WO 91/18897 ' s

o

PCT/GB91/63908

IC QCYCLIC COMPOUNDS

The present invention is concermed with new chemical compounds, their
preparation, pharmaceutical formulations containing them and their use

in medicine, particularly the prophylaxis and treatment of migraine.

Receptors which mediate the actions of 5-hydroxytryptamine (5-HT) have
been identified in mammals in both the periphery and the brain.
According to the classification and nomenclature proposed in a recent
article (Bradley gt al, Neuropharmac., 25, 563 (1986)), these
receptors may be classified into three main types, viz. "S-HTl-like",
S-HT2 and S-HT3.

5-HT agonists or antagonists for therapeutic use, but these have not

Various classes of compounds have been proposed as

always been specific to a particular type of 5-HT receptor. European
Patent Specification 0313397 describes a class of 5-HT agonists which
are specific to a particular type of 'S-HIl-like“ receptor and are
effective therapeutic agents for the treatment of clinical conditions
in which a selective agonist for this type of receptor is indicated.
For example, the receptor in question mediates vasoconstriction in the
carotid vascular bed and thereby modifies blood flow therein. The
compounds described In the European specification are therefore
beneficial in the treatment or prophylaxis of conditions wherein
vasoconstriction in the carotid wvascular bed 1is indicated, for
example, migraine, a condition associated with excessive dilation of
the carotid vasculature. However, it is within the scope of the
earlier application that the target tissue may be any tissue wherein

action is mediated by "5-HT,-like" receptors of the type referred to

) 1
above.

We have now found a further class of compounds having exceptional
“S-HTl-like” receptor agonism and excellent absorption following oral
dosing. These properties render the compounds particularly useful for
certain medical applications, motably the prophylaxis and treatment of
migraine, cluster headache and headache associated with vascular

disorders, hereinafter referred to collectively as “migraine”.
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According to the first aspect of the present invention, therefors,
there is provided a compound of formula (I)
H
N
W (1)
N _
(CH,)
2’n Z
wherein
n is an integer of from 0 to 3;
W is a group of formula (i), (ii), or {iii)
. Y -

Y Y
ﬁ— NR ﬁ— X
ST T
¢9) (i1) (iii)
wherein R is hydrogen or C,_4 alkyl, X is -0-, -S-, -NH-, or -CH,-, ¥
is oxygen or sulphur and the chiral ceantre * in formula (i) or (ii) is
in its (S) or (R) form or is a mixture thereof in any proportions; and
Z is a group of formula (iv), {(v), or (vi)

—CHZCHZNR1 RZ / NRS NR

(iv) (v) (vi)
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wherein Rl and R2 are independently selected from hydregen and C1 _

-
alkyl and R3 is hydrogen or Cl_4 alkyl,
and salts, solvates and physiologically functional derivatives
thereof.

Compounds of formula (I) having particularly desirable properties for
the treatment and prophylaxis of migraine include those wherein n is
1, Wis a group of formula (i) and Z is a group of formula (iv) or
(vi). Of these, compounds of formula (I) wherein n is 1, W is a group
of formula (i) wherein R is hydrogen, X is -0- and Y is oxygen and 2
is a group of formula (iv) or (vi) wherein R -=r? . hydrogen or

methyl are particularly preferred.

Two compounds of formula (I) having exceptional properties for the -
treatment and prophylaxis of migraine are N, N-dimethyl-2-[5-(2-oxo-
1,3-0xazolidin-4-yl-methyl)-1H-indol-3-yl}ethylamine and
3«(1-methyl-4-piperidyl)-5-(2-0x0-1,3-0oxazolidin-4-ylmethyl)-1H-indole
in either their (S) or (R) form or as a mixture thereof in‘ any
proportions. The salts and solvates of these compounds, for example,

the hydrate maleates, are particularly preferred.

Physiologically acceptable salts are particularly suitable for medical
applications because of their pgreater aqueous solubility relative to
the parent, ie basic, compounds. Such salts must clearly have a
physiologically acceptable anion. Suitable physiologically acceptable
salts of the compounds of the present invention include those derived
from acetic, hydrochloric, hydrobromic, phosphoric, malic, maleic,
fumaric, citric, sulphuric, lactiec, or tartaric acid. The succinate
and ch.oride salts are particularly preferred <for medical purﬁoses.
Salts having & non-physiologically acceptable anion are within the
scope of the invention as useful intermediates for the preparation of
physiologically acceptable salts and/or for use in non-therapeutic,
for example, in vitre, situationms.
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According to a second aspect of the present invention, there is
provided a compound of formula (I) or a physiologically acceptable
salt, solvate, or physiologically functional derivative thereof for
use as a therapeutic agent, specifically as a "S-HTl-like" receptor
agonist, for example, as a carotid vasoconstrictor in the prophylaxis
and treatment of migraine. As indicated, however, target organs for

the present compounds other than the carotid vasculature are wichin

the scope of the present invention.

The amount of a compound of formula (I), or a salt or solvate thereof,
which is required to achieve the desired biological effect will depend
on a number of factors such as the specific compound, the use for
which it is intended, the means of adminiszration, and the recipient.
A typical dally dose for the treatment of migraine may be expected to
lie in the range 0.0l to 5mg per kilogram body weight. Unit doses may
contain from 1 to 100mg of a compound of formula (1), for example,
ampoules £or injection may contain from 1 to 1l0mg and orally
administrable unit dose formulatioms such as tablets or capsules may
contain from 1 to 100mg. Such unit doses may be administered one or
more times a2 day, separately or in multiples thereof. An intravenous
dose may be expected to lie in the range 0.0l to 0.1l5mg/kg and would
typically be administered as an infusicn of from 0.0003 to 0.15mg per

kilogram per minute. Infusion solutions suitable for this purpose may
contain from 0.01 to 10mg/ml.

When the active compound is a salt or solvate of a compound of formula

(I), the dose 1is based on the cation (for salts) or the unsolvated
compound.

Hereinafter references to “compound(s) of formula (I)" will be

understood to include physiclogically acceptable salts and solvates
thereof.

According to a third aspect of the present invention, therefore, there
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ingredient, at least one compound of formula (I) and/or s
pharmacologically acceptable salt or solvate thereof together with ac
least one pharmaceutical carrier or excipient. These pharmaceutical
compositions may be used in the prophylaxis or treatwent of clinical

conditions for which a "5-HT,-like" receptor agomist is indicated, for

example, migraine. The cariier must be pharmaceutically acceptable
to the recipient and must be compatible with, i.e. not have a
deleterious effect upon, the other ingredients in the composition. The
carrier may be a solid or liquid and is preferably formulated with at
least one compoqnd of formula (I) as a unit dose formulation, for
example, a tablet which may contain from 0.05 to 95% by weight of the
active ingredient. If desired, other physiologically active
ingredients may also be incorporated in the pharmaceutical

compositions of the invention.

Possible formulations include those suitable for oral, sublingual,
buccal, parenteral (for example, subcutaneous, intramuscular, or
intravenous), rectal, topical and intranasal administration. The most
suitable means of administration for a particular patient will depend
on the nature and severity of the condition being treated and on the
nature of the active compound, but, where possiblé, oral
administration is preferred.

Formulations suitable for oral administration may be provided as
discrete units, such as tablets, capsules, cachets, or lozenges, each
containing a predetermined amount of the active compound; as powders
or granules; as solutions or suspensions in aquecus or mnon-aqueous

liquids; or as ocil-in-water or water-in-oil emulsions.

Formulations suitable for sublingual or buccal administration include
lozenges comprising the active compound and, typically, a £flavoured
base, such as sugar and acacia or tragacanth, and pastilles comprising
the active compound in an inert base, such as gelatin and glycerin or

sucrose and acacia,
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Formulations suitable for parenteral administration typically comprise
sterile aquecus solutions containing a predetermined concentration of
the active compound; the solution is preferably isotonic with the
blood of the intended recipient. Although such solutions are
preferably administered intravenously, they may also be administered

by subcutaneous or intramuscular injection.

Formulations suitable for rectal administration are preferably
provided as unit-dose suppositories comprising the acrive ingredient

and one or more solid carriers forming the suppository base, for
example, cococa butter.

Formulations suitable for topical or intranasal application include
ointments, creams, lotions, pastes, gels, sprays, aerosols and oils.
Suitable carriers for such formulations include petrcleum jelly,
lanolin, polyethylene glycols, alcohols, and combinations thereof.

The active ingredient is typically present in such formulations at a
concentration of from 0.1 to 15% w/w.

The formulations of the invention may be prepared by any suitable
method, typically by uniformly and intimately admixing the active
compound(s) with liquids or finely divided solid carriers, or both, in

the required proportions and then, if necessary, shaping the resulting
mixture into the desired shape.

For example, a tablet may be prepared by compressing an intimate
mixture comprising a powder or granules of the active ingredient and
one or more optional Ingredients, such as a binder, lubricant, inert
diluent, or surface active dispersing agent, or by moulding an

intimate mixture of powdered active ingredient and inert 1liquid
diluent.

Aqueous solutions for parenteral administration are typically prepared
by dissolving the active compound in sufficient water to give the
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desired concentration and then rendering the resulting solution

sterile and isotonic.

Thus, according to a fourth aspect of the present invention. there is
provided the use of a compound of formula (I) in the preparation of a
medicament for the prophylaxis or treatment of a clinical condition
for which a “S-HTl-like" receptor agonist is indicated, for example,

migraine.

According to a fifth aspect, there is provided a method for the
prophylaxis or treatment of a clinical condition in a mammal, Zor
example, 2 human, for which a ©5-HT,-like" receptor agonist Is
indicated, for example, migraine, which-comprises the administraction
to said mammal of a therapeutically effective amount of a compound of
formula (I) or of a physiologically acceptable salt, solvate, or
pﬁysiologically functional derivative thereof.

According to a sixth aspect of the invention, compounds of formula (I)
wherein Z is a group of formula (iv) may be prepared by reacting a
compound of formula (II) (isclated or in situ - infra).

NHNH2

(11

w
N

(CH,),

wherein n and W are as hereinbefore defined, with a compound of
formula (III)

H

O/ L (11II)
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or a carbonyl-protected form thereof, such as the dimethyl or diethyl
acetal, wherein L is a suitable leaving group, such as chlorine, or a

protected amino group, either of which may be converted in situ to an
amino group, or is -NRLR?' where R and RZ are as hereinbefore defined.
The reaction is typically carried out by refluxing the compounds in a
polar solvent system, for example, ethanol/water, dilute acetic acid,

or water in the presence of an acidic ion exchange resin, for example,
‘amberlyst 15'.

Standard N-alkylation methods may be used to convert compounds of

formula (I) wherein Z is a group of formula (iv) and Rl and/or R2 are

hydrogen to corresponding compounds wherein Rl and/or R2 are C,

alkyl.

Compounds of formula (I} wherein Z = (iv) and Rl - Rz - Cl- 4 alkyl may
be prepared from the corresponding compound wherein Rl - R2 = H by
methods of N,N-dialkylation well known to those skilled in the art,
for example, by treatment with the appropriate aldehyde in the
presence of a reducing system, for example, sodium cyanoborohydride/

acetic acid, in a polar solvent, such as methanol.

Compounds of formula (I) wherein Z = (iv) and Rl or R2 - Cl_ alkyl
may be prepared from the corresponding compound wherein 111 =-R" = H by
N-benzylation using benzaldehyde and a suitable reducing agent, for
example, sodium borohydride, in a polar seolvent, such as ethanoil,
followed by N-alklyation wusing a suitable agent, such as the
appropriate dialkyl sulphate, typically in the presence of a base, for
example, anhy. potassium carbonate, in a polar aprotic solvent, such
as DMF, and €£finally N-debenzylation, typically by catalytic

hydrogenation using, for example, Pd/C in a polar solvent, such as
ethanol,

Hydrazines of formula (II) may be prepared from the corresponding
aniline of formula (IV)
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NH2

w (IV)
N

wherein n and W are as hereinbefore defined, by diazotisation followed
by reduction. Diazotisation is typically carried out using sodium
nitrite/c.HCl and the resulting diazo product reduced in situ wusing,
for example, tin(lI) chloride/c.HCl. The resulting hydrazine may be
isolated or cenverted to a compound of formula (I) in situ.

fnilines of formula (IV) may be prepared by reduction of the
corresponding p-nitro compound of formula (V)

NO

2 4P

N
(CH,)

wherein n and W are as hereinbefore defined, typically by catalytic
hydrogenation using, for example, Pd/C in a polar solvent system, such
as an acidified mixture of ethanol, water and ethyl acetate.

Anilines of formula (IV) wherein W is a group of formula (i) or (ii)
may also be prepared by eyclising a compound of formula (XTXIII)

4 NH
H(R™)N .

HX

(CHy),
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or (XXXIV)

2

n

wherein n and X are as hereinhefore defined and R~ is -CO‘,ZR3 where 2-

is Cl_ 4 3lkyl, typically by heating in the presence of a base, such as
sodium methoxide.

Compounds of formula (XXXIII) wherein X is oxygen may be prepared by
reducing a corresponding Cl- 4 alkyl ester using, for example, sodium
borohydride, in a polar solvent system, such as ethanol/water, at 0°c.
The ester may be prepared by esterifying ‘the corresponding carboxylic
acid using, for example, the appropriate alcshol and HCl or by
reducing the corresponding p-nitro compound, for example, by catalytic
hydrogenation. Both the acid and the p-nitro compound may be prepared
from the corresponding p-nitroaminoacid, the acid by N-alkoxycarbony-
lation using, for example, RSOCOCI where RS is as hereinbefore
defined, followed by reduction of the nitro group, for example, bxr
cacaly;tic hydrogenation, or by reduction of the nitro group <followed
by N-alkoxycarbonylation, and the p-nitro compound by N-alkexycarbonyv-
lation (as for the acid) followed by esterification using, Zor
example, the appropriate alcohol and HCl, or by esterification
followed by N-alkoxycarbonylation. The p-nitroaminocacid may be
obtained commercially or prepared from readily available starting
materials by methods known to those skilled in the art or obtainable
from the cfxemical literature, for example, by p-nitration of the
corresponding aminoacid using, for example, c.stoa/c.HN03 ac 0°¢.

Compounds of formula (XXXIV) wherein X is oxygen may be prepared by

_reducing the corresponding dinitro compound, typically by catalytic
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hydrogenation using, for example, Pd/C in a polar solvent, such as
ethanol. The dinitro compound may be prepared by reacting the
appropriate aldehyde with nitromethane, typically in the presence of a
base, for example, sodium methoxide, in a polar solvent, such as
methanol, followed by p-nitration using, for example, c.stoa/c.HN%,
or by p-nitration of the appropriate aldehyde followed by reaction
with nitromethane. The aldehyde may be obtained commercially or
prepared from readily available sta}ting materials by methods known to

those skilled in the art or obtainable from the chemical litsrature.
p-Nitro compounds of formula (V) may be prepared by

(a) in the case where W is a group of formula (i) in which ¥ <s
cxygen or sulphur, reacting a compound of formula (VI)

N02

H(R)N (V1)

HX

(CHy),

wherein n, R and X are as hereinbefore defined, with a ‘compound
of formula (VII)

L

\L'

Y=C

(VII)

wherein Y is as hereinbefore defined and L and L', which may be
the same or different, are suitable leaving groups, for example,
chlorine, ethoxy, trichloromethyl, trichloromethoxy, or
imidazoyl, for example, in the case where L = L’ = chlorine, in
a non-polar solvent, such as toluene, in the presence of a base,

for example, potassium hydroxide.
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(b) in cthe case where W is a2 group of formula (ii) in which ¥
oxygen or sulphur, reacting a compound of formula (VIII)

N02

. Hx (VIII)
HRIN \/K
(CH,)_

wherein n, R and X are as hereinbefore defined, with a compound
of formula (VII) wherein Y, L and L' are as

is

hereinbefore
defined, typically using the reaction conditions described in
(a);

(c) in the case where W is a group of formula (iii), reacting a
compound of formula (IX)

NO2

(IX)
HO . .

(CH2)n

wherein n is as hereinbefore defined, with a compound of formula
(X) -0
RN —"
NH
(X)

o

wherein R is as hereinbefore defined, typically in a polar
aprotic solvent, such as DMF, in the presence of DEAD/Ph3P.

Compounds of formula (VI) may be prepared by ring-opening a compound
of formula (V) wherein n is as hereinbefore defined and W is a group

of formula (1) in which R, X and Y are as hereinbefore defined, for
example, by refluxing in 2N aqu. KOH.
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Compounds of formula (VI) wherein X is oxygen may be preparsed box
esterification of the corresponding carboxylic acid. =zypically by
treatment wich thionyl chloride and an appropriate alcohol ac -lOCC,
followed bv reduction of che ester using, Zfor example, sodium
borohydride, in a polar selvent svstem, such as ethanol/water, at 0.
The acid may be obtained commercially or prepared from readily
available starting materials by methods known to those skilled in che
art or obtainable from the chemical literature, <for example, O¥
p-nitration of the corresponding amincacid using, <£or example,
c.H SOa/c HNO3 at 0°¢.

Compounds of formula (VIII) may be prepared by ring-opening a compound
of formula (V) wherein n is a hereinbefore defined and W is a group oI
formula (ii) in which R, X and Y are as hereinbefore defined, ZIor
example, by refluxing in 2N aqu. KOH.

Compounds of formula (III), (VII), (IX) and (X) may be obtained
commercially or prepared from readil&havailable starting materials by
methods knoun to those skilled in the art or cbtainable from the
chemical literature.

p-Nitro compounds of formula (V) wherein W is a group of formula (i)
or (ii) may also be prepared by p-nitration of a compound of Iormuia
(XXXVI)

(XXXVI)

W
™ (CH

2) n

wherein n and W are as hereinbefore defined. using, £for example,

c.H,S0, /c.HNO; at 0°c.

Compounds of formula (XXXVI) may be prepared by reacting a compound of

_formula (XXXVII)
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(XXXVIDY

H(R)N l X
| G

or (XXXVIII)

HX

(ZXXVIII)

H(R)N
(CH,)

vherein n, R and X are as hereinbefore defined, with a compound of
formula (VII) wherein Y, 1. and L' are as nereinbefore defined.
typically in the presence of a base, for example, potassium hydroxide,

in a non-polar solvent, such as toluene.

Compounds of formula (XXXVII) and (XXXVIII) may be prepared by
reducing the corresponding nitro compounds, typically by catalytic
hydrogenation using, for example, Pd/C in a polar solvent, such as
ethancl. The nitro compound corresponding to the compound of formula
(3XXVII) may be prepared by reacting a compound of formula (XXIV)

{(XXI7)
27N eH,)
2'n+1
wherein n is as hereinbefore defined, with paraformaldehyde in a polar
aprotic solvent, such as DMF, in the presence of a base, for exampie,
sodium methoxide, at 0°C, or by esterification of the corresponding
carboxylic acid, typically by treatment with thionyl chloride and an
appropriate alcohol at -lOOC, followed by reduction of the ester group

using, for example, sodium borohydride, in a polar solvent system,

such as ethanol/water, at 0°C. The nitro compound corresponding <o

the compound of formula (XXXVIII) may be prepared by reacting cthe
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appropriate aldehyde with nitromethane, typically in the presence of a
base, for example, sodium methoxide, in a polar solvent, such as
methanol. The compound of formula (XXIV), the acid and the aldehyde
may be obtained commercially or prepared from readily available
starting materials by methods known tc those skilled in - the art or

obtainable from the chemical literature.

p-Nitrc compounds of formula (V) vherein W is a group of formula (i),
(i1), or (iii) 4in which R is cl-k
corresponding compound of formula (V) wherein R is hydrogen by
N-alkylation using a suitable agent, such as the appropriate dialkyl
sulphate, typically in the presence of a base, for example, sodium

alkyl may be prepared from the

hydride, in a non-polar solvent, such as THF.

Compounds of formula (I) wherein W is a group of formula (i) or (ii)
may alsc be prepared by reacting a compound of formula (XV)

H

N
HRN
(xv)
HX -

or (XXV)

HX N (XXV)

H(R)N

( 2)n Z
wherein n, R, X and Z are as hereinbefore defined, with a compound of
formula (VII) wherein Y, L and L’ are as hereinbefore defined, for
example, in the case where L = L' = ethoxy, by heating in the presence

of a base, for example, potassium carbonate.
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Compounds of formula (V) may be prepared by ring-opening a compound
of formula (I) wherein n and Z are as hereinbefore defined and W is 3
group of formula (i) in which R, X and Y are as hereinbefore defined,
for example, by refluxing in 2N aqu. KOH.

Compounds of formula (XV) wherein X is oxygen may be prepared by
esterification of the corresponding carboxylic acid, typically by
treatment with thionyl chloride and an appropriate alcohol at -10°C,
followed by vreduction of the ester using, for example, sodium
borohydride, in a polar solvent system, such as ethanol/water, at 0%.
The acid may be prepared by ring-opening a compound of formula (XVI)

o H

\7— NR N
oN
CHy 5
0

wherein n, R and Z are as hereinbefore defined and Rﬁ is hydrogen or
benzyl, typically by refluxing in water in the presence of a base, for
example, barium hydroxide.

R

Compounds of formula (XVI) wherein n = 0 may be prepared by reducing =z
compound of formula (XV1I)

R
N

0O CH
~ ™~
T (CHZ)n- ; . (RVII)

R°N
\O

wherein n, "R, Rs and Z are as hereinbefore defined, typically by

catalytic hydrogenation using, for example, Pd/C in a polar solvent

afN‘
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system, such as ethanol/water. Altermatively, an enantioseleccive
reducing agemt. such as Rh(cod)(dipamp) BF,  (JCS. Chem. Comm.
275 (1991)), may be used to reduce the double bond ané theredy
introduce & chiral centre at the 4&-position of the dioxoimidazoie
ring. The reduction step may be used to convert a compound of formula
(XVII) wherein Z is a group of formula (v) into a compound of Zormula
(XV1) wherein Z is a group of formula (vi).

Compounds of formula (XVII) may be prepared by reacting a compound of
formula (XVIII)

H
N

(XVIII)

OHC
N

(CH2) n-1 7

wherein n and Z are as hereinbefore defined, with, in the case where
R6 is to be hydrogen, a compound of formula (X) wherein R is as
hereinbefore defined, typically by heating in glac. acetic acid in the

presence of ammonium acetate,

Compounds of formula (XVIII) may be prepared by che reduction/
hydrolysis of the corresponding nitrile, typically using Raney nickel
and sodium hypophosphite in a mixture of water, acetic acid and
pyridine. The nitrile may be prepared by reacting a compound of
formula (XIX)

H
N

(XIX)

NC

~
(CHy)
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wherein u is as hereinbefore defined. with, in the case Where Z is =2

be a group of formula (¥v) or (vi), the approprizte compound o Zormul
(XXVIII)

{

\ 3
FEPRTT v - <
3 St

O:\__/NR T

. ] 3 . - o : P .
wnerein R is as hereinbeiore defined. cypically by refluxing ia =z
polar solvent. such as methanol, in the prasence of base, Zor exampis.

Porassium hydroxide.

Compounds of formula (XIX) and (XXVIII) may be obtained commercially
or prepared from readily available starting materials by methods known?
to those skilled in the art or obtainsble from the chemicaf
literature. Compounds of formula (XVI) wherein n = 0 may be <>‘r:.1:a1ine;';‘j
by the same means.

Compounds of formula (XVI) wherein R6 is benzyl and Z is a group
formula (iv) may be prepared by reacting a compound of formula (X}.."«;’

(m‘)

N /
/ f ..

wherein n and R are as hereinbefore de.t-:‘i:ned,/{wn:# a4 compounc o= ¢
. S
s . - e o W P 0] s
formula (III) wherein L is as hereinbefore défined, typically using
the reaction conditions described above for the Teactiom of (II) with

(I11).
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Hydrazines of formula (XXXV) may be prepared from the corresponding
aniline, typically using the reaction conditions described above for
the conversion of (IV) to (II). The aniline may be prepared byv
reducing the corresponding p-nitro compound, ctypically using che
reaction conditions described above for the conversion of (V) to (IV).
The p-nitro compound may be prepared by reacting the corresponding
p-nitroaminoacid with benzyl isocyanate in the presence of base, for
example, potassium hydroxide, in a polar solvent, such as water., The
p-nitroaminoacid may be obtained commercially or prepared from readily
available starting materials by methods known to those skilled in the
art or obtainable from the chemical literature, for example, by
p-nitration o¢f the corresponding aminoacid using, for example,
cHSO/cHN03atOC

Compounds of formula (XV) wherein R is hydrogen may be prepared by
reducing a compound of formula (XX)

H

02N N (XX)

HX

( 2) n y4
wherein n, X and Z are as hereinbefore defined, typically by catalytic
hydrogenation using, for example, 'Pd/C in a polar solvent, such as
ethanol. The same step may be used to comvert a compound of formula
(XX) wherein Z is a group of formula (v) into a compound of formula
(XV) vherein Z is a group of formula (vi).

Compounds of formula (XX) wherein X is oxygen may be prepared by
reacting a compound of (XXI)
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H

N
(XXI)
(CH,)
2'n+1 Z
wherein n and Z are as hereinbefore defined, with paraformaldehyde in
a polar aprotic solvent, such as DMF, in the presence of a base, for

example, sodium methoxide, at OOC.

Compounds of formula (¥XI) may be prepared by reacting a compound of
formula (XXII)

H
N

(XX1I)

(CH,)
2'n+1
wherein n is as hereinbefore defined, with, in the case where Z is to
be a group of formula (v) or (vi), the appropriate compound of formula

(XXVIII) wherein R3 is as hereinbefore defined, typically by heating
in glac. acetic acid.

Compounds of formula (¥XII) wherein n » 0 may be prepared by reducing
a compound of formula (XXIII)

H
N

)

. ON

/ (XXI11)
CH=
(CHz)n-‘I

wherein n 1s as hereinbefore defined, using, for example, sodium

borohydride and 40% w/v aéu. NaOH in a polar aprotic solvent, such as
oo —mn~tonitrile, at 0%.
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Compounds of formula (XXIII) may be prepared by heating the
appropriate aldehyde with nitromethane in the presence of ammonium
acetate. The aldehyde may 'be prepared from a compound of formula
(XIX) wherein n is as hereinbefore defined using the reaction
conditions described above for preparing a compound of formula (XVIII)

from the corresponding nitrile.

Compounds of formula (XXII) wherein n = O may be obtained commercially
or prepared from readily available starting materials by methods known
to those skilled in the art or obtainable from the chemical
literature.

Compounds of formula (XXI) wherein n ¥ O may also be prepared from a
compound of formula (XXXIX)

H
N

(XXXIX)

)

2N

~CH = CH\ (CH.) .
2'n-1 Z

vwherein n and Z are as hereinbefore defined, using reaction conditions
analogous to those used to comvert (XXIII) to (XXII). Compounds of
formula (XXXIX) may be prepared from a compound of formula (XVIII
vherein n and Z are as hereinbefore defined using reaction conditions
analogous to those used to prepare (XXIII) from the appropriate
aldehyde and nitromethane.

Compounds of formula (XX) wherein X is other than oxygen may be
obtained commercially or prepared from readily available starting
materials by methods known to those skilled in the art or obtainable

from the chemical literature.

Compounds of formula (XXV) may be prepared by ring-opening a compound

~F-“ormula (I) wherein n and Z are as hereinbefore defined and W is a
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group of formula (ii) in which R, X and Y are as hereinbefore deifined.

for example, by refluxing in 2N aqu. XOH.

Compounds of formula (I) wherein W is a group of formula (i) in which
Y is sulphur may be prepared by refluxing a compound of formula (XV)
vherein n, R and X are as hereinbefore defined, with a2 compound of
formula (VII) wherein ¥ 1is sulphur and L and L’ are as hereinbefora
defined, for ezample, N,N'-thiocarbonylimidazole, <typically in an

aprotic solvent, such as THF.

Compounds of formula (I) wherein W is a group of formula (ii) in which
Y is sulphur may be prepared by refluxing a compound of formula (XXV)
wherein n, R and X are as hereinbefore defined, with a compound of
formula (VII) wherein ¥ is sulphur and L and L’ are as hereinbefore

defined, for example, N,N’-thiccarbonylimidazole, ¢ypically in an
aprotic solvent, such as THF.

Compounds of formula (I) wherein W is a group of formula (iii) and 2
is a group of formula (v) or (vi) may also be prepared by cyclising a
compound of formula (XXVI)

H

@)
RN —( N
/ (XXV1)
HN

N
(CHZ) n Z

wherein'n and R are as hereinbefore defined, Z is a group of formula
(v) or (vi) and ® s C,_, alkyl, typically by heating in aqueous

acid, for example, 2N HKCl.

Compounds of formula (XXVI) wherein Z is a group of formula (v) may be
prepared by reacting a compound of formula (XXVII)
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() o]
\? N
F‘h‘ (XXVII)
—/ HN -
N~
(CH,),

vherein n, R and R7 are as hereinbefore defined, with a compound of
formula (XXVIII) wherein R3 is as hereinbefore defined, typically by

7
R 02C

heating in a non-aqueous acid, for example, glac. acetic acid.

Compounds of formula (XXVI) wherein Z is a group of formula (vi) may
be prepared by reducing a compound of formula (XXVI) wherein Z is a
group of formula (v), typically by catalytic hydrogenation using, for
example, Pd/C in a polar solvent system, such as acidified methanol/

water.

Compounds of formula (XXVII) may be prepared by reacting a compound of
formula (XXIX)

H
N

(XXIX)

H N
2N (cH,)

wherein n is as hereinbefore defined, with a compound of formula (XXX)

NCO

R7O'ZC _/ (XK

wherein R7 is as hereinbefore defined, ¢typically in an aprotic

solvent, such as DCM.
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Compounds of formula (IXIX) and (IXX) may be obtained commerciail:r =

"

srepared from readily availsble starting materials by methods xnown ¢

(9]

“hose skilled in the art or obtainable from the chemical literacurs.

Compounds of formula (I) wherein Z is a group of formuia (iv) mav a:

D

)
[s]

be prepared from a compound of formula (XXXI)

wherein n and W are as hereinbefore defined, by methods known to those
skilled in the art or obtainable from the chemical literature, ifor
example, by treatment with (COL)z, where L is a2 suitable lea{ving
group, for example, chlorine, to give the corresponding 3-COCOL
compound which may then be treated with HNR]'Rz. where Rl and }3.2 are as
hereinbefore defined, ‘and reduced using, for example, lithium
aluminium hydride. Alternatively, the compound of formula (XXXI) amay
be treated with CHZO/KGN to give the corresponding 3-cyanomethyl
compound which may then be catalytically hydrogenated over 2aney

- 1 9
nickel in the presence of HNR™R™ as hereinbefore defined.

The aforementioned 3-cyanomethyl compound may also be prepared ©&v¥

cvclising a compound of formula (XXXX)

NHN == CH(CH_)),CN

(X0
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wherein n and W are as hereibefore defimed, typically by refluxing in
an apretic solvent, such as chloroform, in the presence «c¢f

polyphosphate ester.

H

Compounds of formula (XXXX) may be prepared by reacting a.compound o
) formula (II) wherein n and W are as hereinbefore defined with
3-cyanopropanal, or a carbonyl-protected form thereof, such as the

diethyl acetal, typically in an aqueous acid, for example, dil. HCl.

Compounds of formula (I) wherein Z is a group of formula (v) may also
be prepared by reacting a compound of formula (XXXI) wherein n and W
are as hereinbefore defined, with a compound of formula (XXVIII)
wherein R3 is as hereinbefore defined, typically by heating in glac.

acatic acid.

Compounds of formula (XXXI) may be prepared by reducing a compound of
formula (XXXII) . '

H
N
(XXX1I)
w
S (CH)
SPh
wherein n and W are as hereinbefore defined, typically by heating with

Raney nickel in a polar solvent, such as IPA.

Compounds of formula (XXXII) may be prepared by reacting a hydrazine
of formula (II) wherein n and W are as hereinbefore defined with
phenylthicacetaldehyde, or a carbonyl-protected form thereof, for
example, the diethyl acetal, in a polar solvent, such as acidified
N ethanol.

Compounds of formula (I) wherein Z is group of formula (vi) may also

— be prepared by reducing a compound of formula (I) wherein Z is a group
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for

example, Pd/C in a polar solvent system, such as acidified
methanol/water.

For a better understanding of the invention, the following Examples
are given by way of illustrationm.

SYNTHETIC EXAMPIES

Synthetic Example

(b)

S -

Methanol (110ml) was treated dropwise with thionyl chloride
(26.3g) at -10°C and L-4-nitrophenylalanine (Fluka, 21.7g) added
to the resulting solution as a solid. The mixture was stirred
overnight at room temperature and the methanol removed in wvacuo
to give the desired product as a pale yellow solid (21.2g).

-2- -3-(4- e

The product from step (a) (21.2g) was dissolved in ethanol/water
(190m1, 100/90 v/v) and the solution added dropwise at 0°C o a
stirred solution of sodium borohydride (13.0g) in ethanol/water
(190ml, 100/90 v/v). The resulting mixture was refluxed for 2.5
hours, cooled and the precipitate filtered off. The ethanol was
partially removed from the filtrate jin vacuo and the resulting
precipitate filtered off and dried to give the desired product
as a pale yellow solid (7.5g).
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(8)-4-(4-Nitrobenzyl)-1 3-ogazolidin-2-one

The product from step (b) (4.9g) was suspended in toluene, the
suspension cooled to 0°C and a solution of potassium hydroxide
(7.0g) in water (56ml) added dropwise. A solution of phosgene
(62.5m1 of a 12% w/v solution in toluene) was added dropwise to
the resulting solution over 30 minutes and stirring continued
for 1 hour. The mixture was extracted with ethyl acetate and

the extracts washed with brine, dried and evaporated in wvacuo to

give a yellow oil. Crystallisation from ethyl acetate gave the

desired product as pale yellow crystals (2.3g).
~b-(b- ohenzylj)-1.3- olidin-2-one hydre jde

A suspension of the product from step (e¢) (0.79g) and 10%
palladium on carbon (0.26g) in a mixture of ethansl (15ml),
water (llml), ethyl acetate (2.0ml) and aqu. 2N HCl (2.3ml) was
stirred under 1 atmos. pressure of hydrogen until uptake ceased.
The mixture was £iltered through Hyflo and the filtrate
evaporated in vacuo to give the desired product as a pale yellow
foam (0.79g).

S)-4-(4-Hydrazinob -1.3-0xazolidin-2-one drochloride

The preduct from step (d) (0.79g) was suspended in water (4.8ml)
and ¢.HC1l (8.1ml) added dropwise. The resulting mixture was
cooled to -5°C and a solution of sodium nitrite (0.24g) in water
(2.4ml) added dropwise to the stirred mixture over 15 minutes
followed by 30 minutes’ stirring at -5 to 0°C. The solution was
then added at 0°C over 15 minutes to a stirred solution of ctin
(I1) chloride (3.8g) in c.HCl (6.9ml), <followed by 3 hours’
stirring at room temperature. The solution was evaporated in
vacuo and the residue triturated with ether to give the desired
product as a pale yellow solid (0.96g).
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{£)
The product from step (e) (0.84g) was dissolved in ethanol/water
(125m1, 5:1) and the solution treated with 4-chlorobutanal .
dimethylacetal (JACS 1365 (1951), 0.52g). The mixture was
refluxed for 2 hours, the solvent removed in vacuo and the
residue eluted through a silica column using DCM/E!:OH/NHA_OH
{(30:8:1) as eluant. The desired product was obtained as a
colourless oil (0.21g).

S o etic E e

Maleate

Ethanolic maleic acid (1.0 equiv.) was added dropwise to the free base
(0.21g) and the ethanol evaporated in vaguo. The resulting gum was
freeze-dried from water to give the desired product as a white
lyopholate (0.22g), [a]2! -5.92° (c = 0.3, MeCH).

'H MR (DMSO-&5, §): 2.7-3.5 (6H, m, CH,), 3.35 (2H, s, N, 4.05
(24, m, CHy), 4.25 (1, =m, CH), 6.05 (24, s, maleic acid), 6.98 (IH,

d, ar), 7.2 (14, s, Az), 7.3 (1H, &, Ar), 7.4 (1H, s, Ar), 7.75 (1H,
s, NH) and 10.9 (1K, s, NH)

Microanalysis: C 55.03 (54.96), H 5.54 (5.85), N 10.30-(10.68)

Synthetic Example 2

vl)-1H-indol-3- et ine 0.9 is opa ate O drate

™

A solution of formaldehyde (0.03g) in methanol (1.8ml) was added to a
solution of the free base from step (f) of Synthetic Example 1 (0.12g)
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and glac. acetic acid (0.14g) and the resulting mixture stirred
overnight at room temperature. The pH was adjusted to 8.0 using aqu.
KZCO3 and the mixture extracted with ethyl acetate. The combined
extracts were washed with brine, dried and evaporated to give a
colourless oil (0.1l4g) which erystallised from isopropanol to give the

desired product as a white crystalline solid (0.10g), mp 139-141°C.

'a R (DHSO-4,, 8): 2.2 (6H, s, Nfe,), 2.5 (2H, m, CHAr), 2.7-3.0
(4H, @, CHp), 6.1 (2H, m, CH,0), 4.3 (1H, m, CH), 6.9 (IH, d, AD), 7.1
(1H, s, Ar), 7.3 (1H, &, Ar), 7.4 (lH, s, Ar), 7.7 (1H, s, NHCO) and
10.7 (1H, s, NH).

Microanalysis: C 64.26 (64.11), H 8.28 (8.34), N 12.02 (12.00)
[a}gz -5.79° (c = 0.5, MeOH)
ts of the e

Maleate

A solution of maleic acid (0.17g) in ethanol (5ml) was added to a
solution of the free base (0.5g) in ethanol (Sml). 'The mixture was
evaporated in yacuo and the resulting oil triturated with ether and
methanol to. give the maleate salt as a white solid which was
recrystallised from ethanol (0.45g), mp 151-152°C.

Hydrochleride

Ethereal HCl (1.1 equivs.) was added dropwise to a stirred solution of
¢« the free base (0.35g) in methanol (iml) at 0°C. The hydrochloride
salt precipitated as an oil. The mixture was evaporated in vacuo and
the resulting foam crystallised from isopropanocl to give the desired
product as a white solid (0.36g), mp 118-120°C, [a]Z’ -9.35 (e = 0.31,

i

water). —————
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Succinate

A solution of succinic acid (0.36g) in ethanol (10ml) was added to a

a

solution of the free base (1.0g) 1in ethanol (10ml). The mixture was

evaporated in vacuo and the resulting foam triturated with isopropanol

to give the succinate salt as a white solid (1.0g), mp 122-123°%.

g%oate

A solution of benzoic acid (0.37g) in ethanol (10ml) was added to a
solution of the free base (1.0g) in ethanol (10ml). The mixture was
evaporated in vacuo and the resulting foam crystallised from ethyl

acetate to give the benzoate salt as a white seolid (0.74g), wmwp
90-92°.

4-Dimethylaminobutanal diethylacetal {(Croatica Chemica Acta 36, 103
(1964), 3.9g) was added to a solution of the product from step (e) of
Synthetic Example 1 (10.4g) in a mixture of acetic acid (50ml) and
water (130ml) and the resulting mixture refluxed for 4.5 hours. The
mixture was cooled, evaporated in vacuo and the residue eluted through

a silica column using DCH/EL'OH/NH OH (50:8:1) as eluant to give the
desired product as a pale yellow oil which crystallised from
isopropanol as a white crystalline solid (3.5g), mp 138-140%C. 'H
NMR, microanalysis and [c]D as for product of Synthetic Example 2.
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(b)

(c)
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5-Cyanoindole (Aldrich, 20.0g) was added to a solution of KOH
(22.4g) in methanol (200ml). N-Methyl-4-piperidone (Aldrich,

- 40.4g) was then added dropwise and the resulting mixture

refluxed for 4 hours, then cooled and poured into water. The
resulting precipitate was filtered off and dried to give the
desired product as a pale pink crystalline solid (32.6g).

3-(1-Methyl- 3, 6-terrah o-4-pyridvl)-1H-indele-5-carbalde-
hyde

Raney nickel (ca 10g) was added to a solution of the product
from step (a) (5.0g) and sodium hypophosphite (6.0g) in a
mixture of water (25ml), glac. acetic acid (25ml1) and pyridine
(50ml) at 45°C. The resulting mixture was stirred at 45°C for 1
hour, cooled and basified to pH 9 with 0.88 NH,OH. The mixture
was filtered through Hyflo and the filtrate extracted with
chloroform. The combined extracts were dried and evaporated

in vacuo to give the desired product as an off-white solid which

was recrystallised from ethanol (2.4g).

A mixture of the product from step (b) (2.4g), hydantoin
(Aldrich, 0.98g) and ammonium acetate (0.74g) in glac. acetic
acid (2.4ml) was heated at 120°C for & hours. The mixture was

cooled and the resulting precipitate filtered off and dried to
give the desired product as a yellow solid (2.4g).
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iperidyl)-1H-indole

The product from step (c) (2.4g) was suspended in a mixture of
water (100ml) and ethanol (200ml) and 10% w/w Pd/C (0.25g)
added. The mixture was stirred under 1 atmos. pressure of
hydrogen for 17 hours when uptake was complete. The mixture was
filtered through Hyflo and the filtrate evaporated in vacuo to

give the desired product as a colourless solid (2.4g).

(£)-3-{3-(1-Methyl-4-piperidyl)- 1§-indol-5-yllalanine

A solution of the product from step (d) (2.4g) and barium
hydroxide hydrate (8.4g) in water (50ml) was vrefluxed for 72

hours, then cooled and evaporated in vacuo. The residue was

taken up in hot methanol and filtered to remove barium salts.
The filtrate was evaporated jin vaguo, the residue dissolved in
water and dry ice added to precipitate barium carbonate. The
latter was filtered off and the filtrate evaporated in vacuo to
give the desired product as a yellow foam (1.3g).

‘A solution of the product from step (e) (6.2g) 1in methanol
(40ml) was added dropwise to a solution of thionyl chloride
(2.921) in methanol (35ml) at -10°C. The resulting mixture was
stirred overnight at room temperature, then evaporated in vacuo
and the residue eluted through a silica column using
DCH/E:OH/NHAOH (30:8:1) as eluant. The eluate was evaporated
in vacuo to give the desired product as a yellow foam (4.8g).

——————
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A solution of the product from step (f) (4.8g) in water (20ml)
and ethanol (20ml) was added dropwise to a suspension of sodiun
borohydride (0.61g) in a mixture of water (20ml) and ethanol
(20ml) at 0°C. The resulting mixture was refluxed for 3 hours,
then evaporated in vacuo and the residue eluted through a silica
column using DCM/EtOH/NH“OH (30:8:1) as eluant. The eluate was

evaporated in vacuo to give the desired product as a colourless

foam (1.6g).

A mixture of the product from step {g) (1.6g), diethyl carbonate
(0.73m1) and potassium carbonate (0.08g) was heated at 1$0°C for
5 hours. The mixture was cooled, taken up in methancl and the
insoluble potassiwm carbonate filtered off. The filtrate was
evaporated ip vacuo and the residue eluted through a silica
colum using DCH/EtOH/NHhOH {30:8:1) as eluant. The eluate was
evaporated jin vacuo and the residue recrystallised from

isopropancl/ether to give the desired product as a colourless
crystalline solid (1l.lg), mp 191-192°%.

‘W MR (DMSO-d, §): 1.6-1.8 (2, 2 x CHWMe), 1.8-2.1 (4,
2 x CB,), 2.2 (3H, s, Nde), 2.6-3.0 (2H, 2 x CHNMe; lH, CH; 2H,
CH,AT), 3.9-4.1 (2H, m, CH,0), 4.2-4.4 (I, m, CHN), 6.9 (IH, ¢.
Ar), 7.1 (1H, d, ar), 7.3 (1§, d, Ar), 7.4 (1H, s, Ar), 7.8 (1H,
s, NHCO) and 10.7 (1H, s, NH)
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c.HCl (1.0 equiv.) was added dropwise tec a stirred
free base (1.lg) in ethanol (5ml) at 5°¢.

solution of the
The addition of ether :o
the resulting mixture precipitated the desired product as a white
solid (1.lg), mp 235-236°C (dec).

Synthetic E 1

azolidin-4-vl ~-1B-indole

(a) - le-5-carba d

Raney nickel (6.7g) was added to a solution of S-cyancindole
(Aldrich, 10.0g) and sedium hypophosphite (20.0g) in a mixture
of water (73ml), glac. acetic acid (73ml) and pyridine (145ml)
at 45°C. The resulting mixture was stirred at 45% for 2 hours,
then cooled and filtered through Hyflo. The filtrate was
diluted with water and extracted with ethyl acetate. The
.combined extracts were washed with water, 10% aqu. citric acid.
1N aqu. HCl, water and brine, dried and evaporated in vacuo to
give the desired product as a buff solid which

recrystallised from chloroform (7.5g).

was

(b) S-(2-nitroethenyl)-1H-indole

. A mixture of the product from step (a) (7.5g), ammonium acetate
(1.5g) and nitromethane (77ml) was heated at 110°C for 2 hours,
then cooled and evaporated ip vacuo. The residue was triturated

with water to give the desired product as a yellow solid which
was filtered off and dried (9.2g).
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3-(2-nitxoe -18-indo

A solution of sodium borchydride (2.0g) and 40% w/v aqu: NaOH
was added dropwise to a solution of the the product from step
(b) (1.9g) in acetonitrile (55ml) at 0°C. The pH was maintained
at 3-6 by periodic additions of 2N aqu. HCl. The resulcting
solution was stirred at O°C for 2 hours, then diluted with water
and extracted with DCM. The combined extracts were washed with

brine, dried and evaporated in vacuo to give a yellow oil which

was eluted through a silica column using chloroform as eluant to

give the desired product as a pale yellow oil (0.78g).

N-Methyl-4-piperidone (Aldrich, 4.2g) was added to a solutiom of
the product from step (¢) (2.3g) in glac. acetic acid (35ml) at
100°C. The resulting solution was heated at 100°C for 1 hour,

.. cooled and poured into a mixture of 0.88 NHaOH (61lml) and ice

(e)

"R

(6lg). The résulting solid was filtered off, dried and
recrystallised from ethanol to give the desired product as a -

vhite solid (1l.6g).

Sodium methoxide (0.30g) was added to a solution of the product
from step (d) (1.5g) in DMF (15ml) at 0°C. To the resulting
solution was added dropwise a suspension of paraformaldehyde
(0.19g) in DMF (20ml). The resulting mixture was stirred at 0°c
for 1.5 hours, then poured into water and extracted with ethyl
acetate. The combined extracts were washed' with water and
brine, dried and evaporated in wvacuo to give a yellow oil which
was eluted through a silica column using DCM/EtOH/NH, OH (50:8:1)
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as eluant to give the desired product as an off-white solid
(0.85g) which was recrystallised from ethanol.

The product £from stei: (e) (0.08g) was dissolved in ethanol
{25ml) and 10% w/w Pd/C (0.23g) added. The mixture was stirred
under 1 atmos. pressure of hydrogen for 7 hours when uptake was
complete. The mixture was filtered through celite and the
filtrate evaporated jin vacuo to give the desired product as
colourless oil which was eluted through a silica column using
DCH/EtOH/NHAOH (50:8:1) as eluant.

A mixture of the product from step (f) (1.6g), diethyl carbonate
(0.71g) and potassium carbonate (0.08g) was heated at 130°C for
S hours. The mixture was cooled, taken up in methanol and the
inscluble potassium carbonate filtered off. The filtrate was
evaporated in vacuo and the residue eluted through a silica
column wusing DGH/E:OH/NH&OH (30:8:1) as eluant to give a
colourless foam which was crystallised from isopropanol/ether to
give the desired product as a colourless crystalline solid
(1.1g), mp 191-192%. 4 m® and microanalysis as for product
of Synthetic Example 4.

Synthetic E e 6
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Yobe(b- obenzvl) -1, 3-oxazolidin-2-one

A solution of D-4-nitrophenylalanine (Fluka, 53g) in dimechoxy-
ethane (250ml) was warmed to 67°C and BF,.Et,0 (Aldrich, 37ml)
added over 1 hour. The resulting solution was stirred at 67°C
for 1 hour, then heated to 80°C and BH,.Me,S (Aldrich, 40ml)
added over 1 hour at 80-85°C. The resulting solution was heated
at 85°C for 4 hours, then cooled and methanol (40ml) added. The
solution was heated to 85°C and the solvents removed by
distillation to 1/3 of the original bulk. 6N aqu. NaOH (136ml)
was added to the hot solution which was then heated at 85°C for
1/2 hour, cecoled and DCM (100ml) added. The solution was cocled
to -15 to -20°C and a solution of trichloromethyl chloroformate
(Aldrich, 18.2ml) in DCM (23ml) added at below -10°C. The pH
was maintained at 9-11 by periodic additions of 6N aqu. NaOH.
The resulting solution was stirred at room temperature for 1
hour, then diluted with water and extracted with DCM. The
combined extracts were washed with water and brine, dried and
evaporated in vacuo to give the desired product as a pale brown
solid which was recrystallised from ethyl acetate to give a pale
yellow solid (35g), mp 113-115°, (a)3! +46.47° (c = 0.56, MeOH).

~b4+(b+ be 1) - -oxazolidin-2-one hydrochloride

The product from step (a) (10.0g) wds suspended in a mixture of
water (120ml), ethanol (60ml) and 2N aqu. HCl (22.5ml) and 10%
w/w Pd/C (1.0g) added. The mixture was stirred under 1 atmos.
pressure of hydrogen for 8 hours when uptake was complete. The
mixture was filtered through Hyflo and the filtrate evaporated
in vacuo to give the desired product as a coclourless glass
(10.3g).
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(c)

The product from step (b) (10.3g) was suspended in water (33ml)
and c.HCl (106ml) added dropwise. The vresulting mixture was
cooled to -5°C and a solution of sodium nitrite (3.2g) in water
(30ml) added dropwise to the stirred mixture over 15 minuces
followed by 30 minutes’ stirring at -5 to 0°C. The solution was

- . . . -
then added at 0 C over 15 wminutes tc a stirred solution of

cin
(I1) chloride (51g) in <. HCl (91ml), <£followed by 3 hours’
stirring at room temperature. The solution was evaporated
in vacuo and the residue triturated with ether to give the
desired product as a pale yellow solid (llg).

The product f£rom step (c) (8.8g) was dissolved in ethanol/water
(500ml, 5:1 v/v) and the solution treaéed with &-chlorobutanal
dimethylacetal {(J.Amer.Chem.Soc. 1365 (1951), 5.5g). The
mixture was refluxed for 2 hours, the solvent removed jn vacuo
and the 7residue eluted through a silica column wusing
DCM/ECOH/NH,OH (30:8:1 v/v/v) as eluant. The desired product
was obtained as a pale yellow oil (0.680g).

Salt Lt
Hydrochloride

c.HCl (0.06ml) was added dropwise to a stirred solution of the (free
_  base (0.16g) in ethanol (2ml) at 0°C. The hydrochloride salt was

precipitated as a fawn solid: mp 269-27100, [a]%l +5.88° (c = 0.27,
MeOH) .
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Syntheti samole 7

A solution of 35% w/v aqu. formaldehyde (0.3ml) in methanol (2.0ml)
was added ﬁo a solution of the product f£from step (d) of Synthetic
Example 6 (0.44g) and sodium cyancborohydride (0.13g) in a mixture of
methanol (8.5ml) and glac. acetic acid (0.51g) at 10°C and the
resulting mixture stirred at room temperature for 2.5 hours. 2N aqu.
NaOH (1.3ml) was added, then sodium borohydride (0.19g) followed by 2N
aqu. HCl (1.3ml). The methanol was evaporated in wvacuo and the
remaining solution diluted with water, taken to pH 7 with solid
potassium carbonate and washed with ethyl acetate. Further potassium
carbonate was added to pH 11 and the sclution extracted with ethyl
acetate. The combined extracts were evaporated in vacuo to give the
desired product as a white foam (0.45g).

Salt_of Synthetic Example 7

Hydrochloride

c.HC1l (0.16ml) was added dropwise to a stirred solution of the free
base (0.45g) in ethamol (4.5ml) at 0°C. The mixture was evaporated
in vacuo and the resulting foam triturated with ethyl acetate to give
the desired product as a white solid, mp 130°c, [algl +5.15° (¢ =
0.77, MeOH).

Synthetic Example 8
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A solution of the hydrochloride salt of the product of Synthetic
Example 2 (0.33g) in 2N aqu. KOH (10ml) was refluxed for o«

hours, then cooled and extracted with ethyl acetate. The

combined extracts were dried and evaporated in vacuc to give tche

desired product as a colourless oil (0.25g).

(b)
A solution of N,N’-thioccarbonylimidazole (Aldrich, 0.2lg) in THF
{(6ml) was added dropwise to a stirred sclutiom of the product
from step (2) (0.31g) in THF (4ml) and the mixture refluxed for
23 hours, then cooled and evaporated in vacuo. The residue was
chromatographed through a silica column using DCH/E:OH/NHaOH
{20:8:1) as eluant to give the desired product as a colourless
oil.

Sait o et e 8

Hydrochloxide

1M Eth

the ethanol evaporated in vacuo.

from water to give the desired product as a white solid (0.17g),

133-13

anolic HC1 (1.0 equiv.) was added dropwise to the free base and

The resulting gum was freeze-dried

wp

6°C (softens 128°C), [a]ff‘s -29.8° (c = 0.5, water).

Synthetjc Exampile 9

(a)

1H-indol-3-vllethylamine hvdrobromide

-3.-Me =4-{&-nitrob 1)-2-0 inone

Sodium hydride (0.80g as a 60% w/w dispersion in oil) was added
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step (c) of Synthetic Example 1 (4.4g) in dry THF (150ml). The

mixture was stirred for 1.5 hours, then dimethyl sulphate -

(2.1ml) was added and stirring continued for a further 16 hours.
More sodium hydride (0.40g) was added and stirring continued for

another 2 hours. The mixture was evaporated in vacuo and the

residue suspended in ethyl acetate and filtered. The filtrate
was evaporated in vacuo and the residue crystallised from ethyl

acetate/hexane to give the desired product as yellow crystals
(3.7g), mp 146-147°C, [a]§3 +64.5° (c = 1.0, MeOH).

-3-Methyl-4-(4-aminobe =2- ) e _bhydrochioride
A suspension of the product from step (a) (4.0g) and 10% w/w
Pd/C (0.20g) in a mixture of ethanol (70ml) and dil. HC1 (2N
aqu. HC1l (12ml) + water (55ml)) was hydrogenated at 45 psi for 1
hour. The mixture was filtered through Hyflo and the filtrate
evaporated in vacuo to give the desired product as a foam.

=3~ ~b=(4-hydr be: =2-0 one hydrochlioride
A solution of the product from step (b) (4.1g) in water (24ml)
was cooled to -5°C and c¢.HCl (40ml) added. A solution of sodium
nitrite (1.2g) in water (12ml) was then added and stirring
continued for 0.5 hour. The resulting solution was added
dropwise at 5°Cto a stirred solution of stannous chloride
dihydrate (18.8g) in c.HC1l (34ml). The resulting mixture was
stirred at 0°C for 2.5 hours, them evaporated in vacuo. The
residue was taken up in water, brought to pH 2.5 using 10N aqu.
NaOH and filtered. The filtrate was evaporated in vacuo and the

residue triturated with ethanol and filtered. The filtrate was
evaporated in vacuo to give the desired product as a froth.
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3-yllethylamine hvdrobromide

4-Chlorobutanal dimethylacetal (J.Amer.Chem.Soc. 1365 (1951).
2.3g) was added to a stirred solution of the product from step
(¢) (4.4g) in ethanol/water (150ml/30ml) and the mixture
refluxed for -2 hours. The cooled mixture was evaporated
in vacuo and the residue eluted through a silica column using
DCH/MeOH/NHaOH (60:8:1) as eluant to give a browm cil (1.7g). A
portion of this (0.25g) was taken up in ethanol and treated with
an excess of HBr in acetic acid (ca 45% w/v). The resulting
solution was evaporated in vacuo and the residue triturated with
ether, then crystallised from ethanol/hexane to give the desired
product as pale yellow crystals (0.14g), mp 203-205°C, (a]2’
+29.9° (¢ = 0.5, MeOH). Elemental analysis and 1H MR were
consistent with the proposed structure.

Synthet e 10

Sodium .cyanoborohydride (0.14g) followed by glac. acetic acid (0.54ml)
were added at room temperature to a stirred solution of the free base
(0.52g) from step (d) of Synthetic Example 9 in methanol (9.0ml).
When effervescence was complete, a solution of 37% w/v  aqu.
formaldehyde (0.16g) in wmethanol (2.0ml) was added and the mixture
stirred for 1 hour, then diluted with water, saturated with potassium
carbonate and extracted with ethyl acetate. The combined extracts
were evaporated in vacuo and the residue eluted through a silica
column using DCI{/HeOH/NH&OH (60:8:1) as eluant to give the free base
of the desired product as a colourless oil (0.25g). The latter was
dissolved in ethanol (10ml), treated with z solution of maleic acid
(0.09g) in ethanol (lml) and the resulting solution evaporated

———*"~-vacuo to give an ofl which was triturated with ether, then

—

o
/m’;%f\ﬁ BEE

™

—
Sh
r 3y 1S D!"i}\( U.—o——’

!



WO 91/18897 PCT/GB91/00308
- 43 -

freeze-dried from water to give the desired product as a colourless

glass, fa]%z +24.5° (c'= 0.5, MeOH). Elemental analysis, lH NMR and

. MS were consistent with the proposed structure.

This Sheet Has Been Replaced

Synthetic Example 11 l

Benzaldehyde (0.70g) was added at room temperature to a stirred
solution of the compound of Synthetic Example 1 (1.7g) in ethanol
(20ml). The solution was stirred for 36 hours, then sodium
borshydride (0.25g) was added in portions and stirring continued for a
further 2 hours. The solution was evaporated in vacuo and the residue
cooled, acidified with 2N aqu. HCl, basified with sodium bicarbonate,
saturated with potassium carbonate and extracted with ethyl acectate.

The combined extracts were evaporated in vacue to give an oil which
was eluted through a silica column using DCM/EtOH/NH OH (100:8:1) as
eluant to give the free base of the desired product as a yellow froth
(1.6g). A portion of this (0.13g) was dissolved in ethanel (10ml),
treated with a solution of maleic acid (43mg) in ethanol (1ml) and the
resulting solution evaporated in wvacuo. The residue was freeze-dried

from water to give the desired product as a pale yellow powder
(0.16g), [a]2* +1.4° (c = 0.5, MeOH). Elemental analysis, "H MMR and

MS were consistent with the proposed structure.

* pethvl)-1H-indol-3-vlleth ine maleate hydrate

Anhy. potassium carbonate (0.34g) was added at room temperature to a
solution of the free base of Synthetic Example 11 (0.45g) in DMF
(8.0ml). The suspension was stirred for 0.5 hour, then a solution of
———di=athyl sulphate (0.17g) in DMF (2.0ml) was added and stirring

P
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continued for a further 3 hours. Water (40ml) was added and the
mixture extracted with ethyl acetate. The combined extracts were
evaporated in vacuo to give a yellow oil which was eluted through a

a

silica column using DCH/EtOH/NHAOH (100:8:1) as eluant te give the

free base of the desired product as a colourless oil (0.32g). a
portion of this (73mg) was dissolved in ethanol (10ml), treated with a
solution of maleic acid (23mg) in ethanol (lml) and the resulting
solution evaporated in vacuc. The residue was freeze-dried from water
to give the desired product as a pale yellow powder, [n]gk +3.1° (c =

0.5, MeOH). Elemental analysis, LH NMR and MS were comsistent with
the proposed structure.

Synthetic Example 13

-indol-3- aata O 5. ate

A suspension of the free base of the product of Synthetic Example 12
(0.25g) and 10% w/w Pd/C (0.10g) in ethanol (25ml) was hydrogenated
for 16 hours. The mixture was filtered through Hyflo and the filtrate
evaporated in vacuo. The residue was eluted through a silica column
using DCH/E!:OB/NHAOH {30:8:1) as eluant to give the free base of the
desired product (0.14g). The latter was dissolved in ethanocl (1Oml),
treated with a solution of maleic acid (0.06g) in ethanol (lml) and
the resulting solution evaporated in vacuo. The residue was
freeze-dried from water to give the desired product as a hygroscopic

solid, [r.-]%5 -5.4° (c = 0.5, MeOH). Elementzl analysis and 11-1 HMR
were consistent with proposed structure.
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Phenylthicacetaldehyde diethylacetal (JCS, Chem.Comm. 924
(1978), 9.1g) was added at room temperature to a stirred
solution of the product from step (e) of Synthetic Example 1
(9.8g) in a mixture of ethanol (150ml) and water (100ml). <.HCl
(5 drops) was added and the mixture stirred at room temperature
for 2 days, then partially evaporated in vacuo. The resulting
aqueous suspension was extracted with ethyl acetate and the

combined extracts washed with water and evaporated in wacuo to

give a brown oil. The latter was eluted through a silica column
using DCM/EtOH/NHAOH (150:8:1) as eluant to give the desired
product as a pale yellow oil (5.0g).

Raney nickel (3.0g) was added to a solution of the product from
step (a) (3.1g) in IPA (150ml) and the suspension refluxed for 1
hour. More Raney nickel (2.0g) was added and refluxing
continued for a further 2 hours. The suspension was f£iltered
hot through Hyflo and the filtrate evaporated in vacuo to give

an oil. The latter was eluted through a silica column using
ethyl acetate as eluant to give the desired product as a froth
(1.3g). 1H NMR and MS were consistent with the proposed
structure.

$)-3-(1-Methyl-1.2.3 é-tet 0-b - -5-({2-ox0-1,3-
oxa idin-4-vimet -1H-indole 0,33 me olate 0.75 hydrate

1l-Methyl-4-piperidone (0.47g, Aldrich) vas added to a stirred
solution of the product from step (b) (0.30g) in glac. acetic
acid (2.0ml) and the mixture stirred at 100°C for 2 hours. The
cooled mixture was poured onto ice/NHAOH (20ml) and cthe
resulting solid filtered off. The latter was eluted through a
silica column wusing DCI{/EtOH/NHAOH (60:8:1) as eluant and
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crystallised from ethyl acetate to give the desired product as a
colourless solid (0.11g), mp 225-227°C, f{aj’l -45.4° (e = 0.5,
1N aqu. HCl). Elemental analysis and IH NMR were consistent

with the proposed structure.

¥

Synthetic Example 15

-yvimethvl)-1H-indole hvdrobromide

A suspension of the preoduct of Synthetic Example 14 (0.35g) and 10%
w/w Pd/C (0.10g) in a mixture of methanol (10ml), water (10ml) and 1X
aqu. HCl was hydrogemated for 5 hours. The mixture was filtered
through Hyflo and the f£iltrate evaporated in vacuo. The residue was
basified with I\IHAOH, evaporated in wvacuo and eluted through a silica
column using DCH/Et:OH/HHaOH (45:8:1) as eluant to give an oil. The
latter was taken up in ethanol (5.0ml) and treated with an excess of
HBr in acetic acid (ga 45% w/v) to give the desired product as
colourless crystals (0.20g), mp 260-261%C, [al2' -5.2° (¢ = 0.5,
water). Elemental analysis and ]'H MMR were consistent with the
proposed structure. -

. By steps identical to steps (a) to (c) of Synthetic Example 6,
D-a-nitrophenylaianine was converted to (R)-4-(4-hydrazinoben-
zyl) -2-oxazolidinone hydrochloride.
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(b)

By steps analogous to steps (a) to (c) of Synthetic Example 14,
the product from step (a) was converted to (R)-3-(l-methyl-
1,2,3,6-tetrahydro-4-pyridyl)-5-(2-oxo- 1 3 -orazolidin-4-ylmeth-
y1)-1H-indole hydrate, mp 229-231°, [a]D +26.9° (¢ = 0.5, 1IN
aqu. HCl). Elemental analysis and 1H NMR were consistent with
the proposed structure.

thet b3 e 17

By a method analogous to that of Syntﬁetic Example 15, the product of
Synthetic Example 16 was converted to (R)-3-(l-methyl-4-piperidyl)-5-
(2-ox0-1,3-oxazelidin-4-ylmethyl)-1H-indole hydrobromide, mp
260-261°C. {a]%g +4.6° (¢ = 0.5, water). [Elemental analysis and lH
MMR. were consistent with the proposed structure.

et e 18

1.3-0 olidin-&4- et -1H-indole hvydrate

1-Benzyl-4-piperidone (Aldrich, 2.8g) was added to a  stirred
suspension of (R)-5~(2-0%0-1,3-0xazclidin-4-ylmethyl)-1H-indole
(1.0g), the immediate precursor of the product of Synthetic Example
16, in glac. acetic acid (20ml) and stirred at 100°C for 3 hours. The
cooled mixture was evaporated in vacuo and the residue taken up in
methanol, basified with NH&OH and evaporated in vacup to give a dark
tar. The 1latter was eluted through a silica column using
DCM/E:OH/NH OH (100:8:1) as eluant and treated with DCM. The
resulting precipitate was filtered off to give the desired product as

ik
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vellow crystals (0.25g), mp 169-170.5°C. Elemental analysis and l’d
NMR were consistent with the proposed structure. '

Syntheti e 19

y1)-1H-indole hydrobromide

A suspension of the product from Synthetic Example 18 (0.25g) and 10%
w/w Pd/C (0.10g). in methanol (25ml) was hydrogenated at 90 psi for 20
hours when uptake ceased. The mixture was filtered through Hyflo and.
the filtrate evaporated jin vacuo. The residue was eluted through a
silica column using DCH/EtOH/NH&_OH (30:8:1) as eluant to give an oil.
The latter was taken up in IPA and treated with an excess of HBr in
acetic acid (ga 45% w/v) to give a hygroscopic solid which was
freeze-dried from water to give the desired product as a pale brown

powder. Elemental analysis and 111 MR were consistent with the
proposed structure.

S etic

Carbon disulphide (90xl) was added to a stirred solution of the
product from step (a) of Synthetic Example 8 (0.31lg) and potassium
hydroxzide (0.08g) in ethanol (3.8ml) and the mixture refluxed, then
evaporated in wacuo. The residue was extracted with ether, acidified
and chromatographed using a silica reverse phase HFLC column and
eluting with 10+90% v/v water/acetonitrile with 0.1 aqu. ammonium
acetate buffer at pH 4.0 over 20 minutes to give the desired product
(0.01g) and, after treatment with HCl, the product of Synthetic
Example 8 (0.llg). Both were freeze-dried from water and gave lH NMR
and MS which were consistent with the proposed structures.
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1}-1H-indol-3- eth ine hvydrochloride

(a) +)-1-Nitromethvl-2- ethanol

Sodium methoxide (l.lg) was added to a stirred solution of
nitromethane (Aldrich, 12.2g) in methanol (100ml) at 0°C and the
mixture stirred for 10 minutes. A solution of
phenylacetaldehyde (Aldrich, 24.0g) in methanol (50ml) was added
dropwise over 15 minutes and the mixture stirred for 45 minutes
at 0°C, then brought to room temperature over 1 hour and stirred
overnight. ‘The mixture was evaporated in vacuo and the residue
taken up in water and extracted with ether. The combined
extracts were washed with water and brime and evaporated

in vacuo to give the desired product as a yellow oil (29.0g).
(b) +)-1- onet -2-phenviethanol chloride

A suspension of the product from step (a) (10.0g) and 10% w/w
Pa/C (1.0g) in ethanol (250ml) was hydrogenated until uptake
ceased. Tﬁe mixture was filtered through Hyflo and the filtrate
ovaporated ip wvacug. The residue was taken up in ethyl acetate
and extracted with 2N aqu. HCl. The combined extracts were

washed with ethyl acetate, then evaporated in vacuo to give the
desired product as a pinkish white solid (6.8g).

(c) +)-5-Be - -oxazolidin-2Z-one

A solution of KOH (9.4g) in water (85ml) was added to a stirred
solution of the product from step (b) (5.1g) in toluemne (150ml)
at 0°c. A solution of phosgene (9.8g) in toluene (78.4ml1 =

——12.5% w/v) was added dropwise over 15 minutes and the mixture
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aquecus phase was separated and extracted with ethyl acetate.
The combined extracts were evaporated in vacuo to give the
desired product as a white solid (2.2g), mp 106-108°C.

Elemental anaylsis was consistent with the propesed structure,
(X)-5-(4-Nitrobenzyl)-1, K 3-oxazelidin-2-one

c. sto (1.6ml) was added to the product from step (c) at 0°c
£ollowed by c.HNO, (0.33ml, ca 0.05m1/5 minutes) also at 0°c.
The mixture was stirred for 0.5 hour at 0°C and then for 0.5
hour at room temperature. Vater/ice (100ml) was added and the
mixture extracted with ethyl acetate. The combined extracts
were evaporated jin vacuo to give a yellow oil which was
recrystallised from ethyl acetate to give the desired product as
a white powder (0.4g), mp 143-146°C.

+Y 5. {4 e -1 3.0 n-2-one hyvdrochloride

A suspension of the product from step (4) (l.4g) and 10% w/w
Pd/C (0.14g) in a mixture of water (2lml), ethanol (28ml) and 2N
aqu. HCl (3.2ml) was hydrogenated for 2 hours when uptake
ceased. The mixture was filtered through Hyflc and the filtrate

.evaporated in vacuo to give the desired product as a pale yellow
foan (l.4g).

¢ HCL (14.5ml) was added to a stirred solution of the product
from step (e) (l.4g) in water (8.5ml) at 0°C. A solution of
sodium nitrite (0.43g) in water (4.3ml) was added dropwise over
15 minutes at 0°C and the mixture stirred for 0.5 hour at 0°C.
The mixture was then added dropwise to a stirred solution of tin
(11) chloride (6.8g) inm c.HCl (12.4ml) at 0°C over 15 minutes.
The mixture was brought to room temperature
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evaporated in vacuo. The residue was taken up in water (30ml),

brought to pH 2.5 using 1ON aqu. NaOH and the precipitated salts
filtered off. 4-Dimethylaminobutanal diethylacetal (Croatica
Chemica Acta 36, 103 (1964), 1.1g) followed by ‘Amberlyst 15°'
ion exchange resin (Aldrich, 3.0g) was added to the filtrate and
the mixture heated for 3 hours at lOOOC, filtered and the
filtrate evaporated in wvscuoc. The residue was treated with hot
ethanol, filtered -and the filtrate evaporated jin vacuo. The
residue was triturated with ethyl acetate, filtered and the
filtrate evaporated jin wvaguo. The residue was recrystallised
from ethanol to give the desired product as a pale yellow solid
{0.75g), mp 280-281°C. lH NMR and MS were consistent with the

proposed structure.

(b)
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-5-{4-Nitcrobe: - - 0lidin-2 . 4-dione

Bénzyl isocyanate (Aldrich, 3.2g) was added to a solution of
L-4-nitrophenylalanine (Aldrich, 4.2g) and potassium hydroxide
(1.3g) in water (40ml) at 0°c. The mixture was heated at
60-70°C for 2 hours, filtered and the filtrate acidified with
c.HC1l to give and off-white solid which was filtered off,
sugspended in 2N aqu. HCl (20ml) and refluxed for 2 hours. The
cooled mixture was diluted with water and filtered to give the

desired product as a white solid (5.6g).

By steps identical to steps (d) to (f) of Synthetic Example 1
and Synthetic Example 2 or steps (d) and (e) of Synthetic

e
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Example 1 and Synthetic Example 3 and steps (e) to (h) of
Synthetic Example &4, the product from step (a) was converted to
(S)-N,N-dimethyl-Z-[5-(2-oxo-l,3-oxazolidin-h—ylmethyl)-lH-
indol-3-yllethylamine.

Synthetic E: le 23

¢a) $)-4-(4- obe

-1,3-oxazolidin-2-one hvdrochloride

By steps analogous to steps (a) to (¢) of Synthetic Example 6,
L-4-nitrophenylalanine was converted to (S)-4-(4-hydrazinoben-
2yl)-1,3-oxazolidin-2-one hydrochloride.

(b) =b-{6-12-¢3- opropyl hydrazinelb -1.3-0%xazoli-
-2-one

1M aqu. HC1 (4.0ml) was added to a solution of the product from
step (a) (2.4g) in water (35ml). 3-Cyanopropanal diethylacetal
(Aldrich, 1.7g) was added at room temperature and the mixture
stirred for 2 hours. Further acetal (0.20g) was added and the
mixture stirred for another 20 minutes. The aqueous phase was
decanted from the resulting gum and extracted with ethyl
acetate. The extracts were combined with the gum and evaporated
in vacuo to give the desired product (2.5g).

(¢) -3-Cvanome =2-(2-0%0-1.3-0xazolidin-4-vimethvl)-1H-indole

& solution of the product from step (b) (2.5g) and polyphosphate
ester (20.0g) in chloroform (40ml) was refluxed for 20 minutes.
Ice was added to the cocled mixture and the chloroform
evaporated in vacuo. The remaining aqueous phase was extracted
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with ethyl acetate and the combined extracts evaporated in vacuo

to give the desired product as a pale yellow oil (1.8g).

(d) ,
. indol-3-vllethyl e

A suspension of the product from step (¢) (1.3g) and 10% w/w
Pd/C (1.0g) in 30% w/w ethanolic dimethylamine (25ml) was
hydrogenated for 24 hours and filtered tﬂrough Hyflo. Fresh
Pd/C (0.7g) and ethanolic dimethylamine (5ml) were added to the
filtrate and hydrogenation continued for a further 16 hours.
The mixture was filtered through a silica column using
DCH/ECOH/NHAOH (40:8:1) as eluant to give the desired product as
a colourless foam (0.3g). Elemental analysis and lH NMR were
consistent with the proposed structure.

thetic es

By methods analogous to those described in Synthetic Examples 1 to 23,
the following compounds of formula (I) were prepared. The NMR and
microanalysis for each compound were consistent with the proposed

structure.

24)  2-[5-(3-Methyl-2-oxoimidazolidin-4-ylmethyl)-1H-indol-3-yl]}-
ethylamine maleate 0.75 hydrate, mp 96-98°C;

25)  2-[5-(3-Methyl-2-oxoimidazolidin-4-ylmethyl)-1H-indol-3-yl]-
N,N-dimethylethylamine maleate 0.95 hydrate (white lyopholate);

« 26) 2-(5-[2-(2,5-Dioxoimidazolidinyl)ethyl]-1H-indol-3-yl}ethylamine
hydrochloride hydrate, mp 83-8500;

27) 2-(5-[2-(2,5-Dioxoimidazolindinyl)ethyl]-1H-1ndol-3-yl}-N,N-
dimethylethylamine maleate hydrate (pale yellow lyopholate);

et

Y
%
i
H
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28) 5-{2-(2,5-Dioxoimidazolidinyl)ethyl}-3- (1-methyl-4-piperidinyl)-

1H-indole hydrochloride, mp 320-322°C (dec);

29)  2-[5-(5-Methyl-2-oxoimidazolidin-4-ylethyl) -1H-indol-3-yl1}
ethylamine maleate hydrate, mp 99°¢ (softens 88°C):

30) 5-[{3-(4-Piperidyl)-1H-indol- S-ylmethyl] 2,4- um.dazohdlnedlone
acetate 1.4 hydrate, mp 92- 93°% (softens 86° C);

31)

2-[5-(1-Methyl-2-ox%0-4-imidazolidinylmethyl) - 1H-indol-3-yl]eth-
Ylamine diacetate 2.75 hydrate (pale yellow lyophylate).

In the following Examples, the "active ingredient” may be any compound

of formula (I) and/or a physiclogically acceptable salt, solvate, or
physiologically functional derivative thereof.

(1) ZIsblet formulatioms
(i) Oxal
Mg/rabjet
. A B €

Active ingredient 25 ' 25 25
Avicel 13 - 7
Lactose 78 47 -
Starch (maize) - 9 -
Starch (pregelatinised,

NF13) - - 32

« Sodium starch

glycollate 5 . -
Povidone -
Magnesium stearate 1 1 1

I 125 85
This Sheet Has Been R
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(ii) ubl a
tablet

] E
Active ingredient 25 25
Avicel 10 -
Lactose - 36
Mannitol 51 57
Sucrose - 3
Acacia - 3
Povidone 3 -
Magnesium stearate 1 1

90 125

Formulations A to E may be prepared by wet granulation of the first
six ingredients with the povidone, followed by addition of the

magnesium stearate and compression.

(1ii) Bugeal
Mg/tablet
Active ingredient 25
Hydreoxypropylmethyl
cellulose (HPMC) 25
Polycarbophil 39
Magnesium stearate 1

M 90

The formulation may be prepared by direct compression of the admixed

ingredients.
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(2) apsule lations
(i) Powder
Mg/capsule
E €]
Active ‘ingredient 25 25
Avicel 45 -
' Lactose 153 -
Starch (1500 KF) - 117
Sodium starch
glycollate -
Magnesium stearate 2 2
225 150

Formulations F and G may be prepared by admixing the ingredients and
filling two-part hard gelatin capsules with the resulting mixture.

(11) Liquid £ill

Mg/capsule
| i
Active ingredient 25 25
Macrogol 4000 BP 200 -
Lecithin . ' 100
Arachis oil - 100
225 225

Formulation H may be prepared by melting the Macrogol 4000 BP,
___dispersing the active ingredient in the melt and filling two-part hard _ -
atin capsules therewith, Formulation 1 may be prepau:edm ﬁ{f

J—
e
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dispersing the active ingredient in the lecithin and arachis oil and

filling soft, elastic gelatin capsules with the dispersion.

(iii) Controlled release

Mg/capsule
Active ingredient 25
Avicel 123
Lactose 62
Triethylcitrate 3
Ethyl cellulose 12
225

The formulation may be prepared by mixing and extruding the first four
ingredients and spheronising and drying the extrudate, The dried
pellets are coated with ethyl cellulose as a release controlling

membrane and filled into two-part, hard gelatin capsules.

3 enous ection fo o

3 by weight
Active ingredient 2%
Hydrochloric acid ) q.s. to pH 7
Citrate buffer )
Water for Injections to 100%

The active ingredient is taken up in the citrate buffer and sufficient
hydrochloric acid added to affect solution and adjust the pH to 7.
The resulting solution is made up to volume and filtered through a
micropore filter intoc sterile glass vials which are sealed and

cversealed.
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(&) Intranasal fo tio
t by weight

Active ingredient 0.5%

Hydrochloric acid )

Citrate buffer ) q.s. to pH 7

Methyl hydroxybenzoate 0.2%

Propyl hydroxybenzoate 0.02%

Water for Injections to 100%

The active ingredient is takem up in 2 mixture of the hydroxybenzoates

and citrate buffer and sufficient hydrochloric acid added to affectc

solution and adjust the pH to 7. The resulting solution is made up to

volume and filtered through a micropore £filter into sterile glass
vials which are sealed and oversealed.

&) us ction fo

Active ingredient 0.05 g
Benzyl alcohol 0.10 g
Glycofurol 75 1.45 g
Water for Injectioms gq.s. to 3.00 m1

The active Ingredient is dissclved in the glycofurol. The benzyl

alcohol is added and dissolved and water added to 3 ml. The mixture

is filtered through a micropore filter into sterile glass vials which
are sealed and oversealed.

(6)  Syrup formulation

v This Sheet Has Been Replaced
st tngrnion oo [INMAIANN
Sorbitol solution 1.50 g
Glycerol . 1.00 g
Sodium benzoate 0.005 g

Flavour 0.0125 ml
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The sodium benzcate is dissolved in a portion of the purified water
and the sorbitol sclution added. The active ingredient is added and
dissolved. The resulting solution is mixed with the glycerol and made

up to the required volume with purified water.

(7) Suppesitory formulation

Mg/s ositorv

Active ingredient (63um)¥* 50
Hard Fat, BP (Witepsol H15 - Dynamit NoBel) 1950
2000

* The active ingredient is used as a powder wherein at least 90% of

the particles are of 63um diameter or less.

One-£ifth of the Witepsol H1S is melted in a steam-jacketed pan at
45°C maximum. The active ingredient is sifted through a 200um sieve
and mixed with the molten base using a Silverson mixer fitted with a
cutting head until a smooth dispersion is achieved. Maintaining the
mixture at A5°C. the remaining Witepsol H15 is added to the suspension
which is stirred to ensure a homogencus mix. The entire suspension is
then passed through a 250um stainless steel screen and, with
continuous stirring, allowed to cool to 40°c. At a temperature of
38-40°C, 2.0g aliquots of the mixture are filled into suitable plastic
moulds and the suppositories allowed to cool to room temperature.

(3) 88 ation
Mg/pess
Active ingredient (63um) 50
Anhydrous dextrose 470
Potato starch 473
Magnesium stearate 473
I - 1000

ect Has Been Replaced
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The above ingredients are mixed directly and pessaries prepared by

compression of the resulting mixture.

BIOLOGICAL ASSAY

The compounds of formula (I) prepared in Synthetic Examples 1 to 17
were each tested for their activity as agonists for the “S-HTl-like“
receptor mediating smooth muscle contraction by the following mechod.
Right and left lateral saphenous veins were obtained from male New
Zealand White rabbits (2.4-2.7 kg) which had ©been killed by
intravenous injection of pentobarbitone sodium (60 wmg/kg). Ring
segments (3-5 mm wide) prepared from each vessel were suspended
between two wire hooks and immeresed in 20 ml organ baths containing
Krebs’ solution (pH 7.4) of the following composition (mM): NaCl
118.41, RaHCO3 25.00, KC1 &4.73, KKZPOA 1.19, MgsO, 1.19, glucose 11.10
and CaCl2 2.50. Cocaine (30uM) was present in the Krebs’' solution
throughout the experiment to prevent the uptake of amines by
sympathetic neurcnes. The Krebs’ solution was maintained at 37°% and
continually gassed with 95% oxygen/5% carbon dioxide. Increases in
tissue isometric force were measured using Grass FI03C force
displacement transducers and recorded on a Gould BD-212 pen recorder.
A force of 1.0g was applied to each preparation and re-established
twice during a subsequent period of 30 minutes. During this period,
tissues were exposed to pargyline (500uM) to irreversibly inhibit
monoamine oxidase and to phenoxybenzamine (0.1uM) to inactivate
al-ad:enoceptors. At the end of the 30 minutes, the inhibitors were
removed by several changes of the organ bath Krebs’ solution.

Agonist activity was assessed by cumulative additions of the test
compound, its concentration being increased in 0.5 log;, unit
increments until further additions caused no further change in tissue
force. In each experiment, the activity of the test compound was

ared to the activity of 5-HT. Activity was expressed in terms
eet Has Been Replaced P
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the p[Aso] (-loglo[M], where M is the molar concentration of agonisc
required to produce half the maximum effect). The results obtained
for the compounds of Synthetic Examples 2/3 and 4/5 are shown in Table

-
]
-

Tahle
Example Activity
plasgl
2/3 7.0
4/5 6.3

10

The hydrochloride salt of the compound of Synthetic Examples 2/3 was
administered orally by gaﬁage to Wistar rats as a solution in
distilled water at dosages of 25, 100 and 200mg/kg base and to Beagle
dogs at dosages of 0.25, 0.50, 1.0 and 2.0mg/kg base once a day for 14
days. In a separate dog study over 30 days, the dosage of the free
base was increased from 2mg/kg on Day 1 to 100mg/kg on Day 30. The
free base was also administered orally to cyncmolgus monkeys at a
dosage of 50mg/kg once a day for 15 days.

No evidence of toxicity was observed in any of the aforementioned

studies at any of the dosages used.
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GLATMS
1. A compound of formula (I)

H

N

w (D)
™ (CH,)
2'n Z

vherein
o is an integer of from 0 to 3;

W is a group of formula (i), (ii), or (iii)
A i

i (11) (1ii)

wherein R is hydrogen or c].-lu. alkyl, X is -0-, -S-, -NH-, or

-(Elz- » T is oxygen or sulphur and the chiral centre * in formula

(1) or (ii) is in its (S) or (R) form or is a mixture thereof
any proportions; and

-
—

Z is a group of formula (iv), (v) , or (vi)

e ————
e
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- CH20H2NR1 R% ——/_-\ NR° NR®
(1v) ) (vi)

wherein Rl and Rz are independently selected from hydrogen and
C,_, alkyl and R3 is hydrogen or C, , alkyl:

and salts, solvates and physiologically functional derivacives

thereof.

A compound of form-ula {I) as shown in Claim 1, wherein
nis l, or *

W is a group of formula (i), or

Z is a group of formula (iv) or (vi),

and physiologically acceptable salts, solvates and
pﬁysiologically functional derivatives thereof.

A compound of formula (I) as shown in Claim 1, wherein

nis 1,

W is a group of formula (i) wherein R is hydrogen, X is -0- and

Y is oxygen, and

Z is a group of formula (iv) or (vi) vherein Rl - R2 = hydrogen
or methyl,

e

""“\S\imﬁﬁ\’ﬁ\iﬁﬁﬁ“ R




WO 91/18897 64 PCT/GB91/00908

and chysioclogiecally acceptable salts, solvatas and

onysiologically functional derivacives thereof.

4. A compound of formula (I) as claimed in Claim 1. which compound

is

N,N-dimethyl-2-{5-(2-0%0-1,3-0xazolidin-4-ylmethyl)-iH-indo:-3-

yljethylamine or

3-(l-methyl-4-piperidyl)-5-(2-oxo-1,3-oxazolidin-4-ylmethyl)-1x-
indole

in either its (8) or (R) Zorm or as a mixture thereol in anv
proportions, or a physiologically acceptable salt, solvates, or
physioclogically functional derivative thereof.

S. A compound of formula (I) as claimed in Claim 4, which compound
is (S)-¥,N-dimathyl-2-[5-(2-0%0-1,3-0%azolidin-4-ylmethyl)-1K-
indol-3-yl]lethylamine or a physiologically acceptable salc,
solvate, or physiologically functional derivative thereof.

6. A compound of formula (I) as claimed in any of Claims 1 to 5, or
a physioclogically acceptable salt, solvate, or physiclogicaily

86 tRon AP YRR cre AnKBgMA TR <A0AARNDe A20e 82 KRS °

~I
.

A compound of formula (I) as claimed in any of Claims 1 to 3, or
a physioclogically acceptable salt, solvate, or physiologically
functional derivative thereof, for wuse in the prophylaxis or
treatment of a clinical condition for which a "5-HI, -1like"

receptor agonist is indicarted.

§. A compound of formula (I) as claimed in any of Claims 1 to 3, or -
a physiologically acceptable salt, solvate, or physiologiczlly

functional derivative thereof, for use in the prophylaxis or
use in

e

treatment of migraine—

e e
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15.
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Use of a compound of formula (I) as claimed in anv of Claims I =3

(V)]

, or a physiologically acceptable sait, solvate, o=
physioclogically functional derivative thersof, in the manufacture
of a medicament for the prophylaxis or <creatment of a2 clinicsl

condition for which a “S-Hzl-like" receptor agonist is indicatad.

Use of a compound of formula (I) as claimed in any of Claims 1 <o
5, or a physiologically acceptable salt, soivate, or
physioclogically functional derivative thereof, in the manufaccure

of a medicament for the prophylaxis or treatment of migraine.

A method for the prophylaxis or treatment of a clinical condition
in a mammal which comprises the administration te said mammal c¢f
a therapeutically effective amount of a compound of formula (I)
as claimed in any of Claims 1 to 5 or of a physiclogically
acceptable salt, solvate, or physiclogically functional
derivative thereof. *

A methed as claimed in Claim 11 for the prophylaxis or treatment
of a clinical condition for which a 'S-HIl-like“ raceptor agonist
is indicated.

A method as claimed in Claim 12 for the prophylaxis or treatment

of migraine.

A method as claimed in any of Claims 11 to 13 wherein said mammal

is a humman.

A medicament comprising a compound of formula (I) as claimed in
any of Claims 1 to 5 or a physiologically acceptable salrc,
solvate, or physiologically functional derivative thereof, a
pharmaceutically acceptable carrier and, optionally, one or more

other physiologically active agents.
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16. A medicament as claimed in Claim 15 which is in <the form oFf 3

a

tablet or capsule.

17. A process for the preparation of a compound of formula (I)

W )
~
- (CH),

whersin

n is an integer of from 0 te 3;

W is a group of formula (i), (ii), or (iii)

Y N X 7 _i_
T

O
- (1) (i1) (ii1)
wherein R is hydregen or Cl-h alkyl, X is -0-, -S§-, -NH-, or

-CHZ- » ¥ is oxygen or sulphur and the chiral centre * in formula

(1) or (1i) is in icts (S) or (R) form or is a mixture thereof in
any proportions; and

v Z is a group of formula (iv), (v), or (vi)

11
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-CHZCHZNR R NR NR

(iv) : v) (vi)

wherein Rl and Rz are independently selected from hydrogen and

1_ alkyl and R3 is hydrogen or C alkyl

vhich comprises

(a) 1in the case where Z is a group of formula (iv), reactingz s

compouﬁd of formula (II)

NHNH2

W (I1)
™~
(CH2) n

wherein n and W are as hereinbefore defined, with a compounc

of formula (III)

. /‘\/\/ L o
o 4

or a carbonyl-protected form thereof, wherein L is a

suitable leaving group or protected amino group which may be

e e e s e
e e
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comrerted In situ to an amino group or is -NR'R™ wherein R*

and R are as herairbefore defined;

(b) in the case where Z is a group of formula (v), reacting a
compound of formula (XTXXI)

(XXXI)

W

~
(CH,)

wherein n and ¥ are as hereinbefors defined, with a compound
of formula (XXVIII)

3

(XXVIII)

O NR

wherein R3 is as hereinbefore defined, and

(¢) 1in the case where Z is a group of formula (vi), reducing a
compound of formula (I) wherein n and W are as hereinbefore
defined and 2 is a group of formula (v) or, in.the case
where W is a group of formula (i) or (ii), reacting a
compound of formula (XV)

| H
HR)N N
HX (XV)

(CHZ)n . Z

Wi L
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or (XXV)

H

HX XN
G

(XV)

(CH,), 2

wherein n, R and X are as herejpbefore defined and 2 is a

group of formula (vi), with a compound of formula (VII

L

Y = (VII)
C\L'

wherein Y is as hereinbefore defined and L and L', which may

" be the same or different, are suitable leaving groups,

and optionally converting the compound of formula (I) so
formed to a correspending salt, solvate, or physiologicaily

functional derivative.

A method of preparing a medicament which comprises

preparing a compound of formula (I) or a physiologically
acceptable salt, solvate, or physiologically functional

derivative thereof by a process as claimed in Claim 17; and

admixing the product from step (a) with a pharmaceutically
acceptable carrier and, optionally, one or more other

physioclogically active agents.

18.
(2)
Y (b)
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19. A method as claimed in Claim 18 which comprises an additional

step (c¢) wherein che admixrure from scap (b) is formed into a
tablet or capsule.
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