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INDOLE DERIVATIVES AS EAA ANTAGONSISTS

This invention relates to novel indole derivatives, to processes for their
preparation, to pharmaceutical compositions containing them and to their use in
medicine. In particular, it relates to indole derivatives which are potent and
specific antagonists of excitatory amino acids.

WO092/16205 describes 3-substituted 2-carboxyindole derivatives which are
useful in the treatment of neurodegenerative diseases. WO92/21153 aiso
describes nove! 3-substituted 2-carboxyindole derivatives which are potent
antagonists at the strychnine insensitive glycine binding site located on the N-
methyl-D-aspartate (NMDA) receptor complex and hence useful in the treatment
of neurodegeneative diseases. :

We have now found a further novel group of 3-substituted 2-carboxyindoie
derivative that have a specific antagonist activity at the strychnine insensitive
glycine binding site located upon the NMDA receptor complex coupled with an
advantageous pharmacological profile of activity.

Accordingly the present invention provides a compound of formula {l)

(CHANR,CXNR R,
NH
a4

(o]

\N)——CcooH
NH
(R)m
)]

or a salt, or metabolically iabile ester thereof wherein R represents a group
selected from halogen, alkyl, alkoxy, amino, alkylamino, dialkylamino, hydroxy,
trifluoromethyil, trifluoromethoxy, nitro, cyano, SO2R40r COR4 wherein R,
represents hydroxy, methoxy, amino, alkylamino or dialkylamino; m is zero or an
integer 1 or 2;
A represents an ethynyl or optionally substituted ethenyl group;
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R, represents hydrogen or an optionally substituted alkyl, cycloalkyl, aryl or
heterocyclic group;

R2 represents hydrogen or alkyl; or

R4 and R together with the nitrogen atom to which they are attached represent
a 5-7 membered heterocyclic ring which may contain an additional heteroatom
selected from oxygen sulphur or nitrogen;

Rg3 represents hydrogen or alkyl;

niszerooranintegerfrom1ito 4

X=0orS.

The compounds represented by formula(l) can exist in more than one isomeric
form and all possible isomers are included in formula(l).

Thus when the group A in the compound of formuia(l) is an optionally substituted
etheny! group there can exist cis(Z) and (E) trans isomers and the invention
includes all such isomers and a mixture thereof.

For use in medicine the salts of the compounds of formula (1) will be
physiologically acceptable thereof. Other salts however may be useful in the
preparation of the compounds of formula (I) or physiologically acceptable salts
thereof. Therefore, unless otherwise stated, references 1o saits include both

physiologically acceptable salts and non-physiologically acceptable salts of
compounds of formula ().

Suitable physiologically acceptable salts of compounds of the invention include
base addition saits and where appropriate acid addition saits.

Suitable physiologically acceptable base addition salts of compounds of formuia
(1) include alkali metal or alkaline metal salts such as sodium, potassium,,
caicium, and magnesium, and ammonium saits, formed with amino acids (e.g.
lysine and arginine) and organic bases { e.g. procaine, phenylbenzylamine,
ethanolamine diethanolamine and N-methyl! glucosamine).

The compounds of formula () and/or salts thereof may form solvates (e.g.
hydrates) and the invention includes all such solvates.

It will be appreciated that the compound of formula (1) may be produced in vivo
by metabolism of a suitable prodrug. Such prodrugs include for example
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physiologically acceptable metabolically labile esters of compounds of the
general formula (I). These may be formed by esterification, for example of any of
the carboxylic acid groups in the parent compound of general formula (1) with
where appropriate prior protection of any other reactive groups present in the
molecule followed by deprotection if required. The types of ester grouping that
may be used as metabolically labile esters are those widely used in
pharmaceutical chemistry and are well known to those skilled in the art.

The term alkyl as used herein as a group or part of a group refers to a straight or
branched chain alky! group containing from 1 to 4 carbon atom examples of such
groups including methyl, ethyl, propyl, isopropyl, n-butyl isobutyl, secondary
butyl or tertiary butyl.

The term substituted alky! refers to alkyl substituted by one or more hydroxy,
aminocarbonyl, carboxyl or amino groups.

The term optionally substituted ethenyl means an etheny! group optionally
substituted by 1 or 2 alky! grotips oran optionally substituted phenyi group and
includes both cis and trans isomers.

Example of such groups include ethenyl, 1-methylethenyl,2-methylethenyl 1,2-
dimethyletheny! or 1-phenylethenyl.

The term halogen refers to a fluorine, chlorine, bromine or iodine atom.

The term cycloalkyl refers to a C3.7cycloalkyl group which may optionally be
substituted or 1 or 2 C4.4 alky! groups e.g cyclopropyl, cyclobutyl,cyclopentyl,
cyclohexyl cycloheptyl or 2-methylcyclohexyl.

The term ary! refers to an optionally substituted phenyl groupora § or 6
membered heroaryl in which the 5-membered heteroaryl group contains 1 or 2
heteroatoms selected from oxygen sulphur or nitrogen and 6-membered
heteroaryl group containing 1 or 2 nitrogen atoms.

Example of suitable heteroary! groups include furanyl, thiophenyl, imidazolyl,
isoxazolyl, thiazolyl, oxazolyl, pyridy!, and pyrimidinyl.
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The term optionally substituted phenyl refers to a phenyl group substituted with
up to 3 substituents selected from haldgen, C14.4 alkyl, C4.4 alkoxy, amino,
alkylamino, dialkylamino, fluoro, chioro, hydroxy, trifluoromethyl, carboxyl or
methoxycarbonyl. :

The term optionally substituted heterocyclic group refers to 5-7 membered
saturated heterocyclic group containing one or two heteroatoms selected from
oxygen, sulphur or nitrogen. Examples of suitable groups containing a single
heteroatom include tetrahydropyranyl e.g. 4-tetrahydropyranyl, pyrrolidinyl e.g 2
or 3 pyrrolidinyl, piperidinyl e.g 4- or 3-piperidinyl and N-substituted derivative
therefore (e.g. N-alkyl such as e.g. methyl or N-acyl such as N-alkanoyl e.g.
acetyl or N-alkoxycarbonyl e.g. ethoxycarbonyt), piperidino or pyrrolidino.
Examples of suitable groups containing 2 heteroatoms include morpholino,
thiomophlino or piperazino.

When R1 and R2 together with the nitrogen atom to which they are attached
represent an heterocyclic group, this refers to a 5-7 membered ring optionally
containing an additional heteroatom selected from oxygen/sulphur or nitrogen -
and which ring is saturated or contains 1 or 2 double bonds. Example of
suitable saturated groups include morpholino, 2,6 -dimethylmorpholino,
piperidino, pyrrolidino, piperazino or N-methylpiperazino. Examples of suitable
heterocyclic groups containing 1 or 2 double bonds include N-imidazoline or N-
imidazole.

in the compounds of formula (l) the group (CH;)nNR,XR.Rz may be atthe 2, 3or
4 position in the phenyl ring. Conveniently it is in the 3 or 4 position, and more
preferably the 4 position.

In compounds of formula (I) the group X is conveniently oxygen.

A preferred class of compounds of formula (1) are those whereinm is 1 or 2 and
within this class those wherein R is at the 4 and/or 6 position are particularly
preferred. More preferably mis 2.

The group R is conveniently a halogen atom and preferably a chlorine atom.
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When A is a substituted ethenyl group it is conveniently substituted by a single
substituted at the 1-position.. Examples of such groups include 1-methylethenyl
and 1-phenylethenyl.

When A is an optionally substituted ethenyl group it is conveniently in the E

configuration(trans isomer) :

Most conveniently A is an unsubstituted ethenyl group in the E configuration.

Examples of suitable R, groups include hydrogen, alkyl e.g. methyl or ethyl, alkyl
substituted by carboxyl e.g. carboxymethyl, cycloalkyl e.g. cyclopropyl or
cyclohexyl, aryl e.g. phenyl (optionally substituted by for example methoxy) or
pyridyl e.g. 3-pyridyl, or a heterocyclic group e.g 4-tetrahydropyranyl.

Conveniently R, represents hydrogen or a methyl group.
The group Rs is conveniently hydrogen.

A preferred group of compounds of formula (1) are those wherein R, represents
hydrogen, methyl, ethyl, carboxymethyl, phenyt optionally substituted by
methoxy, cyclopropyl, cyclohexyl, 4-tetrahydropyranyl or 3-pyridyl, R; represents
hydrogen or methy! and R represents hydrogen. Within this group of
compounds preferably R; and Rs each represent hydrogen. Most preferably R;,
R: and Ry each represent hydrogen. '

Compounds of formula (I) wherein n is 2 or more particularly 1 represent a
particularly preferred class of compounds according to the invention.

In compounds of formula (1) when n is zero conveniently X is oxygen, R, is
hydrogen, methy!, phenyl, 3-pyridyl, or cyclohexyl, R; is hydrogen or methyl and
Rs is hydrogen, or more preferably R, R, and Rs each represent hydrogen.
Within this group of compounds those wherein the group (CH;), NRaCXNR4R; is
in the 4 position, A is an unsubstituted ethenyl group in the tran configuration, m
is 2 and R is chlorine in the 4 and 6 positions are especially preferred.
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For the compounds of formula (I) wherein n is an integer from 1 to 4,
conveniently R, is hydrogen, ethyl, phenyl optionally substituted by methoxy,
carboxymethyl, cyclopropyl, 3-pyridyl or 4-tetrahydropyranyl and R, and Rs are
hydrogen. Within this class of compounds those wherein the group (CHa)s
NRsCXNR4R;: is in the 3 or 4 position, n is 2 or more particularly 1, Aisan
unsubstituted etheny! group in the trans configuration, m is 2 and R is chiorine in
the 4 and 6 positions are preferred. A particularly preferred group of compounds
from within this class of compounds are those wherein X is oxygen and more
particularly R, R and R, each represent hydrogen.

A particularly preferred compound according to the invention is

4,6-dichloro-3-[{E)-2'{4'-ureidomethylphenylcarbamoyl)ethenyl]-1-H-indole-2-
carboxylic acid and physiologically acceptable salts thereof.

Further preferred compounds of the invention include

4,6-dichloro-3-{(E)-2'- ( 4'-ethylureidomethyiphenylcarbamoyl ) ethenyl } -1-H-
indole- 2-carboxylic acid;

4,6-dichloro-3-{(E)-2'- ( 4'-ethy|th|owe|domeﬂ1ylphenylcarbamoyl ) ethenyl] -1-H-
indole -2-carboxylic acid;

4,6-dichloro-3-(E)-2'- ( 4'-phenylureidomethyl-phenylcarbamoy! ) ethenyl } -1-H-
indole -2-carboxylic acid;
4,6-dichloro-3-[(E)-2 -(4 -ureidoethylphenylcarbamoyl)ethenyl]-1H-indole-2-
carboxylic acid;

(E)-4,6-dichloro-3-{2'- (4'-phenyl-ure|do—phenylcarbamoyl)ethenyl]—1 H-indole-2-

carboxylic acid;
(E)-4,6-dichloro-3--2'-(4"-cyclopropyl-ureido-methyi-phenylcarbamoyl)-vinyi}-1H-

indole-2-carboxylic acid;
(E)-4,6-dichloro-3-{2'-(3'-ureidomethyl)-phenylcarbamoyl)-ethmyi}-1H-indole-2-
carboxylic acid;
(E)-4,6-dichloro-3-{2'{4'-(4"-methoxy-phenyl-ureidomethyl)-phenyt carbamoyil]
ethenyl}-1H-indole-2-carboxylic acid;
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(E)4,6-dichloro-3-{2’-{4'-tetrahydro-pyran-4"-yi-ureido-methyl)-
phenyicarbamoy!)-ethenyl}-1H-indole-2-carboxylic acid;
(E)4,6-dichloro-3{2'-(4'-nicotin-3"-yl-ureido-methyl-phenyicarbamoyl)-ethenyl}-
1H-indole-2-carboxylic acid;

(E)-4,6-dichloro-3-[2-(4'-carboxymethyl ureido-methyl-phenylcarbamoyl)
ethenyl]- 1H-indole-2-carboxylic acid;

4,6-dichloro-3-{(E)-2'- ( 4'-ureidophenyicarbamoyl) ethenyl] -1-H-indole -2-
carboxylic acid and physiologically acceptable salts thereof.

The compounds of formula (l) and or physiologically acceptable salts thereof
are excitatory amino acid antagonists. More particularly they are potent
antagonists at the strychnine insensitive glycine binding site associated with the
NMDA receptor complex. As such they are potent antagonists of the NMDA
receptor complex. Moreover the compounds of the invention exhibit an
advantageous profile of activity. These compounds are therefore useful in the
treatment or prevention of neurotoxic damage or neurodegenerative diseases.
Thus the compounds are useful for the treatment of neurotoxic injury which
follows cerebral stroke, thromboembolic stroke, hemorrhagic stroke, cerebral
ischemia, cerebral vasospam, hypoglycemia, anaesia, hypoxia, anoxia, perinatal
asphyxia cardiac arrest. The compounds are useful in the treatment of chronic
neurodegenerative diseases such as; Huntingdon's disease, Alzheimer's senile
dementia, amyotrophic lateral sclerosis, Glutaric Acidaemia type, muiti-infarct
dementia, status epilecticus, contusive injuries {e.g. spinal cord injury and head
injury), viral infection induced neurodengeration , (e.g. AIDS, encephalopaties),
Down syndrome, epilepsy, schizophrenia, depression, anxiety, pain, migraine,
neurogenic bladder, irritative bladder disturbances, drug dependency, including
withdrawal symptoms from alcohol, cocaine, opiates, nicotine, benzodiazepine,
and emesis.

The potent and selective action of the compound of the invention at the
strychnine- insensitive glycine binding site present on the NMDA receptor
complex may be readily determined using conventional test procedures. Thus
the ability to bind at the strychnine insensitive glycine binding site was
determined using the procedure of Kishimoto H et al. J Neurochem 1981, 37
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1015-1024. The selectivity of the action of compounds of the invention for the
strychnine insensitive glycine site was confirmed in studies at other ionotropic
known excitatory amino acid receptors. Thus compound of the invention were
found to show littie or no affinity for the kainic acid (kainate) receptor, a-amino-

3-hydroxy-5-methyl-4-isoxazole-propionic acid (AMPA) receptor or at the NMDA
binding site.

Compourds of the invention have also been found to inhibit NMDA induced
convulsions in mice wusing the procedure Chiamulera C et al
Psychopharmacology (1990) 102, §51-552.

The neuroprotective activity of compounds of the invention may alsc be
demonstrated in the middle cerebral artery occulsion preparation in mice using

the procedure described by Chiamulera et al European Journa! of Pharmacology
216 1992 335-336. '

in these in-vivo experiments compounds of the invention exhibit surprisingly
good activity when administered by the intravenous route.

The ability of the compounds to inhibit pain may be demonstrated in
conventional analgesic screens such as those described by J. J. Bennett, J. K
Xie Pain, 1988, 41 87-107

The invention therefore pfovides for the use of a compound of formula (!) and or
physiologically acceptable salt or metabolically labile ester thereof for use in
therapy and in particular use as medicine for antagonising the effects of

- excitatory amino acids upon the NMDA receptor complex.

The invention aiso provides for the use of a compound of formuia (i) and/or a
physiologically acceptable salt or metabolically labile ester thereof for the
manufacture of a medicament for antagonising the effects of excitatory amino
acids upon the NMDA receptor complex.

According to a further aspect the invention also provides for a method for
antagonising the effects of excitatory amino acids upon the NMDA receptor
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complex, comprising administering to a patient in need thereof an antagonistic
amount of a compound of formula (1) and/or a physiologically acceptable salt or
metabolically labile ester thereof. '

it will be appreciated by those skilled in the art that reference herein to treatment
extends to prophylaxis as well as the treatment of established diseases or
symptoms.

it will further be appreciated that the amount of a compound of the invention
required for use in treatment will vary with the nature of the condition being
treated the route of administration and the age and the condition of the patient
and will be ultimately at the discretion of the attendant physician. In general
however doses employed for adult human treatment will typically be in the range
of 2 to 800mg per day, dependent upon the route of administration.

Thus for parenteral administration a daily dose will typically be in the range 20-
100mg preferably 60-80mg per day. For oral administration a daily dose will
typically be within the range 200-800mg e.g. 400-600mg per day.

The desired dose may conveniently be presented in a single dose or as divided
doses administered at appropriate intervals, for example as two, three, four or

more sub-doses per day.

While it is possible that, for use in therapy, a compound of the invention may be

- administered as the raw chemical it is preferable to present the active ingredient

as a pharmaceutical formulation.

The invention thus further provides a pharmaceutical formulation comprising a
compound of formula (I) or a pharmaceutically acceptable salt or metabilcially
labile ester thereof together with one or more pharmaceutically acceptabie
camriers therefor and, optionally, other therapeutic and/or prophylactic
ingredients; The carrier(s) must be '‘acceptable’ in the sense of being compatible
with the other ingredients of the formulation and not deleterious to the recipient
thereof.
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The compositions of the invention include those in a form especially formulated
for oral, buccal, parenteral, inhalation or insufflation, implant, or rectal
administration. Parenteral administrationis preferred. -

Tablets and capsules for oral administration may contain conventional excipients
such as binding agents, for example, syrup, accacia, gelatin, sorbitol,
tragacanth, mucilage of starch or polyvinylpyrrolidone; fillers, for example,
lactose, sugar, microcrystalline cellulose, maize-starch, calcium phosphate or
sorbitol; lubricants, for example, magnesium stearate, stearic acid, talc,
polyethylene glycol or silica; disintegrants, for example, potato starch or sodium
starch glycollate, or wetting agents such as sodium lauryl sulphate. The tablets

- may be coated according to methods well known in the art. Oral liquid

preparations may be in the form of, for example, aqueous or oily suspensions,
solutions emuisions, syrups or elixirs, or may be presented as a dry product for
constitution with water or other suitable vehicle before use. Such liquid
preparations may contain conventiona! additives such as suspending agents, for
example, sorbitol syrup, methyl celiulose, glucose/sugar syrup, gelatin,
hydroxyethyicellulose, carboxymethyl cellulose, aluminium stearate gel or
hydrogenated edible fats; emulsifying agents, for example, lecithin, sorbitan
mono-oleate or acacia; non-aqueous vehicles (which may include edible oils), for
example, almond oil, fractionated coconut oil, oily esters, propylene glycol or
ethyi alcdhol; solubilizers such as surfactants for example polysorbates or other
agents such as cyclodextrins; and preservatives, for example, methyl or propyl p-
hydroxybenzoates or ascorbic acid. The compositions may also be formulated
as suppositories, e.g. containing conventional suppository bases such as cocoa
butter or other glycerides.

For buccal administration the composition may take the form of tablets or
lozenges formulated in conventional manner.

The composition according to the invention may be formulated for parenteral
administration by injection or continuous infusion. Formulations for injection may
be presented in unit dose form in ampoules, or in multi-dose containers with an
added preservative. The compositions may take such forms as suspensions,
solutions, or emulsions in oily or aqueous vehicles, and may contain formulatory
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agents such as solublilising, stabilising and/or dispersing agents, fonicity
adjusters and buffering agents or pH adjustors. Altematively the active
ingredient may be in powder form for constitution with a suitable vehicle, e.g.
sterile, pyrogen-free water, before use.

For administration by inhalation the compounds according to the invention are
conveniently delivered in the form of an aerosol spray presentation from
pressurised packs, with the use of a suitable propeliant, such as
dichlorodifluoromethane, ftrichioroflucromethane, dichloro-tetrafiuoroethane,
carbon dioxide or other suitable propellant, such as dichlorodifiuoromethane,
trichlorofluoromethane, dichlioro-tetrafiluoroethane, carbon dioxide or other
suitable gas, or from a nebuliser. In the case of a pressurised aerosol the
dosage unit may be determined by providing a vaive to deliver a metered
amount. :

Altermatively, for administration by inhalation or insuffiation, the compounds
according to the invention may take the form of a dry powder composition, for
example a powder mix of the compound and a suitable carrier such as lactose or-
starch. The powder composition may be presented in unit dosage form in for
example capsules or cartridges of e.g. gelatin, or blister packs from which the
powder may be administered with the aid of an inhaler or insuffiator.

The composition according to the invention may also be formulated as a depot
preparation. Such long acting formulations may be administered by implantation
(for example subcutaneously or intramuscularly) or by intramuscular injection.
Thus for example, the compounds of the invention may be formulated with
suitable polymeric or hydrophobic materials (for example as an emulsion in an
acceptable oil) or ion exchange resins, or as sparingly soluble derivatives, for
example, as a sparingly soluble salit.

The compositions according to the invention may contain between 0.1 - 99% of
the active ingredient, conveniently from 30- 85% for tablets and capsules and 3-
50% for liquid preparations.
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Compounds of general formula (1) and salts thereof may be prepared by the
general methods cutlined hereinafter. in the following description, the groups R,
X, n, R4, R2, R3 are as defined for the compounds of formula (1) unless
otherwise stated.

Compounds of formula (1) in which A is an optionally substituted sthenyl group
may be prepared from the compounds of formula(if) in which Ry, Ry, mandn

“have the meaning defined in formula (I), A is an optionally substituted etheny!

group, R5 is carboxylic protecting group and Rgrepresents hydrogen or a

nitrogen protecting group
(CHNNHR,
W

(»]
: COOR,
®Im \
Ry
(¢1))
RR,NC=X (IO) RiR;NC=XR, av)

by reaction with the compounds of formuta (lil) wherein X represents oxygen or

sulphur and R 4R2 have the meanings defined in formula (l) or is protected
derivatives thereof, or the compounds (IV) wherein the R and R2 have the
meaning defined in formula(l) or are protected derivatives thereof and Ry is
optionally substituted phenoxy ,halogen, or imidazole group followed where
necessary or by subsequent removal of the carboxy! protecting group Rs and
any nitrogen protecting group Rg

The reaction with the compound (Il) is conveniently carried out in a solvent such
as tetrahydrofuran or aqueous tetrahydrofuran, a halohydrocarbon (e.g.
dichloromethane), or acetonitrile optionatly in the the presence of a base such as
triethylamine, and at a temperature with the range of 0 - 80°C.
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The reaction with the compound (IV) is preferably carried out in a solvent such
as a halohydrocarbon (e.g. dichioromethane) or an ether {e.g. tetrahydrofuran)
or an amide (e.g. N,N-dimethylformamide) at a temperature with the range of
room temperature to the refiux temperature of the solvent and optionally in the
5 presence of a base such as a tertiary amine e.g. triethylamine. When the
reaction is carried out using a compound of formula (IV) wherein R; is halogen
the reaction is conveniently carried out at a temperature with the range 0-60 °C.

Suitable carboxyl protecting groups R for use in these reactions include allyl,
10 alkyl, trichloroalkyl, trialkylsilylalky! or aryimethyl groups such as benzyl,
nitrobenzyl or trityl.

When Rg is hitrogen protecting examples of suitable groups include
alkoxycarbonyl e.g. t-butoxycarbonyl, arylsulphonyl e.g. phenysulphonyl or 2-
16  trimethylsilylethoxymethyl. )

in a further process of the invention compounds of formula (l) ,wherein R, m, Rs
and Rg have the meanings defined above and A is optionally substituted ethenyl
group may be prepared by reaction of an activated derivative of the

20 carboxylic acid (V)

ACO,H
A\ CO R
2 &
N
m W
v)
25
ith the amin
w a .' eV (CH,IPNR,CXNR,R,
H,

Vi



10

15

20

25

35

WO 96/27588 PCT/EP96/00840

14

whersein R4 ,_Rz,Rs ,nand X have the meanings defined in formula(l) or are
protected derivative thereof , followed where necessary by subsequent removal
of the carboxyl protecting group Rs and any nitrogen protecting group Rg

Suitable activated derivatives of the carboxy] group include the corresponding
acyl halide, mixed anhydride, activated ester such as a thioester or the derivative
formed between the carboxylic acid group and a coupling agent such as that
used in peptide chemistry, for example carbonyl diimidazole or a diimide such as
dicyclohexylcarbodiimide.

The reaction is preferably carried out in an aprotic solvent such as a
hydrocarbon, a halohydrocarbon, such as dichloromethane or an ether such as
tetrahydrofuran.

Suitable carboxyl protecting groups Rg for use in these reactions inciude allyi,
alkyl, trichloroalkyl, trialkyisilylalky! or arylmethyl groups such as benzyl,
nitrobenzy! or trityl.

Suitable nitrogen protecting groups Rg include alkoxycarbonyl e.g. t-
butoxycarbonyl, arylsulphonyl e.g. phenysulphonyl or 2-
trimethyisilylethoxymethyl.

The activated derivatives of the carboxylic acid (V) may be prepared by
conventional means. A particularly suitable activated derivative for use in this
reaction is thioester such as that derived from pyridine-2-thiol. These esters
may conveniently be prepared by treating the carboxylic acid (V) with 2,2'-
dithiopyridine and triphenylphosphine in a suitable aprotic solvent such as an
ether e.g. tetrahydrofuran, a halohydrocarbon e.g. dichloromethane, an amide
e.g. N,N-dimethylformamide or acetonitrile.

Compounds of formula (I) wherein A is optionally substituted ethenyl group may
also be prepared from compounds of formula (Vi) in which R and m have the
means given above, Rg is a carboxyl protecting group, Rgis hydrogen ora
nitrogen protecting group and Rg is hydrogen atom or a C4.4 alkyl group.
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CR,0
\ c°2R5
N
(R )m ks
(Vi)

by reaction with an appropriate phosphorus reagent capable of converting the
group CR,O into the group _

(CHNNR,CXNR,R,
Acoun—g

wherein n,X,R3,R2,R1 have the meanings defined above for formula (}) foliowed
where necessary or desired by removal of the carboxyl and/or nitrogen
protecting group.

When Rg is a nitrogen protecting example of suitable groups includes
alkoxycarbonyl e.g. t-butoxycarbony! or 2-trimethylsilylethoxymethyl or
arylsulphonyl e.g. phenyisulphonyl.

Suitable carboxyl protecting groups include allyl, alkyl, trichloroalkyl,
trialkyisilylatkyl or aryimethyl groups such as benzyl, nitrobenzyl or trityl.

In one embodiment of this process the reaction may be carried using a
phosphorus ylide of formula (Vill)

CHINNR,CXNR,R,
(R)),P=CHCONH ’@

(Vi)

wherein Rg is an alky! or phenyl group, and R4,R2,R3z Xand n
have the meanings defined above.
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The reaction is carried out in aprotic solvent such as acetonitrile or an ether
such as 1,4-dioxane and preferably with heating e.g. 40-1200,

In a further embodiment of the process the reaction is carried out using a
phosphonate of formula (IX) :

(R,DO),OPCH(R“)CONH—-@

(IX)

(CHINNR,CXNR R,

wherein R4 1 represents hydrogen, C1.4alky or optionally substituted phenyl;
Rigrepresents C4.4alkyl and R, ,R2, R3 have the meaning defined above.

The reaction is carried out in an aprotic solvent such as tetrahydrofuran and
optionally with heating.
Compounds of formula (I) wherein A is an ethynyl group may be prepared by

reaction of the compound (X)
(CHINNR,CXNR,R,
s
N
- R12
D—coR,
N
(R)m k’
X)

wherein R1,R2,R3,m, n, and X have the meanings defined in formula(l) or are
protected derivatives thereof, Rg and Rg have the meaning defined in formula
(11) with the proviso that Rg is not hydrogen and R12 represents an halogen
group such as chiorine, with a strong base lithium bis(trimethyisilyl)amide,
foliowed by the removal of protecting groups Rg and Rg.
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The reaction is carried out in an protic solvent such as ether e.g. tetrahydrofuran
and a temperature within the range -20 to +20 *C.

The protecting groups Rs and Rg may be removed by conventional procedures.
Compounds of formula(l) wherein A is an unsubstituted ethenyl group with the
cis configuration may be prepared from the corresponding compound of formula
(1) wherein A is ethynyl or a protective derivative thereof by reduction using
hydrogen and palladium or a calcium carbonate/lead oxide support as catalyst,
followed where necessary by removal of any protecting group.

in any of the above reactions the carboxy! protecting group R5 may be removed
by conventional procedures known for removing such groups. Thus compounds
when Rg is-an alkyl group, this may be removed by hydrolysis using an alkali
metal hydroxide e.g. lithium hydroxide or sodium hydroxide in a solvent such as
an alkanol e.g. ethanol or isopropanol, followed where desired or necessary by
that addition of a suitable acid e.g. hydrochloric acid to give the corresponding
free carboxylic acid.

in any of the above reactions the nitrogen protecting group may be removed by
conventional procedures known for removing such groups, for example by acid
or base hydrolysis. Thus when Rg is alkoxycarbonyl e.g. t-butoxycarbonyl or
phenyisulphonyl it may be removed by alkaline hydrolysis using for example
sodium hydroxide or lithium hydroxide in a suitable solvent such as
tetrahydrofuran or an alkanot e.g. isopropanol.

Physiologically acceptable salts of compounds of formula (I) may be prepared by
treating the corresponding acid with an appropriate base in a suitable solvent.
For example alkali and alkaline metal salts may be prepared from an alkali or
alkaline metal hydroxide, or the corresponding carbonate or bicarbonate thereof.
Alternatively alkali or alkaline metal salts may be prepared by direct hydrolysis of
carboxyl protected derivative of compound of formula (1) with the appropriate
alkali or alkaline metal hydroxide.

Metabolically I_abiie esters of compounds of formula (i) may be prepared by
esterification of the carboxylic acid group or a salt thereof or by trans
esterfication using conventional procedures.
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Compound of formula (il) may be prepared from an activated derivative of
carboxylic acid(V) and amine (XI)

"“*@*«cmm.&,

Xi)

wherein R3 has the meaning defined in formula (1) and R43 is nitrogen
protecting group as defined above for Rg, using similar reaction conditions for
those described above for the reaction compounds of formula (V) with
compounds (V1) followed by the removal of the nitrogen protecting groups R13.
Compounds of formula (V) wherein A is an optionally substituted ethenyl group
may be prepared from compound of formula (VII) and a phosphorus ylide
(Rg)3P=CH CO2But or phosphonate (R100)20P-CH (R14)CO28ut using
similar reaction conditions for those described above for the reaction of (Vi) with
the compounds of formula (Vi) or (1X) followed by removal of the t-buty!
protecting group. '

The compounds of formula [ wherein R4, R3 and m have the meanings defined
in formula (1), A is an optionally substituted ethenyl group, nis 1to 4, Rs is
hydrogen or a carboxyl protecting group and R6 is hydrogen or a nitrogen
protecting group are novel compounds and useful intermediates for the
preparation of the corresponding compounds of formuia (1).

Thus in a further aspect the invention provides compounds of formula (Il)
wherein R4, R3 and m have the meanings defined in formuta (1), Ais an
optionally substitued ethenyl group, nis 1 to 4, Rg is hydrogen or a carboxyl
protecting group and Rg is hydrogen or a nitrogen protecting group and salts
thereof. Particularly useu! compounds of formula (ll) are those wherein A is an
ethenyl group in the trans configuration, mis 2, R is chlorine in the 4 and 6
positions and Rg3 is hydrogen, and more particularly n is 1 or 2. Conveniently
the group (CHx)nNHR, is at the 4 position in the phenyl ring.



10

15

20

25

WO 96/27588 ' PCT/EP96/00840

19

The compounds of formula (It) wherein Rg and Rg are hydrogen are also potent
and selective antagonists at the sh'ydmme insensitive binding site on the NMDA
receptor complex.

Compounds of formula (Vil) are either known may be prepared according to the
process described in EP No 568136 and WO 94/204605.

The compounds of formula (Vi) and (IX) are either known compounds or may
be prepared by analogous methods to these described for the known
compounds.

The compounds of formula (V) or (V1) are either known or may be prepared
using methods described for analogous compounds.

Compounds of formula (X) may be prepared from compounds of formula (Vil)
and a phoshonate (XII)

(CHnNR,ONR,R,
(R,,0),0PCH(R,JCONH’ E

{x1n)

using similar reaction condition for those described above for the reaction of (Vi)
with the phosphonate (I1X)

in order that the invention may be more fully understood the following exampies
are given by way of illustration only.

in the Intermediates and Examples unless otherwise stated:

Melting points (m.p.) were determined on a Gallenkamp m.p. apparatus and are
uncorrected .All temperature refers to °C.infrared spectra were mesured on a
FT-IR instrument. Proton Magnetic Resonance (1H-NMR) spectra were
recorded at 300 MHz, chemical shifts are reported in ppm downfield (d) from
Me4Si, used as intemal standard , and are assigned as singlets (s), doublets
(d), doublets of doublets (dd), triplets (), quartets (q) or multiplets (m). Colum



WO 96/27588 PCT/EP96/00840

20

chromathography was carrier out over silica gel (Merck AG Darmstaadt,
Germany). The following abbreviations are used in text: EA = ethyl acetate, CH =
cyciohexane, DCM = dichloromethane. Tic refers to thin layer chromatography

on silica plates. Solution were dried over anhydrous sodium sulphate. rt = room
temperature

s o} (]

Sodium hydride (0.35g) was dissolved in dry dimethylformamide (60ml)and
cooled at 0° then a solution of 4,6-dichloro-2-ethoxycarbonyl-3-(E)~(2'-tert-
butoxycarbonylethenyl)-1-H-indole (5.14g) in dimethyiformamide (40mil) was
added .The reaction mixture was stirred for 45 min at 0° then phenyisulfonyl
chloride (1.87ml) was added and the solution stirred ovemight atr.t.. The
solution was poured into a 0.5N aqueous solution of hydrochloric acid and
extracted with ethyl acetate (400mi). The organic phase was washed with a
solution of sodium hydrogencarbonate and brine then dried and evaporated
obtaining the fitle compound as a yellow solid (6.64g) R¢=0.78
(ethylacetate/cyclohexane=1/2 as eluant).

TH-NMR (CDClg): 8.05 (1H;d);8.01 (2H,d); 7.97 (1H,d);7.63 (1H,t); 7.52 (2H.¢);
7.28 (1H,d); 6.15 (1H.d); 4.51 ( 2H,m); 1.50 (9H,s); 1.43 (3H,1).

IR (Nujol) (cm-1): 1724 (C=0);1711.

termedi
E)M,6-dichloro-2-ethoxycarbonyl-3-(2'-ca ethenyl)-1-phenyls l-
indole
Intermediate 1 (6.6g) was dissolved in formic acid (200ml) and stirred for 3 hrs
then evaporated affording the title compound (5.8g)
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1H-NMR (CDCl3): 8.05 (1H;d);8.01 (2H,d); 7.97 (1H,d);7.63 (1H,t); 7.52 (2H,1);
7.28 (1H,d); 6.15 (1H,d); 4.51 ( 2H,m); 1.50 (9H,s); 1.43 (3H,1).

intermediate 2 (5. 149) was suspendad in dry tetrahydroﬂn'an (300ml) and 2,2'-
dipyridyl disulfide (3.36g) and triphenylphosphine (4g) were added. The
reaction mixture was stirred for 2,5 hrs at r.t. until the mixture was a clear
solution. Then 4-amino-N-fert-butoxycarbonyl-benzylamine (2.44g) was added
and the solution was refluxed for 3.5 hrs and overnight at r.t..The solvent was
ev.aporatad and the solid triturated with dichioromethane (100ml) then filtered
affording the {itle compound (4g).

1H-NMR (DMSO): 10.4 (bs, 1H); 8.09 (2H;d);8.00 (1H,d); 7.95 (1H,d);7.82
(1H.%); 7.70 (2H,1); 7.62 (2H,d);7.65 (1H,d); 7.30 (1H,t); 7.18 (2H,d). 6.51
(1H,d); 4.48 (2H,q); 4.06 (2H,d); 1.40 (SH,s); 1.30 (3H.1).

Intermediate 4
E ichloro-, oxycarbonyl '{4’-aminomet envl
[+) o @ {] dole

Intermediate 3 (2.5g) was suspended in dichioromethane (25ml) and
trifluoroacetic acid (10ml) was added obtaining a solution, that stirred for 1.5
hrs at r.t.. The sovent was evaporated and the solid was treated with a 10%
solution of sodium hydrogencarbonate and extracted with ethylacetate. The
organic layer was washed with brine, dried and evaporated affording the title
compound (2.1g).

1H-NMR (DMSO): 10.34 (s, 1H); 8.07 (2H;d);8.00 (1H,d); 7.93
(1H.d);7.80(1H,1); 7.69(2H.t) 7.65 (1H,d);7.63 (2H,d), 7.30 (2H,d); 6.49
(1H,d);5.00(2H,vvb); 4.47 (2H,q); 3.73 (2H,s); 1.31 (3H,t).
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0°. Trimethylsilylisocyanate (0.94ml) was added and the reaction mixture was
stirred at 10° for 3hrs. A white solid precipitated. The reaction mixture was
stired overnight at r.t.then the precipitated was filtered and washed with
diethylether obtaining the title compound (1.98g)

TH-NMR (DMSO): 10.36 (s, 1H); 8.07 (2H;d),7.99 (1H,d); 7.83
(1H,d);7.80(1H,t); 7.69(2H,t) 7.64 (2H,d);7.61 (2H,d); 7.19 (2H,d); 6.50
(1H,d);6.37(1H,1);5.50(2H,5):4.47 (2H,q); 4.11 (2H,d); 1.40 (9H,8); 1.31 (3H,t).

carba -{-phe dole

Iintermediate 4 (0.250g) was dissolved in dry tetrahydrofuran (2.6ml).
Ethylisocyanate (0.155mi) was added and the reaction mixture was stirred at
400C for 3hrs. A solid precipitates and the solvent was evaporated under
vacuum then the solid obtained was triturated with diethylether and filtered,
washing with diethyl ether obtaining the title compound (0.193g; RE=0.28 in
ethylacetate/cyclohexane=2/1)

termediate
8-dic -athoxycarbon -2'<{4’-athylthioureidomat
envic ethenyll- @ uifonvl-indo

Intermediate 4 (0.212g) was dissolved in dry tetrahydrofuran (5ml).
ethylisothiocyanate (0.155ml) was added and the reaction mixture was stirred
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at r.t. for 2hrs. The solvent was evaporated under vacuum then the solid
obtained was triturated with diethylether and filtered obtaining the crude
compound which was purified by column chromathography
(ethylacetate/cyciohexane=1/1) obtaining the title compound (0.125g; Rg=057
in ethylacetate/cycichexane=2/1)

TH-NMR (DMSO): 10.35 (s, 1H); 8.07 (2H;d);8.00 (1H,d);7.94 (1H,d);7.80
(1H.t); 7.68 (2H.t); 7,65 (1H,d) 7.62 (2H,d);7.24 (2H,d);7.8-7.4{2H); 6.5 (1H,d);
4.58 (2H,); 4.47 (2H,q); 3.37 (2H,q); 1.31 (3H,1);1.08 (3H,1).

i1l - Caroamec . ! o]
To a suspension of 4,6-dichloro-2-ethoxycarbonyl-3-(E)-(2'-carboxyethenyi)1-
H-indole in dry tetrahydrofuran (250ml) 2,2'-dipyridyl disulfide (2.77g) and
triphenylphosphine (3.3g) were added. The reaction mixture was stirred for 3
hrs at r.t. until the mixture was a clear solution. Then 4-amino-N-fert-
butoxycarbonyl-benzylamine (2.01g) was added and the solution was refluxed
for 3.5 hrs and ovemight at r.t..The solvent was evaporated and the solid _
triturated with dichloromethane (80ml) then filtered affording the fitle
compound (4g).

TH-NMR (DMS0):12.6 (1 H,bs); 10.17 (1H,s); 8.23 (1H,d); 7.63 (2H,d); 7.50
(1H,d); 7.34 (1H.t); 7.31 (1H,d); 7.17 (2H,d); 6.75 (1H,d); 4.37 (2H,q); 4.06
(2H,d); 1.37 (9H,s);1.34 (3H.1).

IR (Nujol) (cm-1):3312-3125 (NH); 1717 (C=0);1678(C=0); 1640 (C=C).

fi]=

BLIvE

intermediate 9
4-N-teg-bugggcgrbon!!amlM!!;gngnxlamige

Di-tert-butyl-dicarbonate (1.069g) was added to a 0° cold solution of 2-{4-
aminophenyl)-ethylamine (0,667g) in ethylacetate (5 ml) . The reaction
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mixture was stirred at r.t. for 4 hrs and a white solid precipitated. The soivent
was evaporated under vacuum and the solid was triturated with petroleum

ether, then filtered affording the litle compound (1.09g ;R=0.9 in
ethylacetate;m.p=520),

enyl]l-1-H- rboxvii d
4,6-dichloro-2-ethoxycarbonyl-3-{E)-{2'-carboxysthenyl)1-H-indole (0.5g) was
suspended in dry tetrahydrofuran (41ml) and 2,2'-dipyridy! disulfide (0.46g) and
triphenyiphosphine (0.55g) were added. The reaction mixture was stirred for 3
hrs at r.t. until the mixture was a clear solution. Then intermediate 9 (0.39g)
was added and the solution was refluxed for 3.0 hrs. The solvent was
evaporated and the solid was triturated with dichloromethane (20mil) then
filtered affording the title compound (0.5g;R¢=0.6 in
Ethylacetate/CH=1/1;m.p.=2450 dec.). -

Intermediate 11 -
=3-[2’ {4’ -buto -ami enylcarbamo' 4.6~
dichloro- Q- ic acl aster

2,2'-Dipyridy! disulfide (3.760 g) and triphenylphosphine (4.476 g) were added
to a suspension of intermediate 2 (4 g) in dry THF (100 mi) and the solution
was stirred at r.t. for 2.5 h. 4-(tert-Butoxycarbonylamino)aniline {2.792 g) was
then added and the reaction mixture was refluxed for 2 h. After cooling tor.t.
the precipitate obtained was filtered giving the title compound (4.610 g) as a
yellow solid. ' '
1H-NMR (DMSO): 12.58 (bs), 10.086 (bs), 9.27 (bs), 8.21 (d), 7.58 (d), 7.50
(d), 7.38 (d), 7.31 (d), 6.73 (d), 4.38 (q), 1.46 (s), 1.34 (t).
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Intermediate 12
uo._ll o .
phenyicarbamovi-ethenvil-4,8-dichloro-1H-indole-2-carboxylic acid ethvl
ester

A solution of intermediate 11 (2.410 g) in dry DMF (30 mi) was added to a
stirred suspension of sodium hydride (0.181 g; 80% suspension in mineral oil)
in dry DMF (10 ml) at 0°. The reaction mixture was stirred at this temperature
for 30 min then benzenesulfonyl chloride (0.770 ml) was added giving an
orange suspension. The reaction mixture was stirred at r.t. for 3 h then was
diluted with ethy! acetate (200 mi) and washed with water (4 x 150 ml). The
organic extracts were dried and evaporated under reduced pressure to give the
title compound (3.057 g) as a yellow solid.

1TH-NMR (CDCI3): 8.16 (d), 7.98 (d), 7.97 (d), 7.63 (1), 7.55 (), 7.52 (d), 7.35
(d), 7.28 (d), 6.46 (sa), 6.38 (d), 4.48 (m), 1.5 (s), 1.38 (1).

terme 13
f2’-{4’-amino-phenyica = enesul nyl-4.6-
dichloro- ole-2-ca i ] ester

Trifluoroacetic acid (13 ml) was added to a stirred suspension of intermediate
12 (3.368 g) in dichloromethane (40 ml) giving a dark red solution. The
reaction mixture was stirred at r.t. for 1 h then the solvent was removed under
reduced pressure. The oil obtained was repeatedly treated with diethyl ether
and dried on the rotary evaporator to remove any residue of trifluoroacetic
acid. Trituration with ethy! acetate and filtration of the solid obtained gave the
title compound as a trifiluoroacetate salt. This salt was dissoived in ethyl
acetate (300 ml) and washed with NaHCO3 (3 x 200 ml; 5%). The organic
extracts were dried and evaporated under reduced pressure to give the itle
compound (1.993 g) as a yellow solid.
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TH-NMR (DMSO): 9.97 (bs), 8.06 (m), 7.99 (d), 7.85 (d), 7.79 (m), 7.68 (m),
7.63 (d), 7.33 (m), 6.50 (m), 6.44 (d), 4.94 (bs), 4.46 (q), 1.31 (t).
IR (Nujol) (cm-1): 3306 (N-H); 1722 (C=0).

intermediate 14

-3-[24{4’ o-phenyl amoyl
sthenyil-1h-indole-2-carboxylic acid ethyl ester
Intermediate 13 (0.100 g) was dissolved in dry THF (4 mi). \
Trimethylsilylisocyanate (0.034 mi; 85%) was added and the solution was
stirred at r.t. for 3 h. An other amount of trimethyisilylisocyanate (0.034 mi;
85%) was added and the reaction mixture was stirred at 500 for 2 h. A white
solid precipitated. The solvent was removed under reduced pressure. The
residue was dissolved in diethyl ether/ethyl acetate and the solution washed
with water. The organic extracts were dried and the solvent was removed
under reduced pressure to give the title compound (0.101 g) as a solid.
1H-NMR (DMSO): 10.23 (bs), 8.49 (bs), 8.07 (m), '8.00 (d), 7.80 (d), 7.81 (m),
7.69 and 7.65 (m and d), 7.53 (d), 7.34 (d), 6.47 (d), 5.81 (bs), 4.47 (q), 1.32
(t). .
IR (Nujol) (cm-1): 3500-3200 (N-H); 1720, 1663 (C=0).

intermediate 15

4-amino-benzyl-urea

Trimethylsilylisocyanate (3.2 ml; 85%) was added to a solution of 4-amino-
benzylamine {1.55 ml) in dry THF (40 ml). A white solid precipitated. The
reaction mixture was stirred at r.t. ovemnight then the precipitate was filtered
and washed with ethyl acetate giving the title compound (1.2 g) as a white
solid.

1H-NMR (DMSO): 6.79 (d), 6.46 (d), 6.11 (t), 5.40 (s), 4.90 (s), 3.95 (d).

IR (Nujol) (cm1): 3437, 3317 (N-H); 1641 (C=0).
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(0.200 g) in dry THF (4 ml). The reaction mixture was refluxed for 10 min then
cooled to r.t. The precipitated obtained was filtered giving the title compound
(0.180 g) as a cream solid.

1H-NMR (DMSO): 10.27 (bs), 8.68 (bs), 8.07 (d), 7.99 (d), 7.92 (d), 7.8 (m),
7.22 (m), 6.93 (m), 6.48 (d), 4.47 (q), 1.31 (t).

IR (Nujol) {cm~1): 3391, 3290 (N-H); 1734, 1661, 1651 (C=0).

intermediate 17

Dimethylicarbamoyl chioride (0.040 mi) was added to a stirred solution of
intermediate 13 (0.200 g) and triethylamine (0.050 mi) in dry THF (4 ml} at
0°C. The reaction mixture was refluxed for 8 h, cooled to r.t. then diluted with
water (50 ml) and extracted with ethy! acetate (3 x 50 ml). The organic extracts
were dried evaporated under reduced pressure. The residue was purified by
fiash chromatography using ethy! acetate as eluant to give the titte compound
(0.159 g) as a pale yeliow solid. '
TH-NMR (DMSO): 10.23 (s), 8.24 (s), 8.07 (d), 8.00 (d), 7.91 (d), 7.80 (t), 7.69
(t), 7.65 (d), 7.53 {d), 7.40 (d), 6.48 (d), 4.47 (q), 2.9 (s), 1.32 (t).

IR (Nujol) (cm-1): 3298 (N-H); 1736, 1661, 1643 (C=0).

Intermediate 18

E 2'-tert-butoxycarbonyl-e ichloro-1H-indole-2-carboxylic
acid § ester '
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Sadium hydride (1 g; 95%) was added in two 0.5 g portions to a solution of
(tert-butoxycarbonyimethyl)-triphenyiphosphonium bromide (8.4 g) in
isopropanol (100 ml). After the evolution of hydrogen ceased ethyl-3-formyl-
4 6-dichloro-indole-2-carboxylate (5 g) was added and the reaction mixture
was refiuxed for 2 h. (tert-Butoxycarbonyimethylene)-triphenyiphosphorane (1
g) was added and the refiux was continued for 8 h. An other amount-of (tert-
butoxycarbonyimethylene)-triphenyiphosphorane (3.5 g) was added and the

. reaction mixture was refluxed for additional 3 h. After cooling to r.t. the solution

was poured into water and extracted with ethyl acetate. The organic extracts
were dried and evaporated under reduced pressure. The residue was purified
by flash chromatography using cyclohexane/ethyl acetate 3:1 as eluant to give
the title compound (2.2 g) as a white solid.

1H-NMR (CDCl3): 9.2 (bs), 8.33 (d), 8.25 (d), 7.19 (d), 6.4 (d), 5.3 (m), 1.54
(s), 1.40 (d).

Intermediate 19
3-{2-ca -ath i -1H-indole-2-ca c acl

.SOI'O este

A suspension of intermediate 18 (2.180 g) in formic acid (250 ml) was stirred at
r.t. for 3 h then the acid was removed under reduced pressure to give the {itle
compound (1.85 g) as an off white solid.

TH-NMR (DMSO): 12.58 (bs), 12.37 (bs), 8.25 (d), 7.50 (d), 7.31 (d), 6.39 (d),
5.17 (m), 1.33 (d).

INTERM T
3-tert-butoxycarbonyl-aminomethyi-aniline

iron powder (0.797 g) and calcium hydride dihydrate (0.105 g) were added to a
solution of 3-tert butoxycarbonylaminomethyl nitrobenzene (0.400 g) in ethanol
(8 ml; 95%). The reaction mixture was stirred at 700C for 4 h and refluxed for 2
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h then allowed to cool to r.t. The iron powder was filtered and washed with
ethyl acetate. The mother liquor was washed with water and the aqueous
phase extracted with ethyl acetate. The organic extracts were dried and
evaporated under reduced pressure. The residue was purified by flash
chromatography using cyclohexane/ethyl acetate 1:1 as eluant to give the title
compound (0.301 g) as a colourless oil.

1H-NMR (CDCl3): 7.11 (m), 6.72-6.55 (m), 4.78 (bm), 4.22 (d), 3.70 (bm), 1.46

().

2,2-Dipyridyl disulfide (0.334 g) and triphenylphosphine (0.398 g) were added
to a solution of intermediate 19 (0.371 g) in dry THF (7 ml) and the reaction
mixture was stirred at r.t. for 3 h. A solution of intermediate 20 (0.289 g) in dry
THF {4 ml) was then added and the solution was refluxed for 1 h. The solvent

was removed under reduced pressure and the residue was purified by flash
chromatography using cyclohexane/ethyl acetate 65:35 as eluani followed by
trituration with diethyl ether. Filtration of the solid obtained gave the title
compound (0.300 g) as a white solid.

1H-NMR (DMSO): 12.52 (bs), 10.17 (s), 8.23 (d), 7.60 (d), 7.58 (bs), 7.51 (d),
7.38 (), 7.32 (d), 7.25 (t), 6.93 {(d), 6.73 (d), 5.19 {(m), 4.10 (d), 1.39 (s), 1.35
(d).

Intermediate 22

8-dichioro-2-etho. -J(E}-2'-{4'-ethylureidophenylcarbamoyl
ethenyl]-1-phenyisulfonyi-indole
To a solution of intermediate 13 (281 mg) in dry tetrahydrofuran (3 ml) ethyl
isocyanate (0.179 ml) was added and the reaction mixture was stirred at 40°
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for 5 hrs. The soivent was then evaporated under vacuum and the solid
obtained was triturated with diethylether and filtered, washing with diethyl ether
obtaining the fitle compound (40.3 mg). m.p. >250 °.

TH-NMR (DMSO): 10.21 (1H, bs); 8.37 (1H; bs); 8.06 (2H, m), 7.99 (1H,d);
7.89 (1H,d); 7.80 (1H, m); 7.69 and 7.64 (3H, m and d); 7.52 (2H, m), 7.32
(2H,d); 6.47 (1H, d); 6.05 (1H, bt), 4.47 (2H, q); 3.07 (2H, m), 1.31 (3H, t), 1.02
(3H, t).

cyclohexyl isocyanate (0.213 ml) was added and the reaction mixture refluxed
at 800 for 4 hrs and at r.t for 48 hrs. A solid precipitated and the scivent was
evaporated under vacuum. Then the solid obtained was triturated with
ethylacetate and filtered to obtain the title compound (40.3 mg). m.p. >250 °.
1H-NMR (DMSO): 10.21 (1H, bs); 8.26 (1H; bs); 8.07 (2H, d), 7.99 (1H, d);
7.90 (1H,d); 7.80 (1H, t); 7.69 (2H, t), 7.65 (1H, d); 7.52 (2H, d); 7.31 (2H, d);
6.47 (1H, d); 6.04 (1H, bd), 4.47 (2H, q); 3.4 (1H, m), 1.8-1.2 (10H, m), 1.3 (3H,
)

intermediate 24
8-dichloro- oxycarbonyl-3-ItE)-2'-(4'-
clo ureido lcarbamoyl) et henylisulfonyl-indole

To a solution of cyclopropane carboxylic acid (0.144 mg) in dry toluene (5 ml),
TEA (0.253 ml) and diphenyiphosphorylazide (0.392 ml) were added and the

~ reaction mixture was stirred at r.t. for 3 hrs. The reaction was quenched with

water and extracted with ethylacetate. The organic layer was dried and the
solvent removed. The residue was dissolved in toluene (3 ml) and stirred at 80°
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for 1 h. The formation of the cyclopropyl isocyanate was followed by IR and the
resulting solution was added to a solution of intermediate 13 (254 mg) in dry
tetrahydrofuran (4 mi), and the reaction mixture stirred at 100° for 5 hrs. The
precipitated solid was filtered and washed with ethylacetate to obtain the title
compound (134 mg). m.p. >250 °. |

1H-NMR (DMSO): 10.24 (1H, s); 8.25 (1H; s); 8.09 (2H, d), 8.01 (1H, d); 7.93
(1H,d); 7.82 (1H, tt); 7.71 (2H, 1), 7.66 (1H, d); 7.56 (2H, d); 7.36 (2H, d); 6.50
(1H, d); 6.35 (1H, bd), 4.49 (2H, q); 2.54 (1H, m), 1.34 (3H, t), 0.63 (2H, m),
0.42 (2H, m).

Intermediate 26

oro- 0. onvi-3-l{E)-2'(4'-

re . enyl]-1 sulfon ole

To a solution of nicotinic acid (224 mg) in dry toluene (5 ml), TEA (0.253 ml)
and diphenylphosphorylazide (0.392 ml) were added and the reaction mixture
was stirred at r.t. for 1 h. The reaction was quenched with water and extracted
with ethylacetate. The organic layer was dried and the solvent removed. The
residue dissolved in toluene (6 ml) was stirred at 80 C for 2 h. The formation of
the nicotinyl isocyanate was foliowed by IR. The solution is used as such for
the next reaction.
To a solution of intermediate 13 (210 mg) in dry tetrahydrofuran (4 ml), a
solution of intermediate nicotiny! isocyanate readily prepared was added and
the reaction mixture stirred at 60° for 4 hrs and at r.t. overnight. The solid
precipitated was filtered and washed with ethylacetate to obtain the title
compound (190 mg).
1H-NMR (DMSO): 10.30 (1H, bs); 8.99 (1H; bs); 8.77 (1H, bs), 8.59 (1H, m);
8.17 (1H, m), 8.07 (2H,m), 7.99 (1H,d); 7.91 (2H, d+m); 7.80 (1H, m), 7.69-
7.64-7.61 (SH, m-d-d); 7.41 (2H, d); 7.30 (1H, m); 6.48 (1H, d), 4.47 (2H, q),
1.32 (3H, t).
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mi) triethylamine (0.182 ml) and diphenyiphosphorylazide (0.297 ml) were
added and the reaction mixture was stirred at r.t. for 1.5 hrs. The reaction was
quenched with water and extracted with ethylacetate. The organic layer was
dried with Na2SO4 and the solvent removed. The residue was then dissoived
in toluene (4 mi) and stirred at 80° for 1 hr. The formation of the
tetrahydropyran-4-yl isocyanate is foliowed by IR. The solution was used as
such for the next reaction.

To a solution of intermediate 13 (254 mg) in dry tetrahydrofuran (4 ml), the
solution of intermediate tetrahydropyran-4-yl isocyanate readly prepared was
added and the reaction mixture stirred at 60° for 4 hrs. The solid precipitated,
was filtered and washed with ethylacetate to obtain the title compound (166
mg). m.p. >250°.

TH-NMR (DMSO): 10.22 (1H, bs); 8.33 (1H; bs); 8.07 (2H, d), 8.00 (1H, d);
7.89 (1H,d); 7.80 (1H, t); 7.69 (2H, 1), 7.65 (1H, d); 7.54 (2H, d); 7.32 (2H, d);
6.47 (1H, d); 6.19 (1H, bd), 4.47 (2H, m); 3.80 (2H, m), 3.64 (1H, m), 3.4 (2H,
m), 1.8-1.3 (4H, m), 1.3 (3H, t).

EXAMPLE 1
8-dichloro-! 0. rbonyl-3-]-2’'{4'-aminomethylph amovyl
enyl]-1-! ole
To a suspension of intermediate 8 (0.6g) in dichloromethane (6.8ml),
trifluoroacetic acid (2.9ml) was added and stirred for 1.5 hrs at r.t.. The sovent
‘was evaporated and the solid was treated with a 10% solution of sodium
hydrogencarbonate and extracted with ethylacetate (500ml). The organic layer
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was washed with brine, dried and evaporated affording the title compound
(0.4g).

TH-NMR (DMSO): 10.02 (1H,bs); 8.32 (1H,d); 7.63 (2H,d); 7.44 (1H.d); 7.24
(2H,d); 7.19 (1H,d); 6.69 (1H,d); 4.33 (2H,q); 3.65 (2H,s); 1.32 (3H.1). IR (Nujol)
(cm~1):3425-3337 (NH,NHy); 1704-1664 (C=0);1607(C=C).

EXAMPLE 2
chloro-3-1-2'-(4" O i } a ethenyl]-1-H-
ole-2-C cle oride

A solution of example 1 (0.102g) in a 4/1 mixture of ethano! and water (5ml)
was freated with LiIOH*H20 (0.025g) for 3 hours at 60°. The solvent was then
evaporated and the solid so obtained was triturated with 3N HCI for 1 hour.
The suspension was then filtered and triturated with ether (5ml) to give the title
compound (0.06g) as a yellow solid. ‘

TH-NMR (DMSO): 13.75 (s, 1H), 12.58 (s, 1H), 10.34 (s, 1H), 8.28 (d, 1H),
8.17 (s, 3H), 7.75 (d, 2H), 7.49 (d,1H), 7.41 (d,2H), 7.30 (d, 1H), 6.80 (d, 1H),
3.96 (m, 2H); .

IR (Nujol) (cm-1):3500-2400, 1650, 1610

m.p. >200°

EXAMPLE 3

(E)g.s-dichIom-z-[-z'ﬂ'-aminomgt_l_mgﬁenﬂcarbam_o!l|etheny]]-1-H-
dole-2-ca c acid

Example 2 (0.029g) was suspended in water and treated with 0.1N NaOH with
stirring for 1 hour. The suspension was then lyophilized for 24 hours to give the

fitle compound (0.031g) as a yellow solid.
TH-NMR (DMSO): 12.20 (s, 1H), 10.19 (s, 1H), 8.57 (d, 1H), 8.31 (s), 7.79 (d,
2H), 7.45 (d,1H), 7.40 (d,2H), 7.15 (d, 1H), 7.14 (d, 1H), 3.96 (s, 2H);
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IR (Nujol) (cm-1):3402, 3308, 1612

: : Sneny! DOl8-Carnox RCIG, atnyiestol
intermediate 10  (05g) was suspended in dichloromethane (6,5ml) .and
trifluoroacetic acid (2.5ml) was added the yellow solution obtained was stirred
for 1. hrs at r.t.. The solvent was evaporated under vacuum and the solid
obtained was triturated with ethylacetate and filtered to give the title
compound (0.520g) as a yellowsolid ( m.p.=250° dec.).

1H-NMR (DMSO): 12.61 (1H,8);10.2 (s, 1H); 8.24 (1H;d); 7.73 (3H,bt); 7.67
(2H.t); 7.51 (1H,d);7.32 (1H,d); 7.20 (2H,d); 6.77 (1H,d); 4.37 (2H,wb); 3.02
(2H,m); 2.80 (2H.t); 1.34 (3H,1).

EXAMPLE S
' joro-3-[2’<{(4'-aminoeth carbamo ~1H-indole-
oxylic |
Example 4 (0.32g) was treated with a 0.5N solution of sodium hydroxide and
the sospension was stirred for 10min at r.t. The solid was filtered and washed
with water affording the {itle compound (0.25g).
1H-NMR (DMSO): 10.13 (1H,s); 8.28 (1H,d); 7.65 (2H,d); 7.52 (1H,d); 7.31
(1H,d); 7.17 (2H,d); 6.77 (1H,d); 4.39 (2H,q); 2.83 (2H,1);2.66 (2H.t); 1.37
(3H.1).
IR (Nujol) (cm=1):3 302and 3194 (NH, ); 1676(C=0).

EXAMPLE 6
8-dichloro-3-[2'{4'-a t henylcarbamovl)ethenyl]-1H-indole-
[ lic aci ait
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Exampie 5 (0,1g) was suspended in ethanol 95% (3.5ml) and lithium hydroxide
monohydrate (0.04g) was added. The solution was stirred at 500 for 3 hrs then
acidified with a 2N aqueous solution of hydrochioric acid. The solid obtained
was filtered and washed with water to afford the (E)4,6-dichloro-3-[2-(4'-
aminoethyl-phenylcarbamoyl)—ethenyl]-1H-indole carboxylic acid hydrochloride
which was dried under vacuum with phosphoric anhydride (0.070mg).The solid
was then suspended in water and one equivalent of a solution 0.1N of sodium
hydroxide was added. The mixture was stirred for 10 min then freeze dried
obtaining the itle compound in mixture with 1eq.of sodium chioride(63.8mg)
1H-NMR (DMSO): 11.82 (1H,bs);9.98 (1H,s); 8.60 (1H;d); 7,68 (2H,d) 7.7 (bs);
7.39 (1H,d); 7.18(2H,d); 7.16 (1H,d); 7.11 (1H,d);3.02 (2H,1); 2.8 (2H,1).

IR (Nujol) (cm=1):3412,3285,3200 (NH).

EXAMPLE7

(E)4,8-dichloro-2-ethoxvcarbony]-3-{2'{4"-ureidomethviphenylcarbamoyl)
-1-H-indole

Method A

To a suspension of intermediate 5 (1.9g) in ethanol (50ml) a 2M solution of
sodium hydroxide (3.2ml) was added. The yellow solution obtained was stirred
for 3 hrs at r.t.,, then acidified with a 2N aqueous solution of chioridric acid .
The solid precipitated was filtered obtaining the title compound (1.5g).
TH-NMR (DMSO): 12.58 (1H,bs); 10.15 (bs, 1H); 8.29 (1H;d); 7,67 (2H,d) 7.51
(1H,d);7.29 (bs);7.21(d); 6.77 (1H,d); 6.37(1H,t); 5.51(2H,bs);4.39 (2H,q); 4.14
(2H,d); 1.37 (3H.,1).

IR (Nujol) (cm~1):3435-3246 (NH,NH53); 1680-1661 (C=0),1624-1615(C=C).

ethod B
To a solution of (E)4,6-dichloro-2-ethoxycarbonyi-3-(2'-carboxyethenyl)-indole
(6g) in dry tetrahydrofuran (150ml), 2,2'-dipyridy! disulfide (5.64g) and
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triphenylphosphine (6.71g) were added. The reaction mixture was stirred for 4
hrs atr.t. . Then intermediate 15(3g) in THF (30ml) was added and the
obtained mixture stirred at 50° for 2.5 hrs and at room temperature ovemnight.
Dichloromethane was added and the obtained suspension filtered giving a
solid that was triturated with dichloromethane (50ml), filtered, and dried
affording the title compound (6.6p).

TH-NMR (DMSO): 10.4 (bs, 1H); 8.09 (2H,d);8.00 (1H,d); 7.95 (1H,d);7.82
(1H.%); 7.70 (2H.t), 7.62 (2H,d);7.65 (1H,d); 7.30 (1H.,t); 7.18 (2H,d). 6.51
(1H,d); 4.48 (2H,q); 4.06 (2H,d); 1.40 (SH,s); 1.30 (3H,1).

IR (Nujol) (cm1): 1730 (C=0);1686;1661 (C=0); 1630-1600 (C=C).

EXAMPLE 8 |

8-dichloro-3-12'{4'-ureido ) 0 -1-H-

dole2-c ic

Example 7 (0,119g) was dissolved in a mixture of ethanolwater (10/2) and
lithium hydroxide monohydrate (0.042g) was added. The solution was stirred at
50° for 3 hrs then acidified at pH=3 with a 2N aqueous solution of hydrochioric
acid . The solid abtained was filtered then triturated with dichloromethane and
filtered again to afford the title compound (0.060g).
1H-NMR (DMSO0):13.75 (1H,broad); 12.50 (1H,s); 10.15 (s, 1H); 8.27 (1H.d);
7,65 (2H,d) 7.48 (1H,d); 7.29 (1H,d); 7.18(2H,d); 6.80 (1H,d); 6.34 (1H,});
5.49(2H,bs);4.11 (2H,d) . _
IR (Nujol) {cm=1):3474,3416 and 3265 (NH+NHo); 1672 (C=0);1609,1582
(C=C).

EXAMPLE 9
(E)4.6-dichloro-3-[2"-{4'-ureidomethylphenylcarbamoyljethenyl]-1-H-indole
-carboxylic acid.sodium sait
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method A

Example B (205mg) was suspended in water (35ml) and a 0.1N aqueous
solution of sodium hydroxide was added. The solution was stirred for 45 min
then freeze dried obtaining the title compound (210mg).

1H-NMR (DMSO): 11.8 (1H,broad); 9.97 (1H,s); 8.58 (1H;d); 7,68 (2H,d) 7.39
(1H,d); 7.19 (1H,d); 7.15 (2H,d);7.10 (1H,d); 6.32 (1H,t); 5.47(2H,bs);4.10
(2H,d) .

IR (Nujol) (em~1):3408,3360 and 3192 (NH+NH2); 1645 and 1620 (C=0).

method B

To a suspension of example 7 (5.6g) in isopropanc! 14(m!), NaOH (3.77g)
dissolved water (7Oml) was added in § min. The obtained suspension was
stirred for 2 hrs at 75° then cooled to 259C. After stirring at this temperature for
1 hr the solid was filtered , washed with a 1/5 mixture of isopropanol/water
{100ml) and dried at 60° under vacuum for 19 hrs affording the title compound
(4.69). ,

TH-NMR (DMSO): 11.8 (1H,broad); 8.97 (1H,s); 8.58 (1H;d); 7,68 (2H,d) 7.39
(1H,d); 7.19 (1H,d); 7.15 (2H,d);7.10 {1H,d); 6.32 (1H,1); 5.47(2H,bs);4.10
(2H.d).

IR (Nujol) (cm~1):3408,3360 and 3182 (NH+NHy); 1645 and 1620 (C=0).

EXAMPLE 10
-2-athoxycarbonyl-3-[2'{4'-ethylureidomethvipheny!
rba 1) etheny! 1 -1- ole

To a suspension of intermediate € {0.193g) in ethanol (5ml) a 2,5M solution of
sodium hydroxide (0.24ml) was added. The solution obtained was stirred for 3
hrs at r.t., then acidified with a 2N aqueous solution of hydrochloric acid . The
solid precipitated was filtered and washed with ethanol obtaining the title
compound (0.139g).
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1H-NMR (DMSO): 12.80 (1H,s); 10.17 (s, 1H); 8.23 (1H;d); 7,64 (2H,d) 7.51
(1H,d);7.32 (1H,d);7.18(2H.d); 6.76 (1H,d); 6.23(1H.t); 5.84(1H,t).;4.37 (2H.Q);
4.13 (2H,d);3.01 (2H,dq); 1.34 (3H,1);0.98 (3H,¢1).

IR {Nujol) (cm~1):3308(NH);3250-3350 (NH); 1676,1661and 1625 (C=0).

'Example 10 (0,132g) was dissolved in ethanol (4.2ml) and lithium hydroxide

monochydrate {0.044g) was added. The solution was stirred at 509 for 5 hrs
then acidified with a 2N aqueous solution of hydrochioric acid . The solid
obtained was filtered and washed with ethanol to afford the title compound
(0.072mg; m.p.:>250°C).

TH-NMR (DMS0):13.37 (1H,broad); 12.52 (1H,s); 10.16 (s, 1H); .26 (1H;d);
7,64 (2H,d) 7.48 (1H,d); 7.30 (1H,d); 7.4 8(_2H,d); 6.78 {1H.,d); 6.22 (1H,t); 5.84
(1H,1);4.13 (2H,d);3.18 (2H,m); 0.98 (3H,t).

IR (Nujol) (cm=1):3321 (NH); 1704 (C=0).

PLE 12

-dichloro 44" reidom icarba -1-H-
indole 2-carboxylic acid,sodium sait
Example 11 (60mg) was suspended in water {5.6ml) and a 0.1N aqueous
solution of sodium hydroxide (1.26mi) was added. The solution was stirred for
45 min then freeze dried, obtaining the title compound (62mg).
TH-NMR (DMSO): 11.77(1H,broad); 9.97 (1H,bs); 8.58 (1H;d); 7,67 (2H,m)
7.39 (1H,d); 7.19 (1H,d); 7.14 (2H,m);7.09 (1H,d); 6.21 (1H.t); 5.83 (1H,t);4.12
(2H,d);3.02 (2H,m}); 0.92 (3H,1). - |
IR (Nujol} (cm~1): 3315 (NH); 1 599(C=0, C=C).



10

15

20

25

WO 96/27588 PCT/EP96/00840

39

To a suspension of intermediate 7 (0.155g) in ethanol (3.5ml) a 2,M solution of
sodium hydroxide (0.24m!) was added. The solution obtained was stirred for 2
hrs at r.t., then acidified with a 2N aqueous solution of hydrochloric acid . The
solid precipitated was filtered and washed with ethanol obtaining the titie
compound (0.095g).

1H-NMR (DMSO): 12.60 (1H,s); 10.19 (s, 1H); 8.23 (1H;d); 7,74 (1H,bm); 7.65
(2H,d);7.50 (1H,d);7.45 (1H,bm); 7.32 (1H,d);7.23 (2H,d); 6.76 (1H,d); 4.58
(2H,bs); 4.37 (2H,q); 3.2-3.4 (2H) ; 1.34 (3H,1);1.05 (3H.1).

IR (Nujol) (cm-1):3300-3400, 3304 (NH); 1678(C=0).

EXAMPLE 14
E)4.6-dichloro-3-[2'{4’ ureid enyll-1--
dole 2-ca ie:

Example 13 (0.0959) was dissolved in ethanol (2ml) and lithium hydroxide
monohydrate (0.031g) was added. The solution was stirred at 50° for 5 hrs
then acidified with a 2N aqueous solution of hydfochloric acid . The solid
obtained was filtered and washed with ethanol to afford the title compound
(0.027g;).

TH-NMR (DMS0):13.73 (1H,broad); 12.54 (1H,bs); 10.18 (bs, 1H); 8.26 (1H;d);
7,65 (2H,d) 7.48 (1H,d); 7.31 (1H,d); 7.23 (2H,d);7.78-7.4 (2H,m), 6.77 (1H,d),
4.58 (2H,m);3.32 (2H); 1.06 (3H.1).

IR (Nujol) (cm-1):3290,3196 (NH); 1712,16664 (C=0).

EXAMPLE 15
(EE,G-digh!oro-;—ehogc_Lb_ onyl-3-12'-{4'-phenylureidomethylphenvl

carbamovl) ethenyil-1-H-indole
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To a suspension of example 1 (0.1g) in dry tetrahydrofuran (2mi).
Phenylisocyanate (0.097ml) was added and the reaction mixture was stirred at
500 for 3hrs. The solvent was evaporated and the orange solid was filtered and
washed with diethylether obtaining the fitle compound (113g; m.p.>250°)
1H-NMR (DMSO): 12.58 (1H,bs); 10.18 (s, 1H); 8.50 (1H;s); 8.24 (1H,d); 7.67
{2H,d); 7.51 (1H,d);7.39 (2H,d); 7.25(2H,d);7.20 (2H,1); 6.87 (1H,t); 6.77(1H,d);
6.53 (1H,t), 4.37 (2H,q); 4.24 (2H,d); 1.34 (3H.}).

IR (Nujol) (cm1):3312 3238 (NH); 1682-1659 (C=0).

ndo arboxyiic acid
To a suspention of éxample 15 (0,110g) in ethanol (3.0mt), lithium hydroxide
monochydrate (0.033g) was added. The solution was stirred at 50° for 2 hrs
then acidified with a 2N aqueous solution of hydrochloric acid . The solid
obtained was filtered- and washed with ethanol to afford the title compound
(0.080g).
T1H-NMR (DMS0):13.73 (1H,broad); 12.54 (1H,s); 10.19 (s, 1H); 8.52
(1H;8);8.26 (1H,d); 7,67 (2H,d) 7.48 (1H,d); 7.39 (2H.d);7.25 (2H,d); 7.21
{2H.t); 6.88 (1H,t); 6.78 (1H,d);6.55 (1H,t);4.24 (2H,d) .
IR (Nujol) (cm-1):3302-3184 (NH); 1659-1637 (C=0) .

EXAMPLE 17
6-dichloro-3-[2'{4'-ureidoethyiphenylcarbamoyl)ethe ole-
rboxylic acid, e ster
To a suspension of example 4 (0.2g) in dry tetrahydrofuran (80ml) ,
triethylamine was added (0.059ml). The mixture was stirred for 0.5hr at r.t. then
trimethyisilylisocyanate (0.74ml) was added and the reaction mixture was
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stirred at r.t. for 6hrs. The solid was filtered and washed with diethylether
obisining the fitle compound (0.17g)

TH-NMR (DMSO0}):12.56 (1H,bs); 10.14 (s, 1H); 8.23 (1H;d); 7.62 (12,d); 7.50
(1H.d); 7.32 (1H.1); 7.94(2H); 6.75 (1H,d);5.58(1H,1);5.40 (2H,bs); 4.37 (2H,q);

3.16 (2H,m); 2.61 (2H,t); 1.34 (3H.1).
IR (Nujol) (cm-1).3 431-3306(NH); 1678 (C=0);1657(C=0).

To a suspension of example 17(0,085g) in a mixture of ethanoclAwater (10/2)
lithium hydroxide monohydrate {0.029g) was added. The solution was stirred at
500 for 2 hrs then acidified at with a 2N aqueous solution of hydrochloric acid
. The solid obtained was filtered then triturated with dichloromethane and
fillered again to afford the title compound (0.064g).

TH-NMR (DMSO0):13.71 (1H,bs); 12.54 (1H;8); 10.13 (s, 1H); 8.24 (1H;d); 7,62
(2H,d) 7.48 (1H,d); 7.30 (1H,d); 7.14(2H.,d); 6.76 (1H,d); 5.88 (1H,bt);

- 5.40(2H,bs);3.16 (2H,q); 2.61 (2H,1).

IR (Nujol) 3504,3362 and 3277 (NH+NH2); 1670 (C=0).

EXAMPLE 19

4,6-dichloro-3-[(E)-2'- { 4'-ureido ] rba envl] -1-H-
indole 2-carboxylic acid,sodium salt

Example 18 (40mg) was suspended in water (6ml) and a 0.1N aqueous
solution of sodium hydroxide is added. The solution was stirred for 1.5 hrs then
freeze dried obtaining the title compound (41mg).

TH-NMR (DMSO): 11.75 (1H,bs); 9.94 (1H,s); 8.57 (1H;d); 7,66 (2H,d) 7.39
{1H,d); 7.20 (1H,d); 7.10 (2H,d);7.08 (1H,d); 5.88 (1H,bt); 5.41(2H,bs); 3.14
(2H,m);2.60 (2H,m).



10

15

20

25

WO 96/27588 PCT/EP96/00840

42

IR (Nujol) (cm~1): 3325 (NH+NHy); 1657 and 1608 (C=0).

A 2M solution of sodium hydroxide (0.162 ml) was added to a suspension of
intermediate 14 (0.102 g) in ethanol (4 ml; 95%). The yellow solution obtained
was stirred at r.t. for 2 h then acidified with a 2N solution of hydrochloric acid.

" The solid precipitated was filtered and washed with ethyl acetate to give the

title compound ( 0.055 g) as a solid.

1H-NMR (DMSO): 12.59 (bs), 10.06 (s), 8.55 (d), 8.20 (d), 7.56 (d), 7.50 (d),
7.32 (d), 7.29 (d), 6.72 (d), 5.8 (s), 4.36 (q), 1.33 ().

IR (Nujol) (em=1): 3400-3308 (N-H, NH5); 1682, 1653 (C=0).

EXAMPLE 21
8-dichloro- '{4’-ursldophe rbamo - d e2-

carboxvlic acid
To a solution of example 20 (54.6 mg) in ethanol 95% pure (3 mi) , 2M solution

of sodium hydroxide (0.34 mf) was added. The solution was stirred at 5§00 for 2

hrs then acidified with a 1N aqueous solution of hydrochloric acid . The solid
obtained was filtered and washed with water. The solid was dried under
vacuum overnight to afford the title compound (14mg). m.p. > 250°.
1H-NMR (DMSO): 12.80 (1H, s); 10.0 (1H, s); 8.43 (1H; s); 8.22 (1H,d) 7.55
(2H, d); 7.47 (1H, d); 7.32 (2H, d); 7.29 (1H, d), 6.80 (1H, d); 5.8 (2H, bs).

IR (Nujol) vmay (cm1 )53260-31 90 {NH); 1684-1650 (C=0).

EXAMPLE 22
E}-4,6-dichioro-3 . id envicarbamo envil-1H-indole-2-
carboxviic acid sodium sait
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A 2M solution of sodium hydroxide (0.82 ml) was added to a suspension of
example 20 (0.189 g) in ethanol (4 ml; 85%). The reaction mixture was stirred
at 50° for 3 h then the solvent was removed under reduced pressure. Bidistilled
water {10ml) was added to the residue and the solid was filtered to give the title |
compound (0.167 g ) as a yellow solid.

1H-NMR (DMSO): 11.86 (bs), 9.96 (bs), 9.77 (s), 8.76 (d), 7.63 (d), 7.51 (d),
7.41 (d), 7.13 (d), 7.00 (d), 6.36 (bs).

EXAMPLE 23
oro '{4’-ph U id carb -1H-
indole-2-carboxylic acid ethvl ester

A suspension of intermediate 16(0.158 g) and lithium hydroxide monohydrate
(0.039 g) in ethanol (4 mi; 95%) and THF (2 ml) was stirred at r.t. for 4 h. The
solution obtained was then acidified with a 1M solution of hydrochloric acid
until pH = 1 and the precipitate formed was filtered to give the titie compound
(0.110 g) as a beige solid. .

TH-NMR (DMSO): 12.61 (bs), 10.14 (bs), 8.73 (s), 8.71 (s), B.24 (d), 7.65 (d),
7.53 (d), 7.46 (dd), 7.42 (d), 7.34 (d), 7.28 (t), 6.97 (tt), 6.77 (d), 4.41 (q), 1.37
(t).

IR (Nujo!) (cm=1): 3310 (N-H); 1676, 1657 (C=0); 1624 (C=C).

EXAMPLE 24

loro-3-[2'-{4’-phenyl-ureido-phenylcarbamoyl)ethenyi}-1H-
indole-2-carboxylic acid

To a solution of example 23 (0.095 g), lithium hydroxide monohydrate (0.030 g)
in ethanol (3 mi; 95%) was stirred at 500C for 5 h. After cooling to r.t. the
solution was acidified with a 2M solution of hydrochloric acid until pH = 1 and
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the precipitate formed was filtered to give the fitie compound (0.063 g) as a
yellow solid.

1H-NMR (DMSO): 13.80 (bs), 12.52 (bs), 10.11 (bs), 8.66 (bs), 8.26 (d), 7.63
(d), 7.48 (d), 7.5-7.6 (m), 7.30 (d), 7.29 (t), 6.94 (dt), 6.77 (d).

IR {Nujol) (em~1): 2720 (N-H); 1653 (C=0, C=C ).

EXAMPLE 28

S-dichloro-3-[2°'4{4" 1) enylcarbamo' =1H-

| um salt

Aqueous sodium hydroxide (1.15 mi; 0.1N) was added to a suspension of
example 23 (0.059 g) in bidistilled water (5 mi). The suspension was stirred at
r.t for 30 min then was freeze-dried to give the_titie compound (0.061 g) as a
yellow solid.
1H-NMR (DMSO): 11.92 (bs), 11.62 (broad), 10.65 (bs), 9.80 (bs), 8.94 (d),
7.76.({m), 7.49 {m), 7.23 (m), 7.18 (m), 6.89 (m).
IR (Nujol) (cm1): 3315 (N-H); 1720, 1585 {(C=0, C=C).

indole-2-carboxylic acld ethyl ester

A 2M solution of sodium hydroxide (0.150 ml) was added to a suspension of
intermediate 17(0.096 g) in ethanol (3 ml; 95%). Addition of THF (2 mi) to the
reaction mixture pave a solution that was stirred at r.t. for 1 h. A 2N solution of
hydrochloric acid was then added until a solid precipitated. The precipitate was
filtered to give the title compound (0.074 g) as a yellow solid.

1H-NMR {DMSO): 12.58 (s), 10.08 (s), 8.21 (s), 8.20 (d), 7.56 (d), 7.50 (d),
7.38 (d), 7.31 (d), 6.73 (d), 4.37 (q), 2.90 (s), 1.34 (t).

IR (Nujol) (cm~1): 3310 (N-H), 1678, 1659 (C=0).
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indole-2-carboxviic acid

A suspension of example 26 (0.070 g) and lithium hydroxide monohydrate
(0.024 g) in ethanol (2 ml; 95%) was stirred at 50° for 3.5 h. After cooling to r.t.
the solution was acidified with a 2M solution of hydrochloric acid until a solid
precipitated. The precipitate was filtered to give the title compound (0.065 g) as
a pale orange solid.

TH-NMR (DMSO): 13.7 (bs), 12.52 (bs), 10.06 (bs), B.22 (d), 8.21 (bs), 7.59
(m), 7.47 (d), 7.38 (m), 7.29 (d), 6.75 (d), 2.90 (8s).

IR (Nujol) (cm=1): 3234 (N-H); 1688, 1659 (C=0); 1620 (C=0, C=C).

EXAMPLE 28

[+] - ’-di do-phenyica =1H-

-2 i sa

Aqueous sodium hydroxide (1.3 ml; 0.1N) was added to a suspension of
example 27(0.060 g) in bidistilled water (5 ml). The suspension was stirred at
r.t. for 1 h then was freeze-dried to give the title compound (0.062 g) as a pale
yellow solid. .
1H-NMR (DMSO): 11.8 (bs), 9.87 (s), 8.54 (d), 8.16 (s), 7.58 (d), 7.40 (d), 7.33
(d), 7.16 (d), 7.09 (d), 2.89 (s).
IR (Nujol) (cm-1): 3377, 3321, 3184 (N-H); 1653, 1600 (C=0, C=C).

EXAMPLE 29
S-dichlo -f-2’-{4’ L) l-ureido-methyl-phenylca oyl)-
-1H-indole-2-carbo; cid e ter

Triethylamine (0.81 mi) and diphenylphosphoryl azide (1.25 ml) were added to
a solution of cyclopropane carboxylic acid (0.46 mi) in dry toluene (4 m!) at
0°C. The reaction mixture was stirred at r.t. for 3 h and heated at 80°C for 3.5
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h then aliowed to cool to r.t. A portion (2 ml) was taken and added to a
suspension of intermediate 4 (0.200 g) and triethylamine (0.061 ml) in dry THF
(8 mi) previously stirred at r.t. for 1 h. The reaction mixture was stirred at r.t.
ovemight then diluted with water and extracted with ethyl acetate. The organic
extracts were dried and evaporated to a small volume under reduced pressure.
The solid suspended was filtered to give the_title compound (0.143 g) as a
yellow solid.

1H-NMR (DMSO): 12.61 (bs), 10.18 (bs), 8.26 (d), 7.66 (d), 7.53 (d), 7.34 (d),
7.21 (d), 6.79 (d), 6.34 (bt), 6.20 (bd), 4.40 (q), 4.18 (d), 2.44 (m), 0.59 (m),
0.36 (m).

IR (Nujo!) (cm~1): 3304 (N-H); 1676, 1640 (C=0).

A solution of example 28 (0.070 g) and lithium hydroxide monohydrate (0.017
g) in ethanol (2 mi; 95%) was stirred at S09C for 2.5 h then at r.t. ovenight.
After cooling to r.t. the solution was acidified with a 2M solution of hydrochioric
acid until a solid precipitated. The solvent was evaporated to a small volume
under reduced pressure and the solid suspended was filtered to give the title
compound (0.051 g) as a cream solid.

TH-NMR (DMSO): 13.73 (bs), 12.55 (bs), 10.17 (bs), 8.26 (d), 7.64 (m), 7.48
(d), 7.30 (d), 7.19 (m), 6.77 (d), 6.32 (bt), 6.18 (bd), 4.16 (d), 2.40 (m), 0.56
(m), 0.33 (m).

IR (Nujol) (em-1): 3500-2300 (O-H, N-H); 1650, 1620 {C=0); 1601 (C=C).

EXAMPLE 31
6-dichl f-2'-{4’ -ureid t enyicarbamoyi)-

vinyll:1H-indole-2-carboxylic acid sodiym salt
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Aqueous sodium hydroxide (0.57 ml; 0.1N) was added to a suspension of
example 30 (0.028 g) in bidistilled water (6 ml). The suspension was stirred at
r.t. for 2.5 h then was freeze-dried to give the_title compound (0.029 g) as a
yellow solid.

1H-NMR (DMSO): 11.80 (bs), 8.99 (bs), B.57 (d), 7.67 (d), 7.40 (d), 7.18 (d),
7.14 (d), 7.09 (d), 6.30 (bt), 6.18 (bd), 4.13 (d), 2.41 (m), 0.55 (m), 0.33 (m).
IR (Nujol) (em*1): 3327 (N-H); 1700, 1661 (C=0); 1601 {C=C).

21 (0.283 g) in dichloromethane (3 ml). The reaction mixture was stirred at r.t.
for 2 h then the solvent was removed under reduced pressure. The oil obtained
was repeatedly treated with diethyl ether and dried on the rotary evaporator to
remove any residue of trifluoroacetic acid. Trituration with diethyl ether and
filtration of the solid obtained gave the fitle compound (0.264 g) as a white
solid.

TH-NMR (DMSO): 12.56 (bs), 10.31 (bs), 8.28 (d), 8.14 (bs), 7.98 (bs), 7.56
(m), 7.52 (d), 7.38 (1), 7.32 (d), 7.15 (d), 6.7 (d), 5.19 (m), 4.01 (s), 1.34 (d).
IR (Nujol) (cm=1): 3412, 3254 (N-H); 3200-2500 (NH3*); 1672 (C=0); 1630,
1612 (C=0, C=C).

EXAMPLE 33
8-dichloro-3-[2'-{3’-ureidomethyl)-phenylcarbamoyl enyl]-1H-
le-2-carboxylic acid isopropyl ester
A suspension of example 32 (0.247 g) and triethylamine (0.074 ml) in dry THF
(9 mi) was stirred at r.t. for 1 h then trimethyisilylisocyanate (0.140 ml; 85%)
was added. The reaction mixture was stirred at r.t. for 2 h then the solvent was
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removed under reduced pressure. The residue was repeatedly treated with
diethyi ether and dried on the rotary evaporator. Trituration with diethyl ether
and filtration of the solid obtained gave the title compound (0.211 g) as an off
white solid

1H-NMR (DMSO): 12.55 (bs), 10.21 (s), 8.24 (d), 7.63 (m), 7.61 (s), 7.53 (d),
7.34 (d), 7.27 (), 6.95 (d), 6.75 (d), 6.43 (1), 5.54 (s), 5.20 (m), 4.17 (d), 1.36
(). | |

IR (Nujol) (cm-1): 3416, 3400, 3244, 3204 (N-H); 1682, 1666 (C=0); 1610
(C=C).

EXAMPLE 34 :
ich *o{3' -phenyicarba -1H-
indole-2-carboxvlic acid

A suspension of example 33 (0.100 g) and lithium hydroxide monohydrate
(0.026 g) in ethancl (2 mi; ©5%) was stirred at 50° for 5.5 h. After cooling to r.t.
the solution was acidified with a 2M solution of hydrochloric acid until a solid
precipitated. The precipitate was filtered to give the title compound (0.076 g) as
a yellow solid.

1H-NMR (DMSO): 13.73 (bs), 12.54 (s), 10.20 (s), 8.26 (d), 7.61 (d), 7.58 (bs),
7.48 (d), 7.30 (d), 7.24 (1), 6.92 (d), 6.78 (d), 6.39 (1), 5.51 (bs), 4.15 (d).

IR (Nujol) (cm-1): 3267 (N-H); 1672 (C=0); 1620 (C=C).

EXAMPLE 35
E)-4,6-dichloro-3-[2'{3’-ureidomethyl}-phenyicarbamoyl)-ethenyl]-1H-

indole-2-carboxylic acid sodium salt .
Aqueous sodium hydroxide (1.34 ml; 0.1N) was added to a solution of example
34 (0.060 g) in bidistilled water (10 ml). The solution was stirred at r.t. for 1 h
then was freeze-dried to give the title compound (0.062 g) as a pale yellow
solid.
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1H-'NMR (DMSO): 11.82 (bs), 10.03 (s), 8.59 (d), 7.7-7.6 (bm), 7.41 (d), 7.203
(t), 7.20 (d), 7.10 (d), 6.88 (d), 6.39 (bs), 5.51 (bs), 4.13 (d).
IR (Nujol) (cm1): 3341 (N-H); 1653, 1607 (C=0); 1551 (C=C).

4-Mamoxyphenyl asowanate {0.116 ml) was added to a suspension of
example1 (0.100 g) in dry THF (2 ml). The reaction mixture was stirred at 70°C
for 3 hthen left at r.t. for 2 days. The precipitate formed was filtered and
washed with ethyl acetate and diethyl ether to give the titie compound (0.100
g) as a white solid.

1H-NMR (DMSO): 12.59 (bs), 10.17 (bs), 8.30 (bs), 8.24 (d), 7.67 (d), 7.51 (d),
7.32 (d), 7.29 (m), 7.24 (d), 6.80 (m), 6.77 (d), 6.43 (), 4.38 (q), 4.23 (d), 3.68
(s), 1.35 (1).

IR (Nujol) (cm~1): 3302 (N-H); 1676-1624 (C=0, C=C).

EXAMPLE 37
(E}-4.6-dichloro 'f4’-{4" enyl-ureidomethyl
rb. ethen -indole-2 oxylic acl

A solution of example 36 (0.100 g) and lithium hydroxide monchydrate (0.029
) in ethanol (2.5 ml; 95%) was stirred at 50° for 3.5 h. After cooling to r.t. the
reaction mixture was acidified with a 2M solution of hydrochloric acid (0.6 mi)
and stirred at r.t for 30 min. The precipitate was filtered to give the title
compound (0.070 g) as an off white solid.

TH-NMR (DMSO): 13.73 (bs), 12.55 (s), 10.19 (s), 8.32 (s), 8.26 (d), 7.67 (d),
7.48 (m), 7.31 (m), 7.28 (d), 7.24 (d), 6.80 (d), 6.78 (d), 6.44 (t), 4.23 (d), 3.68
(s).

IR (Nujol) (cm-1): 3400-3200 (N-H); 1650 (C=0).
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Triethylamine (0.214 ml) and diphenyiphosphory! azide (0.33 ml) were added
to a solution of tetrahydropyran-4-carboxylic acid (0.200 g) in dry toluene (2 mi)
at 0°. The reaction mixture was stirred at r.t. for 2 h and heated at 80° for 1.5 h
then allowed to caol to r.t. A portion (1 ml) was taken and added to a
suspension of example 4 (0.180 g) and triethylamine (0.050 mi) in dry THF (4
mi) previously stirred at r.t. for 20 min. The reaction mixture was stirred at r.t.
overnight then the solvent was removed under reduced pressure. The residue
was suspended in ethyl acetate and washed with water then the solid
suspended in the organic extracts was filtered to give the title compound
(0.163 g) as a white solid.

1H-NMR (DMSO): 12.61 (s), 10.18 (s), 8.26 (d), 7.67 (d), 7.53 (d), 7.34 (d),
7.21 (d), 6.79 (d), 6.18 (t), 5.95 (d), 4.40 (q), 4.17 (d), 3.80 (dt), 3.60 (m), 3.36
(dt), 1.74 (m), 1.37 (1), 1.32 (m).
IR (Nujol) (cm-1): 3296 (N-H); 1676, 1661, 1630 (C=0).

EXAMPLE 39

~4,8-dichloro-3-[2’-(4' " yi-u 1)-

1 enyll-1H-indole- lic acid

A solution of example 38 {0.080 g) and lithium hydroxide monohydrate (0.024
g) in ethanol (2 ml; 95%) was stirred at 50°C for 4 h. After cooling to r.t. the
reaction mixture was acidified with a 2M solution of hydrochloric acid until a
solid precipitated. The precipitate was filtered to give the title compound (0.064
g) as a yellow solid.
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1H-NMR (DMSO): 13.74 (bs), 12.55 (bs), 10.17 (bs), 8.26 (d), 7.64 (m), 7.48
(d), 7.30 (d), 7.18 (m), 6.78 (d), 6.17 (bt), 5.94 (bd), 4.14 (d), 3.78 (m), 3.57
(m), 3.32 (m), 1.72 (m), 1.30 (m).

IR (Nujol) (cm-1): 3500-2200 (O-H, N-H); 1661, 1626 (C=0).

EXAMPLE 40
6 =3-{2’={4’-t8 dro 9 reld
shenvicarbamovil-ethenvil-iH-indole-2-carboxviic acid sodjum ga

Aqueous sodium hydroxide (0.87 ml; 0.1N) was added to a suspension of
example 39 (0.046 g) in bidistilled water (6 mi). The solution obtained was
stirred at r.t. for 2.5 h then was freeze-dried to give the title compound (0.046
g_) as a pale yellow solid.

1H-NMR (DMSO): 11.75 (broad), 9.84 (s), 8.59 (d), 7.67 (d), 7.37 (d), 7.18 (d),
7.14 (d), 7.09 (bs), 6.14 (1), 5.92 (d), 4.12 (d), 3.77 (m), 3.58 (m), 3.3 (m), 1.72
(m), 1.29 (m).

IR (Nujol) (cm~1): 3312 (N-H); 1622 (C=0).

EXAMPLE 41
E}-4.8-dichloro-3-[2’-{4’-nicotin-3’- o-methyl-phenvical oyl)-
@ -1H-indole-2-carboxylic acl ster

Triethylamine (0.226 ml) and diphenylphosphoryl azide (0.3 ml) were added to
a suspension of nicotinic acid (0.200 g} in dry toluene (3 mi) at 0°. The reaction
mixture was stirred at r.t. for 2 h then was filtered through a plug of silica using
ethyl acetate as eluant. The solvent was removed under reduced pressure to
give a white solid that was dissolved in dry toluene (5 ml). The solution was
stirred at 80° for 2.5 h and allowed to cool to r.t., then was added to a
suspension of example 4 (0.150 g) and triethylamine (0.042 ml) in dry THF (3
ml) previously stirred at r.t. for 30 min. The reaction mixture was left at r.t. for 2
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days and the precipitate formed was filtered and washed with diethyi ether.
The solid was then adsorbed onto silica and eluted through a short column of
silica using ethyl acetate/ethanol 9:1 as eluant. The solvent was removed
under reduced pressure and the residue was triturated in ethanol to give after
filtration the {itle compound {0.040 g) as a yellow solid.

TH-NMR (DMSO): 12.61 (bs), 10.21 (bs), 8.75 (bs), 8.55 (d), 8.27 (d), 8.12
{dd), 7.91 (m), 7.70 (d), 7.53 (d), 7.34 (d), 7.28 (d), 7.26 (m), 6.79 (d), 6.74 (bt),
4.40 (q), 4.28 (d), 1.37 (1).

IR (Nujol) (¢=m'_1 ): 3304, 3244 (N-H); 1700-1610 (C=0, C=N, C=C).

EXAMPLE 42
'-{4’-pic ! o-methyl-phenyicarbal

-iH-indole-2-c | d
Lithium hydroxide monochydrate (0.013 g) was added to a suspension of
exampie 41 (0.040 g) in ethanol (1.5 mi; 95%). The reaction mixture was
refluxed for 2.5 h then cooled to r.t. and acidified with a 2N solution of
hydrochioric acid (0.1 ml). The solid precipitated was filtered to give the title
compound (0.010 g) as a white solid.
1H-NMR (DMSO): 13.73 (bs), 12.51 (s), 10.17 (s), 8.73 (s), 8.52 (d), 8.26 (d),
8.10 (dd), 7.89 (ddd), 7.66 (d), 7.47 (d), 7.29 (d), 7.24 (d), 6.79 (d), 6.73 (t),
4.25 (d). :
IR (Nujol) 1(cm-1): 3206 (N-H); 1696, 1653 (C=0); 1609 (C=C).

EXAMPLE 43
{E)-4,6-dichloro-3-[2'-{4’-ethoxycarbonyimethyl-ureido-methyl}-
phenyicarbamovi) ethenyll- 1H-indole-2-carboxylic acid ethy] ester

Ethyl isocyanatoacetate (0.061 ml) was added to a suspension of example
2(0.150 g) and triethylamine (0.042 ml) in dry THF (5 ml) previously stirred at
r.t. for 20 min. The reaction mixture was stirred at r.t. for 2.5 h and the
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precipitate formed was filtered and washed with disethyl ether to give the title
compound (0.130 g) as a yeliow solid. |
1H-NMR (DMSO): 12.61 (bs), 10.17 (s), 8.23 (d), 7.64 (d), 7.50 (d), 7.32 (d),
7.19(d), 6.76 (d), 6.61 (t), 6.25 (t), 4.37 (q), 4.15 (d), 4.07 (q), 3.77 (d), 1.78 (t),
1.34 (t).

IR (Nujol) (em~1): 3302 (N-H); 1678 (C=0).

Lithium hydroxide monohydrate (0.030 g) was added to a suspension of
example 43 (0.050 g) in THF (3 ml) and H20 (1 ml). The dark solution obtained
was stirred at 409C for 6 h then cooled to r.t. and acidified with a 2N solution of
hydrochloric acid until a solid precipitated. The precipitate was filtered to give
the_titie compound (0.025 g) as a brown solid.

1H-NMR (DMSO): 13.8 (broad), 12.54 (bs), 10.18 (bs), 8.25 (d), 7.64 (d), 7.48
(d), 7.30 (d), 7.18 (d), 6.77 (d), 6.59 (bs), 6.16 (broad), 4.15 (s), 3.71 (s).

IR (Nujol) (cm-1): 3400-2500 (O-H, N-H); 1661 (C=0), 1610 (C=0, C=C).

EXAMPLE 45

4.6-dichloro-2 xycarbonyl-3-[(E)-2'{4'-ethylureidophenylcarbamoyl
ethenvi]-1-H-indole

To a suspension of intermediate 22 (230 mg) in a mixture of ethanol 95% pure
(10 mi), water (1.5 mi) and THF (4 ml) a 2M solution of sodium hydroxide
(0.365 ml) was added. The yeliow solution obtained was stirred for 2 hrs atr.t.,
then acidified with a 2N aqueous solution of hydrochloric acid. The solid
precipitated was filtered, washed with water and dried under vacuum to obtain
the title compound ( 160 mg). m.p. >250 °.
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TH-NMR (DMSO): 12.57 (1H, bs); 10.03 (1H, bs); 8.33 (1H; bs); 8.20 (1H, d),
7.55 and 7.49 (3H, m and d), 7.31 and 7.30 (1H, m and d); 6.72 (1H, d); 6.03
(1H, t), 4.37 (2H, q); 3.07 (2H, m), 1.34 (3H, t), 1.03 (3H, t).

IR (Nujol) vinax (cm~1): 3304-3238 (NH); 1678-1650-1620 (C=0).

chloro *{4’ ureido c enyl]-1-H-indole-

To a solution of example 45(119 mg) in ethanol 95% pure mi), water (0.6 mi) ,
a 2M solution of sodium hydroxide (0.487 ml) was added. The solution was
stirred at 500 for 4 hrs then acidified with a 0.1 N aqueous solution of
hydrochloric acid . The solid obtained was filtered and washed with water. The
solid was dried under vacuum overnight and triturated with isopropanol to
afford the {itle compound (41 mg). m.p. > 250 °.

 1H-NMR (DMSO): 13.55 (1H, broad), 12.48 (1H, bs); 10.03 (1H, bs); 8.36 (1H;

bs); B.24 (1H, d) 7.55 (2H, d); 7.47 (1H, d); 7.31 (2H, d); 7.28 (1H, d), 6.77 (1H
d); 6.06 (1H, m), 3.06 and 1.03 (2H and 3H under solvent signal).
IR (Nujol) vmax (cm-1):3302(NH and OH); 1684-1640 (C=0), 1610 (C=C).

EXAMPLE 47
4 chloro-2 arbonyl-3-[(E)-2'-{4'-
clohe henylcarba ethenvlil-1- ol

To a suspension of intermediate 23 (170 mg) in a mixture of ethanol 95% pure
(5 mi), water (0.7 mi) and THF (4 mi) a 2M solution of sodi'um hydroxide (0.249
mi) was added. The yellow solution obtained was stirred for 4 hrs atr.t,, then
acidified with a 0.1 N aqueous solution of hydrochioric acid. The solid
precipitated was filtered, washed with water and dried under vacuum to obtain
the title compound (110 mg). m.p. >250 °.
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TH-NMR (DMSO): 12.59 (1H, bs); 10.06 (1H, bs); 8.24 (1H; s); 8.22 (1H, d),
7.58 (2H, d), 7.53 (1H, d), 7.34 (1H, d), 7.32 (2H, d); 6.75 (1H, d); 6.03 (1H, d),
4.40 (2H, q); 3.47 (1H, m), 1.80 (2H, m), 1.67 (2H, m), 1.53 (1H, m), 1.35 (3H,

- 1), 1.28 (2H, m), 1.26-1.1 (3H, m).

IR (Nujol) vmax (cm-1): 3304 (NH); 1678 (C=0), 1630-1610 (C=C).

EXAMPLE 48
8-d ~3-l{E)-2'-{4" he: idophenyica 0 envil-1-H-
ole2 It

To a solution of example 47 (102 mg) in ethano! 95% pure (4 ml), water (0.6
mi), THF (1 ml) and a 2M solution of sodium riydroxide (0.375 ml) was added.
The solution is stirred at 50° for 6 hrs then acidified with a 0.1 N aqueous
solution of hydrochloric acid . The solid obtained was filtered and washed with
water. The solid was dried under vacuum ovemight, dissolved ina 0.1 M
solution of sodium hydroxide (1.30 ml) and water and freeze dried to afford the
titte compound (72 mg).

TH-NMR (DMSO): 12.01 (1H, bs); 8.82 (1H, bs); 9.52 (1H: bs); 8.63 (1H, bd)
7.62-7.46-7.45 (5H, m-m-d), (2H, d); 7.18 (1H, d), 6.87 (1H, d); 7.1-6.8 (1H,
broad), 3.43 (1H, m), 1.80-1.45 and 1.40-1.00 (10H, m and m).

IR (Nujol) vmax (cm~1):3500 (NH); 1653-1620 (C=0).

EXAMPLE 49

8 loro-2-etho rbonyl-3-[{E})-2'-{4'-cyclopropyiureidophenyl
carbamovi) ethenyl] -1-H-indole
To a suspension of intermediate 24 (120 mg) in a mixture of ethanol 95% pure
(5 mi), water (0.7 ml) and THF (2 ml) a 2M solution of sodium hydroxide (0.187
mi) was added. The yellow solution obtained was stirred for 4 hrs at r.t., then
acidified with a 0.1 N aqueous solution of chloridric acid. The solid precipitated
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was filtered, washed with water and ethylacetate and dried under vacuum to
obtain the titie compound (81 mg). m.p. >250 °.
TH-NMR (DMSO): 12.57 (1H, bs); 10.05 (1H, bs); 8.21 (1H; bs); 8.20 (1H, d),
7.56 (2H, m), 7.50 (1K, d), 7.32 (1H, m), 7.31 (2H, d); 6.73 (1H, d); 6.32 (1H,
bd), 4.37 (2H, q); 2.51 (1H, m), 1.34 (3H, 1), 0.61 (2H, m), 0.38 (2H, m).
IR (Nujol) vmax (em=1): 3310 (NH); 1678-1645(C=0). 1620 (C=C). -

EXAMPLE §0
8 4 0) | rbamo «]-H-
indole-2-carboxvylic acid sodium sait

To a solution of example 49(44 mg) in ethanol 95% pure (3 ml) and water (0.3
ml) and litium hydroxide monohydrate (15 mg) was added. The solution was
stirred at 50° for 5 hrs then acidified with a 0.1 N aqueous solution of
hydrochioric acid . The solid obtained was filtered and washed with water. The
solid was dried under vacuum overnight to afford the itle compound (20 mg).
m.p. >250C.

1H-NMR (DMSO): 13.7 (1H, broad), 12.52 (1H, bs); 10.06 (1H, bs); 8.24 (1H;
bs); 8.25 (1H, d) 7.59 and 7.50 (3H, d and d), 7.35 and 7.31 (3H, d and d), 6.78
(1H, d), 6.36 (1H, bs), 2.52 (1H, m), 0.64 (2H, m), 0.40 (2H, m).

IR (Nujol) vmay (cm-1):3412-3250 (NH, OH); 1678-1609 (C=0).

EXAMPLE 51
8-dichlo g 2'-{4’-nicotin-3-viureidophenvicarbamo -1-H-
| -carboxylic acid

To a solution of Intermediate 25 (63 mg) was dissolved in ethanol 95% pure (5
mi), water (0.7 ml), THF (2 ml) and a 2M solution of sodium hydroi(ide (0.093
mi) was added. The yellow solution cbtained was stirred 3 hrs at r.t. then
acidified with a 0.1 N aqueous solution of hydrochloric acid. The solid obtained
was filtered and washed with water to obtained 4,6-dichloro-3-{(E)-2'-(4'-
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nicotin-3-yiureidophenylcarbamoyl)ethenyl]-1-H-indole2-carboxylic acid ethy!

‘ester (14 mg) which was dissolved in ethanol (3 mi) and litium hydroxide

monohydrate (5 mg) was added. The solution was stirred at 50° for 4 hrs then
acidified with a 0.1 N aqueous solution of hydrochloric acid . The solid
obtained was filtered and washed with water. The solid was dried under
vacuum overnight to afford the title compound (6 mg).

TH-NMR (DMSO): 12.52 (1H, s), 10.12 (1H, s), 8.80 (1H, s), 8.73 (1H, s), 6.58
(1H, d), 8.24 (1H, d), 8.16 (1H, dd), 7.93 (1H, m); 7.64 (2H, d), 7.48 (1H, d);
7.44-7.25 (3H, m), 7.30 (1H, d), 6.76 (1H, d).

IR (Nujol) (em-1): 1607 (C=0).

EXAMPLE 52
4.6 loro-3-[{E)- *of - ro n-4"-yl)- |
ureldophenvicarba ethenyll-1-H-indole-2-carb cid it

To a solution of intermediate 26 (142 mg) in ethanol 95% pure (5 ml), water
(0.7 ml), THF (2 mi) and a 2M solution of sodium hydroxide (0.31 mi) was
added. The yellow solution obtained was stirred ovemnight at r.t. then acidified
with a 0.1 N aqueous solution of hydrochloric acid . The solid obtained was
filtered and washed with water to obtain a mixture of 4,6-dichloro-3-{(E)-2'-(4'-
(-tetrahydropyran-4"-yl)-ureidophenylcarbamoyl)ethenyl}-1-H-indole-2-
carboxylic acid and the title compound (75 mg). The mixture was dissolved in
ethanol (3 m!) and a 2M solution of sodium hydroxide {0.137 ml) was added.
The solution was stirred at 500 for 4 hrs then acidified with a 0.1 N aqueous
solution of hydrochloric acid . The solid obtained was filtered and washed with
water. The solid was dried under vacuum overnight, dissolved ina 0.1 M
solution of sodium hydroxide (0.74 ml) and water and freeze dried to afford the

title compound (38 mg).
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1H-NMR (DMSO): 8.17 (1H, d) 7.18 and 7.15 (3H, d and m); 6.96 and 6.95
(3H, m and d), 6.43 (1H, d); 3.84 (2H, m), 3.58 (1H, m), 3.43 (2H, m), 1.76 (2H,
m), 1.37 (2H, m).

IR (Nujol) vmay (cm~1):3402-3310 (NH); 1607 (C=0).

h Example
intravenous Infusion % wiv
A glycine antagonist of formula (1) 0.3-05
Polysorbate 80 1
tris(hydroxymethyl)aminomethane 0.54
Dextrose solution 5% wiv qs to volume

The glycine antagonist and Polysorbate were added to a solution of

tris(hydroxymethyl)aminomethane in a 5% aqueous dexirose solution suitable |

for injection. The solution was filtered through a sterile 0.2 micron sterlising
filter and filled in containers before being sterilised by autoclaving.

The affinity of a compound of the invention for strychnine insensitive glycine
binding site located on the NMDA receptor complex was determined using the
procedure of Kishimoto H. et al J. Neurochem 1981, 37, 1015-1024. The pKi

values obtained with representative compounds of the invention are given in
the following table. '

Example No. pKi
8 8.6
1 8.62
14 A2
16 7.70
18 8.20

21 8.74
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24 74
27 8.41
30 8.25
34 8.61
37 7.69
39 8.04
42 7.83
44 8.57
50 8.50
51 8.41
52 8.3

The ability of compounds of the invention to inhibit NMDA induced convulsions
in the mouse was determined using the procedure of Chiamulera C et al.
Psychopharmacology 1990, 102, 5651-552. in this test the ability of the
compound to inhibit the generalized seizures induced by an
intracerebroventricular injection of NMDA in mice was examined. Thus the %
inhibition of the NMDA induced convulsions when a compound of the invention
was given at a dose of 0.1mg/kg |.V. was determined and representative
results obtained for compounds of the invention are given in the following
table.

Ex No. % Inhibition

9 . ' 60
12 50
14 : 30
16 30
19 30
31 40
37 50
40 40
43 40

44 40
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1. A compound of formula (1)

(CH,)nNR,CXNR, R,
w7
a4,

(o)

Ny cooH

NH
{R)ym

o

or a sait, or metabolically labile ester thereof wherein R represents a group
selected from halogen, alkyl, alkoxy, amino, alkylamino, dialkylamino, hydroxy,
trifiuoromethyl, trifluoromethoxy, nitro, cyano, SOoR4or COR4 wherein R,
represents hydroxy, methoxy, amino, alkylamino or dialkylamino; m is.zero or an
integer 1 or 2;

A reprasents an ethyny! or optionally substituted etheny! group:

R, represents hydrogen or an optionally substituted alkyl, cycloalkyl, aryl or
heterocyclic group;

Ro represents hydrogen or alky!; or

R1 and Ryo fogether with the nitrogen atom to which they are attached represent
a 5-7 membered heterocyclic ring which may contain an additional heteroatom
selectad from oxygen sulphur or nitrogen;

R3 represents hydrogen or alkyl;

n is zero or an integer from 1 to 4

X=0o0rS.

2. A compound as claimed in claim 1 wherein m is 2 and R is chloro at the 4
and 6 position.

3. A compound as claimed in claim 1 or claim 2 wherein A is an
unsubstituted ethenyl group in the trans configuration.
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4. A compound as claimed in any of claims 1 to 3 wherein R, represents
hydrogen.

5. A compound as claimed in any of claims 1 to 4 wherein R, represents
hydrogen or methyl.

6. A compound as claimed in any of claims 1 to § wherein R, represents
hydrogen, C, alkyl optionally substituted by carboxyl, C,.cycloalkyl, phenyl
optionally substituted by methoxy, 3-pyridyl, 4-tetrahydro-pyranyl.

7. A compound as claimed in any of claims 1 to 6 wherein R,, R, and R, each
represent hydrogen.

8. A compound as claimed in any of claims 1 to 7 wherein X represents
oxygen.

9. A compound as claimed in any of claims 1 to 8 wherein the substituent
(CH,)nNR,CXNR R, is at the 4 position on the pheny! ring.

10. A compound as claimed in any of claims 1 to 9 wherein nis 1 or 2.

11. 4, 6-Dichloro-3-[(E)-2"-(4"-ureidomethy! phenylcarbamoyl) ethenyl] 3-1H-
indole 2-carboxylic acid and physiologically acceptable salts thereof.

12. A compound as claimed in any of claims 1 to 11 for use in therapy.

13. The use of a compound as claimed in any of claims 1 to 11 in the
manufacture of a therapeutic agent for antagonising the effects of excitatory
amino acids on the NMDA receptor complex.

14. A pharmaceutical composition comprising a compound as claimed in any
of claims 1 to 11 in admixture with one or more physiologically acceptable
carriers or excipients.
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15. A method of treatment of 2 mammal including man for conditions where
antagonising the effects of excitatory amino acids on the NMDA receptor
complex is of therapeutic benefit comprising administration of an effective
amound of a compound as claimed in any of claims 1 to 11.

16. A process for preparing compounds as defined in claim 1 which
comprises:-

(@) A process for preparing compounds of formula (l) in which A is an
optionally substituted ethenyl group which comprises reacting a compound of
formula(ll) in which R,, R,, m and n have the meaning dsfined in formula (l), A is
an optionally substituted ethenyl group, Rg is carboxylic protecting group and
Rgrepresents hydrogen or a nitrogen protecting group

(CH)nNHR,
Wl

A,

N—coor,

(Rim \
R

¢1))
RiIRNC=X (HI) RiR:NC=XR, av)

with the compounds of formuia (lll) wherein X represents oxygen or sulphur
and R {,R2 have the meanings defined in formula (I} or is protected derivatives
thereof, or the compounds (IV) wherein the Ry and Ro have the meaning
defined in formula(l) or are protected derivatives thereof and Ry is optionally
substituted phenoxy ,halogen, or imidazole group;

(b) A process for preparing compounds of formula (l) .wherein R, m, Rg and Rg
have the meanings defined above and A is optionally substituted etheny! group
which comprises reading an activated derivative of the carboxylic acid (V)

-
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ACO.H

\N\_COR
e 5

N
(Ffm s,
| W)

with the amine (VI)

(CHIINR,CXNR,R,

H,
Vi)

wherein Ry R2,R3 ,n and X have the meanings defined in formula(l) or are
protected derivative thereof;

(c) A process for preparing compounds of formula (I) wherein A is optionally
substituted etheny! group which comprises reacting a compound of formula (Vil)
in which R and m have the means given above, Rg is a carboxyl protecting
group, Rgis hydrogen or a nitrogen protecting group and Rg is hydrogen atom
or a Cq.4 alky! group. |

CR,0

VN—co,,
N

(R )m ‘h

(v

with an appropriate phosphorus reagent capable of converting the group CR,0O
into the group
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(CH,INNR,CXNR,R,

wherein n,X,R3,R2,R1 have the meanings defined above for formula (J);

(d) A process for preparing compounds of formula (1) wherein A is an ethynyl
group which comprises reacting compound (X) wherein R1,R2,R3.m, n, and X
have the meanings defined in formula(l) or are protected derivatives thereot, Rg
and Rg have the meaning defined in formula (ll) with the proviso that R, is not
hydrogen and R12 represents an halogen group such as chlorine

(CHINNR,CXNR,R,
2! (@/
N

—-—

812
N—co,,
N
(R)m |
R

with a strong base lithium bis(trimethylsilyl)amide; and it necessary or cleared
subjecting the resulting compound to one or more of the following operations;

(i) removal of one or more protecting groups:
(i)  isolation of the compound as a salt thereof;

(i) conversion of a compound of formula (I) into a physiologically acceptable
salt thereof.

17. A compound of formula (Hi)

_
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Tl

o
—coor,
im \
Ry
@

and salts thereof wherein R,, R, and m have the meanings defined in claims 1, A
5 is an optionally substituted ethenyl group, n is 1 to 4, R,is hydrogen or a carboxy!
protecting group and R, is hydrogen or a nitrogen protecting group.
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