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3-AZETIDINYLALKYLPIPERIDINES OR -PYRROLIDINES AS TACHYKININ ANTAGONISTS

This invention relates to therapeutic agents, specifically azetidinylalky!
derivatives of N-substituted nitrogen heterocycles, and to processes for the
preparation of, intermediates used in the preparation of, compositions containing
and uses of, such heterocycles.

International Patent Publication Number WO 96/05193 discloses various
(azetidin-1-ylalkyl) {actams as tachykinin antagonists.

The present heterocycles are antagonists of tachykinins, including
neurokinin A (NKA), neurokinin B (NKB), and Substance P, acting at the human
neurokinin-1 (NK3), neurokinin-2 (NKz) or neurokinin-3 (NKa) receptor, or a
combination of two or more thereof. The heterocycles are therefore useful for
preventing or treating an inflammatory disease such as arthritis, psoriasis, asthma
or inflammatory bowel disease, a central nervous system (CNS) disorder such as
anxiety, depression, dementia or psychosis, a gastro-intestinal (G!) disorder such
as functional bowel disease, irritable bowel syndrome, gastro-oesophageal reflux,
faecal incontinence, colitis or Crohn’s disease, a disease caused by Helicobacter
pylori or other urease positive gram negative bacteria, a urogenitat tract disorder
such as inco.ntinence, hyperreflexia, impotence or cystitis, a pulmonary disorder
such as chronic obstructive airways disease, an allergy such as aczema, contact
dermatitis, atopic dermatitis, urticaria, eczematoid dermatitis or rhinitis, a
hypersensitivity disorder such as poison ivy, a vasospastic disease such as angina
or Reynaud’s disease, a proliferative disorder such as cancer or a disorder
involving fibroblast proliferation, a fibrosing or collagen disease such as
scleroderma or eosinophillic fascioliasis, reflux sympathetic dystrophy such as
shoulder/hand syndrome, an addiction disorder such as alcoholism, a stress-
related somatic disorder, a peripheral neuropathy such as diabetic neuropathy,
neuralgia, causalgia, painful neuropathy, a burn, herpetic neuralgia or post-
herpetic neuralgia, a neuropathological disorder such as Alzheimer's disease or
multiple sclerosis, a disorder related to immune enhancement or suppression such
as syStemic lupus erythematosis, a rheumatic disease such as fibrositis, emesis,
cough, acute or chronic pain, migraine, an opthalmic disease such as proliferative
retinopathy, influenza or a cald. '
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The present derivatives are particularly potent and selective antagonists
of tachykinins, including NKA, NKB and Substance P, acting at the human NK;,
NK2 and NKa receptors or combinations of two or more thereof. They are
particularly useful for treating or preventing an inflammatory disease such as
arthritis, psoriasis, asthma or inflammatory bowel disease, a central nervous
system (CNS) disorder such as anxiety, depression, dementia or psychosis, a
gastro-intestinal (Gl) disorder such as functional bowe! disease, irritable bowel
syndrome, gastro-oesophageal reflux, faecéll incontinence, colitis or Crohn's
disease, a urogenital tract disorder such as incontinence or cystitis, a
pulmonary disorder such as chronic obstructive airways disease, an allergy
such as eczema, contact dermatitis or rhinitis, a hypersensitivity disorder such
as poison ivy, a peripheral neuropathy such as diabetic neuropathy, neuralgia,
causalgia, painful neuropathy, a bumn, herpetic neuralgia or post-herpetic
neuralgia, cough or acute or chronic pain, |

The present invention provides compounds of the formula:-
}}<— N<>—XI_R2

R\ A/ N\/(CHZ)m

(I}

and the pharmaceutically acceptable salts thereof, wherein
Ris Cs-Cy cycloaikyk. aryl or C+-Cs alkyl, said C1-Cs alkyl being optionally
substituted by fluora, -COOH, -COO(C1-C) alkyl, C5-C; cycloalkyl,
adamantyl, aryl or het', and said Cs-C7 cycloalkyl being optionally
substituted by 1 or 2 substituents each independently selected from C;-
Ca alkyl, C1-C7 cycloalkyl, C1-C,4 alkoxy, hydroxy, fluore, fluoro(C+-Ca)
alky! and fluoro(C4-Cas)alkoxy;
Ais CO or SOy;
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R'is phenyl, benzyl, naphthyi, thienyl, benzothienyl or indolyl, each optionally
substituted by 1 or 2 substituents each independently selected from C,-C, alkyl,
C;-C, alkoxy, halo and trifluoromethyl;

R? is -COzH, -CONR®R®, -CONR’(C3-C7 cycloalkyl), -NR®(C2-Cs alkanoyl),
-NR°R®, -NR°CONR®R®, (C3-C; cycloalkyl-C:-Cs alky)R®N-, (Cs-C; cycloalkyl-
C1-C4 alkyl)zN-, -NR®COCF;, -NRSSO;CF, -NR¥(S0,C1-Cs alkyl),
-NR°SO,NRR®, -NR(SO, aryl), -N(aryl)(S02C1-Cs alkyl), -OR®, -O(Ca-C,
cycloalkyl), -SO.NR°RS, het® or a group of the formula:-

R3 R’

—Xx*—N W .
6>-(c32)n AN 4
R

S 1
—N. (W orCH,W) > ,
’ 0
—NCD‘RQ or —N ®R*orR® |

R?and R* are each independently selected from H and C1-C, alkyl optionally
substituted by hydroxy, C-Ca alkoxy, -S(0)p(Cs-Cs alkyl), amino, -NH(C4-C,4
alkyl), -N(C4-C, alkyl), or het?;

R® and R°® are each independently selected from H, C-C, alkyl and C5-C,
cycloalkyl-C,-C, alkyl, said C,-C,4 alkyl and C3-C; cycloalkyl-C,-C, alkyl being
optionally substituted by fluoro;
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R’is H, C1-Cs alkyl, hydroxy, fluoro(C-Ca)alkyl or phenyl, said phenyl being
optionally substituted by 1 or 2 substituents each independently selected from
C1-Ca alkyl, fluoro(C1-Ca)alky!, halo, C4-C,4 alkoxy and fluoro (C4-Ca)alkoxy;

R® is H, fluoro, hydroxy, C,-Cs alkoxy, C2-Cs alkanoyl or C-Cs alkanoyloxy;

R® is -NR°R®, -NRSCOR®, -NR®SO2CF, -NRS(S0:C+-Cs alkyl), -NRESO.NR®R®,
-NR®COO(C:-Cs alkyl), -NR’CONR®R®, -NR*(SO,morpholino), -NR*(SO; aryl),
-N(aryl}{S0O,C4-C, alkyl) or a group of the formula:

N
—NR5SO,N CEr

X is C;-C, alkylene;
X' is a diract link or C4-Cg alkylene;
X2 is a direct link, CO, SOz or NR°CO;

W is methylene, CO, CH(OH), C(OH)z, CH(C+-C4 alkoxy), CHCO.H, CHCO2(C+-
C. alkyl), CHCONR®R®, CHF, CF,, CH(azetidin-1-yl), CH(pyrrolidin-1-yl),
CH(piperidin-1-yl), CH(morpholino), CH(benzoxazol-2-yl), CHR®, O, S{O)p, NR®,
N(C3-C7 cycloalkyl), NSO(C1-Cs aliyl), NSONR°R®, NSO,CFs,
NSOz(morpholino), NSO(aryl),

NSO;N/\>(CHz)r y

NCONR®R®, NCOR®, NCO(ary!) or NCO2(C1-Cs alky!);

W' is methylene, CO, CH(OH), C(OH), CH(C1-C4 alkoxy), CHCOH,
CHCO,(C+-C, alkyl), CHCONR®R®, CHF, CF», CH(azetidin-1-yl), CH(pyrrolidin-
1-yl), CH(piperidin-1-yl), CH(merpholino) or CHR®;

W2is W', -CH.W'-, -CHWCHo,- or -CHCHWCH2-;
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mis 0, 1_ or2;

nis 1 or 2 when W is other than methylene and is 0, 1 or 2 when W is
methylene;

pis0, 1or2;
qis 1or2;
tis1,2,30r4;

“aryl”, used in the definition of R, R* R’ and W, means naphthy! or phenyl, each
optionally substituted by C4-C;4 alkyl, halo, -OR®, fluoro(C;-Ca)alkyl, C2-Cs
alkanoyl, -CONR®R®, -SO.NR°R® or phenyl;

“*het", used in the definition of R, means thienyl or a 5- or 6- membered ring
heteroaryl group cdntaining either 1 or 2 nitrogen heteroatoms or one nitrogen
heteroatom and one oxygen or sulphur heteroatom, each optionally substituted
by 1 or 2 substituents each independently selected from C,-C, alkyl, Cy-C4
alkoxy, halo, fluoro(C+-C, alkyl) and fluoro(C,-C4 alkoxy); '

“het®™, used in the definitions of R® and R*, means a 4- to 7- membered ring,
non-aromatic, heterocyclic group containing 1 or 2 heteroatoms each
independently selected from nitrogen, oxygen and S(O),, said group being
optionally C-substituted by 1 or 2 substituents each independently selected
from C4-C,4 alkyl, C4-C,4 alkoxy and fluoro(C4-C.)alkyl, and said ring nitrogen
heteroatom optionally bearing a H, C+-C, alkyl, C»-Cs alkanoyl, -CONR®R® or
-SO,NR°R® substituent;
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and "het®™, used in the definition of- R2 means an optioﬁally benzo-fused, N-linked,
S-membered ring heteroaryl group containing from 1 to 4 nitrogen heteroatoms,
which is optionally substituted, including in the benzo-fused portion, by 1 or 2
substituents each independently selected from C;-C. alkyl, fluoro and fluoro(C,-
Cialkyl.

In the above definitions, the term “halo” means fluoro, chioro, bromo or iodo
and alkyl, alkylens and alkoxy groups cbntaining three or more carbon atoms and

alkanoyl! groups containing four or more carbon atoms can be straight- or
branched-chain.

Preferably R is aryl, Cs-C; cycloalky! optionally substituted by fluoro or C,-
Cs alkyl substituted by C3-C; cycloalkyl.

More preferably, R is pheny! optionally substituted by C-C4 alkoxy,
Cs-C7 cycloalkyl optionally substituted by fluoro or C4-Cs alkyl substituted by C5-C,
cycloalkyl. g

Most preferably R is phenyi, _2-metho§<yphenyl. cyclopropyl, cyciohexyl,
4,4-difluorocyclohex-1-yi or cyclopropyimethyi.

Preferably, A is CO.

Preferably, R' is phenyt optionaily substituted by 1 or 2 halo substituents.

More preferably, R' is phenyl optionally substituted by 1 or 2 substituents
each independently selected from fluoro and chioro.

Yet more preferably, R' is phenyi, 3,4-difluorophenyl, 3-chlorophenyi, 4-
chlorophenyl or 3,4-dichlorophenyl.

Most preferably, R'is 3,4-dichlorophenyl.

Preferably, R® is -CONR®R®, -CONR®(Cs-C; cycloalkyl), -NR°R*, het® ar a
group of the form-ula:-
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.
RS R7 0
— ._V: :w , —Nj W oor -N@-—Rs
/ \_—/
R (CHpn

where R® and R* are each independently selected from C4-C, alkyl and

C+-C. alky! substituted by hydroxy or C-C, alkoxy, R® and R® are each -
ind'ependently selected from H, C,-C, alky! optionally substituted by fluoro and
C3-C7 cycloalkyl-Cy-Cs alkyl, R” is H, hydroxy or phenyl, R® is hydroxy or C-Cs
atkanoyloxy, W is methylene, CH{OH), CHF, CO, CH(C;-C. alkoxy), CHCOzH,
CHCO,(C+-C4 alkyl), CH(benzoxazol-2-yl), CHNR®R®, CHNRCOR?®,
CHNR®(S0.C;-C. alkyl), CHNR®COOQ(C4-C4 alkyl), O, S(O)g, NR®,NSO,(C;-Cy
alkyl), NSO.NR®R®, NSOz(morpholinc), NCONR®R®, NCOR®, NCO(aryl) or
NCO,(C:-C, alkyl), nis 1 or 2 when W is other than methylene and is 0 or 1 when
W is methylene, and pis 0, 1 or 2.

More preferably, R? is -CONR’R?, -CONR®(C4-C7 cycloalkyl), -NR’R?, a N-
linked, 5-membered rihg heteroaryl group containing 1 or 2 nitrogen heteroatoms,
ora groub of the formula:-

RS R7 0,j
—X2—N w , —N w or "'N@"Rs

/H
oe”

where R® and R* are each independently. selected from methyl and C,-C, alkyl
substituted by hydroxy or methoxy, R® and R°® are each independently selected
from H, methyl, trifluocromethyl and cyclopropyimethyl, R’is H, hydroxy or phenyl,
R® is hydroxy or acetyloxy, W is methylene, CH(OH), CHOCH,, CHF, CO,
CHOCH,CHa, CHO(CH,)2CHa, CHOC(CHa)s, CHCO.H, CHCO,CH;,
CHCQO,CH.CH3;, CH(benzoxazol-2-yl), CHNHz, CHNHCHz(cyclopropyt),
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CHNHCOCH;, CHNHSO,CH3, CHNHCO2C(CHs)a, O, S(O)p, NH, NCHj,
NCH_z(cyclopropyi), NSO,CHj, NSO2NHz, NSO2NHCH3;, NSOzN(CH3)a,
NSOz(morpholino), NCONH;, NCONHCH;, NCOCH3, NCOCF;, NCO(p'henyl) or
- NCO2C(CHa)s, nis 1 or 2 when W is other than methylene and is 0 or 1 when
W is methylene, and pis 0, 1 or 2.

Yet more preferably, R? is N-(2-methoxyethyl)-N-methylcarbamoyl, N-
cyciohexyicarbamoyl, N-(2-hydroxyethyl)-N-methylamino, N-(2-hydroxy-2-
methylpropyl)-N-methylamino, N-(2-methoxyethyl)-N-methylamino, imidazol-1-
yl, 3-hydroxypyrrolidin-1-yl, piperidin-1-yl, 2,6-dimethyipiperidin-1-yl, 3-
ﬁydroxypiperidinq -yl, 4-hydroxypiperidin-1-yl, 4-methoxypiperidin-1-yi, 4-
ethoxypiperidin-1-yl, 4-(n-propoxy)piperidin-1-yi, 4-(t-butoxy)piperidin-1-yi, 4-
carboxypiperidin-1-yl, 4-methoxycarbonylpiperidin-1-yl, 4-
ethoxycarbonylpiperidin-1-yl, 4-(benzoxazol-2-yl)piperidin-1-yl, 4-
aminopiperidin-1-yl, 4-cyclopropylmethylaminopiperidin-1-yl, 4-
acetamidopiperidin-1-yl, 4-methanesulphonamidopiperidin-1-yl,
4-(t-butoxycarbonylamino)piperidin-1-yl, morpholino, 2-phenylmorpholino, -
homomorphoeline, thiomorpholino, 1-oxothiomorpholino,1,1-
dioxothiomorpholino, piperazin-ﬁyl, 4-methylpiperazin-1-yl, 4-
cyclopropylmethylpiperazin-1-yl, 4-fnethanesulphonylpiperazin—1-yl, 4-
aminosulphonyipiperazin-1-yl, 4-methylaminosuiphonyipiperazin-1 -yl, 4-
dimethylaminosulphonylipiperazin-1-yl, 4-morpholinosulphonylpiperazin-1-yl, 4-
carbamoyipiperazin-1-yl, 4-N-methylcarbamoylpiperazin-1-yl, 4-acetylpiperazir
1-yl, 4-trifluoroacstylpiperazin-1-yl, 4-benzoylpiperazin-1-yl, 4-(t-
butoxycarbonyl)piperazin-1-yl, pyrrolidin-1-ylcarbonyl, piperidin-1-yicarbonyl, =
oxomorpholino, 3-hydroxy-8-azabicyclo[3,2,1]oct-8-y!, 3-acetyloxy-8-
azabicyclo[3,2, 1]oct-8-yl, 4-flucropiperidin-1-yl or 4-oxopiperidin-1-yi.

Most preferably, R? is 4-aminopiperidin-1-yl, 4-carboxypiperidin-1.-yl, 4-
hydroxypiperidin-1-yl, morpholino, 1-oxothiomorpholino, 4-
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aminosulphonylpiperazin-1-yl, 4-methanesulphonyipiperazin-1-yl, 4-
methylaminosulphonylpiperazin-1-yl, 4-morpholinosulphonylpiperazin-1-yl,
4-fluoropiperidin-1-y! or 4-oxopiperidin-1-yl.

Preferably, X is ethylene or propylene.
Preferably, X' is a direct link.
Preferably, X2 is a direct link.

Preferably, mis Qor 1. .

The pharmaceutically acceptable salts of the compounds of the formula
() include the acid addition and the base salts thereof.

Suitable acid addition saits are formed from acids which form non-toxic
saits and examples are the hydrochloride, hydrobromide, hydroiodide, sulphate,
hydrogen sulphate, nitrate, phosi::hate, hydrogen phosphate, acetate, maleate,
fumarate, lactate, tartrate, citrate, gluconate, succinate, benzoate,
methanesulphonate, benzenesulphonate-and p-toluenesuiphonate salts.

Suitable base salts are formed from bases which form non-toxic salts
and examples are the aluminium, calcium, fithium, magnesium, potassium,
sodium, zinc and diethanolamine salts. |

For a review on suitable saits see Berge et al, J. Pharm. Sci., 66, 1-19
(1977).

A compound of the formula (I} may contain ocne or more asymmetric
carbon atoms and may therefore exist in two or more stereocisomeric forms.
The present invention includes the individual sterecisomers of the compounds
of the formula () and mixtures thereof.

Separation of diasterecisomers may be achieved by conventional
techniques, e.g. by fractional crystallisation, chromatography or H.P.L.C. of a
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stereoisomeric mixture of a compound of the formula (1) or a suitable salt or
derivative thereof. An individual enantiomer of a compound of the formula ()
may alsc be prepared from a corresponding optically pure intermediate or by
resolution, such as by H.P.L.C. of the corresponding racemate using a suitable
chiral support or by fractional crystallisation of the diastereocisomeric saits
formed by reaction of the corresponding racemate with a suitable optically
active acid or base.

The preferred compound of formula (f) and salts thereof have the
stereochemistry shown below in formula (1A) at the position of attachment of
the X and R' groups to the N-acylated or N-sulphonylated ring:

l}ﬁ‘"" O

(1A) .
Preferred examples of a compound of formula (1} are those wherein:

()] Ris phenyl, Ais CO, R' is 3.,4-dichlorophenyl, R? is morpholino, X is
propylene, X' is a direct link and m is 1;

| (i) R is phenyl, A is CO, R' is 3,4-dichiorophenyl, RZis 4-aminosulphonyl-
piperazin-1-yl, X is propylene, X' is a direct link and m is 1;

(iiy  Ris cyclohexyl, A is CO,R' is 3,4-dichlorophenyl, R? is morpholino, X is
propylene, X' is a direct link and miis 1;
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(V)  Ris cyclohexyl, Ais CO, R’ is 3,4-dichlorophenyl, R? is 4-
aminosulphonylpiperazin-1-yl, X is propylene, X' is a direct link and m is
1;

% R is cyclopropyl, A is CO, R' is 3,4-dichlorophenyl, R? is morpholino, X is
propylene, X' is a direct fink and m is 1;

(vi) Ris cyclopropyi, A is CO, R' is 3,4-dichlorophenyl, R? is 4-
aminosulphonylpiperazin-1-yl, X is propylene, X' is a direct link and m is
1;

(vi) Ris phenyl, Ais CO, R’ is 3,4-dichlorophenyl, R?is morpholino, X is
ethylene, X' is a direct link and m is 0;

(viil) R is 2-methoxyphenyl, A is CO, R! is 3,4-dichlorophenyl, R? is
morphoiino, X is ethylene, X' is a direct fink and m is 0;

(ix) Ris phenyl, Ais CO, R'is 3,4-dichlorophenyl, RZis morpholino, X is
ethylene, X' is a direct link and m is 1;

{(x)  Ris 2-methoxyphenyl, A is CO, R’ is 3,4-dichlorophenyl, R? is
morpholino, X is sthylene, X' is a directlinkand mis 1;

(xi) Ris phenyl, A is SO, R' is 3,4-dichlorophenyl, R? is morpholino, X is
ethylene, X' is a direct link and m is 1;

(xii) R is cyclopropyimethyl, A is CO, R’ is 3,4-dichlorophenyl, R? is
morpholine, X is ethylene, X' is a direct link and m is 1;
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(xiii) R is cyclopropylmethyl, A is CO, R’ is 3,4-dichlorophenyl, R_z is 4-
methanesuiphonyipiperazin-1-yi, X is ethylene, X' is a direct link and m
is 1;

or any such compound with the stereochemistry shown above in formula (1A)
at the position of attachment of the X and R’ groups to the N-acylated or
N-sulphonylated ring, or a pharmaceutically acceptable salt of any thereof.

The compounds of the formula (I) provided by the invention can be
prepared by the following methods:-

1) The compounds of the formula (f) where X is (Co-Ca alkylens)CH,-, the
methylene group of which is attached to the azetidine nitrogen atom, and R, R,
A, R% X'and m are as previously defined for a compound of the formula (1) can
be prepared by reductive amination using as starting materiais a compound of
the formuia:-

R _(CyC; alkylene)CHO

R A/N\/(CH?)m a

where R, A, R; and m are as previously defined for a compound of the formula
(1), and a compound of the formula:-

HNQ—X'-—RZ am

. or an acid addition salt thereof, where R? and X' are as previcusly defined for
& compound of the formula (!). The reaction is preferably carried out in the
presence of a suitable acid, e.g. acetic acid.
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The reaction proceeds via the initial formation of an intermediate iminium
salt of the formuia: '

e e
RL_ _A(CyCy aﬂcylene)CH:N<>—x‘-R-

R\A,N\/(CH_q)m -

(TIA)

which may stable anc_! isolatable. The reaction is preferably carried out without
isolation of the intermediate of the formula (Il1A) in which case it is reduced in
situ to provide a compound of formula ().

In a typical procedure, an aldehyde of the formula (1) is first reacted with
an azetidine of the formula (i1} in a suitable sclvent, e.g. tetrahydrofuran, and
the mixture then treated with 'a suitable reducing agent, 'e.g.'sodium |
triacetoxyborohydride or sodium cyanoborohydride, in the presence of a
suitable acid, e.g. acetic acid, to give the required product. If an acid addition
salt of an azetidine of the formula (Ilf) is used as a starting material, a suitable
acid acceptor, e.g. triethylamine, can be added prior to the addition of the
reducing agent. '

The reaction is typically carried out at room temperature.

The starting aldehydes of the formula (1) can be prepared by the method
shown in the Scheme I:-
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SCHEME1

R!CH,CN

1) Base
(o)

Y

R1>< (GG alkylene)cx-lzo—@
NC H

1) Base
2) Z'CH,(CH,);C0(C,-C alkyl)

' O
R! (C0°C3 a“()'IEDE)Cﬂz

>

NC CH,(CH,)CO4(C,C, alkyl™

Reduction

0.

Rl‘>"<(l<:.,-cJ alkylene)CHzo—O

HNY(Cﬂz)m

o

Reduction

(continued)

2) Z(CyCy alkylene)CHzO—O

PCT/EPY6/05613

(VID)
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SCHEME 1 (continued)

o)
RY (Cy-C; 2lkylene)CH,O
oS ®

HN___(CHyn
ln--A-—zz
R} 10
(CyCs a]kylene)CH,_(%U
> . o
R\A/N\/(CHl)m '
H

R! (CyC; alkylene)CH,0OH

SN NG (5 XID
Oxidation

1
R (Cy"C; alkylene)CHO
an

R\A/N\/(CHZ)m
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where R. A, R' and m are as previously defined for a compound of the formula
{I) and Z and Z' are each a suitable leaving group, e.g. chloro, bromo, iodo,
methanesulphonyloxy, p-toluenesulphonyloxy or trifluscromethyisulphonylioxy,
and R-A-Z% is RCO,H or a derivative thereof suitable for acylation of amines, or
RSOzZ2 suitable for sulphonylation of amines.

Examples of Z include chioro, bromo and iodo.

In a typical procedure, the acetonitrile derivative of the formula (1V) is
first deprotonated using a suitable base, e.g. sodium hydride, and then
alkylated in sity with an alkylating agent of the formula (V) where Z is preferably
bromo. The reaction is typically carried out in a suitable solvent, e.g.
tetrahydrofuran, at about 0°C for the deprotonation and at about room
temperature for the alkylation. The reaction can aiso be carried out under
phase transfer conditions using a suitable base, e.g. sodium hydroxide, a
suitable phase transfer catalyst, e.g. tetra-n-butylammonium chloride, and a
suitable solvent, e.g. cyclohexane, n-pentane or toluene.

The acetonitrile derivative of the formula (VI) that is produced is then first
deprotonated using a suitable base, e.g. lithium diisopropylamide, and then
alkylated in situ with a compound of the formula (Vil) where Z'is preferably
bromo. The reaction is typically carried out in a suitable solvent, e.g.
tetrahydrofuran, at about -70°C, warming to about room temperature to
complete the reaction. Tetra-n-butylammonium iodide can optionally be added
following addition of the compound of the formula (Vil) to increass the rate of
reaction.

The compound of the formula (VIIl) prepared is then reduced and
cyclised to a lactam of the formula (IX) under suitable conditions, e.g. using
Raney nickel under an atmosphere of hydrogen at atmospheric pressure and
room temperature using ammoniacal ethanol as the solvent.
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The lactam of formula (1X) is then reduced using a suitable reducing
agent e.g. a metal hydride such as lithium aluminium hydride, under suitable
conditions such as under an atmosphere of nitrogen, and in a suitable solvent
such as tetrahydrofuran.

The cyclic amine (X) so produced is then reacted with RSO,Z%, or an
acid or acid derivative RCOZ®. In a typical procedure for A=CO, an acid
chloridé, RCOCI, is added to a mixture of a suitable base such as triethylamine,
amine (X), and a suitable solvent such as dichloromethane. In a typical
procedure for A=S0O., a sulphonyl chioride, RSO.Cl, is added to a mixture of a
suitable base such as triethylamine, amine (X) and a suitable solvent such as
dichloromethane.

The (sulphon)amide of the forrhuia (X!) produced is then treated with a
saturated solution of hydrogen chloride in a suitable C4-C, alcohol, e.g.
rﬁethanol, at about room temperature to remove the tetrahydropyran protecting
group. The deprotection can also be carried out using a suitable ion exchange .
resin, e.g. Amberiyst 15 (trade mark), and in a suitable solvent, e.g. methanol.

The alcohol of the formula (XIl) prepared is oxidised to an aldehyde of
the formula (I1) under suitable conditions, e.g. under Swem oxidation conditions

(oxalyl chloride, dimethylsulphoxide, triethylamine, and using dichloromethane
as the solvent),

An alternative method for the preparation of aldehyde of the formula (1I)
is illustrated in Scheme 2:-
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SCHEME 2
HO,C” “(CHpp,
NC O~
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where R, A, R' and m are as previously defined for a compound of the
formula (1) and R-A-Z% is as previously defined in reference to Scheme | above.

The starting cyano-acids of the formula (XHl) may be prepared by
conventional methods. ' |

In a typical procedure, the nitrile group of the cyano-acid of formula (XIil)
is reduced and cyclised using a suitable system, for example catalytic
hydrogenation. The reaction is typically carried out in a suitable solvent, e.g.-
glacial acetic acid, at room temperature and at elevated pressures, and over a
suitable catalyst, such as platinum oxide.

The so produced lactam (XIV) is then reduced to the cyclic amine (XV).
In a typical procedure, a solution of lactam (XIV) is added to a suitable reducing
system such as lithium aluminium hydride, in a suitable solvent such as
tetrahydrofuran.

The so produced cyclic amine (XV) is then reacted with R-A-Z2 where
R-A-2%is as defined above in relation to Scheme 1. In a typical procedure for
A=CO, amine (XV) and acid RCOH are condensed to form amide (XVI;

- A=CQ), using a coupling system such as N-methylmorpholine/1-
hydroxybenzotriazole hydrate/1 -(3-dimethylaminopropyi)-s-ethylcarbodiimide
hydrochloride, in a suitable solvent, such as dichloromethane.

The (sulphon)amide (XVI) so produced is then treated with a suitable acid such -
as hydrochloric acid, in a suitable solvent e.g. tetrahydrofuran, at about room
temperature, to remove the acetal protecting group. The deprotection can also
be carried out using Amberlyst 15 (TM) in a suitable solvent such as
acetone/water. Other suitable deprotections for acetals are to be found in
“Protective Groups in Organic Synthesis” by TW Greene and PGM Wuts (2nd
edn., Wiley Interscience).
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Yet another alternative method for the preparation of aldehydes of the formula
(i) where m = 1 is illustrated in Scheme 3:-
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where R', R, Z, R, A and Z2 are as previously defined.

In a typical procedure, a nitrile of farmula (IV) is treated with a suitable base
such as sodium hydride, then alkylated in situ with a compound of formula

(XV11), where Z is as defined before. Compounds of formula (XVil) can be
prepared by conventional methods. Z is preferably chioro, bromo, iodo or
methanesulphonyloxy. The reaction is typically carried out in a suitable solvent
such as N,N-dimethyiformamide. :

The so-prepared nitrile (XVIll) can then be deprotonated with a suitable
base such as potassium {-butoxide, then reacted with a suitable acrylate ester,
such as ethyl acrylate. The so-formed ester intermediate can then be
hydrolysed to cyano-acid (XIX) using suitable hydrolysing systems such as 2N
aqueous sodium hydroxide solution. under suitable conditions such as stirring at
room temperature. '

The so-formed nitrile (XIX) can then be transformed by reduction using a
suitable reducing agent, such as lithium aluminium hydride, in a suitable solvent
such as tetrahydrofuran or by hydrogenation foliowed by reduction of the so-
formed amide by borane.

The so-formed piperidine (XX) is then reacted in a similar manner as
described for the transformations (X)—(XI) (Scheme 1) and (XV}—(XVI)
(Scheme 2), above.

The amine derivative (XX!) so produced is thén oxidised, such as, for
example, by ozonolysis, in a suitable solvent such as methanol, followed by
work up with a suitable reducing agent such as dimethy! sulphide, to give the
aldehydes of formula Il where mis 1.
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The starting azetidines of the formuta (Ill) may be prepared by
conventional methods. _
2) Al the compounds of the formula (1), where X, A, X', R', R* and m are
as previously defined for a compound of the formula (1), can be prepared by
~ reaction of a compound of the formula (XXI1):-

RX—-NO—-X‘—R’

EN__{(CHym - (XX1n)
with a compound of the formula:-

R-A-Z°
-where R, A and Z* are as previously defined and the reactions are carried out
in a similar manner to those described earlier for the transformation {(X)—=>{(X1)
or, where A is CO, for (XV) ~> (Xv).

The starting materials of the formula (XXIl) and R-A-Z2 can be prepared
by conventional methods such as by adaptation of the preparations described
in "Advanced Organic Chemistry” by J.March (3rd edn.,Wiley Interscience) and
the references therein. |

3)  All the compounds of the formula (1) where X, X', R, A, R"R? and m are
as previously defined for a compound of the formula (1) can be prepared by
reaction of a compound of the formuia:-
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Rl _X—7

| R\A,N v(CHg)m
(XX11I)

where X, R, A, R' and m are as previously defined for a compound of the
formula () and Z° is a suitable leaving group, e.g. chloro, bromo, iodo,

methanesulphonyloxy, trifluoromethanesulphonyloxy or p-toluenesulphonyloxy,
with a compound of the formula:-

HN<>—X1—R2 @D

where R? and X' is as previously def;lned for a compound of the formula (1).
In a typical procedure, a compound of the formula (XXIIl), where Z%is
| preferably methaneéulphonyloxy, is reacted with a compouhd of the formula (M)
in the presence of a suitable acid acceptor, e.g. triethylamine or patassium
carbonate or a combination thereof, in a suitable solvent, e.g. acetonitrile, and
at about the reflux temperature thereof.

The compound of the formula (Ill) can be prepared in situ from an acid
addition salt thereof by using a molar excess of the acid acceptor.

The starting materials of the formula (XXIIl) may be prepared by
conventional methods such as by hydroxy functional group transformation of
alcohols of the formula (Xl), e.g. where Z%is methanesulphonyloxy, by reaction
of an alcohol of the formula (X11) with methanesulphonyl chloride in the
presence of a suitable acid receptor such as triethylamine.

4)  The compounds of the formula (1) where R’ is phenyl and X, X', R, A, R?
and m are as previously defined for a compound of the formula (1) can be
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prepared by hydrogenolysis of a compound of the formula () where R'is phenyl
substituted by chloro, bromo or iodo and X, X', R, R? and m are as previously
defined for a compound of the formula (1).

n a typiéal procedure the hydrogenolysis is carried out in ammoniacal
ethanol using a suitable catalyst, e.g. Raney nickel or, preferably, palladium-on-
carbon, at about 50°C and under an atmosphere of hydrogen at about 345kPa
(50 psi).

5) The compounds of the formula {l) where R? is a group of the formula:-
-NHR?, (C3-C cycloalkyl-Cy-Cs alkyl)HN-,

VWZ,

9
—-N(/\(Wx or CHLW) —-‘NO>—R or —-—N@—Rg

R?is -NHR®, W is NH or CHNHR®, W' is CHNHR®, W2 is W', -CH,W'-,
-CHWCHg- or -CH;CH,WCHz-, and X, X', X% R, R', R, R®, R, m and n are as
previously defined for a compound of the formula (1), can be prepared by
deprotection of a compound of the formula:-
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R><T_Ni>_xl_.glo

R\A/N \/(Cl‘lz)m
XXIV)

where R'’ is a group of the formula:
-NZ*R*, (Ca-C7 cycloalkyl-C1-C, alky)Z*N-,

R3 R? 0
—x*~N wA , —-Nj WA, —NRSSO.NT “wA
/ ./ N ’
] CHy),
R

N\ < j: 9A
‘—-N\/(WIA or CH;WIA) y —N R or —N@—-R9A

, respectively, R* is -NZ*R°, W* is NZ* or CHNZ'R®, W' is CHNZ*R®, W is
W', -CH W™, .CHWACH,- or -CH:CHaWACH,-, X, X', X%, B, A, R', R%, R®,
R°®, R’, m and n are as previously defined for a compound of the formula (1) and
Z* is a suitable protecting group, e.g. t-butoxycarbonyl (e.g. a compound of the
formula (1) where W is NCO,C(CHa)s or R® is -NR*CO,C{CHs)s) or
benzyloxycarbonyl,

Suitable protecting groups that may be used in this Method, together
with methods for deprotection, are well known to the skilled person, e.g. see



WO 97/25322 PCT/EP96/05613
27

Greene et al, “Protective Groups in Organic Synthesis"; Second Edition, 1991,
Wiley-Interscience. '

In a typical procedure where Z* is t-butoxycarbonyl, the deprotection can be
carried out using trifluoroacetic acid in a suitable solvent, e.g. dichloromethane, at
room temperature.

The starting materials of the formula (XXIV) can be prepared by
conventional methods such as by appropriate adaptation of the Methods
described herein for preparing the compounds of the formula (1).

6) The compounds of the formula (1) where R’ is a group of the formula:-

R3 R’ 0

—X2—N SOy -, —N_ S©O)p or —NRSSOZN/\W2 ’
ény) N\ - hd
n . .

where p is 1 or 2, W2 is -CH2S(0),CHz- or -CH,CH,S(0),CH,- and X, X', X2, R, A,
R’, R®, R®, R”, m and n are as previously defined for a compound of the formula (1)

can be prapared by oxidation of a compound of the formula () where R%isa group
of the formula:-

R3 R’ 0

—Xx*—N /(S orSO) , —N (SorSO) or —NRSSOZNsz ;

ény, _/

RS
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, as appropriate, wherain W2 is -CHa(S or SO)CHz- or -CH,CHa(S or SO)CH,-,
and X, X, X3, R, A, R, R®, R®, R, m and n are as previously defined for a
compound of the formula (l). The oxidation is carried out with at least one
molar equivalent of a suitable oxidising agent when converting a sulphoxide to a
sulphone, at least two molar equivalents of a suitable oxidising agent when
converting a sulphide to a sulphone and substantially one molar equivalent of a
suitable oxidising agent for the conversion of a sulphide to a suiphoxide.

Suitable oxidising agents and conditions for this purpose are aqueous
hydrogen peroxide solution under basic conditions (e.g. in the presence of
potassium carbonate, acetonitrile and using methanol as the solvent) or m-
chloroperbenzoic acid in a suitable solvent, e.g. dichloromethane.

7) The compounds of the formula () where R?is a group of the formula:-

and X, X}, R, A, R' and m are as previously defined for a compound of the
formula (1), can be prepared by deprotection of a compound of the formula:-

SRE
R yN ~~ (CHz)m <D_

XXV)

where Z° is a suitable protecting group, e.g. acetyl (i.e. a compound of the
formula (1) where R® is acetyloxy) or tetrahydropyran-2-yl, and X, X', R.A R
and m are as previously defined for a compound of the formula (1).
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Suitable protecting groups that rﬁay be used for this Method, together
with methods for deprotection, are well known to the skilled person, e.g. sée
Greene et al, “Protective Groups in Organic Synthesis”, Second Edition, 1991,
Wiley-Interscience.

In a typical procedure where Z2%is acetyl the deprotection can be carried
out using an aqueous alcoholic solution of a suitable strong base,'e.g. sodium
hydroxide. The reaction is typically carried out in agueous methanol at about
room temperature.

The starting materials of the formula (XXV) can be prepared by
.conventional methods such as by adaptation of the Methods described herein
for preparing the compounds of the formula (1).

8) The compounds of the formula (1) where X' is a direct link and R?is -
NR®R®, (C3-C; cycloalkyl-Cq-C, alkyl)R3N-, (Cs-C7 cycloalkyl-C1-Cq alkyl)zN-, or is
a group of the formula:-

R3 R’

—N W , —N\/(Wl orCH,WH
>_(CH2)n
RG
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and X, W, W' R, A, R', R®, R*, R®, R®, R’, R®, R’, m and n are as previously
defined for a compound of the formula (I}, can be prepared by reaction of a
compound of the formula:-

R?SX-N&-Z,
R\ /N\/(Cﬂz)m
A
(XXVD

~ where X, R, A, R' and m are as previously defined for a compound of the
formula (1) and Z’ is a suitable lsaving group, e.g. methanesulphonyloxy or p-
toluene-suiphonyloxy, with a compound of the formula:

HNRPR®, (C3-C; cycloalkyl-Cy-Ca alkyl)R°NH, (C3-Cy cycloalkyl-C1-Cy alkyi)2NH,

R3 R’
/N
IN W ,  HN. WorCHW)
/ N
CHyn
R‘

ot o m() st
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, respectively, where W, W', R, R*, R%, R®, R, R®, R’ and n are as previously
defined for a compound of the formuia (l).

In a typical procedure, the reaction is carried out using an excess of the
amine and in a suitable soivent, e.g. acetonitrile or dichloromethane, and at the
reflux temperature of the solvent. Alternatively, a further suitable acid acceptor,
e.g. potassium carbonate, can be added to the reaction mixture.

The starting amines can be prepared by conventional methods.

The starting materials of the formula (XXVI) can also be prepared by
conventional methods such as by reductive amination using as starting
materials a compound of the formula (ll) and ammonia to prepare the
corresponding primary amine, reaction of the amine with epichlorohydrin or 1,3-
dichloropropan-2-ol to prepare the corresponding azetidin-3-ol derivative,
followed by hydroxy functional group interconversion to provide a compound of
the formula (XXVI).

9)  The compounds of the formula (I) where X, X', R, A, R', R? and m are as

previously defined for Method (8) can be prepared by reductive amination using
as starting materials a compound of the formula:-

R;>SX—N9=O

XXVID



WO 97/25322 PCT/EP96/05613

32
where X, R, A, R' and m are as previously defined for a compound of the
formula (1), and a compound of the formula:-

HNRR®, (C3-Cy cycioalkyl-C1-Cs alky)R*NH, (C3-C7 cycloalkyl-Cy-Cy aliyl)aNH,

R? R’
N
HN w , HN. WorcHWH)
/ v
CH,)p
RG

, as appropriate, or an acid addition salt thereof, where W, W', R, R*, R®, R,
“R’, R%, R® and n are as previously defined for a compound of the formula ().
The reaction is preferably carried out in tﬁe presence of a suitable acid, e.g.

acetic acid.

A typical procedure that can be followed is described in Method (1).

It a primary amine is used, the reaction proceeds gi_a_ animine
intermediate. If a secondary amine is used, the reaction proceeds via an
intermediate iminium salt (cf. a compound of the formula (l11A)). Both the imine
and iminium salts may be stable and isolatable. The reaction is preferably
carried out without isolation of the imine or iminium salt intermediate in which
case it is reduced in situ to providé a compound of the formula (1).

The starting materials of the formula (XXVIl} can be prepared by
oxidation of the corresponding azetidin-3-ol derivatives (preparation described
in the preparation of the starting materials for Method (8) under conventional
conditions, e.g. using pyridinium chlorochromate or tetrapropylammonium
perruthenate as the oxidising agent.
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10) The compounds of the formula (I) where RZis morpholino and X, X', R,
A, R' and m are as previously defined for a compound of the formula (1), can be
prepared by reaction of a compound of the formula (I) where R? is -NH, and X,
X', R, A, R' and m are as previously defined for a compound of the formula .
with bis(2-chloroethyl) ether.

in a typical procedure, a compound of the formula (1) where R? is -NH; is
reacted with bis(2-chloroethyl) ether in the presence of a suitable acid acceptor,
e.g. triesthylamine, and in a suitable solvent, e.g. dichloromethane.

Centain of the starting amine derivatives, i.e. 3-aminoazetidine
derivatives, can be prepared by reacting a compound of the formula (XXVI)
where Z’ is a suitable leaving group, e.g., methanesulphonyloxy, with a suitable
azide, e.g. sodium azide or trimethyisilyl azide, to provide the corresponding 3-
azidoazetidine derivative, followed by reduction thereof, e.g. using sodium
borohydride, to provide the required 3-aminoazetidine derivative (see also
Method (8)). -

11) Certain compounds of the formula {l) can be prepared by derivatisation
of certain amines of the formula (). For example, a compound of the formula
(1) wherein R? is
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R? R’ Q
—x=N W ,——N: W, —1»'1155021\(/\“'2 ,
CHyn
R6

R )

wherein W is NH or CHNHR®, W' is CHNHR®, W? is W', -CH W "'-, -CH,WCH,-
or ' '

-CH.CH,WCH_-, or R? is -NHR® and X, X', X%, R, A, R", R®, R®, R”, m and n are
as previously defined for a compound of the formula (I), may be converted to

(a) a compound of the formuta (1) wherein W is NR® or CHNR®R®, W'is

' CHNR®R® or R® is -NHR®, or an acid addition salt therecf, as appropriate,
wherein R® and R® are as previously defined for a compound of the
formula (1) with the provisos that R® is not H and it has a methylene group
bonded to the nitrogen atom, by reductive amination with an aldehyde of
the formula (C4-C; alkyl)CHO or (CQ-C7 cycloalkyl-C+-C; alkyl)CHO, said
C1-Cs alkyl and C;-C7 cycloalkyl-Cs-Cj3 alkyl being optionally substituted by
fluoro.

Suitable conditions for this conversion are described in Method (1);

(b) a compound of the formula (I) wherein W is NCONHR® or
CHNR®CONHR®, W' is CHNR*CONHR® or R’ is -NR*CONHR®, as
appropriate, wherein R® and R® are as previously defined for a compound
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of the formula (I) with the proviso that R® is nat H, by reaction with an
isocyanate of the formuia:

R®NCO
wherein R°® is as previously defined for this Method.
The reaction is typically carried out using a suitable solvent, e.g.
dichloromethane or tetrahydrofuran;

a compound of the formula (l) wherein W is NSO,CF3 or CHNR®SO,CFs,
W' is CHNR®SO,CF; or R? is -NR®SO,CF3, as appropriate, wherein R® is
as previously defined for a compound of the formula (1), by reaction with
trifluoromethanesulphonyl chioride or trifiuoromethanesulphonic
anhydride, optionally in the presence of a suitable acid acceptor, e.g.
triethylamine, pyridine or potassium carbonate. The reaction is typicaily
carried out in a suitable orgaﬁic solvent, e.g. dichloromethane or
acetonitrile;

a compound of the formula (1) wherein W is.NSO,(C+-C, alkyl)
NSO2NR°R®, NSO, (morpholino), NSOfaryl) CHNR*(SO; C1-C, alkyl) or
CHNR°SONR®R®, W' is CHNR®*(SO; C1-Cs alkyl) or CHNR®SONR®R®, or
R’ is -NR®(SO, C4-Cy alkyl) or -NR’SO,NRR®, as appropriate, wherein RS
and R® are as previously definéd for a compound of the formula (h, by
reaction with a Cy-C4 alkanesulphony! chloride or bromide, a C4-C,
alkanesuiphonic anhydride or a compound of the formula;

R°R®NSO,(C! or Br), (morpholino)SO2(Cl or Br) or (aryl)SO4(C! or Br)

» @S appropriate, optionally in the presence of a suitable acid acceptor,
e.g. triethylamine.

The reaction is typically carried out in a suitable organic solvent, e.g.

dichloromethane, at from 0°C to room temperature;
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a compound of the formula (1) wherein W is NCOR® or CHNRSCOR®, W' is
CHNR®COR® or R? is -NR°COR?®, as appropriate, wherein R® and R® are
as previously defined for a compound of the formula (I} with the proviso
that R® is not H, by reaction with a compound of the formula;

R®CO(CI or Br) or (R°CO)z0
wherein R® is as previously defined for this Methad, optionally in the
preseﬁce of a suitable acid acéeptor. e.g. triethylamine.
The reaction is typically carried out in a suitable organic solvent, e.g.
dichloromethane, at from 0°C to room temperature;

a compound of the formula (f) wherein W, W' or R is as previously
defined for Method 12(e), as appropriate, by condensation with a
compound of the formula:-

R°CO.H
wherein R® is as previously defined for this Method. The reaction can be

perfarmed under conventional conditions, e.g. using 1,1’-carbonyl-

diimidazole or 1-hydroxybenzotriazole/1,3-dicyclohexyicarbodiimide to
generate activated intermediates;

a compound of the formula () where W is NSO.NR’R® or

CHNR®SO,NR®R®, W' is CHNR*SO,NR®R® or R® is -NR®SO,NR°R?, as

appropriate, wherein R® and R° are as previously defined for a compound
of the formula (1), by reaction with a compound of the formula:
R°RNSO,NH;

The reaction is typically carried out at an elevated temperature in a
suitable solvent, e.g. 1,4-dioxane. '
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12) The compounds of the formula () wherein R?is:

R R’ 0
—Xx*N W . -—-Nj w o,
6>._(Cﬂz)n ./
R

| A~ |
—NR’SO;Nsz or —N\/(W1 or CH,W")

wherein W and W' are CHCO,H and W? is W', -CHoW"-, -CH2WCH,- or
-CHzCH;WCH;- and X, X', X3, A, R, R', R%, R®, R®, R", mand n are as
previously defined for a compound of the formula (I), may be prepared by
hydrolysis of a compound of the formula (1} wherein _
W and W' are CHCO,(C+-Cs alkyl), W? is W', -CHW'-, -CH,WCH,- or

" -CHCH;WCH,- and X, X', X3 A, R, R, R, R°, R®, R’, mand n are as
previously defined for a compound of the formula (I). Preferably, W and
W' are CHCO,CH3 or CHCO2CH2CH.
The hydrolysis is typically carried out using an aqueous solution of a
suitable acid or base, e.g. a mineral acid such as hydrochioric or sulphuric
acid or a base such as sodium or potassium hydroxide, optionally in the
presence of a suitable organic co-solvent, e.g. methanol or ethanol.
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13)  The compounds of the formula (I) wherein R? is

—Xx*~N W , =N  w —-NRssozNCWZ,

—NCM’ or CL,WY -—N<:1>—R’ or —N@—nf’

wherein W and W' are CHNR®R®, W2 is W', -CHW'-, -CH;WCH;- or
-CHzCHWCH,-, R is -NR°R® and X, X', X2 A, R, R', R?, R®, R®, R, m and n
are as previously defined for a compound of the formula (I) may be prepared by
reaction of a compound of the formula:

Rll><—N<>~X1—R12
R\A,N\/(Cl-l'z)m

XXvi)



WO 97/25322 PCT/EP96/05613

39
whereain R'? is
' j \ < VAN '
—x—N wP , —N wW® ., —NRSsoN” wB ,
/ ' <
CH,), N _ N
RS
N\
—N\/(WIB orCHWB) or —N z

wherein W® and W'® are CHZ%, W is W'®, -CH.W®-, -CH,WBCH,- or
-CH.CH.WBCH,-, Z° is a suitable leaving group, e.g. halo, (preferably chloro or
bromo), methanesulphonyloxy, trifluoromethanesulphonyloxy or p-
toluenesulphonyloxy, and X, X', X3, R, A, R', R°, R®, R”, m and n are as
previously defined for a compound'of the formula (1), with a compound of the
formula:

HNRSR® |
wherein R® and R° are as previously defined for a compound of the formula (1),
optionally in the presence of a suitable additional acid acceptor, e.g.
triethylamine or potassium carbonate. '

The reaction is typically carried out in a suitable solvent such as acetonitrile.
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14)  The compounds of the formula (1) wherein R is

R3 R’
AN
—X:-N W or ——-N\/(Wl or CH,W")
) CHyn
R

W and W' are CHNR*R® and X, X', X%, R, A, R, R®, R%, R, mand n are
previously defined for a compound of the formula (I), may be prepared by
reductive amination using as the starting materials a compound of the formula
OR

wherein R? ig

R3 R’
7\
—X2—N 0 or —-N\/(CO or CH,CO)
) CHyn
'R '

and X, X', X3, R, A, R, R°, R, , R", m and n are as previously defined for a
compound of the formula (1), and a compound of the formula:

HNR°R®
wherein R® and R® are as previously defined for a compound of the formula M.

Conventional conditions are used such as those described for Method
(1). Again, the intermediate imine or iminium salt formed may be stable or
isolatable. The reaction is preferably carried out without isolation of this

intermediate in which case it is reduced in situ to provide a compound of the
formula (1).

15)  All the compounds of the formula (I) may be prepared by intramolecular
cyclisation of a compound of the formula:
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CH,Z
Ri_ _X—NHCH,CH—X!—R?

R\A'N \/(Cﬂz)m

(XXIX)

wherein X, X', R, A, R', R? and m are as previously defined for a compound of
the formula (1) and Z° is a suitable leaving group, e.g. halo (preferably chloro or
bromo), methanesulphonyloxy or p-toluenesulphonyloxy, optionally in the
presence of a suitable acid acceptor, e.g. triethylamine.

The reaction is typically carried out in a suitable solvent, e.g.
dichloromethane.

16) Compounds of the formula (i) where A is CO may be prepared by
intramolecular cyclisation of a compound of the formula (XXX):

RX—NO—XI—RZ

R—A—NH (CHpm
4
(XXX)

wherein X, X', R, A, R', R% and m are as previcusly defined for a compound of
formuia (1), and Z? is as defined above for method 15 and the reaction is

carried out by treatment with a suitable basa such as n-butyllithium.
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All of the abave reactions and the preparations of novel starting
materials used in the preceding methods are conventional and appropriate
reagents and reaction conditions for their performance or preparation as well as

- procedures for isolating the desired products will be well known to those skilled
in the art with reference to literature precedents and the Examples and
Preparations hereto.

A pharmaceutically acceptable acid addition or base salt of a compound
of the formula (I) may be readily prepared by mixing together solutions of a
compound of the formula (1) and the desired acid or base, as appropriate. The
salt may precipitate from solution and be collected by filtration or may be
recovered by evaporation of the solvent.

The affinity of the compounds of formula (I} and their salts for the human
NK; receptor can be tested jn vitro by testing their ability to inhibit [3H]-
Substance P binding to membranes prepared from the human IM9 cell fine

expressing the human NK; receptor using a modification of the methed
described in McLean, S. et al, J. Pharm. Exp. Ther., 267, 472-9 (1993} in which
whole cells were used. o '

The affinity of the compounds of formula (1) and their salts for the human
NK2 receptor can be tested jn vitro by testing their ability to compete with [°H] or
["51]NKA (neurokinin A) for binding to membranes prepared from Chinese
hamster ovary cells expressing the cloned human NK; receptor. In this

method, washed Chinese hamster ovary cell membranes are prepared as
described for the previous method where IM9 cells are used instead. The
membranes are incubated (90 min, 25°C) with ['2°1] NKA and with a range of
concentrations of the test compound. Non-specific binding was determined in
the presence of 10uM NKA.
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The NK; receptor antagonist activity of the compounds of the formula (1)
can be tested, in vitro, by testing their ability to antagonise the contractile

- effects of the selective NK; receptor agonist [BAIa“]NKA«.w) in the rabbit

pulmonary artery, using the method of Patacchini and Maggi, Eur. J.
Pharmacol., 236, 31-37 (1993).

' The compounds of the formula (1) and their salts can be tested for NK,
receptor antagonist activity, in vivo, by testing their ability to inhibit
bronchoconstriction induced by [BAla®JNKAw.1g) in the anaesthetised guinea pig,
using the method described by Murai et al, J. Pharm. Exp. Ther., 262, 403-408
(1992) or Metcalfe gt al, Br. J. Pharmacol., 112, 563P (1994).

The compounds of the formula (I) and their saits can be tested for NK,

receptor antagonist activity, in vitro, by testing their .ability to antagonise the
contractile effects of the selective NK; receptor agonist senktide in the guinea-
pig ileum using the method of Maggi et al, Br. J. Phammacol., 101, 996-1000
(1990). : o

For human use, the compounds of the formula () and their salts can be
administered alone, but will generally be administered in admixture with a
pharmaceutically acceptable diluent or carrier selected with regard to the
intended route of administration and standard pharmaceutical practice. For
example, they can be administered orally, including sublingually, in the form of
tablets containing such excipients as starch or lactose, or in capsules or ovules
either alone or in admixture with excipients, or in the form of elixirs, solutions or
suspensions containing flavouring or colouring agents. They can be injected
parenterally, for example, intravenously, intramuscularily or subcutaneously.
For parenteral administration, they are best used in the form of a sterile
aqueous solution which may contain other substances, for example, enough
salts or glucose to make the solution isotonic with blood.
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For oral and parenteral administration to human patients, the daily
dosage level of the compounds of the formula () and iheir salts will be from
0.001 to 20, preferably from 0.01 to 20, more preferably from 0.1 to 10, and
most preferably from 0.5 to 5, mg/kg (in single or divided doses). Thus tablets
or capsules of the compounds will contain from 0.1 to 500, preferably from 50
1o 200, mg of active compound for administration singly ortwo ormore ata
time, as appropriate. The physician in any event will determine the actual
dosage which will be most suitable for an individual patient and it will vary with
the age, weight and response of the particular patient. The above dosages are
exemplary of the average case; there can, of course, be individual instances
where higher or lower dosage ranges are merited, and such are within the
scope of this invention.

Alternatively, the compounds of the formula (l) can be administered by
inhatation or in the form of a suppository or pessary, or they may be applied
-topically in the form of a lotion, solution, cream; ointment or dusting powder. An
alternative means of transdermal administration is by use of a skin patch. For
example, they cén be incorporated into a cream consisting of an aqueous
emulsion of polythylene glycols or liquid paraffin; or they can be incorporated, at
a concentration between 1 and 10%, into an ointment consisting of a white wax

or white soft paraffin base together with such stabilizers and preservatives as
may be required.

It is to be appreciated that reference to treatment includes praphylaxis as
well as the alleviation of established symptoms of the disease.

Thus the invention further provides:-
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a pharmaceutical composition comprising a compound of the formula (1),

‘or a pharmaceutically acceptable salt thereof, together with a

pharmaceutically acceptable diluent or carrier;

a compound of the formula (1), or a pharmaceutically acceptable sait or
composition thereof, for use as a medicament;

the use of a compound of the formula (1), or of a pharmaceutically
acceptable salt or composition thereof, for the manufacture of a
medicament for the treatment of a disease by producing an antagonist
effect on a tachykinin acting at the human NKy, NK; or NK3 receptor, or a
combination of two or more thereof;

use as in (iii) where the disease is an inflammatory disease such as
arthritis, psoriasis, asthma or inflammatory bowel disease, a central
nervous system (CNS) diéorder such as anxiety, depression, dementia or
psychosis, a gastro-intestinal (Gl) disorder such as functional bowel
disease, irritable bowel syndrome, gastro-oesophageal reflux, faecal
incontinence, colitis or Crohn's disease, an urogenital tract disorder such
as incontinence, hyperreflexia or cystitis, a pulmonary disorder such as
chronic obstructive airways disease, an allergy such as eczema, contact
dermatitis or rhinitis, a hypersensitivity disorder such as poison ivy, a
peripheral neuropathy such as diabetic neurop_athy, neuralgia, causalgia,
painful neuropathy, a bumn, herpetic neuralgia or post-herpetic neuralgia,
cough or acute or chronic pain; '

a method of treatment of a human to treat a disease by producing an
antagonist effect on a tachykinin acﬁng at the human NK;, NK; or NK3
receptor, or a combination of two or more thereof, which comprises
treating said human with an effective amount of a compound of the
tformula (1) or with a pharmaceutically acceptable salt or composition
thereof;

a method as in (v) where the disease is an inflammatory disease such as
arthritis, psoriasis, asthma or inflammatory bowel disease, a central



WO 97/25322 PCT/EP96/05613

vii)

46

nervous system (CNS) disorder such as anxiety, depression, dementia or
psychosis, a gastro-intestinal (Gl) disorder such as functional bowel
disease, irritable bowel syndrome, gastro-oesophageal reflux, faecal
incontinence, colitis or Crohn's disease, an urogenital tract disorder such
as incontinence, hyperrefiexia or cystitis, a puimonary disorder such as .
chronic obstructive airways disease, an allergy such as eczema, contact
dermatitis or rhinitis, a hypersensitivity disorder such as poison ivy, a
peripheral neuropathy such as diabetic neuropathy, neuralgia, causalgia,
painful neuropathy, a bum, herpetic neuralgia or post-herpetic neuralgia,
cough or acute or chronic pain;

a compound of the formula (WD, (INA), (XX}, (XX, (XXIV), (XXV),
{(XXV1), (XXVI), (XXVII), (XXIX) or (XXX).

The following Examples illustrate the preparation of the compounds of the
formuta (1):- '
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EXAMPLE 1

1-Benzovl-3-(3.4-dichiorophenyl-3-(3-[3-morpholinoazetidin-1-vilpropvl)piperidine

'

. | »
H BN N  02HG, NaBH(OAc)j,
AcOH,  THF, NEt,,

To a solution of the aldehyde (see PREPARATION 7) (0.48g, 1.23 mmol.) and 3-
morpholinoazetidine dihydrochloride (see PREPARATION 13) (0.291g, 1.1 mol.
equiv.) in tetrahydrofuran (20 'ml) under nit;ogeri was added tristhylamine (0.38 m!,
2.2 mol, equiv.). After thirty minutes, sodium triacetoxyborohydride (0.391g, 1.5
mol. equiv.) was added, followed immediately by glacial acstic acid (0.07 ml) and
the mixture was stirred for eighteen hours. The solvent was removed under
reduced pressure and the residue was parfitioned between 10% aqueous
potassium carbonate solution (20 ml) and ethyl acetate (20 mi). The aqueous
phase was then extracted again with ethy! acetate (2 x 20 ml) and the combined
organics dried over sodium sulphate.- The solution was then filtered and the
solvent was removed under reduced pressure. The residue was then
chromatographed using silica gel, eluting with dichloromethane:methanol (9:1 by

. volume to give the title compound {(166mg). TLC Ry = 0.25 (silica,
dichloromethane:methancl, 9:1 by volume). LRMS m/z= 516 (m+1)". Found C,
61.07; H, 6.18; N, 8.04. Cz3H35N302Cle.0.5CH:Cla requires C, 61.23; H, 4.49; N,
7.52%.
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'"H-NMR (CDCl):5 = 0.95-1.1 (m), 1.2-1.5 (m), 1.55-1.9 (m), 2.0-2.1 (m), 2.25-2.3
(m), 2.4-2.6 (m), 2.8-3.0 (M), 3.25-3.4 (M), 3.6-3.7 (M), 7.2-7.4 (m).

EXAMPLES 2-8

The compounds of the following tabulated preparations of the general
formula:

(CE)m

[ !
R\O'/N x——_r<>—p.=
- a
L |

were prepared by a similar method to that used in EXAMPLE 1 using the
appropriate aldehyde (see PREPARATIONS 7,8,9,36 and 37) and either 3-
morpholinoazetidine dihydrochloride (PREPARATION 13) or 3-(4-
aminosulphonylpiperazin-1 -yl)azetidine bistrifluoroacetate (PREFARATION 16).



Ex.no. {m{ X A R? LAMS Analysis/'H-NMR
m/z '
2 1 (CHy)s "H-NMR (CDCls):5 = 1.6-1.9 (m,5H), 2.1-2.2 (m, 1H), 2.25-
' 2.45 (m,7H), 2.7-2.8 (m,2H), 2.9-3.0 (m,1H), 3.2-3.3 (n,7H),
o Nesonn 515 | 3.35-3.5 (m,6H), 4.3-4.4 (m,1H), 7.25-7.5 (m,8H).
7% 1 (m-SOz- | Found:C,53.26;H,6.03;N, 10.69.C3gHa7NsO1Cl,.S.0. 5CH.Cl.
NHz)* | 0.0313.CHsCO.C2Hs requires C,53.73; H 6.03; N, 10.95.
3 1] (CHa)s "H-NMR (CDCly):5 = 1.1-1.85 (m,16H), 2.0-2.1 (m,1H), 2.2-
/\ 522 | 2.5 (m,8H), 2.8-3.05 (m,3H{), 3.15-3.3 (m, 2H).3.4-3.6 (m,
<N o) (m+1)" [ 4H), 3.65-3.7 (m,4H), 7.1-7.2 (m,1H), 7.3-7.4 (m,2H).
-/ Found:C,61.81;H,7.92;N,7.82:CogHsN30:Cl2.0.25CH ,Cly
_ requires C,62.39:H,7.69;N,7.73.
4 11 (CHa)s _ "H-NMR (CDCly):5 = 1.2-1.9 (m), 1.95-2.05 (m), 2.3-2.7 (m),
600 | 3.1-3.25 (m), 3.3-3.55 (M), 3.65-3.9 (m), 4.1-4.2 (m), 4.45-
O\ 1 o’ \sonn. | M) 4.8 (m), 7.1-7.15 (m), 7.3-7.4 (m).
\___/ e - Found: C,50.08; H, 6.61; N, 10.02. CzuH.mNsOaClz 5.0.88,
: CH,Cl2.0.5H,0 requires C,50.70;H,6.74;N,10.24.
5 |1] (CHas "H-NMR(CDCl5)5 =0.7-1.3 (m,6H),1.45-2.1 (m,8H),2.25-2.3 _
480 | (in,4H), 2.4-2.55 (,2H),2.9-3.1 (m,3H),3.4-3.75 (In,9H),
~N 0 (m+1)" 17.15-7.2 (m,1H),7.35-7.4 (m,2H)
A\ Found: C,57.03;“,7.33;N,6.94.Czs H35N302CI.0.630H2C|2,
0.5H,0
requires C,56.72;H,6.92;N,7.75.
6 1| (CH2)s < Nsoni 558)
A. N NSONIL g )

TTESTIL6 OM

€1950/9643/1Dd



'
-t

Found:C,61.52; H,6.69; N,7.90.
Cul-lggl\laOaClg.o.stO requires C,61.47; I1,6.31; N,7.96.

X R LAMS Analysis/'I-NMR
e i _mz ) e ]
(ClHa)a 488 | 'H-NMR-(CDCla):5=1.45-1.95 (m.br.) 2.6-2.95 (m,hn),
N (m + 1)* | 3.25-4.0(m,br.),6.9-7.55(m,br.).
| . Found:C,63.25:H,6.56;N,8.40.
L \__/ Ca6Ha1ClzN10,.0.1CH,Cl2 requires C,63.06;H,6.32;N,8.45.
“(Chy)2 518 "INMR (CDCly) :1.55-1.9 (m), 2.0-2.3 (m), 2.65-2.9 (m)
/\ | (m+1) }3.4-4.1 (m), 6.85-7.4 (m). '
~«N 0
_/

~
y’

-
-’
0
——
-
Car

TICSTULE OM

0S

£1950/96d43/1.Dd
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EXAMPLE 9

To a solution of the mesylate (see PREPARATION 24) (137mg, 0.3 mmol.), 3-
morpholinocazetidine dihydrochioride (PREPARATION 13) (160mg, 3 mol. equiv.)
triethylamine (0.125 ml, 3 mol.equiv.) and potassium carbonate (83mg, 2 mol.

equiv.) in acetonitrile (5ml) were added, and the mixture was heated under reflux
for four hours. The reaction was cooled to room temperature, water (2 mi) was
added and the acetonitrile was removed under reduced pressure. Saturated
aqueous sodium bicarbonate (20ml) and ethyl acetate (20ml) were then added,
and the aqueous phase was extracted with ethyl acetate (3 x 20mi). The
combined organics were then dried using anhydrous magnesium sulphate, filtered
and the solvent was removed under reduced pressure. The residue was
chromatographed using silica gel, eluting with a solvent gradient of
dichloromethane : methanol (3:1 to 4:1, by volume) to give the title compound
(43mg)'. Re= 0.16 (silica, dichloromethane:methanol, 19:1 by volume). LRMS m/z
502 (m+1)* '
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'H-NMR (CDCly): § = 1.35-1.95 (m, 6H), 2.05-2.15 (m, 2H), 2.25-2.4 (m, 4H), 2.7-
2.956 (m, 3H), 3.3-3.6 (m, 5H), 3.65-3.75 (m, 4H), 4.35-4.5 (M, 1H)}, 7.2-7.5 (m,8H).

XAMPLE 10
3-{3.4-Dichlorophenyl)-1-{2-methoxybenzoyi}- 3-(2-{3-morpholingazetidin-1-
{Jethyl)piperidine

Ot /\
{ N<>-—N 0
!
| a
a

This compound was prepared by a similar method to that used in EXAMPLE 9
using the mesylate as prapared in PREPARATION 25 and 3-morpholinoazetidine
dihydrochlpride (PREPARATION 13).

LRMS (mvz) 532 (m+1)". _-

'HNMR (CDCls) : § = 1.3-2.15 (m, 8H), 2.2-2.4 (m, 5H), 2.7-3.1 (m, 3H), 3.15-4.0
(m, 11H), 4.654.7 (m, 1H), 6.8-7.1 (m, 3H), 7.1-7.5 (m, 4H).

EXAMPLE 11
3-(3.4-Dichlorophenyi)-3-(2-[3-morpholinoazetidin-1-vilethy!
piperidine
e} N N O

o
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This was prepared by a similar method to that used in EXAMPLE 9 using the
mesylate as prepared in PREPARATION 45,

LRMS (m/z) 538 (m+1)".

Found: C,57.26;H,6.01;N,7.97.C26Ha3Cl2N404S.0.1. CHCl, requires
C,57.31;H,6.11;N,7.68.

'HNMR(CDCl):3 = 1.5-1.9 (m,6H), 1.95-2.1 (m,1H), 2.15-2.3 (m,5H), 2.7-3.0
(m,5H), 3.1-3.2 (m,1H), 3.3-3.5 (m,2H), 3.55-3.75 (m, 5H), 7.2-7.3 (m, 1H), 7.35-
7.45 (m, 2H), 7.5-7.65 (m, 3H), 7.7-7.8 (m, 2H).

EXAMPLE 12

M O/\( NaBH(OAc),AcOH_
_H
N _+ THF —_—
_ 2 O HNO-—N 0.2HCI
/

A S O/\/NQ_NCO

Cl

a

To a solution of the compound of PREFPARATION 42 (0.319, 0.88 mmol),3-
morpholinoazetidine dihydrochloride (0.187g,1mol.equiv.) (PREFARATION 13)
and triethylamine (0.122ml, 1 mol. equiv.) in tetrahydrofuran (10ml), was added.
sodium triacetoxyborohydride (251mg, 1.35 mol. equiv.) and glacial acetic acid
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(0.083 ml, 1 mol. equiv.). The mixture was stirred at room temperature for 64
hours. The mixture was then concentrated to ca. Sml and partitioned between
ethyl acetate (30ml) and saturated aqueous sodium bicarbonate solution (20mi).
The organic layer was dried over anhydrous magnesium sulphate, filtered and the
solvent was removed under reduced pressure. The residue was purified by flash
column chromatography using silica gel, eluting with a solvent gradient of

| dichioromethane:methanol (92:8 to 9:1 by volume) to give the title compound
(220mg). TLC Rf = 0.2 (silica, methanol:dichioromethane 8:92 by volume).
LRMS m/z = 480 (m + 1),
Found : C,60.78;H,7.13;N,7.31. . .

" CasHasNaCl,0,.0.25CH:Cl; requires C,60.45;H,7.3;N,8.38%.
"H-NMR(CDCl) 5:0.1-0.2 (m,2H),0.5-0.55 (m,2H), 0.85-0.95 (m,1H), 1.35-2.3
(m,14H), 2.65-2.8 (m,2H), 2.85-2.95 (m,1H), 3.2-4.4 (m,10H), 7.2-7.4 (m,3H).

EXAMPLE 13 '
3({S)-1-Cyclopropviacetyl-3-(3.4-dichlorophenyi)-3-(2-[3-{4-methanesuiphonvi-

o | |
M % NaBH(OAQ),AcOH
H
N _+ . THF —_
0 HNO—N' N-SO,CH, .2TFA
VNS

A\/(\)\O/\/N <>—N©N°SOZCH3

c
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To a solution of the compound of PREFPARATION 42 (0.31g, 0.88mmol) 3-
(4-methanesulphonylipiperazin-1-yl)azetidine bis-triffluoroacetate (0.39g,1mol
equiv.) (PREPARATION 46) and triethylamine (0.122ml, 1mol equiv.) in
tetrahydrofuran (10ml) was added sodium triacetoxyborohydride (186mg, 1moi
equiv.) and glacial acetic acid (0.053m!, 1.05mol equiv.). The mixture was stirred
at room temperature for 16 hours. The reaction mixture was then concentrated to
ca. 3ml and partitioned between ethyl acstate (30ml) and saturated aqueous
sodium bicarbonate solution (30ml). The organic layer was dried over anhydrous
magnesium sulphate and filtered. The solvent was removed under reduced
pressure to give a residue which was purified by flash column chromatography
using silica gel, eluting with dichloromethane:methanol, 10:1 by volume) to give
the title compound (375mg).

TLC Rf = 0.35 (silica, dichloromethane:methanol 10:;1, by volume).

LRMS m/z = 557 (m+1)".

Found: C,54.98; H,6.80; N,9.40.

C2sH1sCl2N403S.0.25CH;Cl, requires: C,54.63;H,6.72;N,8.70%.
'H-NMR(CDCl3)s: 0.05-0.15 (m,2H), 0.45-0.55 (m,2H), 0.9-1.0 (m,1H), 1.4-2.4
(m,14H), 2.7-3.0 (m,6H), 3.2-4.4 (m,10H), 7.2-7.4 (m,3H).
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EXAMPLE 14
3(R)-3-(3-]3-(4-Aminosulohonylpiperazin-1-vlazetidin-1-yliprooyl)-1-benzoyl-3-

3.4-dichlorophenvi)piperidine.

HN&— N-SO,NH,2TFA

oso,cn_., >
K,CO,,NEt;,CH,CN

N

Y

N N—SO,NH
\n_/ 2

<a.

A mixture of the compound of PREPARATION 54 (190mg, 0.404 mmol.), 1-
aminosulphonyl-4-{(azetidin-3-yl)piperazine bistrifluoroacetate (PREPARATION
16) (542mg, 3 mol. equiv.), potassium carbonate (334mg, 6mol. equiv.) and

triethylamine (0.335ml, 6mol equiv.) in acetonitrile (15ml) were heated under
reflux for 8 hours. _

The reaction was cooled to room temperature, dichloromethane (50mi) was
added, and the mixture was washed with water (100ml). The organic layer was
dried over anhydrous magnesium sulphate and filtered. The solvent was removed
under reduced pressure to give a residue, which was chromatographed on silica
gel, eiuting with a solvent gradient of ethyl acetate:methanol (9:1 to 3:2, by
volume) to give the title compound (19mg). LRMS (m/z) 515 (m-SO:NH,)". 'H-
NMR(CDCl1)8:1.6-1.8 (m,5H), 2.1-2.2 (m,1H), 2.25-2.45 (m,8H), 2.7-2.8 (m,2H),
2.8-3.0 (m, 1H), 3.2-3.3 (m,7H), 3.35-3.5 (m,6H), 4.34.4 (m,1H), 7.25-7.5 (m,5H).
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The following Preparations illustrate the preparation of certain starting
materials used in the preceding Examples.

PREPARATION 1
2-{3.4-Dichlorophenvilhex-5-enenitrile

CN N
@ NaH, DMF
A

a

To a solution of sodium hydride (14.8g, 370.4 mmol, 60% dispersion in mineral oil)
in dimethylformamide (150 ml} at 0°C under nitrogen was added a solution of 3,4-
dichlorophenylacetonitrile (68.9g, 1 mol. equiv.) in dimethylformamide (300 mi),
and the mixture was stirred for three hours. A solution of 4-bromobut-1-ene (50g,
1 mol equiv.) in dimethylformamide (100 ml) was then added, and the mixture was
stirred at room temperature for one hour, then heated to 60°C for five hours.

The reaction mixture was then cooled, and water (1) was added. The
mixture was then extracted with ethyl acetate (2 x 500 ml). The combined
organics were then washed with water (2 x 1), dried over anhydrous magnesium
sulphate and the solvent was removed under reduced pressure. The residue was
then purified by column chromatography using silica gel, eluting with a solvent
gradient of ethyl acetate : hexane {1:19 to 1:6, by volume) to give the title
compound (51.5g). TLC R=0.47 (silica, hexane : ethyl acetate, 6:1 by volumé);
'H-NMR (CDCly) : § = 1.85-2.1 (m, 2H), 2.2-2.3 (m, 2H), 2.75-3.8 (m, 1H), 5.05-5.1
(m, 2H), 5.7-5.8 (m, 1H), 7.15-7.2 (m, 1H), 7.4-7.45 (m, 2H).
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PREPARATION 2
4-Cvano-4-(3.4-dichlorophenvl)-oct-7-enoic acid

CN

~CH; - CO.Et, t
o n/ 2=%KOBu CH 2/

. d

(i) NaOH (a.q.)
a \

a

To a solution of the compound of PREPARATION 1 (50.59,210.4 mmol) in
dioxan (150 mi) at 0°C under nitrogen was added potassium tert-butoxide (1.5g,
0.08 mol. equiv.) and ethyl acrylate (25.4 ml, 1.11 mol. equiv.), and the mixture
was stirred for one hour. Aqueous sodium hydroxide solution (2N, 150 mi) was
then added and the mixture was stirred at room temperature for seventy minutes.

Methyl tert-butyt ether (300 mi) was then added, and the mixture was |
acidified to pH1 using aqueous 2N hydrochloride acid solution. The solution was
then extracted with methy tert-buty! ether (2 x 300 ml), and the combined organics
were then dried over anhydrous magnesium sulphate and filtered. Removal of the
solvent under reduced pressure gave the title compound
(68.12g), which was used in the next step without further purification.

'H-NMR (CDCly): 5 = 1.8-2.6 (m, 9H), 4.9-5.0 (m, 2H), 5.65-5.75 {m, 1H), 7.2-7.25
(m, 1H), 7.45-7.5 (m, 2H).
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PREPARATION 3
3-(But-1-en-4-vi}-3-(3.4-dichlorophenvi-piperidine

HN ~CH,

Ci

c

To a solution of lithium aluminium hydride (16.6g, 2 mol equiv.) in
tetrahydrofuran (300 ml) at 0°C under nitrogen was slowly added a solution of the
compound of PREPARATION 2 (68.12g) in tetrahydrofuran (300 mi), and the
reaction was stirred for two hours.

Water {60 m!) was then added carefully, followed by aqueous sodium
hydroxide solution (2N, 300mi). The mixture was then filtered and the solid
residue was washed with methyl tert-butyl ether (300 mi). The organic washings
were then combined with the filtrate, dried over anhydrous magnesium sulphate,
filtered and the solvent was remaved under reduced pressure. The residue was

~ then chromatographed using silica gel, eluting with a solvent gradient of methanol
: ethyl acetate (1:19 to 2:5, by volume) to give the title compound as a mixture with

the uncyclised amino-alcohol (19.6g) which was used in the next step without
further purification.
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PREPARATION 4

3-(But-1-en-4-vi)-1-benzovl-3-(3.4-dichlorophenvilpiperidine

HN c. @ PhCOCLNEt;,
- - X
(ii) NaOH(aq.),MeOH N CH,
_ _ o
a
a Qa
L8]

To a solution of the product of PREPARATION 3 (6.02q) in
dichloromethane (70 mi) at 0°C under nitrogen was added benzoy! chloride (9.37

mi, 4 mol. equiv.) and triethylamine (13.8 mi, 5 mol. equiv.), and the mixture was
stirred for 45 minutes.

Dichloromethane (50 ml) was then added, and the mixture was washed
with 2N aqueous hydrochloric acid solution {2 x 100 mi). The organic phase was
then dried over anhydrous mag'nesiur.n sulphate and filtered. The solvent was
removed under reduced pressure. A 4% solution of sodium hydroxide in methanol
(100 ml) was then added and the miiture was stirred at room temperature for 50
minutes. Dichioromethane (200 mi) was then added, the mixture was washed
with water (2 x 200 mi). The organic phase was dried over anhydrous magnesium
sulphate, and then filtered. The solvent was removed under reduced pressure to
give a residue. Chromatography using silica gel, eluting with a solvent gradient of
ethyl acetate:hexane (1:4 to 3:5, by volume), gave the title compound (3.37g).
TLC R=0.87 (silica, hexane : ethyl acetate, 3:5 by vblume).

LRMS m/z388 (m+1)”.
'H-NMR (CDCla): 5 = 1.3-2.2 (m, 8H), 3.1-3.6 (m, 3H), 1.5-1.7 (m, 1H), 4.85-4.95
(m, 2H), 5.55-5.7 (m, 1H), 7.2-7.55 {m, 8H).
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| _ PREPARATION 5
3-(But-1-en-4-vl i

This compound was prepared by the same method as described in
PREFPARATION 4, using cyclohexanoyl chloride in place of benzoyl chloride.
"H-NMR (CDCly) : = 1.1-1.9 (m, 19H), 2.05-2.15 (m, 1H), 2.35-2.5 (m, 1H), 3.1-
3.3 (m, 2H), 3.5-3.65 (m, 1H), 4.45-4.5 (m, 1H), 4.8-4.9 (m, 2H), 5.55-5.7 (m, 1H),
7.1-7.15 (m, 1H), 7.3-7.4 (m, 2H).

PREPARATION 6
3-(But-1-en-4-yl)-1-cvclopropanoyi-3-(3.4-dichlorophenyl)piperidine

This compound was prepared by the same method as described in
PREPARATION 4, using cyclopropanoy! chloride in place of benzoy! chioride.
LRMS m/z 352 (m+1)”. :
'H-NMR (CDCly) : § = 0.65-1.1 (m, 4H), 1.4-2.15 (m, 8H), 3.15-3.45 (m, 2H), 3.7-
3.9 (m, 2H), 4.35-4.45 (m, 1H), 4.8-4.95 (m, 2H), 5.55-5.7 (m, 1H), 7.1-7.4
(m, 3H).
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PREPARATION 7
1-B<_anzo [-3-(3.4-dichlorophenvi

H
Q(N ~CH, N ~o
o (i) O5 o °
ii) CH,SCH,
q (ii) . 3SCH, a
a

a

Into a soluti.on of the compound of PREPARATION 4 (3.37g, 8.7 mmol) in
methanol (110 mi) under nitrogen at -78°C was bubbled ozone at a rate of
50ml/min. (using a charge of 1.5A to generate the ozone from oxygen) for ten
minutes. After this time the ampage was reduced to zero and oxygen bubbled
through the reaction mixture at a rate of Sml/min. for ten minutes. The oxygen
supply was then removed, and nitrogen was bubbled through the reaction mixture
for twenty minutes. After this time a solution of dimethyl sulphide (6.4 ml, 14 mol.
equiv.) in methanol (15 ml) was added dropwise , and the reaction was left to
warm to room temperature over eighteen hours. The solvent was then removed
under reduced pressure and the reaction mixture was partitioned between ethy!
acetate (20 ml) and water (15 mi). The organic layer was separated and the
aqueous portion was further extracted with ethyl acetate (2 x 20 ml). The organic
layers were then combined, dried using magnesium sulphate, filtered and the
solvent was removed under reduced pressure to give the title compound (3.18g),
which was used without further purification. ,

'H-NMR (CDCls) : & = 1.3-2.1 (m, 6H), 3.15-3.25 (m, 4H), 3.35-3.55 (m, 2H),7.2-
7.45 (m, 8H), 9.6 (s. br., 1H).
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PREPARATIONS 8.9

The compounds of the general formula:

were prépared to a similar method to that used in PREPARATION 7, using the
compounds of PREPARATIONS 5 AND 6 respectively.

Preparation R LRMS ~ "H-NMR(CDCly)
number : m/z
8 386 | 5=1.15-1.9 (m, 17H), 1.95-2.1

(m+1)* | (m, 1H), 2.3-2.45 (m, 1H), 3.3-
| 3.55 (m, 3H), 4.1-4.3 (m, 1H),
7.15-7.2 (m, 1H), 7.35-7.4 (m,

2H), 9.6 (s, 1H).

9 354 |8=0.7-0.85 (m, 2H), 0.9-1.05
(m+1)" | (m, 2H), 1.45-2.1 (m, 8H), 2.25-
4‘ 2.4 (m, 1H), 3.4-3.7 (m, 3H),
4,05-4.2 (m, 1H), 7.15-7.2 (m,

1H), 7.35-7.45 {m, 2H), 9.6 (s,
1H).
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PREPARATION 10
1-Diphenvimethviazetidin-3-ol

A

A solution of benzhydrylamine (200 ml, 1.16 mol) and epichlorohydrin (186
ml, 1 mol. equiv.) in methanol (600 mi) was stirred at room temperature for five
days and then heated at 40°C for two days. The solvent was then removed under
reduced pressure, the residue dissolved in isopropyl aicohol (500 m!) and the
solution heated under reflux for sik hours. The solution was cooled to room
temperature and the precipitate filtered off. This solid was partitioned between
dichloromethane (400 ml) and saturated aqueous sodium bicarbonate solution
(500 ml). The aqueous phase was extracted with dichloromethane (2 x 400 mi)
and the combined organic phases dried over magnesium sulphate. The solution
was then filtered and the solvent removed from the filtrate under reduced pressure
to give the title compound (86 g) as a crystalline solid. ,
'H-NMR (CDCla): & = 1.8-2.3 (s,br, 1H), 2.85-2.9 (m, 2H), 3.5-3.55 (m, 2H) 4.35 (s,
1H), 4.4-4.5 (m, 1H), 7.15-7.4 (m, 10H).

- PREPARATION 11
1-Diphenyimethyl-3- methanesul honvloxyazetidine

} <>—oso,CH3

To a solution of 1-dxphenylmethylazetidin-3-oI (see Preparation 10) (65.9g,

275.7 mmol) in dry dichioromethane (700 mi) at 0°C under nitrogen was added
triethylamine (57 ml, 1.2 mol. equiv.). After five minutes, methanesulphonyl
chloride (25.6 ml, 1.5 mol. equiv.) was added and the mixture stirred for one hour.



WO 97/25322 PCT/EP96/05613

- ; 65 )
Water (300 mi) was then added and the mixture extracted with dichioromethane (3
x 300 ml). The combined organic layers were dried over magnesium sulphate.
The solution was then filtered and the solvent removed from the filtrate under
reduced pressure. The residue was chromatographed using silica gel eluting with
methanol:dichioromethane (1:49, by volume) to give the title compound (73.4g) as
a solid.
'H-NMR (CDCls) : 5 =2.95(s,3H), 3.15-3.25(m,2H), 3.6-3.65(m,2H), 4.4(s,1H),
5.05-5.15(m, 1H), 7.15-7.4(m, 10H). |

PREPARATION 12
1-Diphenyimethvl-3-morpholinoazetidine

Qo0

A solution of 1-diphenylmethyl-3-methanesulphonyloxyazetidine (see
PREPARATION 11 (24.46 g, 7.72 mmol), potassium carbonate (32g, 3 mol equiv.)
and morpholine (7.34 ml, 1.09 mol. equiv.} in acetonitrile (200 ml) was heated

- under reflux for four hours. The solution was then cooled to room temperature,

water (50 ml) added and the mixture concentrated under reduced pressure. The
residue was partitioned between ethyl acetate (400 ml) and water (400 ml) and the
organic phase separated and washed with water (2 x 400 ml). The organic phase
was dried over magnesium sulphate, filtered and the soivent removed from the
filtrate under reduced pressure. The residue was then chromatographed using
silica gel eluting with hexane:diethy! ether (1:1, by volume) to give the title
compound (16.5g).

'HNMR (CDCl; :3 = 2.25-2.3 (m,4H), 2.85-3.05 (m,3H), 3.35-3.4 (m,2H), 3.7-3.75
(m,4H), 4.45 (s,1H), 7.15-7.45(m, 10H).
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PREPARATION 13
3- Morpholinoazetidine dihvdrochloride

HN<>—N O .2HO

A mixture of 1-diphenyimethyl-3-morpholinoazetidine (see PREPARATION

12) (18.6 g, 60.4 mmol), palladium hydroxide (2 g}, ethanol (200 mi) and 1N
aqueous hydrochloric acid solution (52 mi) was stirred under an atmosphere of
hydrogen at 345kPa (50 p.s.i.) for three days. The catalyst was then removed by
filtration and the filtrate evaporated to dryness. Addition of dichloromethane (100
ml} to the residue and trituration yielded a solid which was recrystallised from
methanol to give the titte compound (10.2 g) as a crystalline solid.

LRMS m/z 179 (m+1)".

(N.B. The monohydrochloride, used instead of the dihydrochloride in some

reactions, can be similarly prepared using one molar equivalent of hydrc;"gen
chiorids). '

PREPARATION 14
1-(t-Butoxvecarbonvl)-3-[piperazin-1-yazetidine

(CH3)3C"‘O - / \
m—-NO—N NH
o __/

Piperazine (149.2g, 8 mol. equiv.) was heated to a meit and 1-(-

butoxycarbonyl)-3-methanesulphonyloxy-azetidine (see intemational Patent
Application Publication no. WO93/19059) (54.5g, 217 mmol) was then added.
The mixture was heated at 115°C for twenty four hours. The reaction was cooled
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and the excess piperazine removed under reduced pressure. The residue was
purified by flash column chromatography on silica gel using
methanol:dichloromethane (5:95, by volume) as the eluant to giVe the title
compound (51g).
LRMS m/z =242 (m + 1)".
"H-NMR (CDCL3) : 8 = 1.4 (m, 9H), 2.5-2.6 (m, 4H), 3.1-3.25 (m, 5H), 3.7-3.8 (m,
2H), 3.9-3.95 (m, 2H), 4.6 (br. 5, 1H).

PREPARATION 15
3-(4-Aminosulphonylpiperazin-1-yl)-1-(t-butoxycarbonyl)azetidine.

(CHp;C—O_ /\
jr)-l\ <>—N N—SO,NH,

A solution of the compound of PREPARATION 14 (50g, 132.6 mmol) and
sulphamide (88g, 6.9 mol. equiv.) in 1,4-dioxane (1300 mi) was heated under

reflux for fifty five hours. The solution was cooled and the solvent removed under
" reduced pressure. The residue was purified by flash column chromatography on

silica gel using methanol : dichloromethane (5:95, by volume) as the eluant to give
~ the title compound (50g).

'H-NMR (CDCly): 3 = 1.45 (s, 9H), 2.4-2.5 (m, 4H), 3.1-8.2 (m, 1H), 3.25-3.3 (m,

4H), 3.75-3.8 (m, 2H), 3.85-3.9 (m, 2H), 4.3 (br, s, 2H).

PREPARATION 16
4-Aminosulphonylpiperazin-1-

pt 2 . 2 CFBC 2
\__../

To a solution of the compound of PREPARATION 15 (364 mg, 1.14 mmol)
in dichloromethane (6 ml) under an atmosphere of nitrogen at 0°C was slowiy
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added trifluoroacetic acid (3 mi, 35 mol. equiv.) and the reaction mixture was
allowed to warm to room temperature over two hours. The solvent was then
removed under reduced pressure and the residue azeotroped with
dichloromethane (3 x 10 ml). The resulting oil was triturated with diethyl ether to
give the title compound (379 mg) which was used without further purification.
'H-NMR (CDCly) : § = 2.4-2.6 (m, 4H), 2.95-3.15 (m, 4H), 3.35-3.5 (m, 1H), 3.8-4.1
{m, 4H), 6.6-6.8 (m, 2H), 8.6-8.85 (m, 3H).

PREPARATION 17
-(3.4-Dichlorophenyl)-4-(tetrahydropyran-2-vioxyibutanenitrile

ShSY

C1
a

Toa mixture of 60% w/w sodium hydnde dispersion in oil (19.24 g, 1.05
mol equiv.) in dry tetrahydrofuran (450 ml) at 0°C under nitrogen was added a
solution of 3,4-dichlorophenylacetonitrile (89.5 g, 1 mol. equiv.) in dry
tetrahydrofuran (450 ml), dropwise over forty minutes. After a further thirty
minutes, a solution of 2-bromoethoxytetrahydropyran (100 g, 1 mol. equiv.) in
tetrahydrofuran (100 mi) was added and the mixture aliowed to warm to room
temperature and stirred for fourteen hours. 30% Aqueous ammonium chioride
solution (500 ml) was added and the mixture extracted with diethyl ether (2 x 400
ml). The organic layers were combined and washed with water (2 x 400 ml), dried
over magnesium sulphate, and the solvent removed under reduced pressure. The
residue was then chromatographed using silica gel eluting with a solvent gradient
of diethyl ether:hexane (1:9 to 1:1, by volume) to give the title compound (51 g).
TLC Ry = 0.55 (silica, methyl tert-buty! ether:hexane, 1:1, by volume).
LRMS mvz = 333 (m + NH,)".
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"H-NMR (CDCly) : 8 = 1.5-1.9 (m, 8H), 2.05-2.3 (m, 2H), 2.4-2.65 (m, 2H), 2.8-2.95
(m, 2H), 4.0-4.1 (m, 1H), 4.5-4.6 (m, 1H), 7.2-7.25 (m, 1H), 7.25-7.5 (m, 2H).

PREPARATION 18
Ethv! 4-cvano-4-(3.4-dichlorophenvl)-6-(tetrahvdropvran-2-yloxvihexanoate

CO,CHs

a
a

To a solution of diisopropylamine (15 ml, 0.77 mol. equiv.) in |
tetrahydrofuran (80 ml) at -78°C under nitrogen was added n-butyllithium (77.3 mi
of a 2.5M soiution in hexane, 1.4 mol. equiv.} and the solution was then allowed to
warm to room temperature over two hours. The solution was cooled to -78°C and
a solution of the compound of PREPARATION 17 (43.9 g, 138 mmol) in
tetrahydrofuran (180 ml) was added slowly. The resulting solution was allowed to
warm to room temperature slowly over two hours. The solution was then cooled to
-78°C and a solution of ethyl 3-bromopropanoate (22.36 ml, 1.3 mol. equiv.} in
tetrahydrofuran (70 ml) added dropwise. Tetra-n-butylammonium iodide (50 g, 1
mol. equiv.) was then added, the reaction allowed to warm to room temperature
and stirred for fourteen hours. Water (10 mi) was then added and the solution
concentrated under reduced préssure. Water (400 ml) and brine (400 mi) were
added and the mixture extracted with ethyl acetate (2 x 500 mi). The combined
organic layers were washed with water (2 x 300 ml), dried over magnesium
sulphate, and the solvent removed under reduced pressure. Chromatography
using silica gel eluting with diethyl ether:hexane (1:1, by volume) gave the title
compound (35 g).

TLC Rr = 0.30 (silica, diethyl ether:hexane, 1:1, by volume).
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'H-NMR (CDCly) : 8 = 1.25 (t, 3H), 1.35-1.8 (m, 6H), 2.0-2.55 (m, 6H), 3.3-3.45
(m, 2H), 3.65-3.8 (m, 2H), 4.0-4.1 (m, 2H), 4.4-4.5 (M, 1H), 7.2-7.55 (m. 3H),

PREPARATION 18
5-(3.4-Dichloroohenvi)-5-(2-[tetrahvdropyran-2-vio

iperidone.

Ci
Cl

The compound of PREPARATION 18 (18.7 g, 45.2 mmol) was dissolved in
saturated ammoniacal ethanol solution (500 mi) which contained Raney nickel
(3.5 g). The mixture was stirred under hydrogen at atmospheric pressure for
seven hours. The catalyst was then removed by filtration, the ethano! removed
under reduced breséure and the residue chromatographed using silica gel eluting
initially with diethyl ether and then with methanol:dichloromethane (1:8, by volume)
to give the title compound (10.4 g).

TLC R = 0.45 (silica, methanol:dichloromethane, 1:9, by volume).

LRMS mz=372 (m + 1)".

'H-NMR (CDCl3) : 8 = 1.4-1.8 (m, 6H), 1.9-2.1 (m, 5H), 2.3-2.45 (m, 1H), 3.0-3.2
(m, 1H), 3.35-3.85 (m, 4H), 4.35-4.4 (m, 1H), 6.05), (s,br.,1H),7.15-7.45 (m, 3H).
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PREPARATIONS 20 AND 21
3-(3.4-Dichloroohenvi)-3-{2-hvdroxvethyl)piperidine (Preoaration 20) and 3-(3.4-
Dichloroonenyl)-3-(2-ltetrahydropvran-2-vioxvlethyl)piperidine (Preparation 21).

8)

: BN OH
(0] BH,;.S(CH;), g

(20}

a

(21)

To a solution of 5-(3,4-dichlorophenyl)-5-(2-[tetrahydropyran-2-yloxylethyl)-
2-(1H)-piperidone (PREFPARATION 18) (1.75g, 4.7 mmol) in tetrahydrofuran at
0°C under nitrogen was added a solution of borane-dimethyl sulphide complex
(2.36 ml, 5 mol. equiv., 10M solution) dropwise. The solution was then slowly
warmed to room temperature and then heated under reflux for two hours. The
solution was cooled to room temperature and the solvent was then removed under
reduced pressure. The residue was then partitioned between dichloromethane

~ (30 mi) and saturated aqueous sodium bicarbonate solution (30 mil). The
aqueous phase was extracted with a further portion of dichloromethane (30 ml)
and the combined organics dried using anhydrous magnesium sulphate. The
solution was then filtered and the solvent was removed under reduced pressure.
The residue was purified by column chromatography using silica, eluting with
methanol:dichioromethane (1:18, by volume) tc give first, the alcohol (20) as the
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borane-dimethyl sulphide complex and second, the protected alcohol (21)
(132mg). The fractions containing the borane complex of (20} were evaporated
under reduced pressure, the residue dissolved in methanol (10 ml) and 2N
aqueous hydrochloric acid (10 mi), and the mixture heated under reflux for one
hour. The solution was then cooled to room temperature and the solvent was
removed under reduced pressure to give the title alcohol (20) (424 mg).
Spectral data for (20) : LRMS mvz 274 (m+1)"; '_H-NMR (CDCl3) : § = 1.45-2.0
(m, 6H), 2.3 (s, br., 2H), 2.7-2.8 (fn,'1 H), 2.85-2.85 (m, 1H), 3.1 (s, br., 2H), 3.35-
3.55 (m, 2H), 7.1-7.2 {m, 1H), 7.35-7.4 (m, 2H).

Spectral data for (21) : LRMS m/z 358 (m+1)"; 'H-NMR (CDCly) : & = 1.4-2.1
(m, 12H), 2.8-3.6 (m, 8H), 3.65-3.85 (m, 1H), 4.35 (s, br., 1H), 7.15-7.2 (m, 1H),
7.35-7.5 (m, 2H).

PREPARATION 22

a

To a solution of the compound of PREPARATION 20 (150 mg, 0.55 mmol)
in dichloromethane (5 ml) at 0°C under nitrogen was added tristhylamine (0.114
ml, 1.5 mol. equiv.) and benzoyl chloride {0.076 ml, 1.2 mol. equiv.) and the
mixture was stirred at room temperature for one hour. Water (30 ml) and
saturated aqueous sodium bicarbonate solution (30 ml) were added and the
mixture was extracted with dichloromethane (3 x 40 ml). The combined organics
were then dried using anhydrous magnesium sulphate, filtered and the solvent
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was removed under-reduced pressure, to give the title compound (187 mg), which
was used without further purification. '

TLC Ri = 0.34 (silica, dichloromethane:methanol, 19:1 by volume).

LRMS 378 m/z (m+1)".

'H-NMR (CDCl3) : § = 1.4-2.3 (m, 7H), 3.25-4.3 (m, 6H), 7.15-7.6 (m, 8H).

PREPARATION 23

This compound was prepared in a similar method to that used in
PREPARATION 22 using the compound preparéd in Prepgration 20 and 2-
methoxybenzoyl chloride in place of benzoyl chloride. The compound was purified
by column chromatography (silica, gradient elution, dichloromethane:methano}
(49:1 to 24:1, by volume).

LAMS 410 m/z (m+1)".
"H-NMR (CDCly) : 8 = 1.35-2.2 (m, 8H), 3.1-4.5 (m, 8H), 6.8-7.1 (m, 2H), 7.2-7.55
(m, SH). '
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PREPARATION 24

@/ @/ 0502 ma
CH;,SO«C] NE:,

To a solution of the compound of PREPARATION 22 (170 mg, 0.45 mmol)
in dichloromethane (4 ml) under nitrogen was added tn’ethylamine_ (0.094 ml, 1.5
mol, equiv.), and the solution was cooled to 0°C. Methaneéulphonyl chloride
(0.042 ml, 1.2 mol. equiv.) was then added and the mixture was stirred for one
hour. Water (20 mi) was added and the aqueous phase was extracted with
dichloromethane (20 ml). The combined organics were then dried over anhydrous
magnesium sulphate, filttered and the solvent was removed under reduced
pressure. The residue Was then chromatographed using silica, eluting with
dichloromethane, to give the title coinpound (145 mg).
TLC Ry = 0.39 (silica, dichloromethane: methanol 19:1 by volume).
LRMS 456 m/z (m+1)". - .
"H-NMR CDCly) : = 1.65 (s, br., 1H), 1.8-2.0 (m, 2H), 2.1 (s. br., 2H), 2.9 (s, br.,
2H), 3.35 (s, br., 2H), 3.6-3.75 (m, 1H), 3.9-4.0 (m, 2H}, 4.1 (s, br., 1H), 4.3 (s, br.,
1H), 7.3-7.5 (m, 8H).
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PREPARATION 25
1-(2-Methoxybenzoyl)-3-(3.4-dichlorophenvh-3-(2-methanesulphonvi-

N 0SO,CH,

0
OCH,

Cl
a

This was prepared in a similar method to that used in PREPARATION 24
using the compound described in PREPARATION 23
LRMS 486 m/z (m+1)".

"HNMR (CDCl3) : § = 1.4-2.4 (m, 6H), 2.9-4.6 (m, 12H), 6.75-7.6 (7H).
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PREPARATION 27 _
1-(Phenvisulohonvl}-3-(3.4-dichlorophenvi)-3-([tstrahvdro vran-2-

vioxvlethvl)piperidine.

o__0O
HN U PBSO,Cl, NEK, O\
. (")\N 0\[())
a
a
a

Cl

wn=Q

To a solution of the compound of PREPARATION 21 (123 mg, 0.34 mmoi)
in dichloromethane (3 ml) at 0°C under nitrogen was added triethylamine {0.06
mi, 1.5 mol. equiv.) and benzenesulphonyl chioride (0.07 ml, 1.2 mol. equiv.). The
reaction was stirred for one hour. Water (10 ml) and saturated aqueous sodium
bicarbonate (10 ml) were then added and the mixture was extracted with
dichloromethane (3 x 10ml). The combined organics were then dried over
anhydrous magnesium sulphate, filtered and the solvent was removed under
reduced pressure to give a gum which was chromatographed, using silica gel
eluting with dichloromethane to give the title compound (131 mg).
TLC Ry = 0.92 (silica, dichloromethane:methanol, 19:1 by volume).
LRMS m/z515 (m+NH,)".
'H-NMR (CDCly) : 8 = 1.45-2.05 {m, 12H), 2.55-2.65 (m, 2H), 2.95-3.1 (m, 1H),

3.3-3.55 (m, 3H), 3.7-3.8 (m, 1H), 3.9-4.05 (m, 1H), 4.3-4.4 (m, 1H). 7.3-7.8 (m,
8H).
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PREPARATION 28
1-(Phenvlsulohonvi)-3-(3.4-dichlorophenvl)-3-(2-hvdroxvethvi)piperidine.

o_ 0O
A0
: 'HCI

O:(n '—

To a saturated solution of hydrogen chleride in methanol (5 ml) at room
temperature was added the compound of PREPARATION 27 (125 mg), and the
mixture was stirred at room temperature for two hours. The solvent was then
removed under reduced pressure. Saturated aqueous sodium bicarbonate
solution (30 ml) was then added and the aqueous phase was extracted with ethyl
acetate (3 x 30 ml). The combined organics were then dried over anhydrous
magnesium sulphate, filtered and the solvent was removed under reduced
pressure to give the title compound (155 mg), which was used without further
purification. TLC R = 0.45 (silica, dichioromethane:methanol, 19:1 by volume).
LRMS m/z 414 (m+1)".

'H-NMR (CDCl3) : § = 1.45-2.5 (m, 12H), 2.55-2.65 (m 2H), 2.95-3.1 (m, 1H), 3.3-

3.55 (m, 3H), 3.7-3.8 (m, 1H), 3.9-4.05 (m, 1H), 4.3-4.4 (m, 1H), 7.3-7.8 (m, 8H).

PREPARATION 29
Ethy! 3-cvano-3-(3.4-dichioropohenyl)-5-(tetrahvdropyran-2-vio antanoate.

|
= Cl
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To a solution of diisopropylamine (25.9 mi, 1 mol. equiv.) in tetrahydrofuran

(200 ml) at -78°C under nitrogen was added n-butyllithium (73.9 ml of 2 2.5M
solution, 1 mol. equiv.). The solution was allowed to warm to room temperature
over two hours. A solution of 2-(3,4-dichiorophenyl)-4-(tetrahydropyran-2-
yloxy)butanenitrile (PREPARATION 17) (58¢, 158 mmol) in tetrahydrofuran (200
mi) was then added and the solution was stirred for one hour. A solution of ethyl-
2-bromoacetate (20.5 mi, 1 mol. equiv.) in tetrahydrofuran (50 ml) was then added
and the reaction was heated to refiux for two hours. Water (10 ml) was then
added and the solution was concentrated under reduced pressure. Water (300
ml) and brine (300 ml) were added and the mixture was extracted with ethy!
acetate (2 x 300 m). The combined organic layers were washed with water (2 x
300 ml), dried over anhydrous magnesium sulphate, filtered and the solvent was
removed under reduced pressure. Chromatography using silica gel, eluting with
diethy! ether:hexane using gradient elution (4:1 to 1:1 by volume), gave the title
compound.
LRMS nm/z 417 (m+NH,)".
'H-NMR (CDClg) : § = 0.85-0.9 (m, 1H), 1.1-1.75 (m, 10H), 2.1-2.3 (m, 1H), 2.35-

. 2.45 (m, 1H), 2.95-3.3 (m, 2H), 3.4-3.55 (m, 1H), 3.7-3.8 (m, 1H), 4.05-4.15 (m,
2H), 4.45 (s, br., 1H), 7.3-7.55 (m, 3H).

PREPARATION 30

The compound of PREPARATION 29(9.0 g, 22.5 mmol) was dissolved in
saturated ammoniacal ethanol sclution (100 ml) which contained Raney nickel
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(1.0g). The mixture was 'stirred under hydrogen at 345 kPa (50 p.s.i.) and 50°C
for two hours and was then allowed to stand under an atmosphere of hydrogen for
fourteen hours. A further portion of Raney nickel (0.2g) was then added, and the
reaction mixture was stirred under hydrogen at 345 kPa (50 p.s.i.) and 50°C for a
further three hours. The catalyst was removed by filtration, the ethanol was
removed under reduced pressure, and the residue was chromatographed using
silica gel, eluting with a solvent gradient of methanol:dichtoromethane (1:19 to 1:9,
by volume) to give the title compound (6.0g).
LRMS m/z 358 (m+1)".
'H-NMR (CDCly) : § = 1.4-1.8 {m, 6H), 2.05-2.2 (m, 2H), 2.7-2.75 (m, 2H), 3.1-3.2
(m, 1H), 8.4-3.5 (m, 1H), 3.55-3.7 (m, 4H), 4.4 (s, br., 1H), 5.9 (s, br., 1H), 7.0-
7.05 (m, 1H), 7.25-7.4 (m, 2H).

~ PREPARATION 31

To a solution of lithium aluminium hydride (100 mg, 2 mol equiv.} in dry
diethyl ether (20 ml) at 0°C under nitrogen was added a solution of the compound
of PREPARATION 30 (0.5g, 1.4 mmol) in diethy! ether (20 ml), and the mixture
was stirred for 24 hours. A further portion of lithium aluminium hydride (50 mg, 1
mol. equiv.) was then added and the reaction was stirred for a further 2 hours.
ater (0.1 ml) was added, followed by 15% aqueous sodium hydroxide solution (0.1
mi) and water (0.3 mi). The solid was removed by filtration. The filtrate was |
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then concentrated under reduced pressure to give an oil. Chromatography usirig
silica gel, eluting with dif:hloromethane:methanol:ammonia {94:5:1, by volume)
gave the title compound (200 mg).
TLC Ry = 0.42 (silica, dichloromethane:methanol: ammonia 90:9:1 by volume.
"H-NMR (CDCE) :8=1.45-1.85 (m, 6H), 1.9-2.25 (m, 6H), 2.95-3.2 (m, 4H), 3.2-
3.65 (m, 2H), 3.7-3.8 (m, 1H), 4.35-4.45 {m, 1H), 7.1-7.4 (m, 3H).

| PREPARATION 32
.4-dichlorophenvl)-3-(2-{tetrahvdro

HN o_ _O
U PhCOC], NEt, N o o
———
; @
c
Q
a

. To a solution of the compound of PREPARATION 31 (1 .4g, 4,06 mmol) in
dichloromethane (20 ml) was added triethylamine (0.57 mi, 1 mol. equiv.). The
solution was then cooled to 0°C. Benzoyl chioride (0.47 mi, 1 mol. equiv.) was

added dropwise and the solution stirred at 0°C for 30 minutes, and then at room
temperature for 1 hour. The crude reaction mixture was washed with water (50
ml), and then saturated aqueous sodium bicarbonate soiution (50 ml). The
organic layer was dried using anhydrous magnesium sulphate, filtered and the
solvent was removed under reduced pressure, to give an oil. Chromatography
using silica gel, eluting with a solvent gradient of methanol:dichloromethane (1:19
to 1:9, by volume), gave the title compound (1.5g).

LRMS m/z 448 (m+1)".

"H-NMR (CDCl3) : = 1.25-2.4 (m, 10H), 3.0-4.4 (m, 9H), 6.9-7.6 (m, 8H).
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PREPARATION 33
1-(2-Methoxybenzovl*-3-(3.4-dichlorophenvl)-3-(2-{tetrahvdropyran-2-vioxyiethvl)-

pyrrolidine.

%%U

This compound was prepared by a similar method to that used in
PREPARATION 32 using the compound prepared in PREPARATION 31 and 2-
methoxybenzoyichloride instead of benzoyi chieride.

'H-NMR (CDCls) : = 1.2-2.25 (m, 10H), 3.05-4.45 (m, 11H), 6.9-7.45 (m, 7H).

PREPARATION 34

OH

a

A solution of the compound of PREPARATION 32 (1.5g, 3.34 mmol) in
methanol saturated with hydrogen chloride (50 ml) was stirred at room
temperature for one hour. The solvent was then removed under reduced pressure
to give the title compound, which was used without further purification.

TLC Ry=0.61 (silica, dichloromethane:methanol, 9:1 by volume).
LRMS nvz 364 (m+1)".
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"H-NMR (CDCls) : § = 1.9-2.4 {m, br., 4H), 3.3-4.1 (m. br., 6H), 5.5-5.9 (m, br.,
2H), 7.0-7.6 (m, br., 7H).

PREPARATION 35

a
a
This compound was prepared by a similar method to that used in
PREPARATION 34 using the compound prepared in PREPARATION 33.
LRMS m/z 394 (m+1)*.
'H-NMR (CDCl3) : & = 1.85-2.3 (m, 4H), 3.15-3.65 (m, 4H), 3.8-4.0 (m, 6H), 6.9-
7.45 (m, 7TH). -

PREPARATION

1-Benzovyl-3-(3.4-dichlorophenvl)-3-(formvimethyhpyrrolidine.

0 0
N OH N o
@ COCl,, DMSO
- H
(ii) NEt;
Cl Cl

To a solution of oxalyl chloride (0.13 ml, 1.1 mol. equiv.) in dichloromethane
{10 ml) at -78°C under nitrogen was added dimethyl sulphoxide (0.23 ml, 2.4 mol.
equiv.) and the solution stirred at -78°C for forty five minutes. A solution of the

compound of PREPARATION 34 (0.5g, 1.37 mmol) in
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dichioromethane (10 ml) was added and the reaction was stirred at -78°C for 1.75
hours. Triethylamine (0.95 mi, 5 mol. equiv.) was added and the reaction was
allowed to warm to room temperature, and was stirred for one hour. The mixture
was washed with saturated aqueous sodium carbonate solution (50 ml), and dried
over nﬁagnesium sulphate. The solution was filtered, and the solvent was

* removed under reduced pressure. The residue was purified by chromatography
using silica, eluting with ethyl acetate:methanol (19:1, by volume), to give the titlie
compound (300 mg). '
LRMS 362 m/z (m+1)*.

*H-NMR (CDCl3) : § = 2.25-2.45 (m), 2.65-2.9 (m), 3.4-4.1 (m), 9.45-9.6 (m).

PREPARATION 37
1-(2-Methoxybenzovi-3-(3.4-dichlorophenvi)-3-{iormyvimethvhpvrrolidine

This compound was prepared by a similar method to that used in
PREPARATION 36 using the compound prepared in PREPARATION 35.
LRMS my/z 392 (m+1)". '

"H-NMR (CDCly):5 = 2.15-2.35 (m,2H), 2.7-2.95 (m,2H), 3.15-3.7 (m,3H), 3.75-3.9
(m,3H), 3.95-4.1 (m, 1H), 6.9-7.5 (m, 7H), 9.45-9.55 (m, 1H).
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. PREPARATION 38
4(S)-4-Cyano-4-(3.4-dichiorophenyl

To a 1.0M solution of lithium hexamethyldisilyazide in tetrahydrofuran
(4.691) at 5°C under nitrogen was added a solution of 3,4-
dichlorophenylacstonitrile (750g, 4.28 moles) in tetrahydrofuran (750 ml),
dropwise, over 45 minutes. The reaction was allowed to stir for 2 hours. The
reaction was cooled again to 5°C and a solution of 2-bromomethyl-1,3-dicxolane
(782g) in tetrahydrofuran (780 ml) added, drbpwise, over fifty minutes. _Tetra-n-
butylammonium iodide (75g) was added, portionwise, and the mixture &as affowed
to warm to room temperature, and was stirred for 14 hours. The reactfﬁn wés
then cooled to 5°C and a solution of lithium hexamethyldisilyiazide in
tetrahydrofuran (1.0M,4.69l) was added dropwise. The mixture was stirred for 5
hours at room temperature. The solution was cooled to 5°C and a solution of
ethyl-3-bromopropanoate (840.5g) in tetrahydrofuran (840ml) was added,
dropwise, over 50 minutes. The reaction was allowed to étfr for 14 hours. The
reaction mixture was cooled to 5°C and 1.5M aqueous sodium hydroxide solution
(4.251, containing 255g of sodiumn hydroxide) was added and the mixture was
extracted with ethyl acetate (2 x 3l). The combined organics were washed with
water (2x5l). The aqueous phases were combined and acidified to pH1 using SN
agqueous hydrochloric acid solution and then extracted with ethyl acetats (2 x 3l).

The combined organic extracts were concentrated under reduced pressure
to a concentration of approximately 3ml/g based on the theoretical yield of the
product.
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Dichloromethane (50m!) was then added, and the solution was washed with water
(100 ml). The organic phase was dried over anhydrous magnesium sulphate,
filtered, and the solvent was removed under reduced pressuire, to give the titie
compound (390 mg), which was used without further purification.

TLC Ry = 0.28 (silica, hexane:ethyl acetate, 2:3 by volume).

"H-NMR (CDCly) : & = 1.25-4.4 (m,17H), 7.25-7.55 (m, 8H).

The above experimental procedure was then repeated on an identical
scale.

To the combined organic solutions from both reactions was added (S)-(-)-
alpha-methylbenzylamine {1.13kg) and the mixture stirred for 14 hours. The thick
slurry was then stirred with cooling in an ice-bath for 2 hours, filtered, the sclid
washed with ethyl acetate (2 x 11) and then dried under reduced pressure at 35°C
to give 1.85kg of material. A portion of this material (1.34kg) was dissolved in a
mixture of butanone (2I) and water (503ml) that was heated under reflux. A further
portion of butanone (4.71) was added and the solution was allowed to cool slowly
to room temperature overnight. The resulting solid was filtered off, washed with
butanone (2 x 11) and dried under reduced pressure at 35°C for 10 hours to give
563g of material (83.8% e.e.). A further recrystallisation from butanone/water
gave the title compound as a (8)-(-)alpha-methylbenzylamine salt in 99.8% e.e.
To a stirred solution of this salt in ethyl acetate and water was added 5N aqueous
hydrochloric solution until pH1 was achieved. The mixture was stirred for a further
30 minutes, the layers separated and the aqueous phase extracted with ethyl
acetate. The combined organic Iayeré were washed with water and the solvent
removed by evaporation under reduced pressure to give the title compound.
"H-NMR (CDCl) : 8 = 2.05-2.35 (m, 4H), 2.4-2.65 (m, 2H), 3.7-4.0 (m, 4H), 4.75-
4.85 (m, 1H), 7.25-7.55 (m, 3H), 9.9 (s, br., 1H, acid).
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PREPARATION 39
5(8)-5-(3.4-Dichlorophenvy}-5-(1.3-dioxolan-2-vimethvi}-2 {1H)-piperidone.
CO,H
0O
0
H,,PtO, HN_ J

a

Ci

a

To a solution of the compouhd of PREPAARATION 38 (13.5g, 39.22 mmol)
in glacial acetic acid (130 ml) was added platinum oxide (1.21g) and the mixture
stirred under an atmosphere of hydrogen at 414 kPa (60 psi) and at room
temperature for 17 hours. The catalyst was removed by filtration and a further
portion of platinum oxide (1.21g) added. The reaction mixture was then stirred
under an atmosphere of hydrogen at 414 kPa (60 psi) and at room temperature
for 48 hours. The catalyst was removed by filtration and the solution concentrated
under reduced pressure. The residue was dissoived in ethyl acetate (80 ml) and
washed with saturated aqueous sodium bicarbonate solution (2 x 75 ml). The
organic phase was then seharated and the solvent removed under reduced
pressure. The resulting solid was stired in a solution of hexane (20 mi) and ethyl
acetate (20 mi) for 2 hours at 0°C and then filtered off to give the title compound
(8.15g). -

'H-NMR (CDCly) : § = 1.85-1.95 (m, 1H), 2.0-2.25 (m, 4H), 2.35-2.4 (m, 1H), 3.45-
3.55 (m, 1H), 3.65-3.75 (m, 2H), 3.8-3.9 (m, 3H), 4.35-4.4 (m, 1H), 6.15 (s, br.,
1H), 7.2-7.45 (m, 3H) ppm.
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PREPARATION 40
3(8)-3-(3.4-Dichlorochenyl i
18)
N °J 0
5 LIAIH, HN j
: O
Cl

To a stirred solution of lithium aluminium hydride (12.7 ml, 1M solution in
tetrahydrofuran, 2.1 mol. equiv.) in tetrahydrofuran (60 ml) under nitrogen was
added 5(S)-5-(3,4-dichlorophenyl)-5-(1,3-dioxolan-2-ylmethyl)-2(1H)piperidone
(2g, 6.06 mmole) (PREPARATION 39) in three portions and the mixture heated
under reflux for sixteen hours. '
| Water (0.48 ml) was added dropwise over twenty minutes followed by
aqueous sodium hydroxide solution (0.48 ml, 15% solution w/w). After five
minutes water (2 x 0.48 mi) was addéd énd the mixture stirred for thirty minutes).

The mixture was filtered and the solvent was removed from the filtrate
under reduced pressure and partitioned between sthy! acetate (100 ml) and
saturated aqueous sodium bicarbonate solution (100 ml). The organic layer was
dried over anhydrous magnesium sulphate to give an oil, which was then
subjected to flash column chromatography using silica gel, eluting with
dichloromethane:methanol (9:1), to give the title compound (1.3g).

'H-NMR (CDCl3) : § = 1.4-1.5 (m, 1H), 1.55-1.7:(m, 1H), 1.8-1.9 (m, 1H)}, 1.95-2.0
(m, 2H), 2.05-2.1 (m, 1H), 2.3 (s, br., 1H), 2.8-2.8 (m, 2H), 3.0-3.1 {m, 1H), 3.3-
3.35 (m, 1H}, 3.6-3.7 (m, 2H), 3.8-3.9 (m, 2H), 4.3-4.4 (m, 1H), 7.2-7.3 (m, 1H),
7.4-7.5 (m, 2H).
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PREPARATION 41

yhmethyl)piperidine.

O/Y J > __com, WSCDI O/\<

HOBT

a | a
Cl a

To a sclution of the compound of PREPARATION 40 (0.65 g, 2.06 mmole)
in dichloromethane (20 mi) at room temperature under nitrogen was added
cyclopropyl acetic acid (206 mg, 1 mol. equiv.), N-methyl morpholine (0.23 mi, 1
mol. equiv.), 1-hydroxybenzotriazole hydrate (0.316g, 1 mol. equiv.) and 1?(3-
dimethylaminopropyl)-3-ethyl carbodiimide hydrachloride (0.546g, 1.4 mol. equiv.).
The mixture was stirred for sixteen hours. The mixture was then poured into ethyl

 acetate (50 mi) and saturated aqueous sodium bicarbonate éolution, and the

organic phase was separated and dried over anhydrous magnesium sulphate.
The solution was filtered, the solvent removed under reduced pressure and the
residue was chromatographed using silica gel, eluting with sthyl acetate:hexane
(1:1 by volume) to give the title compound (0.7g).
TLC R; 0.25 (silica, ethyl acetate:hexane, 1:1, by volume).
LRMS nvz =398 (m+1)". ,
'H-NMR (CDCl) : § = 0.05-0.2 {m, 2H), 0.4-0.5 (m, 2H), 0.85-0.95 (m, 1H), 1.35-
2.4 (m, 8H), 3.1-4.2 (m, 9H), 4.7-4.75 (m, 1H), 7.2-7.5 (m, 3H).
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PREPARATION 42

3(8)-1-Cvclopropviacetvi-3-(3.4-dichlorophenvl)-3-formvimethvi pioeridine.
O/\< HCl v/\'(

cl ' C

L1211}

To a solution of the compound of PREPARATION 41 (0.7g, 1.7_6 mmol) in
tetrahydrofuran (10 ml) was added hydrochloric acid (10 ml, 5N solution), and the
mixture was stirred at room temperature for 5 hours. The mixture was then
partitioned between ethyl acetate {30 ml) and saturated aqueous sodium
bicarbonate solution (30 ml), and the organic phase was dried over anhydrous
magnesium sulphate. The solvent was removed under reduced pressure to give
the title compound (0.62g) which was used without any further purification.
'H-NMR (CDCly) : § =0.1-0.2 (m, 2H), 0.5-0.6 (m, 2H), 0.9-1.0 (m, 1H), 1.6-2.3
(m, 6H), 2.65-2.7 (m, 2H), 3.4-3.5 (m, 2H), 3.8, (d, 1H), 4.05 (d, 1H), 7.3-7.5 (m,
3H), 8.5 (s, 1H). '

PREPARATION 43

1-t-Butoxycarbonvl)-3-{1-pi erazinyllazetidine

(CH?)3c—oTN<>%N©NH
0

Piperazine (23.69g, 8 mol. equiv.) was melted and 1-(t-butoxycarbonyl)-3-
methanesulphonyloxyazetidine (see Intemational Patent Application Publication
no. WO93/19059) (8.649, 34.4 mmol) added. The mixture was heated at 120°C

for 15 hours under nitrogen. The reaction was cooled to room temperature and
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the excess piperazine removed under reduced pressure. The residue was theﬁ
chromatographed on silica gel using gradient elution (methanol:dichloromethane
1:19 changing to 1:4, by volume) to give the title compound (6.32g).
LRMS m/z = 242 (m+1)".
'H-NMR (dg-DMSO): & = 1.35 (5,9H), 2.4-2.5 (m, 4H), 3.0-3.1 (m, 5H), 3.2-4.2 (m,
" br., 5H).

PREPARATION 44 -

NO—-N‘ NSO,CH.
CH.).C—0— 2CH,
(CHs) 7 \___/

To a solution of the compound of PREPARATION 43 (8.06g, 21.3 mmol) in
dichloromethane (160 ml) was added triethy]amine (13.4 ml). The solution was
kept under a nitrogen atmosphere and cooled to 0°C. Methanesulphenyl chloride
(5.25ml, 7.77g, 3 mol. equiv.) was added, dropwise, over 30 minutes. The
reaction was allowed to warm to room temperature over 2.5 hours and then stirred
for a further 18 hours. The reaction was washed with water (3 x 50ml) and then
brine (2 x 30ml). The organic layer was dried using anhydrous magnesium
sulphate. The mixture was then filtered and the solvent removed from the filtrate
under reduced pressure. The residue was chromatographed on silica gel eluting
with concentrated aqueous ammonia:methanol:dichloromethane (1 :10:89, by
volume). The product from this chromatography step was then column
chromatographed again on silica gel eluting with methanol:ethyl acetate (1:10, by
volume) to give the title compound (0.99).

TLC Ry = 0.6 (silica, concentrated aqueous ammonia
solution:methanol:dichloromethane, 1:10:89 by volume).
LRMS m/z = 320 (m+1)".
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'H-NMR (CDClg) : § = 1.4 (s, OH), 2.45 {t, 4H), 3.8 (s, 3H), 3.1-3.2 (m, 1H), 3.2-3.3
(m, 4H), 3.75-3.8 (m, 2H), 3.9-4.0 (m, 2H).

PREPARATION 45
3-{3.4-Dichloroohenyl)-3-(2-methanesulphonvloxyethyl)-1-phenvisulbhonvi-

piperidine

@\ ! OH Q & 0S0,CH,
S/ S/

VA MsCl VA
o TEA oo
DCM
Cl a

Cl c

To a solution of the compound of PREPARATION 28 (109 mg, 0.29 mmol) in
dichioromethane (4 mi) while under nitrogeh at 0°C, was added
methanesuiphonyl chioride (6.026 mi, 1.2 mol. equiv.). The reaction mixiure was
stirred at room temperature for one hour. Water (30 ml) and saturated aqueous
sodium bicarbonate solution (30 ml) were added, and the mixture was extracted
with dichlororneth_éne (3 x 40 ml). The combined organics were then dried using
anhydrous magnesium sulphate, filtered and the solvent removed under reduced
pressure. This gave the title compound (106 mg) as a gum which was used
without further purification.

TLC Rf = 0.89 (silica, methanol:dichloromethane 1:19 by volume)
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PREPARATION 46
-(4-Methylsulphonvlipiperazin-1-vi)azetidine bistrifluoroacetate

/\ .
HN<>-—N NSO,CHy 2CF,COH
_/

To a solution of the compound of PREPARATION 44 (1.4g, 5.8 mmol) in
dichloromethane (10 ml) at 0°C under nitrogen was added trifluoroacetic acid (5

ml), dropwise. The mixture was then allowed to warm to room temperature and
stirred for one hour. The mixture was concentrated under reduced pressure, the
resuiting gum washed with diethyl ether, then triturated with diethyl ether and
filtered to give the title compound. |

LRMS m/z220 (m + 1)".

'H-NMR (dg-DMSO) : § = 2.4-2.5 (m, 2H), 2.9 (s, 3H), 3.1-3.2 (m, 4H), 3.3-3.5 (m,
1H), 3.8-4.0 (m, 4H), 8.7-8.9 (m, 3H).

PREPARATION 47
2-(3.4-Dichlorophenylipent-4-enenitrile

Cl Ci
Cl
(i) NaOH -
(i) /\/Br
TBAC
NC ~ CN

To a stirred solution of 3,4-dichlorophenylac'etonitrile (800 g, 4.3 mol) in
cyclohexane (16L) at room temperature was carefully added aqueous sodium
hydroxide solution (1600 g of sodium hydroxide in 8L of water). This addition
caused an elevation of the reaction temperature to 50°. Allyl bromide (572 g, 1.1
mol. equiv.) and tetra-n-butylammonium chioride hydrate (40 g, 0.03 mol. equiv.)

‘RECTIFIED SHEET (RULE 91)
ISAJEP
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were then added and the reaction stirred for one hour at 50° C. The aqueous
phase was removed and the organic layer washed with water (10L). The organic
phase was filtered through silica gel (1 kg) under reduced pressure to give a |
yellow filtrate solution. The solvent was removed from the filtrate under reduced
pressure to give the title compound as an oil (960 g) of 7Q%' purity which was used
without any further purification. '

TLC R¢ = 0.71 (silica, diethyl ether:hexane, 1:1, by volume).

LAMS mv/z = 226 (m+1)".

'H-NMR (CDCl,) : § = 2.6-2.75 (m, 2H), 3.85 {t, 1H), 5.1-5.25 (m, 2H), 5.7-5.9 (m,
1H), 7.2-7.25 (m, 1H), 7.5-7.55 (m, 2H}.

PREPARATION 48

4-Cyano-4-{3.4-dichlorophenyl)hept-6-enoic acid

- CN
R (i) NaH

(ii) N

—

- Z CO,H

Cl
Cl
Cl
To a stirred suspension of 60% w/w sodium hydride oil dispersion (231 g) in
tetrahydrofuran (17L) under nitrdgen at -10°C was added a solution of 3-
bromopropanoic acid (806.5 g) in ietrahydrofuran (6L) dropwise over three hours.
The reaction was allowed to warm to room temperature over 22 hours. The
reaction was then cooled to -10°C. Simultaneously, a solution of the compound
of PREPARATION 47 (1633.5 G) in tetrahydrofuran (2.5L) was added dropwise
over two hours to a stirred tetrahydrofuran suspension (2.5L) of 60% w/w sodium
hydride oil dispersion (221 g) in tetrahydrofuran (2.5L) under nitrogen at -10°C.
When the addition was complete, this second reaction was allowed to warm to
room temperature over eighteen hours. The reaction was then cooled to -10°C

and cannulated into the above 3-bromopropanocic acid sodium salt mixture over

SUBSTITUTE SHEET (RULE 26)
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3 hours. The reaction mixture was heated at 50°C fo} five hours. The reaction
was then cooled, poured into water (8L) and basified to pH 9.3 using aqueous
sodium bicarbonate solution. This mixture was washed with dichioromethane (5 x
2.5L), and the aqueous portion acidified to pH 1.0 using concentrated hydrochloric
acid. The aqueous solution was extracted with dichioromethane (4 x 2.5L), and
the organic layers were combined, dried using anhydrous magnesium sulphate,
fittered and the filtrate concentrated under reduced pressure to give a

yellow oil. This oil was then triturated with hexane (1.5L) to give the title
compound as a cream-coloured solid (1153.3 g) which was used without any
further purification.

TLC Ry = 0.42 (silica, methano'I:dichloromethane, 1:9, by volume).

LRMS m/z = 316 (m+NH.,)".

'H-NMR (CDCly) : § = 2.15-2.8 (m, 6H), 5.1-5.25 (m, 2H), 5.55-5.7 (m, 1H), 7.2-
7.25 (m, 1H), 7.5-7.55 (m, 2H) ppm.

PREPRATION 49

To a solution of the compound of PREPARATION 48 (16 g) in ethyl acetate
(50 ml) was added R-(+)-1-(1-naphthyl)ethylamine (4.8 g). The solution was
stirred for thirty minutes at room temperature and then the soivent removed under
reduced pressure to give a gum. This gum was partially dissolved in
hexane:diethyl ether (4:1, by volume, 150 ml} and the sides of the flask scratched
to induce crystaliisation. The white solid that formed was filtered off and
crystallised three times from ethyl acetate to give the title compound (4.9 g).
m.p. 153-154°C.
[a]::;7.1 ° (¢ = 0.0012).

'H-NMR (CDCls) : § = 1.6 (d, 3H),2.0-2.2 (m, 2H), 2.25-2.5 (m, 2H), 2.5-2.7 (m,
2H), 3.8-4.1 (s, br, 3H), 5.0-5.2 (m, 3H), 5.5-5.7 (m, 1H), 7.15-7.25 (m, 1H), 7.4-
7.6 (m, BH), 7.75 (d, 1H), 7.9 (d, 1H), 8.1 (d, 1H).
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PREPARATION 50
4(S)-4-Cvano-4-(3.4-dichlorophenyl)hept-6-enoic acid
To a stirred solution of the compound of PREPARATION 49 (5.5 g) in
dichioromsthane (100 ml) was added 1N aqueous hydrochloric acid solution (100
mi). The aqueous layer was then removed and the organic portion washed with
1N aqueous hydrochioric acid solution (70 ml). The organic layer was dried using
anhydrous magnesium sulphate, filtered, and the filtrate evaporated to dryness
under reduced pressure to give the title compound (3.6 g.)
LRMS m/z =316 (m+NH,)*.
*H-NMR (CDCly) : § = 2.15-2.8 (m, 6H), 5.1-5.25 (m, 2H), 5.55-5.7 (m, 1H), 7.2-
7.25 (m, 1H), 7.5-7.55 (m, 2H).

BPREPARATION 51
3(S)-3-(3,4-Dichlorophenyi)-3-allvipiperidine

CO,H - on
NC
o 7 uam,
- +HN % 7
cl '
cl
cl
cl
. -~

To a mixture of lithium aluminium hydride (867 mg, 2 mol. equiv.) in
tetrahydrofuran (30 ml) at 0°C under nitrogen was added dropwise a solution of
4(S)-4-cyano-4-(3,4-dichlorophenyl)hept-s-enoic acid (3.4 g, 11.41 mol) '
(PREPARATION 50} in tetrahydrofuran (30 mi). The mixture was stirred for two

SUBSTITUTE SHEET (RULE 26)



WO 97/25322 ' PCT/EP96/05613

96

hours. Water (20 mi) was added carefully followed by aquecus sodium hydroxide
solution (2 x 20 mi). The solid was filtered off and the filter cake was washed
with t-butylmethylsther (100 ml). The organic phase was then dried over
anhydrous magnesium sulphate and filtered. The solvent was removed under
reduced pressure. The residue was purified by flash column chromatography
using silica gel, uéing gradient elution (98:2, 19:1, 9:1 ethyl acetate:methanol, by
volume) to give (a) the title compound which was contaminated with (b) (S)-4-
{aminomethyi)-4-(3,4-dichlorophenyl)-hept-6-en-1-ol (2.55 g), which was used
without further purification. C

LRMS nmv/z 270 (m+1)".

PREPARATION 52
3(S)-1-Benzovl-3-(3.4-dichlo envl)-3-allyipiperidine

(i) PhACOCLNEY,
HN -

.
. o

LIV

8

(ii) NaOH

Cl Cl

Ci ci

To a solution of the produce of (PREPARATION 51) (2.55 g) in
dichioromethane (70 mi) at 0°C under nitrogen was added triethylamine (3.9 mil)
and benzoyl chloride (1.43 mi). The mixture was stirred for 15 minutes.

Dichloromethane (50 mi) was added, the solution was washed with
hydrochloric acid (2N, 2 x 200 ml) and the organic phase dried over anhydrous
magnesium sulphate. The solution was filtered and the solvent removed under
reduced pressure o give a residue, which was chromatographed on silica gel,
eluting with a solvent gradient of hexane:ethy! acetate (9:1 to 1:4, by volume).
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This product (2.02 g) was then stirred together with 2% sodium hydroxide in
methanot {60 mi) for one hour. Dichioromethane (60 mi) was added, the mixture
was washed with water (100 ml) and the organic phase dried over anhydrous
magnesium sulphate. The solution was filtered and the solvent was removed
under reduced prassure to give a residue. This was chromatographed on silica
gel eluting with a solvent gradient of hexane:ethy! acetate (4:1 10 2:3, by volume)
to give the title compound (1.24 g).

LRMS m/z 374 (m+1)*.

TLC Rs = 0.59 (silica,hexane:ethyl acetate, 1:1 by volume).

H-NMR (CDClq) &: 1.35-1.7 (m, 2H), 1.8-1.9 (m, 2H), 2.1-2.2 (m, 1H), 2.3-2.5 (m,
2H), 3.2-3.8 (m, 2H), 4.5-4.6 (m, 1H), 4.9-5.1 (m, 2H), 5.4-5.5 (m, 1H), 7.2-7.6 (m,
8H).

PREPARATION 53

O/\’/(.) 9-BBN, H,0,,NaOH X O/\/\

(i) PhCOCI, NE, -
(i) NaOH cl

“ Ci

Cl

To 9-boracyclo[3.3.1}nonane (22.06 ml, 0.5M salution in tetrahydrofuran)
was added a solution of the compound of PREPARATION 52 (825 mg, 2.21
mmol) in tetrahydrofuran (15 ml). The mixture was stirred at room temperature for
90 minutes. Aqueous sodium hydroxide (3.7 ml, 3M solution) and ethano! (7 ml)
were then added, and the mixture was cooled in an ice-water bath. Hydrogen
peroxide (3.7 mi, 30% w/w aqueous solution) was then added dropwise and the
solution was stirred for one hour.
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Ethyl acetate (50 ml) was added, the solution was washed with water (2 x
50 ml) and the organic phase dried over anhydrous magnesium sulphate. The
solution was filtered and the soilvent removed under reduced pressure. The
residue was dissolved in dichloromethane (20 mi) and the solution was cooled in
an ice-bath. Triethylamine (1.5 ml, § mol. equiv.) and benzoyl chloride (0.65 ml,
2.5 mol. equiv.) were added, and the mixture was stirred for 40 minutes.

Dichloromethane (50 ml) was added and the mixture was washed with
aqueous hydrochioric acid (2 x 50 ml, 2M solution). The organic phase was dried
over anhydrous magnesium sulphate, filtered, and the solvent removed under
reduced pressure. _

The residue was stirred together with 4% sodium hydroxide in methanol
solution (50 ml) for one hour. Dichloromethane (60 ml) was added, and the
mixture was washed with water (100 mi).” The organic phase was dried over
anhydrous magnesium sulphate. The solution was filtered and the solvent was
removed under reduced pressure to give a residue which was chromatographed

on silica gel, eluting with a solvent gradient of hexane:ethyl acetate (4:1 to 1:3, by
volume) to give the title compound (320 mg).
LRMS m/z = 392 (m+1)*.

TLC R, - 0.22 (silica, hexane: ethyl acetate, 2:3 by volume).
'H-NMR (CDClg) : § 1.1-1.3 (m, 1H), 1.4-1.55 (m, 2H), 1.6-1.95 (m, §H), 2.1-2.2
(m, 1H), 3.3-3.85 (m, 4H), 4.25-4.35 (m, 1H), 7.25-7.5 (m, 8H).
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PREPARATION 54
3({R)-1-Benzovi-3-(3.4-dichlorophenvi}-3-(3-methane- -

sulphonvioxvpropyl)piperidine -

x

= /\
I _/l il'\’/\)\/\Oﬁ MsCl. NEz, Q,YV\/I/\/\ 0S0.CH;
0

|

| . |
a a

To a solution of the compound of PREPARATION 53 (320 mg, 0.82 mol} in
dichloromethane (10 ml) under nitrogen, cooled in an ice-water bath, was added
triethylamine (0.34 ml, 3 mol. equiv.) and methanesulphony! chloride (0.096 mi,
1.5 mol. equiv.). The mixture was stirred for fifteen minutes.

Dichloromethane (50 ml) was then added, and the solution was washed
with water (100 ml). The organic phase was dried over anhydrous magnesium
sulphate, filtered, and the solvent was removed under reduced pressure, to give
the title compound (390 mg), which was used without further purification.

TLC Ry = 0.28 (silica, hexane:ethy! acetate, 2:3, by volume).
'H-NMR (CDCl3) : § 1.25-4.4 (m, 17H), 7.25-7.55 (m, 8H).

PHARMACOLOGICAL DATA

The compound of Example 2 was tested for NKj activity by the method described
on page 43 and gave a pICs of 8.4.
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CLAIMS R
* c L M S *
1. A compound of the formula:-

l}{" O

| |
R NG

(L)

or o pharmaceutically acceptable salt thereof, wherein
R is Ca-C7 cycloalkyl, aryt or C1-Cs alkyl, said C+-Cs alkyl being optionally
substituted by fluoro, -COOH, -COO(C4-Ca) alkyl, C5-C; cycloalkyl,
adamantyl, aryl or het’, and said Cs-Cr cycloalky! being optionally
substituted by 1 or 2 substituents each independently selected from C;-
C. alkyl, C3-C7 cycloalkyl, C1-C4 alkoxy, hydroxy, fluoro, fluoro(C;-Ca)
alkyt and fluoro(C,-Ca)atkoxy:
Ais CO or SOy |

R’ is phenyl, benzyl, naphthyl, thienyl, benzothienyl or indalyl, each optionally
substituted by 1 or 2 substituents each independently selected from C4-Cs4 alkyl,
C1-C4 alkoxy, halo and trifluoromethyl;

R? is -COzH, -CONR®R¢, -CONR®(C3-C; cycloalkyl), -NR*(C2-Cs alkanoyl),
NRR®, -NRSCONRSR®, (Ca-C; cycloalkyl-Ci-Ca alky)R°N-, (C5-C; cycloalkyl-
C1-Ca aliky2N-, -NRSCOCF;3, -NR®*SO;CF3, -NR*(S0,Cs-Cy alkyl),
-NR’SO,NRPR, -NRS(SO2 aryl), -N(aryl)(SO2C1-Ca alkyl), -OR®, -O(C3-C+
cycloalkyl), -SO,NR°R®, het® cr a group of the formula:- |
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RE R’ O}'\ |
—_xA—\ —N . —NR? “-/\ 3
XN ( szr)n , N \—/w . —NR'SON W
RG
0 0
N W or CHWY _N/u\ﬁms “'N)kNRS :
o 2

—N<:[>—R’ or —N ®%orR% |

R® and R* are each independently selected from H and C-C4 alkyl optionally
substituted by hydroxy, Cs-Ca alkoxy, -S(0)p(C1-Ca alkyl), amino, -NH(C4-Ca
alkyl), -N(C;-C, alkyl)z or het?, |

A% and R® are each independently seiected from H, C;-C. alkyl and Cs-C7
cycloalkyl-C:-Ca alkyl, said C4-Ca alkyl and C3-C7 cycloalkyl-G+-C, alkyl being
optionally substituted by fluoro; '
Ris H C,-C, alkyl, hydroxy, fluare{C4-Ca)alkyl or phenyl, said phenyl being
optionally substituted by 1 or 2 substituents each independently selected from
C1-Ca alkyl, fluoro(C+-Ca)alkyl, halo, Ci-Ca alkoxy and fluoro (C,-Cd)alkoxy;

R® is H, fluoro, hydroxy, Cy-Cu alkoxy, C2-Cs alkanoy! or C,-Cs alkanoyicxy:
R is -NRERE, -NR°COR?®, -NR*S0;CF3, -NR(S02C1-C. alkyl), -NR®SO.NR®R?,

-NR’COO(C:-C. alkyl), -NR®CONR®R?, -NR®(SOzmerpholino), -NR(SO; aryl),
-N(aryl)(SO2C1-Cs4 alkyl) or a group of the formula:
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Xis C:-C, alkylene;
X' is a direct link or C;-Cs alkylene;
X is a direct link, CO, SO, or NR*CO;

W is methylene, CO, CH(OH), C{(QH)2, CH(C+-C,4 alkoxy), CHCO,H, CHCO(C;-
C. alkyl), CHCONR®RE, CHF, GF,, CH(azetidin-1-yl), CH(pyrrolidin-1-y), _
CH(piperidin-1-yl), CH(morpholino), CH(benzoxazol-2-yl), CHR?, O, S(O),, NR?,
N(C3-C cycloalkyl), NSO3(C1-Cs alkyl), NSO:NR°RE, NSO,CF;,
NSOz(morpholino), NSOa(aryl),

NSO:N/\>(CH2),. .

NCONR’R®, NCOR®, NCO(aryl) or NCO»(C1-Cs alkyl);

W' is methylene, CO, CH(OH), C(OH)a, CH(C1-Cs alkoxy), CHCO,H,

CHCO2(Cs-C, alkyl), CHCONR’R®, CHF, CF», CH(azstidin-1-yl), CH(pyrrolidin-
i ¥ . i 9.

1-yl), CH(piperidin-1-yl), CH({morpholino) or CHR";

W2is W', -CH,W -, -CHoWCH,- or ~CH.CHaWCH,-;

mis 0, 1or2;

nis 1 or 2 when W is other than methylene and is 0, 1 or 2 when W is
methylene;

pis0,1or2;
gisior2;

rist,2, 3or4;
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“aryl", used in the definition of R, R* R® and W, means naphthyl or phenyl, each
optionaily substituted by Cy-Ca alkyl, halo, -OR®, fluoro(C+-Ca)alkyl, C5-Cs
alkanoyl, -CONR®R?, -SO,NR*R° or phenyt;

"het", used in the definition of R, means thieny! or a 5- or 8- membered ring
heteroaryl group containing either 1 or 2 nitrogen'heteroatoms or one nitrogen
heteroatom and one oxygen or sulphur heteroatom, each optionally substituted
by 1 or2 substituents each independently selected from C;-Cq alkyl, Cy-Cs
alkoxy, halo, fluoro(Cq-Cs alkyl) and fluoro(C4-Cs alkoxy);

“het™, used in the definitions of R® and R*, means a 4- to 7- membered ring,
non-aromatic, heteracyclic group containing 1 or 2 heteroatoms each
independently selected from nitrogen, oxygen and S(O)y, said group being
optionally C-substituted by 1 or 2 substituents each independently ssiected
from C,4-C. alkyl, C;-C, alkoxy and fluoro(C;-Cs)alkyl, and said ring nitrogen
heteroatom optionally bearing a H, C4-Cs alkyl, C2-Cs alkanoyl, -CONR3R® or
-SO:NR°R® substitusnt; | |

and “het™, used in the definition of R? means an optionally benzo-fused, N-
linked, 5-membered ring heteroaryl group containing from 1 to 4 nitrogen
heteroatoms, which is optionally substituted, including in the benzo-fused
portion, by 1 or 2 substituents each independently selected from C,-C, alkyl,
ftuoro and fluoro(C,-Ca)alkyl.

2. A compound or salt according to claim 1 wherein R is aryl, C3-C7
cycloalkyl optionally substituted by-fluoro or C+-Cs alkyl substituted by Ca-C~
cycloalkyl, _ ‘

3. A compound or salt according to any one of the previous claims
wherein A is CO.

4, A compound or salt according to any one of the previous claims
wherein R’ ié phenyl optionally substituted by 1 or 2 halo substituents.

5. A compound or salt according to any one of the previous claims

wherein R? is -CONRR*, -CONR®(C4-C7 cycloalkyl), -NR°R*, het® or a group of the

formula:-
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—X2—N w ) —N\__/W or —N RS
>_ (éﬁ'ﬁn .

RS
where R® and R* are each independently selected from C;-C, alkyl and

C1-Cq alkyl substituted by hydroxy or C1-Cs alkoxy, R® and R°® are each
independently selected from H, C;-C4 alkyl optionally substituted by fluoro and
Ca-C7 cycloalkyl-Cy-Cy alle, R is H, hydroxy or phenyl, R® is hydroxy or C2-Cs
alkanoyloxy, W is methylene, CH(OH), CHF, CO, CH(C1-C alkoxy), CHCOH,
CHCO,(C+-C4 alkyl), CH(benzoxazol-2-yl), CHNR’RS, CHNRCOR®,
CHNR*(SO,C4-Cs alkyl), CHNR*COO(C:-Cs alkyl), O, S(O)p, NR®,NSO4(C1-Cs
alkyl), NSONR°R®, NSO2(morpholino), NCONR®R®, NCOR®, NCO(ary) or
NCO2(C1-C4 alkyl), nis 1 or 2 when W is other than methylene and is 0 or 1
when W is methylene, and pis 0, 1 or2.

6. A compound or salt according to any one of the previous claims
wherein X is ethylene or propylene. ' )

7. A compound or salt according to any ons of the previous claims
wherein X' is a direct link.

8. A compound or salt according to any one of the previous claims
wherein R? is a group of the formula 23 o7

—X*—N W
(CHy)p
R® ,

X?is a direct link, and R®, R®, R, W and n are as defined in claim 5.

9. A compound or salt according to any one of the previous claims
whereinmis Qor 1.

10. A compound or salt according to any one of the previous claims,
which has the stereochemistry shown in formula (1A):
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I}ﬁx— :<>—x1—R2

R\ A‘/N\/(CHz)m

(IA)

11. A compound or sait according to any one of the previous claims

wherein: | '

(i) R is phenyl, A is CO, R' is 3,4-dichlorophenyl, R%is morphalino, X is
propylene, X' is a direct link and m is 1;

(i) R is phenyl, Ais CO, R' is 3,4-dichlorophenyl, R2is 4-aminosulphonyl-

_ piperazin-1-yl, X is propylene, X' is a direct link and m is 1;

(i)  Ris cyclohexy!, A is CO,R'is 3,4-dichlorophenyl, R? is morpholino, X is
propylene, X' is a direct link and m is 1;

(v}  Ris cyclohexyl, A is CO, R' is 3,4-dichlorophenyl, R? is 4-
aminosulphonylpiperazin-1-yl, X is propylene, X' is a direct link and m is
1 ' -

(v)  Riscyclopropyl, A is CO, R' is 3,4-dichlorophenyl, R? is morpholine, X is
propylene, X' is a direct link and m is 1; |

(vi)  Ris cyclopropyl, A is.CO, R' is 3,4-dichiorophenyl, R? is 4-
aminosulphonylpiperazin-1-yl, X is propylene, X' is a direct link and m is
1; |

(viij Ris phenyl, Ais CO, R' is 3,4-dichiorophenyl, R%is morpholino, X is
ethylene, X' is a direct link and m is 0;

(vii) R is 2-methoxyphenyl, A is CO, R' is 3,4-dichlorophenyi, R? is
morpholino, X is ethylene, X is a direct link and m is 0; |

(ix} Risphenyl, Ais CO, R'is 3,4-dichlorophenyl, R%is morpholino, X is
ethylene, X' is a direct link and m is 1;

(x)  Ris 2-methoxyphenyl, A is CO, R’ is 3,4-dichlorophenyl, R?is
morpholino, X is ethylene, X' is a direct link and m is 1;

(x)  Ris phenyl, Ais SOy, R' is 3,4-dichlorophenyl, R? is morpholino, X is -
ethylene, X' is a direct link and m is 1;
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(xii) R is cyclopropyimethyl, A is CO, R is 3,4-dichlorophenyl, R? is
morpholino, X is ethylene, X' is a directlinkand mis 1; or
(xiiiy R is cyclopropyimethyl, A is CO, R is 3,4-dichlorophenyl, R? is 4-

methanesulphonylpiperazin-1-yl, X is ethylene, X' is a direct link and m

is 1. '

12. A pharmaceutical compasition comprising a compound or salt
according to any one of the previous claims, and a pharmaceutically acceptable
diluent or carrier. ' | _ -

13. A compound or salt accordfng to any one of claims 1to 11, or
composition thereof according to claim 12 for use as a medicament.

14, Theuse 6f a compound or sait according to any one of claims 1 to
11, or composition thereof according to claim 12, for the manufacture of a
medicament for the treatment of a disease by producing an antagonist effecton a
tachykinin acting at the human neurokinin-1 (NKy), human neurokinin-2 (NKz) or

human neurokinin-3 (NKa) receptor,ar a combination of two or more thereof.
15. The use as in claim 14 where the disease is an inflammatory

disease such as arthritis, psoriasis, asthma or inflammatory bowel disease, a
central nervous system (CNS) disorder such as anxiety, depression, i
dementia or psychosis, a gastro-intestinal (Gl) disorder such as functional
bowel disease, irritable bowel syndrome, gaétro-oesophageal refiux, faecal
incontinence, colitis or Crohn’s disease, an urogenital tract disorder such as
incontinence, hyperrefiexia or.a_::ystitis, a pulmonary disorder such as chronic
obstructive airways disease, an allergy such as eczema, contact dermatitis or
rhinitis, a hypersensitivity disorder such as poison ivy, a peripheral
neuropathy such as diabstic neuropathy, neuraigia, causalgia, painful
neuropathy, a bum, herpetic neuraigia or post-herpetic neuralgia, cough or

acute or chronic pain.
16. A method of treatment of a human to treat a disease by preducing

an antagonist effect on a tachykinin acting at the human neurokinin-1 (NKs),
human neurokinin-2 (NKz) or human neurokinin-3 (NK3) receptor, or a combination
or two or more thereof, which comprises treating said'human with an effective -
amount of a compound 'or salt according to.any one of claims 1 to 11, or '
composition thereof according to claim 12.
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17. A method. as in claim 16 where the disease is an inflammatory
disease such as arthritis, psoriasis, asthma or inflammatory bowe! disease, a
central nervous system (CNS) disorder such as anxiety, depression, dementia or

psychosis, a gastro-intestinal (Gl) disorder such as functional bowel disease,
irritable bowel syndrome, gastro-oesophageal reflux, faecal incontinence, colitis or

Crohn's disease, a urogenital tract disorder such as incontinence, hyperreflexia
or cystitis, a pulmonary disorder such as chronic obstructive airways disease, an
allergy such as eczema, contact dermatitis or rhinitis, a hypersensitivity disorder
such as poison ivy, a peripheral neuropathy such as diabetic neuropathy,
neuralgia, causalgia, painful neuropathy, a bum, herpetic neuralgia or post-
herpetic neuralgia, cough or acute or chronic pain.

18. A compound of formula:

(a) RY (CyC; alkylene)CHO

R A/N ~(CHm -

where R, A, Ry and m are as defined in claim 1;

(b) 1 ® 1.p2
R (CyC; alkylene)CH=N XR
R N CH, =
\_A, \/( -) m . - OH
(A)

where R, A, R', m, X' and R? are as defined in claim 1

(©) R;>SX——N<>—X1—-R'—’

EN__(CH»)m cCK)

where R', m, X, X' and R? are as defined in claim 1;



e
(d) Ri_ _X— 23

(XX
where X, R, A, R' and m are as defined in claim 1 and Z%is a leaving group, é.g.

chloro, bromo, iodo, methanesulphonyioxy, trifluoromethanesulphonyloxy or p-
toluenesulphonyloxy;

(e) R;>ﬂ’(-—N<>—XI—Rl°

R\, N _ACH,
ocavy

where R'’ is a group of the formula:
-NZ*R*, (C5-C; cycloalkyl-Cy-Cs alky)Z*N-,

: : j \ N
—Xx:=N w* , —N W' ., _Nr'so. A
! 3 1 NR SO_N\/WZ-

) (CHn —
R

VAN 5A _
-—N\/cw‘A or CH.WYY) —-—NCD—-R or _N®_R9A

» respectively, R* is -NZ'R®, W* is NZ' or CHNZ*R®, W' is CHNZ'RS, W?* is
W, -CHaW'., -CHW*CHz- or -CHoCHWACHz, X, X', X2 R, A, B!, R* R°.
R, R", mand n are gs previously defined for a compound of the formulz (1) and
Z'is a protecting group, e.g. t-butoxycarbonyl,



T
R N__ACHYm

(XXV)

where Z° is a suitable protecting group, e.g. acetyl or tetrahydropyran-2-yl, and X,
X', R, A, R and m are as previously defined in claim 1;

(9) R?SX——NQ-—ZT

R N__ACHym
A
(XXVD)

where X, R, A, R' and m are as previously defined in claim 1 and Z’ is a leaving
group, e.g. methanesulphonyloxy or p-toluene-suiphonyloxy;

(h) RX— N/\>—_0
" R, N _A(CHm
A

(XXVID

where X, R, A, R! and m are as defined in claim 1:
0! R! X-—N\//\—XI—RIZ

R\A,N\/'(CHgm

(XXvVIID
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wherein W2 and W'® are CHZ?, W is W'®, -CH,W'®-, -CH;WBCH,- or
-CH,CH,W®CH;-, Z* is a suitable leaving group (e.g. halo, methanesulphonyioxy,
trifluoromethanesulphonyloxy or tholuenesulphonoxy) and X, X', X%, R, A, R", R,
R®, R’, m and n are as defined in claim 1;

0 (B2
R! X—NHCH,CH—X!—R?

R, N ACHm

X0

wherein X, X', R, A, R', R? and m are as defined in claim 1 and Z° is a leaving
group (e.g. halo, methanesulphonyloxy or p-toluenesulphonyloxy); or



T
(k)
RI X—-N<>—_*{1.._R2
R-—A—thnﬁm

Y24
XXX

wherein X, X', R, A, R', R? and m are as defined in claim 1 and 2° is as defined
above in section (j).

19. A process for the preparation of a compound or salt according to any
one of claims 1 to 11, comprising:

(a) where X is (Co-Cs alkylene)CHz-, the methylene group of which is
attached to the azetidine nitrogen atom, and R, R', A, R?, X' and m are as defined
in claim 1, reductive amination using as starting materials a compound of the
formula:-

R (CyCs alkylene.)CHO

R N. _(CH,
~ A/‘ ~CH)m a

where R, A, R; and m are as previously defined for a compound of the formula
(1), and a compound of the formula:-

i >—x—R? am

, or an acid addition salt thereof, whers R? and X' are as defined in claim 1;
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(b)  whereX, A, X', R', R? and m are as defined in claim 1, reaction of a
compound of the formula (XXII):-

RX-NO—XI—W

EN__(CHom = (o

with a compound of the formula R-A-Z?, where R is as defined in claim 1, and
R-A-Z2 is RCO,H or a derivative thereof suitable for acylation of amines, or is
RS0,Z° suitable for the sulphonylation of amines, where Z? is a suitable.leaving
group such as chioro, bromo or iodc;

(¢) where X, X', R, A, R', R®and m are as defined in claim 1, reaction of
a compound of the formula:-

R! X—2
..R\A,N\/(CHg)m
p.0.911))

where X, R, A, R' and m are as defined in claim 1 and 2% is a suitable leaving
group, e.g. chloro, bromo, iodc, methanesuiphonyioxy,
trifluoromethanesulphonyloxy or p-toluenesulphonyloxy, with a compound of the

tormula:-
HNQ—XI——Rz am

where R? and X' is as defined in claim 1;
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(d)  where R'is pheny! and X, X', R, A, R? and m are as defined in claim
1, hydrogenolysis of a compound of the formula (I) where R' is phenyl substituted
by chloro, bromo or iodo and X, X', R, R? and m are as defined in claim 1;

(e) where R%is a group of the formula:-

-NHR?®, (C3-C7 cycloalkyl-C1-Cs alkyl)HN-,

R3 R’ Q |
Dant VU N

—X~-N W, =N W ., —NrR'so.N" ‘W ,
: v

N\
--N\/(W‘ or CH,Wh) —-NCD—R9 or —N®—R9

R® is -NHRS, W is NH or CHNHR®, W' is CHNHRS, W2 is W', -CH,W'-,
-CH;WCH,- or -CH,CH:WCH,-, and X, X', X% R, R", R®, R®, R”, m and n are as
previousty defined for a compound of the formula (1), deprotection of a compound

RlPﬂx__ N<>—X1——Rl°

R, N _ACHJm

of the formula:-

(XXIV)

where R'® is a group of the formula
-NZ'R?, (Ca-C; cycloalkyl-C4-Cs alky)Z*N-,



- Iy
S ~

—xrN WA , —N WY . —NR'SO.N W™,
: /

9A

, respectively, R* is -NZ*R°, W* is NZ* or CHNZ'R®, W' is CHNZ'R®, W™ is
W' _CH,W'A-, -CH,WACH;- or -CH,CH:WACHz-, X, X', X% R, A, R, R, R®,
R® R, m and n are as previously defined for a compound of the formuia (1) and
Z' is a suitable protecting group, e.g. t-butoxycarbanyl ar benxyloxycarbonyl;

()  where R%is a group of the formula:-

R X o
CHyn

where p is 1 or 2, W? is -CH2S(0)pCHgz- or -CH,CH2S(0),CH;,- and X, X', X, R,
A, R', R®, R®, R’, m and n are as defined in claim 1, oxidation of a compound of
the formula (I} where R? is a group of the formula:-

RD R7 0

< VAN
—X=N SorSO), —N [(SorSO) or —NR'SON_ W'

(CHo)n

RG
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(@  where R?is a group of the formula:- RS e

and X, X', R, A, R’ and m are as defined in claim 1, deprotection of a compound

R x——N<>—4x‘
% \
N

R\AJN\/(CHgm

of the formula:-

oz

XXV)

where Z° is a suitable protecting group (e.g. acetyl or tetrahydropyran-2-yl), and X,
X', R, A, R' and m are as defined in claim 1;

(h)  where X' is a direct link and R? is -NR°R*, (C2-C7 cycloalkyl-C,-Cs
alky)R®N-, (C3-C7 cycloalkyl-C1-Cs alkyl)sN-, or is a group of the formula:-

R3 R’

—‘N )W H
>—(CH:')n
RS

/\ | 1
—N (W’l or CH.W") 3
v <

—-NC>—R9' : or —N@—‘(Rs orR%)

and X, W, W, R, A, R', R%, R*, R, R®, R’, R?, R%, m and n are as defined in claim
1, reaction of a compound of the formula:-



e
R |><——\<>— |

R\A,N\/(CHgm

XXVI)
where X, R, A, R' and m are as defined in claim 1 and Z’ is a suitable leaving

group (e.g. methanesulphonyloxy or p-tolueneshlphonyloxy), with a compound of
the formula: '

HNR®R?, (Cs-C; cycloalkyl-C1-Ca alky)R°NH, (Ca-C7 cycloalkyl-C1-Cs alkyl)aNH,
RY R’

Nl 1
,  BN_ (W orCH,W ,
EN W | A 2W)
—(CHy)n
RG :

HN/\:D—~R9 or }IN@_(RS orR%

respectively, where W, W', %, R®, R®, R, R, R%, R% and n are as defined in
claim 1;

(h  where X, X', R, A R', R2and m are as defined in (h) above,
reductive amination using as starting materials a compound of the formula:-

N
Rl X—N O
Vv
R\ /N\/(CHﬁm
A

where X, R, A, R' and m are as defined in ciaim 1, and a compound of the
formula:-

HNR®R®, (Cs-C cycloalkyl-C1-Cs alkyl)R°NH, (C3-C7 cycloalkyl-C,-C, alkyl);NH,
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RY R’
. .
BN (W orCH,W) s
IIN /“’ ' \/ -
CHJ)p
RE

, as appropriate, or an acid addition salt thereof, where W, W’ R®, R*, R®, RS, R,
R®%, R% and n are as defined in claim 1;
) where R? is morpholino and X, X', R, A, R' and m are as defined in
claim 1, reaction of a compound of the formula (I) where R?is -NH, and X, X', R,
A, R' and m are as defined in claim 1, with bis(2-chioroethyl) ether;
(k)  derivatisation of certain amine compounds of formula (1), wherein R?

is

—X3—N /W y —N W ) —‘NRSSO-_!N\/WZ ,

VN
R

wherein W is NH or CHNHR®, W' is CHNHR®, W?is W', .CHW'-, -CH,WCH,-
or
-CH,CH,WCH,-, or R is -NHR® and X, X', X3, R, A, R', R®, R®, R", m and n are as

defined in claim 1, to produce
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(ii)

(iii)

(iv)

- 18-

a compound of the formula (1) wherein W is NR® or CHNR®RE, W' is
CHNR®R® or R? is -NHR®, or an acid addition salt thereof, as appropriate, -
wherein R® and R°® are as defined in claim 1, with the provisos that R is not
H and it has a methylene group bonded to the nitrogen atom, by reductive
amination with an aldehyde of the formula (C;-Ca alkyl-CHO or (C3-C,
cycloalkyl-C4-C3 alkyl}:CHO, said C4-Cj alkyl and Ca-C; cycloalkyl-Cs-Cy
alky! being optionally substituted by fluoro;

a compound of the formula (I) wherein W is NCONHR® or CHNR®CONHR?,
W' is CHNR®CONHR® or R® is -NR*CONHR?®, as appropriate, wherein R®
and R® are as defined in claim 1, with the proviso that R® is not H, by
reaction with an isocyanate of the formula:

R°NCO
wherein R® is defined in claim 1;

a compound of the formula (i) wherein W is NSO,CF3 or CHNR*SO,CF;,
W' is CHNR®SO,CF; or R® is -NR*SO.CF3, as appropriate, wherein R® is
as defined in claim 1 by reaction with triﬂuoromemanesulphonyl chloride or
trifluoromethanesulphonic anhydride, optionally in the presence of a
suitable acid acceptor, e.g. triethylamine, pyridine or potassium carbonate;

a compound of the formula (l) wherein W is NSO2(C;-C4 alkyl)

NSO NR®R®, NSO, (morpholino), NSOg{aryl) CHNR®(SO, C4-C4 alkyl) or
CHNR®SO,NR®R®, W' is CHNR®(SO; C1-Cs alkyl) or CHNR®SONA®RS, or
R? is -NR®(SO2 C1-C4 alkyl) or -NR°SONR°R’, as appropriate, wherein R®
and R® are as defined in claim 1, by reaction with a C,-C, alkanesulphonyl
chloride or bromide, a C1-C4 alkanesulphonic anhydride or a compound of
the formula:

RSRENSO,(C! or Br), {morpholino)SO2(C! or Br) or {ary)SO(Ci or Br),

as appropriate, optionally in the presence of a suitable acid acceptor, e.g.
triethylamine;
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(v)  acompound of the formuia (1) wherein W is NCOR® or CHNRSCOR®, W' is
CHNR’COR?® or R? is -NR*COR®, as appropriate, wherein R® and R® are as
defined in claim 1, with the proviso that R® is not H, by reaction with a
compound of the formula:

RSCO(C! or Br) or (R®C0),0
wherein R® is as defined in claim 1, optionally in the presence of a suitable
acid acceptor, e.g. triethylamine;

(Vi)  a compound of the formula (1) wherein W, W' or R® is as defined in (v)

above, as appropriate, by condensation with a compound of the formula:-
R°CO.H

wherein R® is as defined in claim 1;

or

(vii) a compound of the formula (1) where W is NSO,NR®RS or
CHNR°SO,NR°R®, W' is CHNR’SO.NR’R® or R® is -NR°SO,NRSR®, as
appropriate, wherein R® and R° are as defined in claim 1, by reaction with a
compound of the formula: . '

 R°R°NSO:NH:

()  wherein R?®is: " |

—x=N_ W , ,
CHo)n
RS
VAN
-—NRSSOZN C‘VZ or _N\/(WI or Cszl')

wherein W and W' are CHCO,H and W?is W', -CH,W'-, -CH,WCH,- or
-CH.CH.WCH,- and X, X', X% A, R, R', R, R%, R®, R”, m and n are as defined in
claim 1, hydrolysis of a compound of the formula (I) wherein

W and W' are CHCO2(C1-Ca alkyl), W? is W', -CHaW'-, -CH,WCH,- or
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-CHzCHWCHz- and X, X', %2, A, R, R', R%, R®, R®, R”, m and n are as defined in _
claim 1;

(m) wherein R%is

RS R’ 0
>“\ s\
BT, —N W . —NR%0O.N W
XN W ' N/ T
CHa)n
RG

» 9
_N/\ml or CH:WI) ’ —N/\:D_R or —N®—R
N

wherein W and W' are CHNR®R®, W2 is W', -CHaW'-, -CH,WCH,- or
-CH,CH,WCH.-, R®is -NR°R® and X, X', X3, A, R, R', R%, R®, R, R”, m and n are
as defined in claim 1, reaction of a compound of the formula:

R1PSX—N1>—X1—R13
R\A,N\/(Cﬂz)m

(XXVII)

wherein R is

WE —NRTSON wB

—NC(W‘B or CH,WB)  or —"*®'—Zs

wherein W® and W'8 are CHZ?, W?® is W'8, -CH,W ., -.CHWBCH,- or -
CH2CH,W®CH,-, 22 is a suitable leaving group, (e.g. halo, methanesulphonyloxy,
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triflucromethanesulphonyloxy or p-toluenesulphonyloxy), and X, X', X3, R, A, R',
RS, R, R’, m and n are as defined in claim 1, with a compound of the formula:
HNR°R®
wherein R® and R® are as defined in claim 1, optionally in the presence of a
suitable additional acid acceptor, e.g. triethylamine or potassium carbonate;
(n}  wherein RZis

R R’
' /N .
— 2_... y —N (W OPCH2W)
N O or v .
CH.)p
RG

W and W' are CHNR®R® and X, X', X2 R, A, R', R®, R®, R”, m and n are defined
in claim 1, reductive amination using as the starting materials a compound of the
tormula ([):

wherein R? is 5 7

R R
VAN
_X?-__ho or —N \/(CO or CH,CO)

—CEn

RS
and X, X', X%, R, A, R, R®%, R®, R, m and n are as defined in claim 1, and a
compeund of the formula: .
HNR°R®
wherein R® and R® are as defined in claim 1;
(o) intramolecular cyclisation of a compound of the formula:
2
R! X—NHCH,CH—X!—R?

R\A,N ~(CH)m
XXX

wherein X, X', R, A, R', R? and m are as defined in claim 1 and Z° is a suitable
leaving group (e.g. halo, methanesulphenyloxy or p-toluenesuiphonyloxy),
optionally in the presence of a_suitable acid acceptor, e.g. triethylamine; and/or
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P where A is CO, intramolecular cyclisation of a comgound of the
formula (XXX):

R%‘(—NQ—X’-—RZ

2
XXX)
wherein X, X', R, A, R', R? and m are as defined above in methed (o), and the
reaction is carried out by treatment with a suitable base such as n-butyllithium

said process being followed by, optionally, conversion of the compound of formula
(1) into a pharmaceutically acceptable salt therepf.



