quinoline group of formula:

; as outlined in the following reaction scheme:
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0 o o
OH OCH
o:<<:jzl\ . O:<C:rﬂ\ 3 HO'<C:rﬂ\OCH3
% OH v, ~OCHg ., ~OCHjz
i§ i
o) o 5
1 (i) (1X)
0] Q 0]
. OCH3 O—O)LOCHs OCH3
"o ., ~OBN Quirt “, ~OBN P -, OH
”]/ ﬂ/ Quin /n/
0] O 0]
(X) (1) (Xit)
0 0
O—O)LOCHs O—O)LOH
4 .
> Quirl |¢O —  Quin ',,[//O
HNzgcooa HNzgcooa
"’// ."//
(X (XIV)

o)
Quin ,20 (B)

/,f

HN,_ . .COOEt

2xw¢7

9. A process for preparing an intermediate of formula D, said process comprising
reacting compound X with an aromatic acid, an azodicarboxylate and a phosphine
in a Mitsunobu reaction to give XIX; reacting XIX with palladium acetate and
sodium formate to give XX; coupling of XX with N-methyl-5-hexen-1-amine XVI
to give XXI; treating XXI with a base in methanol to give XVIII (R'= Me); treating
XVIII with a compound of formula Quin-OH, wherein Quin is as defined in claim

8, in a Mitsunobu reaction, thus obtaining an intermediate D:



10

WO 2011/113859 PCT/EP2011/053957
-45-
o o)
OCHs o OCH;
HOIl- OB —_—
-:,,”/OBn O "/l n
0 y O
RZY__
(X) (XIX)
o)
OCH, COOMe
° .,, LOH O N
— 0 ,l — 0 ,/”/ N —_—
7\ ©O / \ O
R RZ__
(XX) (XX1)
o)
~ /\/\/\
N A N /
g ) P~
- o) N0
HO“IO*O — Nl 0, 20
"/l \R'I [/
(XVIIl, R= Me) D
EN

wherein R” is hydrogen, C)4alkyl, aryl, halogen, -SO,-C; 4alkyl, CN, or NO, .

10. A compound of formula X:
@)

OCHs

HO" (X)

-+, -OBn
]/

o)

11. A compound of formula XI:

0

_<::TJLOCH3
0
-, -OBn

7
Quin n/
O

(X1)

defined in claim 8.

wherein Bn is benzyl.

wherein Bn is benzyl and Quin is as
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12. A compound of formula XII:

0

OCHj,
0O on (XI)
Quin ey
i§
(@)

13. A compound of formula XIII :

0
OCH
~W¢O (X1

L/
Quin
HNA\COOEt
"’//

14. A compound of formula XIV:

0
OH
0O
Quin 'WKO (XIV)
HNZSCOOE

"//

10 15. A compound of formula XIX:

0O
O—O)LOCH;;
®) ",ll OBn
7\ ©O

R2—

(XIX)

-SOz-C1_4alkyl, CN, or N02 .
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wherein Quin is as defined in claim 8.

wherein Quin is as defined in claim §.

wherein Quin is as defined in claim §.

wherein R? is hydrogen, C;4alkyl, aryl, halogen,
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16. A compound of formula XX:

0
O_<j)Loc:H3
"/, OH
© | (XX)
/7 O

R —

wherein R? is hydrogen, C)4alkyl, aryl,
halogen, -SO,-C;4alkyl, CN, or NO,.

17. A compound of formula XXI:

wherein R? is hydrogen, C)4alkyl, aryl,
halogen, -SO,-C;4alkyl, CN, or NO,.

18. The compound of claims 15, 16 or 17, wherein in the compound of formula XIX,
respectively XX or XXI, R” is 4-NO,.



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2011/053957

A. CLASSIFICATION OF SUBJECT MATTER

INV. CO7C51/487 Co7C61/06
ADD.

Co7C69/74

C07C235/40

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

co7C

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, BEILSTEIN Data, CHEM ABS Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

A WO 20087092955 Al (TIBOTEC PHARM LTD [IE]; 1-18

cited in the application
claims 1-32

HORVATH ANDRAS [BE]; DEPRE DOMINIQUE PAUL
MICH) 7 August 2008 (2008-08-07)

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of ancther
citation or other special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
m%r.llts, rs{uch combination being obvious to a person skilled
in the art.

"&" document member of the same patent family

Date of the actual completion of the international search

11 April 2011

Date of mailing of the international search report

19/04/2011

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Kleidernigg, Oliver

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2

Relevant to claim No.




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2011/053957

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

JOHANSSON P 0 ET AL: "Potent inhibitors
of the hepatitis C virus NS3 protease: Use
of a novel P2 cyclopentane-derived
template",

BIOORGANIC & MEDICINAL CHEMISTRY,
PERGAMON, GB LNKD-
D0I:10.1016/J.BMC.2006.04.008,

vol. 14, no. 15,

1 August 2006 (2006-08-01), pages
5136-5151, XP025133411,

ISSN: 0968-0896

[retrieved on 2006-08-01]

Scheme 1

EZQUERRA J ET AL: "Conformationally
Constrained ACPD Analogues. Synthesis and
Resolution of
3-Aminobicyclo[3,3,0]0ctane-1,3-Dicarboxyl
ic Acids",

TETRAHEDRON, ELSEVIER SCIENCE PUBLISHERS,
AMSTERDAM, NL LNKD-
D0I:10.1016/0040-4020(95)00049-E,

vol. 51, no. 11,

13 March 1995 (1995-03-13), pages
3271-3278, XP004104761,

ISSN: 0040-4020

Scheme 2;

H. Ahlbrecht et.al.: "Stereoselective
Synthesis",

1995, Miiller; Houben; Kropf; Biichel,
Stuttgart, New York, XP002594193,

vol. E 21 a, pages 81-101,

pages 81-83,91-94,99-101

1-18

1-18

1-18

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2011/053957
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2008092955 Al 07-08-2008 AR 065137 Al 20-05-2009
AT 467630 T 15-05-2010
AU 2008209697 Al 07-08-2008
CA 2677173 Al 07-08-2008
CL 3222008 Al 05-09-2008
CN 101600713 A 09-12-2009
DK 2121674 T3 13-09-2010
EP 2121674 Al 25-11-2009
ES 2345857 T3 04-10-2010
HK 1137442 Al 22-10-2010
HR 20100429 T1 30-09-2010
JP 2010517972 T 27-05-2010
PT 2121674 E 03-09-2010
S1 2121674 T1 30-09-2010
US 2010041889 Al 18-02-2010

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - claims
	Page 49 - wo-search-report
	Page 50 - wo-search-report
	Page 51 - wo-search-report

