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CYCLOPENTIL-SUBSTITUTED GLUTARAMIDE COMPOUNDS AS ENDOPEPTIDASE INHIBITORS

The invention relates 1o a series of cyclopentyl substituted glutaramide derivatives and
compositions and uses thereof. The derivatives are potent and selective inhibitors of
neutral endopeptidase (NEP) and may be used to treat a number of diseases and

conditions particularly cardiovascular disorders, especiaily hypertension.

WQ091/08195 discloses a series of 3-styryl B-alanine substituted glutaramide derivatives

which have inhibitory activity against NEP.

According to a first aspect, the invention provides a compound of formula (1), a

pharmaceutically acceptable salt or solvate thereof

R RV
H
O N L
> ()
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wherein

R' is C4-Cgalkyl, C;-CgalkoxyC-Csalkyl or C;-CgalkoxyC+-CsalkoxyC+-Caalkyl:

R? is hydrogen or C;-Cgalkyl:

L is a three atom linkage selected from -CH,-X-CHy- and -CH,-CHo-X-~ where the right
hand side of the linkage is attached to R°and where X is oxygen, sulfur or
methylene;

R° is phenyl or aromatic heterocyclyl, either of which may be independently substituted
by one or more groups selected from: Cy-Cgalkyl, halo, haloC,-Cgalkyl, C;-
Cesalkoxy, haloC4-Cgalkoxy, Cy-Cealkylthio, haloC4-Cealkylthio and nitrile; and

R* and R°® are either both hydrogen, or one of R* and R® is hydrogen and the other is a
biolabile ester-forming group that in the body of a patient is replaced by
hydrogen.

Unless otherwise indicated, any alkyl group may be straight or branched and is of 1 to 6

carbon atoms, preferably 1 {o 4.

Unless otherwise indicated, any carbocyclyl group contains 3 to 8 ring-atoms, and may
be saturated, unsaturated or aromatic. Preferred saturated carbocyclyl groups are

cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl. Preferred unsaturated carbocyclyl
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groups contain up to 3 double bonds. A preferred aromatic carbocyclyl group is phenyl.
The term carbocylic should be similarly construed. In addition, the term carbocyclyl
includes any fused combination of carbocyclyl groups, for example naphthyl,

phenanthryl, indanyl and indeny!.

Unless otherwise indicated, any heterocyclyl group contains 5 to 7 ring-atoms up to 4 of
which may be hetero-atoms such as nitrogen, oxygen and sulfur, and may be saturated,
unsaturated or aromatic. Examples of heterocyclyl groups are furyl, thienyl, pyrrolyl,
pyrrolinyl, pyrrolidinyl, imidazolyl, dioxolanyl, oxazolyl, thiazolyl, imidazolyl, imidazolinyl,
imidazolidinyl, pyrazolyl, pyrazolinyl, pyrazolidinyl, isoxazolyl, isothiazolyl, oxadiazolyl,
triazolyl, thiadiazolyl, pyranyl, pyridyl, piperidinyl, dioxanyl, morpholino, dithianyl,
thiomorpholino, pyridazinyl, pyrimidinyl, pyrazinyl, piperazinyl, sulfolanyl, tetrazolyl,
triazinyl, azepinyl, oxazepinyl, thiazepinyl, diazepinyl and thiazolinyl. In addition, the term
heterocyclyl includes fused heterocyclyl groups, for example benzimidazolyl,
benzoxazolyl, imidazopyridinyl, benzoxazinyl, benzothiazinyl, oxazolopyridinyl,
benzofuranyl, quinolinyl, quinazolinyl, quinoxalinyl, dihydroquinazolinyl, benzothiazolyl,
phthalimido, benzofuranyl, benzodiazepinyl, indolyl and isoindolyl. The term heterocyclic
should be similarly construed.

Halo means fluoro, chloro, bromo or iodo.

Unless otherwise indicate, any haloalkyl, haloalkoxy or haloalkylthio group contains one

or more halo atoms which halo atoms may be the same or different.

Preferably R is C{-Cgalkyl or C;-CealkoxyCi-Csalkyl. More preferably R’ is propyl or
methoxyethyl.

Preferably R® is hydrogen.

Preferably L is a three atom linkage selected from -CH,-O-CHa~, -CH,-CH»-O- and CH.-

CH,-CH,-, where the right hand side of the linkage is attached to R®. More preferably L is
'CHQ‘CHQ'O"' or CHQ'CHQ'CHQ'.

Preferably R® is phenyl which may be independently substituted by one or more groups
selected from: C¢-Cgalkyl, halo, haloC;-Cgalkyl, C;-Cealkoxy, haloC4-Cgalkoxy, C;-
Cealkylthio, haloC4-Cealkyithio and nitrile. More preferably R® is phenyl which may be
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independently substituted by one or more groups selected from: C4-Cs alkyl, halo,
haloC4-Cgalkyl, C;-Cgalkoxy and halo C;-Csalkoxy. More preferably still R® is 4-
fluorophenyl, 4-chiorophenyl, 4-methoxyphenyl or 4-methylphenyl.

The term biolabile ester-forming group is well understood in the art as meaning a group
which provides an ester that can be readily cleaved in the body to liberate the
corresponding diacid of formula (l) wherein R* and R® are both hydrogen. A number of
such ester groups are well known, for example in the penicillin area or in the case of the
ACE inhibitor hypertensives such as enalapril and quinapril. Compounds of formula (1)
containing such biolabile ester-forming groups are particularly advantageous in providing
compounds suitable for oral administration. The suitability of any particular ester-forming
group can be assessed by conventional animal or in vitro enzyme hydrolysis studies. For
optimum effect, the ester should only be hydrolysed after absorption. Accordingly the
ester should be resistant to hydrolysis before absorption by digestive enzymes but
should be readily hydrolysed by, for example, liver or plasma enzymes. In this way the

active diacid is released into the blood stream following oral absorption.

Preferred biolabile ester-forming groups are C;-Csalkyl, carbocyclyl or heterocyclyl each

of which may be substituted.

More preferred biolabile ester-forming groups are: i) C,-Csalkyl optionally substituted by
hydroxy, oxo, halo, haloC4-Cealkyl, C,-Csalkoxy, haloC4-Cgalkoxy, C4-Cgalkylthio, haloC;-
Cealkylthio, nitrile, carbocyclyl, heterocyclyl, carbocyclyloxy, heterocyclyloxy,
C,-Cralkylcarbonyloxy, carbocyclylcarbonyloxy, heterocyclylcarbonyloxy,
alkylcarbonylamino, and alkylaminocarbonyl, wherein any carbocyclyl or heterocyclyl
group is optionally substituted by C;-Cealkyl, halo, haloC,-Cgalkyl, Ci-Cealkoxy, haloC;-
Cealkoxy, C4-Cgalkylthio, haloC4-Cealkylthio or nitrile; or ii) carbocyclyl or heterocyclyl
optionally substituted by C;-Cgalkyl, halo, haloC4-Cgalkyl, C4-Csalkoxy, haloC4-Cealkoxy,
C,-Cgalkylthio, haloC;-Cgalkylthio or nitrile. In the definitions of i) and ii) any carbocyclic

group is preferably phenyl and any heterocyclic group is aromatic.

Still more preferred biolabile ester-forming groups are selected from the list: ethyl,
propyl, butyl, isobutyl, cyclopentyl, benzyl, 1-(2,2-diethylbutyryloxy)ethyl, 2-
ethylpropionyloxymethyl, 1-(2-ethylpropionyloxy)ethyl, 1-(2,4-dimethylbenzoyloxy)ethyl,
1-benzoyloxy)benzyl, 1-(benzoyloxy)ethyl, 2-methyl-1-propionyloxypropyl, 2,4,6-
trimethylbenzoyloxymethyl, 1-(2,4,6-trimethylbenzyloxy)ethyl, pivaloyloxymethyl,
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phenethyl, phenpropyl, 2,2,2-trifluororethyl, 1-naphthyl, 2-naphthyl, 2,4-dimethylphenyl,
4-t-butylphenyl, 5-(4-methyl-1,3-dioxalynyl-2-onyl)methyi, N,N-
diethylaminocarbonylmethyl and 5-indanyl.

Preferably R* and R® are both hydrogen.

A preferred compound is of formula (1a) wherein R', R?, R®, R*, R® and L are as defined
in the first aspecit.

(la)

A preterred compound of formula (la) is where

R' is Cy-Csalkyl or C4-CgalkoxyC+-Caalkyl;

R? is hydrogen;

L is a three atom linkage selected from: -CH5;-O-CH,-, -CH>-CH»-O- and CH»-CH»>~-CH.-,
where the right hand side of the linkage is attached to R®:

R° is phenyl which may be independently substituted by one or more groups selected
from: C4-Csalkyl, halo, haloC;-Cgalkyl, C;-Cgalkoxy, haloC+-Cgalkoxy, C;-
Cealkylthio, haloC,-Cgalkylthio and nitrile; and

R* and R® are either both hydrogen, or one of R* and R’ is hydrogen and the other is a

biolabile ester-forming group that in the body of a patient is replaced by
hydrogen.

A more preferred compound of formula (la) is where

R' is C;-Cgalkyl or C;-CgalkoxyC;-Csalkyl:

R” is hydrogen;

L is -CH,-CH»-O- or CH,-CH,-CH,- where the right hand side of the linkage is attached
to R®:

R® is phenyl which may be independently substituted by one or more groups selected
from: C4-Cgalkyl, halo, haloC,-Cgalkyl, Ci-Cgalkoxy and haloC4-Cgalkoxy; and

R* and R® are either both hydrogen, or one of R* and R% is hydrogen and the other is a

biolabile ester-forming group that in the body of a patient is replaced by
hydrogen.
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A still more preferred compound of formula (la) is where

R' is C;-Cgalkyl or Ci-CgalkoxyCq=Csalkyl;

R? is hydrogen;

L is -CH.,-CH»-O- or CH>-CH,-CH,- where the right hand side of the linkage Is attachea
to R°:

R’ is phenyl which may be independently substituted by one or more groups selected
from: C4-Cgalkyl, halo, haloC;-Csalkyl, C1-Csalkoxy and haloC,-Cealkoxy; and

R* and R° are both hydrogen.

A still more preferred compound of formula (la) is where

R' is propyl or methoxyethyl;

R? is hydrogen;

L is -CH,-CH>-O- or CH»-CH,-CH,-, where the right hand side of the linkage is attached
to R®:

R® is 4-fluorophenyl, 4-chlorophenyl, 4-methoxyphenyl or 4-methylphenyl; and

R* and R® are either both hydrogen, or one of R* and R® is hydrogen and the other is a
biolabile ester-forming group that in the body of a patient is replaced by

hydrogen.

A still more preferred compound of formula (la) is where

R' is propyl or methoxyethyl;

R? is hydrogen;

L is -CH,-CH»-O- or CH.-CH.-CH,-, where the right hand side of the linkage is attached
to R®:

R® is 4-fluorophenyl, 4-chlorophenyl, 4-methoxyphenyl or 4-methylphenyl; and

R* and R® are either both hydrogen, or one of R* and R’ is hydrogen and the other is a
biolabile ester-forming group that in the body of a patient is replaced by
hydrogen, selected from: i) C;-Cealky! optionally substituted by hydroxy, oxo,
halo, haloC,-Csalkyl, C4-Csalkoxy, haloC,-Cealkoxy, C1-Cealkylthio, haloC;-
Csalkylthio, nitrile, carbocyclyl, heterocyclyl, carbocyclyloxy, heterocyclyloxy,
alkylcarbonyloxy, carbocyclylcarbonyloxy, heterocyclylcarbonyloxy,
alkylcarbonylamino, and alkylaminocarbonyl, wherein any carbocyclyl or
heterocyclyl group is optionally substituted by C4-Cealkyl, halo, haloC+-Cealkyl, C-
Cealkoxy, haloC4-Cgalkoxy, Ci-Cgalkylthio, haloC4-Cealkylthio or nitrile; or ii)
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carbocyclyl or heterocyclyl optionally substituted by C4-Cealkyl, halo, haloC+-
Csalkyl, C4-Cgalkoxy, haloC4-Cgalkoxy, C1-Cealkylthio, haloC4-Cgalkylthio or nitrile.

A most preferred compound of formula (la) is where

R' is propy! or methoxyethyl;

R? is hydrogen;

Lis -CH.-CH,-O- or CH,-CH,-CH,-, where the right hand side of the linkage is attached
to R’;

R? is 4-fluorophenyl, 4-chlorophenyl, 4-methoxyphenyl or 4-methylphenyl; and

R* and R® are both hydrogen.

A particularly preferred compound of formula (1) is selected from:

(28)-2-[(1-{[((1 R)-2-carboxy-1-{[(4-chlorobenzyl)oxy]methyl}ethyl)-
amino]carbonyl}cyclopentyl)methyl]-4-methoxybutanoic acid (Example 16);

(35)-3-[({1-[(2R)-2-carboxypentyllcyclopentyl}carbonyl)amino]-5-(4-
chlorophenoxy)pentanoic acid (Example 41);

Ethyl (35)-3-[({1 -[(28)-2-Carboxy-4-methoxybutyllcyclopentyl}carbonyl)amino]-5-(4-
chlorophenoxy)pentanoate (Example 47);

(35)-3-[({1-[(2 S)-2-carboxy-4-methoxybutyl]cyclopentyl}carbonyl)amino]-5-(4-
chlorophenoxy)pentanoic acid (Example 48);

(29)-2-({1-[({(1 S)-3-butoxy-1-[2-(4-chlorophenoxy)ethyl]-3- :
oxopropyllamino)carbonyl]cyclopentyl}methyl)-4-methoxybutanoic acid (Example
49),

(35)-3-[({1 -[(2S)-2-carboxy-4-methoxybutyljcyclopentyl}carbonyl)amino]-6-(4-
chlorophenyl)hexanoic acid (Example 53);

Ethyl (35)-3-[({1 -[(25)-2-carboxy-4-methoxybutyl]cyclopentyl}carbonyl)amino}-6-(4-
chlorophenyl)hexanoate (Example 52); and

(38)-3-[({1-[(25)-2-carboxy-4-methoxybutyljcyclopentyl}carbonyl)amino]-6-(4-
methoxyphenyl)hexanoic acid (Example 54).

For the avoidance of doubt, unless otherwise indicated, the term substituted means
substituted by one or more defined groups. In the case where groups may be selected

from a number of alternative groups, the selected groups may be the same or different.
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For the avoidance of doubt, the term independently means that where more than one
substituent is selected from a number of possible substituents, those substituents may

be the same or different.

The pharmaceutically or veterinarily acceptable salts of the compounds of the invention
which contain a basic centre are, for example, non-toxic acid addition salts formed with
inorganic acids such as hydrochloric, hydrobromic, hydroiodic, sulfuric and phosphoric
acid, with carboxylic acids or with organo-sulfonic acids. Examples include the HCI, HBr,
HI, sulfate or bisulfate, nitrate, phosphate or hydrogen phosphate, acetate, benzoate,
succinate, saccharate, fumarate, maleate, lactate, citrate, tartrate, gluconate, camsylate,
methanesulfonate, ethanesulfonate, benzenesulfonate, p-toluenesulionate and pamoate
salts. Compounds of the invention can also provide pharmaceutically or veterinarily
acceptable metal salts, in particular non-toxic alkali and alkaline earth metal salts, with
bases. Examples include the sodium, potassium, aluminium, calcium, magnesium, zinc
and diethanolamine salts. For reviews on suitable pharmaceutical salts see Berge et al,
J. Pharm, Sci., 66, 1-19, 1977; P L Gould, International Journal of Pharmaceutics, 33
(1986), 201-217; and Bighley et al, Encyclopedia of Pharmaceutical Technology, Marcel
Dekker Inc, New York 1996, Volume 13, page 453-497.

The pharmaceutically acceptable solvates of the compounds of the invention include the

hydrates thereof.

Also included within the scope of the invention and various salts of the invention are

polymorphs thereof.

Hereinafter, compounds their pharmaceutically acceptable salts, their solvates or
polymorphs, defined in any aspect of the invention (except intermediate compounds Iin

chemical processes) are referred to as "compounds of the invention®.

The compounds of the invention may possess one or more chiral centres and so exist In
a number of stereoisomeric forms. All stereoisomers and mixtures thereof are included
in the scope of the present invention. Racemic compounds may either be separated
using preparative HPLC and a column with a chiral stationary phase or resolved to yield
individual enantiomers utilising methods known to those skilled in the art. in addition,

chiral intermediate compounds may be resolved and used to prepare chiral compounds
of the invention.
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The compounds of the invention may exist in one or more tautomeric forms. All

tautomers and mixtures thereof are included in the scope of the present invention. For

example, a claim to 2-hydroxypyridinyl would also cover its tautomeric form, oa-pyridonyi.

The invention also includes all suitable isotopic variations of a compound of the
invention. An isotopic variation of a compound of the invention is defined as one In
which at least one atom is replaced by an atom having the same atomic humber but an
atomic mass different from the atomic mass usually found in nature. Examples of
isotopes that can be incorporated into compounds of the invention include isotopes of
hydrogen, carbon, nitrogen, oxygen, phosphorus, sulphur, fluorine and chlorine such as
°H, °H, °C, **C, N, "0, 0, °'P, **p, **S, ®F and *ClI, respectively. Certain isotopic
variations of the invention, for example, those in which a radioactive isotope such as °H
or **C is incorporated, are useful in drug and/or substrate tissue distribution studies.
Tritiated, i.e., °H, and carbon-14, i.e., "*C, iIsotopes are particularly preferred for their
ease of preparation and detectability. Further, substitution with isotopes such as
deuterium, i.e., °H, may afford certain therapeutic advantages resulting from greater
metabolic stability, for example, increased in vivo half-life or reduced dosage
requirements and hence may be preferred in some circumstances. Isotopic variations of
the compounds of the invention can generaily be prepared by conventional procedures
such as by the illustrative methods or by the preparations described in the Examples and

Preparations hereafter using appropriate isotopic variations of suitable reagents.

The compounds of the invention, by inhibiting NEP (particularly EC.3.4.24.11), can
potentiate the biological effects of bioactive peptides and thus there is rationale for the

compounds of the invention to treat or prevent number of diseases and conditions.

Shepperson et al have demonstrated that the NEP inhibitor candoxatrilat lowers systolic
blood pressure in hypertensive rats [see Clin.Sci (Lond), Vol 80(3):265-9]. Kosoglou et al
have demonstrated that the NEP inhibitor SCH34826 significantly lowered supine blood
pressure in a clinical study of 24 black patients with essential hypertension [Circulation,
Supplement lil, Vol 82, No. 4, page 554, 2201]. Stergiou et al have demonstrated that
when added to the ACE inhibitor lisinopril, candoxatril (the oral prodrug of candoxatrilat)
led to a marked reduction in both supine and erect blood pressure in a clinical study
involving 37 hypertensive patients [J. Hypertens, Vol 12, No 11, page 1310-1311].

Accordingly, the compounds of the invention should treat or prevent cardiovascular
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diseases and conditions, particularly hypertension, puimonary hypertension, peripheral
vascular disease, heart failure, angina, renal insufficiency, acute renal failure, cyclical
oedema, Meniéres disease, hyperaldosteroneism (primary and secondary) and
hypercalciuria. The term hypertension includes all diseases characterised by
supranormal blood pressure, such as essential hypertension, pulmonary hypertension,
secondary hypertension, isolated systolic hypertension, hypertension associated with
diabetes, hypertension associated with atherosclerosis, ana renovascular hypertension,
and further extends to conditions for which elevated blood pressure is a known risk
factor. Accordingly, the term “treatment of hypertension” includes the treatment or
prevention of complications arising from hypertension, and other associated co-
morbidities, including congestive heart failure, éngina, stroke, glaucoma, impaired renal
function, including renal failure, obesity, and metabolic diseases (including Metabolic
Syndrome). Metabolic diseases include in particular diabetes and impaired glucose
tolerance, including complications thereof, such as diabetic retinopathy and diabetic

neuropathy.

The compounds of the invention should be particularly efficacious in treating or

preventing hypertension.

Wayman et al [WO 02/079143] have demonstrated that NEP inhibitors increase vaginal
and clitoral blood flow in a rabbit model of female sexual arousal disorder (FSAD).
Accordingly the compounds of the invention should treat or prevent female sexual

dysfunction, particularly FSAD.

Wayman et al (WO 02/03995) have demonstrated that NEP inhibitors potentiate nerve-
stimulated erections in anaesthetised dog model of penile erections. Accordingly the

compounds of the invention should treat or prevent male erectile dysfunction (MED).

As a result of their ability to inhibit NEP, the compounds of the invention should treat or
prevent menstrual disorders, pre-term labour, pre-eclampsia, endometriosis, and

reproductive disorders (especially male and female infertility, polycystic ovarian

syndrome, implantation failure).

In addition, the compounds of the invention should: treat or prevent asthma,
inflammation, leukemia, pain, epilepsy, affective disorders, dementia and geriatric

confusion, septic shock, obesity and gastrointestinal disorders (especially diarrhoea and
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irritable bowel syndrome); promote wound healing (especially diabetic and venous ulcers
and pressure sores); modulate gastric acid secretion; and treat hyperreninaemia, cystic

fibrosis, restenosis, diabetic complications and atherosclerosis.

As used herein, the terms "treat", “treating” and “treatment” include palliative, curative

and prophylactic treatment.

Compounds of the invention may be prepared, in known manner in a variety of ways. In
the following reaction schemes and hereafter, unless otherwise stated, R'to R°, L and X

are as defined in the first aspect. These processes form further aspects of the invention.

Throughout the specification, general formulae are designated by Roman numerals |, i,
I1i, IV etc. Subsets of these general formulae are defined as la, Ib, Ic etc, .... IVa, Vb,

V¢ etc.

Compounds of formula (Ib), i.e. compounds of general formula (I) where R*and R” are
hydrogen and L is -CH,OCH,-, may be prepared according to reaction scheme 1, by
deprotecting a compound of general formula (ll) where P' is a suitable carboxyi

protecting group, such as C4-C; alkyl or benzyl, preferably ethyl or t-butyl.

Scheme 1
R ] O/\Rs - H o /\RS
=y /O N — HO N
O O OH O O OH
O O

(IN) (Ib)

Deprotection can be performed using standard methodology, as described in "Protecting
Groups in Organic Synthesis” by T.W. Greene and P. Wutz". When P! is t-butyl, then the
preferred conditions are 9-40% trifluoroacetic acid in dichloromethane (by volume) at
room temperature for 1 to 72 hours. When P' is allyl, preferred conditions are pyrrolidine
(4 equiv), tetrakistriphenylphosphine paladium (0) (catalytic) in tetrahydrofuran at room
temperature for 2-3 hours. When P' is ethyl, preferred conditions are 1N sodium
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hydroxide in dioxan, methanol or tetrahydrofuran at a temperature between room

temperature and reflux for 2-18 hours.

Compounds of formula (Il) may be prepared by reacting compounds of formula (111) with

5 R3CH.Y (where Y is a halogen atom, preferably bromine or iodine).

Scheme 2
RS
1 1 p
R OH R O
H H
0 N O N
P’ . P
O O OH O O OH

10  Preferred conditions comprise reacting (lll) with R°CH.Y in the presence of a suitable
alkali metal base (for example sodium hydride, potassium carbonate or caesium
carbonate) in a suitable solvent (for example tetrahydrofuran or N,N-
dimethylformamide), optionally in the presence of a catalyst (for example imidazole or
4-dimethylaminopyridine). Particularly preferred conditions are sodium hydride (6-10

15  equiv), imidazole (0.2 equiv) and R°CH,Y (1.1 equiv) in tetrahydrofuran at between

-15°C and room temperature for 2-3 hrs.

Compounds of formula (lil) may be prepared from compounds of formula (IV) according
to reaction scheme 3.

20
Scheme 3

=Y R . OH
510 510 N
o OH

(V) (I11)

ZL

Preferred reaction conditions comprise reacting compounds of formula (IV) under acid
25  conditions (for example hydrochloric acid) or basic conditions (for example sodium

hydroxide or caesium hydroxide) in the presence of a catalyst in a suitable solvent (for
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example methanol or dioxan) at a temperature of between room temperature and the
reflux temperature of the reaction mixture. Preferred conditions are 1N sodium

hydroxide:methanol (25:75, by volume) at room temperature for 18 hours.

Compounds of formula (IV) may be prepared by reacting compounds of formula (V) with

compounds of formula (Vi) according to reaction scheme 4.

Scheme 4
1
R‘l H2N 5 R H
+ O 1
P1 /O OH —» P -~ O
O O O = O

(V) (V1) (IV)

Typical reaction conditions comprise generating the acid chloride of compounds of
formula (V) followed by addition of compounds of formula (VI), optionally in the presence
of an excess of tertiary amine (such as triethylamine, Hinig's base or N-
methylmorpholine) in a suitable solvent (such as dichloromethane or tetrahydrofuran) at

room temperature for between 1 to 24 hours.

Alternative reaction conditions comprise reacting compounds of formula (V), 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (WSCDI) /1,3-
dicyclohexylcarbodiimide (DCC), 1-hydroxybenzotriazole hydrate (HOBT) /HOAT anad
compounds of formula (V1), with an excess of a tertiary amine (such as N-
methylmorpholine, triethylamine or Hinig's base) in a suitable solvent (for example

tetrahydrofuran, dichloromethane or ethyl acetate) at room temperature for between 4 to
48 hours.

Further reaction conditions comprise reacting a compound of formula (V),
PYBOP®/PyBrOP®/Mukaiyama’s reagent and an excess of compound of formula (V1)
with an excess of tertiary amine (N-methylmorpholine, triethylamine or Hinig's base) in a
suitable solvent (such as tetrahydrofuran, dichloromethane or ethyl acetate) at room

temperature for 4 to 24 hours.

Preferred reaction conditions comprise reacting compounds of formula (VI) (1 equiv), a

compound of formula (V) (1-1.1 equiv), WSCDI (1-1.1 eq), 1-hydroxybenzotriazole
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hydrate (HOBT) (1-1.1 eq) and N-methylmorpholine (2 equiv) in dichloromethane at

room temperature for about 18 hours.

Compounds of formula (V) may be prepared by published methods, or by simple
modifications of these methods. See for example: A.S. Cook et al., European Patent
Application EP 1 258 474 A2 (Pfizer Ltd. et al.); S. Challenger et al., International Patent
Application WO02/79143 (Pfizer Ltd. et al.); C.G. Barber et al., International Patent
Application W002/02513 (Pfizer Ltd. et al.); C.J. Cobley et al., Tetrahedron Letts.

42(42), 7481-7483 (2001); S. Challenger, European Patent Application 0 644 176 A1l
(Pfizer Ltd.).

Compounds of formula (Ic), i.e. compounds of general formula (l) where R’ is hydrogen,
R* is nor hydrogen and L is -CH,OCH,-, may be prepared from compounds of formula

(1) according to reaction scheme 5.

Scheme 5

T-.L
N
O
m—&
P
O
\__
vcuu-l
\
@,
é m—l
2L
:(_<—O>
m&)

0 O OH O 0 Onp?
(1) O (VIN) O
R1 O/\RS R1 y O/\Rs
H
— > HO N . R4/0 N
(IX)
(VIIT) O O
H1 O/\Rs
I H
R“/O N
0 0 OH

(Ic)
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Compounds of formula (Vil) may be prepared by reacting a compound of formula (11)
(where P! is a protecting group removable under acidic conditions, such as t-butyl) with
P2Y' (where P is an acid stable protecting group, such as benzyl or allyl, and Y'isa
leaving group, typically halogen, preferably bromine or iodine), with an excess of an
alkali metal base (for example potassium carbonate or caesium carbonate), or a tertiary
amine base (for example triethylamine) in a suitable solvent (for example N,N-
dimethylformamide or acetonitrile) at room temperature. Preferred reaction conditions
comprise reacting a compound of formula (1) with of P2Y" (2.3 equiv) and potassium

carbonate (1-3 equiv) in N,N-dimethylformamide for 18 to 72 hours.

Compounds of formula (VII1) may be prepared from compounds of formula (VII). When
P' is t-butyl, then the preferred conditions are 9-40% trifluoroacetic acid in

dichloromethane (by volume) at room temperature for 1 to 72 hours.

Compounds of formula (IX) may be prepared from compounds of formula (VIII) using
analogous methods described for the preparation of compounds of formula (Vil)
replacing P?Y' with R*Y".

Compounds of formula (Ic) may be prepared from compounds of formula (IX). When P?
is benzyl, preferred conditions comprise hydrogenation. When P* is allyl preferred
conditions comprise pyrrolidine, tetrakistriphenylphosphine paladium (0) (catalytic) in

tetrahydrofuran at room temperature for 2-3 hours.

Compounds of formula (Id), i.e. compounds of general formula (1) where R* is hydrogen,
R® is not hydrogen and L is -CH,OCHz-, may be prepared according to reaction scheme
6, where P' is a suitable carboxyl protecting group, preferably t-butyl.
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1 7N A3
=Y O/\R3 R ' O R
O H /O N
P‘I/ —— P1
O O O
O O OH R°
O O
(1) (X)
R1 O/\RS
H
—  » HO N

(1d)

Compounds of formula (X) where P' is a suitable carbonyl protecting group preferably t-
5  butyl, may be prepared from compounds of formula (1) in analogous fashion to the

preparation of compounds of formula (IX) (see scheme 5).
Compounds of formula (Id) may be prepared from compounds of formula (X) in
analogous fashion to scheme 1. For example when P' is t-butyl preferred reaction

10  conditions comprise trifluoroacetic acid or hydrochloric acid.

Alternatively compounds of formula VIl may be prepared according to reaction scheme
7.

15
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Scheme 7
H H
PA‘L/N N PA-;/"N —_— -
O<
p2 O\PZ

O O

(XI) (XII)
O/\ Rs R1 ’ O/\ R3 ,

SN
o2 V) O O O
O O

(XIII) (V)

Compounds of formula (XIl) may be prepared by treating a compound of formula (XI)
with R°CH,Hal in analogous fashion the methods described for Scheme 2 where P*is a
suitable nitrogen protecting group, such as tert-butyloxycarbonyl (Boc) or
benzyloxycarbonyl (CBz), preferably Boc. The amine protecting group P*in compounds
of formula (XIl) may then be selectively removed using standard methodology, as
described in “Protecting Groups in Organic Synthesis” by T.W. Greene and P. Wutz".
Preferred conditions, when P* is Boc are hydrochloric acid in ethyl acetate, ethanol or
dichloromethane or, trifluoroacetic acid in dichloromethane at room temperature for
between 15 minutes and 3 hours. Preferred conditions when P* is CBz are hydrobromic
acid in acetic acid at room temperature for about 5 hrs. Compounds of formula (VII) may
then be obtained by reaction compounds of formula (Xl11) with compounds of formula (V)

in analogous fashion to the methods described for Scheme 4.

Compounds of formula (ld), i.e. compounds of general formula (I) where R*and R’ are

hydrogen and L is -CH,CH,0-, may be prepared according to reaction scheme 8.
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Scheme 8
R1 O\P3
P1/O OH - HQN - —
O
O O p2
O
(V) (XIV)
H1 O\PS R1 OH
H H
P1/O N - - P1/O N
O O
(XV) (XVI)
O
R1 )/ RS
H SURN— — ;
o _0O N\
O e O
D
O
(XVII)
R“l O\RS R1 ’ /O\R3
HO H - HO N
O 0O O O O \Q(OH
P
0O O
(XVIII) (Id)

5  Compounds of formula (XV) may be prepared by reacting a compound of formula (V)
with a compound of formula (XIV) using analogous conditions to those described for
Scheme 4, where P' and P? are suitable carboxyl protecting groups, typically C;-C, alkyl
or benzyl, preferably ethyl or t-butyl, and P’ is a suitable hydroxyl-protecting group,
typically silyl. Compounds of formula (XVI) may be prepared by removal of the alcohol

10  protecting group using standard methodology, as described in “Protecting Groups in
Organic Synthesis”<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>