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Bl CYCLI  TYPE ®AOBEILUNDS This invention relates to novel conpounds,
rocessés for preparing them and to their use as therapeutic agentsgpp9oe o -
uropgan Publ i shed Patent Application No. 0126311 di scl oses substituted

benz ran conpounds havi ng bl ood mlmggr activity, includi Wf":‘
6-acgtyl - trans-4-(4-fl uorobenzoyl 2§1 no§-§'§§) I hydro- 2, 2-di net hyl - 2H whY.
1- bénzopyran-3-ol. Also EP-A-0 376 524, EP-A-0 205 292, EP-A-0 250 077,
ER/A-0 093 535, EP- At 3Bkl wénével E6mBainall¥d pHided m

' 98 ' R I C p@i}&éﬁi‘?ﬁm

ANty pel t cre 0 et A5p 8 hermpeu agemts. o
: 5 European Published Patent Application No. 0126311 discloses substituted
benzopyran compounds having blood pressure lowering activity, including 6-acetyl-
trans-4-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-3-ol.

Also EP-A-0 376 524, EP-A-0 205 292, EP-A-0 250 077, EP-A-0 093 535,
EP-A-0 150 202, EP-A-0 076 075 and WO/89/05808 (Beecham Group plc) describe

10  certain benzopyran derivatives which possess anti-hypertensive activity.

EP-A-0 350 805 (Biersdorf), EP-A-0 277 611, EP-A-0 277612, EP-A-0 337
179 and EP-A-0 355 565 (Hoechst Aktiengesellschaft); EP-A-0 466 131 (Nissan
Chemical Industries Ltd), EP-A-0339562 (Yoshitomi Pharmaceuticals) EP-A-415
065 (E. Merck) EP-A-450415 (Squibb), EP-A-0482934, EP-A-0296975, JO-2004-

15 791 and WO\S9\07103 also describe certain benzopyran derivatives which are
believed to possess anti-hypertensive activity.

EP-A-0 430 621 and EP-A-0 385 584 (Beecham Group pic) describe the
resolution of certain intermediates useful in the preparation of the compounds
described in the above mentioned patent applications.

20 EP-A-0 139 992 (Beecham Group plc) describes certain benzopyran
derivatives which have cis isomerism at position 3 and 4 which compounds are
described as possessing anti-hypertensive activity . '

PCT/GB92/01045 (SmithKline Beecham pic; unpublished at the priority date),
which describes certain fluorobenzoylamino benzopyrans, pyranopyridines and

25 tetrahydronaphthalenes in which the 3 and 4 position substituents are trans to each
other. These compounds are described as possessing inter alia anxiolytic and anti-
convulsant activity. S ' '

It has now been surprisingly found that certain compounds of formula (I)
(below) possess anti-convulsant activity, and are also believed to have utility in the

30 treatment or prevention of anxiety, mania, depression, disorders associated with a
subarachnoid haemorrhage or neural shock, the effects associated with withdrawal
from substances of abuse, Parkinson's Disease, Psychosis, migraine and/or cerebral
ischaemia. '

Accordingly, the present invention provides a compound of formula (I) or

35 pharmaceutically acceptable sait thereof:
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EP-A-0 350 805 (gi 8%0”)’ EP-A-0 277 611, EP-A-0 277612, EPQTI% F
and EP-A-0 355 563 echst Aktiengesellschaft); EP-A-0 466 1

Chemical Industries Ltd), EP-A-0339562 (Yoshitoni Pharmaceuticals) EP-A-415
065 (E. Merck) EP-A-450415 (Squibb), EP-A-0 8@% EP- A- 0296975,

JO 2004-791 and WD 89/07103 al so describe ce ' benzopyran derivatives
which are believed to possess anti-hypertagsi «-' s vity., EP-A-0 430 621
and EP-A-0 385 584 (Beecham Group plc) he regol ution of certain
i nternmedi ates useful in the preparatio gQmpounds described in the
above nentioned patent applications.fe oO%y (Beecham G oup plc)
descri bes certain benzopyran derivatives which ve Cis isonerism at
position 3 and 4 whekdih conpounds are

either Y is N and R is hydrogen, or Y is C-R}
where:

5 either one of Ry and R is hydrogen and the other is selected from the class of
hydrogen, C3_g cycloalkyl, C)_g alkyl optionally interrupted by oxygen or substituted
by hydroxy, C1._g alkoxy or substituted aminocarbonyl, C_g alkylcarbonyl, C;_¢
alkoxycarbonyl, Cj.g alkylcarbonyloxy, Cj.g alkoxy, nitro, cyano, halo,
trifluoromethyl, CF38S, or a group CF3-A-, where A is -CF3-, -CO-, -CHj-, CH(OH),

10 SOy, SO, CH3-O, or CONH, or a group CFoH-A'- where A’ is oxygen, sulphur, SO,
S0y, CF3 or CFH; trifluoromethoxy, C1_g alkylsulphinyl, perfluoro Cy_g
alkylsulphonyl, C1_g alkylsulphonyl, Cj_g alkoxysulphinyl, Cj.g alkoxysulphonyi, )
aryl, heteroaryl, arylcarbonyl, heteroarylcarbonyl, phosphono, arylcarbonyloxy,
heteroarylcarbonyloxy, arylsulphinyl, heteroarylsulphinyi, arylsulphonyl,

15  heteroarylsulphonyl in which any aromatic moiety is optionally substituted, C.¢
atkylcarbonylamino, C1_¢ alkoxycarbonylamino, C;_g alkyl-thiocarbonyl, Ci.g
atkoxy-thiocarbonyl, C1 g alkyl-thiocarbonyloxy, 1-mercapto C5_7 alkyl, formyl, or
aminosulphinyl, aminosulphonyl or aminocarbonyl, any amino moiety being
optionally substituted by one or two Cj_g alkyl groups, or Cy_g alkylsulphinylamino,

20 Cj.¢ alkylsulphonylamino,Cj_g alkoxysulphinylamino or C1.¢
alkdxysulphonylanﬁno, or cthylenyl terminally substituted by C;_g alkylcarbonyl, .
nitro or cyano; or C(Cy.¢g alky)NOH or -C(Cj.g alkyl)NNH>, or one of R{ and Ry
is nitro, cyano or Cy_3 alkylcarbonyl and the other is methoxy or amino optionally
substituted by one or two Cj_g alkyl or by C_7 alkanoyl; or R{ and R together are -

25 (CHp)4-or-CH = CH-CH = CH-, or form an optionally substituted triazole or
oxadiazole ring;
one of R3 and R4 is hydrogen or C_4 alkyl and the other is Cy_4 alkyl, CF3 or CHyp
X2 where X2 is fluoro, chloro, bromo, iodo, Cj_4 alkoxy, hydroxy, C1_4
alkylcarbonyloxy, -S-C1.4 alkyl, nitro, amino optionally substituted by one or two

30 Cj.4 alkyl groups; cyano or Cj_4 alkoxycarbonyl or R3 and R4 together are Cp_5
polymethylene optionally substituted by Cy_4 alkyl;

Rs is Cy_g alkylcarbonyloxy, benzoyloxy, ONO2, benzyloxy, phenyloxy or C1_g
alkoxy and Rg and Rg are hydrogen or R5 is hydroxy and Rg is hydrogen or Cy.2
alkyl and Rg is hydrogen;

35 Rq is heteroaryl or phenyl; both of which are optionally substituted one or more times
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m graine and/ of Cle&ebraﬂoxy, mono or di C1_g alkyl amino, amino, amino-Cj.g alkyl, hydroxy-

C1-6 alkyl, halo-C_g aikyl, Cy.g acyloxy-Cj.g alkyl, Cy.g alkoxycarbonyl-Cj_g-
alkyl, aryl or heteroaryl;
the Rg-N-CO-R7 group being cis to the Rg group;
o 10 and X is oxygen or NR 1o where R1g is hydrogen or Cy_g alkyl with the proviso that
' the compound is not racemic czs—4—benzoylammo—6-cyano—3 4-dihydro-2,2-dimethyl-
2H-benzo{b]pyran-3-ol.
All Cq_g alkyl or Cy_4 alkyl or alkyl containing groups in formula (I) are
preferably selected from methyl, ethyl, n - and iso -propyl, n -, iso -, sec - and
15  tert-butyl.
Suitable C3_g cycloalkyl groups include cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, Cycloheptyl and cyclooctyl.
Suitable halo substituents include fluoro, chloro and bromo.
Aryl whenever mentioned herein includes but is not limited to phenyl and
20  naphthyl. :
Heteroaryl whenever mentioned herein includes a 5- or 6- membered
monocyclic or 9- or 10- membered bicyclic of which 5- or 6- membered monocyclic
heteroaryl is preferred. In addition, 5- or 6-membered monocyclic or 9- or
10-membered bicyclic heteroaryl preferably contains one, two or three hetéroatoms

25  which are selected from the class of oxygen, nitrogen and sulphur and which, in the
case of there being more than one heteroatom, are the same or different. Examples of
5- or 6-membered monocyclic heteroaryl containing one, two or three heteroatoms
which are selected from the class of oxygen, nitrogen and sulphur include furyl,
thienyl, pyrryl, oxazolyl, thiazolyl, imidazolyl and thiadiazolyl, and pyridyl,

30 pyridazyl, pyrimidyl, pyrazolyl and triazolyl. Preferred examples of such groups
include furanyl, thienyl, pyrryl and pyridyl, in particular 2- and 3-furyl, 2- and
3-pyrryl, 2- and 3-thienyl, and 2-, 3- and 4-pyridyl. Examples of 9- or 10-membered
bicyclic heteroaryl containing one, two or three heteroatoms which are selected from
the class of oxygen, nitrogen and sulphur include benzofuranyl, benzothienyl, indolyl

35 and indazolyl, quinolyl and isoquinolyl, and quinazolyl. Preferred examples of such
groups include 2- and 3-benzofuryl, 2- and 3-benzothienyl, and 2- and 3-indolyl, and
2- and 3-quinolyl.

Suitable examples of groups or atoms for optional substitution especially of
aryl and heteroaryl include one, two or three substituents independently selected from
-3-
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i schaeni a.. Accor%ﬁorslary, the present invention provides a conpound of
formula (1) or pharmaceutically acceptable salt thereof: REPLACEIVENT

SHEET 2- Jerr er either Yis N and _ [err] is hydrogen, orYls err
[ ] é\h afkyl, Ci4 alkoxy, halo (such as ﬂx[loro (]:hloro, b%:)mo),g hydroxy, nitro amgno |

optionally substituted once or twice by C]_4 alkyl, cyano and SOpH, where n=0to0 2.

Preferably R1 is cyano, acetyl, nitro and eihyl. Most preferably R is acetyi .
or ethyl.

5 Preferably R is hydrogen.
Preferably R3 and R4 are both methyl.
Preferably Ry is hydroxy and Rg and Rg are hydrogen.
- It should be appreciated that when R7 is phenyl optionally independently

substituted; this includes substitution by 1,2,3,4 or 5 groups or atoms attached to the
10  phenylring. Preferably there are 1 or 2 groups or atoms attached to the phenyl ring.

The groups or atoms may be in any position around the phenyl ring. Likewise, it

should be appreciated that when R7 is heteroaryl optionally independently

substituted; this includes substituents at any vacant positions around the heteroaryl -

moiety. Preferably there are 1 or 2 groups or atoms around the heteroaryl moiety,
15  most preferably there is one group or aton_i around the heteroaryl moiety. |

Preferably R7 is 2,3-or 4-fluorophenyl, phenyl, 2 or 3-ch16rophenyl, 2,3-
dichlorophenyl, 2-triﬂuorome_thylphen)"_l, '2-niu-ophenyl, 2-aminophenyl, 2-chloro-
thiophen-3-yl, 3-chlorothiophen-2-yl or 3-chloro-4-fluorophenyl.

Preferably R7 is fluorophenyl. More preferably R7 is mono-fluorophenyl and

20  even more preferably R7 is 2-, 3 or 4-fluorophenyl. Most preferably Ry is 4-
fluorophenyl.

Preferably Rg is hydrogen.

Preferably X is oxygen.

It should be appreciated that the compounds of formula (I) may have chiral

25  carbon atoms at positions 2, 3 and 4 and therefore may exist as enantiomers. The
present invention extends to each enantiomer and to mixtures thereof including
racemates. It should further be appreclated that part:cular enantiomeric forms are
preferred for different utilities, thus for utilities other than sub-arachnoid
haemorrhage or neural shock the 3S, 4S enantiomers are preferred, however, for sub-

30  arachnoid hacmorrhage or neural shock the 3R, 4R enantiomers are preferred.

It should also be appreciated that certain Ri substituents also have chiral
centres and therefore may exist as enantiomers. The present invention extends to
each enantiomer and to mixtures thereof including racemates

It should be appreciated that the compound of formula (I) or a

35  pharmaceutically acceptable salt thereof also includes solvates of such compounds,
such as for example the hydrate.

The present invention further provides a compound of formula (I), or a
pharmaceutically acceptable salt thereof as hereinbefore defined which exists
predominently in the 3S, 4S enantiomeric form. _
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still greater than 90% of the 3S, 4S enantiomer present. Most preferably there is
greater than 95% of the 38, 48 enantiomer compound to the 3R, 4R enantiomer.
Example of compounds of formula ¢I) are:

10 ,
cis -(£)-6-Acetyl-4-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3-ol,
cis -6-Acetyl-4R-(4-fluorobenzoylamino)-3, 4-dihydro-2, 2-dlmcthyl-2H-I-
benzopyran-3R-ol,

156  cis -6-Acetyl-4S- -(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol, o
cis -6-Cyano-4R-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3R-ol, - |
cis -6-Cyano-48-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-

20  benzopyran-3S-ol,
cis -6-Eﬁ1yl-4R-(4-ﬂuorobenzoylamino)-3.4—dihydro-2,2—dimcthyl-2H—l-benzopyran-
3R-ol,
cis -6-Ethyl-4S-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H- 1-benzopyran-
3S-ol,

25  cis-6-Acetyl-4S-(2-chlorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol,
cis-6-Acetyl-4S-(benzoylamino)-3,4-dihydro-2,2-dimethyi-2H-1-benzopyran-3S-ol,
cis-6-Acetyl-4S-(2-methylbenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol,

30  cis-6-Acetyl-4-(2,3-dichlorobenzoylamino)-3 4»dxhydro-2 2-dimethyl-2H-1-
benzopyran-3-ol,
cis-6-Acetyl-4S-(2-trifluoromethylbenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol,
cis-6-Cyano-4R-(3-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-

35 benzopyran-3R-ol,
cis-4-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-6-nitro-2H- 1-benzopyran-3-
ol,
cis-6-Acetyl-4S-(2-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-
3S-ol,

40 cis-6;Acetyl-4S-(3-ﬂuorobenzoylanﬁno)-3,4-dihydro-2,2-dimethyl-2H—l-benzopyran—
3S-0)
cis-6-Acetyl-45-(2-nitrobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1- benzopyran

-5- S
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het er oar yl sul phoﬁ??s‘ﬂn whi ch any aromatic noiety is optionally substitufgd,
C 1-6 al kyl carbonyl am no, [err] al koxycarbonyl am no, [err]

akkyl -t hi ocarbonyl, [err] al koxy-thiocarbonyl, [err] alkyl-thiocarbonyl oxy,
1-mercapto [err] 3&dkyl, fornyl, or am nosul phinyl, am nosul phonyl or

anmi nocar bonyl , api-6:Kk m(ﬁiamxﬁxﬁieﬂﬂomﬁmpwahﬁm:-amaﬂﬂm-qne or two
[err] al kyl grouggpzg 6 al kyl sul phi nyl am no, [err]

al kyl sul phonyl a 1)
al koxysul phory| ﬁq b@éﬁﬁ%y RERmE) 3 Sh ot sy
al kyl car bony!? Zopgran err] alkyl)NOH or [err] alkyl)[err], or
one of [err] andc{sé-A}:eWM&(Zﬂcbl iophens3-cardonylamino)3cbdibydro-2 2rdimethyl-2Hher
|[s n}et h?))liy orI ammﬁnmﬁﬁuﬁnasg;by substituted by one or tﬁwo [err] al kyl or by
err] al kanoy els m ,{d)geum ddL 22 dihith¢r-21211 béﬁlz!opyrgﬁ-_;. (¢
CH, or forman QBté-R@@JyLXs 8 BRfordettiof flen-3- c%%ﬁ)ﬁrmnydm-z 2-dimethyl-2H-1-
10  benzopyran-3-ol and
cis-6-Acetyl-4S-(2-chloro-4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3-ol

15 Such compounds except for racemi¢ cis-6-Cyano-4-(benzoylamino)-3,4-
dihydro-2,2-dimethyl-2H-1-benzopyran-3-ol and pharmaceutically acceptable salt
thereof are believed to be novel and form a preferred aspect of the present invention.

The administration to the mammal may be by way of oral or parenteral
administration.

20 An amount effective to treat the disorders hereinbefore described depends on
the usual factors such as the nature and severity of the disorders being treated and the
weight of the mammal. However, 2 unit dose will normally contain 1 to 1000 mg,
suitably 1 to 500 mg, for example an amount in the range of from 2 to 400 mg such
as 2, 5, 10, 20, 30, 40, 50, 100, 200, 300 and 400 mg of the active compound. Unit

25 doses will normally be administered once or more than once per day, for example 1,
2, 3, 4, 5 or 6 times a day, more usually 1 to 4 times a day, such that the total daily
dose is normally in the range, for a 70 kg adult of 1 to 1000 mg, for example 1 to 500
mg, that is in the range of approximately 0.01 to 15 mg/kg/day, more usually 0.1 to 6
mg/kg/day, for example 1 to 6 mg/kg/day.

30 It is greatly préferred that the compound of formula (I) is administered in the
form of a unit-dosé composition, such as a unit dose oral, rectal, topical or parenteral
(especially intravenous) composition.

Such compositions are prepared by admixture and are suitably adapted for oral
or parenteral administration, and as such may be in the form of tablets, capsules, oral

35  liquid preparations, powders, granules, lozenges, reconstitutable powders, injectable
and infusable solutions or suspensions or suppositories. IOrally administrable
compositions are preferred, in particular shaped oral compositions, since they are
more convenient for general use.

Tablets and capsules for oral administration are usually presented in a unit

40 - dose, and contain conventional excipients such as binding agents, fillers, diluents,
tabletting agents, lubricants, disintegrants, colourams, ﬂaypgings, and wetting
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example, magnesium stearate. Suitable pharmaceutically acceptable wetting agents
include sodium lauryl sulphate.

These solid oral compositions may be prepared by conventional methods of
blending, filling, tabletting or the like. Repeated blending operations may be used to
distribute the active ageht throughout those compositions employing large quantities
of fillers. Such operations are, of course, conventional in the art.

Oral liquid preparations may be in the form of, for example, aqueous or oily
suspensions, solutions, emulsions, syrups, or elixirs, or may be presented.as a dry
product for reconstitution with water or other suitable vehicle before use. Such liquid
preparations may contain conventional additives such as suspending agents, for
example sorbitol, syrup, methyl cellulose, gelatin, hydroxyethylcellulose,
carboxymethyl cel!ulose, alumxmum stearate gel or hydrogenated edible fats,
emuisifying agents, for example lec1thm, sorbitan monooleate, or acacia; non-aqueous
vehicles (which may include edible oils), for example, almond oil, fractionated
coconut oil, oily esters such as esters of glycerine, propylene glycol, or ethyl alcohol;
preservatives, for example methyl or propyl p-hydroxybenzoate or sorbic acid, and if
desired conventional flavouring or colouring agents.

Oral formulations also include conventional sustained release formulations,
such as tablets or granules having an enteric coating.

For parenteral administration, fluid unit dose forms are prepared containing
the compound and a sterile vehicle. The compound, depending on the vehicle and the
concentration, can be exther suspended or dissolved. Parenteral solutions are
normally prepared by dissolving the compound in a vehicle and filter sterilising
before filling into a suitable vial or ampoule and sealing. Advantageously, adjuvants
such as a local anaesthetic, preservatives and buffering agents are also dissolved in
the vehicle. To enhance the stability, the composition can be frozen after filling into
the vial and the water removed under vacuum.

Parenteral suspensions are prepared in substantially the same manner except
that the compound is suspended in the vehicle instead of being dissolved and
sterilised by exposure to ethylene oxide before suspending in the sterile vehicle.
Advantageously, a surfactant or wetting agent is included in the composition to
facilitate uniform distribution of the compound of the invention.

As is common practice, the compositions will usually be accompanied by

" written or printed directions for use in the medical treatment concerned.

The present invention further provides a pharmaceutical composition for use

-7-
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cyano, azido, C[err] alkyl, C 1-4 al koxy, trifluoronethoxy and
trifluoronethyl; [err] is hydrogen Clerr] alkyl, [err] or [err] wherern

is hyd | k | K | -
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al kyl, aryl or heteroa
nzodxachmes, disorders treatable or preventable with anti-convulsive agents, such

5  as epilepsy, Parkinson's disease, psychosis, migraine and/or Cerebral ischaemia,
which comprises a compound of formula (I) (including racemic cis-4-benzoylamino-
6-cyano-3,4-dihydro-2,2-dimethyl-2H-benzo[b]pyran-3-ol), or a pharmaceutically
acceptable salt thereof, and a pharmaceutically acceptable carrier.

The present invention also provides a method of treatment and/or prophylaxis

P 10  of anxiety, mania, depression, disorders associated with a subarachnoid haemorrhage

or neural shock, the effects associated with withdrawal from substances of abuse such
as cocaine, nicotine, alcohol and benzodiazepines, disorders treatable and/or
preveatable with anti-convulsive agents, such as epilepsy Parkinson's disease,
psychosis, migraine and/or Cerebral ischaemia, comprising administering to the

15  sufferer in need thereof an effective or prophylactic amount of a compound of
formula (I) including cis-4-benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-2H-
benzo[b]pyran-3-ol, or a pharmaceutically acceptable salt thereof.

In a further aspect the invention provides the use of a compound of formula
(D including (racemiccis-4-benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-2H-

20  benzo[b]pyran-3-ol), or a pharmaceutically acceptable salt thereof, for the.
manufacture of a medicament for the treatment and/or prophylaxis of anxiety, mania,
depression, disorders associated with a subarachnoid haemorrhage or neural shock,
the effects associated with withdrawal from substances of abuse such as cocaine,
nicotine, alcohol and benzodiazepines, disorders treatable or preventable with anti-

25 convulsive agents, such as epilepsy; Parkinson's disease, psychosis, migraine and/or
cerebral ischaemia.

In a further aspect the present invention provides a pharmaceutical
composition containing a compound of formula (I) (not including racemic cis-4-
benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-2H-benzo[b]pyran-3-ol), or a

30 pharmaceutically acceptable salt thereof and a pharmaceutically acceptable carrier.

In a further aspect the invention provides the use of a compound of formula
(D (not including racemic cis-4-benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-2H-
benzo[b]pyran-3-ol), or a pharmacentically acceptable salt thereof as a therapeutic
agent, in particular for the treatment and/or prophylaxis of anxiety, mania, depression,

35 disorders associated with a sub-arachnoid haemorrhage, neural shock, the effects
associated with withdrawal from substances of abuse such as cocaine, nicotine,
alcohol and benzodiazepines; disorders treatable or preventable with anti-convulsive

" agents, such as epilepsy; Parkinson's disease, pychosis, mgraine and/or cerebral
ischaemia. -
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N4
t he [erz' grouppdpdiymg cis to the [err] group; and X is oxyge Ggr ?5/025 ] 3
where [‘err] is hydrogen or [err] alkyl with the proviso that the conpound

i s not, racem c cis-4- benzoyl am no- 6- cyano 3, 4-di hydr o- 2, 2- di net hyI

Slr—l(-jgeszio%blc 8¥$Pa3( ? Al | | er.r sa‘%}‘lxj or C h‘et‘rh'r:] al kyI or @ glp cont ai n| ng
iso/fpropyl, n -, i sGenemli}QCompamlstfdtmhw(Y)ma}Sw hﬁdﬁﬁhﬂhe@bﬁb hJﬁ)ig
o upe 1 ct ude ks BRlaBe pRXEA At e %&3@?%&#&@% SERGHD foseredin
chloro and br onEP-0A26311 Pr0376524:ER: 205292 BP=0250077,:ER-0093535, EP-04 50260, EP-
limted to gherng768m5, WO/89/05808, EP-0350805, EP-0277611, EP-0277612, EP-0337179,
EP-0339562, EP-0355565, EP-A-415 065 (E. Merck), EP-A-450 415 (Squibb)
EP-0466131, EP-A-0482934, EP-A-0296975, JO-2004-791.and WO\S9\07103.
The cis compounds may be prepared by procedures generally described in or
analogous to those described in EP-A-0139992.

10 Compounds of formula (I) may also be prepared according to the procedures
described by G. Burrell et al, Tet. Letters, 31, 3649-3652 (1990) or by the procedures
described by U. Quast and E. Villhauer, Eur. J. Pharmacol, Molecular Pharmacology
Section 245, 165-171 (1993).

A further aspect of the present invention provides a process for the preparation

15  of a compound of formula (I) (not including cis-4-benzoylamino-6-cyano-3,4-
dihydro-2,2-dimethyl-2H-benzo[b}pyran-3-ol) or a pharmaceutically acceptable sait
thereof, which comprises treating the corresponding trans compound in which Ry is
hydroxy and Rg is hydrogen, with trifluoromethane sulphonic anhydride in a suitable

solvent such as pyridine to furnish the cis-oxazoline compound of formula (II);
R

N=(7

. R o

20 Ry
in which all the variables are as defined in relation to formula (I), followed by (i) acid
treatment using, for example, dilute sulphuric acid and (ii) by base treatment, for
example, using sodium bicarbonate solution to give the cis compound of formula (I)
and thereafter if desired and in appropriate order separating any enantiomers,

25 converting R5 hydroxy to other values of R and/or Rg hydrogen to other values of
Rg and/or forming a pharmaceutically acceptable salt thereof.

It should be appreciated that the cis-oxazoline compounds of formula (IF)
other than the oxazoline of racemic cis-4-benzoylamino-6-cyano, 3-4-dihydro-2,2-
dimethyl 2H-benzo [blpyran-3-ol are novel and therefore form a further aspect of the

30 present invention.

Conversions of Rg hydroxy and Rg respectively may be carried out, using
conventional procedures in the art, in particular using the procedures outlined in the
aforementioned patents.

It should be appreciated that racemates for formula (I) may be resolved or

35 enantiomerically purified compounds of formuia (I) may be prepared usmg

9. S
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napht hyl . Heteroaryl whenever nentioned herein includes a 5- cpcpfegerg)*;ﬁ
e

monocyclic or 9- oP303#7 menbered bicyclic of which 5- or 6- menber
nenocyclic heteroaryl is preferred. In addition, 5- or 6-nenbered
nonocyclic or 9- or 10-nenbered bicyclic heteroaryl preferably contains

one, two or three heteroatons whi Grisdiiddn pedichian usih ﬁlefﬂréée?iuﬁn% n,
ni trogen and sul phBWEﬁnopﬁq{'ﬂ:g case of there beléng nore t é’%ﬁ%ﬂg‘“ \
het eroatom are thEPO#30631rand BPHA35SAE - Exanpl es of '5- or 6-nenbered )
nmonocycl i ¢ heteroaryl cRg@whagwappmm @ﬁtﬂmmfm&aﬁmpdﬂhﬁl?%ﬁmh
selected fromthe class Of 0OXx ;gq;,fre@emag,egglf kocl.ude furyl,
t hi enyl, pyrryl, oﬁhﬂ%????“ﬂfg% L dazol%lu anﬁh_g%%?ﬁ‘,mém
pyridyl, pyridagy! epomideusingigataly sy ‘6‘1"9? ogﬁg.exg Ly entlined inWO9i\1d694 x anpl es
of such groups or WO 93\17026 and thereafter converting the epoxides to the required compound of
formuia (I) using procedures outlined herein, -
The trans compounds of formula (I) may be prepared according to the
procedures outlined in PCT/GB92/01045 which procedures are incorporated herein
10 by reference or the trans compounds of formula () may be prepared according to
methods analogous to these described in the one mentioned patents,
The trans compounds of formul i : : . .
and Rg is hydrogen mio be i () in which Rs is hydroxy, R is C}. aikyl
915 ydrog; Y be prepared according to the procedures outlined in
y R. Gen;;e :;l all J.. Med. Chem. Vol.34, p3074(1991).
‘ 3 owing comp-onnds were prepargd by methods analg'ou s to those
described in the abovementioned patents publications. :

The following descriptions, examples and pharmacological test resuits
illustrate the present invention:

-

as Been Reraced
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i'ncl ud ur anyl Lenyl, pyrryIT an ridyl, in particul grcHsBancg 5/u0yz 5 T 3
2- and pyrryll,’ 472nd 3-t hi eny H BeenReplaged) 4- pyridyl. Exanples of 9-

6,?;- 10- grenber ed bicyclic heteroaryr Hpﬁe, two or three heteroatons
whf ch fare sel ected fromthe class trogen and sul phur incl ude

benzofuranyl, bBesgerigtiomV!, indolyl and indazolyl, quinolyl and

I sogpi nolyl, and qui nazolyl. Preferred exanples of such groups include 2-
and /3- benzofuryl, 2- and 3-benzothienyl, and 2- and 3-indolyl, and 2- and
i nol yl . Sui tis{itp8ckeetylr22(-Gaorophenyl)-da,dx-dikydfond, datimetindidHe-dbst i t uti on

esdgg;ﬁggt logf/ 2[&?‘2@3@3@%%@%& ncl ude one, two or three substituents

‘frans-(1)-6-Acetyl-4-(4-fluorobenzoylamino)-3-4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3-ol (example 13 of EP 0 126 311 B1, 2.0 g) was dissolved in pyridine
(30 ml) and the solution stirred at -5 to O C under nirogen. Trifluoromethane
sulphonic anhydride (1.74 g) was added dropwise to the stirred solution during 10

10 minutes. The resulting mixture was stirred at room temperature for 18 hours. The
pyridine was evaporated in vacuo and water (50 ml) added to the residue. The
solution was extracted with dichloromethane (50 ml) and the organic layer was
washed with brine (50 ml) and dried over anh. MgSQOy4. Filtration and evaporation
gave a crude product which was recrystallised from ethyl acetate-hexane to give the

15 tide oxazoline as a white solid (1.222 g) of mp 185-186 °C. ‘

NMR (DMSO dg) &:

1.30 (s, 3H), 1.56 (s, 3H), 2.55 (s, 3H), 5.05 (d, J=10Hz, 1H), 5.48 (d, J=10Hz, 1h),

6.93 (d, J=8Hz, 1H), 7.22 (m, 2H), 7.82 (dd, J=10, 2Hz, 1H), 7.93 (m, 2H), 8.05 (d,
20 J=2Hz, 1H).

Mass spectrum: m/z 339, 324, 268, 123
IR (nujol): 1640, 1670 cm1.

25 Description 2

cis-(1)-6-Acetyl-4-amino-3-(4-fluorobenzoyloxy)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran sulphate

30 cis (+)-Oxazoline (500 mg) was dissolved in 1,4-dioxane (40 ml), water (15-ml) and
SN H3SO4 (12 drops). The resulting mixture was allowed to stir at room temperature
for 2 days. The 1,4-dioxane was evaporated under vacuum at 30 °C and the product
extracted with ethyl acetate (2 x S0 mis). The organic layer was washed with brine
(50 mis), dried (MgSOy), filtered and evaporated. The residual material (500 mg)

35  was recrystallised twice from acetone/hexane to give (260 mg) of the amino ester salt
as a white crystalline salt m.p. 187 °C.

' NMR (DMSO dg) 8:
1.30 (s, 3H), 1.40 (s, 3H), 2.55 (s, 3H), 5.10 (d, J=4 Hz, 1H), 5.60 (d, J=4 Hz, 1H),
-11-



PGI/GB 35 —

REPLACENEW SHEEP305%#7r| al kyl, [err] al koxy, halo (such as fluoro, 0,
bronmo), hydroxy, nitro am no optionally substituted once or twice by C r
[err] alkyl, cyano and [err] where n=0Oto 2. Preferably [err] is cyano,

Prof orably [ orr] 02 QYA dgE ! 33 Tragty, 190 . AR, PRy ey 8SE R 21D, |
Preferably [err] is hydroxy and [err] and [err] are hydrogen. It should be

appreci ated t hat gmg heS niyP889.1328P3680183, 48] 1ependent |y substi tut ed;
this includes subst] 9%%&-8” 6‘?&@(’23 gi 82 or 5 groups or atonms attached to
t he IR: 1681, 1732 cm-1.

5
Example 1

cis-(1)-6-Acetyl-4-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
10  benzopyran-3-ol '

The amino ester compound (260 mg) was dissoved in 1,4-dioxane (30 ml) and water
(20 ml) and NaHCO3 (solid) added until the pH was 8. The 1,4-diozane was
evaporated under vacuum at 40°C. The product was extracted with ethyl acetate (2 x

15 50 ml), dried (MgSOy), filtered and evaporated. The residual material (250 mg)
obtained, was recrystallised from acetone/hexane to give (150 mg) of the cis (1)
benzamide as a white crystalline solid m.p. 190 °C. '

NMR (DMSO) &: _ N
20  1.30 (s, 3H), 1.42 (s, 3H), 2.45 (s, 3H), 3.72 (m, 1H), 5.5 (d, J=9.5 Hz, 1H), 5.64 (d,
J=5 Hz, 1H), 7.32 (m, 2H), 7.7 (m, 2H), 8.10 (m, 2H), 8.53 (d, J=10 Hz, 1H).

Mass Spectrum: m/z 358, 339, 324, 203, 123.
IR (Nujol): 1620, 1667, 3360, 3400 cm-l.
25 T
The following cxathplés were prepared in an analogous manner to the compound of
example 1, from the appropriate trans compounds.

Example 2

30
cis-6-Acetyl-4R-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyi-2H-1-
benzopyran-3R-ol

m.p. 161°C
35 [a]p® +107.39, MeOH (c =1.0)

This Sheet Has Been Refilaced
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ifng. Preferably there are 1 or 2 groups or atons -
ng. Thesgspups or atoms nmay be in any position a(ral'o’gazame9 ﬁeﬂm 2 5 1 ‘
ew se, |t shoul d be appreciated that when R7 is heteroaryl

optiongl ly independently substituted; this includes substituents at any

vacant positionmmng t he heteroaryl noi ety. Preferably there are 1 or 2
groupg or atons 82t he heteroaryl moiety, nost preferably there is one

or atom around the heteroaryl noi ety. Preferably R7 is 2-, 3-

[ 19 Ir Sgrg%lt hy#%en%‘lﬂ% ropﬁée'iri}ro?B IﬂgﬂXimJ &%&E’Eﬁ%ﬁﬁgﬁ%

t hfophen-3-yl, bemm-ﬁb‘m!hen 2-yl or 3-chloro-4-fluorophenyl. Preferably
[err] is fl ugrophenyl More preferably R7 is nono-fluorophenyl and even.

nore preferably R7 is 2-, 3- or 4-fluorophenyl. Mst preferably R7 is 4-
m.p. 1610C '

[alp? -106.19, MeOH (c =1.0)

Example 4

10
cis-6-Cyano-4R-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3R-ol

m.p. 105-106°C
15 [a]p® +86.99, MeOH (c =1.0)
Example_s

20 cis-6-Cyano—4S-(4Qfluorobenmylamino)-3,4-dihydro-2,z-dimethyl-ZH-l-
benzopyran-3S-ol o

m.p. 102-105°C
[a]p®® -79.99, MeOH (c =1.0)

Example 6

c:s-6-Ethyl-4R-(4-ﬂuorobenzoylamlno)-3A-dxhydro-z,z-dlmethyl-ZH-l-
30 benzopyran-3R-ol

m.p. 130°C
[}, +51.49, MeOH (c =1.0)

36

This Sheet Has Been Rerlace

e IHRKERA




PLI/GB g

fl uor ophenyl . Prg?%ﬁ"‘gbly R8 is hydrogen. Preferably X is oxygen. It shoWd
be appreciated that the conpounds of fornula (I) nmay have chiral carbon
atons at positions 2, 3 and 4 and therefore may exi st as enantioners. The
present inventi oExamplTls to each enantioner and to mi xtures thereof

I ncluding racemates. It should further be appreciated that particul ar
enantioneric forns are preferred for different utilities, thus faor

utilities other €W&M§r@tﬂﬂ%ﬂ&ﬂﬁﬁhmmhh@d-dlhydmz,andlnieﬂl;ﬂ 2ih4- 3S, 4S
enantionmers are ?fﬁdM\/\ever for sub-arachnoi d haenorrhage or neural
shock the 3R, 4R enantionmers are preferred. It should al so be appreciated
that certai nﬁerr] substituents al so have chiral

m.p. 130 °C [a]®, - 40.1 © (meOH, c=1.0)

Examiple 8

10 cis-6-Acetyl-4S-(2-chlorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol
mp 176 °C; [a]p*® -22.70, MeOH (c = 1.0)

Example 9

15
cis-6-Acetyl-4S-(benzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-3S-
ol ’ .

Example 10
20
-6-Acetyl-4S-(2-methylbenzoylammo)-3 4-d|hydro-2,2-damethyl-2H- 1-
benzopyran-3S-ol

Exampie 11
25 '
cis-6-Acetyl-4-(2,3-dichlorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3-ol

Example 12

30
cls-6-Acetyl-48-(2-tnﬂuoromethylbenzoylannno)-3,4-dnhydro-z,z-dtmeth yl-2H-
1-benzopyran-3S-ol

Example 13

35
cls-6-Cyano-dR-(3-fluorobenmylannno)-3,4-dlhydro-2,2-d:methyl-2H- 1-
benzopyran-3R-ol

Example 14

40
cis-4-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-6-nitro-2H-1-
benzopyran-3-ol

This Sheet Has Been Replaced
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and thes@§4r e may exi st as enantioners. The prese]n,tcrllﬁvnentgl §nl u 2 5 1 3
to each enantionmer and to m xtures thereof including racemates. It
shoul g be appreciated that the conmpound of forrmula (1) or a

ceuti cal acnieggabl e salt thereof also includes solvates of such
congounds, suc exanpl e the hydrate. The present invention further
| des a conpound of formula (1), or a pharmaceutically acceptable salt
reof as her eissAketyb4842ifluatobérizoplamine)-3,4dileydnei 2)2-ditgthyt-2Hap- 3S, 4S5
enantioneric f genzopyran-3S-ol
5

Example 16

cis-6-Acetyl-4S-(3-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol

10
Example 17

cns-G-Acetyl-4S-(2-mtrobenzoylannno)-3,4-dnhydro-z,z -dimethyl-2H-1-
benzopyran-3S-ol

- 15
Example 18

cis-6-A cetyl-4S-(2-aminobenzoylamino)-3,4-dihydro-2,2-dimethyl:2H-1-
benzopyran-3S-ol

20
Example 19

cis-6-Acetyl-4S-(3-chlorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol
95 mpt 110°C, [ol,? -105.79, (MeOHc =1.01)

Example 20

c:s-6-AcetyI-4S-(2-chlorothxophen-&mrbonylammo)-:},&d:hydro-2,2-d|methyl-
30 2H-1-benmpyran—3s-ol

Example 21
cis-6-Cyano-4-(benzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-3-ol
35
The compound was prepared as described for example 3 of US patent 4, 687, 779
(1987).
Example 22
40

cis-6-Acetyl-4S-(3-chlorothiophen-2-carbonyl)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3-ol

This Sheet Has Been Reﬂlaced
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It should be appp8o$art ed that the term"exists predominently in the 3
enantioneric fornm nmeans that there is greater than 50% of the 3S, 4S
enanti omer present conpared to the 3R 4R enantioner. Mre preferably there
is greater than %ﬁﬂ‘ Ege 3S, 4S enantioner present, yet nore peferably
greater than 70% 13 S, 4S enantioner present, even nore preferably
greater than 80% of the 3S, 4S enantioner present and nore preferably still
greater than 90%cist6-AgetyhdS-2<hiorgr-fluprabenzoxdamino)Jtdihydee-2 2 dimethile?l3-1- s
greater than S(Vmﬁzcﬂmws enanti omer conpound to the 3R, 4R

enant i omer. Wg‘]'f? o orrpounds of fornmula (1) are: cis

-()-6-Acetyl -4-( Iuorobenzoyl am no) - 3, 4-di hydr o- 2, 2-di net hyl - 2H 1-
benzopyr an- 3- ol , _ o

————

\\\\\\\\\\\\\\ il
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Cis -6-Metyl - 4R—64 f | uor obenzoyl am no) - 3, 4- di hydr o- 2, 2- di ?ﬂ(ﬁﬂ 2|3 31/ 0 25 ]
Xs -6- Acetyl -4S- (4-fl uor obenzoyl am no) -3

, 4- di hydr o- 2, 2- di met hyl -2H 1- benzopyran-3S-ol, cis

o-4R—(4-fI uor obenzoyl am no) - 3, 4- di hydr o- 2, 2-di net hyl - 2H 1-

, 4- dijnydr o- 2, 2- di net hyl - 2H - benzopyran- 3S-ol, cis .

hyl - 4R—(4 f1 uor obenzoy| am noz 3, 4-di hydro 2,2-dimethyl -2H 1
_berfzopyran- 3Rlol, &aSocial Interaction Test

- 6-g£t hyl - 4S- (4-f 1 uor obenzoyl am no) - 3, 4- di hydr o- 2, 2- di met hyl - 2H 1- benzopyr an
5 The compounds of formula (I} including cis-4-benzoylamino-6-cyano-3,4-
dihydro-2,2-dimethyl-2H-benzo[b]pyran-3-ol or pharmaceutically acceptable saits
thereof may be tested for therapeutic utility using the procedure outlined as follows:
Potential anxiolytic properties are evaluated using the rat social interaction
procedure based on that originally described by File (1980, J. Neurosci. Methods, 2,
10  219-238). In this model anxiolytic agents selectively increase social interaction
independently of any effect on locomotor activity.

Method

15 Male Sprague - Dawley rats (Charles River, U.K., 250 - 300g) are singly
housed for 3 days prior to testing. On the test day, the animals are then randomly
assigned to groups of 8 - 16 and dosed orally at a dose volume of 1 ml/kg with
various doses of compound (1 - 300 mg/kg) or vehicle. At 60 min post dose the rats
are placed with a weight - and treatment - matched pair male (encountered for the

20 first time) in the social interaction box under high - light, unfamiliar conditions. The
box is made of white perspex 54 x 37 x 26 cm with a transparent perspex front side. -
The floor is divided into 24 equal squares and is brightly lit (115 lux). Time spent
(secs) in active social interaction (sniffing, grooming, following, mounting, climbing
over or under, boxing, biting) is scored "blind" by remote monitoring as is the number

25  of squares crossed (as an index of locomotion).- '

The mean and standard error for time spent in social interaction and number
of squares crossed are then calculated for each particular treatment group and drug -
induced changes are expressed as a percentage increase or decrease from control
values. Statistical comparisons are made between vehicle - and drug - treated groups

30  using Dunnett's multiple comparisons procedure following significant one way
analysis of varience.

Drugs are suspended in 1% methyt cellulose.

2. MES TEST
35 )
The maximal electroshock seizure (MES) threshold test in rodents is
particularly sensitive for detecting potential anticonvulsant properties!. In this model,
" anticonvulsant agents elevate the threshold to electrically - induced seizures whilst
proconvulsants lower the seizure threshoid.

-17 - Sheet Has Been Rcilaced
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Ci s-6-Acetyl -45?%045-43hl or obenzoyl am no) - 3, 4- di hydr o- 2, 2- di net hyl - 2H 1- be

yran- 3S-ol,

- benzopyran-3S-ol, cis-6-Acetyl-4S-(2-nethyl benzoyl am no) -3

, 4-di hydro- 2, 2-di net hyl -2H 1- benzopyran-3S-ol., -

ci s-6-Acetyl -4-(2, 3-di chor obenzoyl am no) - 3, 4- di hydr o- 2, 2- di net hyl - 2H 1-
benzopyr an- 3- ol ,

ci s-6-Acetyl -4
-1- benzopyran-

S

B&‘M ci s- 6- Cyano- 4R- ( 3- f | uor obenzoyl am no) - 3

, 4-di hydro- % 2-di net hyl - 2H 1-benzopyr an-

10

15

20

25

30

35

Mice (male, Charles River, UK. CD - 1 strain, 25 - 30g) are randomly
assigned to groups of 10 - 20 and dosed oraily or intraperitoneally at a dose volume
of 10 ml/kg with various doses of compound (0.3 - 300 mg/kg) or vehicle. Mice are
then subjected at 30 or 60 min post dose to a single electroshock (0.1 sec, 50Hz, sine
wave form) administered via corneal electrodes. The mean current and standard error
required to induce a tonic seizure in 50% (CCjs() of the mice in a particular treatment
group is determined by the ‘up and down' method of Dixon and Mood. (1948)2,

op

ci s-6- Acetyl -4S- (benzoyl anm no) - 3, 4-di hydro- 2, 2-di net hyl -2H 1

\

-(2-trifluoronethyl benzoyl am no) - 3, 4- di hydr o- 2, 2- di net hyl -2H

Stastical comparisons between vehicle - and drug - treated groups are made using the

method of Litchfield and Wilcoxon (1949)3,

In control animals the CCsq is usually 14 - 18 mA. Hence the first animal in -

the control group is subjected to a current of 16 mA. If a tonic seizure does not ensue,
the current is increased for a subsequent mouse. If a tonic convulsion does occur, then
the current is decreased, and so on until all the animals in the group have been tested.

The percentage increase or decrease in CCs for each group compared to the
control is calculated. ' : . _

Studies are carried out using a Hugo Sachs Electronik Constant Current Shock
Generator with totally variable control of shock level from 0 to 300 mA and steps of
2 mA are usually used.

Drugs are suspended in 1% methyl cellulose.

References

1. Loscher, W. and Schmidt, D. (1988). Epilepsy Res., 2, 145 - 181

2. Dixon, W.J. and Mood, A.M. (1948). I._Amer. Stat. Assn., 43, 109 - 126
3. Litchfield, J.T. and Wilcoxon, F.(1949). J. Pharmacol. exp. Ther., 96,99 -
113

Results

The compound of example 7 enhanced seizure threshold by 105% at 10 mg/kg p.o.
and the compound of example 3 enhanced seizure threshold by 84% at 10mg/kg p.o.
3. X-Maze

The compounds of formula (I) including cis-4-benzoylamino-6-cyano-3,4-
-18 - - -
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ben opyran-

10
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=4- (4-f| uor obenzoyl ani no) - 3 , 4- di hydr o- 2, 2- di met hﬂem

ran- 3- pahs47
-4S-(2-fl uorobenzoyl am no) - 3, 4-di hydr o- 2, 2-di net hyl -2H 1

- 4 Sitipdrd £ UERREYE U OB gy 3 BY paBmaceatiCAilfFidd¥pabib saits
, Ci s- 6- Ac Begrof amay be:tested fos dherapentieurlity using the pragedure omtlinedras followsH  1-

Introduction

The X-maze test of anxiety (Handley and Mithani, 1984) examines the
exploratory response of naive rats in an environment which offers both anxiogenic
(open arms) and relatively non-anxiogenic (closed arms) areas. A selective increase
in exploration of the open arms following drug pretreatment is therefore postulated to
indicate anxiolytic effects.

Method

The X-maze was raised 70cm above the floor and consisted of two enclosed
arms 45cm (long) x 15cm (wide) x 10cm (high) and two open arms 45 x 10 x Icm
arranged such that the two arms of each type were opposite each other. Both arm
types are marked into two equal sections. Rats are placed onto the centre of the X-
maze and observed for a period of 10 minutes during which time the following
parameters were recorded: 1) the number of entries onto, and the time spent on, (a)
open arms, (b) closed arms, (c) end of open arms and (d) end of closed arms. 2) the
number of sections crossed. The fear-drive evoked in the open arms exceeds that in
the enclosed arms and rats typically show a clear preference for the enclosed arms.
Anxiolytic drugs increase the number of entries made onto, and the time spent on, the
outer half of the open arms, and also the perceritage of entries made onto, and the
time spent on, the whole of the open arms: These four measures of anxiety, and also
the total number of sections traversed, were calculated for each animal. Drugs are
administered mtrapentoneally or orally to groups of 6 to 12 rats 30 to 60 mins before
testing. Statistical comparisons between vehicle- and drug-treated groups were made
using a Mann-Whitney 'U’ test (two tailed).

S.L. Handley and S. Mithani, Arch. Pharmacol., 1984 327 1-5

4, Mongrel Dog Delayed Cerebral Vasospasm

The compounds of formula (I) including cis-4-benzoylamino-6-cyano-3,4-dihydro-
2,2-dimethyl-2H-benzo[b]pyran-3-ol or pharmaceuticaily acceptable salts thereof

may be tested for therapeutic u_tility using the procedures outlined as follows:

Twenty—ﬁve male mongrel dogs, weighing 9-12 kg, are used in these studies.

- -19-
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6- 3S-ol, cis-6- Aﬁ@ﬁ‘;‘ -4S- (2- am nobenzoyl am no) - 3 PCWGB 9 3 T T
, 4- di hydr o- 2, 2-di yl -2H 1-benzopyran- 3S-ol,

ci.s- 6- Acet yl - 4S- (3- chl or obenzoyl am no) - 3, 4- di hydr o- 2, 2- di net hyl - 2H
1- benzopyran- 3S-

ci s- 6- Acetyl - 4S- ( ﬂ%mima&w Beysed and eared fanyin acRordance withdhe, Guide-for the Ganeariay
i 5 6 Oyano- 4 ( bengaul A oy A VAL ) publication No. (NIH) 85.23, evissd
o o Aty - as o, AR et Stok alkoupl ol iR aepi s by b FaBtapnalo
1- benzopyr an- 3- oAnimal Care and Use Committee of SmithKline Beecham Pharmaceutical. Each
5 animal is anaesthetized with pentobarbital (35 mg/kg, iv) and placed on a heated
operating table in the supine position. All animals are then tracheotomized, paralyzed
'(tubocurarine; 0.1 mg/kg, i.v.) and artificially ventilated with room air. End-tidal
COy (et CO7) is monitored continuously and arterial blood gas analysis was
performed periodically to assure stable and adequate ventilation throughout each
10  experiment. Polyethylene cannulae are placed in the left external jugular vein and the
right femoral artery and vein for drug administration, monitoring arterial blood
pressure, and blood sampling, respectively. Transfemoral catheterization of the left
vertebral artery is then performed via the left femoral artery using a 5 frénch Lehman
dacron catheter ( Bard, Tewksbury MA). Anaesthesia is supplemented as needed
15  with pentobarbital (5 mg/kg, i.v.) prior to the experimental period.

The effects of the compounds of this invention on acute cerebral vasospasm.
are evaluated in 15 dogs. In all animals a control digital subtraction angiogram of the
anterior spinal artery and basilar artery is obtained following the intravertebral
injection of radiocontrast material (Omnipaque 300). In each dog, 4 mls of

20 cerebrospinal fluid is then removed from the dorsal cistern via needle puncture of the
atlantooccipital membrane and 4 mis of autologous venous blood was injected. An
angiogram is then repeated in each dog 30 minutes following the intracisternal
administration of blood and an acute vasospasm of the basilar and anterior spinal
arteries is identified and quantitated. The infusion of vehicle (10% polyethylene

25  glycol 200) for 30 minutes has no effect on the acute vasospasm. The effect of a 30
minute infusion of test compounds on the reversal of acute vasospasm is observed in
the basilar and anterior spinal arteries.

The effects of the compounds of this invention are also examined in the
chronic canine model of delayed cerebral vasospasm (two haemorrhage model of

30  cerebral vasospasm). In this model, a control vertebral angiogram is obtained and
autologous blood is administered intracisternally on day 1 (as above). On day 3 the
intracisternal administration of blood is repeated and the severe delayed vasospasm is
quantitated angiographically on day 7 in all animals. The infusion of vehicle (10%
polyethylene glycol 200) for 60 minutes has no effect on the delayed vasospasm

35 observed in the basilar and anterior spinal arteries (n=5). The effect of an infusion of
test compounds on the reversal of significantly delayed cerebral vasospasm indicates
that the compound is active.

S. The compounds of formula (I) including cis-4-benzoylamino-6-cyano-3,4-
-90-
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’CI s- -4S- (2- chI or o- 4-f 1 uor obenzoyl am no) - 3, 4-di hycpm'mﬂ dg?tlhul 225I]

zopy é}.’ Such corrpounds except for racemc
ano-lﬁ(bg nzoyl am no) - 3, 4- di hydro- 2, 2- di net hyl - 2H 1- benzopyr an- 3- ol

and armaceutically accept abl e sal t thereof are believed to be novel and

for aprefer d, a 0, | The agm nistration to the
oy beliByirial S PR rah o o R s cal  acorpia

eff Ct i ve to théreof mhyibe tbs&drfdedxembmwuw“x deprodedorts datliaedlas followse

usyal factors such as the nature and severity of the disorders being

treated and the wei ght of the mammal. However, a unit dose will normally
contain 1 to 1000 fy, sdnthBaskinsaniamActiviy for exanpl e an anount in the

range of from2 to 400 gUHydFéxydfopamine-lesioned rat model

The above test as described by Ungerstedt, U, 1971, Acta Physiol.

Scand 367, 49 - 68, and/or '

Ungerstedt, U, 1971, Acta Physiol Scand. 367, 69-93, may be used to
10 determine the anti-Parkinsonian activity of compounds of formula(l)

including cis-4-benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-2H-

benzo[b]pyran-3-ol or pharmaceutically acceptable salts thereof.

15 2) Anti-Psychotic Activity
Amphetamine-induced rat hyperiocomotion model

The above test as described by Kokkindis L, and Anisman, M, 1980,
Psychological Bulletin, 88, 551-579, may be used to determine the

20 anti-psychotic activity of compounds of formula (I) including cis-4-
benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-2H-benzo{bjpyran-
3-0l or pharmaceuticaily acceptable salts thereof. B

3) Anti-Migraine Activity
25 Cortical Spreading Depression and Migraine

The above test as described by Wahl et al, 1987, Brain Research, 411,
72-80 may be used to determine the anti-migraine activity of
compounds of formula (I) including cis#-benzoylamino—&cyano% 4-

30 dxhydm-Z,Z—dnmethyl-ZH—benzo[b]pymn—3-ol orphaxmaceuncaliy
acceptable saits thereof.

4) Cerebral ischaemia

35 a) Mongolian Gerbil Test

The in vivo experiments are carried out on adult Mongolian gerbils

(Tumblebrook Farm (MA). weighing 60-80 g. Transient forebrain

ischemia is produced by bilateral carotid artery ligation under 2.5%

isoftourane in 100% O anesthesia, the animals being placed onto a
-921-
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2’ 5, 10, 20, 30 ‘%a 200, 300 and 400 ng of the actPGH/@BrpY R
Unit doses w || R%q IIy be adm ni stered once or nore than once per day,
for exanmple 1, 2, 3, 4, 5 or 6 times a day, nore usually 1 to 4 tines a

day, such that the total daily dose is_normally in the range, for a 70 kg
adult of 1 to 1000 ny, forhmmétqmtmbo@gtcmmmmgtm@h@mmmf \

approximately 0.01 to 15 ngirk@d SReri EposeifandYanBurisin Qﬂpg{agéy for
exanple 1 to 6 ng/kg/day. It |s eeeslt y preferred that ?‘ﬁ npound o‘P

formula (1) is administer e8Snes{ ?Wﬂ%’%@m@‘&%?}%msﬁm&@ch as
a unit dose oral, rectal, psmaﬁoi@a;wmmtm&hnﬁ:ﬁﬁmhﬁipmbﬂéﬂ &%b’ﬁs

Composi 1 on. gSuoh Compos 49 BLer LBl bk S S

formof tablets, capsul es, agaimat6h ofreperfuszon, followed by the same dose b.i d for2 days .
(post-treatment). For quantification of CA1 neurons, animals are y
sacrificed at 7 days postischemia and perfused with buffered formalin.
Brains were removed, stored in formalin for 3 days, embedded in

10 paraffin, cut at 7-um-thick coronal sections (1.5-1.9 mm posterior to

bregmals) and stained with thionin. The number of intact neurons
over a 750-y.m length of the CA1 layer on both hippocampal sides of 3
secuons is counted for each ammal. -

15 b)) MCAO Method

Three strains of mature male rats (SHR) are obtained from commercial
vendors (Taconic Fixims, Germantown, NY; Charles River, Danvers,
MA; and Charles River, respectively) at 18 wk of age (250-300 g in
20 weight) and are housed for 2 to 4 weeks prior to utilization in these
studies. In order to verify that the strains of animals studied are indeed
hypertensive and normotensive, groups of animals from each strain are
anesthetized with 2% isoflourane (Anaguest, Madison, W1) and
chronically prepared under aseptic conditions for recording of blood
25 pressure. The femoral artery is cannulated with polyethylene tubing
(PE60; Clay Adams. Parsxppany, NJ) extendmg just into the
descending aorta. The tubing is lead subdermally from the artery and
exteriorized between the scapula just below the back of the neck and
cleared/filled with sterile isotonic saline. Incisions are closed using 2-
30 0 silk suture and treated with 5% lidocaine ointment (Astra
Pharmaceuticals, Westborough, M.A.) Animals recover from
surgery/anesthesia within 5 min. Mean arterial blook pressures are
recorded 4 to 5 h after surgery for 5 min/rat by connecting the
exteriorized tubing in each rat to a Statham pressure transducer
35 (P2.3Db; Statham Medical Instruments. Los Angeles, CA) with output
to a polygraph (Model R711: Beckman Instruments, Inc.,
Fullerton.CA).

Focal Stroke Procedure '
as Been Re! ﬁaced
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Ii qui *epar ati ons, powders, granul es, |ozenges, reconst iPBTﬁﬁBe gcﬁ\dbtﬂszs ]
I nj ectghol e andPI®BHisabl e sol utions or suspensi ons or suppositories. Oally
adm ni strabl e conpositions are preferred, in particular shaped oral

conpogi tions, since they are nore convenient for general use. Tablets and
capsyfl es for oral adm ni MCGAQ opsham surgeryas caried outamtheSHR, SD ats andépse, and
contai n conventional exciftfe L 13 id.Le Lhuent s,
tablletti ng agents, Iubriggg{r}it“gkénélsmmg ?g%gﬂg%ﬁaggﬁpﬁ;{l@g ‘éésts)%erelﬂ%‘i s, and
wetting agents. The tansptbesia.nAll apumals arealiowed feeirgegss to ford andoweserprior

methods in the art. to and after surgery. Body temperature is maintained at 37°C using a
5 heating pad throughout the surgical procedure. Surgery is conducted
similar to that described previously (2.4). The right dorsal surface to
the head and shaved and prepped with providone-iodine, and the rat
placed in a stereotaxic device (David Kopf Iristruments, Tujunga, CA)
with the surgery (right) side of the head superior. A 1-2 cm incision
’ 10 was made between the orbit and the external auditory canal. The
C o temporal muscle is dissected from the skull and retracted without
damaging the zygomatic bond or mandibular nerve. Under an
operating microscope and with saline irrigation, a 2-3 mm craniotomy
is made just rostral to the zygomatic-squamosal skull suture. The dura
15 is opened over the artery using the modified tip of a 30-gauge needle.
For permanent right MCAOQ, using electrocoagulation (Force 2
Electrosurgical Generator, Valley Lab Inc., Boulder, CO), the artery
was stimultaneously occluded and cut dorsal to the lateral olfactory
tract at the level of the inferior cerebral vain. A small piece of sterile
20 saline-soaked Gelfoam (Upjohn, Kalamazoo, M1) is then positioned
over the craniotomy and the temporails muscle and skin are closed in
two layers. Animals are allowed to recover from anesthesia under a
heating lamp and then are returned to their cages. The animals are
sacrificed 24 hours following MCAO and the brains are prepared from
25 reactive histologic examination. - '

Measurements of Ischemic Damage

Following the neurologic evaluation (24 hours after surgery) rats are

30 euthanized with an overdose of sodium pentobarbital. Within 2-3 min,
brains are removed and six coronal forebrain slices (2 mm thick) are
made from the level of the olfactory bulbs to the cortical-cerebellar
junction using a rat brain slicer [(59); Zivic-Miller Laboratories Inc.,
Allison Park, PA]. These forebrain slices then are immersed

35 immediately in a 1% solution of triphenyltetrazolium chloride (TTC)
in phosphate buffer at 37°C for 20-30 min (6.78). Strained tissues
then are fixed by filtration in 10% phosphate buffered formalin. The
two sides of each TTC-strained section are photographed in colour

_/
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Suitable fillers § se include cellulose, mannitol, [|act osga”(ﬁﬂyt r&r Bunaadiine
simlar agents. §&B54o\'g| e disintegrants include starch, polyvinylpyrrolid§pe

and starch derivatives such as sodium starch glycollate. Suitable '
| ubricants include, for exanple, magnesium stearate. Suitable

phar maceut i cal |y accept abl dluastificatign afisehemic demageusiegian imagsanglysis sypemt e.

These solid oral conpositi QR%MRABrmefE&@Xs@ﬁ%%anMorﬁﬁél %]gﬁ of
bl endi ng, filling, tabl ett t like. aYﬁ .entgl n ons nay
be used to dlstrlbutethe gt""ﬁgﬁ{? G ﬂﬁ?é ﬁ@
enpl oyi ng large quantities m‘fllfplddaeﬁmfac&)dbrmhmnhn@ﬂﬂhalbplmﬁr mgesﬂe
conventional kn the art.
for exanpl e, gqueous or oi l%ﬁéﬁﬁf}?ﬂf?ﬁégﬁr{%ms THe ﬁﬁpm onggs é’g u%’gmm'éir
elixirs, or may be present dtbmeach sidgof the six 2 mm thick sections and comcspond
approximately to 1 mm section surfaces from + Smm to -5 mm from
bregma (97) and include the complete forebrain. These planar image
surfaces (from the photographs) are digitized and used in the Image
10 Analysis System for planimetry determination of infarct size and
swelling, Two parameters of ischemic damage due to MCAO are
determined for each slice as described previously (2,4,98,122).
“Hemispheric swelling" is expressed as the percent increase in size of
the ipsilaterai (i.c., surgery side) hemisphere over the contralateral
15 (normal) hemisphere and is caiculated as:

3

Ipsilateral Contralateral
Hemisphere - Hemisphere

Area Area
Perceflq
Hemispheric = = - - x 100
SW:G“iI'ﬂ" : .. Contralateral
Hemisphere Area

"Infarct size" which was expressed as the percent infarcted

20 tissue in reference to the contralateral (normal) hemisphere
and is calculated as:
Percent Infarct area
Hemispheric = x 100
infarct Size N Contralateral
Hemisphere Area
25 The swelling and irifarct size are expressed in reference to the

contralateral hemisphere (i.e., ipsilateral ischemic damage is
normalized to the normal contralateral hemisphere). These parameters
are determined for each slice to evaluate the profile of damage
throughout the forebrain (i.e., "fore-brain profile") and for "total”

30 forebrain changes by using the sum of all individual slice data in these
formulas.
-24- heet Has Been\ll{‘eﬁaced




o reconstitution with water or other suitable vely ef, -
i d prepsysafi ons may contain conventional additi ve?%ﬁ)agzerﬁ? 5 1 !
ng agents, for exanple sorbitol, syrup, nethyl cellul ose, gelatin,

hydr oxyet hyl cel | uI ose, carboxynet hyl cel | ul ose, alum nium stearate gel or

nated edible fats %’écﬁ. s UF Alh . i thin
an nonool eate, or a.tlz‘gm a, i"J;hacl)n aqueo%%%&%%&@ﬁ%ﬁ ?’(ﬂl

edible oils), for exanpl efollgwingMGAQ Wﬁd&@ﬂﬂ@ﬂébﬁ@mmpfmﬂdryovmmas

esters such as esters of gds¢heed m@ﬂ?l@/jﬂ’g} RatéGitre f@&&‘ @%&

preservatives, for exanple r:netr*\rg'r gﬁl’ﬁi}%y g&ﬂl}%grox en oate or s I C

acid, and if desired conv#y® b \al é‘H’SS'Y

formul ati on$ al so i ncl udebmsmﬂuxddgk;mu&ﬂaﬂpé&ebaimmteﬂmﬂnlcmm, such

as tablets or granules hayifg,3thctiBh Ghé EutiR@ehd hemispheres, and each forebrain
hemisphere measured on a Meulér Types HS chemical balance
(Mettler Instruments Corp, Hightstown, NJ) within 2 min after
decapitation. The dry weight was measured on the same scale after

10 drying the hemisphere in an over at 80°C for 48-72 hours. The water

content of each hemisphere was ¢alculated as the difference between
the wetanddrywexghtasapercemﬁacuonfmmme wet weight:

Percent . ‘Wet Weight - Dry Weight 100
= - X
Water Content . Wet Wei

15

d
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For parenteral dm n| stration, fluid unit dose forns are plﬂgm 9 3[\;«-

cont ai ni ng the & nd an | e. The conpound, depending o
t he vehicle and the concerﬂ'mﬁmr"ugunag!ﬁi t her suspended or dissol ved.

Parent eral solutions are nofn#l |y ptepar by dissolving the conpound in 2

vehicl e and fl|t(§]’a||ﬁ§erl lising before filling into a suitable vial or
anpoul e and sealjn dvant a JUV nts ch as_a a aes hetlc
preservatives an buf é:PT“RQ“'%@#EX‘&PZﬂ cgl@aaqc& 'lfﬁg %ﬁﬁ :
enhance the stability, the conposition can be frozen after filling |nto the

vial and the water renpbved under vacuum P#&-8/00Ral suspensions are
prepared in substantially the same manner ex hat the compound is
suspended in the vehicle instead of bei dd and sterilised by
exposure to ethyl ene oxi de before susp hdi/ [ e sfderil e vehicle.

5  wherein:
either Y is N and R is hydrogen, or Y is C-R|
where: _
either one of R and R is hydrogen and the other is selected from the class of
hydrogen, C3.g cycloalkyl, Cj.g alky! optionally interrupted by oxygen or substituted

10 by hydroxy, C1_g alkoxy or substituted aminocarbonyl, .Cl--6 alkylcarbonyl, C3_¢
alkoxycarbonyl, C1.g alkylcarbonyloxy, C}_g alkoxy, nitro, cyano, halo,
trifluoromethyl, CF3S, or a group CF3-A-, where A is -CF3-, -CO-, -CHj-, CH(OH);
SOy, SO, CH2-0, or CONH, or a group CFaH-A'- where A' is oxygen, sulphur, SO,
$0O,, CF, or CFH; trifluoromethoxy, C;.6 alkylsulphmyl perfluoro Cz._¢g

15  alkylsulphonyl, C1_g alkylsulphonyl, C1_g alkoxysulphinyl, C;.g alkoxysulphonyl,
aryl, heteroaryl, arylcarbonyl, heteroarylcarbonyl, phésp_hono, arylcarbonyloxy,
heteroarylcarbonyloxy, arylsulphinyl, heteroaryisulphinyl, arylsulptx_ghyl, '
heteroarylsulphonyl in which any aromatic moiety is optionally substituted, C1.g
alkylcarbonylamino, Cj.¢ alkoxycarbonylamino, C1_g alkyl-thiocarbonyl, C1_¢

20  alkoxy-thiocarbonyl, Cy_g alkyl-thiocarbonyloxy, 1-mercapto C3.7 alkyl, formyl, or
aminosulphinyl, aminosulphonyl or aminocarbonyl, an)" amino moiety being
optionally substituted by one or two.Cj_g alkyl g;on_xps, or Cj_g alkylsulphinylamino,
C1.-¢ alkylsulphonylamino,Cj.¢ alkoxysulphinylamino or Cj.¢
alkoxysulphonylamino, or ethylenyl terminally substituted by C_g alkylcarbonyl,

25 nitro or cyano, or -C(Cj._g alkyl)NOH or -C(C_g alky)NNH3, or one of R} and R
is nitro, cyano or Cy.3 alkylcarbonyl and the other is methoxy or amino optionally
substituted by one or two Cj_g atkyl or by C2_7 alkanoyl; or R} and R together are -
(CHz)4- or -CH = CH-CH = CH-, or form an optionally substituted triazole or
oxadiazole ring;

30 one of R3 and Ry is hydrogen or Cy_4 alkyl and the other is C1_4 alkyl, CF3 or CH3
X2 where X2 is fluoro, chloro, bromo, iodo, C|_4 alkoxy, hydroxy, C1.4
alkylcarbonyloxy, -S-C1.4 alkyl, nitro, amino optionaily substituted by one or two
Cj-4 alkyl groups; cyano or Cj_4 alkoxycarbonyl or R3 and R4 together are C5_5

_ polymethylene optionally substituted by C1.4 alkyl;
35 Rs5isCig alkylcarbonyloxy, benzoyloxy, ONO>, benzyloxy, phenyloxy or C1 6

-26-
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i.nveny As T's conmon préacticcet the compositions will usually be
acconpanied by witten or printed directions for use |n t he nedi cal
trea,rrent concerned. The present invention further provides a

phar’maceut i caMMRﬁl%ﬂWﬁWﬂ orR§ isdydroxyiand R i hydrogenooBinyg axi s

of anxiety, d| sorders associated with a subarachnoid
(RS N o N R R T L
mdependently with a group or atom selected from chloro, fluoro, bromo, iodo, nitro,
5 amino optionally substituted once or twice by C.4 alkyl, cyano, azido, C1_4 alkyl,
C}-4 alkoxy, trifluoromethoxy and trifluvoromethyl;
Rg is hydrogen; C1._¢ alkyl, ORg or NHCOR 1 wherein Rg is hydrogen, Ci_g
alkyl, formyl, C1.¢g alkanoyl, aroyl or aryl-C1_g alkyl and R1g is hydrogen, C;_g
alkyl, C.¢ alkoxy, mono or di Ci._g alkyl amino, amino, amino-Cj_g alkyl, hydroxy-
10  Cj.galkyl, halo-Cy.g alkyl, C1.g acyloxy-Cj_g alkyl, C;_¢ alkoxycarbonyl-Cy_g-
alkyl, aryl or heteroaryl; : )
the Rg-N-CO-R7 group being cis to the Rg group;
and X is oxygen or NR( where R is hydrogen or Cj_g alkyl with the proviso that
the compound is not racemic cis-4-benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl- -
15 2H-benzo[b]pyran-3-ol

2. A compound according to claim 1 in which Ry is cyano, acetyl, nitro, or ethyl
and R is hydrogen.

20 3 A compound according to claim 1 or 2 in which R3 and R4 are both methyl.

4, A compound according to any one of claims 1 to 3 in which Rg is hydroxy
and Rg and R7 are hydrogen.

25 5. A compound according to any one of claims 1 to 4 in which Ry is 2-, 3-, or 4-
fluorophenyl phenyl, 2 or 3-chlorophenyl, 2,3-dichlorophenyl,
2-trifluoromethylphenyl, 2-nitrophenyl, 2-aminophenyl, 2-chloro-thiophene-3-yl, 3-
chlorothiophen-2-yl or 2-chloro-4-fluoro.

30 6. A compound according to any one of claims 1 to S in which Rg is hydrogen.
7. A compound according to any one of claims 1 to 6 in which X is oxygen.

8. A compound according to any one of claims 1 to 7 including racemic cis-4-
35 benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-2H-benzo[b]pyran-3-ol in which
the compound exists predominently in the 38, 4S enantiomeric form.

-9, cis -(:t)-6-Aoetyl-4—(4—ﬂuorobenzoylammo)—3 4-dlhydro-2 2-dunethyl—2H-l-
benzopyran-3-ol. ——
Sheet Has Been Reilaced
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cerebral ischaem a, which c of formula (1) (including”™
racernic Gis-4-benzoyl am no- 6- '
cyano- 3, 4-di hydr o- 2, 2- di net hyl - 2H benzo[ b] pyran 3-0l), or a

phar maceuti cal | y cce re ceut L1y accept abl
carrier. In a fur her%%‘kgfw?ﬁg (a'%ﬁ’ﬁ?ol?eﬂﬁ’ﬂ E'BWM@ ¥otidund
of formula (1) (bemzoparmgRralceni c

Ci s- 4- benzoyl am no- 6- cyano- 3, 4 di hydro- 2, 2-

di met hyl - 2H henzgo[ b] pyr an- 3- ol or a phar maceuti cal ly acceptable salt

t hereof, for 9 hellan lﬁ“&tﬁ‘ﬁF@Yb‘ﬁs‘&%emmmw)-lﬂﬂilhy@&ﬂ&m&m#m-I-
prophyl axi s of aseaespyan-88@l.a, depression, disorders associated with a
subarachnoi d haenorrhage or neural shock, the effects assom ated with

wi t hdrawal from substances of abuse such as
12. cis -6-Cyano-4R-(4-ﬂuorobenzoylaxmno)—3,4-d1hydm-2,2—duncthyl-2H-l-

benzopyran-3R-ol.

bénzodi i nes, disgrders treatabl t abl th PR, S——
agents. such as %3315?2[)37Spﬁmgmmémprﬂemvez o ehest 0 T PRIER SR

10
- 13. cis -6-Cyano-4S-(4-ﬂu0tobenzoylamino)-3,4ndihydro-2,2—dimethyl-2H-1-
benzopyran-3S-ol.

14. cis -6-Ethyl-4R-(4-ﬂuorobenzoylammo)-3 ,4-dihydro-2,2-dimethyl-2H-1-
15  benzopyran-3R-ol.

15. cis -6-15:hyl—4S-(4-fluorobenmylamino)—3,4—dihydro—2,2—dimethyl-2H~1-
benzopyran-3S-ol.

20 16.  cis-6-Acetyl-4S-(2-chlorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol.

17. - cis-6-Acetyl-4S-(benzoylamino)-3,4-dihydro-2,2-dimethyl-2H- 1-benzopyran-
3S-ol. a
25 o .
18.  cis-6-Acetyl-4S-(2-methylbenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol.

19.  cis-6-Acetyl-4-(2,3-dichlorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
30 benzopyran-3-ol.

20.  cis-6-Acetyl-4S-(2-trifluoromethylbenzoylamino)-3,4-dihydro-2,2-dimethyl-
2H-1-benzopyran-3S-ol.

35 21. cis-6-Cyano-4R-(3-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3R-ol. '

22.  cis-4-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-6-nitro-2H-1-
benzopyran-3-ol
40

23, cis-6-Acetyl-4S-(2-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-

benzopyran-38-ol. -
R
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carrier.
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25.  cis-6-Acetyl-4S-(2-nitrobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol.

26.  cis-6-Acetyl-45-(2-aminobenzoylamino)-3,4-dihydro-2, 2-d1methyl-2H-l- :
benzopyran-3S-ol.

27.  cis-6-Acetyl-4S-(3-chlorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol.

28.  cis-6-Acetyl-4S-(2-chlorothiophen-3-carbonylamino)-3,4-dihydro-2,2-
dimethyl-2H-1-benzopyran-3S-ol.or cis-6- Acetyl-4S-(3-chlorothiophen-2-carbonyl)-
3,4-dihydro-2,2-dimethyl-2H- 1-benzopyran-3-ol or cis-6-Acetyl-4S-(2-chloro-4-
fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-3-ol

29. A compound according to claim 1 substantially as hereinbefore defined with

reference to any one of the examples.

30. A process for the preparation of a compound of formuia (I) as defined in
claim 1 (not including racemic cxs-4-benmylanuno-.6-cyano-3 4-dihydro-2,2-
dxmeﬂxyl—ZH-benzo[b]pyran—3—ol) ora phatmaceunca.lly acceptable salt thereof,
which comprises treating the correspondmg trans compound in which Rg is hydroxy
and Rg is hydrogen, with tnﬂuoromethane sulphonic anhydride to furnish the cis-
oxazoline compound of fommla (II),

(1}

in which all the variables are as defined in relation to formula (I), followed by (i) acid
treatment and (ii) base treatment to give the cis compound of formula (I) and
thereafter if desired and in appropriate order separating z_uiy enantiomers, converting
Rs hydroxy to other values of R5 and/or Rg hydrogen to other values of Rg and/or
forming a pharmaceutically acceptable sait thereof.

31. A cis-oxazoline compounds of formula (II) in which the variables are as
defined in claim 30 other than the oxazoline of racemic cis-4-benzoylamino-6-cyano,

_ 3-4-dihydro-2,2-dimethyl 2H-benzo [b]pyran-3-ol. .

-
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Géneral Iy, conpounds of formla repared from t \PCIFGBes o8/ G
trans conpounds, Pﬁ%ff’edures !y ﬁl on of which are generally
9/ 05808

described in EP-0 126311, E 292 EP- 0250077, EP-0093535,
EP-0 150202, EP- 0076075, Wo'8 éP— 0350805, EP-0277611, EP-0277612,

EP- 0337179, EP-032956A pleifmdcsuticsl ngasxﬁoﬂ%mﬁﬁﬁlg(fc uﬁhbfﬁ-ﬁa-uﬁ-@%& of 15
(Squi bb) EP-046613, 1 - A- 0482_23E P- A- 0296975 91 an
89/07103. The ci SipEme nzQylaming: ?ﬁﬁﬁ“ﬁ' o‘é&ﬁ ‘
described in or bmdo@@pymnt%obimwtﬂmmh&ﬂwm@&bkﬁﬂﬁﬁ&%{ampogngsbof
formula (1) may %&a@ &ra? C |.hg to the procedures describe y
G Burrell et al3 et atet g ??&%‘-3652 (1990) or by the procedures
descri bed by &, Quast and E. \/ | I hauer, Eur. J. Pharmacol, Mol ecul ar _
Phar macol ogy 33.  Use of a compound of formula (I) (not including racemic cis-4-benzoylamino-
6-cyano-3,4-dihydro-2,2-dimethyl-2H-benzo[b]pyran-3-ol), or a pharmaceutically
acceptable salt thereof as a therapeutic agent.

10 34, = A pharmaceutical composition for use in the treatment and/or prophylaxis of
anxiety, mania, depression, disorders associated with a subarachnoid haemorrhage,
neural shock, the effects associated with withdrawal from substances of abuse such as
cocaine, nicotine, alcohol and benzodiazepines; disorders treatable or preventable
with anti-convulsive agents, such as epilepsy; Parkinson's disease, psychosis,

156  migraine and/or cerebral ischaemia, which comprises a compound of formula (I) as .
defined in claim 1 (including racemic cis-4-benzoylamino-6-cyano-3,4-dihydro-2,2-
dimethyl-2H-benzo[b}pyran-3-ol), or a pharmaceutically acceptable salt thereof, and
a pharmaceutically acceptable carrier.

20 35. A method of treatment and/or prophylaxis of anxiety mania, depression,
disorders associated with a subarachnoid haemorrhage, neural shock, the effects
associated with withdrawal from' substances of abuse such as cocaine, nicotine,
alcohol and benzodmzepmes, disorders treatable and/or preventable with anti-
convulsive agents, such as epilepsy; Parkinson's disease, psychosis, migraine and/or

25  Cerebral ischaemia, comprising administering to the sufferer in need thereof an.
effective or prophylactic amount of a compound of formula (I) as defined in claim 1
including racemic cis-4-benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-2H-
benzo[b]pyran-3-ol, or a pharmaceutically acceptable salt thereof.

30 36. Useof acompound of formula (I) as defined in claim 1 including racemic
(cis-4-benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-2H-benzo[b]pyran-3-ol), or a
pharmaceutically acceptable salt theredf, for the Mamifacture of a medicament for the
treatment and/or prophylaxis of anxiety, mania, depression, disorders associated with
a subarachnoid haemorrhage, neural shock, the effects associated with withdrawal

35 from substances of abuse such as cocaine, nicotine, alcohol and benzodiazepines;
disorders treatable or preventable with anti-convulsive agents, such as epilepsy;
Parkinson's disease, psychosis, migraine and/or cerebral ischaemia.

This Sheet Has Bee

S lﬁill




Sect icﬁn!g" 165-171 (1993). A further aspect of the pres ARV ERL &0
prost a procBS&S‘ﬂor the preparation of a conpound of femg ﬂ)g(ﬂ&z 5 ] 3
i ncluding cis-4-benzoyl am no- 6-cyano- 3, 4-

di h 2, 2-di net hyl - 2H— benzo[ b] pyran-3-ol) or a phar maceutlcally

acc%bl e salt , Which conprises treating the corresponding trans
conpound in Wméh err I's hydroxy and [err] is hydrogen, with
trifluoromethane sul phonic anhydride in a suitable solvent such as pyridine

to furnish the @ contponadof Fitmi Maﬂﬁa&aﬁmy%@pmehﬁ dreofd Which al |

the variables are as defined in reI ation to fornula (1), followed by (i)

acid treatnent using, for exanple, dilute é;’lc acid and (ii) base
treatnment, for exanple, using sodium bicar solution to give the cis
conmpound of formula (1) S

o
R,
5 R,
wherein:
cither Yis Nand Ry is hydrogen, or Y isC-Ry
where:

either one of Ry and R is hydrogen and the othier is selected from the class of

10  hydrogen, C3.g cycloaikyl, Cy.¢ alkyl optionally interrupted by oxygen or substituted
by hydroxy, C}. alkoxy or substituted aminocarbonyl, C;.¢ alkylcarbonyl, Cj_¢ - -
alkoxycarbonyl, C1.¢ alkylcarbonyloxy. C1.6 alkoxy, nitro; cyarno, halo,
trifluoromethyl, CF3$, or a group CF3-A- whete Ais -Con -CO-, -CHy-, CH(OH),
SOy, SO, CH3-0O, or CONH, or a group CF2H-A_ where A' is oxygen, sulphur, SO,

15  SO9, CF, or CFH; trifluoromethoxy, Cy.g alkylsulphinyl, perfluoro Cp_g
alkylsulphonyi, C;_g alkylsulphonyl, C;_g alkoxysulphinyl, C;_g alkoxysuiphonyl,
aryl, heteroaryl, arylcarbonyl, heteroarylcarbonyl, phosphono, arylcarbonyloxy,
heteroarylcarbonyloxy, arylsulphinyl, heteroarylsulphinyl, arylsulphonyl,
heteroarylsulphonyl in which any aromatic moiety is optionally substituted, C_g

20  alkylcarbonylamino, C1-6 alkoxycarbonylamino, C_g alkyl-thiocarbonyl, C1.¢
alkoxy-thiocarbonyl, C1_g alkyl-thiocarbonyloxy, 1-mercapto.Cy.7 alkyl, formyl, or
aminosulphinyl, aminosulphonyl or aminocarbonyl, any amino moiety being
optionally substituted by one or two Cj_g alkyl groups, or C| _¢ alkylsulphinylamino,
C1-6 alkylsulphonylamino,Cj_g alkoxysulphinylamino or'Cy._g _

25  alkoxysulphonylamino, or ethylenyl terminally substituted by Cj_g alkylcarbonyl,
nitro or cyano, or -C(Cj.g alky)NOH or -C(Cy.¢ alky)NNH, or one of R1 and R
is nitro, cyano or C1.3 alkylcarbonyl and the other is methoxy or amino optionally
substituted by one or two Cj_ alkyl or by C.7 alkanoyl; or R} and R together are -
(CH2)4- or -CH = CH-CH = CH-, or form an optionally substituted triazole or .

30 oxadiazole ring;
one of R3 and R4 is hydrogen or Cj_4 alkyl and the other is Cy_4 alkyl, CF3 or CHjp
X2 where X2 is fluoro, chloro, bromo, iodo, Cj.4 alkoxy, hydroxy, Cj.4
alkylcarbonyloxy, -S-C1.4 alkyl, nitro, amino optionally substituted by one or two

. C1-4 alkyl groups; cyano or C}_4 alkoxycarbonyl or R3 and R4 together are C2.5

35 polymethylene optionally substituted by C1_4 alkyl; NSNS
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and thereafter if desired and in appropriate order separati
PCTB .93 L o

enantioners, colP38547 ng [err] hydroxy to other values of |
hydrogen to other values of [err] and/or form ng a pharmaceutically
accept abl e salt thereof It should be appreciated that the cis-oxazoline

d f f

ci 5. 4- benzoyl antia ﬁé%x%ﬁﬂh%%%%ﬁ’%“ﬁ@%?ﬂk@mw;hﬁ 3-ol

are novel and tlﬂuﬁ(‘éy Rﬁ@ﬂmﬂsﬂh}' gem&itSWW@nﬂr%EmdtmmntCQq

Conversi ons of [k Lmhggd [err] respectively may be carried out,
res,in

or ocedur 0. out f’?wa N AT AN, AT AT
that racemat®s ftmiepémdemty avith 3 groby obstoinaselekied drodii chloro, ﬂuom, bromo, iodo, nitro,
amino optionally substituted once or twice by C1_4 alkyl, cyano, azido, C;_4 alkyl,
C1-4 alkoxy, trifluoromethoxy and trifluoromethyl;
Rg is hydrogen; Ci.g alkyl, ORg or NHCOR 1 wherein Rg is hydrogen, Ci-6
alkyl, formyl, Cy_g alkanoyl, aroyl or aryl-C;-ﬁ alkyl and R}q is hydrogen, Cy_g
10  alkyl, C;_g alkoxy, mono or di C}.¢ alkyl amino, amino, ammo-C;.G alkyl, hydroxy-
C1.6 alkyl, halo-Cy.g alkyl, C1_6 acyloxy-Cj.g alkyl, Ci1-6 alkoxycarbonyl-C1_6-
alkyl, aryl or heteroaryl; ' - :
the Rg-N-CO-R7 group being cis- to the Rs group; -
and X is oxygen or NR1( where R}q is hydrogen or Cy_g alkyl with the proviso that
15 the compound is not racetmc czs-4-bcnzoylarmno-6—cyano-3 4-dlhydro-2 2-dimethyi-.
2H-benzo[b]pyran-3—ol
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This invention relates to novel compounds, to processes for prepar'xpg them,
and to their use as therapeutic agents.

European Published Patent Application No. 0126311 discloses substituted
benzopyran compounds having blood pressure lowering activity, including 6-acetyl-
trans-4-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H- 1 -benzopyran-3-ol.

Also EP-A-0 376 524, EP-A-0 205 292, EP-A-0 250 077, EP-A-0 093 535,
EP-A-0 150 202, EP-A-0 076 075 and WO/89/05808 (Beecham Group plc) describe
certain benzopyran derivatives which possess anti-hypertensive activity.

EP-A-0 350 80S (Biersdorf), EP-A-0 277 611, EP-A-0 277612, EP-A-0 337
179 and EP-A-0 355 565 (Hoechst Aktiengesellschaft); EP-A-0 466 131 (Nissan
Chemical. Industries Ltd), EP-A-0339562 (Yoshitomi Pharmaceuticals) EP-A-415
065 (E. Merck) EP-A-450415 (Squibb), EP-A-0482934, EP-A-0296975, JO-2004-
791 and WON89\D7103 aiso describe certain benzopyran derivatives which are
believed to possess anti-hypertensive activity. '

EP-A-0 430 621 and EP-A-0 385 584 (Beecham Group pic) describe the
resolution of certain intermediates useful in the preparation of the compounds
described in the above mentioned patent apphcauons

~ EP-A-0 139 992 (Beecham Group plc) describes certain benzopyran
derivatives which have cis isomerism at position 3 and 4 which compounds are
described as possessing anti-hypertensive activity .

PCT/GB92/01045 (SmithKline Beecham plc; unpublished at the priority date),
which describes certain fluorobenzoylamino benzopyrans, pyranopyridines and
tetrahydronaphthalenes in which the 3 and 4 position substituents are trans to each
other. These compounds are described as possessing inter alia anxiolytic and anti-
convulsant activity. - ‘

It has now been surprisingly found that certain compounds of formula (I)
(below) possess anti-convulsant activity, and are also believed to have utility in the
treatment or prevention of anxiety, mania, depression, disorders associated with a
subarachnoid haemorrhage or neural shock, the effects associated with withdrawal
from substances of abuse, Parkinson's Disease, Psychosis, migraine and/or cerebral
ischaemia.

Accordingly, the present invention provides a compound of formula.(I) or
pharmaceutically acceptable salt thereof:

[Z Claim{s)

¥ Abstract
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(1) using procedures outlined herein. The trans corrpounds of fornula
may be prepared according to the procedures outline
the trans conpounds of formula (I) may be prepared cé{;'? G@ﬁﬁ"b RBEATO
anal ogous to those described in the above nmentioned pc[-t—e-'nt“s""The t ns
conmpounds of formula (1) in which [err] ®s~hydroxy, [grrq7i nf:[ a
and [err] is hydrogen may be prepared gegeb#,ng to f proce o

in R Gericke et al. J. Med. Chem Vol .3 e P3074 (1991
conpounds wer.e prepared by nethods

t
n

(1)
or

(’S

Kyl
i ned
0

abovenent i oned patents-publicationg;
and phar macol ogi cal test resulta
2

wherein:

cither Y is N and Ry is hydrogen, or Y is C-R}

where:

either one of Ry and R is hydrogen and the other is selected from the class of
hydrogen, C3.g cycloalkyl, Cj.¢ alkyl optionally interrupted by oxygen or substituted
by hydroxy, C}.¢ alkoxy or substituted aminocarbonyl, C1_g alkylcarbonyl, C1_¢
alkoxycarbonyl, C1.g alkyicarbonyloxy, Cj.g alkoxy, nitro, cyano, halo,
trifluoromethyl, CF3S, or 2 group CF3-A-, where A is -CF»-, -CO-, -CH2-, CH(OH),
S03, SO, CH3-O, or CONH, or a group CFpH-A'- where A' is oxygen, sulphur, SO,
505, CF5 or CFH; trifluoromethoxy, Cj.g alkylsulphinyl, perfluoro C;_g
alkylsulphonyl, C1._g alkylisulphonyl, C;_g alkoxysulphinyl, C;_g alkoxysulphonyl,
aryl, heteroaryl, arylcarbonyl, heteroarylcarbonyl, phosphono, arylcarbonyioxy,
heteroarylcarbonyloxy, arylsulphinyl, heteroarylsulphinyl, aryisulphonyl,
heteroarylsulphonyl in which any aromatic moiety is optionally substituted, Ci_g
alkylcarbonylamino, Cj.¢ alkoxycarbonylamino, C1_g alkyl-thiocarbonyl, Cy_g
alkoxy-thiocarbonyl, Cj.g alkyl-thiocarbonyloxy, 1-mercapto C3.7 alkyl, formyl, or
aminosulphinyl, aminosulphonyl or aminocarbonyl, any amino moiety being
optionally substituted by one or two C_g alkyl groups, or C1-¢ alkylsulphinylamino,
C}-6 alkylsulphonylamino,Cj .4 alkoxysulphinylamino or Ci_g
alkoxysulphonylamino, or ethylenyl terminally substituted by C1_¢g atkylcarbonyl,
nitro or cyano, or -C(Cj.g alkyl)NOH or -C(C; ¢ alkyl)NNH3>, or one of R} and Ry
is nitro, cyano or Cj_3 alkylcarbonyl and the other is methoxy or amino optionally
substituted by one or two Cy.¢g alkyl or by C2_7 aikafnoyl' or R and R together are -
(CH3)4- or -CH = CH-CH =CH-, or form an optionally substituted triazole or
oxadiazole ring;

one of R3 and R4 is hydrogen or Cy_4 alkyl and the other is C1_4 alkyl, CF3 or CHp
X2 where X2 is fluoro, chloro, bromo, iodo, Cj.4 alkoxy, hydroxy, C1.4
alkylcarbonyloxy, -S-C1.4 alkyl, nitro, amino optionally substituted by one or two
Cj.-4 alkyl groups; cyano or Cy.4 alkoxycarbonyl or R3 and R4 together are C3._s
polymethylene optionally substituted by Cy.4 alkyl;

Rs is Cj.¢ alkylcarbonyloxy, benzoyloxy, ONO3, benzyloxy, pheayloxy or Cy_g
alkoxy and Rg and Rg are hydrogen or R5 is hydroxy and Rg is hydrogen or Cy_2
alkyl and Rg is hydrogen;

R7 is heteroaryl or phenyl; both of which are optionally substituted one or more times

This Sheet Has Been Reﬂlaced
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REPLACEN’F\H SHEST

illustrate the present invention: 11 Descrjp
cis-([err])-8-Acetyl-2-(4-fluorophenyl)-3a, 9b}d
benzopyr ano{ 4, 3-d} oxazol e

I"OTT J.

h)id; &Aﬁ' %dl nfet hyI 4H 1-

trans-([err])-6-Acetyl-4-(4-fluorobenzoyl am np)t3-4-di hydro- 2 -d| nmet hyl -
- 1- benzopyran-3-ol (exanple 13 of EP-03126 811 B 1, 2.0 @) s di ssol ved

in pyridine (?rﬁi gkﬁdcﬁpg »\hﬁxea 53Lp bt ABmIkleLes frofif chioto! 088 &fitro,

nitrogen. Tri

C|.4 alkoxy, rifiuoromethoxy and trifiuoromethyl;

amino opuonally subsmuted once or twice by C1.4 alkyl, cyano, azxdo, C1_4 aIkyl

Rg is hydrogen; C_¢ alkyl, ORg or NHCOR () wherein Rg is hydrogen, C; ¢
alkyl, formyl, C1_g alkanoyl, aroyl or aryl-Cy_g alkyl and Ry is hydrogen, Cy_g
alkyl, C1.¢ alkoxy, mono or di Cy_g alkyl amino, amino, amino-C1_g alkyl, hydroxy-
Cj-6 alkyl, halo-Cj.g alkyl, Cj.¢ acyloxy-Cj.g alkyl, C1_g alkoxycarbonyl-Cj_g-

‘alkyl, aryl or heteroaryl;
the Rg-N-CO-R7 group being cis to the R5 group;

and X is oxygen or NR g where Ry is hydrogen or Cj_g alkyl with the proviso that
the compound is not racemic cis-4-benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-

2H-benzo{b]pyran-3-ol.

All Cy_g alkyl or Cy.4 alkyl or alkyi containing groups in formula (I) are
preferably selected from methyl, ethyl, # - and iso -propyl, n -, iso -, sec - and

tert-butyl.

Suitable C3.g cycloalkyl groups include cyclopropyl, cyclobutyl, cyclopentyl,

cyclohexyl, cycloheptyl and cyclooctyl.

Suitable halo substituents include fluoro, chloro and bromo. .
Aryl whenever mentioned herein includes but is not limited to phenyl and

naphthyl.

Heteroaryl whenever mentioned herein includes a 5- or 6- membered
monocyclic or 9- or 10- membered bicyclic of which 5- or 6- membered monocyclic
heteroaryl is preferred. In addition, 5- or 6-membered monocyclic or 9- or
10-membered bicyclic heteroaryl preferably contains one, two or three heteroatoms
which are selected from the class of oxygen, nitrogen and sulphur and which, in the
case of there being more than one heteroatom, are the same or different. Examples of

-5- or 6-membered monocyclic heteroaryl containing one, two or three heteroatoms
which are selected from the class of oxygen, nitrogen and sulphur include furyl,
thienyl, pyrryl, oxazolyl, thiazolyl, imidazolyl and thiadiazolyl, and pyridyl,
pyridazyl, pyrimidyl, pyrazolyl and triazolyl. Preferred exampies of such groups
include furanyl, thienyl, pyrryl and pyridyl, in panicular 2- and 3-furyl, 2- and

3-pyrryl, 2- and 3-thienyl, and 2-, 3- and 4-pyridyl.

Examples of 9- or 10-membered

bicyclic heteroaryl containing one, two or three heteroatoms which are selected from
the class of oxygen, nitrogen and sulphur include benzofuranyl, benzothienyl, indolyl
and indazolyl, quinolyl and isoquinolyl, and quinazolyl. Preferred examples of such

groups include 2- and 3-benzofuryl, 2- and 3-benzothienyl, and 2- and 3-indolyl, and

2- and 3-quinolyl.

Suitable examples of groups or atoms for optional substitution especially of
aryl and heteroaryl include one, two or three substituents independently selected from

This Sheet Has Been RTlaced ‘
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sul phoni ¢ anhydride (1.74 g) was added dropw SeRﬁPA‘AP%ME@ |SﬁF§=Tci sol ution
during 10 mnutes. The resulting m xture-was ptjrred at roomJterrperature

for 18 hours. The pyridine was evaporated in yapud ANARMR9Zr |(50 m) added
to the residue. The solution was extracted w {h} dichl oronmethaneg (50 m) and
the organic |ayer was washed with brine #56 n}) and dried over janh. MyS04.

Filtration and evaporation gave a crude produ |
from et hyl acqtpiiRyl)©faaikdxy, Galegsichas flublopchioraz broirag, fesirexywhitoansiod i d

3,222 ) o opdby il e 0L il st ot (=
J=8Hz, 1H), 7.22 Fraferably Ry7isgyanogacetyjigo 3%&‘*‘}"1 {fost p: S“E’éﬁ pigjacergl 05 (d,
J=2Hz, 1H). orethyl

i) Preferably R is hydrogen.

Preferably R3 and R4 are both methyl.

Preferably Rs is hydroxy and Rg and Rg are hydrogen.

It should be appreciated that when R7 is phenyl optionally independently
substituted; this includes substitution by 1,2,3,4 or 5 groups or atoms attached to the
phenyl ring. Preferably there are 1 or 2 groups or atoms attached to the pheny! ring.
The groups or atoms may be in any position around the phenyl ring. Likewise, it
should be appreciated that when R7 is heteroaryl optionally independently
substituted; this includes substituents at any vacant positions around the heteroaryl
moiety. Preferably there are 1 or 2 groups or atoms around the heteroaryl moiety,
most preferably there is one group or atom around the heteroaryl moiety.

Preferably R7 is 2,3-or 4-fluorophenyl, phenyl, 2 or 3-chlorophenyl, 2,3-
dichlorophenyl, 2-uiﬂuorometh§lphenyl, 2-nitrophenyl, 2-aminophenyl, 2-chloro-
thiophen-3-yl, 3-chlorothiophen-2-yl or 3-chloro-4-flucrophenyl.

Preferably Ry is fluorophenyl. More preferably R7 is mono-fiuorophenyl and
even more preferably R7 is 2-, 3 or 4-fluorophenyl. Most preferably Ry is 4-
fluorophenyl.

Preferably Rg is hydrogen.

Preferably X is oxygen. )

It should be appreciated that the compounds of formula (I) may have chiral
carbon atoms at positions 2, 3 and 4 and therefore may exist as enantiomers. The
present invention extends to each enantiomer and to mixtures thereof including
racemates. It should further be appreciated that particular enantiomeric forms are
preferred for different utilities, thus for utilitics other than sub-arachnoid
haemorrhage or neural shock the 38, 4S enantiomers are preferred, however, for sub-
arachnoid haemorrhage or neural shock the 3R, 4R enantiomers are preferred.

It should also be appreciated that certain R substituents also have chiral
centres and therefore may exist as enantiomers. The present inveation extends to
each enantiomer and to mixtures thereof including racemates

It should be appreciated that the compound of formula (I) or a
pharmaceutically acceptable salt thereof also includes solvates of such compounds,
such as for example the hydrate.

The present invention further provides a compound of formula (I), or a
pharmaceutically acceptable salt thereof as hereinbefore dcﬁncd which exists
predominently in the 3S, 4S enantiomeric form.

This Sheet Has Been Reﬂlac
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yet more peferably greater than 70% of the 3S, 4S enantiomer presence, even more

preferably greater than 80% of the 3S, 4S enantiomer present and more preferably

still greater than 90% of the 38, 4S enantiomer present. Most preferably there is

greater than 95% of the 38, 4S enantiomer compound to the 3R, 4R enantiomer.

Example of compounds of formula () are:

o

cis -(+)-6- Acetyl-4-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H- 1-
benzopyran-3-ol,
cis -6-Acetyl-4R-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3R-ol,
cis -6-Acetyl-4S-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyi-2H-1-
benzopyran-3S-ol, '
cis -6-Cyano-4R-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3R-ol,
cis -6-Cyano-4S-(4-fluorobenzoytamino)-3,4-dihydro-2,2-dimethyi-2H-1-
benzopyran-3S-ol,
cis -6-Ethyl-4R-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H- 1-benzopyran-
3R-ol, '
cis -6-Ethyl-4S-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-
38-ol,
cis-6-Acetyl-4S-(2-chlorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol,

cis-6-Acetyl-4S-(benzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1- bcnzopyran—3s-ol
czs-6-Accty1-4S-(2-mcthylbcnzoylanuno)~3 ,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol, .
cis-6-Acetyl-4-(2,3-dichiorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3-ol,
cis~6—Acctyl—45-(Z-u'iﬂuoromcmylbcnzoyla.mino)é,4-dihydro—2,2-dimethyl-2H-l-
benzopyran-3S-ol,
cis-6-Cyano-4R-(3-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3R-ol,
cis-4-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-6-nitro-2H- 1-benzopyran-3-
ol,
cis-6-Acetyl-4S-(2-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-
3S-ol,

cis-6-Acetyl-43-(3-flucrobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1- beuzopyran
3S-ol.
cu'-6-Acctyl-4S-(2-muobenzoylammo)-3,4-dlhydro-2.2-d:mcthyl-2ﬂ-l-benzopyran-



as a white crystalTine salt mp. 187 err] NVR] ( REBAC + [L.30 (s,
3H) Zhis Sh srhsﬁﬁ eﬁi[f J=4 H:( W} JE4 Hz,(
12 - 02( . 7.33 (m 2p) ; B.48 (s,
8.98 (br s, ﬂquﬁ nz 339, 3p4 érsg?"%ﬁmﬁg 125, TR
1681 1732 cn err] : anple 1

3S-ol,
cis-6-Acetyl-4S-(2-aminobenzoylamtino)-3.4-dihydro-2,2-dimethyl-2H- 1 -
benzopyran-3S-ol,
cis-6-Acetyl-4S-(3-chlorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H- 1-
benzopyran-3S-ol,
cis-6-Acetyl-4S-(2-chlorothiophen-3-carbonylamino)-3,4-dihydro-2,2-dimethyl-2H-
i-benzopyran-3S-ol
cis-6-Cyano-4-(benzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-3-ol
cis-6-Acetyl-4S-(3-chlorothiophen-2-carbonyl)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3-ol and
cis-6-Acetyl-4S-(2-chloro-4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3-ol

Such compounds except for racemic cis-6-Cyano-4-(benzoylamino)-3,4-
dihydro-2,2-dimethyl-2H-1-benzopyran-3-ol and pharmaceutically acceptable salt
thereof are believed to be novel and form a preferred aspect of the present invention.

The administration to the mammal may be by way of oral or parenteral
administration.

An amount effective to treat the disorders hereinbefore described depends on
the usual factors such as the nature and severity of the disorders being treated and the
weight of the mammal. However, a unit dose will normally contain 1 to 1000 mg,
suitably 1 to 500 mg, for example an amount in the range of from 2 to 400 mg such
as 2, 5, 10, 20, 30, 40, 50, 100, 200, 300 and 400 mg of the active compound. Unit
doses will normally be administered once or more than once per day, for example 1,
2, 3,4, 5 or 6 times a day, more usually 1 to 4 times a day, such that the total daily
dose is normally in the range, for a70 kg aduit of 1 to 1000 mg, for example 1 to 500
mg, that is in the range of approximately 0.01 to 15 mg/kg/day, more usually 0.1 to 6
mg/kg/day, for example 1 to 6 mg/kg/day. -

Itis greatly preferred that the compound of formula (I) is administered in the
form of a unit-dose composition, such as a unit dose oral, rectal, topical or parenteral
(especially intravenous) composition.

Such compositions are prepared by admixture and are suitably adapted for oral
or parenteral administration, and as such may be in the form of tablets, capsules, oral
liquid preparations, powders, granulés, lozenges, reconstitutable powders, injectable
and infusable solutions or suspensions or suppositories. Orally administrable
compositions are preferred, in particular shaped oral compositions, since they are
more convenient for general use.

" Tablets and capsules for oral administration are usually presented in a unit
dose, and contain conventional excipients such as binding agents, fillers, diluents,
tabletting agents, lubricants, disintegrants, colourants, flavourings, and wetting
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example, magnesium stearate. Suitable pharmaceutically acceptable wetting agents
include sodium lauryl sulphate. '

These solid oral compositions may be prepared by conventional methods of
blending, filling, tabletting or the like. Repeated blending operations may be used to
distribute the active agent throughout those compositions employing large quantities
of fillers. Such operations are, of course, conventional in the art.

' Oral liquid preparations may be in the form of, for example, aqueous or oily
suspensions, solutions, emulsions, syrups, or elixirs, or may be presented as a dry
product for reconstitution with water or other suitable vehicle before use. Such liquid
preparations may contain.conventional additives such as suspending agents, for
example sorbitol, syrup, methyl cellulose, gelatin, hydroxyethylcellulose,
carboxymethyl cellulose, aluminium stearate gel or hydrogenated edible fats,
emulsifying agents, for example lecithin, sorbitan monooleate, or acacia; non-aqueous
vehicles (which may include edible oils), for example, almond oil, fractionated
coconut oil, oily esters such as esters of glycerine, propylene glycol, or ethyl alcohol;
preservatives, for example methyl or propyl p-hydroxybenzoate or sorbic acid, and if
desired conventional flavouring or colouring agents.

Oral formulatons also include conventional sustained release formulations,
such as tablets or granules having an enteric coating.

For parenteral administration, fluid unit dose forms are prepared containing
the compound and a sterile vehicle. The compound, depending on the vehicle and the
concentration, can be either suspended or dissolved. Parenteral solutions are
normally prepared by dissolving the compound in a vehicle and filter sterilising
before filling into a suitable vial or ampoule and sealing. Advantageously, adjuvants
such as a local anaesthetic, preservatives and buffering agents are also dissolved in
the vehicle. To enhance the stability, the composition can be frozen after filling into
the vial and the water removed under vacuum. )

Parenteral suspensions are prepared in substantially the same manner.except
that the compound is suspended in the vehicle instead of being dissolved and
sterilised by exposure to ethylene oxide before suspending in the sterile vehicie.
Advantageously, a surfactant or wetting agent is included in the composition to
facilitate uniform distribution of the compound of the invention.

As is common practice, the compositions will usually be accompanied by
written or printed directions for use in the medical treatment concemed.

The present invention further provides 2 pharmaceutical composition for use
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in the reatment and/or prophylaxis of anxiety, mania, depression, disorders
associated with a subarachnoid haemorrhage or neural shock, the effects associated
with withdrawal from substances of abuse such as cocaine, nicotine, alcohol and
benzodiazepines, disorders treatable or preventable with anti-convulsive agents, such
as epilepsy, Parkinson's disease, psychosis, migraine and/or Cerebral ischaemia,
which comprises a compound of formula (I) (including racemic cis-4-benzoylamino-
6-cyano-3,4-dihydro-2,2-dimethyl-2H-benzo[b]pyran-3-ol), or a pharmaceutically
acceptable salt thereof, and a pharmaceutically acceptable carrier.

The present invention also provides a method of treatment and/or prophylaxis
of anxiety, mania, depression, disorders associated with a subarachnoid haemorrhage’
or neural shock, the effects associated with withdrawal from substances of abuse such
as cocaine, nicotine, alcohol and benzodiazepines, disorders treatable and/or
preventable with anti-convulsive agents, such as epilepéy Parkinson's disease,
psychosis, migraine and/or Cerebral ischaemia, comprising administering to the
sufferer in need thereof an effective or prophylactic amount of a2 compound of
formula (I) including cis-4-benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-2H-
benzofb]pyran-3-ol, or a pharmaceutically acceptable salt thereof.

In a further aspect the invention provides the use of a compound of formula
(D including (racemiccis-4-benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-2H-
benzo[b]pyran-3-ol), or a pharmaceutically acceptable salt thereof, for the
manufacture of a medicament for the treatment and/or prophylaxis of anxiety, mania,,
depression, disorders associated with a subarachnoid haemorrhage or neural shock,
the effects associated with withdrawal from substances of abuse such as cocaine,
nicotine, aicohol and benzodiazepines, disorders treatable or preventable with anti-
convulsive agents, such as epilepsy; Parkinson's disease, psychosis, migraine and/or -
cerebral ischaemia. .

In a further aspect the present invention provi:ies a pharmaceutical
composition containing a compound of formula (I) (not including racemic cis-4-
benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-2H-benzo{b]pyran-3-ol), or a
pharmaceutically acceptable salt thereof and a pharmaceutically acceptable carrier.

In a further aspect the invention provides the use of a compound of formula
(D) (not including racemic cis-4-benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-2H-
benzo[b]pyran-3-ol), or a pharmaceutically acceptable salt thereof as a therapeutic
agent, in particular for the treatment and/or prophylaxis of anxiety, mania, depression,
disorders associated with a sub-arachnoid haemorrhage, neural shock, the effects
associated with withdrawal from substances of abuse such as cocaine, nicotine,
alcohol and benzodiazepines; disorders treatable or preventable with anti-convulsive
agents, such as epilepsy; Parkinson's discase, pychosis, mgraine and/or cerebral .
ischaemia.
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Such compositions may be prepared in the manner as hereinbefore described.

Genenally, compounds of forrnula (I) may be prepared from the corresponding
trans compounds, procedures for the preparation of which are generally described in
EP-0126311, EP-0376524, EP-205292, EP-0250077, EP-0093535, EP-0150202, EP-
0076075, WO/89/05808, EP-0350805, EP-0277611, EP-0277612, EP-0337179,
EP-0339562, EP-0355565, EP-A-415 065 (E. Merck), EP-A-450 415 (Squibb)
EP-0466131, EP-A-0482934, EP-A-0296975, JO-2004-791 and WO\89\)7103.

The cis compounds may be prepared by procedures generally described in or
analogous to those described in EP-A-0139992.

Compounds of formula (I) may aiso be prepared according to the procedures
described by G. Burrell et al, Tet. Letters, 31, 3649-3652 (1990) or by the procedures
described by U. Quast and E. Villhauer, Eur. J. Pharmacol, Molecular Pharmacology
Section 245, 165-171 (1993).

A further aspect of the present invention provides a process for the preparation
of a compound of formula (I) (not including cis-4-benzoylamino-6-cyano-3,4-
dihydro-2,2-dimethyl-2H-benzo[b}pyran-3-ol) or a pharmaceutically acceptable salt
thereof, which comprises treating the corresponding frans compound in which R is
hydroxy and Rg is hydrogen, with trifluoromethane sulphonic anhydride in a suitable
solvent such as pyridine to furnish the cis-oxazoline compound of formula (m);

R,
N=(
(o]
YN
| . I
P . {1
R, R

in which all the variables are as defined in relation to formula (I), followed by (i) acid
treatment using, for example, dilute sulphuric acid and (ii) by base weatment, for
example, using sodium bicarbonate solution to give the cis compound of formula (I)
and thereafter if desired and in appropriate order separating any enantiomers,
converting R5 hydrox); to other values of Rg and/or Rg hydrogen to other values of
Rg and/or forming a pharmaceutically acceptable salt thereof. ‘

It should be appreciated that the cis-oxazoline compounds of formula (II)
other than the oxazoline of racemic cis-4-benzoylamino-6-cyano, 3-4-dihydro-2,2-
dimethyl 2H-benzo {b}pyran-3-ol are novel and therefore form a further aspect of the
present invendon. -

' Conversions of Rg hydroxy and Rg respectively may be carried out, using
conventional procedures in the art, in particular using the procedures outlined in the
aforementioned patents.

It should be appreciated that racemates for formula (T) may be resolved or
enantiomerically purified compounds of formula (I) may be prepared uéing
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EP-0430631 and EP-0355584.

It should also be appreciated that it is preferred that the compounds of formula
(1) may be prepared in the required enantiomeric form by forming a chirally pure
epoxide using catalysts and conditions generally outlined in WO91\14694
or WO 93\17026 and thereafter converting the epoxides to the required compound of

formula (I) using procedures outlined herein.

The trans compounds of formula (I) may be prepared according to the
procedures outlined in PCT/GB92/01045 which procedures are incorporated herein
by reference or the trans compounds of formula (I) may be prepared according to
methods analogous to these described in the one mentioned patents.

The rrans compounds of formula (I) in which Rg is hydroxy, Rg is Cy.3 alkyl
and Rg is hydrogen may be prepared according to the procedures outlined in

R. Gericke et al. J. Med. Chem. Vol.34, p3074(1991).

The following compounds were prepared by methods analgous to those

described in the abovementioned patents publications.

The following descriptions, examples and pharmacological test results

illustrate the present invention:
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Description 1

cis-(+)-8-Acetyl-2-(4-fluorophenyl)-3a,9b-dihydro-4,4 dimethyl-dH-1-
benzopyrano(4,3-d]Joxazole

trans-(+)-6-Acetyl-4-(4-fluorobenzoylamino)-3-4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3-ol (example 13 of EP 0 126 311 B1, 2.0 g) was dissoived in pyridine
(30 ml) and the solution stirred at -5 to 0 °C under nitrogen. Trifluoromethane
sulphonic anhydride (1.74 g) was added dropwise to the stirred solution during 10
minutes. The resulting mixture was stirred at room temperature for 18 hours. The
pyridine was evaporated in vacuo and water (50 ml) added to the residue. The
solution was extracted with dichloromethane (50 ml) and the organic layer was
washed with brine (50 ml) and dried over anh. MgSOy4. Fiitration and evaporation -
gave a crude product which was recrystallised from ethyl acetate-hexane to give the
title oxazoline as a white solid (1.222 g) of mp 185-186 ©C.

NMR (DMSO dg) &:

1.30 (s, 3H), 1.56 (s, 3H), 2.55 (s, 3H), 5.05 (d, J=10Hz, 1H), 5.48 (d, J=10Hz, 1h),
6.93 (d, J=8Hz, 1H), 7.2 (m, 2H), 7.82 (44, =10, 2Hz, 1K), 7.93 (m, 2H), B.05 4,
J=2Hz, 1H).

Mass spectrum: m/z 339, 324, 268, 1.23
IR (nujol): 1640, 1670 cm-1.

Description 2

cis-(1)-6-Acetyl-4-amino-3-(4-fluorobenzoyloxy)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran sulphate

cis (£)-Oxazoline (500 mg) was dissolved in 1,4-dioxane (40 ml), water (15 mi) and
SN H7SO4 (12 drops). The resulting mixture was allowed to stir at room temperature
for 2 days. The 1,4-dioxane was cvaporated under vacuum at 30 ©C and the product
extracted with ethyl acetate (2 x 50 mis). The organic layer was washed with brine
(50 mls), dried (MgSOy), filtered and evaporated. The residual material (500 mg)
was recrystallised twice from acetone/hexane to give (260 mg) of the amino ester salt
as a white crystalline salt m.p. 187 °C.

NMR (DMSO dg) :
1.30 (s, 3H), 1.40 (s, 3H), 2.55 (s, 3H), 5.10 (d, J=4 Hz, 1H), 5.60 (d, J=4 Hz. 1H),
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Mass spectrum: m/z 339, 324, 268, 163, 148, 123.
IR: 1681, 1732 cm-1,

Example 1

cx‘s-(:t)-6-AcetyI-4-(4-ﬂuorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2!-i-1-
benzopyran-3-ol

The amino ester compound (260 mg) was dissoved in 1,4-dioxane (30 ml) and water
(20 mI) and NaHCO3 (solid) added until the pH was 8. The 1.4-diozane was
evaporated under vacuum at 40°C. The product was extracted with ethyl acetate (2 x
50 ml), dried (MgSOy), filtered and evaporated. The residual material (250 mg)
obtained, was recrystailised from acetone/hexane to give (150 mg) of the cis (1)
benzamide as a white crystalline solid m.p. 190 oC,

NMR (DMSO) &:
1.30 (s, 3H), 1.42 (s, 3H), 2.45 (s, 3H), 3.72 (m, 1H), 5.5 (d, J=9.5 Hz, 1H), 5.64 (d.
~ J=5Hg, 1H), 7.32 (m, 2H), 7.77 (m, 2H), 8.10 (m, 2H), 8.53 (d, J=10 Hz, 1H).

Mass Spectrum: m/z 358, 339, 324, 203, 123.
IR (Nujol): 1620, 1667, 3360, 3400 cm-L.

The following examples were prepared in an analogous manner to the compound of
example 1, from the appropriate trans compounds. -

Example 2

cis-6-Acetyl-4R-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3R-ol .

m.p. 161°C
[a]p® +107.3°, MeOH (c =1.0)

heet Has Been RTlaced
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cis-6-Acetyl-4S-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol

m.p. 161°C
[@]p® -106.19, MeOH (c =1.0)

Example 4

cis-6-Cyano-4R-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3R-ol

m.p. 105-106°C
[a]p® +86.99, MeOH (c =1.0)

Example 5

cis-6-Cyano-4S-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol

m.p. 102-105°C
[a]p® -79.99, MeOH (c =1.0)

Example 6 .
cis-6-Ethyl-4R-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3R-ol

m.p. 130°C
[@]p® +51.49, MeOH (c =1.0)

—
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4S- (2-fl uor obenzoyl am no) - 3, 4 di hydr@EﬁA%EMEN‘PWET 2H 1-

4S- (3-f 1 uorobenzoyl am no) 3, 4- d| hydir - 2, 2- di net I}yl - 2H 1-

4S- (2-ni t robenzoyl am no)'- 3 4-di hydy o] 2, 2 d| net hyl -PH 1-

cis-6-Ethyl-4S-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol

m.p. 130 °C [a]29, - 40.1 O (meOH, c=1.0)

Example 8
cis-6-Acetyl-4S-(2-chlorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol :
mp 176 °C,; [a]p? -22.7°, MeOH (c = 1.0)

Example 9

cis-6-Acetyl-4S-{benzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-3S-
ol

Example 10

cis-6-Acetyl-4S-(2-methylbenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol

Example 11

cis-6-Acetyl-4-(2,3-dichlorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3-ol

Example 12

cis-6-A cetyl-4S-(2-trifluoromethylbenzoylamino)-3,4-dihydro-2,2-dimethyi-2H-
1-benzopyran-3S-ol

Example 13

cis-6-Cyano-4R-(3-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyi-2H-1-
benzopyran-3R-ol '

Example 14

cxs—4-(4-ﬂuorobenzoylammo)-3,4-d|hydro-z,z-dlmethyl-6-mtro-2H-l-
benzopyran-3-ol

This Sheet Has Been Reilaced
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ci s-6-Acetyl -4S- (2- am nobenzoyl am no) - 3, 4- di hydr{oO5 ol tryt=2tH 1-
benzopyran- 3S-ol Exanple 19 RéPfA&IN‘%ﬁ[{ gHEET
ci s-6- Acetyl - 4S- (3-chl or obenzoyl am no) - 3, 4- di hydr @- 2, 2- di net hyl { 2H 1-
benzopyran-3S-ol npt 110[err], [[err]]Dlerr] -230%. 7 7(M&Hog7 ={1]01)
Exampl e 20 - 15 - .
ci s- 6- Acet yl - 4S- ( 2- chl or ot hi ophen- 3- car bonyl ani o) =3 a=ditryuro==2, - di net hyl
- 2H 1- benzopyxampigd3Sol Exanple 21 .
ci s- 6- Cyano- 4- (benzoyl am no) - 3, 4- di hydr o- 2, 2- di net hyl - 2H 1- benzopyr an- 3- ol
cis-6-Acetyl-4S-(2-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol

Example 16

cis-6-Acetyl-4S-(3-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol

Example 17

cis-6-Acetyl-4S-(2-nitrobenzoylamino)-3,4-dihydro-2,2-dimethyi-2H-1-
benzopyran-3S-ol

Example 18

cis-6-Acetyl-4S-(2-aminobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol

Example 19
cls-6-Acetyl-4S-(3-chlorobenzoylammo)-3,4-dlhydro-z,z-dnmethyl-ZH 1-
benzopyran-3S-ol

mpt 110°C, [a]p¥ -105.79, (MeOH c = 1.01)

Example 20

cis-6-Acetyl-4S-(2-chlorothiophen-3-carbonylamino)-3,4-dihydro-2,2-dimethyl-
2H-1-benzopyran-3S-ol

Example 21
cis-6-Cyano-4-(benzojrlamino)-3,4-dihydro-z,z-dimethyl-ZH-1-benzopyran-3-ol

The compound was prepared as described for exampie 3 of US patent 4, 687, 779
(1987). )

Example 22

c:s-6-Acetyl-4S-(3-chloroth|ophen-2-carbonyl)-3,4-d|hydro-z,z-dxmethvl-ZH 1-
benzopyran-3-ol

This Sheet Has Been Re laced
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"The conpound was prepared as described for exaripIREPBQOEMEN$ gt 4, 687,
779 (1987). Exanple 22 '

sci s- 6- Acetyl - 4S- (3-chl or ot hi ophen- 2- car bonyl ) - 3, 4- d% 9%’,&;?13972 4“ t hyl - 2H

1- benzopyran- 3- ol -16 - Exanple 23
ci s-6-Acetyl -4S-(2-chl oro-4-fl uoroben‘zdl;ﬁ am no -SW- I met hyl - 2H
-1-

N

Example 23

cis-6-Acetyl-4S-(2-chloro-4-fluorobenzoylamino)-3,d-dihy dro-2.2-dimethyl-2H-1-
benzopyran-3-ol
mpt 189°C

This Sheet Has Been T
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benzopyran-3-ol npt 189[err] PHARMACOLOG CAL DATA 1. Rat Soci aI
I“nteraction Test The conpounds of formula (1) i ncfuehn
Ci s-4-benzoyl am no- 6- cyano- 3, 4- di hydro- 2, 2-di et h ZXQ%MOSHEETW an- 3- ol
or pharnaceutically acceptable salts thereof may b? testedTor Therlapeutic

utility using the procedure outlined as ¥bITows: |Pate At phrais ol c

properties ar Kﬂ#&bﬁ)éj&b{'ﬂ lﬂ'nle“,‘rat soci al i ntferfaction

1. Rat Social Interaction Test

The compounds of formula (1) including cis-4-benzoylamino-6-cyano-3,4-
dihydro-2,2-dimethyl-2H-benzo[b}pyran-3-ol or pharmaceutically acceptable salts
thereof may be tested for therapeutic utility using the procedure outlined as follows:

Potential anxiolytic properties are evaluated using the rat social interaction
procedure based on that originally described by File (1980, J. Neurosci. Methods, 2,
219 - 238). In this model anxiolytic agents selectively increase social interaction
independently of any effect on locomotor activity.

Method

Male Sprague - Dawley rats (Charles River, U.K., 250 - 300g) are singly
housed for 3 days prior to testing. On the test day, the animals are then randomly
assigned to groups of 8 - 16 and dosed orally at a dose volume of 1 ml/kg with
various doses of compound (1 - 300 mg/kg) or vehicle. At 60 min post dose the rats
are placed with a weight - and treatment - matched pair male (encountered for the
first time) in the social interaction box under high - light, unfamiliar conditions. The
box is made of white perspex 54 x 37 x 26 cm with a  transparent perspex front side.
The floor is divided into 24 equal squares and is brightly lit (115 lux). Time spent
(secs) in active social interaction (sniffing, grooming, following, mounting, climbing
over or under, boxing, biting) is scored "blind" by remote monitoring as is the number
of squares crossed (as an index of locomotion).

The mean and standard error for time spent in social interaction and number
of squares crossed are then calculated for each particular treatment group and drug -
induced changes are expressed as a percentage increase or decrease from control
values. Statistical com;;aﬁsons are made between vehicle - and drug - treated groups
using Dunnett's multiple comparisons procedure following significant one way
analysis of varience. '

Drugs are suspended in 1% methyl cellulose.

2. MES TEST

The maximal electroshock seizure (MES) threshold test in rodents is
particularly sensitive for detecting potential anticonvuisant propertiesl. In this model,
anticonvulsant agents elevate the threshold to electrically - induced seizures whilst

proconvulsants lower the seizure threshold.
This Sheet Has Been Replaced
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procedure based on that originally described by File (1980, J. Neurosci.
Met hods, 2,219 - 238). In this nodel anxiolytic ents sel ectively

i'ncrease sommlsshm%wmm sgendependent |y of any]eRE r
activity. I\/Eth e - Daw ey rats (Chatl WEEMENT%@? 50 -
300g) are sing m 3 days priorl8 o testin the test| d y, the
aninmals are th signed to groups of B [ 16/ #AR ®%ed ofally at
a dose volunme of 1 m/kg with various doses of cpnpound (1 - 30 / kg) or
vehicle. At 60 m n post dose the rats are placedfwth a weight - gnd
treatment - matched pair male (encountered for tHe—fHsttine) injthe

soci al interpgyeiHogan box under high - light, unfamliar conditions. The box

is made of white perspex 54 x 37 x 26 cmwi th a transparent perspex front
side. The floor is

Mice (male, Charles River, U.K. CD - 1 strain, 25 - 30g) are randomly
assigned to groups of 10 - 20 and dosed orally or intraperitoneally at a dose volume
of 10 ml/kg with various doses of compound (0.3 - 300 mg/kg) or vehicle. Mice are
then subjected at 30 or 60 min post dose to a single electroshock (0.1 sec, S0Hz, sine
wave form) administered via comeal electrodes. The mean current and standard error
required to induce a tonic seizure in 50% (CCsq) of the mice in a particular treatment
group is determined by the ‘up and down' method of Dixon and Mood (1948)2.
Stastical comparisons between vehicle - and drug - treated groups are made using the
method of Litchfield and Wilcoxon (1949)°. ‘

In control animals the CCsq is usually 14 - 18 mA. Hence the first animal in
the control group is subjected to a current of 16 mA. If a tonic seizure does not ensue,
the current is increased for a subsequent mouse. If a tonic convulsion does occur, then
the current is decreased, and so on until all the animals in the group have been tested.

The percentage increase or decrease in CCs( for each group compared to the
control is calculated.

Studies are carried out using a Hugo Sachs Electronik Constant Current Shock

" Generator with totally variable control of shock level from 0 to 300 mA and steps of
2 mA are usually used.
Drugs are suspended in 1% methyl cellulose.

References

1. Loscher, W. and Schmidt, D. (1988). Epilepsy Res., 2, 145 - 181

2. Dixon, W.J. and Mood, A.M. (1948). J. Amer. Stat. Assa., 43, 109 -'126
3. Litchfield, J.T. and Wilcoxon, F.(1949). J. Pharmacol. exp. Ther., 96, 99 -
113

Resuits -
The compound of example 7 enhanced seizure threshold by 105% at 10 mg/kg p.o.
and the compound of example 3 enhanced seizure threshold by 84% at 10mg/kg p.o.

3. X-Maze

The compounds of formula (1) including cis-4-benzoylamino-6-cyano-3,4-
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The X-maze test of anxiety (Handley and Mithani, 1984) examines the
exploratory response of naive rats in an environment which offers both anxiogenic -
(open arms) and relatively non-anxiogenic (closed arms) areas. A selective increase
in exploration of the open arms following drug pretreatment is therefore postulated to

indicate anxiolytic effects.

Method

The X-maze was raised 70cm above the floor and consisted of two enclosed
arms 45cm (long) x 15cm (wide) x 10cm (high) and two open arms 45 x 10 x Icm
arranged such that the two arms of each type were opposite each other. Both arm
types are marked into two equal sections. Rats are placed onto the centre of the X-
maze and observed for a period of 10 minutes during which time the following
parameters were recorded: 1) the number of entries onto, and the time spent on, (a)
open arms, (b) closed arms, (c) end of open arms and (d) end of closed arms. 2) the
number of sections crossed. The fear-drive evoked in the open arms exceeds that in
the enclosed arms and rats typically show a clear preference for the enclosed arms. |
Anxiolytic drugs increase the number of entries made onto, and the time spent on, the
outer half of the open arms, and also the percentage of entries made onto, and the
time spent on, the whole of the open arms. These four measures of anxiety, and also
the total number of sections traversed, were calculated for each animal. Drugs are
administered intraperitoneally or orally to groups of 6 to 12 rats 30 to 60 mins before
testing. Statistical comparisons between vehicle- and drug-treated groups were made

using a Mann-Whitney “U" test (two tailed).

S.L. Handley and S. Mithani, Arch. Pharmacol., 1984 327 1-5

4. Mongrel Dog Delayed Cerebral Vasospasm

s+ The compounds of formula (I) including cis-4-benzoylamino-6-cyano-3,4-dihydro-
2,2-dimethyl-2H-benzo[b}pyran-3-ol or pharmaceutically acceptable salts thereof
may be tested for therapeutic utility using the procedures outlined as follows:

Twenty-five male mongrel dogs, weighing 9-12 kg, are used in these studies.
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-18 Method Mce (male, Chaffes Rijver, UK CD- 1 strain, 25

- 309) are reRde{Tindis are housed and cared for in accordance with the Guide Tor the Care and

Use of Laboratory Animals {DHEW (DHHS) publication No. (NIH) 85-23, revised
1985]. All procédurcs using laboratory animals are approved by the Institutional
Animal Care and Use Committee of SmithKline Beecham Pharmaceutical. Each
animal is anaesthetized with pentobarbital (35 mg/kg, iv) and placed on a heated
operating table in the supine position. All animals are then tracheotomized, paralyzed
(tubocurarine; 0.1 mg/kg, i.v.) and artificially ventilated with room air. End-tidal
CO (et CO7) is monitored continuously and arterial blood gas analysis was
performed periodically to assure stable and adequate ventilation throughout each
experiment. Polyethylene cannulae are placed in the left external jugular vein and the
right femoral artery and vein for drug administration, monitoring arterial blood
pressure, and blood sampling, respectively. Transfemoral catheterization of the left
vertebral artery is then performed via the left femoral artery using a 5 french Lehman
dacron catheter ( Bard, Tewksbury MA). Anaesthesia is supplemented as needed
with pentobarbital (5 mg/kg, i.v.) prior to the experimental period.

The effects of the compounds of this invention on acute cerebral vasospasm
are evaluated in 15 dogs. In all animals a control digital subtraction angiogram of the
anterior spinal artery and basilar artery is obtained following the intravertebral
injection of radiocontrast material (Omnipaque 300). In each dog, 4 mls of
cerebrospinal fluid is then removed from the dorsal cistern via needle puncture of the
atlantooccipital membrane and 4 mis of autologous venous blood was injected. An
angiogram is then repeated in each dog 30 minutes following the intracisternal
administration of blood and an acute vasospasm of the basilar and anterior spinal
arteries is identified and quantitated. The infusion of vehicle (10% polyethylene
glycol 200) for 30 minutes has no effect on the acute vasospasm. The effect of a 30
minute infusion of test compounds on the reversal of acute vasospasm is observed in
the basilar and anterior spinal arteries. .

The effects of the compounds.of this invention are also examined in the
chronic canine model of delayed cerebral vasospasm (two haemorrhage model of
cerebral vasospasm). In this model, a control vertebral angiogram is obtained and
autologous blood is administered intracisternaily on day 1 (as above). On day 3 the
intracisternal administration of blood is repeated and the severe delayed vasospasm is
quantitated angiographically on day 7 in all animals. The infusion of vehicle (10%
polyethylene glycol 200) for 60 minutes has no effect on the delayed vasospasm
observed in the basilar and anterior spinal arteries (n=5). The effect of an infusion of
test compounds on the reversal of significantly delayed cerebral vasospasm indicates

-~

that the compound is active.

The compounds of formula (I} including cis-4-benzoylamino-6-cyano-3.4-
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The above test as described by Ungerstedt, U, 1971, Acta Physiol.
Scand 367, 49 - 68, and/or

Ungerstedt, U, 1971, Acta Physiol Scand. 367, 69-93, may be used to
determine the anti-Parkinsonian activity of compounds of formuta(l)
including cis-4-benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-2H-
benzo[b]pyran-3-ol or pharmaceuticaily acceptable salts thereof.

2) Anti-Psychotic Activity
Amphetamine-induced rat hyperiocomotion model

The above test as described by Kokkindis L, and Anisman, M, 1980,
Psychological Bulletin, 88, 551-579, may be used to determine the
anti-psychotic activity of compounds of formula (I) including cis-4-
benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-2H-benzo{b] pyran-
3-ol or pharmaceutically acceptable salts thereof.

3) Anti-Migraine Activity
Cortical Spreading Depression and Migraine

The above test as described by Wahl et al, 1987, Brain Research, 411,
72-80 may be used to determine the anti-migraine activity of
compotinds of formula (I) including cis-4-benzoylamino-6-cyano-3,4-
dihydro-2,2-dimethyl-2H-benzo{b]pyran-3-ol or pharmaceutically
acceptable salts thereof.

4) Cerebral ischaemia

a) Mongolian Gerbil Test

The in vivo experiments are carried out on adult Mongolian gcrblls
(Tumbiebrook Farm (MA). weighing 60-80 g. Transient forebrain
ischemia is produced by bilateral carotid artery ligation under 2.5%
isoflourane in 100% O anesthesia, the animals being placed onto a
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PBN dissolved in saline was administered intraperitoneally as a bolus
30 min before occlusion {pretreatments) or immediately after and
again at 6 h of reperfusion, followed by the same dose b.i.d. for 2 days
(post-treatment). For quantification of CA1 neurons, animals are
sacrificed at 7 days postischemia and perfused with buffered formalin.
Brains were removed, stored in formalin for 3 days, embedded in
paraffin, cut at 7-um-thick coronal sections (1.5-1.9 mm posterior to
bregmal3) and stained with thionin. The number of intact neurons
over a 750-pm length of the CA1 layer on both hippocampal sides of 3
sections is counted for each animal.

b) MCAO Method

Three strains of mature male rats (SHR) are obtained from commercial
vendors (Taconic Farms, Germantown, NY; Charles River, Danvers,
MA; and Charles River, respectively) at 18 wk of age (250-300 g in
weight) and are housed for 2 to 4 weeks prior to utilization in these
studies. In order to verify that the strains of animals studied are indeed
hypertensive and normotensive, groups of animals from each strain are
anesthetized with 2% isoflourane (Anaquest, Madison, W1) and
chronically prepared under aseptic conditions for recording of biood
pressure. The femoral artery is cannulated with polyethylene tubing

" (PE60; Clay Adams. Parsippany, NJ) extending just into the
descending aorta. The tubing is lead subdermally from the artery and
exteriorized between the scapula just below the back of the neck and
cleared/filled with sterile isotonic saline. Incisions are closed using 2-
0 silk suture and treated with 5% lidocaine ointment (Astra
Pharmaceuticals, Westborough, M.A.) Animals recover from
surgery/anesthesia within 5 min. Mean arterial ‘blook pressures are
recorded 4 to 3 h after surgery for 5 min/rat by connecting the
exteriorized tubing in each rat to a Statham pressure transducer
{P2.3Db; Statham Medical Instruments. Los Angeles, CA) with output
to a polygraph (Modet R711: Beckman Instruments, Inc.,

R 1}
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outlined as foll ows:

sodium pentobarbital (65 mg/kg, i.p. and supplemented as needed)
anesthesia. All animals are allowed free access to food and water prior
to and after surgery. Body temperature is maintained at 37°C using a
heating pad throughout the surgical procedure. Surgery is conducted
similar to that described previously (2.4). The right dorsal surface to
the head and shaved and prepped with providone-iodine, and the rat
placed in a stereotaxic device (David Kopf Instruments, Tujunga, CA)
with the surgery (right) side of the head superior. A 1-2 cm incision
was made between the orbit and the external auditory canal. The
temporal muscle is dissected from the skull and retracted without
damaging the zygomatic bond or mandibular nerve. Under an
operating microscope and with saline irrigation, a 2-3 mm craniotomy
is made just rostral to the zygomatic-squamosal skull suture. The dura
is opened over the artery using the modified tip of a 30-gauge needle.
For permanent right MCAO, using electrocoagulation (Force 2
Electrosurgical Generator, Valley Lab Inc., Boulder, CO), the anery
was stimultaneously occluded and cut dorsal to the lateral olfactory
tract at the level of the inferior cerebral vain. A small piece of sterile
saline-soaked Gelfoam (Upjohn, Kalamazoo, M1) is then positioned
over the craniotomy and the temporails muscle and skin are closed in
two layers. Animals are allowed to recover from anesthesia under a
heating lamp and then are returned to their cages. The animals are
sacrificed 24 hours following MCAO and the brains are prepared from
reactive histologic examination.

Measurements of Ischemic Damage

Following the neurologic evaluation (24 hours after surgery) rats are
euthanized with an overdose of sodium pentobarbital. Within 2-3 min,
brains are removed and six cgronal forebrain slices (2 mm thick) are
made from the level of the olfactory bulbs to the cortical-cerebellar
junction using a rat brain slicer [(59); Zivic-Miller Laboratories Inc.,
Allison Park, PA]. These forebrain slices then are immersed
immediately in a 1% solution of triphenyltetrazolium chioride (TTC)
in phosphate buffer at 37°C for 20-30 min (6.78). Strained tissues
then are fixed by filtration in 10% phosphate buffered formalin. The
two sides of each TTC-strained section are photographed in colour
using a polaroid camera. These photographs are analyzed for the



I ntroduction The X-nmaze test of anxiety (Handl ey and Mthani, 1984)

exam nes the exploratory response of naive rats in an environnment which

of fers both anxiogenic (open arns) and relatively non-anxiogenic (closed
arms) areas. A selective increase in exploration of the open arms follow ng
drug pretreatnent is therefore postul at ek to i ndi cate anxiol ytic effects.
Met hod The X-maze was aérﬁﬁdar?&mﬂxﬁhem&'dahtagé usiog arandauccmsiivsrsmlsmh t Wo

encl osed arns 45cm (| O@ﬂ‘)"‘Pﬁg WW&S;‘Q a(ggl )). 3SlphdiBgieRen arns 45

x 10 x 1cm arranged su arns o pe . were Opposite each
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onto the centre of theoii1 planar surfaces) for each animal. The 11 planar images are

planar surfaces) for each animal. The 11 planar images were obtained
from each side of the six 2 mm thick sections and correspond
approximately to 1 mm section surfaces from + Smm to -5 mm from
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" REPLACEMENT SHEET | bregma (97) and include the complete forebrain. These planar image
e surfaces (from the photographs) are digitized and used in the Image
17 MAR 1997 Analysis System for planimetry determination of infarct size and
swelling. Two parameters of ischemic damage due to MCAO are
determined for each slice as described previously (2,4,98,122).

“Hemispheric swelling" is expressed as the percent increase in size of
the ipsilateral (i.c., surgery side) hemisphere over the contralateral
(normal) hemisphere and is calculated as: '

Ipsilateral Contralateral
Hemisphere - Hemisphere

Area Area
Percent
Hemispheric = cortra l x, 100
mratatera
Swelling
Hemisphere Area

“Infarct size” which was expressed as the percent infarcted
tissue in reference to the contralateral (normal) hemisphere

and is calculated as:
infarct area
Percent o0
Hemispheric = X
Infarct Size Contralateral
Hemisphere Area

The swelling and infarct size are expressed in reference to the
contralateral hemisphere (i.c., ipsilateral ischemic damage is

- normalized to the normal contralateral hemisphere). These parametets
are determined for each slice 1o evaluate the profile of damage
throughout the forebrain (i.e., "fore-brain profile™) and for "total”
forebrain changes by using the sum of all individual slice data in these
formulas.
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fol | owi ng par amét ex’d MR 89%7ecprfed: 1) the nunber of entries onto, and the
time spent on} (a) open arns,}{(p) closed arns, (c) end of open arns and (d)
end of closediarms™—2) the nunber of sections crossed. The fear-drive
evoked in thelopen arng exceedsithat i1 €Re~encl osed arms and rats

typically show a clear ficekelneeof Gin e AGdcRarAN RamisfiHc ki dr ugs

i ncrease the nunber of entries nmade ont o, a he tipge spent on, out er
hal f of the open arns, QW@S%C‘ﬁﬂé”?fé’l"EPé‘i‘?‘E"& by spmparison & werdey Wrighs asand
the time spent on, t he dbkmibedpf‘cvidnelyc(ps\.mlﬂar Rats Wire szcrifized byremoverassef

anxiety, and also the t cul at ed
for each animal. Drug ssgzrie a%"’l m ni stered I ntrap erltonlé’ﬁ:?;fjo &fg&@rgﬁ
groups of 6 to 12 rats bsgnweaewhwgmwd@#& P@mxwolayééﬁﬂsetqc&&ﬁﬂar

conpari sons between veltofical juiiibndind Gut inxindchefiisphpres, it @actbfdeebrain
hemisphere measured on a Metter Types HS chemical balance
(Mettler Instruments Corp, Hightstown, NJ) within 2 min after
decapitation. The dry weight was measured on the same scale after
drying the hemisphere in an over at 80°C for 48-72 hours. The water
.content of each hemisphere was calculated as the difference between
the wet and dry weight as a percent fraction from the wet weight:

Percent ' Wet Weight - Dry Weight 100
Water Cont = X
ater Content Wet Weight
Sheet Has Bﬁlieﬁird




using a Mann- Wi t ney _"lT"t_e"T(Tm tailed). S. U. Hﬁamﬂg—m&mnsﬁ@r t hani,

e conpounds NN lilli_j Whcivaing™ = o e | o

ci s- 4- benzoyl ani nd- 6+cy#inos di hydr o- 2- di et hyfl 72%8@331)[ B] pyr an- 3- ol

or pharmaceutically acceptable salts t'h@rdedf mey lbe tested for itherapeutic

utility usi n&“;BE procedures outlined as follows: Twenty-five nalje nongrel
1

dogs, wei ghi ng 2 kg, are used in these studites: 26~ ,
A compound of formula (I) or pharmaccutxcalfv acceptable salt thereof:

Ra'Nm'Ry

9
S

| 0

R
2 R,

wherein:

either Y is N and R is hydrogen, or Y is C-R|

where:

either one of R{ and R is hydrogen and the other is selected from the class of
hydrogen, C3.g cycloalkyl, C}_g alkyl optionally interrupted by oxygen or substituted
by hydroxy, Cj.g alkoxy or substituted aminocarbonyl, C1.¢ alkylcarbonyl, Cy_¢
alkoxycarbonyl, Cy_g alkylcarbonyloxy, Cy.¢ alkoxy, nitro, cyano, halo,
trifluoromethyl, CF3S, or a group CF3-A-, where A is -CFy-, -CO-, -CHy-, CH(OH),
S03, SO, CH»-0, or CONH, or a group CFaH-A'- where A’ is oxygen, sulphur, SO,
S03, CF5 or CFH; trifluoromethoxy, Cj.¢ alkylsulphinyl, perfluoro C;.¢6
alkylsulphonyl, Cj_g alkylsulphonyl, C}_g alkoxysulphinyl, C{.g alkoxysulphonyl,
aryl, heteroaryl, arylcarbonyl, heteroarylcarbonyl, phosphono, arylcarbonyloxy,
heteroarylcarbonyloxy, arylsulphinyl, heteroarylsulphinyl, arylsulphonyl,
heteroarylsulphonyl in which any aromatic moiety is optionally substituted, Cy.¢
alkylcarbonylamino, Cj.g alkoxycarbonylamino, Cy.¢ alkyl-thiocarbonyl, C1.¢
alkoxy-thiocarbonyl, Cj.¢ alkyl-thiocarbonyloxy, 1-mercapto C3.7 alkyl, formyl, or
aminosulphinyl, aminosulphonyl or aminocarbonyl, any amino moiety being
optionally substituted by one or two C}.¢ alkyl groups, or Cj_¢ alkylsulphinylamino,
C1.¢ alkylsulphonylamino,C1.g alkoxysulphinylamino or C1.g
alkoxysulphonylamino, or ethylenyl terminally substituted by Cj.¢g alkylcarbonyl,
nitro or cyano, or -C(Cy..g alkyl)NOH or -C(Cj_¢g alky)NNH3, or one of Ry and R
is nitro, cyano or Cy._3 alkylcarbonyl and the other is methoxy or amino optionally
substituted by one or two Cj_g alky! or by C2_7 alkanoyl; or R} and R together are -
(CH3)4- or -CH = CH-CH = CH-, or form dan optionally substituted triazole or
oxadiazole ring;

one of R3 and Ry is hydrogen or Cj_4 alkyl and the other is Cy_4 alkyl, CF3 or CH’)
X2 where X2 is fluoro, chloro, bromo, iodo, Cj_4 alkoxy, hydroxy, Cj_4
alkylcarbonyloxy, -S-Cj_4 alkyl, nitro, amino optionally substituted by one or two
Cy-4 alkyl groups; cyano or C]_4 alkoxycarbonyl or R3 and R4 together are C2._5
polymethylene optionally substituted by Cy_4 alkyl;

Rs is Cj.g alkylcarbonyloxy, benzoyloxy, ONO2, bcnzvloxy. phenyloxy or C1-6

i Sheet Has Been Re hced
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. ‘ o REPLACEMENT SHEET |
The ani mal s are housed and cared for in accorfdgnce-wth-the—¢Guide for the

Care and Use of K il s [ DHEW ( DHKIS) N ' Noj{ (NI H)
85-23, revised 1@@“\%‘““[“““%%5 using | bc»rgferMI $ fre approved
by the Instituti ¢ Ani nal Care and Use Comji tit-ee-of.-SmithKli pe Beecham

Phar maceutical s. Each animal is anaesthed?1zeq with pentobarbital (35 ng/kg,

iv) and placed on a heated operating table i ) on. All
ani mal s ar e alkexy anddtgrnst Rovare dardrogert of By ischydraryded Reris fydrogen ongig, i.v.)
and artifi cigk}lhawighﬂ,ggﬂw,' th roomair. End-tidal [err] (et [err]) is
nmoni tored cantl nuously and arterial bl ood . :
.peri odi cal | 3?-{ 5q‘§ l‘gtpgﬁ“é’ %oéﬂgﬁﬁﬁcegp&@ﬁﬁ? g\%ﬁ?{éﬁnﬁu}g&?hﬁoﬁ Rg‘ggh
. . . ) .
exper i ment . iPdépgadéntlyovich ¢ group log atony selasteddeam hiorch Slupes: brama. dedtapigigul ar
vein and t hefihg By sabsttitbEonte 30 twite b C194 aldyN By @@\ Ad6,IC2) bk,
nmoni t ori ng aéterlkal bl.%o . .
1-4 alkoxy, trifluoromethoxy and trifluoromethyl;
Rg is hydrogen; C.g alkyl, ORg or NHCOR | wherein Rg is hydrogen, C1.¢
alkyl, formyl, Cj.¢ alkanoyl, aroyl or aryl-C|_g alkyl and Rq is hydrogen, Cy.g
alkyl, Ci.g alkoxy, mono or di C}_g alkyl amino, amino, amino-Cj_g alkyl, hydroxy-
C}.6 alkyl, halo-Cj_g alkyl, C;.g acyloxy-Cj.g alkyl, Cj_g alkoxycarbonyl-Cj .¢-
alkyl, aryl or heteroaryl;
the Rg-N-CO-R7 group being cis to the R5 group;
and X is oxygen or NRg where R is hydrogen or C;.g alkyl with the proviso that
the compound is not racemic cis-4-benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-
2H-benzo(b]pyran-3-ol.

2. A compound according to claim 1 in which Ry is cyano, acetyl, nitro, or ethyl
and Ry is hydrogen. :

3 A compound according to claim 1 or 2 in which R3 and R4 are both methyl.

4. A compound according to any one of claims 1 to 3 in which R5 is hydroxy .
and Rg and R7 are hydrogen. '

5. A compound according to any one of claims 1 to 4 in which R7 is 2-, 3-, or 4-
fluorophenyl phenyl, 2 or 3-chlorophenyl, 2,3-dichlorophenyl,
2-wrifluoromethylphenyl, 2-nitrophenyl, 2-aminophenyl, 2-chloro-thiophene-3-yl, 3-
chlorothiophen-2-yl or 2-chloro-4-fluoro.

6. A compound according to any one of claims 1 to 5 in which Rg is hydrogen.
7. A compound according to any one of claims 1 to 6 in which X is oxygen.

8. A compound according to any one of claims 1 to 7 including racemic cis-4-
benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-2H-benzo[b]pyran-3-ol in which
the compound exists predomineatly in the 3S, 45 enantiomeric form.

0)-3,4-dihydro-2,2-dimethyl-2H-1-

9. cis -(£)-6-Acetyl-4-(4-fluorobenzoylamin

benzopyran-3-ol. —
heet Has Been Replaced
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pressure, and hlood sanpling,..respectively. Tr arfEPéhﬁﬁi\@HmTcaﬂhat drization of
the left vertebral artery is then perforred vija theteft-fereral] artery
dsing a 5 frenﬁﬂﬂmmﬂtﬂmmlﬁulcat heter ( Bard Te)\@gﬁk{zy 9%&) Anaest hesi a
i's suppl enente pent obarbital (j5 L rifor to the
experimental pefioll. 'The' effeCts of the Zbmoynds—of—this iny lnt'i on on
acute cerebral vasospasmare evaluated in 15 0gs. In al | anl mal s a control
di gital subtraction angi ogram of the anterior Spiimar—artery eH basi | ar
artery is obtl@i nedisf-61Acsul-48-@Hiudrohanzapammiap)r 3H- dlh)jde@-tz+2o¢imfh)'i -3Hrbcont r ast
material (Omipapgandp. | n each dog, 4 m's of cerebrospinal fluid is then
renmoved fromthe dorsal cistern via needle puncture of the atl antooccipital

menbrane and 4 nl s of autol ogous venous bl ood was injected. An angiogramis
t hen repeat edli n each-Aderyl-38-(Hifluotabeniaylamung)rdj4-ditydror 2adimsthel-2H+ 1 -

benzopyran-3S-ol.

12.  cis -6-Cyano-4R-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H- 1-
benzopyran-3R-ol.

13.  cis -6-Cyano-4S-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol.

14.  cis -6-Ethyl-4R-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H- 1-
benzopyran-3R-ol.

15. - cis -6-Ethyl-4S-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol.

16.  cis-6-Acetyl-4S-(2-chlorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol.

17.  cis-6-Acetyl-4S-(benzoylamino)-3,4-dihydro-2,2-dimethyl-2H- l-benzopyra_ri-
3S-ol. - '

18. cis-6-Acetyl-4S-(2-methylbenzoylamino)-3,4-dihydro-2,2-dimethyl-2H- 1-
benzopyran-3S-ol.

19.  cis-6-Acetyl-4-(2,3-dichlorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1- -
benzopyran-3-ol. .

20.  cis-6-Acctyl-4S-(2-trifluoromethylbenzoylamino)-3,4-dihydro-2,2-dimethyl-
2H-1-benzopyran-3S-ol.

21.  cis-6-Cyano-4R-(3-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3R-ol.

22, cis-4-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-6-nizo-2H-1-
benzopyran-3-ol.

23. cis-6-Acctyl-4S-(2-fluorobcnzoylamino)-3.4-dihydro-2.2-dimethyl-2H-1-
benzopyran-3S-ol. -

This Sheet Has Been Re;i}aced
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- _ REPLACENERT SHEE :
adm ni strati on of bl ood—and- an acute vasospasm ¢f as.l.-l.a.r_:ig anterior
spinal arteries is;j tfied and quantitated. The¢ infusion of Yyehicle (10%
Pol yet hyl ene gl ycomg%m u) IHWUt es has no ¢f fect’ #AR H897acit
vasospasm The effee it e infusion of st _conpounds} on t he
reversal of acute vasospasmis obServed #8 the pasilar and anteérijor spinal
arteries. The effects of the conpounds of this travent+en-.are. alsg exan ned
in the chroni2é- camisreAgee#S-63-fldetobgradylamingtr3d-dihydosp2gimethye2idenor r hage
nodel of cer dbampyraas3ssglasn). In this nodel, a control vertebral angi ogram
I s obtained and autol ogous blood is adm nistered intracisternally on day 1
(as above). | day; ¢ _r ARG I 9B )6d_4.S repeated
and the seve%ﬁgﬁéﬁ%_& gﬁg?ﬁﬁ%}’g{z&g{gntitm%g&g%ogr%ﬁ@ggﬂy on day 7
in all animls. e infusion of vehicle (10%

26.  cis-6-Acetyl-4S-(2-aminobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H- 1-
benzopyran-3S-ol.

27.  cis-6-Acetyl-4S-(3-chlorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol.

28.  cis-6-Acetyl-4S-(2-chlorothiophen-3-carbonylamino)-3,4-dihydro-2,2-

dimethyl-2H-1-benzopyran-3S-ol or cis-6-Acetyl-4S-(3-chlorothiophen-2-carbonyl)-
? 3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-3-ol or cis-6-Acetyl-45-(2-chioro-4-

fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-3-ol

29. A compound according to claim 1 substantially as hereinbefore defined with
reference to any one of the examples. |

rxg

30. A process for the preparation of a compound of formula (I) as defined in
claim 1 (not including racemic cis-4-benzoylamino-6-cyano-3,4-dihydro-2,2-
dimethyl-2H-benzo[b]pyran-3-ol) or a pharmaceutically acceptable salt thereof,
which comprises treating the corresponding zrans compound in which Rs is hydroxy
and Rg is hydrogen, with trifluoromethane sulphonic anhydride to furnish the cis-
oxazoline compound of formula (II);

in which all the variables are as defined in relation to formula (I), followed by (i) acid
treatment and (i) base treatment to give the cis compound of formula (I) and
thereafter if desired and in appropriate ordcr.scparating any enantiomers, converting
Rgs hydroxy to other values of R5 and/or Rg hydrogen to other values of Rg and/or
forming a pharmaceurically acceptable’ salt thereof.

31. A cis-oxazoline conipounds of formula (II) in which the variables are as
defined in claim 30 other than the oxazoline of racemic cis-4-benzoylamino-6-cyano,
3-4-dihydro-2,2-dimethyl 2H-benzo [b]pyran-3-ol.

heet Has Been Reﬂlaced
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| REPLACEMENT SHEET
deliayed
( n=5). The

pol yet hyl ené"'g_j_lmybol'_2"(3'(')")“?0?" 60 ninutes has nd

fecr—omthe
vasospasm ob mﬂﬁﬂ ] i far and anterior ;‘pi I terl e
éf fect of anﬁ* "mmlnmtiﬁm conpounds on t hg revg?s’égf"o’g&ti niffi cantly
del ayed cerebral® vdsodpasm t ndi cates that thef{c ' fve. 5.
The conpounds of formula (1) including &%-4-lenzoyl ani no- 6- cyapo- 3, 4-

21 - di hydr o- 2, 2-di et hyl - 2H benzo[ b r an- 3= 01 oTr—phat-aae cally
accept abl e séfts frRiaEBIceHgal 5@“?%‘&?‘%‘040?&"‘9%%%'%%@@#3‘?@“1 {f ng t he
procedur es oincludivgdraéamit @ls-obenzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-2H-

benzo[b]pyran-3-ol), or a pharmaceutically acceptable salt thereof and a
pharmaceutically acceptable carrier.

33. Useofa compound of formula (I) (not including racemic cis-4-benzoylamino-
6-cyano-3,4-dihydro-2,2-dimethyl-2H-benzo{b}pyran-3-ol), or a pharmaceutically -
acceptable salt thereof as a therapeutic agent.

34. A pharmaceutical composition for use in the treatment and/or prophylaxis of
anxiety, mania, depression, disorders associated with a subarachnoid haemorrhage,
neural shock, the effects associated with withdrawal from substances of abuse such as
cocaine, nicotine, alcohol and benzodiazepines; disorders treatable or preventable
with anti-convulsive agents, such as epilepsy; Parkinson's disease, psychosis,
migraine and/or cerebral ischaemia, which comprises a compound of formula (1) as
defined in claim 1 (including racemic cis-4-benzoylamino-6-cyano-3,4-dihydro-2,2-
dimethyl-2H-benzo[b]pyran-3-ol), or a pharmaceutically acceptable salt thereof, and
a pharmaceutically acceptable carrier.

35. A method of treatment and/or prophylaxis of anxiety mania, depression,
disorders associated with a subarachnoid haemorrhage, neural shock, the effects
associated with withdrawal from substances of abuse such as cocaine, nicotine,
alcohol and benzodiazepines, disorders weatable and/or preventable with anti-
convulsive agents, such as epilepsy; Parkinson's disease, psychosis, migraine and/or
Cerebral ischaemia, comprising administering to the sufferer in need thereof an
effective or prophylactic amount of a compound of formula (I) as defined in claim 1
including racemic cis-4-benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-2H-
benzo{b]pyran-3-ol, or a pharmaceutically acceptable salt thereof.

36.  Use of a compound of formula (I) as defined in claim 1 including racemic
(cis-4-benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-2H-benzo{b]pyran-3-ol), or a
pharmaceutically acceptable salt thereof, for the manufacture of a medicament for the
treatment and/or prophylaxis of anxiety, mania, depression, disorders associated with
a subarachnoid haemorrhage, neural shock, the effects associated with withdrawal
from substances of abuse such as cocaine, nicotine, alcohol and benzodiazepines;
disorders treatable or preveniablc with anti-convulsive agents, such as epilepsy;
Parkinson's disease, psychosis, migraine and/or cerebral ischaemia.
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1) Anti - Par ki nsoni an Activity 6- Hydroxydo aWTTE?ﬂ al nodel The
above test as described by Ungerstedt, U, 1971, ?hﬁg%%b Stand 367, 49
- 68, and/or Ungerstedt, U, 1971, Acta Physio can 69 , may be

used to determ ne the anti-Parkinsonian_activ t4 S formul a(l)

i ncl udi ng ci s-4-benzoyl am no- 6- cyano 3 A14i hyfro- 2, 2- dinethyl H

benzo[ b] pyr an- 3- ol ccent an] =R+ . 2)
Anti - Psychoti c Act|V|§§H§H§R§§§?% ‘&' FF%E%ﬁ%tlon nodel The
above test as described by Ko Ly Y&Rd ? ., M 1980,

Abstract

1))

New benzopyranol compounds of formula (I), in which Y
is nitrogen or a substituted carbon atom, snd X is
oxygen or a subsituted nitrogen atom, are useful in
therapy for disorders tratable by anticonvulsive

agents.

“’ﬁiiiiﬂ‘ri‘iitﬂﬁi“m B



Psychol ogi cal Bul |
anti-psychotic act
benzoyl am no- 6-cya

LAE EI@S]SHE?@’ may be used to determ ne tirEE_PMCEMENT SHEET

s of formula (I) including c

01 3, 4- di hydr o- 2| 2 di net hyl - 2H benzo[ b] pyran- 3-ol or

pharmaceutical ly agc ptladI0L s3¥%9s | her eof . 3) Anti-Mgraine Activity
Cortical Spreadi ng|Dgpression and rai ne The above test as described by

Wahl et al, 1987, Brain Research, 41{, 74-80 may be used to deternmine the
anti-mgraine acti ity of compounds-bf fornula (1) including

ci s-4-benzoyl agﬁ' %-u@- = 3
or pharmaceutically gg’éﬁg%bﬁ:

cﬁipogi:tﬁgﬁoégu'&%ﬂqi:ﬁ&t BydvalFbepze &suabs 3- O

e salts thereo

This invention relates to novel compounds, to processes for preparing them,

and to their use as therapeutic agents.
European Published Patent Application No. 0126311 discloses substituted
benzopyran compounds having blood pressure lowering activity, including 6-acetyl-

trans-4-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-3-ol.

Also EP-A-0 376 524, EP-A-0 205 292, EP-A-0 250 077, EP-A-0 093 535,
EP-A-0 150 202, EP-A-0 076 075 and WO/89/05808 (Beecham Group plc) describe
certain benzopyran derivatives which possess anti-hypertensive activity.

EP-A-0 350 805 (Biersdorf), EP-A-0 277 611, EP-A-0 277612, EP-A-0 337
179 and EP-A-0 355 565 (Hoechst Aktiengesellschaft); EP-A-0 466 131 (Nissan
Chemical Industries Ltd), EP-A-0339562 (Yoshitomi Pharmaceuticals) EP-A-415 065
(E. Merck) EP-A-450415 (Squibb), EP-A-0482934, EP-A-0296975, JO-2004-791 and
WO 89/07103 also describe certain benzopyran derivatives which are believed to
possess anti-hypertensive activity.

EP-A-0 430 621 and EP-A-0 385 584 (Beecham Group pic) describe the
resolution of certain intermediates useful in the preparation of the compounds

described in the above mentioned patent applications.
EP-A-0 139 992 (Beecham Group plc) describes certain benzopyran
derivatives which have cis isomerism at position 3 and 4, which compounds are

described as possessing anti-hypertensive activity .

PCT/GB92/01045 (SmithKline Beecham plc; unpublished at the priority date)
describes certain fluorobenzoylamino benzopyrans, pyranopyridines and
tetrahydronaphthalenes in which the 3 and 4 position substituents are trans to each
other. These compounds are described as possessing inter alia anxiolytic and anti-_

convulsant activity.

It has now been surprisingly found that certain compounds of formula (I)

(below) possess anti-convulsant activity, and are also believed to have utility in the

treatment or prevention of anxiety, mania, depression, disorders associated with a

subarachnoid haemorrhage or neural shock, the effects associated with withdrawal

from substances of abuse, Parkinson’s disease, psychosis, migraine and/or cerebral

ischaemia.

Accordingly, the present invention provides a compound of formula (I) or

pharmaceutically acceptable salt thereof:

REPLACEMENT SHEETS SG
I7 Description : paged z; to paged 25‘
O Claim(s) :paged.% to paged .2!

0 Drawing(s) : paged ..... to paged 55
I Abstract  : paged 4% 1o paged 2.
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4) ©  Cerebral {i REMACAEMENR)SHEET Mbngol i an Gerbil Test The in vivo
experinments aré rred—outr—ont agul t Mongol i an gerbils (Tunbl e@?gkcmém SHEET
y

(MA) . wei ghingl6Q-8 rwi n{ forebrain ischema is produce
bi | ateral carot}i d afﬁg%ﬂ fgatijoh under 2.5%i sof| ourane in 100%[err] -

anesthesia, thq | aced onto a - 22 - heating pad to
mai ntai n body tjenperature at 37[érr] .~ Fhe common
Ry-N-CO-R,

! i I Rs (0

wherein:

either Y is N and R is hydrogen, or Y is C-Rj

where:

either one of R and Ry is hydrogen and the other is selected from the class of
hydrogen, C3_g cycloalkyl, Cy.g alkyl optionally interrupted by oxygen or substituted
by hydroxy, C1.g alkoxy or substituted aminocarbonyl, C1.g alkylcarbonyl, C1_g
alkoxycarbonyl, C1_g alkylcarbonyloxy, C1.¢g alkoxy, nitro, cyano, halo,
trifluoromethyl, CF3S, or a group CF3-A-, where A is -CF3-, -CO-, -CHj-, CH(OH),
S0O9, SO, CH3-0, or CONH, or a group CFoH-A'- where A’ is oxygen, sulphur, SO,
SO», CFy or CFH; trifluoromethoxy, C1.g alkylsulphinyl, perfluoro C3_¢
alkylsulphonyl, C1_g alkylsulphonyl, Cj.g alkoxysulphinyl, Cj_g alkoxysulphonyl,
aryl, heteroaryl, arylcarbonyl, heteroarylcarbonyl, phosphono, arylcarbonyloxy,
heteroarylcarbonyloxy, arylsulphinyl, heteroarylsulphinyl, arylsulphonyl,
heteroarylsulphonyl in which any aromatic moiety is optionally substituted, C1._g
alkylcarbonylamino, C1.g alkoxycarbonylamino, Cj_g alkyl-thiocarbonyl, C1.¢
alkoxy-thiocarbonyl, C1_g alkyl-thiocarbonyloxy, 1-mercapto C;_7 alkyl, formy}, or
amihasulphinyl, aminosulphonyl or aminocarbonyl, any amino moiety being
optionally substituted by one or two C1._g alkyl groups, or C1_g alkylsulphinylamino,
C1.6 alkylsulphonylamino,C g alkoxysulphinylamino or C1.¢
alkoxysulphonylamino, or ethylenyl terminally substituted by Cy_g alkylcarbonyl,
nitro or cyano, or -C(C1_g alky)NOH or -C(C]_g alkyDNNHj, or one of R1 and Ry
is nitro, cyano or Cj_3 alkylcarbonyl and the other is methoxy or amino optionally
substituted by one or two Cy_g alkyl or by Co_7 alkanoyl; or R1 and R together are—
(CHp)4- or -CH = CH-CH = CH-, or form an optjonally substituted triazole or
oxadiazole ring;

one of R3 and Ry is hydrogen or C1_4 alkyl and the other is C1_4 alkyl, CF3 or CHa
X2 where X2 is fluoro, chloro, bromo, iodo, Cj_4 alkoxy, hydroxy, C14
alkylcarbonyloxy, -S-C|_4 alkyl, nitro, amino optionally substituted by one or two
C|-4 alkyl groups; cyano or Cj.4 alkoxycarbonyl or R3 and Ry together are Co_5
polymethylene optionally substituted by C_4 alkyl;

Rj is Cy.g alkylcarbonyloxy, benzoyloxy, ONOy, benzyloxy, phenyloxy or C1_g
alkoxy and Rg and Rg are hydrogen or Rs is hydroxy and Rg is hydrogen or C}_2
alkyl and Rg is hydrogen;

R7 is heteroaryl or phenyl; both of which are optionally substituted one or more times
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carotid arteries are exposed and aneurismdiTps are pracgdjion both arteries
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alkyl, formyl, Cj_g alkanoyl, aroyl or aryl-C.¢g alkyl and Ry 1s hydrogen, Cy_g
alkyl, C1_g alkoxy, mono or di Cj_g alkyl amino, amino, amino-C)_g alkyl, hydroxy-
C1-6 alkyl, halo-Cy_g alkyl, C;_g acyloxy-Cj_g alkyl, C|_g alkoxycarbonyl-Cj_g-
alkyl, ary!l or heteroaryl;
the Rg-N-CO-R7 group being cis to the R5 group;

and X is oxygen or NR g where R is hydrogen or Cy_g alkyl with the proviso that
the compound is not racemic cis-4-benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-
2H-benzo[b]pyran-3-ol. _

All Cy_g alkyl or C1.4 alky! or alkyl containing groups in formula (I) are
preferably selected from methyl, ethyl, # - and iso -propyl, n -, iso -, sec - and
tert-butyl.

Suitable C3_g cycloalkyl groups include cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl and cyclooctyl.

Suitable halo substituents include fluoro, chloro and bromo.

Aryl whenever mentioned herein includes but is not limited to phenyl and
naphthyl.

Heteroaryl whenever mentioned berein includes a 5- or 6- membered
monocyclic or 9- or 10- membered bicyclic of which 5- or 6- membered monocyclic
heteroaryl is preferred. In addition, 5- or 6-membered monocyclic or 9- or
10-membered bicyclic heteroaryl preferably contains one, two or three heteroatoms
which are selected from the class of oxygen, nitrogen and sulphur and which, in the
case of there being more than one heteroatom, are the same or different. Examples of
5- or 6-membered monocyclic heteroaryl containing one, two or three heteroatoms
which are selected from the class of oxygen, nitrogen and sulphur include furyl, ~ .
thienyl, pyrryl, oxazolyl, thiazolyl, imidazolyl and thiadiazolyl, and pyridyl,
pyridazyl, pyrimidyl, pyrazolyl and triazolyl. Preferred examples of such groups
include furanyl, thienyl, pyrryl and pyridyl, in particular 2- and 3-furyl, 2- and
3-pyrryl, 2- and 3-thienyl, and 2-, 3- and 4-pyridyl. Examples of 9- or 10-membered
bicyclic heteroaryl containing one, two or three heteroatoms which are selected from
the class of oxygen, nitrogen and sulphur include benzofuranyl, benzothienyl, indolyl
and indazolyl, quinolyl and isoquinolyl, and quinazolyl. Preferred examples of such
groups include 2- and 3-benzofuryl, 2- and 3-benzothienyl, and 2- and 3-indolyl, and
2- and 3-quinolyl.

Suitable examples of groups or atoms for optional substitution especially of
aryl and heteroaryl include one, two or three substituents independently selected from
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Preferably Ry is hydrogen.
Preferably R3 and R4 are both methyl.
Preferably Ry is hydroxy and Rg and Rg are hydrogen.

It should be appreciated that when R7 is phenyl optionally independently
substituted; this includes substitution by 1, 2, 3, 4 or 5 groups or atoms attached to the
phenyl ring. Preferably there are 1 or 2 groups or atoms attached to the phenyl ring.
The groups or atoms may be in any position around the phenyl ring. Likewise, it
should be appreciated that when R7 is heteroaryl optionally independently substituted;
this includes substituents at any vacant positions around the heteroaryl moiety.
Preferably there are 1 or 2 groups or atoms around the heteroaryl moiety, most
preferably there is one group or atom around the heteroary! moiety.

Preferably R7 is 2-, 3- or 4-fluorophenyl, phenyl, 2- or 3-chlorophenyl, 2,3-
dichlorophenyl, 2-triflucromethylphenyl, 2-nitrophenyl, 2-aminophenyl, 2-chloro-
thiophen-3-yl, 3-chlorothiophen-2-yl or 3-chloro-4-fluorophenyl.

Preferably R is fluorophenyl. More preferably R is mono-fluorophenyl and
even more preferably R7 is 2-, 3- or 4-fluorophenyl. Most preferably R7 is 4-
fluorophenyl.

* Preferably Rg is hydrogen.

Preferably X is oxygen.

It should be appreciated that the compounds of formula (I} may have chiral
carbon atoms at positions 2, 3 and 4 and therefore may exist as enantiomers. The
present invention extends to each enantiomer and to mixtures thereof including
racemates. It should further be appreciated that particular enantiomeric forms are
preferred for different utilities, thus for utilities other than sub-arachnoid haemorrhage
or neural shock the 3S, 4S enantiomers are preferred, however, for sub-arachnoid
haemorrhage or neural shock the 3R, 4R enantiomers are preferred.

It should also be appreciated that certain R substituents also have chiral
centres and therefore may exist as enantiomers. The present invention extends to each
enantiomer and to mixtures thereof including racemates.

It should be appreciated that the compound of formula (I) or a
pharmaceutically acceptable salt thereof also includes solvates of such compounds,
such as for example the hydrate.

The present invention further provides a compound of formula (I), or a
pharmaceutically acceptable salt thereof as hereinbefore defined which exists
predomineﬁtly in the 3S, 48 enantiomeric form.
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More preferably there is greater than 60% of the 35, 4S enantiomer present, yet

more peferably greater than 70% of the 3S, 4S enantiomer present, even more preferably

—+

greater than 80% of the 3S, 4S enantiomer present and more preferably still greater than
90% of the 38, 4S enantiomer present. Most preferably there is greater than 95% of the
3S, 45 enantiomer compound to the 3R, 4R enantiomer.

Example of compounds of formula () are:

cis -(x)-6-Acetyl-4-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3-ol,

cis -6-Acetyl-4R-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3R-ol,

cis -6-Acetyl-4S-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol,

cis -6-Cyano-4R-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3R-ol,

cis -6-Cyano-4S-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H- 1-benzopyran-
3S-ol,

cis -6-Ethyl-4R-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-
3R-o},

cis -6-Ethyl-4S-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-
3S-ol,
cis-6-Acetyl-4S-(2-chlorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-
3S-ol,
cis-6-Acetyl-4S-(benzoylamino)-3,4-dihydro-2,2-dimethyi-2H-1-benzopyran-3S-ol,
cis-6-Acetyl-4S-(2-methylbenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1- -
benzopyran-3S-ol,
cis-6-Acetyl-4-(2,3-dichlorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3-ol,
cis-6-Acetyl-4S-(2-trifluoromethylbenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol,
cis-6-Cyano-4R-(3-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-
3R-ol,
cis-4-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-6-nitro-2H-1-benzopyran-3-
ol,
cis-6-Acetyl-4S-(2-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-
3S-ol,
cis-6-Acetyl-4S-(3-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-
3S-o0l,cis-6-Acetyl-4S-(2-nitrobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H- 1 -
benzopyran-
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cis-6-Acetyl-4S-(2-aminobenzoylamino)-3,4-dihydro-2,2-dimethy!-2H- 1-benzopyran-
3S-ol,
cis-6-Acetyl-4S-(3-chlorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H- 1-benzopyran-
3S-ol,
cis-6-Acetyl-4S-(2-chlorothiophen-3-carbonylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol
cis-6-Cyano-4-(benzoylamino)-3,4-dihydro-2,2-dimethyi-2H-1-benzopyran-3-ol
cis-6-Acetyl-4S-(3-chlorothiophen-2-carbonyl)-3,4-dihydro-2,2-dimethyl-2H- 1 -
benzopyran-3-ol and
cis-6-Acetyl-4S-(2-chloro-4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3-ol

Such compounds except for racemic cis-6-Cyano-4-(benzoylamino)-3,4-
dihydro-2,2-dimethyl-2H-1-benzopyran-3-ol and pharmaceutically acceptable salt
thereof are believed to be novel and form a preferred aspect of the present invention.

The administration to the mammal may be by way of oral or parenteral
administration.

An amount effective to treat the disorders hereinbefore described depends on
the usual factors such as the nature and severity of the disorders being treated and the
weight of the mammal. However, a unit dose will normally contain 1 to 1000 mg,
suitably 1 to 500 mg, for example an amount in the range of from 2 to 400 mg such as
2, 5,°10, 20, 30, 40, 50, 100, 200, 300 and 400 mg of the active compound. Unit doses
will normally be administered once or more than once per day, for example 1, 2, 3, 4,
5 or 6 times a day, more usually 1 to 4 times a day, such that the total daily dose is
normally in the range, for a 70 kg adulit of 1 to 1000 mg, for example 1 to 500 mg,
that is in the range of approximately 0.01 to 15 mg/kg/day, more usually 0.1 to 6
mg/kg/day, for example 1 to 6 mg/kg/day.

It is greatly preferred that the compound of formula (I) is administered in the-
form of a unit-dose composition, such as a unit dose oral, rectal, topical or parenteral
(especially intravenous) composition.

Such compositions are prepared by admixture and are suitably adapted for oral
or parenteral administration, and as such may be in the form of tablets, capsules, oral
liquid preparations, powders, granules, lozenges, reconstitutable powders, injectable
and infusable solutions or suspensions or suppositories. Orally administrable
compositions are preferred, in particular shaped oral compositions, since they are
more convenient for general use.

Tablets and capsules for oral administration are usually presented in a unit
dose, and contain conventional excipients such as binding agents, fillers, diluents,

tabletting agents, lubricants, disintegrants, colourants, flavourings, and wetting agents.
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dertvatives such as sodium starch glycollate. Suitable lubricants mclude for example,

magnesium stearate. Suitable pharmaceutically acceptable wetting agents include
sodium lauryl sulphate.

These solid oral compositions may be prepared by conventional methods of
blending, filling, tabletting or the like. Repeated blending operations may be used to
distribute the active agent throughout those compositions employing large quantities
of fillers. Such operations are, of course, conventional in the art.

Oral liquid preparations may be in the form of, for example, aqueous or oily
suspensions, solutions, emulsions, syrups, or elixirs, or may be presented as a dry
product for reconstitution with water or other suitable vehicle before use. Such liquid
preparations may contain conventional additives such as suspending agents, for
example sorbitol, syrup, methyl celluiose, gelatin, hydroxyethylcellulose,
carboxymethyl cellulose, aluminium stearate gel or hydrogenated edible fats,
emulsifying agents, for example lecithin, sorbitan monooleate, or acacia; non-aqueous
vehicles (which may include edible oils), for example, almond oil, fractionated
coconut oil, oily esters such as esters of glycerine, propylene glycol, or ethyl alcohol;
preservatives, for example methyl or propyl p-hydroxybenzoate or sorbic acid, and if
desired conventional flavouring or colouring agents.

" * Oral formulations also include conventional sustained release formulations,
such as tablets or granules having an enteric coating.

For parenteral administration, fluid unit dose forms are prepared containing
the compound and a sterile vehicle. The compound, depending on the vehicle and the
concentration, can be either suspended or dissolved. Parenteral solutions are normally
prepared by dissolving the compound in a vehicle and filter sterilising before filling
into a suitable vial or ampoule and sealing. Advantageously, adjuvants such as a local
anaesthetic, preservatives and buffering agents are also dissolved in the vehicle. To
enhance the stability, the composition can be frozen after filling into the vial and the
water removed under vacuum.

Parenteral suspensions are prepared in substantially the same manner except
that the compound is suspended in the vehicle instead of being dissolved and sterilised
by exposure to ethylene oxide before suspending in the sterile vehicle.
Advantageously, a surfactant or wetting agent is included in the composition to
facilitate uniform distribution of the compound of the invention.

As is common practice, the compositions will usually be accompanied by
written or printed directions for use in the medical treatment concerned.

The present invention further provides a pharmaceutical composition for use
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awal from sxtl.bstances of Bbdse such as cocaine, nicotine, alcohol and
benzodiazepines, disorders treatable or preventable with anti-convulsive agents, such
as epilepsy; Parkinson’s disease, psychosis, migraine and/or cerebral ischaemia, which
comprises a compound of formula (I) (including racemic cis-4-benzoylamino-6-
cyano-3,4-dihydro-2,2-dimethyl-2H-benzofb]pyran-3-oi), or a pharmaceutically
acceptable salt thereof, and a pharmaceutically acceptable carrier.

In a further aspect the invention provides the use of a compound of
formula (I) {including racemic cis-4-benzoylamino-6-cyano-3,4-dihydro-2,2-
dimethyl-2H-benzo[b]pyran-3-ol), or a pharmaceutically acceptable salt thereof, for
the manufacture of a medicament for the treatment and/or prophylaxis of anxiety,
mania, depression, disorders associated with a subarachnoid haemorrhage or neural
shock, the effects associated with withdrawal from substances of abuse such as
cocaine, nicotine, alcohol and benzodiazepines, disorders treatable or preventable with
anti-convulsive agents, such as epilepsy; Parkinson’s disease, psychosis, rmgrame
and/or cerebral ischaemia.

In a further aspect the present invention provides a pharmaceutical
composition containing a compound of formula (I) (not including racemic cis-4-
benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-2H-benzo[b]pyran-3-ol), or a
pharmaceutically acceptable salt thereof and a pharmaceutically acceptable carrier.
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trans compounds, procedures for the preparation of which are generally described in
EP-0126311, EP-0376524, EP-205292, EP-0250077, EP-0093535, EP-0150202, EP-
0076075, WO/89/05808, EP-0350805, EP-0277611, EP-0277612, EP-0337179,
EP-0339562, EP-0355565, EP-A-415 065 (E. Merck), EP-A-450 415 (Squibb)
EP-0466131, EP-A-0482934, EP-A-0296975, JO-2004-791 and WO 89/07103.

The cis compounds may be prepared by procedures generally described in or
analogous to those described in EP-A-0139992.

Compounds of formula (I) may aiso be prepared according to the procedures
described by G. Burrell ef al, Tet. Letters, 31, 3649-3652 (1990) or by the procedures
described by U. Quast and E. Villhauer, Eur. J. Pharmacol, Molecular Pharmacology
Section 245, 165-171 (1993).

A further aspect of the present invention provides a process for the preparation
of a compound of formula (I) (not including cis-4-benzoylamino-6-cyano-3,4-
dihydro-2,2-dimethyl-2H-benzo[b]pyran-3-ol) or a pharmaceutically acceptable salt
thereof, which comprises treating the corresponding trans compound in which Rs is
hydroxy and Rg is hydrogen, with trifluoromethane sulphonic anhydride in a suitable
solvent such as pyridine to furnish the cis-oxazoline compound of formula (II);

(W

in which all the variables are as defined in relation to formula (I}, followed by (i) acid
treatment using, for example, dilute sulphuric acid and (i) base treatment, for
example, using sodium bicarbonate solution to give the c¢is compound of formula (I)
and thereafter if desired and in appropriate order separating any enantiomers, -
converting R hydroxy to other values of R5 and/or Rg hydrogen to other values of
Rg and/or forming a pharmaceutically acceptable salt thereof.

It should be appreciated that the cis-oxazoline compounds of formula (I) other
than the oxazoline of racemic cis-4-benzoylamino-6-cyano, 3-4-dihydro-2,2-dimethyl
2H-benzo [blpyran-3-ol are novel and therefore form a further aspect of the present
invention.

Conversions of R5 hydroxy and Rg respectively may be carried out, using
conventional procedures in the art, in particular using the procedures outlined in the
aforementioned patents.

It should be appreciated that racemates for formula (I) may be resolved or
enantiomerically purified compounds of formula (I) may be prepared using
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It should also be appreciated that it is preferred that the compounds of formula
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(I) may be prepared in the required enantiomeric form by forming a chirally pure
epoxide using catalysts and conditions generally outlined in WO 91/14694 or WO
93/17026 and thereafter converting the epoxides to the required compound of formula
(I) using procedures outlined herein.

The trans compounds of formula (I) may be prepared according to the
procedures outlined in PCT/GB92/01045 or the trans compounds of formula (I) may
be prepared according to methods analogous to those described in the above
mentioned patents.

The trans compounds of formula (I) in which Rs is hydroxy, Rg is C13 alkyl
and Rg is hydrogen may be prepared according to the procedures outlined in
R. Gericke et al. J. Med. Chem. Vol.34, p3074 (1991).

The following compounds were prepared by methods analgous to those
described in the abovementioned patents publications.

The following descriptions, examples and pharmacological test results
illustrate the present invention:
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Description 4 ) Comtrat-ateral

cis-(+)-8-Acetyl-2-(4-fluorophenyl)-3a,9b-dihydro-4,4 dimethyl-4H-1-
benzopyrano{4,3-d]oxazole

trans-(+)-6-Acetyl-4-(4-fluorobenzoylamino)-3-4-dihydro-2,2-dimethyl-2H- | -
benzopyran-3-ol (example 13 of EP 0 126 311 B1, 2.0 g) was dissolved in pyridine
(30 mi) and the solution stirred at -5 to 0 °C under nitrogen. Trifluoromethane
sulphonic anhydride (1.74 g) was added dropwise to the stirred solution during 10
minutes. The resulting mixture was stirred at room temperature for 18 hours. The
pyridine was evaporated in vacuo and water (50 ml) added to the residue. The
solution was extracted with dichloromethane (50 ml) and the organic layer was
washed with brine (S0 ml) and dried over anh. MgSO4. Filtration and evaporation
gave a crude product which was recrystallised from ethyl acetate-hexane to give the
title oxazoline as a white solid (1.222 g) of mp 185-186 ©C.

NMR (DMSO dg) &:

1.30 (s, 3H), 1.56 (s, 3H), 2.55 (s, 3H), 5.05 (d, J=10Hz, 1H), 5.48 (d, J=10Hz, 1h),
6.93 (4, J=8Hz, 1H), 7.22 (m, 2H), 7.82 (dd, J=10, 2Hz, 1H), 7.93 (m, 2H), 8.05 (4,
J=2Hz, 1H).

Mass spectrum: m/z 339, 324, 268, 123
IR (nujol): 1640, 1670 cm-1.

Description 2

cis-(x)-6-Acetyl-4-amino-3-(4-fluorobenzoyloxy)-3,4-dihydro-2,2-dimethyl-2 H-1-

benzopyran sulphate

cis (£)-Oxazoline (500 mg) was dissolved in 1,4-dioxane (40 ml), water (15 ml) and
SN H7S04 (12 drops). The resulting mixture was allowed to stir at room temperature
for 2 days. The 1,4-dioxane was evaporated under vacuum at 30 ©C and the product
extracted with ethyl acetate (2 x 50 mls). The organic layer was washed with brine
(50 mls), dried (MgSOy), filtered and evaporated. The residual material (500 mg)
was recrystallised twice from acetone/hexane to give (260 mg) of the amino ester salt
as a white crystalline salt m.p. 187 °C,

NMR (DMSO dg) &:
130 (s, 3H), 1.40 (s, 3H), 2.55 (s, 3H), 5.10 (d, J=4 Hz, 1H), 5.60 (d, J=4 Hz, IH),
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7.02 (d, J=7 Hz, 1H), 7.33 (m, 2H), 7.90 (m, 3H), 8.48 (s, 1H), 8.98 (br s, 2H).

Mass spectrum: m/z 339, 324, 268, 163, 148, 123.
IR: 1681, 1732 cm-L,

Example 1

cis-(+)-6-Acetyl-4-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3-ol

The amino ester compound (260 mg) was dissoved in 1,4-dioxane (30 ml) and water
(20 m1) and NaHCO3 (solid) added until the pH was 8. The 1,4-diozane was
evaporated under vacuum at 40°C. The product was extracted with ethyl acetate (2 x
50 ml), dried (MgSOy), filtered and evaporated. The residual material (250 mg)
obtained, was recrystallised from acetone/hexane to give (150 mg) of the cis (+)
benzamide as a white crystalline solid m.p. 190 °C.

NMR (DMSO) &:
1.30 (s, 3H), 1.42 (s, 3H), 2.45 (s, 3H), 3.72 (m, 1H), 5.5 (d, J=9.5 Hz, 1H), 5.64 (d,
J=5 Hz, 1H), 7.32 (m, 2H), 7.77 (m, 2H), 8.10 (m, 2H), 8.53 (d, J=10 Hz, 1H).

Mass Spectrum: m/z 358, 339, 324, 203, 123.
IR (Nujol): 1620, 1667, 3360, 3400 cm1.

The following examples were prepared in an analogous manner to the compound of

example 1, from the appropriate trans compounds.

-

Example 2

cis-6-Acetyl-4R~(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3R-ol

m.p. 161°C
{a]p? +107.39, MeOH (c =1.0)
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cis-6-Acetyl-4S-(4-fluorobenzoylamine)-3,4-dihydro-2,2-dimethyl-2H-1-

benzopyran-3S-ol

m.p. 161°C
[a]p?® -106.19, MeOH (c =1.0)

Example 4

cis-6-Cyano-4R-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-

benzopyran-3R-ol

m.p. 105-106°C
[a]y2 +86.99, MeOH (c =1.0)

Example §

cis-6-Cyano-4S-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-

benzopyran-3S-ol

m.p. 102-105°C
[a)p® -79.99, MeOH (c =1.0)

Example 6

cis-6-Ethyl-4R-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-

benzopyran-3R-ol

m.p. 130°C
[0]p® +51.40, MeOH (c =1.0)
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Example 8

cis-6-A cetyl-4S-(2-chlorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol
mp 176 °C; [0)p?5 -22.7°,MeOH (c = 1.0)

Example 9
cis-6-Acetyl-4S-(benzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-3S-
ol

Example 10

cis-6-Acetyl-4S-(2-methylbenzoylamino)—3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol

Example 11

cis-6-Acetyl-4-(2,3-dichlorobenzoylamino)-3,4-dihydro-2,2-dimethyl—2H-1-
benzopyran-3-ol

Example 12

cis-6-A(_:etyl-4S-(2-triﬂuoromethyibénzoylamino)-3,4-dihydro-Z,Z-dimethyl-ZI—_I-1-
benzopyran-3S-ol

Example 13

c1s-6-Cyano-4R-(3-ﬂuorobenzoylammo) -3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3R-ol

Example 14

cis-4-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-6-nitro-2H-1-
benzopyran-3-ol

ne 2 e ACEMERT SHEET
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Example 15

cis-6-Acetyl-4S-(2-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol

Example 16

cis-6-Acetyl-4S-(3-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol

Example 17

cis-6-Acetyl-4S-(2-nitrobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol

Example 18

cis-6-Acetyl-4S-(2-aminobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol

Example 19
cis-6-Acetyl-4S-(3-chlorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol

mpt 110°C, [a]p?® -105.79, (MeOH c = 1.01).

Example 20

cis-6-Acetyl-4S-(2-chlorothiophen-3-carbonylamine)-3,4-dihydro-2,2-dimethyl-
2H-1-benzopyran-3S-ol

Example 21 -
cis-6-Cyano-4-(benzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-3-ol

The compound was prepared as described for example 3 of US patent 4, 687, 779
(1987).

Example 22

cis-6-Acetyl-4S-(3-chlorothiophen-2-carbony}!)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3-ol
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dihydro-2,2-dimethyi-2H-benzo{b]pyran-3-ol or pharmaceutically acceptable salts
thereof may be tested for therapeutic utility using the procedure outlined as follows:
Potential anxiolytic properties are evaluated using the rat social interaction
procedure based on that originaily described by File (1980, J. Neurosci. Methods, 2,
219 - 238). In this model anxiolytic agents selectively increase social interaction
independently of any effect on locomotor activity.

Method

Male Sprague - Dawley rats (Charles River, U.K., 250 - 300g) are singly
housed for 3 days prior to testing. On the test day, the animals are then randomly
assigned to groups of 8 - 16 and dosed orally at a dose volume of 1 ml/kg with various
doses of compound (1 - 300 mg/kg) or vehicle. At 60 min post dose the rats are placed
with a weight - and treatment - matched pair male (encountered for the first time) in
the social interaction box under high - light, unfamiliar conditions. The box is made
of white perspex 54 x 37 x 26 cm with a transparent perspex front side. The flooris
divided into 24 equal squares and is brightly lit (115 lux). Time spent (secs) in active
social interaction (sniffing, grooming, following, mounting, climbing over or under,
boxing, biting) is scored "blind” by remote monitoring as is the number of squares
crossed (as an index of locomotion).

The mean and standard error for time spent in social interaction and number of
squares crossed are then calculated for each particular treatrent group and drug -
induced changes are expressed as a percentage increase or decrease from control T
values. Statistical comparisons are made between vehicle - and drug - treated groups
using Dunnett’s multiple comparisons procedure following significant one way
analysis of variance.

Drugs are suspended in 1% methyl cellulose.

2. MES TEST

The maximal electroshock seizure (MES) threshold test in rodents is
particularly sensitive for detecting potential anticonvulsant properties!. In this model,
anticonvulsant agents elevate the threshold to electrically - induced seizures whilst
proconvulsants lower the seizure threshold.
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Method

Mice (male, Charles River, U.K. CD - 1 strain, 25 - 30g) are randomly
assigned to groups of 10 - 20 and dosed orally or intraperitoneally at a dose volume of
10 ml/kg with various doses of compound (0.3 - 300 mg/kg) or vehicle. Mice are then
subjected at 30 or 60 min post dose to a single electroshock (0.1 sec, SOHz, sine wave
form) administered via corneal electrodes. The mean current and standard error
required to induce a tonic seizure in 50% (CCsg) of the mice in a particular treatment
group is determined by the 'up and down’ method of Dixon and Mood (1948)2.
Stastical comparisons between vehicle - and drug - treated groups are made using the
method of Litchfield and Wilcoxon (1949)3.

In control animals the CCsq is usually 14 - 18 mA. Hence the first animal in
the control group is subjected to a current of 16 mA. If a tonic seizure does not ensue,
the current is increased for a subsequent mouse. If a tonic convulsion does occur, then
the current is decreased, and so on until all the animals in the group have been tested.

The percentage increase or decrease in CCsq for each group compared to the
control is calculated.

Studies are carried out using a Hugo Sachs Electronik Constant Current Shock
Generator with totally variable control of shock level from 0 to 300 mA and steps of 2
mA& are usually used.

Drugs are suspended in 1% methyl cellulose.

References

1. Loscher, W. and Schmidt, D. (1988). Epilepsy Res., 2, 145 - 181
2. Dixon, W.J. and Mood, A.M. (1948). J. Amer. Stat. Assn., 43, 109 - 126
3. Litchfield, J.T. and Wilcoxon, F.(1949). J. Pharmacol. exp. Ther., 96, 99 - 113

Results
The compound of example 7 enhanced seizure threshold by 105% at 10 mg/kg p.o.
and the compound of example 3 enhanced seizure threshold by 84% at 10mg/kg p.o.

3. X-Maze

The compounds of formula (I) including cis-4-benzoylamino-6-cyano-3,4-
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The X-maze test of anxiety (Handley and Mithani, 1984) examines the
exploratory response of naive rats in an environment which offers both anxiogenic
(open arms) and relatively non-anxiogenic (closed arms) areas. A selective increase
in exploration of the open arms following drug pretreatment is therefore postulated to
‘indicate anxiolytic effects.

Method

The X-maze was raised 70cm above the floor and consisted of two enclosed
arms 45¢m (long) x 15cm (wide) x 10cm (high) and two open arms 45 x 10 x 1cm
arranged such that the two arms of each type were opposite each other. Both arm
types are marked into two equal sections. Rats are placed onto the centre of the X-
maze and observed for a period of 10 minutes during which time the following
parameters were recorded: 1) the number of entries onto, and the time spent on, (a)
open arms, (b) closed arms, {¢) end of open arms and (d) end of closed arms. 2) the
nurmber of sections crossed. The fear-drive evoked in the open arms exceeds that in
the enclosed arms and rats typically show a clear preference for the enclosed arms.
Anxiolytic drugs increase the number of entries made onto, and the time spent on, the
outer half of the open arms, and also the percentage of entries made onto, and the time
spent on, the whole of the open arms. These four measures of anxiety, and also the
total number of sections traversed, were calculated for each animal. Drugs are
administered intraperitoneally or orally to groups of 6 to 12 rats 30 to 60 mins before
testing. Statistical comparisons between vehicle- and drug-treated groups were made
using a Mann-Whitney U’ test (two tailed).

S.L. Handley and S. Mithani, Arch. Pharmacol., 1984 327 1-5

4. Mongrel Dog Delayed Cerebral Vasospasm

The compounds of formula (I) including cis-4-benzoylamino-6-cyano-3,4-dihydro-
2,2-dimethyl-2H-benzo[b]pyran-3-ol or pharmaceutically acceptable salts thereof may

be tested for therapeutic utility using the procedures outlined as follows:

Twenty-five male mongrel dogs, weighing 9-12 kg, are used in these studies.
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2-chl oro- t hi ophgmer Gar¥hnd Bse Committee of SmithKline Beecham Pharmaceuticals. Each
animal is anaesthetized with pentobarbital (35 mg/kg, iv) and placed on a heated
operating table in the supine position. All animals are then tracheotomized, paralyzed
(tubocurarine; 0.1 mg/kg, i.v.) and artifictally ventilated with room air. End-tidal
CO7 (et CO9p) is monitored continuously and arterial blood gas analysis was
performed periodically to assure stable and adequate ventilation throughout each
experiment. Polyethylene cannulae are placed in the left external jugular vein and the
right femoral artery and vein for drug administration, monitoring arterial blood
pressure, and blood sampling, respectively. Transfemoral catheterization of the left
vertebral artery is then performed via the left femoral artery using a 5 french Lehman
dacron catheter ( Bard, Tewksbury MA). Anaesthesia is supplemented as needed with
pentobarbital (5 mg/kg, i.v.) prior to the experimental period.

The effects of the compounds of this invention on acute cerebral vasospasm
are evaluated in 15 dogs. In all animals a control digital subtraction angiogram of the
anterior spinal artery and basilar artery is obtained following the intravertebral
injection of radiocontrast material (Omnipaque 300). In each dog, 4 mls of
cerebrospinal flnid is then removed from the dorsal cistern via needle puncture of the
atlantooccipital membrane and 4 mls of autologous venous blood was injected. An
ang.io‘gram is then repeated in each dog 30 minutes following the intracisternal
administration of blood and an acute vasospasm of the basilar and anterior spinal
arteries is identified and quantitated. The infusion of vehicle (10% polyethylene
glycol 200) for 30 minutes has no effect on the acute vasospasm. The effect of a 30
minute infusion of test compounds on the reversal of acute vasospasm is observed in
the basilar and anterior spinal arteries. -

The effects of the compounds of this invention are also examined in the
chronic canine model of delayed cerebral vasospasm (two haemorrhage model of
cerebral vasospasm). In this model, a control vertebral angiogram is obtained and
autologous blood is administered intracisternally on day 1 (as above). On day 3 the
intracisternal administration of blood is repeated and the severe delayed vasospasm is
quantitated angiographically on day 7 in all animals. The infusion of vehicle (10%
polyethylene glycol 200) for 60 minutes has no effect on the delayed vasospasm
observed in the basilar and anterior spinal arteries (n=5). The effect of an infusion of
test compounds on the reversal of significantly delayed cerebral vasospasm indicates
that the compound is active.

5. The compounds of formula (I) including cis-4-benzoylamino-6-cyano-3,4-
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D Anti-Parkinsonian Activity
6- Hydroxydopamine-lesioned rat model

The above test as described by Ungerstedt, U, 1971, Acta Physiol.
Scand 367, 49 - 68, and/or

Ungerstedt, U, 1971, Acta Physiol Scand. 367, 69-93, may be used to
determine the anti-Parkinsonian activity of compounds of formula(T)
including cis-4-benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-2H-
benzofb]pyran-3-ol or pharmaceutically acceptable salts thereof.

2) Anti-Psychotic Activity
Amphetamixie-induced rat hyperlocometion model

The above test as described by Kokkindis L, and Anisman, M, 1980,
Psychological Bulletin, 88, 551-579, may be used to determine the
anti-psychotic activity of compounds of formula (I) including cis-4-
benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-2H-benzo{b]pyran-
3-ol or pharmaceutically acceptable salts thereof.

3) Anti-Migraine Activity
Cortical Spreading Depression and Migraine

The above test as described by Wahl et al, 1987, Brain Research, 411,
72-80 may be used to determine the anti-migraine activity of -
compounds of formula (T) including cis-4-benzoylamino-6-cyano-3,4-
dihydro-2,2-dimethyl-2H-benzo[b]pyran-3-ol or pharmaceutically
acceptable salts thereof.

4) Cerebral ischaemia

a) Mongolian Gerbil Test

The in vivo experiments are carried out on adult Mongolian gerbils
(Tumblebrook Farm (MA). weighing 60-80 g. Transient forebrain
ischemia is produced by bilateral carotid artery ligation under 2.5%
isoflourane in 100% O anesthesia, the animals being placed onto a
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PBN dissolved in saline was administered intraperitoneally as a bolus
30 min before occlusion (pretreatments) or immediately after and again
at 6 b of reperfusion, followed by the same dose b.i.d. for 2 days (post-
treatment). For quantification of CA1 neurons, animals are sacrificed
at 7 days postischemia and perfused with buffered formalin. Brains
were removed, stored in formalin for 3 days, embedded in paraffin, cut
at 7-um-thick coronal sections (1.5-1.9 mm posterior to bregma15) and
stained with thionin. The number of intact neurons over a 750-um
length of the CA1 layer on both hippocampal sides of 3 sections is
counted for each animal.

b) MCAO Method

Three strains of mature male rats (SHR) are obtained from commercial
vendors (Taconic Farms, Germantown, NY; Charles River, Danvers,
MA; and Charles River, respectively) at 18 wk of age (250-300 g in
weight) and are housed for 2 to 4 weeks prior to utilization in these
studies. In order to verify that the strains of animals studied are indeed
hypertensive and normotensive, groups of animals from each strain are
anesthetized with 2% isoflourane (Anaquest, Madison, W1) and
chronically prepared under aseptic conditions for recording of blood
pressure. The femoral artery is cannulated with polyethylene tubing
(PE60; Clay Adams. Parsippany, NJ) extending just into the
descending aorta. The tubing is lead subdermally from the artery and
exteriorized between the scapula just below the back of the neck and ~ -
cleared/filled with sterile isotonic saline. Incisions are closed using 2-0
silk suture and treated with 5% lidocaine ointment (Astra
Pharmaceuticals, Westborough, M.A.) Animals recover from
surgery/anesthesia within 5 min. Mean arterial blook pressures are
recorded 4 to 5 h after surgery for 5 min/rat by connecting the
exteriorized tubing in each rat to a Statham pressure transducer
(P2.3Db; Statham Medical Instruments. Los Angeles, CA) with output
to a polygraph (Model R711: Beckman Instruments, Inc.,
Fullerton.CA).

Focal Stroke Procedure
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sodium pentobarbital (65 mg/kg, i.p. and supplemented as needed)
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heating pad throughout the surgical procedure. Surgery is conducted
similar to that described previously (2.4). The right dorsal surface to
the head is shaved and prepped with providone-iodine, and the rat
placed in a stereotaxic device (David Kopf Instruments, Tujunga, CA)
with the surgery (right) side of the head superior. A 1-2 cm incision
was made between the orbit and the external auditory canal. The
temporal muscle is dissected from the skull and retracted without
damaging the zygomatic bond or mandibular nerve. Under an
operating microscope and with saline irrigation, a 2-3 mm craniotomy
is made just rostral to the zygomatic-squamosal skull suture. The dura
is opened over the artery using the modified tip of a 30-gauge needle.
For permanent right MCAO, using electrocoagulation (Force 2
Electrosurgical Generator, Valley Lab Inc., Boulder, CO), the artery
was stimultaneously occluded and cut dorsal to the lateral olfactory
tract at the level of the inferior cerebral vain. A small piece of sterile
saline-soaked Gelfoam (Upjohn, Kalamazoo, M1) is then positioned
over the craniotomy and the temporails muscle and skin are closed in
two layers. Animals are allowed to recover from anesthesia under a
heating lamp and then are returned to their cages. The animals are
sacrificed 24 hours following MCAO and the brains are prepared from
reactive histologic examination.

Measurements of Ischemic Damage

Following the neurologic evaluation (24 hours after surgery) rats are
euthanized with an overdose of sodium pentobarbital. Within 2-3 min,
brains are removed and six coronal forebrain slices (2 mm thick) are
made from the level of the olfactory bulbs to the cortical-cerebellar
junction using a rat brain slicer {(59); Zivic-Miller Laboratories Inc.,
Allison Park, PA]. These forebrain slices then are immersed
immediately in a 1% solution of triphenyltetrazolium chloride (TTC) in
phosphate buffer at 37°C for 20-30 min (6.78). Strained tissues then
are fixed by filtration in 10% phosphate buffered formalin. The two
sides of each TTC-strained section are photographed in colour using a
polaroid camera. These photographs are analyzed for the
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(Amersham RAS 3000; Loats Associates, Inc.). Morphological
changes following surgery are evaluated in the entire forebrain (total of
11 planar surfaces) for each animal. The 1! planar images are planar
surfaces) for each animal. The 11 planar images were obtained from
each side of the six 2 mm thick sections and correspond approximately
to 1 mm section surfaces from + Smm to -5 mm from bregma (97) and
include the complete forebrain. These planar image surfaces (from the
photographs) are digitized and used in the Image Analysis System for
planimetry determination of infarct size and swelling. Two parameters
of ischemic damage due to MCAOQ are determined for each slice as
described previously (2,4,98,122). "Hemispheric swelling" is
expressed as the percent increase in size of the ipsilateral (i.e., surgery
side) hemisphere over the contralateral (normal) hemisphere and is
calculated as:

Ipsilateral Contralaterai
Hemisphere - Hemisphere
Area Area

Percent

Hemispheric = x 100

o Contralateral
Swelling . s
. Hemisphere Area

"Infarct size" which was expressed as the percent infarcted
tissue in reference to the contralateral (normal) hemisphere
and is calculated as:

Percent infarct area -
Hemispheric = X 100
Infarct Size Contralateral

Hemisphere Area

The swelling and infarct size are expressed in reference to the
contralateral hemisphere (i.e., ipsilateral ischemic damage is
normalized to the normal contralateral hemisphere). These parameters
are determined for each slice to evaluate the profile of damage
throughout the forebrain (i.e., "fore-brain profile") and for “total”
forebrain changes by using the sum of all individual slice data in these
formulas.
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brains are quickly removed, the forebrain isolated at the cerebellar

cortical junction and cut into two hemispheres, and each forebrain
hemisphere measured on a Mettler Types HS5 chemical balance (Mettler
Instruments Corp, Hightstown, NJ) within 2 min after decapitation.
The dry weight was measured on the same scale after drying the
hemisphere in an over at 80°C for 48-72 hours. The water content of

each hemisphere was calculated as the difference between the wet and
dry weight as a percent fraction from the wet weight:

Percent Wet Weight - Dry Weight

Water Content = - x 100
Wet Weight
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wherein:

either Y is N and Ry is hydrogen, or Y is C-Ry

where:

either one of R} and Ry is hydrogen and the other is selected from the class of
hydrogen, C3.g cycloalkyl, C1_g alkyl optionally interrupted by oxygen or substituted
by hydroxy, C1_g alkoxy or substituted aminocarbonyl, C1_g alkylcarbonyl, Cy_¢
alkoxycarbonyl, Cj_g alkylcarbonyloxy, Cj_g alkoxy, nitro, cyano, halo,
triflaoromethyl, CF3S, or a group CF3-A-, where A is -CF»-~, -CO-, -CHg~, CH(OH),
SO3, SO, CH3-0, or CONH, or a group CFoH-A’- where A’ is oxygen, sulphur, SO,
SO9, CF7 or CFH; trifluoromethoxy, C1_g alkylsulphinyl, perfluoro Cp_g
alkylsulphonyl, C;_g alkylsulphonyl, C1.g alkoxysulphinyl, Cj.¢ alkoxysulphonyl,
aryl, heteroaryl, arylcarbonyl, heteroarylcarbonyl, phosphono, arylcarbonyloxy,
heteroarylcarbonyloxy, arylsulphinyl, heteroarylsulphinyl, arylsulphonyl,
heteroarylsulphonyl in which any aromatic moiety is optionally substituted, C1.¢
alkylcarbonylamino, C1_g alkoxycarbonylamino, C1.g alkyl-thiocarbonyl, C1_¢
alkoxy-thiocarbonyl, Cj.g alkyl-thiocarbonyloxy, 1-mercapto Cy_7 alkyl, formyl, or
aminosulphinyl, aminosulphonyl or aminocarbonyl, any amino moiety being
optionally substituted by one or two C1._g alkyl groups, or C_¢g atkylsulphinylamino,
C1.6 alkylsulphonylamino,Cj_g alkoxysulphinylainino orCi_g
alkoxysulphonylamino, or ethylenyl terminally substituted by C1_g alkylcarbonyl, -
nitro or cyano, or -C(Ct_g alkyl)NOH or -C(Cj.¢g alkyl)NNHj, or one of Ry and Ry
is nitro, cyano or Cj_3 alkylcarbonyl and the other is methoxy or amino optionally
substituted by one or two Cj_g alkyl or by Cp_7 alkanoyl; or R and Ry together are -
(CHp)4- or -CH = CH-CH = CH-, or form an optionally substituted triazole or
oxadiazole ring;

e of R3 and Ry is hydrogen or C_4 alkyl and the other is C_4 alkyl, CF3 or CHp
X2 where X2 is fluoro, chloro, bromo, iodo, C|_4 alkoxy, hydroxy, C{4
alkylcarbonyloxy, -S-C1_4 alkyl, nitro, amino optionally substituted by one or two
C1-4 alkyl groups; cyano or Cy_4 alkoxycarbony! or R3 and R4 together are Cy_5
polymethylene optionally substituted by C1 .4 alkyl;
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conmpounds of formula (11) in which the vatiables are as _
Rj5 is Cy_g alkylcarbonyloxy, benzoyloxy, ONO», benzyloxy, phenyloxy or Cj_g

alkoxy and Rg and Rg are hydrogen or Rs is hydroxy and Rg is hydrogen or C| 2
alkyl and Rg is hydrogen;

R7 is heteroaryl or phenyl; both of which are optionally substituted one or more times
independently with a group or atom selected from chloro, fluore, bromo, iodo, nitro,
amino optionally substituted once or twice by Cj_4 alkyl, cyano, azido, C1.4 alkyl,
C1-4 alkoxy, trifluoromethoxy and trifluoromethyl;

Rg is hydrogen; C;_g alkyl, ORg or NHCOR ¢ wherein Rg is hydrogen, Cy_g
alkyl, formyl, C1_g alkanoyl, aroyl or aryl-C1.g alkyl and R1g is hydrogen, Cy_g
alkyl, C1.g alkoxy, mono or di C1.g alkyl amino, amino, amino-Cj . alkyl, hydroxy-
C1-6 alkyl, halo-Cj_g alkyl, C1.g4 acyloxy-C1.g alkyl, C1.g alkoxycarbonyl-C1_g-
alkyl, ary! or heteroaryl;
the Rg-N-CO-R7 group being cis to the Rs group;
and X is oxygen or NR1q where R1( is hydrogen or Cy_g alkyl with the proviso that
the compound is not racemic cis-4-benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-
2H-benzo[b]pyran-3-ol.

2. A compound according to claim 1 in which R is cyano, acetyl, nitro, or ethyl
and Ry is hydrogen.

3 . A compound according to claim 1 or 2 in which R3 and R4 are both methyl.

4. A compound according to any one of claims 1 to 3 in which Ry is hydroxy and
Rg and R7 are hydrogen.
5. A compound according to any one of claims 1 to 4 in which R7 is 2-, 3-, or 4-

fluoropheny! phenyl, 2 or 3-chlorophenyl, 2,3-dichlorophenyl,
2-trifluoromethylphenyl, 2-nitrophenyl, 2-aminophenyl, 2-chloro-thiophene-3-yl, 3-
chlorothiophen-2-yl or 2-chloro-4-fluoro.

6. A compound according to any one of claims 1 to 5 in which Rg is hydrogen.
7. A compound according to any one of claims 1 to 6 in which X is oxygen.
8. A compound according to any one of claims 1 to 7 including racemic cis-4-

benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-2H-benzo[b]pyran-3-ol in which the
compound exists predominently in the 3S, 4S enantiomeric form.
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' benzopyran-3R-ol.

cis -6-Acetyl-4S-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-

benzopyran-3S-ol.

12.
ben

13.

cis -6-Cyano-4R-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
zopyran-3R-ol.

cis -6-Cyano-4S-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-

benzopyran-3S-ol.

14.

cis -6-Ethyl-4R-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-

benzopyran-3R-ol.

15.

cis -6-Ethyl-4S-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-

benzopyran-3S-ol,

16.
ben

) cis-6-Acetyl-4S-(2-chlorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
Zopyran-3S-ol.

17.  cis-6-Acetyl-4S-(benzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-
3S-ol.
18.  cis-6-Acetyl-43-(2-methylbenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1- -

benzopyran-3S-ol.

19.
ben:

20.

cis-6-Acetyl-4-(2,3-dichlorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
zopyran-3-ol.

cis-6-Acetyl-4S-(2-triftuoromethylbenzoylamino)-3,4-dihydro-2,2-dimethyl-

2H-1-benzopyran-3S-ol.

21.

cis-6-Cyano-4R-(3-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-

benzopyran-3R-ol.

22,
ben

cis-4-(4-fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-6-nitro-2H-1 -
zopyran-3-ol.
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benzopyran-3S-ol.

25.  cis-6-Acetyl-4S-(2-nitrobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H- 1 -
benzopyran-3S-ol.

26. cis-6-Acetyl-4S-(2-aminobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol.

27.  cis-6-Acetyl-4S-(3-chlorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-
benzopyran-3S-ol.

28.  cis-6-Acetyl-4S-(2-chlorothiophen-3-carbonylamino)-3,4-dihydro-2,2-
dimethyl-2H-1-benzopyran-3S-ol or cis-6-Acetyl-4S-(3-chlorothiophen-2-carbonyl)-
3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-3-ol or cis-6-Acetyl-4S-(2-chloro-4-
fluorobenzoylamino)-3,4-dihydro-2,2-dimethyl-2H-1-benzopyran-3-o0l

29. A compound according to claim 1 substantially as hereinbefore defined with
reference to any one of the examples.

30. - A process for the preparation of a compound of formula (I) as defined in claim
1 (not including racemic cis-4-benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-2H-
benzo[blpyran-3-ol) or a pharmaceutically acceptable salt thereof, which comprises
treating the corresponding frans compound in which Ry is hydroxy and Rg is
hydrogen, with trifluoromethane sulphonic anhydride to furnish the cis-oxazoline

compound of formula (II);
N-—'—___( ’ -
o
v, N
s (n
=
R x>,

in which all the variables are as defined in relation to formula (I), followed by (i) acid
treatment and (ii) base treatment to give the cis compound of formula (I) and
thereafter if desired and in appropriate order separating any enantiomers, converting
Rs hydroxy to other values of R5 and/or Rg hydrogen to other values of Rg and/or
forming a pharmaceutically acceptable salt thereof.
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benzo[b]pyran-3-ol}, or a pharmaceutically acceptable salt thereof and a
pharmaceutically acceptable carrier.

33.  Use of a compound of formula (I) (not including racemic cis-4-benzoylamino-
6-cyano-3,4-dihydro-2,2-dimethyl-2H-benzo[b}pyran-3-ol), or a pharmaceutically
acceptable salt thereof as a therapeutic agent.

34. A pharmaceutical composition for use in the treatment and/or prophylaxis of
anxiety, mania, depression, disorders associated with a subarachnoid haemorrhage,
neural shock, the effects associated with withdrawal from substances of abuse such as
cocaine, nicotine, alcohol and benzodiazepines; disorders treatable or preventable with
anti-convulsive agents, such as epilepsy; Parkinson’s disease, psychosis, migraine
and/or cerebral ischaemia, which comprises a compound of formula (I) as defined in
claim 1 (including racemic cis-4-benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-
2H-benzo[b]pyran-3-ol), or a pharmaceutically acceptable salt thereof, and a
phédrmaceutically acceptable carrier.

35. A method of treatment and/or prophylaxis of anxiety mania, depression,
disorders associated with a subarachnoid haemorrhage, neural shock, the effects
associated with withdrawal from substances of abuse such as cocaine, nicotine,
alcohol and benzodiazepines, disorders treatable and/or preventable with anti-
convulsive agents, such as epilepsy; Parkinson’s disease, psychosis, migraine and/or -
Cerebral ischaemia, comprising administering to the sufferer in need thereof an
effective or prophylactic amount of a compound of formula (I) as defined in claim 1
including racemic cis-4-benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-2H-
benzo[blpyran-3-ol, or a pharmaceutically acceptable salt thereof.

36.  Use of a compound of formula (I) as defined in claim 1 including racemic {cis-
4-benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-2H-benzo[b]pyran-3-ol), or a
pharmaceutically acceptable salt thereof, for the manufacture of a medicament for the
treatment and/or prophylaxis of anxiety, mania, depression, disorders associated with
a subarachnoid haemorrhage, neural shock, the effects associated with withdrawal
from substances of abuse such as cocaine, nicotine, alcohol and benzodiazepines;



-31- disorders treatable or prevent abl e w rhgan-t—r:—eewul-s.l_\aﬁ agents, such
‘as epi |l epsy; S, Eﬁ-&@@ﬂﬁﬁﬁ” 8HEFTor] cerebral

i schaen a.

REPLACEMENT SHEET

AT "

- 31 - ]

disorders treatable or preventable with anti-convulsive agents, such as epilepsy;
Parkinson’s disease, psychosis, migraine and/or cerebral ischaemia.
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PHARMACETICAL COMPOSITION CONTAINING BICYCLIC TYPE COMPOUNDS

Abstracts

A compound of formula (I) or pharmaceutically acceptable salt thereof:

wherein:

either Y is N and Ry is hydrogen, or Y is C-R|

where:

either one of Ry and R is hydrogen and the other is selected from the class of
hydrogen, C3.g cycloalkyl, C].g alkyl optionally interrupted by oxygen or substituted
by hydroxy, C;_g alkoxy or substituted aminocarbonyl, C1_g alkylcarbonyl, Ci_g
alkoxycarbonyl, C_g alkylcarbonyloxy, Cj_g alkoxy, nitro, cyano, hale,
trifluoromethyl, CF3S, or a group CF3-A-, where A is -CF3-, -CO-, -CHy-, CH(OH),
SO2, SO, CH3-0, or CONH, or a group CFyH-A’- where A’ is oxygen, sulphur, SO,
SOg, CF3 or CFH; triflucromethoxy, Cj_g alkylsulphinyl, perfluoro C;_g
alkylsulphonyl, C1_g alkylsulphonyl, C1.g alkoxysulphinyl, C1.g alkoxysulphonyl,
aryl, heteroaryl, arylcarbonyl, heteroarylcarbonyl, phosphono, arylcarbonyloxy,
heteroarylcarbonyloxy, arylsulphinyl, beteroarylsulphinyl, arylsulphonyl,
heteroarylsulphonyl in which any aromatic moiety is optionally substituted, C1_g
alkylcarbonylamino, C1_g alkoxycarbonylamino, Cj.g alkyl-thiocarbonyl, Cy_g
alkoxy-thiocarbonyl, Cj_g alkyl-thiocarbonyloxy, 1-mercapto Co_7 alkyl, formyl, or
aminosulphinyl, aminosulphonyl or aminocarbonyl, any amino moiety being
optionally substituted by one or two Cy_g alky! groups, or C|_g alkylsulphinylamino,
C1-6 alkylsulphonylamino,Cj_g alkoxysulphinylamino or Ci_g - "
alkoxysulphonylamino, or ethylenyl terminally substituted by C1.g alkylcarbonyl,
nitro or cyano, or -C(Cj.g alky)NOH or -C(Cj _g alky)NNHp, or one of R} and Ry
is nitro, cyano or Cy_3 alkylcarbonyl and the other is methoxy or amino optionally
substituted by one or two C|_g alkyl or by Co_7 alkanoyl; or R| and Ry together are -
(CHp)4- or -CH = CH-CH = CH-, or form an optionally substituted triazole or
oxadiazole ring;

one of R3 and R4 is hydrogen or C|_y4 alky! and the other is C_4 alkyl, CF3 or CHp
X8 where X2 is fluoro, chloro, bromo, iodo, C .4 alkoxy, hydroxy, C 1-4
alkylcarbonyloxy, -S-C_4 alkyl, nitro, amino optionally substituted by one or two
C1.4 alkyl groups; cyano or Cy_g4 alkoxycarbonyl or R3 and Ry together are Co_5
polymethylene optionally substituted by C (-4 alkyl;
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Rs is Cj_g alkylcarbonyloxy, benzoyloxy, ONO5, benzyloxy, phenyloxy or C|_g
alkoxy and Rg and Rg are hydrogen or Rs is hydroxy and Rg is hydrogen or C|_5
alkyl and Rgq is hydrogen; .
R7 is heteroary! or phenyl; both of which are optionaily substituted one or more times
independently with a group or atom selected from chloro, fluoro, bromo, iodo, nitro,
amino optionally substituted once or twice by C_4 alkyl, cyano, azido, Ci4 alkyl,
C1-4 alkoxy, triflucromethoxy and triflucromethyl;

Rg is hydrogen; C1_g alkyl, ORg or NHCOR | wherein Ry is hydrogen, C1_g
alkyl, formyl, C1.¢ alkanoyl, aroyl or aryl-Cj_g alkyl and Ry is hydrogen, C}_g
alkyl, C;.g alkoxy, mono or di Cy_g alkyl amino, amino, amino-C1_g alkyl, hydroxy-
C1-6 alkyl, halo-Cy_g alkyl, C1_¢ acyloxy-Cj_g alkyl, C]_g alkoxycarbonyl-C]_¢-
alkyl, aryl or heteroaryl;
the Rg-N-CO-R7 group being cis to the R group;
and X is oxygen or NR g where Ry is hydrogen or C1_g alkyl with the proviso that
the compound is not racemic cis-4-benzoylamino-6-cyano-3,4-dihydro-2,2-dimethyl-
2H-benzo[b]pyran-3-ol.



