WO 2004/ 111021 PCT/ GB2004/ 002324 CYCLI C HYDROXYLAM NE AS PSYCHOACTI VE
COVPOUNDS This invention relates to psychoactive conpounds suitable for the
treatment of anxiety and depression. In particular, this invention rel ates
to novel hywoepd/ame;NMe conpounds such as ring-opened depPtwaBRosEa023%4 .

| soxazol e conpounds and their 5 anal ogues, their preparation, pharnaceuti cal
formul ati ons thereof and their use in nedicine. A nunber of psychoactive
conpounds are known for use in the treatnment of anxiety and depression.

D azepam (a benzo@Y&LIHHYDROXYUWAMINEAS RBSYCHOACTIVEICOMBOWNLDS an anxi ol ytic
and anti-depressant. O her known psychoactive conpounds include 10 certain
tricyclic fused benzo[djisoxazol e conpounds havi ng the structure shown
below in formula (A), as disclosed in US patent specification No. 5 707 988
(Boyd at at / British Technology Goup Ltd.): R R'" X RH 390N R4
97 0H . R5 (A Thid inVehtidh rélates t@psyShodcie: mpdihdswhaRilgé for he tréatramiiopgen,
Cl1_6 al kyl, phenyl or C7_12 15 phenal kyl, R ,and R2' each represent
hydrogen or t 8ejdétyand depjession dn ﬁ@éﬂé‘-’@ﬁ‘é&‘})’eﬁw wintes tpmovel ydrexylamipe

represent hyd ' : | 1 R4 and
R5' toget her F@gﬁ@gg‘%ts@mé?@ﬁﬁ%ﬁgﬁrﬁxg%ﬁggg’gﬁg%%n%pﬁﬁngﬁd p%%tions 7
and 8, 8 afd 8naboguls,aheir hfeparation,t prermereatical fgmtuladions the2eof 488’ theiRdise and RS
representing %ﬂ{?o en, or a salt thereof. 20 It has been found that,

al t hough t he nds of fornmula (A) denonstrate good efficacy as

anxi ol ytic agents, Atiii@iver 8f pdyeRéuttivélcdnifouhdLat KROWn r 136 Y ARSthdaindn$ of €SS
than ideal. There is therefore a need for new conpounds that are effective

in the treat Adyietyend depression.dPierspan{a bargediageningh is well-jwomn, end widelygised he
treatment of .pal %h{?ﬁgfﬁnd Byt BR! BtnbP R PYERAEGH condiindd fEfRAL

I nvention addresses
10  certain tricyclic fused benzo[d]isoxazole compounds having the structure shown

below in formula (A), as disclosed in US patent specification No. 5 707 988 (Boyd et
al. / British Technology Group Ltd.):

H
Ry

A
in which X'is O, S, C=0 or NR' wherein R' is hydrogen, C;_ alkyl, phenyl or C7_1»

15 phenalkyl, R, and R;' each represent hydrogen or together represent an oxo group
and R3', R4 and Rs' each represent hydrogen or R,' represents hydrogen and two of
R2, R3', R4 and Rs' together represent the second bond of a double bond joining
positions 7 and 8, 8 and 9 or 9 and 10 with the remaining two of Ry', R3', Ry' and R4’
representing hydrogen, or a salt thereof. |

20 It has been found that, although the compounds of formula (A) demonstrate
good efficacy as anxiolytic agents, their efficacy in the treatment of depression is less
than ideal. There is therefore a need for new compounds that are effective in the
treatment of both anxiety and depression, in particular for the treatment of
pathologies in which both conditions occur. The present invention addresses that

25 need.

The following compounds are known as synthetic intermediates:

!



25 need. The follow ng conpounds are known as synthetic internediates: | WO
2004/ 111021 PCT/ G112004/ 002324 \ N~ N OH CH 2-phenyl piperidin-Il-ol [P5]

2- benzyl pi peridin-1-ol [P6] 2-Phenylpiperidin-l-ol is nmentioned in the

foll owi ng pay®284/18021Regi ochemi stry of nercury(11l) oxi dePOXiGBado4ooR3Df
unsymmetrical N, N-di sub- stituted hydroxylam nes." Tetrahedron (1996),
52(47), 14917-28 (Ali et al. "Reaction of pyridine and qui noline N-oxides
wi t h phenyhnagnesi um bromd Y. Og. Chem 9(3), 910-13 (Kato et
aL); "Cyclic nitrones (1) [ rjdi ne N-oxides."
Chem 10 Ber., vol -89 ‘ )

2- Benzyl pi peri di n-1

opy
) -

pdyers: "Synthesis and

67 (1956) (The
s nejitioned in the fo
cycl oaddi ti on of 6- Ali tut@H 3, 4, 5, 6-tetrahydropy e 1- oxides." J.
Chem Res., Synop. (1994), (2), 54-5 (Ali et al.); ury(n) oxide

oxi dation of 2-substj Hwd pi peri dine. a. i 15 to the

r egi ochem cal prob?eé#e%@g’teﬁh@étél%{]w%),%‘3% pé@@&%rt{) i et alL).
However, there is no disclosure of the conmpounds for use as pharnaceutical s.
Accordingly, the present [nvention provides in fi.rst aspect a conpound of
formula (1): R3 X-RaPhepylppepding]-pfis nt?%%‘éﬁ@%%’éﬁ?s 0 or CR2; R3 and

R4 each i ndependent : : . . e 0 or
e der R BREREN ARG ol B el RS

1; and R represents a ered saturate ring
sel ect ed stituted hydroxylamines.” Tefrahedron (1996), 52(47), 1491728 (Ali et al.),;

. ‘“Reaction of pyridine and quinoline N-oxides with phenylmagnesium
bromide.” ¥, Org. Chem. (1 965), 30(3), 910-13 (Kato et al.);
. “Cyclic nitrones (I): dimeric 2,3,4,5-tetrahydropyridine N-oxides.” Chem.
10 Ber., vol. 89, 2159-67 (1956) (Thesing et al.).
2-Benzylpiperidin-1-ol is mentioned in the following papers:
. “Synthesis and cycloaddition of 6-substituted 3,4,5,6-tetrahydropyridine 1-
oxides.” J. Chem. Res., Synop. (1994), (2), 545 (Ali et al.);
. “Mercury(if) oxide oxidation of 2-substituted N-hydroxypiperidine: a solution
15 to the regiochemical problem.” Tet. Lett. (1993), 34(33), 53256 (Ali et al).
However, there is no disclosure of the compounds for use as pharmaceuticals.

Accordingly, the present invention provides in a first aspect a compound of

formula (I):
RA__X.__R'
o L T
(CHy), (|) y
@
20  inwhich—
X represents O or CHy;

R’ and R? each independently represent hydrogen or C;_g alkyl;

p represent Q or 1; and

R represents a five- or six-membered saturated or unsaturated ring selected
25 from:



25 from -2 and or R represents a five- or six-nenbered substituted or
unsubstituted unsaturated ring selected from R6 R~ Rz and 5 wherein Rl
and R2 together represent an oxo group, or Rl and R2 each represent

hydr ogen, nmet hoxy or ethoxy, or R and R2 together with the interjacent
carbon atom represent a 1, 3-dioxol ane or 1, 3-dioxane ring, attached via the
2 position and optionally bearing @ne or nore nethyl or ethyl groups; or a
t aut omer t hereof; a sal herdof ; for use asya pharmaceutical. In the
case where R repre s a five Si X- mgmBer hshi tdst ed or

unsubstituted unsatyrated ring ected from R2 Rt R2 and 15 wherein
Rl and R2 together represent an ©xo group, or an acetal thereof, wherein R
and R2 each repre%@&ém@&ft@?ﬂe Hr sﬁé:ﬁl%M e@guﬁjrﬁu?eg%r%s&bggﬁ%gq{nsﬂﬁx&!adt he
interjacent carbon atomrepresent ,%.dIOXO ane or I oxane ring,
attached vi a rifgeselctpd fiomi: on  and optionally bearing one or nore nmethyl or
ethyl groups, then preferably p 20 represents 0. The invention thus

preferably enbraces conpounB formula (14), grelB), (IC) (Ip, (1) and
(1F): -3 WD 2004/111021 PCT/ G8200%/ 002324 LRA RB YRN'N OH OH (1A
(1D

and ;

5 wherein R' and R? together represent an oxo group, or R' and R* each represent
hydrogen, methoxy or ethoxy, or R' and R? together with the interjacent carbon atom
represent a 1,3-dioxolane or 1,3-dioxane ring, attached via the 2 position and
optionally bearing one or more methyl or ethyl groups;

or a tautomer thereof;
10 or a salt thereof;
for use as a pharmaceutical.
In the case where R represents a five- or six-membered substituted or

unsubstituted unsaturated ring selected from:

and ;
15
wherein R and R? together represent an oxo group, or an acetal thereof, wherein R!
and R? each represent methoxy or ethoxy, or R' and R? together with the interjacent
carbon atom represent a 1,3-dioxolane or 1,3-dioxane ring, attached via the 2 position
and optionally bearing one or more methyl or ethyl groups, then preferably p
20 represents 0. The invention thus preferably embraces compounds of formula (IA),
(IB), (IC) (ID), (IE) and (IF):



R3 XT R4 CcxRA OHOH (1C (ID) R3 XYRA (c)xyRd |1 I 5 OHOH (E) (IF) as
wel | as ketones of forrmula (1G and (I111): OR3 XTRA R3 X R4 . J ONN OHI
10 (1B) (IF) and acetals of the ketones of fornula (1G or (I1l) with

met hanol or WO Ma#ol921or with et hane- 1, 2-diol or propaneet/GBaamisoi23z4
optionally bearing one or nore nmethyl or ethyl groups. Wien R and RZ
together with the interjacept car bon agtomrepresent a 15 1, 3-dioxol ane or
1, 3-di oxane ring bearing oRe.or Rnet hyl Qr eﬁahyl rou% preferably one
met hyl or ethyl group is p05|t|one adj aceg Q e oxygen atoms in
the 1, 3-di oxol ane or 1, 3-di oxate ring. Pre hly t ese are in the trans

ori ent ation, giving a oﬁp fhd Nich as: -4 ‘ Such conpounds

m ght be hydrol ysed in |y to duce the correspondq ng conpound of
formula (1) in which R { R2 tO0get her represent an Oklo group. The
conpounds havi ng the 3-di oxol ane or 1, 3-di oxane ”Iﬁg t herefore represent
potential 5 prodrugs. However referably R and( toget her represent an
0X0 group. In the case vvhekge R r)?preﬁents a five- or six-nmenbered

substituted or j/ R® Xj/R4
:Tj .
OH

(I0)
5 :
(IF)
as well as ketones of formula (IG) and (TH):
oF x]/ R RA_X.__R*
,, . j/

: ég i

OH OH
10

and acetals of the ketones of formula (IG) or (IH) with methanol or ethanol; or with

ethane-1,2-diol or propane-1,2-diol, optionally bearing one or more methyl or ethyl
groups.

When R' and R? together with the interjacent carbon atom represent a

15 1,3-dioxolane or 1,3-dioxane ring bearing one or more methyl or ethyl groups,

preferably one methyl or ethyl group is positioned adjacent to each of the oxygen

atoms in the 1,3-dioxolane or 1,3-dioxane ring. Preferably these are in the frans

orientation, giving a compound such as:



unsubstituted unsaturated ring selected from R z R Rz and 10 then
preferably Xis O Synthesis is facilitated if the heterocyclic ring
denonstrates some symmetry Thus preferably R3 and R4 are identical.
Preferably R3 and R4 each represents 15 hydrogen. In a second aspect, the
present invention provides a conmpound of formula (I1): R3 0 R4 R Hz), N OH
(1) in which R3 and R4 each i ndegendently represent hydrogen or Cl al kyl;
20 p represent 0 or 1; and R repre§?nLi’a figye- or six-nmenbered saturated or
unsaturated ring selected from -5/CILL, @nd™ _~ ; or Rrepresents a five-
pt'utled upsaturated ring selected

RD get her represent an oxo group,

or six-nenbered substituted or unsibsg
from R Rz R Rz and 5 wherein
or R and R2 each represent hydroge et hoxly or ethoxy, or R and R2
together with the interjacent carbon om resent a 1, 3-di oxol ane or

1, 3-di oxane ring, attached via the 2 position and optionally bearing one or

nore nmethyl or et Inich @oMpHsids ight BedhhidadTRied tieheab prodide @ie orfedpdndinger eof . A

further preferred enbodi ment of the present invention is a conpound of
compound of formula (I) in which R" and R” together represent an oxo group. The

compounds having the 3-dioxolane or 1,3-dioxane ring therefore represent potential
5  prodrugs.
However, preferably R' and R? together represent an oxo group.
In the case where R represents a five- or six-membered substituted or

unsubstituted unsaturated ring selected from:

and R

10

then preferably X is O.
Synthesis is facilitated if the heterocyclic ring demonstrates some symmetry
Thus preferably R® and R* are identical. Preferably R’ and R* each represents
15 hydrogen.

In a second aspect, the present invention provides a compound of formula (II):

3 4

R O R
o LT
K
(CHZ)p '}l

in which—
R? and R* each independently represent hydrogen or Cy alkyl;
20 p represent 0 or 1; and
R represents a five- or six-membered saturated or unsaturated ring selected

from;



formula (111): R R 0 N OH (IlIl) in which 15 R and R2 each represent
hydr ogen or together represent an oxo group; or a salt thereof. In this
specification the term"al kyl" includes both straight and branched chain
groups, as well as saturated and unsaturated groups. Wen R and R2 toget her
represent an oxo group, certain conpounds of the 20 invention m ght exist
as tautoners where the N Adroxyl group has reacted with the carbonyl group

to forma hem'acetal -6/ OR3") YRa HO FR Ra N O
H(l' VV RBORaO ahAUS em aget al s of
formula (1V) and (V) ope of the ention. As indicated

above, the compounds of” the invention nay exist in the formof a salt,

pref erably an am fierlbns S458. Sl feMBtcl SR RK kb AVsalLARICAl | ¥

acceptabl e i norganic or organic acil ysi ol ogically acceptable acid

i ncl ude hydrrgsetecied fromydr obromic, sulfuric, nitric, phosphoric,

i sethionic, acetic, fumaric,_,10 zmal ei c, salicylic p-t ol uenesul f oni c,
tartaric, citric, |actobion Rormic, malonllc R2pant ot heni c, succinic,

napht hal ene- 2-sul foni ¢, benzengsul4{oni c, i§%§32£L?nlc and

5 wherein R' and R® together represent an oxo group, or R' and R* each represent
hydrogen, methoxy or ethoxy, or R' and R? together with the interjacent carbon atom
represent a 1,3-dioxolane or 1,3-dioxane ring, attached via the 2 position and
optionally bearing one or more methyl or ethyl groups;

or a tautomer thereof;
10 or a salt thereof,

A further preferred embodiment of the present invention is a compound of

formula (111):
R\ R? O:]
1
OH
(11D
in which—
15 R' and R? each represent hydrogen or together represent an oxo group;

or a salt thereof.
In this specification the term “alkyl” includes both straight and branched chain
groups, as well as saturated and unsaturated groups.
When R' and R? together represent an oxo group, certain compounds of the
20  invention might exist as tautomers where the N-hydroxy! group has reacted with the

carbonyl group to form a hemiacetal of formula (IV) or (V):



et hanesul fonic acid. Hydrochloric acid is preferred. However, in general it
is preferred to use the free base rather than the salt. The conpounds of
the invention possess a chiral centre (denoted *) at the 15 carbon atom

adj acent the nitrogen of the NNOH group. It will be appreciated that the
conpounds of the invention can be resolved into their enantioneric fornms, or
exi st as a racenmgh¥ D%pendhmg on the nature ofydhe substituegis, a nunber
of di ast ereoi sonmgys 80 possible. In the casg WDeLﬁ p resents 0 and
R represents a fi ', unsubsti t ut ed
unsaturated ri electef from Re_R-PRe=—and the f the invention
may be prepared he rleaction of a conp conmpound of VI) or (VMIA) with
a conmpound of f a (@H): -7 WD 2004/111021 PCT/ GB2004R002324 X R4 R
RZR RZRs fl 1 N+ (M) (MA) O (VI) in wiich RY, R2 and X ar@Vas defi ned

with respect to formula (1). It will be appreciated that this will be nost
ggof f

t he presence o ) oup. O her electror el & oups woul d
2 i i caﬂiiediout by

150 C, nore preferably 55 to 65 C for several hours in a suitabl &kol vent.

straightforward when R and R2 together represent an oxo group, as the
doubl e bond conpoun grmul g (VI) or (VIA) will tden be activated 5 by
also facilita

conbi ni ng t he &g 5

tenperature in t‘e range 'of from room temperature”to Y00 ¢4 and then
heating the reagpion m xtgHe to a tenperature in the 10 rang

Anbi ent pressure ”éﬁ? ﬁgﬁ{ i r n out at
ul trahi gh pressure Iha sea ceéﬁ%’%g% ea?:/g anBB@’& agf%%fr?lnbe Sc?‘%r éf gl(ré (VIA

5  invention.

As indicated above, the compounds of the invention may exist in the form of a
sait, preferably an amine salt. Such salts may be formed with a physiologically
acceptable inorganic or organic acid. Physiologically acceptable acids include
hydrochloric, hydrobromic, sulfuric, nitric, phosphoric, isethionic, acetic, fumaric,

10  maleic, salicylic, p-toluenesulfonic, tartaric, citric, lactobionic, formic, malonic,
pantothenic, succinic, naphthalene-2-sulfonic, benzenesulfonic, methanesulfonic and
ethanesulfonic acid. Hydrochloric acid is preferred. However, in general it is
preferred to use the free base rather than the salt.

The compounds of the invention possess a chiral centre (denoted *) at the

15  carbon atom adjacent the nitrogen of the N-OH group. It will be appreciated that the
compounds of the invention can be resolved into their enantiomeric forms, or exist as
a racemate. Depending on the nature of the substituents, a number of diastereoisomers
is also possible.

In the case where p represents 0 and R represents a five- or six-membered

20  substituted or unsubstituted unsaturated ring selected from:
R\ R’ . R
R
and

the compounds of the invention may be prepared by the reaction of a compound of

formula (VI) or (VIA) with a compound of formula (VII):

-7-



may itself be a suitable solvent for the reaction; for exanple, in the case
where R and R2 together represent an oxo group, the resultant

2-cycl ohexenone and 2-cycl openten- 15 one are both readily avail able. The
conpound of wWiocommi1®2(1) is thereby produced via the fornedsoRz00§{002324
tricyclic internediate of fornmula (M1I) or (VIVA): RZ R3Fi XYR4 RZ R3H XYR4
NN I'I OO H(VIJI)ﬁ(VIIIA)WmchmaybelsolatedorIeft toremaln
in situ. Protonati di\ofRthe I nt er medi atng (viin) RR0 X%\WA) or'a

correspondi ng base-catal ysed reacR eads to the[formation of conpound
(1). Ring opening pre abl y appear s\oy an El cb elilgnagion Ccb" denoting
"conj ugat e base"), b correspopdi g aci d- cat al yséN+reacti on, preferably
at el evated tenperat of formula (VII), is preferably forned
in situ froma conpound g£8D)of for ((WA) -8 WD 2002/ 1110X1)

per t ungst at o- G ViR Badt awfldatp gndetad vinarentis 1y QRS il pe perariged o

pol ynerise anghat iffis il REMASstt HraliBtfbSiard Wafdn K!ae{na Rhwghmmbﬁep&@wnad 8xqVvoi d
pol ymeri se happeni ngbebé? storing 1n a freezer. of the corrpounds of t he

i nventi on mayS@PB.ES ublschand compers qfe’a!@mul@ﬂfl) 8\‘ iagncher astivased

‘E;—"r mul a RIS pYRRLcedle'd? 1 GOHIROH A0 Othe efBdtréh-ithdrhwing BRodblRoutd albd" "o

facilitate reaction.

The reaction is preferably carried out by combining the compounds of
formulae (VI) or (VIA) and (VID) at a temperature in the range of from room
temperature to 100 °C, and then heating the reaction mixture to a temperature in the

10 range of from 50 to 150 °C, more preferably 55 to 65 °C for several hours in a
suitable solvent. Ambient pressure may be used, but preferably the reaction is carried
out at ultrahigh pressure in a sealed tube. The compound of formula (VI) or (VIA)
may itself be a suitable solvent for the reaction; for example, in the case where R! and
R? together represent an oxo group, the resultant 2-cyclohexenone and 2-cyclopenten-

15  one are both readily available.

The compound of formula (I) is thereby produced viaz the formation of a
tricyclic intermediate of formula (VI]I) or (V. IlIA):

T T

(VI H (VIIIA)
which may be isolated or left to remain in sifu. Protonation of the intermediate (VIII)
20 or (VIIA), or a comresponding base-catalysed reaction, leads to the formation of
compound (I). Ring opening presumably appears by an Elcb elimination (“c
denoting “conjugate base”), or the corresponding acid-catalysed reaction, preferably
at elevated temperature.
The compound of formula (VII) is preferably formed in situ from a compound
25  of formula (JX):



in which Hal represents halide and R R, RZ and X are as defined wth
respect to fornula (1). W have fund that the Gignard reagents prepared
using a chloride anion 10 to be perfectly satisfactory. The reaction is
preferably warop£dieut by conbining the Gignard reagent pof/GBiooso0tH

R(CH2) PMgHal with the conpound of fornmula (VI1) at a tenperature of -10 C
and then holding the reaction mxtuyre at a t enperature of 0O Cin a suitable
sol vent. Tetrahydrofuran is a suiRak] | vBnt for the reaction. 15 It will
be appreciated that the conmpounds of [fornula (1) may al so be prepared by
nodi fications of these processes and y her alternative processes, which
wll be apparent to a person skilled Nt the chem cal art. The conpounds of
t he i nvention have been found to effectlve ingxme treatment of both anxiety
and depression. They are icularly useful for_the treatnent of 20

art
anxi ogenesi s WaQ%danon, Wﬁf?prﬁhﬂﬁmgﬂﬂ?'ﬁﬁhli’% odalippeEhe mitrons, IDcbas a; t
cross tolera ) : og; i i i 1 irpone, for
exanpl e, mh?%ﬁdeﬁf%%{sb %@?‘?&#ﬁé‘%ﬁﬁ%ﬁﬁ%@eﬁ%&gﬁg’o o# éfE’;Meal I:Mn{mﬁ2 e“tsargggit?nent of
anxi ogenesi s potwogisd heppealngipytstoringdms freeget.he admi ni strati on of drugs of
abuse such. as ni coti.ne al cohol. a cocaj.ne. 25 The dosage |evel of the
conpounds h50f f or mfﬁ'y ofi the parapoynds, OF gleé%‘ﬁflﬁ%ma&a]fsg E’P iPUR araeg%y&ﬁ?,gqagno&
anti - depr essagfta @igniard fefigont bf formhis R{CHDPMEHaIfWimTﬁéoﬁﬁrﬁﬁ& ofifommdla (virh: depend
on factors such as the manmal ' s bogly wel ght, ,its surface area, age and -9
WD 2004/ 111021 PCT/ GB20041002324 Rgen )@fR&te of health. It will also

S

depend upon the node of adm nistratidn. age levels of 0.01 ng/kg to 100
ng/ kg, particularly 1 ng/kg to 10 ng/lkg, Aare suitable. Depending upon the
nature and severity of the condition b#N#g treated, the doses may be
repeated up to 2 or 3 tinmes per day durc"gng the period of treatnent. Doses
outside 5 these ranges may be adm ni st€red i (VBppropri ate. The conpounds of

subot ancous BrBEbELFAFBRB SRR aiER S I Aok Hre o BT 1 isipogt o
adm ni stered @hae (Hf Wedaioé Aar thdttie rigibdfoaBaiiirepadd WsigCs ebadY Midmar rier,
such as an excipient or diJuent. The invention

10 to be perfectly satisfactory.

The reaction is preferably carried out by combining the Grignard reagent of
formula R(CH;),MgHal with the compound of formula (VII) at a temperature of
~10 °C, and then holding the reaction mixture at a temperature of 0 °C in a suitable
solvent. Tetrahydrofuran is a suitable solvent for the reaction.

15 It will be appreciated that the compounds of formula (I) may also be prepared
by modifications of these processes and by other alternative processes, which will be
apparent to a person skilled in the chemical art.

The compounds of the invention have been found to effective in the treatment
of both anxiety and depression. They are particularly useful for the treatment of

20 anxiogenesis caused by withdrawal from benzodiazepines (as they exhibit cross
tolerance with these benzodiazepines in comparison with buspirone, for example,
which does not). The compounds are also of use in the treatment of anxiogenesis
caused by abruptly ceasing the administration of drugs of abuse such as nicotine,
alcohol and cocaine.

25 The dosage level of the compounds of formula (I) required to achieve
effective anxiolysis or anti-depressant activity will vary with the mammal treated and

will depend on factors such as the mammal’s body weight, its surface area, age and

-9-



10 therefore further provides a pharmaceutical conposition conprising a
conpound of fornula (1) in association with a pharmaceutically acceptable
carrier therefor. The conposition may further conprise additional

t her apeut i Woae®@n103) or ingredient(s). The conpounds ad/cEaRPpE@EI2EONS oOf
the invention may conveniently be presented as unit dosage forns prepared

t ech t hat t killed i th t. |
qeneral - pr cBkaFH i osdesisp To itk AeR Sengi ageifoe RENE AL administalod, Dostor | ngi ng
one or rmre Jehlé aﬂemlr@@kéibmmgﬁkgcﬁﬂ’ﬁ&ﬂﬂﬁﬁlhﬂgﬂﬁgﬁﬁw fmg,msmme t he

carrier. The_active conmpound(s) or and/or carrier ingredi ent(s) are

preferably iRepenfiagipemihemapire adaeyerdy of e gonghfiancbeing treatedg the dosesamayosi ti ons
S L apLe T OTudfBlatf N B AL Bhibd Oygr%g;@ﬁggnﬁ%ﬁs& of Bbdtihedt Pls@%uifh L abl et s,

capsul es, caple chets or contalning a predeterm ned
anount ofSth&eﬁehmgpmaybeadmmndlifa@rbpddt@ns and suspensi ons of the

t herapeutic co und I Nn_an agugous, Of. a hopn- aqueaq s l,i qui d are al

suitable for oral aaqﬂ"?ﬂ“?a?a‘& %ﬁ“ﬁlﬂd{q ¥y a@%‘"ﬂ gred Jying ozl rept mJI si ons.
The conpoundp#@iterdl, SfbciBneodk 85 RPicArtoMes.2 bol us, el ectuary or paste. 25

Adni ni stration of the conpound by a parenteral routes includes intravenous,

i ntraperitoneal , Thetqompauadsofaprmania (1) may Depdministersd alongionitegether with.a

Conposi tion | ncI ude a
sterile aque%haﬁﬁéctﬁra{g‘lbagyaa??gn o%g%ﬁépg%%%ﬁ%]e&c%&nﬁgﬁlgg E%ag*lg eX 4 nj ection
or infusl®n tBerfuos firthen provides atplmnﬁaneuttoabmonqiosmdmcnm@nsmg laammpnmid.ldﬁa

| otions, creans and . tes...The conpositions of. the inv may al so
be present edgflﬁuﬁ@ ’F‘o‘?sf‘f;)cbqﬁm&nm%ér@@#ggﬁ‘%cﬁﬁ% ARsBEPlearer ?}'Bir"&' y the
present i nvegdphvaitidh Sy Fieher deipAsc ialiiosh! tRfapBiitRVReht() @r Hgreddnk@y i ati ng t he
synptons of anxiety and/or depression, which nethod conprises_ adninistering

to a patient in nEidc@RPands and compesitionspaf ﬂiec’éilvﬂ%tl%l Ay OBVl - 10 WO

2004/ 111021 0 |

t her apeuti caﬁ%-ng feglﬁf'illtv&%%{)ﬁn’lﬁEI gregg% 3%86 G%@ch%@rrpﬁ%&o% t?’or mul a
(1), or &5 sapérsanrsliiedfip therart Ingmp‘ml; pmpanatmnmtfﬁlmlmgd@agdwfoan indugestired. The
i nvention al so |Pgl udes a co d of f r mul a c(on}p ésm% assocu&mn with

finging one or m e erapeunc y active
the carrier. The active compound(s) or and/or carrier ingredient(s) are preferably in

the form of a finely divided solid or a liquid.

Compositions suitable for oral administration include discreet units such as

20  tablets, capsules, caplets, cachets or lozenges, each containing a predetermined
amount of the therapeutic compound. Solutions and suspensions of the therapeutic
compound in an aqueous or a non-aqueous liquid are also suitable for oral
administration and include syrups, elixirs and emulsions. The compound may also be
presented as a bolus, electuary or paste.

25 Administration of the compound by a parenteral routes includes intravenous,
intraperitoneal, intra-muscular and intra-articular administration. Compositions
suitable for parenteral administration conveniently include a sterile aqueous
preparation of the active compound, suitable for injection or infusion

Compositions suitable for topical administration include lotions, creams and

30 pastes. The compositions of the invention may also be presented in the form of an
aerosol or a suppository.

Accordingly the present invention also provides a method for preventing or
alleyiating the symptoms of anxiety and/or depression, which method comprises
administering to a patient in need of such treatment, particularly a warm-blooded
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5 nedi canent, and the use of a conmpound of fornula (1), or a salt thereof,
in the manufacture of a nedicanent for treatnent of both anxiety and
depression, particularly for the treatnent of anxi ogenesis caused by
wi t hdrawal W®M04/bada0di azepi nes, or caused by abruptly een&BI@40B824

adm ni stration of drugs of abuse such as nicotine, alcohol and cocai ne. 10

Var  atf ons. onebebetR s R BRbER ok iRy bR rAy ekt et of Y e n w1

C

be apparent bﬁa%oﬁpdh&ﬁrbfsf’éi’dﬂl@@nl & 4 Bt @Erfeof, bXABInpSsitidibcdntania @uclra
Preparation of 2- (4 droxy 3- nor phol i nyl ) - 2- cvcohexenone Jl

Mor phol i ne (16°®powgd. 0. 126 and sodi um tungstate hydrate (1 54g 4.67 nmV)
were cooled to O J dPSF ( (53090 20
aqg.); 0.286 nVv) vvaoghégl ovﬁ%l Eigés : gfo%gb@ggﬂlreac%g%ﬁ%e erature a'r{ 0 C
The react b onnmedicemen, wadb tlmt iger eftla fcompenrfdueft foemula. (B), h)r anshlicthersf ihythe ogen

peroxi de was _des ed .usi ng,.sodi bi su fa exe 12.1 i,
0515 50 vas RAILHULS 6§ Mo} (Borodmedt (i SR EPRER, it CopEts

stirred for aphuicilagy 8 khe 'Efbﬂtmdnea@itlﬁﬂzogéﬁébw Qaliesd b;eawaﬂd:hw%&o@afor 2 h
and then 65 C for a further 2 h. The 25 reaction m xture was then poured

into aqueous beerodiszerEnesy ¢ror@u%vﬁd3m&§upél>ytqewge@e adinistgtiem pb Age phelivee (3 x
100 ). The gqf yashed Wi th saturated sodium bicarbonate
' &t E&a gé/%f )é\@ over

sol ution, separa magnesi um sul fate. Renoval of the
sol vent gdve a |i gfithe hlvemmnomlll nowshbe fesorived hyhpfersneaita the Rl]@aﬁmgaﬁxamples

distillation 50- 60 r v pradu 0|I 5 149 .
The. Compound 8aeton son, Jaes aeemb Es e N5 e Bedbe S5t theltpveniion “ill P ot by
chr omat ogr aphypgierd ti ¢r§@1§kgjeurﬁltﬂésmng a di chl oronet hane (CH2C12)

acetonitrile ( CN) eluent (5:1; 0.27). v =" (em1l) = 3435 (OH); 29;58,
2941, 2916, 2901, 2874 (CH); 2777w, 1699s (C=0;

EXAMPLES

15

Example 1 — Preparation of 2-(4-hvdroxy-3-morpholinvl)-2-cvclohexenone

)

'?'

OH
Morpholine (1097 g; 0.126 M) and sodium tungstate hydrate (1.54 g;
4.67 mM) were cooled to 0 °C in a 250 mL flask. Hydrogen peroxide (32.5 mL (30%
20 aq.); 0.286 mM) was slowly added, keeping the reaction temperature at 0 °C. The
reaction mixture was stirred for a further 1.5 h and excess hydrogen peroxide was
destroyed using sodium bisulfate. 2-Cyclohexenone (12.1 mL; 0.12 5M) was added
slowly to the flask, and the reaction mixture was stirred for a further 48 h. The
reaction mixture was heated to 55 °C for 2 h and then 65 °C for a further 2 h. The
25  reaction mixture was then poured into aqueous sodium chloride and was extracted
with dichloromethane (3 x 100 mL). The organic layer was washed with saturated
sodium bicarbonate solution, separated and dried over magnesium sulfate. Removal
of the solvent gave a light brown oil, which was subjected to Xugelrohr distillation at
50-60 °C under vacuum, producing a dark oil (3.5 g; 14%). The compound was

-11 -



5 1476; 1101. Ace. Mass spectronetry: calculated = 198.1130 Q&f ); found =
198.1130. Exanple 2 - Preparation of 3-phenyl norpholin-4-o0lf 0 OH [Pl] 10
Activated Mn02 (0.65 g, 7.41 mmol) was added to a solution of N

hydr oxynor pi¥P2¢é/1192D5 g, 2. 47 mmol ) in di chl or omet hane pCTiGBEN)4/082320 C and
the mxture was stirred for I h. The reaction m'xture was filtered through

a pad of Celiggl t () p t sol ution
of phenyhnagr@yﬁ%%d%??zg%ﬁphi ogla% %11 rob"hran é% %ﬁlﬁ{‘)ﬂ%ﬁ% nmol )
at 15 10 C '(ﬁHﬁl@ﬁﬁcetnmtrﬁrha(CHg(él\ly\aﬁcns(irM)at 0 Cfor 0.5 h and then
saturated aqueous ammoni um chloride solution (15 nlL) and di chl or onet hane
(15 nL) were added. The aqueous phase was separated and extracted with

di chl or onet ha ) C a

(Na2504) and CoREam Pat e e e o (Y T B8 0o s
subj ect ed 50 f1|4&@,ﬂ10h.rorrat ography on Si02 eluting 20 with 25% di et hyl et her

i n hexanes to the title co nd ite crystalline
solid. v,,,ax( ]@fﬁs’rﬁp eﬁ%’nﬁ’%ﬁg é?s Pﬁg(&}r}]l}‘/%%fi_(geg Sn (300 MHz):
7.22 (m 5H), 385(d 1H J=105Hz) 3.72-3.50 (m 3H), 3.31 (t, 25
111, J=10.5 Hz J=_10.5 Hz) 2.81 (td, 1H JI =11.2 Hz, J2 =
3.4 Hz). Sc *2= uti he in-dgl7. 9 (1), 72.45 (2), 72.16
(1), 66.78 (2), 57 67 (2) HRVSS (el ectrospray node): mz = 180.1026710 W

(calc. 180.1019051). -12 WD 2004/ 111021 GBZOO4/ 002324 Exanple 3 -
Preparati on of 3-benzyl norpholi n-4-ol 1 OH (P21
10 Activated MnQO, (0.65 g, 741 mmol) was added to a solution of N-

hydroxymorpholine (0.25 g, 2.47 mmol) in dichloromethane (15 mL) at 0 °C and the
mixture was stirred for 1 h. The reaction mixture was filtered through a pad of
Celite™ and Na;S04. The filtrate was added dropwise to a solution of
phenylmagnesium chloride (2.0 M in tetrahydrofuran, 2.47 mL, 4.94 mmol) at —

15 10 °C. The reaction mixture was stirred at 0 °C for 0.5 h and then saturated aqueous
ammonium chloride solution (15 mL) and dichloromethane (15 mL) were added. The
aqueous phase was separated and extracted with dichloromethane (2 x 20 mL). The
combined organic layers were dried (Na,SO4) and concentrated under reduced
pressure. The crude product was subjected to flash chromatography on SiO; eluting

20  with 25% diethyl ether in hexanes to give the title compound (0.045 g, 11%) as a
white crystalline solid.

Vanax(NIjoI™ mull)/em™ 3201 (br., O-H), 1104 (5, C-O)

5y (300 MHz): 7.22 (m, 5H), 3.85 (d, 1H, J = 10.5 Hz), 3.72-3.50 (m, 3H), 3.31 ,
25 1H,J=10.5Hz), 3.12 (4, 14, J=10.5 Hz), 2.81 (td, 1H, J; = 11.2 Hz, J; = 3.4 Hz).

3¢ (75.5 MHz): 138.1 (0), 128.6 (1), 127.9 (1), 72.45 (2), 72.16 (1), 66.78 (2), 57.67

2).

HRMS (electrospray mode): mv/z = 180.1026710 (MH) (calc. 180.1019051).

-12 -



Activated vn@2 (1.29 g, 14.8 mmol) was added to a solution of N

hydr oxynmor pholine (0.50 g, 4.95 mol) in dichloronethane (25 nL) at 0 C and
the 5 mxture was stirred for | It The reaction mxture was filtered
through a p¥® ¥p4/Q82t eTM and Na2SO4. The filtrate was aﬂdndrsﬂmambzae to a
sol ution of benzyl magnesium chloride (2.0 Min tetrahydrofuran, 4.95 ni,
9.90 mml) atgue-, ' EedatOCforOShand
t hen sat ur at ecF-ef ot T~Cr re—s = 25 nmL) and

di chl oronet hane (25 nL) vvere added The 10 a ueous phase was separated and
extracted with dichl oronethane (2 lﬁ conbi ned organic |ayers

were dried (Na2SO4) and concentrate redyced pressure. The crude
product was subjected to flash chrora aphy-on Si2 eluting wth 25%
di ethyl ether in hexanes to give the title cgnpound (0.326 g, 34% as a
white crystalline solid. 15 v.(NujolTm null )pE'ml 3203 (br., 0-H), 1107 (s,
C-0). SH (300 Miz): 7.23 (m 5H), 3.89 (B8] 1H J= 11.7 Hz), 3.74-3.56 (m

211 3.44 d 2 2 5 ) £o11-L
J= ?w 5 H) ( ;b“’“l’atea dﬁé} 2793 &) 314(9 .%ﬂ“ﬁs, a%g(ga ¢ 1%0,1]&10 6?%9‘{'(1) ,
70.22 (2), 67hyﬂﬁox(ym.‘)o;-pheﬁn@(n 508 49 mm@&) lﬁ@iCbb)qm@EalﬁE(ZQ 1)L.) aHRYE and the

b eper o UBLE e A BT ot ek bt e A< o S0 .o

MQ2 (1.29 g, Cdifte™ magl Nayss,. attiedfilnated ved! uadean d@cﬁopw:lse hysdraomiiﬁbxphéﬂ i ne
(0.50 g, 4.95 mmuol) in dlchlororrethanee&égm Cand the -13 WO
2004/ 111021 mw&mﬁm ¢ (&% Miipt eﬂj 95 awL,19-%0 mppd) alerddh i on

T XLure vas {id U cRadiOh S hadunte P LEUGTY A SRR b adichiy at e ves

added dropwi se to olution of cycl ohexyl magnesi um ori 2.0 M
di et hyl et her smmogismrvhloride sGlutiom (25 rak) andGlichiorometbaneg28 wilgrwaere addstdeleas
stirred aiO 0 C feous p%asSe &asa Qe%mtatc]e i %atx%}%&ef with diChiotomethane (2 x 30 mL). The
combined organic layers were dried (Na;SO4) and concentrated under reduced
pressure, The crude product was subjected to flash chromatography on SiO; eluting
with 25% diethyl ether in hexanes to give the title compound (0.326 g, 34%) as a
white crystalline solid.
15
VanaeNwoI™ mull)/em™ 3203 (br., O-H), 1107 (s, C-0).
8y (300 MHz): 7.23 (m, SH), 3.89 (d, 1H, J=11.7 Hz), 3.74-3.56 (m, 2H), 3.44 (d,
1H, J=13.0 Hz), 3.23 (m, 2H), 2.87 (m, 2H), 2.39 (1, 1H, J= 10.5 Hz).
de (75.5 MHz): 137.7 (0), 129.2 (1), 128.5 (1), 126.4 (1), 70.22 (2), 67.76 (1), 66.60
20 (2),58.60(2), 35.85 (1).
HRMS (electrospray mode) = 194.1186060 (MH") (calc. 194.1175552).

Example 4 — Preparation of 3-cyclohexylmorpholin-4-ol

3

)

OH
[P3]

25 Activated MnQO; (1.29 g, 14.8 mmol) was added to a solution of N-
hydroxymorpholine (0.50 g, 4.95 mmol) in dichloromethane (25 mL) at 0 °C and the

-13 -



5 ammoni um chl oride solution (25 nL) and di chl oronmet hane (25 nL) were added.
The aqueous phase was separated and extracted with dichl oronmethane (2 x 30
m.). The conbined organic |layers were dried (Na2SO4) and concentrated under
reduced prw920¢48110Ehe crude product was subjected to flEshGBIngmRIzOgr aphy
on SiI2 eluting with 50%diethyl ether in hexanes to give the title

d (0.220.9, 24%. 10 whi t talli Lid..v. (NujoLT
comouns (0,40 V4ohydh o MLV, B o Y, .
O e (1, 111 g ) A (o o 175 5
MHz): 70.83 (eFlohgxylmpgresinm gdords ((2-?)1{’71]15@%1 eoipr, 45 mh, g}f?,m%@) &1(02),
27.64 (2), 26 . 96 b = 6690

(2) lg%?%?g%%cgg@n&%é @as s{i@@gt(@ € bt OSH A Eﬂéﬂ%&mﬁ@%&é&

(MH) (calc. anpl e reparation o
3-cvcl operft y| ammpiioii ahictidelsoluBen (29)mNGiHd djdBltromethinea@ & thlyvee ¢dde@IThe, 14. 8

I dded t | uti f. N, hyd | i 0.50 9 I [
) s S0 S i bl S VIR B 60 Py ey TR T
reaction m Xt NGRS of dahicela§éhs t NER USRI RSO D a cOidehirfdd e MRRSAH. The

filtrate was added dropw se"to a solution of ° cycl opentyl magnesi um chl ori de
(2.0 Min di eptessiree{The crudg pegiugl waDsubiecteddd flagh chramatogapinhen SeQelitting i xt ur e

was stirred at. far. 0 h a h at . agueous j.4 chl oride
solution (25 ‘PFL‘? Sgnéd&gwg%?%?rolﬁen@%é%%% %éverbwiﬁ?h\ﬁgrc I%E g .O'ﬁhwer‘graétﬁea(ﬁ&s phase
was separ ni edwhinlergstaltia€satid. Wi t h di chl oromet hane (2 x 30 nL). The -14 WO
2004/ 111021 PCT/ GB2004/ 002324 conbined organic | ayers were dried (Na2S04)
and concentrated under reduced pressure. The crude product was subjected to

Give the trtl SRERIMCORUBIGE 308 GEHOR LT O Y b stal 1 ne sold
8y (300 MHz): 3.84 (m, 1H), 3.55 (t, 1H, J = 11.3 Hz), 3.17 (4, 1H, J = 10.5 Hz),
2.79 (t, 1H, J = 10.5 Hz), 2.46 (d, 1H, J = 9.8 Hz), 2.06-1.45 (m, 6H), 1.35-0.82 (m,
15  6H).
8¢ (75.5 MHz): 70.83 (1), 67.42 (2), 66.29 (2), 58.84 (2), 36.71 (1), 30.14 (2), 27.64
(2), 26.96 (2), 26.75 (2). '

HRMS (electrospray mode) = 186.1496690 (MH") (calc. 186.1488553).

20 Example 5 — Preparation of 3-cyclopentylmorpholin-4-ol

-5

[P4]

Activated MnO, (1.29 g, 14.8 mmol) was added to a solution of N-
hydroxymorpholine (0.50 g, 4.95 mmol) in dichloromethane (25 mL) at 0 °C and the
mixture was stirred for 1 h. The reaction mixture was filtered through a pad of

25  Celite™ and NaySQ,. The filtrate was added dropwise to a solution of
cyclopentylmagnesium chloride (2.0 M in diethyl ether, 4.95 mL, 9.90 mmol) at —10
°C. The reaction mixture was stirred at 0 °C for 0.5 h and then saturated aqueous
ammonium chloride solution (25 mL) and dichloromethane (25 mL) were added. The

aqueous phase was separated and extracted with dichloromethane (2 x 30 mL). The

-14 -



5 v.(NujolTbl mull)/cm1 3233 (br., OH), 1118 (s, C0). SH (300 M): 3.90
(t, 211, J= 9.9 Hz), 3.55 (t, 1H, J= 10.7 Hz), 3.30 (t, 1H J= 10.3 Hz),
3.15 (d, 1H, J= 11.1 Hz), 2.80 (t, 1H, J= 10.4 Hz), 2.57 (m 1H), 2.19 (m
1H), 1.89 W@2084a01021 73-1.02 (m 7H) 10 Sc (75.5 Miz): BOUGB2004)023287. 91
(2), 65.65 (2), 57.83 (2), 39.91 (1), 30.80 (2), 28.19 (2), 24.89 (2).

FIRVS (el ectr ). & 2 2 ( Exrrple6
- Prepar atlonggg'gé/ %ap}aﬁ' ki 1?:1%10 %@Q‘) &ﬂ@c%&rtﬁi%ﬁ%z%e@a?ﬁd Vh02
(1.29 g, 14. 8puweysnie ’Iﬂmsnnlddmﬂm:t)was abjestedao fiath Shromydpryslpbp 8iddélning 0. 50 g,
4.95 mol ) in 5 nmL) at 0,C.and the stirred
for 1 The WEACOVE AL RPCinfens to gt 18 soimpaupbto tee & B and
Na2SO4. The fiyhité aystali@s saifaded dropwi se to a sol ution of 20 phenyl magnesi um
chloride (2.0 Min tetrahydrofuran, 4.95 nL, 9.90 mol) at -10 C. The
reaction Mxture was stirred at 0 C for 0.5 h and then saturated aqueous
anmoni um chl or i $ Qi 2 I thane (25 nL) were added.
The aqueous E'H’g@@?a/a ﬁ‘é@éiﬂ ?%%%@ﬁgace@t’ g@@oé)@‘th di chl oronet hane (2 x 30
nL). The congj m@ﬁgm(d meysg\mz) ﬂssemﬁwwmm@mn@pwwﬁd under

reduced 25 pressur e crude product was subjected to flash chromatography

on Si 02 el utiHg, 3vii5t(H, Booflil b A, 28 1H,d =hHl<43Hé)s % (gl,\lH),t%@ .t UED,
conmpound (0.3 S e crystalline solid, v,, a"(NujolT™M
mull)/cm 13202.9?%11 ?ﬁb@ll—@ 1671@9{\{;?1[)&)2004/ 111021 PCT/ GB20041002324 SH (300
MHz) : 7. 300 (b Bt9)5 MBIZ3469( 31 (18,167)91 (2), 93.661(2), 37183 42), 39,91 QI)HZO 80 %)87&&9 50 (m

3H),1.36 (m 1 Sc (75.5 MHz): 143.4 (0), 128.4°(1), 127. 127.1 (1
7;051 (1)( 58(35?424(%(535 21 i (o) (4 (4

HRMS (electrospray mode) = 1721327720 (MH") (cale. 172.1332052)

Example 6 — Preparation of 2-phenylpiperidin-1-ol

\
OH

15 [P5] -

Activated MnO; (1.29 g, 14.8 mmol) was added to a solution of N-
hydroxypiperidine (0.50 g, 4.95 mmol) in dichloromethane (25 mL) at 0 °C and the
mixture was stitred for 1 h. The reaction mixture was filtered through a pad of
Celite™ and Na;SQ,. The filtrate was added dropwise to a solution of

20  phenylmagnesium chloride (2.0 M in tetrabydrofuran, 4.95 mL, 9.90 mmol) at ~10
°C. The reaction mixture was stirred at 0 °C for 0.5 h and then saturated aqueous
ammonium chloride solution (25 mL) and dichloromethane (25 mL) were added. The
aqueous phase was separated and extracted with dichloromethane (2 x 30 mL). The
combined organic layers were dried (Na;SO4) and concentrated under reduced

25  pressure. The crude product was subjected to flash chromatography on SiO; eluting
with 30% diethyl ether in hexanes to give the title compouﬁd (0.330 g, 38%) as a
white crystalline solid.

VinaxMjoI™ mull)/em™ 3204 (br., O-H).

-15 -



(2), 25.83 (2), 24.07 (2). 5 HRVS (el ectrospray node) = 178.1223660 (M| e)
(calc. 178.1226406). Exanple 7 - Preparation of 2-benzyl piperidin-I-ol
O-""nN OH [P6] Activated vn@2 (1.29 g, 14.8 muvol) was added to a sol ution
of N 10 hy¥b3W#1edi dine (0.50 g, 4.95 mml) in di chl oroveBEmwer2625 L) at
0O Cand the mxture was stirred for 1 it. The reaction m xture was filtered

Sol it Pon of - palo Ml 3 S A0 SEEr P, T 2o 18 7% BRSPS 1 @
9.90 mmmol ) at3H)],®36'(m,IH¢ reaction mixture was stirred at 0 C for 0.5 h and
t hen saturated a ueous 15 amoni um chl ori de sol ution

di chl or omet hafe(70$5MKE): M8 4(Oxhdddd. (I)FH374éHub%7u%(Bh3%gl @55%%@)6&5&1 and
extracted w "[\Q ?&1@@%2 Rye (2 x 30 mL). The conbined organic |ayers
were dried ( %’ concentrated under reduced pressure. The crude
product wes sHBME(ekdtrospriy mede)ci78:1823650 QM) @alcSI I R6HMENG Wi th 60%
diethyl ether in hexanes to give the title conmpound (0.309 g, 33% as a 20
white crystalline solid. vrm(NuloITMmJII)/cm 3212 (br., OH. SH (300

MHz) © 7.24 (nEgShbie 73-] rilL-oB. 40 (d, 1H J = 10.4 Hz),
2.66-2.48(m'27r=|ﬁj‘Lz7r, ; 9148(m 4H), 1.26-1.00

(in, 2H). 25 Sc (75.5 I\/Hz): 139.3( : 128.2 (1), 126.0 (1),
69.28 (1), 59.78 (2), 39.95 (2), 3d .2(2) 23.53 (2). HRWVB
(el ectrospray node) = 192.1377940 ( M ’ .1382906). -16 WO
2004/ 111021 PCT/ GB20041002324 Exanple 8 -Pr eﬂ}hr ation of

2-cvcl ohexvl piperidin-1-ol N OH Activated MR (1.29 g, 14.8 mmol) was
added to a solution of Nhydroxy piperidgpge (0.50 g, 4.95 nmol) in

di chl oronet hane (25 L) at 0 C and the m xture
Act:vated MnO, (129 g, 14.8 mmol) was added to a solution of N-

10  hydroxypiperidine (0.50 g, 4.95 mmol) in dichloromethane (25 ml) at 0 °C and the
mixture was stirred for 1 h. The reaction mixture was filtered through a pad of
Celite™ and NaSO4. The filtrate was added dropwise to a solution of
benzylmagnesium chloride (2.0 M in tetrahydrofuran, 4.95 mL, 9.90 mmol) at -10
°C. The reaction mixture was stirred at 0 °C for 0.5 h and then saturated aqueous

15 ammonium chloride solution (25 mL} and dichloromethane (25 mL) were added. The

aqueous phase was separated and extracted with dichloromethane (2 x 30 mL). The

combined organic layers were dried (NapSQ4) and concentrated under reduced

pressure. The crude product was subjected to flash chromatography on SiO; eluting

with 60% diethyl ether in hexanes to give the title compound (0.309 g, 33%) as a
20  white crystalline solid.

ViaxNUjol™ mull)/em™ 3212 (br., O-H).

3y (300 MHz): 7.24 (m, 5H), 3.65 (d, 1H, J = 10.5 Hz), 3.40 (d 1H, J = 10.4 Hz),

2.66-2.48 (m, 2H), 2.40 (1, 1H, J=11.2 Hz), 1.79-1.48 (m, 4H), 1.26-1.00 (m, 2H).
25 8¢ (75.5 MHz): 139.3 (0), 129.6 (1), 128.2 (1), 126.0 (1), 69.28 (1), 59.78 (2), 39.95

(2), 30.62 (2), 25.92 (2), 23.53 (2).

HRMS (electrospray mode) = 192.1377940 (MH") (calc. 192.1382506).

-16-



5 was stirred for 1 h. The reaction mxture was filtered through a pad of
CeliteTM and Na2SO4. The filtrate was added dropw se to a sol ution of
cycl ohexyhnagnesium chloride (2.0 Min diethyl ether, 4.95 nL, 9.90 mmol)
at -10 C. THOeHU920n m xture was stirred at 0 C for Opér/ispacdodzban
sat urated aqueous ammoni um chloride solution (25 nlL) and di chl or onet hane
(25 m) were adc SE rFted and extracted with
e P For-rHed-orgete— | ayers were dried
(Na2Ss®™) and concentrated under reduced pres ure. The crude product was
subj ected to flash chromatography on SiQ2 glutjng with 40% diethyl ether in
hexanes to give the title conmpound (0.241 g, 2¥% as a white crystalline
solid. 15 v,,,,z(NujolTu mull)/cm1 or.N OH. SH (300 WMHz): 3.32 (d,
1H, J= 10.9 Hz), 2.49 (t, 1H, J= 11. %3 6 (d, 1H, J= 10.4 Hz), 2.04
(t, iH J=12.2 Hz), 1.84-0.90 (m 16%1). 75.5 MHz): 72.55 (1), 60.27
(2), 38.03 (1), 30.36 (2), 27.07 (2), 26. 97 (2), 26.69 20 (2), 25.73 (2),

23.92 (2). HRVSB (eI ectr e),r, 184. 6909 IVH) al ¢ 1695908) .
Barpl 50 - 56- it ACTTRRCNEDACTIR I ER BEGH e gt 1 sisahid o ot

2004/ 111021 Pﬁg@ Q@O’ri@@zﬁgﬁlmﬁeﬂm HelaoRR AN (23 L) at 0 °C and the mixture

1- hydr oxy- 2 6 nmet hy phol i ne 2, 6-D net hyl nor phol i ne (26.74 nlL, 0.22

mol ) was $ooMes stise ocldhahenwﬂegwtperwﬁi@rqdw@gh@ pad o Kgited™ agd rmol )

was added as r urs at
0 C (danger o?ia’exo‘*f her nq%laaﬂf‘ {vhéqu (#} Bg@é gé tegf :B%i%h e e%han_ t he
organic phasechlands@&thmd&dhybdth@Mgﬁiemlum%uhmaﬂp)ﬁ —# @Cc Ghe eedctiot ed.

Chr omat ogr aphy .on sili ysi her troI 7 as the.elu gave
Cheproduct ( mpdeuas ied oo o8 00 S b i freste iobboSmtrarasin fiPtide Vs
used i mredi akglhtiod (2SUHE) MdedhiatohRhafd (25 hﬁL)n\lvérE Q@B&ed. The aqueous phase was

10  separated and extracted with dichloromethane (2 x 30 mL). The combined organic

layers were dried (Na;SQO,) and concentrated under reduced pressure. The crude
product was subjected to flash chromatography on SiO, eluting with 40% diethyl
ether in hexanes to give the title compound (0.241 g, 27%) as a white crystalline
solid.
15
VonaNUjoI™ mull)/em™ 3195 (br., O-H).
&u (300 MHz): 3.32 (4, 1H, J=10.9 Hz), 2.49 (t, 1H, J= 11.7 Hz), 2.16 (d, 1H, J=
10.4 Hz), 2.04 (1, 1H, J=12.2 Hz), 1.84-0.90 (m, 16H). '
3¢ (75.5 MHz): 72.55 (1), 60.27 (2), 38.03 (1), 30.36 (2), 27.07 (2), 26.97 (2}, 26.69
20 (2),25.73(2),23.92 (2).
HRMS (electrospray mode) = 184.1690950 (MH") (calc. 184.1695908).

Example 9 — 2.6-dimethyl-3-phenylmorpholin-4-ol
, O]/
N
OH

-17-
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10 9.2. Preparation of 2,6-dinethyl-3-phenyl norpholin-4-0l1 Activated MO02
(0.50 g, 1.91 mml) was added to a solution of 1-hydroxy-

-2, 6-di met hyl norpholine (0.25 g, 5.72 nmmol) in dichloromethane (15 nL) at O
'C and t heWd3004ire02has stirred for 1 h. The reacti on m RCTIGB2004802834] t er ed
through a pad of CeliteTM and Na2SO4. The filtrate was added dropwi se to a

sol ution of pRpen 15 maar chlar tetrahydrofuran, 1.91 ni,
3.82 mmol ) at B(ilg"’? r}ﬁgyc%rlp?’fyni%%ﬁﬁhg q—gp(l"'llthprred at 0 Cfor 0.5 h and
Ejheﬂl sat ur athed aquaﬁmﬁﬂﬁhﬁbrplébhnef‘(aéﬁdﬂdsmm.ﬂmmm) (vtds edoledatid0 °C m(l:ld g

i chl or onet ha m_ a se was separagted an
extracted wi tﬁy é R?F%iﬂ&e@r?emg 9&5%8@%%@'3&@3% iSHITINgy e 5
were dri ed (N@ﬁ§%&n&wa§&m@f&rrsﬁem<b&rc %&%ﬁeﬁmyrﬁl Hfuct@adr ude
product was subjected to flash c romatograp y on SiQ2 el uti ngpvmth 60%

di et hyl ether extractcéxaho@hqr@nguthﬁemgMc phasbevae@mmtﬁbld(l@i ﬂma@esxgawﬂfafs) a white
crystalline sql /cnd 33 00 I\/Hz)
7.59 (m 211)° d7°§'~8"(t’r?‘. %‘ ori 1lb°ag g&merfﬁ@l(z%ies Fﬁrﬁ("' 1. 31
(d, 3H, J= 6. gawdahe pibdict (m,«,) Qdimxim 6nynH§)1 anBcidtBreolioMdrs) whichdvad ukdd . 127. 9
(1), 127.8 (1), 70.72 (1), 69.92 (1), 56.57 (2), 19.05 (3),18.36 (3). HRVS
(el ect r ospr ay aedistely ib s prepation of e mtropeal ¢ 208. 1329280) . 30 Exanple 10
- Axxiolytic Activity - Black and Wite Box Test The anxiolytic effect of

t he conpound of Exanple |I (Abio 09/01) was conpared with that of the

mar ket ed a0xi 8i2yPrepatation, ofdiediopdhyl-3apitenylworpboliedmdndi ng  conpound of

formula (A, nanely gi 6 10a dode I.no-
W0 50047 111021 peTheBRINE 1850 g gs’??m"j) 8‘%‘%[*8]% oDt 1 SRR
(hereinafter reé-ainialylinorphslifed(0028 gt 5.92 nfaedlp fu didhlofdmethanet (15 mit)egto Tdel
the effect of a stressful stinulus on the expl oratory behavi our of mce

receiving a c 8wl the migurewasitiFred &yl he Thedsastionapixiwe wat filtered tuongh avad of ef er r ed
to in Table 1cuagmt REI4,96] CPhe Hink®PWas Ldded dropwise to a solution of phenyl-

15  magnesium chloride (2.0 M in tetrahydrofuran, 1.91 mL, 3.82 mmol) at ~10 °C. The
reaction mixture was stirred at 0 °C for 0.5 h and then saturated aqueous ammonium
chloride solution (15 mL) and dichloromethane (15 mL) were added. The aqueous
phase was separated and extracted with dichloromethane (2 x 20 mL). The combined
organic layers were dried (Na,SO4) and concentrated under reduced pressure. The

20 crude product was subjected to flash chromatography on SiO; eluting with 60%
diethyl ether in hexanes to give the title compound (0.11 g, 28%) as a white
crystalline solid.

Vinax(NujoI™ mull)/em™ 3325 (br., O-H).

25 8y (300 MHz): 7.59 (m, 2H), 7.36 (m, 3H), 4.22 (s, 1H), 4.00 (m, 2H), 2.86 (m, 2H),
131 (d, 3H,J=6.2 Hz), 1.12 (d, 3H, J= 6.6 Hz).
dc (75.5 MHz): 132.2 (1), 127.9 (1), 127.8 (1), 70.72 (1), 69.92 (1), 56.57 (2), 19.05
(3}, 18.36 (3).
HRMS (electrospray mode) = 208.1332052 (MH") (calc. 208.1329280).

30 Example 10 — Anxiolytic Activity — Black and White Box Test
The anxiolytic effect of the compound of Example 1 (Abio 09/01) was
compared with that of the marketed anxiolytic drug, diazepam, and the corresponding
compound of formula (A), namely cis-1,2,3,4,5,64,7,8,9,10a,10b-dodeca-1,4-0xazino-
-18 -



G oup No. of animals Substance Dose 1 10 Vehicle O 2 10 D azepam 1. 25

ng/ kg 3 10 Conparative Conpound A 0.1 ng/kg 4 10 Ex. 1 (Abio 09/01) 0.1
ng/ kg The black and white box conprised a Pl exiglas open-topped box (45 x
27 x 27 cm NQp4/pagitt i oned on a bench 86.5 cm above t hertiomrodseysts in a
dark 10 and quiet room The test box was divided into two conpartnents
(ratio 2:3) by, g rtiti.on ej ght .60.cm) . Two . fift 2/ f the box was
pai nted | ack én‘g%ﬁﬁwmﬁ%&&\ﬁ'&w @eﬁﬁﬂﬂ'ﬁ}‘i r@%rretuoy ?%"{Rfmg%ﬁe ﬁﬂﬁl}’?‘"{‘ﬁe

remai nder of Ajqn BEY tdsBmolél] theEfeWvf atraRehl stilnhilugion ahe ekplérhtoryebdh@viviy 400

| ux) light source. The red and white lights are positioned 17 cm above the
box. The par t Pimisa receivinga¢ongpl enatheiapratic apony afiege pf teicompowdspdersdent and
white on the g§i: [ : Whit e conpartnent. The conpartnents are
connect ed by %@?gﬂlgﬁn\f(&’ﬁ‘%ﬁ%%%gpem ng in the centre bottom of the
partition.5The floor of the white conmpartnent is divided into nine fields,
and the floor of the black corrpartmen]r 1)5 divided into six fields. The test
roomis separated into two parts by a B 6l curtain. The drug treatnent
takes place |n art t T ooml[usi n m.ni mumired T ; the| ot her
part o]E) t he mgr%}/\l t.ha ltcﬁ BSEP]’P? C( nfaj%qgflq%ganﬁsqL qqumll%géjhjg est
system nornpl anilmal s show al@ref enence f ovelgolpl oratidn, neasured as
rearing behayiour, T MejTcross{Ig—ang tTme et T the U'Fd.(i' SECITOMm RS a
consequence pf thé aversive ptbpertiles of ﬁ%’éeﬂ?ﬂ ght Ly jlit %ﬁi”@ @real The
25 character| sticsactiop of anxiol ytiConfiedtivé Corpdd® [Penz@diagpi ne| seri es

Is to disinptbtrt—the—sHppressed—behavtour—causthg—arettst++but+on—Dpof
exploratory pctiviky inl the White dect E8nl (Ayia B¥0%hd whi t 0-b#ekgest s| have
been validated in mce, which are -19 WO 2004/111021 PCT/ GB2004/ 002324 the

nore suitable species for this procedure (Cpstall _et Pharm Bioch. &

Behavi our, 32, 77711‘-'?"8.5"1'(‘01‘9@‘)1) ..WlNati ® eapTsss c2a P ?Hgftls,rﬁ%’éﬂ‘&wgb bex 35 g
VoL e, e P S g 308555 0056 e BRI 1
10  and quiet room. The test box was divided into fwo compartments (ratio 2:3) by a
partition (height 60 cm). Two fifths (2/5) of the box was painted lack and illuminated
with a red light (4 x 15 W; 10 lux); the remainder of the box was painted white and
luminated with a 60 W (400 lux) light source. The red and white lights are
positioned 17 cm above the box. The partition is black on the side facing the black

15  compartment and white on the side facing the white compartment. The compartments

are connected by a 7.5 cin x 7.5 cm opening in the centre bottom of the partition. The

floor of the white compartment is divided into nine fields, and the floor of the black

compartment is divided into six fields. The test room is separated into two parts by a

black curtain. The dmg freatment takes place in one part of the room using a

20 minimum red light; the other part of the room, without lights, contains the test
system.

In this test system, normal animais show a preference for exploration,

measured as rearing behaviour, line crossing and time spent in the black section as a

consequence of the aversive properties of the brightly lit white area. The

25 characteristic action of anxiolytic agents from the benzodiazepine series is to

disinhibit the suppressed behaviour, causing a redistribution of exploratory activity in

the white section. Black and white box tests have been validated in mice, which are

-19-



5 lightldark cycle wwth lights off at 07.00 It Behavioural testing was
conduct ed between 13.00 and 18.00 h in a darkened roomillumnnated with red
light. Mce were taken fromthe dark holding roomto the testing roomin an
encl osed tr &0 2¢p4/anekial | oned at | east | h for adaptati onpCDGBE@4NRB24

envi ronnent . The ani mal s each receive a control or an active agent

he m e ar o A pIT B ot o, FrbBRbe, ol b . PR, Bhack i '

opposite to tmhwar;:u amand(tmy)r behaw our is recorded by renote video

over a 5-mnute-ex . od Th ts are sho Tale2 bel ow,
wherein TB = tine &%Wﬁf@a‘?@&a‘b&?mmﬁf ﬂ éﬁer%%ea stp%
passages throuyghes h&%m@grﬁdusem eaewca @h{)fo}%%&m@me% apalwﬁo\é'r o =

total nunber of crossi Rent = er of rearings; RB/TB = rearings
in the whife dtghﬁﬁdﬂrknmlnmthhghts nff\nhDTQQh.mha\BouralctpstsmwaggonductenéeMte

corrpartrrent/t RN/, TN = .reari.ngs. art t/tlrre
o B ack: " C ROL B ABI0rR i aenedt 580 o gial il o bt TR SR, Top o
2 Di azepam EX.frdm (helalafk RAdiAZ Yodao e RisiingeroGanii ad Reéclésed trolley aid Kibwdkt 10/ kg
0.1 ng/kg TB +33.2 +53.4 +52.1 FI +12.7 +11.5 +8.1 PT +1.5 +0.9 +4.1 Atot

+46.7 +10.4 +3epstil hfe%e@apﬁayentoth?ngmi‘gmymﬁt ot +21.2 +5 +23.9 RB/ TB +0. 06

+0.02 +0.04 RN TN £0.: orEThG +0. 1
0008 4008 - 50 vooeTtat sih wlkiyla chtid ridh Aive el %i&i‘%h%@? Olm))/tlc

Activity -10El eninttesl befores tebtinge AtrthRatag dfttbe Yestribremics argrlﬂacmllcmtedhef white
Perspex(r) andec Al orfl R %ox, a(r:mg Y wgl% o;oaﬁ)t?sﬂe to the partition and their behaviour is

recorded by remote video over a 5-minute experimental period.
The resuits are shown in Table 2 below, wherein TB = time in white section;
FI = Initial potency; PT = Total passages through the partition; Ay = Total
15 exploratory activity; Ci = total number of crossings; Ryt = Total number of rearings;
RB/TB = rearings in the white compartment/time in white; CB/TB = crossings in the
white compartment/time in white; RN/TN = rearings in the black compartment/time
in black; CN/TN == crossings in the black compartment/time in black.

20 " Table2
Diazepam | Ex.1(Abio 09/01) | Comparative Compound A
1.25 mg/kg 0.1 mg/kg 0.1 mg/kg
8 +332 +53.4 +52.1
FI +12.7 +11.5 +8.1
PT +1.5 +0.9 +4.1
Aot +46.7 +10.4 +53.7
Ciot +30.7 +7.5 +19.1
Reot +212 |- +5 +23.9
RB/TB +0.06 - +0,02 +0.04
RN/TN +0.09 +0.06 +0.13
CB/TB +0.08 -0.05 +0.01
CN/TN +0.1 0.08 +0.08
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2 closed), each 50 cmlong by 9.5 wide and 40 high (closed arnms only)
connected by a centre square (9.5-x 9.5). The open armhas a small lip (3
nmm to assist inthe 5 retention of the rat on the arm The apparatus was
housed i n awWmw/unokr subdued |ighting conditions. Thi ecasedosbesased on
t he observation of spontaneous activity of rodents placed in an aversive

envi ronnent p ced by hel ften eSne Th n arnms evoke nore
fears, and thwmmmm%dwgs i ncrease 10
the exploratory acTheXiyazerid cotstructedirem Rekspex®rané somptises i ape (2 ageis. Rats
were allowed_at |east houy t ccl j,mat | 1o the environpent before
testing commed ?“%’ Eﬂcﬁéot%%ﬁgﬁgss ‘WQP@“%EQE/}E\#I@"?EH ag“bg’é]éfg&npﬁﬂ Y bl i nd
desi gn, 40 n pulag. RELRL &.5 RINGVIALbA LfShis" HRPE! ARY) tBa8sistRAlde Ver e
pl aced onto the ce%t?je S u%??!gf tﬁeﬁé%- malzes ?gﬁgﬁggspegi ?i eas opetﬁe arm
and its belavirdentionad thembonda: dn. Theepmratisiwes Hosed gy a goofn muden subdued

experi nment al Eiali. od. The behavi oural paraneters were subsequently assessed
by technician g D% he vi deotape and included: entries into each arm

type, time spent OFhRaGHdeR§bhADN ﬂh@@bédﬂ&ﬁoﬁtdfesgsﬁta@éoh@radthﬁ@s(tft&roafsnt@nd head
dips. The results are shown in Table 3 below 20 Table 3 Conparative Ex. 1

In open arnms Vi ineatppygreipa ma iyheight end often spagesfbR §pen 125

ducedh
ng/ kg % i nmes 9 %02 9 r weS: flqs 1.1
52104 txanp POy goke R Rites T Mo IR SR olor o Aot Hibeited (12
derives friém tlecexplasterc agpitydingnthe huthberasihadrieshinkg lesepeasaihs VR ats weseel, as
descri bed by | onj et i n_Phar maco | ochem Behay. 5 46, 423-6 (1993)
and Ganbar analgﬁ?w‘?‘:d atielﬁasgi gy toFﬁ‘?glPﬁEB h‘o_ Eﬁ Fﬂ%‘&ﬁ%ﬁﬂ??&@?ﬁﬂ%ﬁ& commenced.
Neur opsychophayripedtmerts wedd giver i 9D Sdeudd26RASH) BlirdUedign UPMRIvER Meforst I ess

i nduces hyperactive behaviour, which, after 24 hours, nmakes the rats unable
to escape fr behayiowsd jtesting,iay approprgie. Rats were plassherde the esntie sapsredeitheXst r ess

make 0-5 escapgse facy ¥'Qeaibd/ obbd Yad, s FerNigrA0%3eeborded by remote video

15  over a5 minute experimental period. The behavioural parameters were subsequently

assessed by technicians reviewing the videotape and included: entries info each arm
type, time spent on each arm type, rearing, stretch attend postures and head dips. The

results are shown in Table 3 below,

20 Table 3
Comparative Ex. 1
In open arms | Vehicle | Diazepam Compound A (Abie 09/01)
0.125 mg/kg 0.125 mg/kg
% time spent | 11%4% 25+ 5% 21+ 11% 39+ 10%
No. of entries- | 1.8+0.5 4+0.6 3+1.1 52+14

Example 12 — Anﬁdepressant Activity
The “Escape deficit” test that derives from the classic paradigm of “learned

helplessness” was used, as described by Meloni ef al. in Pharmacol. Biochem. Behav.
25 46, 4236 (1993) and Gambarana et al. in Behav. Pharmacol. 6, 66-73 (1995) and
Neuropsychopharmacol. 21, 247-57 (1999). Exposure to an unavoidable stress
induces hyperactive behaviour, which, after 24 hours, makes the rats unable to escape

from a nociceptive stimulus. Rats exposed to unavoidable stress make 05 escapes
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out of 30 trials, while naive rats realise 26-30 escapes. C assical
anti-depressives prevent the occurrence of the escape deficit after chronic
treatment (15 days). Rats were treated intra-peritoneally (IP) for 15 days,
and then sub¥Oeeddimwa t he unavoi dable stress (16 hours a@ctreRfB2bdaolsast
dosing) prior to being subjected to the 5 escape test (24 hours after the

| ast dosi ng) r,aesul S n.la 4 bhel ow., Table 4 Treat mnent No.
of escapes Né]“\ltj 2°’§ 3][? Ug’é wgﬁ%éﬁfg %%404 CSERTS AP lassICAL SBHHSHERIR 3. 5 ¢t
0.9 Ex. 1 (AQireverhe ddcusrénct of the®scdps dsfditifiel Chrdgic nehrehi (35 @ags). 10 From t hese
results can be seen that, although the anxiolytic effects of the_  conpound

of this invention zBfi‘&FWﬁé'IE@P&)WTPPQ@“WIW&P)@&1504#%@&@&“’9&3@%@“"1E%ﬁl?ﬁounds
of the same cl w

i nvention in t‘ﬁ%&%‘%@ti éésEn in??%“é%o?%?ﬁ?%ﬁ%cﬁ@% )teﬂmcgy g gul@ y gr eater

t han that &f tdampe@h@&dmbnsmﬁeqihcbst@smg):dhpmsmamshcmmanr"l‘(abhm'csimported
here, the conpound of the 15 invention results in bringing the aninmal's
behavi our back to the | evel of naive aninmals (who had not been subjected to
t he unavoi dabl e stress). Exanple 13 - Apghiglgpressant Activity - Despair and
open field tests Rats treated with the conpound of Exanple 1 re conpared
to either rats 20 t|reated V¥rediniehe cl assijcal arNd depcapsant , ¢l om pram ne
or controls in the spaiTtest, (forced—sw ne groups were al so
tested for the reserjine-i ndu@lé’d'echanqes iln__open ‘f?§ P behavi pur. 13. 1.
Animal s 25 Male ratsl] of the Wapidgd strain (purchaqeﬁ.,.brz;om Charlles R ver,

Italy) weighing 220~240—g—were—used—t-hrodugheuwt—alt—exper+nents. For at
| east | week prior tjo ﬂ@mpa@hp@ebmmnndﬁthq rats Wérfei-ﬂﬁused folr to a cage
at a constant tenperf@iure,of -Z2Z O 32004/ 002324
and under a 12-h |ight 'K ' 120: 00), with
food and
Examples 1012 — conclusions
10 From these results can be seen that, although the anxiolytic effects of the

compound of this invention and the comparative prior art compound (being
compounds of the same class) are similar, the success of the compound of the
invention in the test for antidepressant activity is significantly greater than that of the
comparative prior art compound. In the resulis reported here, the compound of the
15 invention results in bringing the animal’s behaviour back to the level of naive animals

(who had not been subjected to the unavoidable stress).

Example 13 — Antidepressant Activity — Despair and open field tests

Rats treated with the compound of Example 1 were compared to either rats
20  treated with the classical antidepressant, clomipramine or controls in the despair test
(forced swim). The same groups were also tested for the reserpine-induced changes in

open field behaviour.

.13.1. Animals
25 Male rats of the Wistar strain (purchased from Charles River, Italy) weighing
220-240 g were used throughout all experiments. For at least 1 week prior to the

experiment, the rats were housed four to a cage at a constant temperature of 21 °C,

-272.



water available ad libitum 13.2. Drugs and treatnent 5 A group of aninmals
received a treatnment with cl om pram ne hydrochloride (50 and 100 ny/kg).
The drug, purchased by Sigma (USA), were freshly diluted in physiol ogical
sal i ne and Wf) We4/Bdoiintraperitoneal ly (1 P). Rats subj ect rdr/Gs2aover2dmspai r
test received three such injections 24, 5 and 1 hour prior to behavi oural

test. Physiolaqi 1l i ' . i .ohB ) ol | mal s. The
conmpound of %q@gﬁn%?%h]!&%@%ég&@gﬁ@ %ﬁgﬁ%goprﬁ %g?'ggﬂlk‘jgﬁtf%@d]a%afoup of
rats. An acutwatkPavailpide tud &hingh. cl omi pram ne hydrochl oride (50 ng/kg) or of

the conpound of Exanple 1 (0.2 and 0.5 ng/kg) or physiol ogical saline was
made in aninmals subjected to the reserpine-induced changes in the open

field test (t{ggz_imn%graha@reamtnade together with the | ast reserpine
adm ni stration, eag. 1 prior to the open 15 field test). Al animals were
t£y0

h
gently manf pul ate UPqS apmalicieerives troatmaent witk slogpreming hyidgichigride (50

i t al i cAl . i i i cal
oa § neadm ni S 1 EED, 18 G puRBaRa WY KRELPIUSR), Nied9 ety R B 0 B
sol ution wi t hplysBgical gelirstaad mjedsd mireweritorealty @Pp RaBilsubjected taythe dekmir | P
i nj ect i 20 21 | ength .(for SG.injecti . _Th i na)
andont v abs GHOtPPSehTee (T ANEHonS oy SR P PESqIo0 APVINEL (¥ ¢ he
behavi our al eﬁﬂ%idléﬁém%gﬁﬂe?(sameﬁw\ﬁj@&é@@ 6 Sbrftrol Qhintdle THE TRApburidest . rats

were individually forced to sw minside vertical 25 Plexiglas cylinders
cont ai ni n{ 15Example 1(B.2&nd faime/ke) e injectablPdo agsauprod 1a1%6:  730- 732, Porsol t

t al., 1977). Aftgr . . I d t
ry for 15 mn in Sl inldudd 6 Mo rmb O ML RCHETINE el of of HEC 1O
cages. They vempoundpifdbachpleni (2 any 0iSnmefkg) 24 physiclogical sakinet Was madain
duration of imuobjlit. s, neasur ed rj a 5-pgin test at, was judged
Co be +mroi | Bupansubibsted B ugrenanat il ddnder eitaert Rofg S Hlerks “Oh
slightly hunclagnaué tepRited Rith RS iabi R¥brpihé Sdmb@adtibtl ¥ g. ADW Yot l3a&hs Updmce.

Reser pi ne-i nduced changes in open field behaviour was studi ed according to
t he met hodS deBeldit®dd i n Naunyn- Schri edeberg' s Arch. Pharnacol . 293: 109- 114

E)X%H)?gigi g;l alséi i @17 QhimdARE SRk | By RlallPlatddS0) HPSridcss Fhoifiks! Keepers
avoiding any environmental or physical stress. Rats subjected to drugs or
physiological saline administration received an injection of a 1-mL standard volume
of solution with a 23-gauge stainless steel needle of 31 mm length (for IP injections)

20 or 21 mm length (for SC injections). The animals were randomly assigned to any

treatment group and were used only once in the behavioural experiments.

13.3. Behavioural tests
For the despair test, rats were individually forced to swim inside vertical
25  Plexiglas cylinders containing 15 c¢m of water maintained at 25 °C (Nature 266: 730~
732, Porsolt et al., 1977). After 15 min in the water they were removed and allowed
to dry for 15 min in a heated container before being returned to their home cages.
They were replaced in the cylinders 24 h later and the total duration of immobility
was measured during a 5-min test. A rat was judged to be immobile whenever it
30 remained passively floating in the water in a slightly hunched but upright position, its
head just above the surface.
Reserpine-induced changes in open field behaviour was studied according to
the method described in Naunyn-Schmiedeberg’s Arch. Pharmacol. 293: 109-114
(Vetulani et al., 1976). Reserpine (Sigma, USA) was dissolved in physiological saline
-23-



-23 WD 2004/ 111021 PCT/ GE2004/ 002324 and injected daily for 14 days at the

dose of 0.1 ng/kg subcutaneously (SC). A period of 1 hour after the |ast

i njection of reserpine, animals were subjected to the open field test. This
consi sted oWaMe+tgedure of anbul ation and rearing of thecr/aB2iowoesmi rcul ar

area divided into 17 equal sections and lighted by a centrally suspended

| anp. The 5 a . expl e t,at ] terio a

recorded in S&r?n(ﬁ%lc?'eeégtd.gﬁﬁﬁoéwgsp{g saég%sdog? oé(ggﬁl.%sﬁlg%l\g%gusg%@@eﬁp\é\@dzr t he
wal | s vvelre aljsbl heoafideilie last mjdttion gﬁei&apmaanimm&abisﬁhjéaed toahabpeaifielddl | dat a
wer e anal ysed, usi uni.vari ate random_desi gn an si.s of ~variance 10
(one-way ANOVEF: ctoﬁfl}“ﬁ‘iQ? @?&Wﬁﬁé@?’%@gﬁ‘%ﬂﬁf f‘%?{‘ihﬁlrgl’é&r?ﬂa‘l‘lﬁrsons. A
P- val ue of 0gd3 dRidddomfo VPSRl Setiey S8 Bshtddns E%Eﬂﬁéﬁr%sp%néédgﬁmb.' PRNL

di fference. Wiere not indicated, one-way ANOVA revealed no significant

level of vari ameesxpiired by thettabat ledst Withi_gniietiﬁntgﬁ“fsnﬁashécﬂié%ﬁaiﬁnlimtsith Theor ced
t . .
oo pr am ne. SRS bEal byaREE A@ObGR T VOR o83 RoPER TS il | o

ng/ kg) are shown in Table 5. Table 5 Treatnent Duration of Imobility
Pl acebo (6) 167.60 9.44 Clom pramne 50 ng/kg (4) 105.95 9.13* Ex. 1(Abio
09101), 0.2 ng?AStatisticabamalysis 11 11 Ex. 1 (Abio 09/01), 0.5 ng/kg (6)

109.83 9.12* Val ugg Hif Eﬁ%aly&dEué}ﬁ RRIELALAGH GRsibA GndlYWID6E v{andd)i MBl S
per each 20 group iIs in%lvi cated. *Si ggnJin?Ycantly diffsé1 ent gggpco‘r(rpe??ed to

pl acebo- t A@at éxheswryt ANDY A)pand the pest hodlmmstts test fog mufitéple pompirisbes. A P-
compari sons). e RHEBSE 181 uh Gkl & G €Iy e BRLRCHBhL WS

i njected with ~physrorogical e as ace om pram
or with the caopaditsied, 2he-ofay ANOVAevealel nd sighidichkit 1@ &yariaddee nunber of

floor units and reari epi spdes i.h rats injected wt Si ol Qgi ca] saline
as placebo, with c?ﬁ%ﬂ%ﬁ%ﬁq H€m§¥3° R@ﬂﬁé?ﬁi’%teﬁﬁgo@ﬁj&ﬁ%% rats ject

with physiological saline as placebo, with clomipramine 50 mg/kg or with the

15 compound of Example 1 (0.2 and 05 mg/kg) are shown in Table 5.

Table 5
Treatment Duration of Immobility
Placebo (6) 167.60 + 9.44
Clomipramine 50 mg/kg (4) 105.95 £ 9.13*
Ex. 1 (Abio 09/01), 0.2 mg/kg (6) 167.00+ 11.11
Ex. 1 (Abio 09/01), 0.5 mg/kg (6) 109.83 £ 9.12*

Values are mean + S.E.M. In parentheses the number of animals per each
20  group is indicated.
*Significantly different as compared to placebo-treated conirols (p < 0.05,
Dunnett’s test for multiple comparisons).
The number of floor units and rearing episodes in rats injected with
physiological saline as placebo, with clomipramine 50 mg/kg or with the compound
25  of Example 1 (0.2 and 05 mg/kg).
The number of floor units and rearing episodes in rats injected with
physiological saline as placebo, with clomipramine 50 mg/kg or with the compound
of Example 1 (0.2 and 05 mg/kg) are shown in Table 6.
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of Exanple 1(0.2 and 05 ng/kg) are shown in Table 6. -24 WD 2004/111021
PCT/ GB2004/ 002324 Table 6 Treatnment No. of Floor Units Rearing Epi sodes
Reserpi ne + placebo (12) 131.3 12.1 6.4 0.2 Reserpine + clom pram ne 50
nmg/ kg (7) 8woowof11ig212.4 t 0.2* Ex. 1 (Abio 09/01), 0.2 pgrig0pd@pizk28. 1
11.9 5.9 0.3 Ex. 1 (Abio 09/01), 0.5 ng/kg (12) 92.2 11.1* 2.2t 0.5*
Val ues are nean S.E.M |In parentheses the nunber of aninmals per each 5
group is indicated. One-way ANOVA reveal ed no significant |evel of variance
for treatnent for "nunber of floor uniaBleq F(3,29) = 2.27 (p < 0.10)] and

for "rearing episedes——{R-3+-20)=2-10(p—<O-10H—= £

ant fi ocant |
T W OOro U Ll_\le—u T 3]‘“ 1 CCATrcr

] 3 Y
di fferent as donpared tdlregtmenti ne + pl a\aﬁmﬁMrhﬁwQMMEﬁmisodélj nett's
test for nmultijpre cQIpar.sSons) ., 1 3. 5. [Respy].t cgnclt Thése
results show tjhat & %a@i%e‘ﬂ@thp com)] r}éiﬁ{ Exgopl (L;(.)S{gg@ Q. 5 no/kg
exhi bit a si grjiHdsepitie {iAsmipamno50 ngkRley) i t v shisms.in the degpapp*test in

i PR PN - At I AP
conpari.son to fFre—eoeftror— ect—was—srnrrar—to—trat—oi ats

treated with [|15E& b § ﬁﬁéon&f’gnjé Zlé)m I penl28ilat §l.Ber flor meR@e0i3n th
[ t est t T ATy 1
s or o ang lenkoE Al Bo0PY B3R AOP L7 L LATAPPC] O B2 05 T 1Pt e

with the conmpound of Exanple |I at 0.5 ng/kg in conparison to the control
group. These effec were siml hose .of rats eat W th clompram ne
30”55 g/ ko, Exanp AR e e ¢S B IPFGRyed B blee of Soltd LG O
Further stydi ggoueik Sndiediéil OrRCy 0 APV A geviellied a8 6iglfitahC1eRéllf gfotarighce! fo@

conpound of Exanple 1 and the conmpounds of Exanple 2-7 [ Conpounds Pl-P6] 25
with that of tisamet kst agmberceioflgar wutg (3.2 ﬁ%aﬁfﬁg )} ¥ 951 Fe85PYNdi ng

conmpound of f %ﬁb‘&e@” w’ﬁ)@gﬂgt@kioyl@)]po npound A).
*Significantly different as compared to reserpine + placebo controls (p < 0.05,

928

Dunnett’s test for multiple comparisons).
10
13.5. Results and conclusions
These results show that rats treated with the compound of Example 1 at 0.5
mg/kg exhibit a significant decrease of immobility time in the despair test in
comparison to the control group. This effect was similar to that of rats treated with
15  clomipramine 50 mg/kg.
Open field performance in the reserpine test revealed a decreased ambulation
(number of floor units entered) and rearing (number of episodes) for those rats that
were treated with the compound of Example 1 at 0.5 mg/kg in comparison to the
control group. These effects were similar to those of rats treated with clomipramine
20 50 mg/kg.

Example 14 — Anxiolytic Activity — Black and White Box Test
Further studies were conducted comparing the anxiolytic effect of the
compound of Example 1 and the compounds of Example 2—7 [Compounds P1-P6}
25 with that of the marketed anxiolytic drug, diazepam, and the corresponding
compound of formula (A) (Comparative Compound A).
In the black/white test system (B/W box) normal animals showed a preference
for remaining in the less aversive compartment, measured as time spent in black
-25-



In the black/white test system (B/ Wbox) normal aninmals showed a preference
for remaining in the | ess aversive conpartnent, neasured as tine spent in
bl ack -25 WD 2004/111021 PCT/ GB2004/ 002324 section, as well as for

expl or at i onWOrB@AAI08Y as rearing behaviour and |ine croROTAGB2004/08232¢
consequence of the aversive properties of the brightly lit. The

characteri sti act.) f&né!p i C ' bR RRr L stk huti on of
expl oratory ag?cf]\e/{lf’t*gl%a%rlll t1me ﬂJgpenf mfén tﬁzdsv\ﬁlr i tg gect | 0%1.1& gﬂtg%ﬁdl%hse was
pl aced i nto t heacensageenst aftibe whersize pooperies lof thé brighthalib el ¢hgracteristiopeni ng
bet ween the B/ W conpartynents. . Aninal s behavi.our s recorded. . . renote

oF oo camra PHICSTARKOVEE sep® jo e TiEthaten S Belriah bl al it or
the TV by twosgpemahewsiteseaies.e of drug treatnent. The fol |l ow ng behavi oural
paranmeters_were recorded: 10 a) the latency of the_initial novenent fromthe

white to the bl ackEsghanouse wagplaced mfo thecentre,pf the ahite; brightly lifaren dagking, Tw

(see); the ti ' | I \Jaf nce : 5
- TW=TB (se§§%e ;%@Fﬁg&rﬁﬁg‘é&@?@ %gﬁg}l??sdns gltgvb\gfelaenvﬂ)t‘ﬁ?a%agc Og%eﬁpbg’:atenents T
(No./5 min); reiote weleo ogmbradot § winnyies. The heconlingsevare duliskqektly evgdeatedent s, Awt
(No.15 mn); 15 he total activity i.n th v%it rea.throughout the tine
spent in the %&ﬁ ‘ti%, @Fg‘g‘? OPFRIAAPRRY A .f/dé'%%;ea enﬁ’r@letﬁpgynn&cﬁq%p%ra n the

bl ack area thpaigleRidwirbeechide®: spent in the black area: At,iB/ TB (No./sec);
g) the total nunber of extgl oratory rearings: Oéfo h) the

Rat No./5 m :
D nundr 81 e Iesney Er R T EmERoRE b Fagte 1 e bloek AReRde 5
| t ! i i {4 - ND. : i nb f
Pt oos! ngSF e e Sebt' W0 wfiffo il THRY 1 (DB shf e blhol s HIMOET ©

Vehicle 0 25 2 Diaknbpalhykihedifferphéay 3- ThpdBaséaye Conpound A 0.1 ng/ kg 4

conmpound of E)é? nB:!e ﬁut%xber%f tlransn%ogg between the two compartments T (No./5 min);

d) the total activity in the white and black compartments, Ay, (No./5 min);
15 e) the total activity in the white area throughout the time spent in the white area:
AptW/TW (No./sec);
f) the total activity in the black area throughout the time spent in the black area:
AyB/TB (No./sec);
g) the total number of exploratory rearings: Ryt (No./5 min);

20 h) the total number of line crossings: Ciot (N0./5 min);
i} the number of exploratory rearings in the white section RW/TW (No./sec);
j) the number of line crossings in the white section CW/TW (No./sec).
Treatment was:
Vehicle 0
Diazepam 1.25 mg/kg
Comparative Compound A 0.1 mg/kg

25

compound of Example 1, 0.1 mg/kg
P1 0.1 mg/kg
P2 0.1 mg/kg
P3 0.1 mg/kg
P4 0.1 mg/kg
P5 0.1 mg/kg
P6 0.1 mg/kg
Each group was composed by 8 animals.
-26-
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5P 0.1 ng/kg 6 P2 0.1 ng/kg 30 7 P3 0.1 ng/kg 8 P4 0.1 ng/kg 9 P5 0.1
ng/ kg 10 P6 0.1 ng/ kg Each group was conposed by 8 animals. -26 WO
2004/ 111021 PCT/ GB2004/ 002324 Results are shown in the foll ow ng tables.
Par anet er 1WQL204€HE8R21L (see) Animals Mean SD SE Vehi cl ePOVMGBEOYOR3IZH6. 200
10. 2320 4.576 D azepam 1.25 ng/kg 8.000 13.750 6.8400 2.418 P1 0.1 ng/kg

8. 000 20.125 15.58 %Els . 8pRO0 19.625 8.4340 2.982 P5 0.1
mg/ kg 8. 000 20. 625%?@8 50\5%?9&%5&8{%@}; g 8.000 14.500 6.6550 2.353 L:
ANOVA conpari son was not signif lean 11 M Sspent in Wiite area
(TW(sec) Animals Mean_SD_SE eﬁﬁﬁa%&ﬁg} 49, 7770 _22.261 D azepam
1.25 ng/ kg 8 97.750 €1.9860 21.915 Mm&ls lg;ﬁ 75Qg]§2 7140 18. 637

P2 0.1 ng/kg 8 59. 250H39-6346—13-861 —4—e ,W 95+25—410. 6360 14. 367
P6 0.1 my/ kg 8 152. 125 3VehwlCME 137 5000 ANeA0 £ 403320 sHha/{ s =

i gnifi t) P-val : . Vehi cl e CMC,
sionificant) P.val ve [ Salcha F¥yplaEa™ 13480 [T ddbo P07 | Vehi ! ¢

P1 0.1 mg/kg 8.000 |20.125 | 15.5880 | 5.511
P20.lmgkg | 8.000 |19.625| 8.4340 |2.982
P5 0.1 mg/kg 8.000 |20.625| 8.2620 |2.921
P6 0.1 mg/kg 8.000 |14.500| 6.6550 |2.353

L: ANOVA comparison was not significant

5 Parameter 2: Time spent in White area (TW)(sec)
Animals | Mean SD SE
Vehicle CMC 5 74.200 | 49.7770 | 22.261

Diazepam 1.25mg/kg | 8 97.750 | 61.9860 | 21.915
P10.1 mg/kg 8 |116.750 | 52.7140 | 18.637
P2 0.1 mg/kg 8 59.250 | 39.0340 | 13.801
8
8

P5 0.1 mg/kg 105.125 | 40.6360 | 14.367
P6 0.1 mg/kg 152.125 | 37.1580 | 13.137

TW: ANOVA comparison (S = significant)

P-value
Vehicle CMC, Diazepam 1.25 mg/kg 3502
Vehicle CMC, P1 0.1 mgrkg 1245
Vehicle CMC, P2 0.1 mg/kg 5844
Vehicle CMC, P5 0.1 mg/kg 2608
Vehicle CMC, P6 0.1 mg/kg .0065 S
Diazepam 1.25 mg/kg, P1 0.1 mg/kg 4290
Diazepam 1.25 mg/kg, P2 0.1 mg/kg 1134
Diazepam 1.25 mg/kg, P5 0.1 mg/kg 7580
Diazepam 1.25 mg/kg, P6 0.1 mg/kg 0277
P1 0.1 mg/kg, P2 0.1 mg/kg 0203
P1 0.1 mg/kg, P5 0.1 mg/kg 6275

_27.



Vehicle CMC, P2 0.1 ng/kg .5844 Vehicle CMC, P5 0.1 ng/kg .2608 Vehicle
CMC, P6 0.1 ng/kg .0065 S Di azepam 1.25 ng/kg, P10.1 ng/kg .4290 D azepam

1. 25 ny/ kg,

P2 0.1 ng/ kg .1134 Diazepam 1.25 ng/ kg,

D azepam 1. WO 20821 P6 0.1 ng/ kg .0277 S P1 0.1

P1 0.1 no/ kg,
P-value P1 0.1 nyg/k
P2 0.1 ng/ kg, P6 0.

Paraneter 3: Transi
9. 600 6.4650 2.891
ng/ kg 8.000 19. 500
0.1 ny/ kg 8.000 14.
T: ANOVA conpari son H=
CMC, P10.1 ng/ kg . O]
ng/ kg . 3459 Vehi cl

my/ kg,

P5 0.1 mg/ kg . 7580
RA/CBD0aELRg . 0203 S
P5 0.1 ny/Kg . 6275 - 27 WO 2004/ 111021 PCT/ GB2004/ 002324

P60 T g kg
mg/ kg _. 0004 S _P5 0.1 ny/kg,

AA47—P2 01

;drgﬂﬂe;

0.1 ng/kg . 0609
/kg .0551

y i ons/ 5P[nor1

Iggkgm; oming/kﬁgan SD

1"\"\

SE44Vef

icle CIVCS.OOO

LII aszcpyalll I y4pe)

0. 8630P%064&@%¥£§3ﬁﬁﬂnﬁﬁgkg78 0(

\)? O‘-h.

00689000 9. 5320 3.370 P5

0 3.306 P10.1

150 7. 3859 (23 Po0] Agls ™V KO

a-;nnn_rn

1 25

. QRfpa24. 25

0 11.2220 3.968

OV Dy

r'43 Ve RS ) langlks, P62l pe/keny/ kg

| o431

kg .4885 Vehicle
fehicle CMC, P5 0.1

€ CVC, P6 0. T ng/ Kg . 00985

Parameter 3: Transitions/5 min (T)

Animals | Mean SD SE
Vehicle CMC 5.000 | 9.600 | 6.4650 | 2.891
Diazepam 1.25 mg/kg | 8.000 | 13.375| 9.3490 | 3.306
P1 0.1 mg/kg 8.000 | 19.500 | 10.8630 | 3.841
P2 0.1 mg/kg 8.000 | 10.000| 9.5320 |3.370
P5 0.1 mg/kg 8.000 | 14.750| 7.3050 |2.583
P6 0.1 mg/kg 8.000 |24.250]11.2220 | 3.968
T: ANOVA comparison
} P-value
Vehicle CMC, Diazepam 1.25 mg/kg | .4885
Vehicle CMC, P1 0.1 mg/kg 0743
Vehicle CMC, P2 0.1 mg/kg 9413
Vehicle CMC, P5 0.1 mg/kg 3459
Vehicle CMC, P6 0.1 mg/kg .0098
Diazepam 1.25 mg/kg, P1 0.1 mg/kg | 2033
Diazepam 1.25 mg/kg, P2 0.1 mg/kg | .4801
Diazepam 1.25 mg/kg, P5 0.1 mg/kg | 7730
Diazepam 1.25 mg/kg, P6 0.1 mgkg | 0271
P1 0.1 mg/kg, P2 0.1 mg/kg 0517
P1 0.1 mg/kg, P5 0.1 mg/kg 3219
P1 0.1 mg/kg, P6 0.1 mg/kg 3219
P2 0.1 mg/kg, PS5 0.1 mg/kg 3219
P2 0.1 mg/kg, P6 0.1 mg/kg 0046
P5 0.1 mg/kg, P6 0.1 mg/kg .0517

-28 -



D azepam 1. 25 ng/ kg,

ng/ kg .0271 S P1 0.1 ng/ kg,
.3219 Pl OowoseyHy21P6 0.1 ng/ kg .3219 P2 0.1 ny/ kg,
P6 0.1 ng/kg .0046 S P5 0.1 nyg/Kkg,
20041111021 PCT/ GB2004/ 002324 Paraneter 4 :

0.1 ny/ kg,

P1 0.1 ng/ kg .2033 D azepam 1.25 ng/Kkg,
.4801 Diazepam 1.25 ng/kg, P5 0.1 ng/kg .7730 Diazepam 1.25 ng/kg, P6 0.1

Tot al

P2 0.1 nmg/kg . 0517 P1 0.1 ny/ kg,

P2 0.1 ny/ kg
P5 0.1 ny/ kg

RECTOGB20p400RTR4 . 3219 P2
P6 0.1 ng/kg .0517 5 -28 WO
Activity: Anmt (NoJ5 min)

Ani mal s Mean SD SE Vehi cutarmmoomammmwmm 990 Di azepam 1.25

my/ kg 8.000 213.125
P2 0.1 my/ kg 8.000 1

37.8490 13.382 P6 O

conpari son P-val ue
P10.1 ng/kg .0123 S

ng/ kg .0126 S Vehic

ng/ kg .5821 Di azepam-1-—=25

P5 0.1 ng/ kg .5732

68. 625 53, 6020 Eéﬂﬁéﬁ P@ﬂﬁn JE§§ o} .é 19;§58016 o8
- 1 Nahiege 8MIV0 2236065 |422.166 )4947@ 219900t . ANOVA
Veht-cte—EME—Dr am—- —0035-—S—MVehi cl e CMC,
epnemel Z2nmg/he] G000y 243 12D hBBSBIR3&I% VG, P5 0. 1
+ #0 1 Ffy 1 900 T995R g dodel 0o, o0
P2 0.1 mg/ke '8.000 | 168.625 | 53.6020 | 18.951
P50.1 mg/kg 8.000 | 197.000 | 37.8490 | 13.382
P6 0.1 mg/kg 8.000 |229.375 | 42.1660 | 14.908
Ayot : ANOVA comparison
P-value
Vehicle CMC, Diazepam 1.25 mg/kg | .0035
Vehicle CMC, P1 0.1 mg/kg .0123
Vehicle CMC, P2 0.1 mg/kg .0902
Vehicle CMC, PS5 0.1 mg/kg .0126
Vehicle CMC, P6 0.1 mg/kg 0008
Diazepam 1.25 mg/kg, P10.1 mg/kg | 5821
Diazepam 1.25 mg/kg, P2 0.1 mg/kg | 1250
Diazepam 1.25 mg/kg, P5 0.1 mgkg | .5732
Diazepam 1.25 mg/kg, P6 0.1 mg/kg | .5702
P1 0.1 mg/kg, P2 0.1 mg/kg 3173
P1 0.1 mg/kg, P5 0.1 mg/kg 9895
P1 0.1 mg/kg, P6 0.1 mg/kg .2664
P2 0.1 mg/kg, P5 0.1 mg/ke 3236
P2 0.1 mg/kg, P6 0.1 mg/kg 0386 | S
P5 0.1 mg/kg, P6 0.1 mg/kg 2610
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D azepam 1. 25 ng/ kg, P6 0.1 ng/kg .5702 P1 0.1 ng/kg, P2 0.1 ng/kg .3173 P1
0.1 ng/ kg, P5 0.1 ng/kg .9895 P 1 0.1 ng/kg, P6 0.1 ng/kg .2664 P2 0.1

ng/ kg, PS 0.1 ng/kg .3236 P2 0.1 ng/kg, P6 0.1 ng/kg .0386 S P5 0.1 ng/kg,
P6 0.1 ng/ kYOPeqDI®R1- 29 WO 2004/ 111021 PCT/ 6B2004/ 002324CT/BBrmmueders 5:

Total Activity in white area: At tWTW (No./sec) Aninmals Mean SD SE Vehicle
CMC 5.000 .475 .1800 .080 Diazepam 1.25 ng/kg 8.000 .723 .3030 .107 Pi 0.1
my/ kg 8.000 . 608 . 2%ayametes 5: wgtaBAsﬁwgnnqvlﬁtm@a &wmmwseeg P5 0.1

ng/ kg 8.000 .571 . 1570055 P6 01 JA %g 049 AtotWTW
ANOVA conparison was npt _significant R #cﬁ%l ﬁiu vity in black
area: AttB/ TB (No./sec %hméMan SI@@E Vetrsc qg@NpoﬁoGOO . 341 . 1450

. 065 Di azepam 1. 25 ng/ 753 —4406—143—PH-0 8. 000 . 652
.1380 .049 P2 0.1 ng/k iagersonl 25me/ke]s AH000d5 72B5| G030 PRy 8. 000 | 708

. 1530 .054 P6 0.1 ny/kg %p@@mj@%g - 173(hp062 60@ bHe&d| figs | ANOVA conpari son

B
bz_
B

P-val ue Vehicle OMC, Prazepam-t-—2b—rgikg-——081+S
P2 0.1 mg/kg 8.000 519 |.2530 | .089
P5 0.1 mg/kg 8.000 571 | 1570 | .055
P6 0.1 mg/kg 8.000 | 705 |.1380 | .049

AW/TW: ANOVA comparison was not significant

Parameter 6: Total Activity in black area: Ay B/TB (No./sec)

Animals | Mean | SD | SE

Vehicle CMC 5,000 | .341 !.1450.065
Diazepam 1.25 mg/kg ¢ 8.000 | .723 {.3190.113
P1 0.1 mg/kg 8.000 652 |.1380 {.049

P2 0.1 mg/kg 8.000 | .57t |.18401.065

P5 0.1 mg/kg 8.000 | .708 {.1530!.054

P6 0.1 mg/kg 8.000 | .835 |.1750.062

AB/TB: ANOVA comparison

P-value
Vehicle CMC, Diazepam 1.25 mg/kg | 0017 | S
Vehicle CMC, P1 0.1 mg/kg 0091 |S
Vehicle CMC, P2 0.1 mg/kg 0496 | S
Vehicle CMC, P5 0.1 mg/kg 0025 [ S
Vehicle CMC, P6 0.1 mg/kg <.000118S

Diazepam 1.25 mg/kg, P1 0.1 mg/kg | 4832
Diazepam 1.25 mg/kg, P2 0.1 mg/kg | .1351
Diazepam 1.25 mg/kg, P5 0.1 mg/kg | .8796
Diazepam 1.25 mg/kg, P6 0.1 mg/kg | 2663

P1 0.1 mg/kg, P2 0.1 mg/kg A183
P1 0.1 mg/kg, P5 0.1 mgkg 5817
Pi 0.1 mg/kg, P6 0.1 mg/kg 0740
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Vehicle CMC, P1 0.1 ng/kg .0091 S Vehicle CMC, P2 0.1 ng/kg .0496 S
Vehicle CMC, P5 0.1 ng/kg .0025 S Vehicle CMC, P6 0.1 ng/ kg <.0001 S

Di azepam 1. 25 ng/ kg, P10.1 ng/ kg . 4832 Di azepam 1. 25 ngkg, P2 0.1 ng/ kg

. 1351 Di azepasm/ai11@8 ng/ kg, P5 0.1 ng/ kg .8796 Di azepa®CT/GIBIG#¥0RK¥3 P6 0. 1
ng/ kg . 2663 P10.1 ng/ kg, P2 0.1 ng/ kg . 4183 Pt 0.1 ng/ kg, P5.0.1 ng/kg
5817 Pl 0.1 ny/ kg, P6 [0-TMgikg —0740——30~VD l}’ 021

PCT/ GB2004/ 002324  P- val ® “e 774 P2 0.1 nyl/ kg, P6
0.1 ng/kg .0115 S P5 041 rrgaﬁl(mm@&gcpslo[rﬁ{g}qg 2 80177I2ararret er 7. RtOt
(No./5 min) Aninmals Mear e M- 5606226 19. 6800 8.801

Di azepam 1. 25 ng/ kg 8. 000 é’iﬁs 3/1(84%65% Imegkess A1 B 1§ kg 8. 000 60. 375
23.8860 8.445 P2 0.1 /kg@@pﬂg&% 90 10330 | P5 0.1 ng/ kg 8.000
69. 500 20.3960 7.211 Pé—HB—21—+rglks ”"” +5-626—3H1-642074. 105 R, .,: ANOVA
conpari son P-value Vehicle CMC D| azepam 1. 25 ng/ kg .0016 S Vehicle CM,
P1 0.1 ng/kg .0083 S Vehicle CMC, P2 0.1 /k .0085 S Vehicle CMC, P5 0.1

ng/ kg . 0013 S Parameter 7: Ryo min)
Animals | Mean SD SE

Vehicle CMC 5.000 |22.600 | 19.6800 | 8.801

Diazepam 1.25 mg/kg | 8.000 | 68.750 | 31.4950 | 11.135
P1 0.1 mg/kg 8.000 |60.375 | 23.8860 | 8.445
P2 0.1 mg/kg 8.000 | 60.250 { 28.7090 | 10.150
P5 0.1 mg/kg 8.000 | 69.500 | 20.3960{ 7.211
P6 0.1 mg/kg 8.000 [75.625111.6120 | 4.105

Ryot: ANOVA comparison

P-value
Vehicle CMC, Diazepam 1.25 mg/kg { .0016 | S
Vehicle CMC, P1 0.1 mg/kg 0083 |8
Vehicle CMC, P2 0.1 mg/kg 0085 | S
Vehicle CMC, P5 0.1 mg/kg 0013 |8
Vehicle CMC, P6 0.1 mg/kg 0004 | S

Diazepam 1.25 mg/kg, P1 0.1 mg/kg | 4860
Diazepam 1.25 mg/kg, P2 0.1 mg/kg | 4795
Diazepam 1.25 mg/kg, P5 0.1 mg/kg | .9501
Diazepam 1.25 mg/kg, P6 0.1 mg/kg | .5669

P1 0.1 mg/kg, P2 0.1 mg/kg 9917
P1 0.1 mg/kg, P5 0.1 mg/kg 4480
P1 0.1 mg/kg, P6 0.1 mg/kg 2078
P2 0.1 mg/kg, P5 0.1 mg/kg 4419
P2 0.1 mg/kg, P6 0.1 mgkg 2042
P5 0.1 mg/kg, P6 0.1 mg/kg 6098
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Vehicle CMC, P6 0.1 ng/kg .0004 S D azepam 1.25 ny/ kg,

P10.1 ng/ kg . 4860

D azepam 1. 25 ng/ kg, P2 0.1 ng/kg .4795 D azepam 1.25 ng/kg, P5 0.1 ny/kg

. 9501 Diazepam 1. 25
. 9917 PI
P2 0.1 no/ kg,

g/ kg,

P6 0.1 ng/ kg .5669 P1 0.1 nyg/Kkg,
OWD 2994/k1g021P5 0.1 ny/ kg .4480 P1 0.1 ng/ kg,
P5 0.1 ng/kg .4419 P2 0.1 ng/Kkg,

P

2 0.1 ngl/ kg

PBCOGB200yhdege4. 2078
P6 0.1 ng/kg .2042 P5 0.1

mg/ kg, P6 0.1 ng/kg .6098 5 -31 WD 2004/111021 PCT/ GB2004/ 002324 Par anet er
8: Ctot (No.15 min) Aninals MearPasameer 8\Eai BodS @D 5. 000 89. 800 30. 0870

13.455 Diazepam 1.2
137.000 25.7570 9.10

mg/ kg 8. 000 127.500

Ctot: ANOVA conparis
Vehicle CMC, P1 0.1

CMC, P5 0.1 ng/kg . O]
ng/ kg, P10.1 ng/ kg .
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E P2 0.1 nylkg BABHIS y v 27.3%5 K] nggkg. &i' 000
P0. 3G@Mcé CAEO PP 9odo np/sbB0B. |80 13485 2. 9490 11. 649
—Pvat-te—Veht e Mo —brazepam1; morkg . 0107 S
isegpam 336 mg/ka/hE 000 M3 94650 Phd78 8673 Vehi cl e
17 pVelyes OV o0, 15wl 25078 | ratepar 1. 25
" P201mgkg | 8.000 | 108375 |27.7950 | 9.827
P5 0.1 mg/kg 8.000 | 127.500 | 20.3890 | 7.209
P6 0.1 mg/kg 8.000 |153.750 | 32.9490 | 11.649
Ciot: ANOVA comparison
P-value
Vehicle CMC, Diazepam 1.25 mg/kg | .0107
Vehicle CMC, P1 0.1 mg/kg 0258
Vehicle CMC, P2 0.1 mg/kg 3673
Vehicle CMC, P5 0.1 mg/kg 0717
Vehicle CMC, P6 0.1 mg/kg 0032 |8
Diazepam 1.25 mg/kg, P1 0.1 mg/kg | .6820
Diazepam 1.25 mg/kg, P2 0.1 mg/kg | .0508
Diazepam 1.25 mg/kg, P5 0.1 mg/kg | .3506
Diazepam 1.25 mg/kg, P6 0.1 mg/kg | .6027
P1 0.1 mg/kg, P2 0.1 mg/kg 1171
P1 0.1 mg/kg, P5 0.1 mg/kg 5979
P1 0.1 mg/kg, P6 0.1 mg/kg 3542
P2 0.1 mg/kg, P5 0.1 mg/kg 2909
P2 0.1 mg/kg, P6 0.1 mg/kg 0152 | S
P5 0.1 mg/kg, P6 0.1 mg/kg 1497



D azepam 1. 25 ng/ kg, P5 0.1 ng/kg .3506 Diazepam 1.25 ng/kg, P6 0.1 ng/kg

. 6027 P1 0.1 ng/kg, P2 0.1 ng/kg .1171 P1 0.1 ng/kg, P5 0.1 ng/kg .5979
P10.1 nmg/ kg, P6 0.1 ng/kg .3542 P2 0.1 ng/kg, P5 0.1 ng/kg .2909 P2 0,1
ng/ kg, P6 Gvdz2eewyikgzl. 0152 S P5 0.1 ng/ kg, P6 0.1 ng/kgPCTAXH2008/002324 \\D
2004/ 111021 PCT/ GB2004/ 002324 Paraneter 9: RWTW (No./sec) Animals Mean SD
SE Vehicle CMC 5.000 .083 .0810 .036 Di a 25 ng/ kg 8.000 . 124 .0930
.033 P1 0.1 ng/kg 8.000 . 155 . Yavmeterdy R‘%ﬁ 9 g 8. 000 .099 .0900 .032
P5 0.1 ng/kg 8.000 .128 .0870 .031 P . 0500 . 018

RW TW : ANOVA conpari spn—-was—-not ':-ﬁmi’A aﬁ& g?%? LA CW TW (No. / sec)
Ani mal s Mean SD SE Vehi cI\éehﬁ‘iEEMCDOO . 3900. J1383. PHR10 Pitddepam 1. 25 ny/ kg

8.000 .599 .2330 .082 PIOTT 8 UL T v/ 0.1 ng/ kg 8.000
.420 .1790 .063 P5 0. ﬁ’r?ﬁ?%gp 5% §'£§840ﬁ%35'% (S’li ng/ kg 8.000 .515
.1040 .037 5 CWTW: ANOWA @0 mpAld so wamondt 1S59nitbeE pm)tgg -33

P2 0.1 mg/kg 8.000 | .099 |.0900|.032
P5 0.1 mg/kg 8.000 | .123 |.0870|.031
P6 0.1 mg/kg 8.000 | .150 |.0500|.018

RW/TW : ANOVA comparison was not significant
Parameter 10: CW/TW (No./sec)

Animals | Mean | SD | SE

Vehicle CMC 5.000 | .391 |.1150;.052
Diazepam 1.25 mg/kg | 8.000 599 |.2330|.082
P1 0.1 mgkg 8.000 | .454 |.1990.071

P2 0.1 mg/kg 8.000 | .420 }.1790 | .063

P5 0.1 mg/kg 8.000 | .448 |.0840|.030

P6 0.1 mg/kg 8.000 | .515 |.1040|.037

CW/TW : ANOVA comparison was not significant
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CLAIM5 1. A conpound of formula (I): R3 XVY,,4 R~11 C (CH2)p NOH (1) in
which 5 X represents 0 or CH2; R3 and R4 each independently represent
hydrogen or C,-6 alkyl; p represent 0 or 1; and R represents a five- or
si x-menbered saturated or unsaturated ring selected from and ; or 10 R
represents a five- or six-nmenbered substituted or unsubstituted unsaturated
ring selectedCEADMS R6 RL Rz and wherein R and R2 together represent an
oxo group, or. Rl and R2 each _represent 15 hydrogen, nethoxy or ethoxy, or R
and R2 toget her wit Foremrvnd gf Ermgladhi carbon atom represent a 1, 3-di oxol ane
or 1, 3-dioxane ring, attached viat 2 pgsiti n and optionally bearing one
t

or nore nethyl or ethyl groups; or hereof; or a salt thereof;
20 for use as a pharmaceutical. 2. A cofppound as clained in claiml in which
R represents a five- or six- - re ituted or unsubstituted

unsaturated ring selected from -3@HﬁQ)Rz|R' Rz and wherein R and R2
toget her represent an oxo group, or R andHR2 eaﬁp r epr esent

in which—
5 X represents O or CHz;
R’ and R* each independently represent hydrogen or C,_ alkyl;
p represent 0 or 1; and
R represents a five- or six-membered saturated or unsaturated ring selected

from;

and ;or
10
R represents a five- or six-membered substituted or unsubstituted unsaturated

ring selected from:

RV R? 2

and 5

wherein R' and R? together represent an oxo group, or R' and R? each represent
15 hydrogen, methoxy or ethoxy, or R' and R? together with the interjacent carbon atom
represent a 1,3-dioxolane or 1,3-dioxane ring, attached via the 2 position and
optionally bearing one or more methyl or ethyl groups;
or a tautomer thereof;
or a salt thereof;
20 for use as a pharmaceutical.
2. A compound as claimed in claim 1 in which R represents a five- or six-

-membered substituted or unsubstituted unsaturated ring selected from:
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met hoxy or ethoxy, or R and R2 together with the interjacent carbon atom
represent a 1, 3-di oxolane or 1, 3-dioxane ring, attached via the 2 position
and optionally bearing 5 one or nore nethyl or ethyl groups, and p
represents 0. 3. A conpound as clainmed in clainms 1 or 2 in which R and R2
toget her represent an oxo group. 4. A conpound as clainmed in any preceding
claimin which R representspa ﬁdve- or six-nenbgred substituted or
unsubstituted unsaturated ring/selected frggm 1B°R Rz R Rz and and Xis

O 5. A compound as cl ai med inian
15 identical. 6. A conpound i

. hin which R3 and R4 are
ed b4 any eding claimin which R3

of fofmula (11): RB Oy R4 R
dependently represent

and R4 each represents hydrloge .
(CHN2)p OH (1) 20 in which~R3 and R4 each
hydr ogen or 1; and or

Cl, -6 alkyl,; .. p represent 0 or 1; re sents a five-
1 x- monber e R & G [neeBEL RS A osEPE R FRORT CRdSTRIEEnto1 1 ang
; or R represgdihickydrkindly, RR' sh&KRIRZBBEOHUISHE StbrdebREaon didiiHRplekdndh ed
unsaturated ring selected from R Rz R Rz and )

1,3-dioxolane or 1,3-dioxane ring, attached via the 2 position and optionally bearing

5 one or more methy! or ethyl groups, and p represents 0.

3. A compound as claimed in claims 1 or 2 in which R' and R? together represent

an 0xo group.

4. A compound as claimed in any preceding claim in which R represents a

five- or six-membered substituted or unsubstituted unsaturated ring selected from:

10
and :

and X is O.

5. A compound as claimed in any preceding claim in which R® and R* are
15  identical.

6. A compound as claimed in any preceding claim in which R and R* each

represents hydrogen.

7. A compound of formula (II):
RA__O.__R

o

cHy, N

OH )
20 in which—
R® and R? each independently represent hydrogen or C_s alkyl;
p represent 0 or 1; and
R represents a five- or six-membered saturated or unsaturated ring selected

from:
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5 wherein R and R2 together represent an oxo group, or R and R2 each
represent hydrogen, nethoxy or ethoxy, or R and R2 together with the

i nterjacent carbon atom represent a 1, 3-dioxol ane or 1, 3-di oxane ring,
attached via the 2 position and optionally bearing one or nore nethyl or
ethyl groups; or a tautonmer thereof; 10 or a salt thereof. 8 A conpound as
claimed in claim7 which ihs a conpound of, formula (I11l1); R R2O0ON OH
(Irl) in which R apéR2 €6 mydr ogen or_toget her represent an
0X0 group; 15 or a B t her eof . br ocesand or e manuyfoact ur e of
conpound of formula as clalnEo claim?7 or here p represents 0O
and R represents a five- or six-menbered substituted or unsubstituted

unsaturated ring Renleilf‘,&&ﬁls  FQor @x—&nﬁreﬂubsﬁ’tﬁféd of AndbstitiRd WRafkirhed of a

compound of formula (VI) or (VIA) with a conpound of fornmula (VIl): -36 R
RZ R R2 R3XymgSN¢Ct€ pmEvVIA) (VII) in which Xis 0 and R, Rz, R3 and R4
are as defined in claim?7 V\hthF{:espect to formula (I11). 10. A process as
claimed in claim9 in whi ch™R nd R2 toge%er Represent an oxo 5 group.
11. A process as clained in chai mQ or 10 i I cR, the conmpound of fornula

(M1)) is fornmed in situ frg Oougngf f (1 X):

5 wherein R' and R? together represent an oxo group, or R! and R? each represent
hydrogen, methoxy or ethoxy, or R' and R? together with the interjacent carbon atom
represent a |,3-dioxolane or 1,3-dioxane ring, attached via the 2 position and
optionally bearing one or more methyl or ethyl groups;

or a tautomer thereof;

10 or a salt thereof.
8. A compound as claimed in claim 7 which is a compound of formula (III):
R R 0
B
OH
(110
in which—

R! and R? each represent hydrogen or together represent an oxo group;
15 or a salt thereof.
9. A process for the manufacture of compound of formula (1I) as claimed in
claim 7 or 8 where p represents 0 and R represents a five- or six-membered

substituted or unsubstituted unsaturated ring selected from:
1
R\ R? . R
R
and

20 by the reaction of a compound of formula (VI) or (VIA) with a compound of formula
(VID):
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R3,CXyR4 N H (IX) via oxidation 10 12. A process for the manufacture of

conpound of fornmula (11) as clained in claim7 or 8 by the reaction of a

Gignard reagent of formula R(CH2) PMgHal with a conpound of fornmula (VI1):

R3XyR4 U (MIl) in which Xis 0, Hal represents halide and It, p, R3 and R4

are as defined in claim7 15 with respect to formula (I1). 13. A

phar maceuti cal copposig€i on conprising a corrpouauj of ){orrrﬁka (1) or (I1), or
0

a salt thereof, as Xlained in apyt ong?f clains N association with a
herefor. 14. [Use pf a conpound of

pharmaceutically acoeptable carrie
formula (1) or (I a salt th of , as claimedNp-any 20 one of clains
| to 8 in the manu gnent for treatnent of anxiety or
depression. 15. Use™a /@ med i niclai % in the nﬂ}ufactm%) of a

medi canent for the treatnent of anxi ogenesis caused by w rawal from
benzodi azepiimedichoX is £uged ROy R’,db anst RY aremssiefiged fre clatmi7nivigh respeasrio of dr ugs
of abuse. ?fg

rmula (II).

10. A process as claimed in claim 9 in which R' and R? together represent an oxo
5  group.

11. A process as claimed in claim 9 or 10 in which the compound of formula

(VII)) is formed in situ from a compound of formula (TX):
R"’\Exj/ R*

N

H

10 12. A process for the manufacture of compound of formula (II) as claimed in

(IX)

vig oxidation

claim 7 or 8 by the reaction of a Grignard reagent of formula R(CH,),MgHal with a

RA_ _X_ _R*

h @l
]Tl+
O- (VID)

in which X is O, Hal represents halide and R, p, R? and R? are as defined in claim 7

compound of formula (VII):

15  with respect to formula (II).
13. A pharmaceutical composition comprising a compound of formula (I) or (II),
or a salt thereof, as claimed in any one of claims 1 to 8 in association with a
pharmaceutically acceptable carrier therefor.
14.  Use of a compound of formula (I) or (Il), or a salt thereof, as claimed in any
20  one of claims 1 to § in the manufacture of a medicament for treatment of anxiety or
depression.
15.  Use as claimed in claim 14 in the manufacture of a medicament for the
treatment of anxiogenesis caused by withdrawal from benzodiazepines, or caused by

abruptly ceasing the administration of drugs of abuse.
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