WO 2007/089462 A2 |00 0 00 OO0 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
9 August 2007 (09.08.2007)

2 )\
) AR
3y (N7 T 0 00O A

(10) International Publication Number

WO 2007/089462 A2

(51) International Patent Classification:
AGIK 31/495 (2006.01)

(21) International Application Number:
PCT/US2007/001569

(22) International Filing Date: 22 January 2007 (22.01.2007)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
60/763,036 27 January 2006 (27.01.2006) US

(71) Applicant (for all designated States except US): M’S
SCIENCE CORPORATION [JP/JP]; Kobe International
Business Center, 5F, 5-5-2, Minatojima-Minamimachi,
Chuo-ku, Kobe, 650-0047 (JP).

(72) Inventors; and

(75) Inventors/Applicants (for US only): LI, Xiaoyan
[US/US]; 2020 Victoria Court, Los Altos, CA 94024 (US).
SUN, Connie, L. [US/US]; 897 Marshall Drive, Palo Alto,
CA 94303 (US).

(74) Agent: KING, Paul, N.; King Pllc, 500 Ninth Street SE,
Washington, DC 20003 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ,BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,
JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS,
LT, LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: PIPERIDINE AND PIPERAZINE DERIVATIVES

1 Al 3
R-A'-N X—(CH,),-Y-R

(Ia)

(57) Abstract: Compounds of general formula (Ia): in which Rl, Al, m, X, n, Y and R’ have any of the meanings given in the
specification, have affinity for sigma receptors and are useful in the treatment of disorders of the central nervous system.



10

15

20

25

30

WO 2007/089462 PCT/US2007/001569

PIPERIDINE AND PIPERAZINE DERIVATIVES

The present invention relates to novel 1,4-piperidine and piperazine derivatives, to
processes for preparing the novel derivatives, to novel intermediates useful in the process, to
pharmaceutical compositions comprising the derivatives, and to the use of derivatives in the
treatment of disorders of the central nervous system.

It has been disclosed in the scientific literature that certain disorders of the central
nervous system may be treated using a modulator of sigma receptor function. Amongst
compoundé kn'c;wn to possess affinity for sigma ligands are certain piperidine and piperazine
derivatives.

WO 91/09594 discloses compounds having affinity for sigma receptors, certain of
which are piperidine or piperazine derivatives, and discloses that they are useful in the
treatment of schizophrenia and other psychoses. .

United States patent number 5,736,546 discloses certain 1,4-
(diphenylalkyl)piperazines having one phenyl group unsubstituted and the other phenyl group
substituted by two alkoxy groups. One of the compounds disclosed is 1-[2~(3,4~
dimethoxyphenyl)ethyl]-4-(3-phenylpropyl)piperazine. It is also referred to in the scientific
literature as SA 4503. The compounds of US 5,736,546 are said to be useful in the treatment
of dementia, depression, schizophrenia, anxiety neurosis, diseases accompanying abnormal
immune response, cryptorrhea and digestive ulcer.

WO 2004/110387 discloses that sigma ligands, in particular SA 4503, are also useful
in the treatment of patients to facilitate neuronal regeneration after onset of a
neurodegenerative disease, such as ischemic stroke, traumatic brain injury or spinal chord
injury.

United States patent number 5,389,630 discloses certain diamine compounds having
cerebral protective action. The compound of Example 50 is a piperazine derivative; but the
vast majority of the exemplified compounds are homopiperazine derivatives. The mechanism
of action of the compounds is not discussed.

Japanese patent application, publication number 2003-160570 generically discloses
certain 1,4-piperidine and piperazine derivatives useful for treating lifestyle diseases, such as
diabetes and obesity.

WO 01/24786 also discloses certain 1,4-piperidine and piperazine deﬁvatives useful
for treating lifestyle diseases, such as diabetes and obesity. The compound 1-[3-(3,4-
dichlorophenoxy)propyl]-4-[(4-chlorophenyl)acetyl]piperazine is exemplified.
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The compound 1-[2-phenoxyethyl]-4-[phenylacetyl]piperazine is also known.

It has now been found that certain novel 1,4-piperidine and piperazine derivatives
have high affinity' for sigma receptors, in particular sigma-1 receptors.

According to one aspect, the present invention provides a compound of general
formula (Ia) '

R'-A'-N X—(CH,) -Y-R*
\ / 2/n

(Ta)
in which:-

R! represents 2,3-dihydrobenzofuran-5-yl or a phenyl group that is unsubstituted or
substituted by one, two or three substituents selected independently from (1-
2C)alkylenedioxy, a halogen atom, a hydroxyl group, a cyano group, a (1-4C) alkyl group, a
(3-6C)cycloalkyl group, a halo(1-4C) alkyl group, a (1-6C)alkoxy group, a (1-4C)alkoxy(1-
4C)alkoxy group, a hydroxy(1-4C)alkoxy group, a (1-4C)alkylsulfanyl group, a (1-
4QC)alkylsulfonyl group, a halo(1-4C)alkoxy group and a halo(1-4C)alkylsulfonyl group;

A! represents (CHy)m or (CH2)m1C(=0);

mis2,3,4o0r5;

X.is CHor N;

nis0,1,2,3,40r5, provided that when X is N, nis 2, 3,4 or 5;

Y is O, NR? or S; ‘

R? is hydrogen, (1-4C)alkyl or phenyl(1-4C)alkyl, or is as defined for R>; and

R represents indan-1-yl, indan-2-yl, 1,2,3,4-tetrahydronaphth-1-yl or 1,2,3,4-
tetrahydronaphth-2-yl, each of which may bear a hydroxyl substituent on a non-aromatic
carbon atom; (3-6C) cycloalkyl; or a phenyl group that is unsubstituted or substituted by one,
two or three substituents selected independently from (1-2C)alkylenedioxy, a halogen atom, a
hydroxyl group, a (1-4C) alkyl group, a (3-6C)cycloalkyl group, a cyano group; a phenyl
group, an imidazolyl group, a halo(1-4C) alkyl group, a (1-4C)alkoxy group and a halo(1-
4C)alkoxy group;

or a pharmaceutically acceptable salt thereof,

but excluding the compounds 1-[2-phenoxyethyl]-4-[phenylacetyl]piperazine and 1-
[3-(3,4-dichlorophenoxy)propyl]-4-[(4-chlorophenyl)acetyl]piperazine.

Compounds according to the invention have been found to have high affinity for

sigma receptors, in particular sigma-1 receptors.
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In one embodiment, the present invention provides a compound of general formula (I)
1 / \ 3

ey
in which:-

R! represents a phenyl group that is unsubstituted or substituted by one, two or three
substituents selected independently from (1-2C)alkylenedioxy, a halogen atom, a hydroxyl
group, a (1-4C) alkyl group, a (3-6C)cycloalkyl group, a halo(1-4C) alkyl group, a (1-
4C)alkoxy group, a cyano group, and a halo(1-4C)alkoxy group; '

mis2,3,4o0r5; )

X is CH or N;

nis 0, 1,2, 3, 4 or 5, provided that when X is N, nis 2, 3, 4 or 5;

YisO,NR?orS;

R? is hydrogen, (1-4C)alkyl or phenyl(1-4C)alkyl, or is as defined for R* and

R? represents indan-1-yl, indan-2-yl, 1,2,3 4-tetrahydronaphth-1-yl or 1,2,3,4-
tetrahydronaphth-2-yl, each of which may bear a hydroxyl substituent on a non-aromatic
carbon atom; (3-6C) cycloalkyl; or a phenyl group that is unsubstituted or substituted by one,
two or three substituents selected independently from (1-2C)alkylenedioxy, a halogen atom, a
hydroxyl group, a (1-4C) alkyl group, a (3-6C)cycloalkyl group, a cyano group; a phenyl
group, an imidazolyl group, a halo(1-4C) alkyl group, a (1-4C)alkoxy group and a halo(1-
4C)alkoxy group;

or a pharmaceutically acceptable salt thereof.

In another embodiment, the present invention provides a compound of general formula

(In)
1 3
- R(CH,),CO—N X—(CH,),-Y-R

an

in which R!, m, n, Y and R3 are as defined above for a compound of formula (), ora
pharmaceutically acceptable salt thereof.

As used herein, unless otherwise indicated, the term halogen atom includes fluorine,
chlorine and bromine.

The term (1-2C)alkylenedioxy includes methylenedioxy and ethylenedioxy.
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An example of a (1-4C) alkyl group is methyl. Other gxamples are ethyl, propyl, 2-
propyl, butyl, 2-butyl and t-butyl. '

The term halo(1-4C)alkyl as used herein includes perfluoro(1-4C)alkyl, such as
trifluoromethyl.

The term (1-6C)alkoxy) includes (1-4C)alkoxy. An example of a (1-4C)alkoxy group
is methoxy. Other examples are ethoxy, propoxy, 2-propoxy, isobutoxy and 2,2-
dimethylpropoxy.

An example of a (1-4C)alkoxy(1-4C)alkoxy group is 2-methoxyethoxy.

An example of a hydroxy(1-4C)alkoxy group is hydroxymetﬁyl.

The term halo(1-4C)alkoxy as used herein includes perfluoro(1-4C)alkoxy, such as
triffluoromethoxy.

An example of a (1-4C)alkylsulfanyl group (also known as a (1-4C)alkylthio group) is
methylsulfanyl. C

An example of a (1-4C)alkylsulfonyl group is methylsulfonyl.

An example of a halo(1-4C)alkylisulfonyl group is trifluoromethylsulfonyl.

Examples of a (3-6C) cycloalkyl group are cyclopentyl and cyclohexyl.

Referring to formula (I), examples of particular values for R! are phenyl,
benzo[1,3]dioxol-5-yl, 2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl, 3,4-difluorophenyl,
3-chlorophenyl, 3-methylphenyl, 2-trifluoromethylphenyl, 3-trifluoromethylphenyl, 4-
trifluoromethylphenyl, 2-methoxyphenyl, 3-methoxyphenyl, 4-methoxyphenyl, 4-
isopropoxyphenyl, 3,4-dimethoxyphenyl, 2,3,4-trimethoxyphenyl, 3,4,5-trimethoxyphenyl, 2-
fluoro-3,4-dimethoxyphenyl, 3-chloro-4-methoxyphenyl, 4-chloro-3-methoxyphenyl, 2-
trifluoromethoxyphenyl, 4-trifluoromethoxyphenyl and 3-trifluoromethoxyphenyl. Other
examples are 2,3-dihydrobenzofuran-5-yl, 2,3-dihydrobenzo[1,4]dioxin-6-yl, 4-
hydroxyphenyl, 4-isopropylphenyl, 4-ethoxyphenyl, 4-isobutoxyphenyl, 4-(2,2-
dimethylpropoxy)phenyl, 4-(2-methoxyethoxy)phenyl, 4-hydroxymethylphenyl, 4-
methylsulfanylphenyl, 4-methylsulfonylphenyl and 4-trifluoromethylsulfonylphenyl.

Particular examples of values for R! are phenyl, benzo[1,3]dioxol-5-yl, 2-
fluorophenyl, 3,4-difluorophenyl, 2-trifluoromethylphenyl, 3-trifluoromethylphenyl, 4-
trifluoromethylphenyl, 2-methoxypheny, 3-methoxyphenyl, 4-methoxyphenyl, 3,4-
dimethoxyphenyl, 3,4,5-trimethoxyphenyl and 2-trifluoromethoxyphenyl.

Particular mention is made of compounds of formula (I) in which R! represénts
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3,4-dimethoxyphenyl, 4-methoxyphenyl, 4-isopropoxyphenyl, 4-trifluoromethoxyphenyl, or
3,4,5-trimethoxyphenyl. Particular mention is also made of compounds in which R
represents 4-hydroxyphenyl.

Examples of values for m are 2 and 3. An example of a particular value for m is 2.

Examples of particular values forn are 2 and 3. An exampie of a particular value for n
is 2.

In one embodiment, A' is (CH2)pm, such as (CH;), or (CHy)s.

In another embodiment, A! is (CHz)m.1C(=0), such as (CH2)C(=0) or (CH,)>C(=0).

An example of a particular value for R? is hydrogen.

Examples of particular values for Y are O and NH. In one embodiment, Y is O.

Examples of particular values for R3 are phenyl, bénzo[l,3]dioxol—5-yl, 2-
fluorophenyl, 4-fluorophenyl, 2,4-difluorophenyl, 4-trifluoromethoxyphenyl, 2-chlorophenyl,
4-chlorophenyl, 3,4-dichlorophenyl, 4-methylphenyl, 4-isopropylphenyl, 4-t-butylphenyl, 4-
cyanophenyl, 2-trifluoromethylphenyl, 4-trifluoromethylphenyl, 2-methoxyphenyl, 4-
methoxyphenyl, 4-biphenyl, 4-(1-imidazolyl)phenyl, 2-fluoro-4-methoxyphenyl, 3-fluoro-4-
methoxyphenyl, 3-chloro-4-methoxyphenyl, 2-trifluoromethoxyphenyl, 3,4,5-
trimethoxyphenyl, and 4-trifluoromethoxyphenyl. Another example is 2-methylphenyl.

Particular examples for R are phenyl, 2-fluorophenyl, 4-fluorophenyl, 2-
chlorophenyl, 4-chlorophenyl, 4-methylphenyl, 4-isopropylphenyl, 4-cyanophenyl, 3,4,5-
trimethoxygroup, and 2-trifluoromethylphenyl.

Particular mention is made of compounds of formula (I) in which R represents a 4-
fluorophenyl group.

It will be appreciated that certain compounds of formula (I) contain a centre of
asymmetry. These compounds may therefore exist and be isolated in the form of
stereoisomers. The present invention provides a compound of formula (I) in any
stereoisomeric form.

It will also be appreciated that the compounds of formula (I) or their pharmaceutically
acceptable salts may be isolated in the form of a solvate, and accordingly that any such
solvate is included within the scope of the present invention.

Certain compounds of formula (I) have also been found to possess good selectivity for
sigma-1 receptors compared with sigma-2 receptors. This is particularly desirable, becausé
the sigma-2 receptors have been shown to play an important role in the sigma receptor-
mediated neck dystonia in rats (Matsumoto RR, et. al., Pharmacol. Biochem. Behav. 36, 151-
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155, 1996). For example microinjection of DTG (1,3-di-2-tolyl-guanidine, a sigma-1 and
sigma-2 receptor agonist) induced neck dystonia in rats while injection of SA-4503 (a
selective sigma 1 agonist) had no effect (Nakazawa M et. al., Pharmacol Biochem. Behav. 62,
123-126, 1999). In addition sigma-2 receptors have been implicated in the regulation of cell
proliferation. Cytotoxic effects have been correlated with sigma-2 receptor ligands (Vilner
and Bowen, Eur. J. Pharmacol Mol Pharmacol Sect 244, 199-201, 1993). Sigma-2 selective
drugs can inhibit tumor cell proliferation through mechanisms that may involve apoptosis and
intracellular calcium release (Aydar E et. al., Cancer Research 64, 5029-5035, 2004). These
compounds are therefore particularly preferred.

According to another aspect, therefore, the present invention provides a compound
which is selected from
1-(3 ,4—Dimethoxyphenefhyl)-4—(2-(4-ﬂuorophenoxy)ethyl)piperidine;
1-(4-(Trifluoromethyl)phenethyl)-4-(2-phenoxyethyl)piperidine;
4-(2-(2-Fluorophenoxy)ethyl)-1-(3,4-dimethoxyphenethyl)piperidine;
1-(3,4-Dimethoxyphenethyl)-4-(2-phenoxyethyl)piperazine;
1-(3-Methoxyphenethyl)-4-(2-phenoxyethyl)piperazine;
1-(4-Methoxyphenethyl)-4-(2-phenoxyethyl)piperazine;
1-(2-(Benzo[d][1,3]dioxol-5-yl)ethyl)-4-(2-phenoxyethyl)piperazine;
1-(3,4-Difluorophenethyl)-4-(2-phenoxyethyl)piperazine;
1-Phenethyl-4-(2-phenoxyethyl)piperazine;
1-(3,4-Dimethoxyphenethyl)-4-(2-(4-chlorophenoxy)ethyl)piperazine ; and
4-(2-(4-(3,4-Dimethoxyphenethyl)piperazin-1-yl)ethyloxy)benzonitrile;
1-{4-[2-(2-Fluorophenoxy)ethyl]piperazin-1-yl}-3-(3,4,5-trimethoxyphenyl)propan-1-one;
1-{4-[2-(2-Fluorophenoxy)ethyl]-piperazin-1-yl}-3-(4-trifluoromethoxyphenyl)propan-1-one;
1-{4-[2-(4-Fluorophenoxy)ethyl]piperazin-1-yl}-3-phenylpropan-1-one;
1-{4-[2-(4-Fluorophenoxy) ethyl]piperézin- 1-y1}-3-(4-trifluoromethoxyphenyl)propan-1-one;
1-{4-[2-(2-fluorophenoxy)ethyl]piperazin-1-yl}-2-(3,4,5-trimethoxyphenyl)ethanone;
1-[2-(2-Fluorophenoxy)ethyl]-4-[3-(3,4,5-trimethoxyphenyl)propyllpiperazine;
1-[2-(2-Fluorophenoxy)ethyl]-4-[3-(4-trifluoromethoxyphenyl)propyllpiperazine;
1-[2-(2-Fluorophenoxy)ethyl]-4-[2-(3,4,5-trimethoxyphenyl)ethyl]piperazine;
1-(2-Benzo[ 1,3]dioxol-5-ylethyl)-4-[2-(4-fluorophenoxy)ethyl]piperazine;
1-[2-(4-Fluorophenoxy)ethyl]-4-[3-(4-trifluoromethoxyphenyl)propyllpiperazine;

pharmaceutically acceptable salts thereof.
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These compounds have both been found to possess good selectivity for sigma-1 over
sigma-2 receptors. .
The compounds of general formula (Ia) can be prepared by conventional processes.

According to another aspect, therefore, the present invention provides a process for

s preparing a compound of general formula (Ia), or a pharmaceutically acceptable salt thereof,

10

15

20

25

which comprises:
a) for a compound of formula (Ia) in which Al is (CH)m, redlicing a

compound of general formula (II)
(C o— ‘ 3
R'-(CH,),,,CO—N X—(CH,),-Y-R

{n
with a reducing agent;
b) for a compound of formula (Ia) in which X is N and Al is (CHy),,, reacting a

compound of general formula (I1II)

Z1

N—(CH,),-Y-R®
22
(I

in which each of Z' and Z? independently represents a leaving atom or group, with a

compound of general formula (IV)
R'-(CH,),-NH,
av)
or a corresponding compound in which one or two substituents on R' are protected;

c) for a compound of formula (Ja) in which X is N, reacting a compound of

general formula (V)
1,16 \
R-A'-N NH
__/

W

with a compound of general formula (VI)

Z°«(CH,) -Y-R®
VD
7
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in which Z> represents a leaving atom or group; or

d) reacting a compound of formula (XTI)

R'-(CH,),,.,COOH
XD

or a reactive derivative thereof, with a compound of general formula (XII)

1

H—N X—(CH,) -Y-R®
\ / 2/n

(XID)

followed by removing any protecting group and, optionally, forming a
pharmaceutically acceptable salt.

Referring to process step a), the reducing agent can conveniently be a borane (BH3), a
borohydride reducing agent, such as sodium borohydride, or an alkali metal aluminium
hydride, such as lithium aluminium hydride. The reduction is conveniently performed in the
presence of a solvent such as an ether, for example tetrahydrofuran. The temperature at which
the reduction is carried out is conveniently in the range of from —25 to 100 °C, such as from
—10 to 40 °C.

Compounds of general formula (II) can be preﬁared by reacting a compound of

general formula (VII)
1 { ) 4
R'-(CH,),,.CO—N X—(CH,)-Z

(VID) '
in which Z* represents a leaving atom or group, such as a p-toluenesulfonyloxy group,

with a compound of general formula (VIII)
H-Y-R®
(VD).
Compounds of general formula (VII) can be prepared from a corresponding compound
of general fprmuia (x), ‘

R'-(CH,),,,CO—N X—(CH,),-OH

IX)

for example by reaction with a sulfonyl halide, such as p-toluenesulfonyl chloride.

8
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. Compounds of general formula (IX) can be prepared by reacting a compound of
general formula (X)

| H—N X—(CH,) -OH
\ AN 2/n”
' &9
with a compound of general formula (XI)

R'-(CH,),,,COOH
D).

or a reactive derivative thereof, using standard amide bond coupling conditions.
Alternatively, compounds of general formula (IT) can be prepared by reacting a

compound of general formula (XII)
H—N X—(CH,) -Y-R®
\——/ 2/n :

(XID)
with a compound of general formula (Xf)', or a reactive derivative thereof, using standard
amide bond coupling conditions. ‘
Compounds of general formula (XII) can be prepared by deprotecting a compound of
general formula (XIII)

PL—N X —(CH;)n—Y-Ra

(X1
in which P! represents an amino protecting group, such as ¢-butoxycarbonyl.
Compounds of general formula (XIII) can be prepared from the conespondi;ag

compounds of general formula (XIV)

+ N\
P—N X—(CH,) -OH

. (X1v)

following the procedure for preparing a compound of general formula (II) from a compound
of general formula (IX), or for a compound in which X is N, by reacting a compound of

formula (VI) with a P'-protected piperazine.
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Referring to process step b), the leaving atoms or groups represented by Z" and 7?
may be, for example, hydrocarbylsulfonyloxy groups, such as methanesulfonyloxy or p-
toluenesulfonyloxy, or halogen atoms, such as chlorine atoms.

The reaction is conveniently performed at a temperature in the range of from 0 to 100
°C, such as from 50 to 90 °C. Convenient solvents include organic solvents, for example
amides such as dimethylformamide. The reaction is conveniently performed in the presence
of a base, for example an alkali metal carbonate such as potassium carbonate. ’I"he reaction
may be performed in the presence of a catalyst, such as sodium iodide.

Compounds of general formula (II) can be prepared from the corresponding

compounds of general formula (XV)
HO

N—(CH,),-Y-R®
HO
(XV)
for example by reaction with thionyl chloride to afford a compound of formula (IIT) in which
Z! and Z? represent chlorine atoms.

Compounds of general formula (XV) can be prepared by reacting a compound of
general formula (XVI)

with a compound of general formula (XVII)
Z°-(CH,),-Y-R®
XVI)

in which Z° represents a leaving atom or group, for example a halogen atom such as a
bromine atom. _

Referring to process step c), the leaving atom or group represented by Z? may be, for
example, a hydrocarbylsulfonyloxy group, such as p-toluenesulfonyloxy. Convenient
solvents include ketones, such as acetone. The reaction is conveniently performed at a

temperature in the range of from 0 to 100 °C.

10
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Referring to process step d), the reaction is conveniently conducted under amide-bond
coupling conditions, for example in the presence of 1-hydroxybenzotriazole and
dicyclohexylcarbodiimide. The reaction is conveniently performed at a temperature in the
range of from 0 to 100 °C.

A pharmaceutically acceptable salt may be formed by a conventional method, such as
by reacting a compound of formula (I) with a pharmaceutically acceptable acid, such as
hydrochloric acid.

Certain of the intermediates, for example compounds of formula (II), may be novel.
The invention also provides the entire novel intermediates disclosed herein.

The compounds of the invention may be administered by any convenient route, e.g.
into the gastrointestinal tract (e.g. rectally or orally), the nose, lungs, musculature or
vasculature or transdermally. The compounds may be administered in any convenient
administrative form, e.g. tablets, powders, capsules, solutions, dispersions, suspensions,
syrups, sprays, suppositories, gels, emulsions, patches etc. Such compositions may contain
components conventional in pharmaceutical preparations, e.g. diluents, carriers, pH modifiers,
sweeteners, bulking agents, and further active agents. If parenteral administration is desired,
the compositions will be sterile and in a solution or suspension form suitable for injection or
infusion. Such compositions form a further aspect of the invention.

According to another aspect, the present invention provides a pharmaceutical
composition, which comprises a compound of formula (I) or a pharmaceutically acceptable
salt thereof, as defined hereinabove, together with a pharmaceutically acceptable diluent or
carrier.

According to another aspect, the present invention provides the use of a compound of

formula (Ia)
R'-A'-N X—(CH,) -Y-R®
\ / 2/n

(1a)
in which:-

R! represents 2,3-dihydrobenzofuran-5-yl or a phenyl group that is unsubstituted or
substituted by one, two or three substituents selected independently from (1-
2C)alkylenedioxy, a halogen atom, a hydroxyl group, a cyano group, a (1-4C) alkyl group, a
(3-6C)cycloalkyl group, a halo(1-4C) alkyl group, a (1-6C)alkoxy group, a (1-4C)alkoxy(1-

11
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4C)alkoxy group, a hydroxy(1-4C)alkoxy group, a (1-4C)alkylsulfanyl group, a (1-

4C)alkylsulfonyl group, a halo(1-4C)alkoxy group and a halo(l -4C)alkylsulfonyl group;
A' represents (CH)m or (CH2)1C(=0); .
mis‘2,3,4})jr5; ' '

"5 Xis CHor N; .

nis 0, 1, 2, 3,4 or 5, provided that when X is N, nis 2, 3,4 or 5;
Y is O, NR? or S;
R%is hydrogen, (1-4C)alkyl or phenyl(1-4C)alkyl, or is as defined for R?; and
R® represents indan-1-yl, indan-2-yl, 1,2,3,4-tetrahydronaphth-1-yl or 1,2,3,4-

10 tetrahydronaphth-2-yl, each of which may bear a hydroxyl substituent on a non-aromatic
carbon atom; (3-6C) cycloalkyl; or a phenyl group that is unsubstituted or substituted by one,
two or three substituents selected independently from (1-2C)alkylenedioxy, a halogen atom, a
hydroxyl group, a (1-4C) alkyl group, a (3—6C)cycloa1kyl group, a cyano group; a phenyl '
group, an imidazolyl group, a halo(1-4C) alkyl group, a (1-4C)alkoxy group and a halo(1-

15 4C)alkoxy group; ‘

or a pharmaceutically acceptable salt thereof,
in the manufacture of a mediéament for the treatment of a condition responsive to a
modulator of sigma receptor function.
According to another aspect, the present invention provides a method of treating a
20 condition responsive to a modulator of sigma receptor function in a patient requiring
. treatment, which comprises administering to said patient an effective amount of a compound

general formula (Ta)
R'-A'-N X—(CH,),-Y-R®

(Ia)
25 in which:-

R! represents 2,3—dih§drobenzoﬁ1ran-5-yl or a phenyl group that is unsubstituted or
substituted by one, two or three substituents selected independently from (1-
2C)alkylenedioxy, a halogen atom, a hydroxyl group, a cyano group, a (1-4C) alky! group, a
(3-6C)cyclo.alky'l' group, a halo(1-4C) alkyl group, a (1-6C)alkoxy group, a ( 1-4C)alkoxy(1-

30 4C)alkoxy group, a hydroxy(1-4C)alkoxy group, a (1-4C)alkylsulfanyl group, a (1-
4C)alkylsulfonyl group, a halo(1-4C)alkoxy group and a halo(1-4C)alkylsulfonyl group;

A! represents (CH2), or (CH2)m1C(=0);
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mis2,3,4o0r5;

X is CH or N;

nis0, 1, 2; 3, 4 or 5, provided that when X is N, nis 2, 3, 4 or 5;

Y is O, NR? or S;

R? is hydrogen, (1-4C)alkyl or phenyl(1-4C)alkyl, or is as defined for R*; and

R? represents indan-1-yl, indan-2-yl, 1,2,3,4-tetrahydronaphth-1-yl or 1,2,3,4-
tetrahydronaphth-2-yl, each of which may bear a hydroxyl substituent on a non-aromatic
carbon atom; (3 _-6C) cycloalkyl; or a phenyl group that is unsubstituted or substituted by one,
two or three substituents selected independently from (1-2C)alkylenedioxy, a halogen atom, a
hydroxy! group, a (1-4C) alkyl group, a (3-6C)cycloalkyl group, a cyano group; a phenyl
group, an imidazolyl group, a halo(1-4C) alkyl group, a (1-4C)alkoxy group and a halo(1-
4C)alkoxy group;

or a pharmaceutically acceptable salt thereof.

The subject may be a human or a non-human animal, such as a non-human mammal,
for example a cat, dog, horse, cow or sheep.

The disorder responsive to a sigma receptor modulator may be, for example, a
disorder of the central nervous system, such as a neurological disorder or a psychiatric
disorder that has been linked to sigma receptors. Examples of neurological disorders
include cerebral deficits subsequent to cardiac bypass surgery and grafting, cerebral
ischemia (e.g. associated with stroke or cardiac arrest); spinal cord trauma; head
trauma; r.nultiple sclerosis, Alzheimer's Disease; Huntington's Chorea; amyotrophic
lateral sclerosis; AIDS-induced dementia; muscular spasms; convulsfons; drug
tolerance, withdrawal, and cessation (i.e. opiates, benzodiazepines, nicotine, cocaine,
or ethanol); ocular damage and retinopathy; cognitive disorders; idiopathic and drug-
induced Parkinson's Disease; pain; and movement disorders such as tardive
dyskihesia. Examples of psychiatric disorders that are treated with a compound of
formula I include schizophrenia, anxiety and related disorders (e.g. panic attack and
stress-related disorders), depression, bipolar disorders, psychosis, and obsessive
compulsive disorders. ’

The compounds according to the invention are of particular interest for use as
neuroprotective agents and in the treatment of patients to facilitate neuronal regeneration and
functional recovery after onset of a neurodegenerative disease, in particular ischemic stroke,

traumatic brain injury, spinal chord injury and multiple sclerosis.
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The dosage of the compounds of formula (I) will depend upon the nature and severity
of the condition being treated, the administration route and the size and species of the subject.
In general, quantities in the range of from 0.01 to 100 mg/kg bodyweight will be
administered.

As used herein, the term “treatment” includes prophylactic use. The term “effective
amount” refers to the amount of the compound of formula (I) that is effective to reduce or
inhibit the development of the symptoms of the disorder being treated.

The compound according to the invention may be administered alone or in
combination with another therapeutic agent having a different mode of action.

The ability of a compound to bind to a sigma receptor may be demonstrated by one or
more of the following tests.

Sigma-1 (c1) and sigma-2 (c2) receptor binding assays are carried out in membranes
from HEK-293 (Human Embryonic Kidney) cells.

Membrane preparation:
Confluent HEK-293 cells are harvested in PBS/5 mM EDTA. They are centrifuged at

2000 rpm for 5 min and then washed two times in PBS. Cells are homogenized in 20 mM
Tris-HCL (pH = 7.5) containing 5 mM EDTA, 0.5 mM PMSF and 0.5 pg/mL leupeptin using
a Dounce homogenizer and sonicated for 5 minutes.

Nuclear debris and intact cells are removed by centrifugation at 3000 rpm for 10
minutes at 4 °C. The supemnatant is centrifuged at 12000 rpm for 30 minutes and the resulting
pellet is resuspended in 25 mM Tris-HCL (pH = 7.5) , 25 mM Mg,Cl, 10% sucrose
containing 0.5 mM PMSF, 2 mM AEBSF, 1 mM EDTA, 130 uM bestatin, 14 uM E-64, 1 uM
leupeptin and 0.3 mM aprotinin.

Proteins are determined using the Bio Rad Protein Assay Dye Reagent and the

membranes are aliquoted and frozen at -80°C.

o1 receptor binding assay

The binding assays are performed in 96-well plates.

o1 receptors are labeled using the o1 selective probe (+) — [*H] Pentazocine (Bowen
WD et al, Mol Neuropharmacol 3, 117-126, 1993).

Total binding is determined by incubating 50 pg of HEK-293 cell membranes with 10
nM (+) — [’H]-pentazocine (Perkin-Elmer, 35 Ci/mmol) and assay buffer (50 mM Tris-HCI,

14



10

15

20

25

30

WO 2007/089462 PCT/US2007/001569

pH = 8.3) in a total volume of 200 pl. Non specific binding is determined in the presence of
10 pM unlabeled pentazocine. For competition experiments, 50 pl of displacing compound is
added at 8 different concentrations. Incubations are carried out for 120 min at 37 °C. Assays
are terminated by dilution with ice-cold 10 mM Tris-HC}, pH = 8.3 and vacuum filtration
through glass fibers using a Skatron cell harvester from Molecular Devices. The filters are
washed three times and the membrane-bound radioactivity is determined in a Microbeta
scintillation counter. ' '

Filters are soaked in 0.5 % polyethyleneimine for 1 hour before use.

Specific binding is determined by subtraction of non specific binding from total
binding. ICso values (concentration of competing ligand required for 50% inhibition of [*H]-
pentazocine binding) are analyzed by non-linear regression fit using the GraphPad Prism

software.

o2 receptor binding assay

The binding assays are performed in 96-well plates

o2 receptors are labeled using [*H] DTG (Di-o-tolylguanidine), under conditions in
which o1 receptors are masked with the o1 selective compound pentazocine (Hellewell SB et
al, Eur. J. Pharmacol, 268, 9-18, 1994).

Total binding is determined by incubating 50 pg of HEK-293 cell membranes with 10
nM [*H]-DTG (Perkin-Elmer, 58 Ci/mmol) in the presence of 10 pM pentazocine and assay
buffer (50 mM Tris-HCI, pH = 8.3) in a total volume of 200 pl. Non specific binding is
determined in the presence of 10 uM unlabeled DTG. For competition experiments, 50 pl of
displacing compound is added at 8 different concentrations. Incubations are carried out for
120 min at 37 °C. Assays are terminated by dilution with ice-cold 10 mM Tris-HC], pH = 8.3
and vacuum filtration through glass fibers using a Skatron cell harvester from Molecular
Devices. The filters are washed three times and the membrane-bound radioactivity is
determined in a Microbeta scintillation counter.

Filters are soaked in 0.5 % polyethyleneimine for 1 hour before use.

Specific binding is determined by subtraction of non specific binding from total
binding. ICso values (concentration of competing ligand required for 50% inhibition of [*H]-
DTG binding) are analyzed by non-linear regression fit using the GraphPad Prism software
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The compounds exemplified herein have all been found to have an ICs, of less than
700 nM in the o1 receptor binding assay, except for the compounds of Examples 35 and 41,
which were found'to be a little less active.

The following examples illustrate the invention.

Example 1
1-(3,4-Dimethoxyphenethyl)-4-(2-(4-chlorophenoxy)ethyl)piperidine
Step 1: 2-(3,4-Dimethoxyphenyl)-1-[4-(2-hydroxyethyl)piperidin-1-yl]ethanone (A)

| - EDAC-HCI | oH
OH i
OU\WOH + IO/\/ o [\()/\/
HN DMAP

bCcwm ~o

A

~To an ice-cold solution of 3,4-dimethoxyphenylacetic acid (7.60 g, 38.7 mmol), N,N-

dimethylaminopyridine (DMAP; 11.4 g, 93 mmol), and 4-piperidin-ethanol (5 g, 39 mmol) in
dry dichloromethane (DCM; 80 mL) was added N-(3-dimethylaminopropyl)-N’-
ethylcarbodiimide hydrochloride (EDAC-HCI; 9.65 g, 50.3 mmol) in one portion. The
cooling bath was removed and the reaction was allowed to warm to room temperature. After
five hours, HPLC analysis revealed the 3,4-dimethoxyphenylacetic acid was consumed. The
reaction mixture was washed once with 1 N HClg) (90 mL) and concentrated in vacuo. The
residue was chromatographed to yield the title compound (A; 10.67 g, 90% yield) as viscous
oil.

'H NMR (400 MHz, CDCl;) 0.91 (br m, 1H), 1.04 (br m, 1H), 1.44 (q, J = 6.6 Hz, 2H), 1.64
(m, 3H), 1.73 (br s, 2H), 2.56 (br m, 1H), 2.92 (br m, 1H), 3.64 (m, 4H), 3.84 (s, 3H), 3.84 (s,
3H), 4.59 (br m, 1H), 6.73 (dd, J= 2.0, 8.2 Hz, 1H), 6.78 (d, /= 2.0 Hz, 1H), 6.79 (d, /= 8.2
Hz, 1H).

m/z 308 [M+1]".

Step 2: Toluene-4-sulfonic acid 2-{1-[2-(3,4-dimethoxyphenyl)-acetyl]piperidin-4-yl}-ethyl
ester (B)

OH p-toluenesulfonyl o. s"o ’
| chloride ] 7
Et,N, DCM DAH/
~o o} ~ o O
A B
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To a solution of A (10.67 g, 34.7 mmol) in dry DCM (100 mL) was added triethylamine
(EtsN; 7.5 mL, 53.8 mmol). The reaction mixture was cooled to 0 °C. p-Toluenesulfonyl
chloride (10.0 g, 52.4 mmol) was added in one portion, and the mixture was stirred for five
minutes. The cooling bath was removed and the reaction mixture was allowed to warm to
room temperature as it stirred for 12 h. TLC analysis revealed the reaction to be nearly
complete. The reaction mixture was washed once with 1 N HClggq) (100 mL), concentrated in
vacuo, and purified by chromatography to yield the title compound (B; 14.2 g, 88% yield) as
an oil. m/z 462 [M+1]".

Step 3: 1-{4-[2-(4-Chlorophenoxy)ethyl]piperidin-1-y1}-2-(3 ,4-dimethoxyphenyl)-ethanone
©

HO
Qo 2 O o
| S o A AT T
~o (o] K,CO4 ~o0 o

B C
In a 20-mL reaction vessel equipped with a magnetic stir bar, B (1.4 g, 3.0 mmol), dry N,N-
dimethylformamide (DMF; 11 mL), potassium carbonate (K2COs; 1.26 g, 9.1 mmol) and 4-
chlorophenol (0.78 g, 6.1 mmol) were heated at 75 °C for 15 h. The starting material was

consumed by LC analysis. The reaction mixture was concentrated by heating under a
nitrogen stream. The residue was dissolved in DCM (10 mL) and washed with water (10
mL). The organic layer was concentrated by heating under a nitrogen stream, and the residue
was chromatographed to yield the title compound (C; 1.22 g, 96% yield) as an oil. m/z 418
[M+1]%.

Step 4: 1-(3,4-Dimethoxyphenethyl)-4-(2-(4-chlorophenoxy)ethyl)piperidine

o o
| O/\/ \@\ BH,, THF | O/\/ \@

OD/YN o —— O:©/\/N al

-~ ) (o] \o
C Example 1

In a 20-mL reaction vessel equipped with a magnetic stir bar, C (1.22 g, 2.9 mmol) was
dissolved in dry tetrahydrofuran (THF; 6.7 mL) with stirring. The solution was cooled to 0
°C, and 1.0 M borane (BH3) solution in THF (8.8 mL, 8.8 mmol) was added slowly. After 10

minutes the cooling bath was removed, and the reaction mixture was stirred at room
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temperature for 12 h. LC analysis revealed complete consumption of C. Methanol was added
slowly until gas. evolution ceased (3-6 mL). The reaction mixture was concentrated by
heating under a nitrogen stream. The residue was chromatographed to afford the title
compound (0.17 g, 15%).

'H NMR (400 MHz, DMSO-dg): § 1.5-1.9 (m, 7H), 2.6-3.0 (m, 8H), 3.71 (s, 3H), 3.74 (s,
3H), 4.01 (m, 2H), 6.75 (m, 1H), 6.81 (d, 1H), 6.88 (d, 1H), 6. 96 (m, 2H), 7.30 (m, 2H).

m/z 404 [M+1T".

The following compounds were prepared using the same method as described in Example 1.
Example 2
1-(3,4-Dimethoxyphenethyl)-4-(2-(4—ﬂuorophenoxy)ethyl)piperidine

~o

\@»‘O\/\O,@’F

'H NMR (400 MHz, DMSO-ds): § 1.47-1.7 (m, 8H), 2.7-3.1 (m, 7H), 3.72 (5, 3H), 3.75 (&, 5,
3H), 3.97 (t, 2H), 6.76 (m, 1H), 6.82 (s, 1H), 6.86 (d, 1H), 6.94 (m, 2H), 7.09 (t, 2H).
m/z 388 [M+1]".

Example 3
1-(3,4-Dimethoxyphenethyl)-4-(2-(p-tolyloxy)ethyl)piperidine

~o

' NMR (400 MHz, CDCLy): 3 1.4-1.9 (m, 7H), 2.20 (s, 3H), 2.6-3.0 (m, 8H), 3.69 (s, 3H),
3.72 (s, 3H), 3.95 (m, 2H), 6.73 (m, 1H), 6.78 (m, 3H), 6.85 (d, 1H), 7.04 (d, 2H).
m/z 384 [M+1]".

Example 4
1-(3,4-Dimethoxyphenethyl)—4—(2—(4—isopropylphenoxy)ethyl)piperidine

~o

Cy_ o

|
o
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'H NMR (400 MHz, DMSO-dg): & 1.13 (d, 6H), 1.5-1.9 (m, 8H), 2.6-3.0 (m, 8H), 3.69 (s,
3H), 3.73 (s, 3H), 3.94 (m, 2H), 6.72 (m, H), 4.06 (m, 2H), 6.72 (m, 1H), 6.80 (s, 1H), 6.85
(d, 1H), 6.90 (m, 1H), 6.09 (t, 1H), 7.16 (m, 2H).

m/z 388 [M+1]7.

Example 5
4-(2-(2-Fluorophenoxy)ethyl)-1-(3,4-dimethoxyphenethyl)piperidine

| o

O
F
N
O\/‘o@
'H NMR (400 MHz, CDCl): § 1.4-1.9 (m, 8H), 2.6-3.0 (m, 7H), 3.69 (s, 3H), 3.72 (s, 3H),
4.06 (m, 2H), 6.72 (m, 1H), 6.80 (s, 1H), 6.85 (d, 1H), 6.90 (m, 1H), 6.09 (t, 1H), 7.16 (m,

2H).
m/z 388 [M+1]".

Example 6
4-(2-(2-Chlorophenoxy)ethyl)-l-(3,4-dimethoxyphenethyl)piperidine

Cl
'H NMR (400 MHz, DMSO-de): & 1.54-1.89 (m, 7H); 2.58-2.66 (t, 1H), 2.80-3.03 (m, 6H),
3.71 (s, 3H), 3.74 (s, 3H), 4.09-4.13 (m, 2H), 6.72 (m, 1H), 6.82-6.90 (m, 2H), 6.93 (t, 1H),
7.12 (d, 1H), 7.27 (t, 1H), 7.38 (d, 1H).
m/z 404 [M+1]%,

Example 7
4-(2-(2-(Trifluoromethyl)phenoxy)ethyl)-1-(3,4-dimethoxyphenethyl)piperidine

| o

o@\/\ i

N F’lﬁi)

O\/\o

'H NMR (400 MHz, CDCl): 5 1.4-1.9 (m, 8H), 2.6-3.0 (m, 7H), 3.69 (s, 3H), 3.72 (s, 3H),

4.14 (t, 2H), 6.73 (d, 1HD), 6.83 (m, 2H), 7.06 (t, 1H), 7.24 (d, 1H), 7.59 (m, 2H).
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m/z 438 [M+11".

Example 8 :
1-(3,4-Dimethoxyphenethyl)-4-(2-phenoxyethyl)piperidine

| o

Wilﬁ,ow P

'H NMR (400 MHz, DMSO-di): & 1.4-1.9 (m, 8H), 2.6-3.0 (m, 7H), 3.69 (s, 3H), 3.72(s,
3H), 3.99 (m, 2H), 6.71 (t, 1H), 6.80 (s, 1H), 6.84-6.92 (m, 4H), 7.26 (m, 2H).
m/z 370 [M+11".

10 Example 9
1-(2-(Benzo[d][1,3]dioxol-5-yl)ethyl)-4-(2-phenoxyethyl)piperidine
L
The title compound was prepared using a similar synthetic route as described in Example 1
but starting with methylenedioxyphenylacetic acid instead of 3,4-dimethoxyphenylacetic acid.
15 'H NMR (400 MHz, CDCl3): 8 1.5-1.99 (m, 8H), 2.7-3.0 (m, 7H), 3.98 (m, 2H), 5.95 (s, 2H),
6.66 (m, 1H), 6.79-6.81 (m, 2H), 6.91 (m, 3H), 7.25 (t, 2H)
m/z 354 [M+1]".

The following compounds can be prepared using the same procedure as described in Example
20 1:
4-[2-(4-Chloro-phenoxy)ethyl]-1-[2-(3,4-dimethoxyphenyl)ethyl]piperidine
4-(2-{1-[2-(3,4-Dimethoxyphenyl)-ethyl] piperidin-4-y1} ethoxy)benzonitrile
1-[2-(3 ,4—D@mqﬁhoxyphenyl)ethyl]—ét—[2-(4—methoxyphenoxy)ethyl]piperidine
4-[2-(Biphenyl-4-yloxy)ethyl]-1-[2-(3,4-dimethoxyphenyl)ethyl]piperidine
25 4-[2-(Benzo[1,3]dioxol-5-yloxy)ethyl]-1-[2-(3,4-dimethoxyphenyl)ethyl]piperidine
1-[2-(3,4-Dimethoxyphenyl)ethyl})-4-[2-(4-trifluoromethylphenoxy)ethyl]piperidine
1-[2-(3,4-Dimethoxyphenyl)ethyl]-4-[2-(4-imidazol-1-ylphenoxy)ethyl]piperidine
1-[2-(3,4-Dimethoxyphenyl)ethyl}-4-[2-(4-trifluoromethoxyphenoxy)ethyl]piperidine
1-[2-(3,4-Dimethoxyphenyl)ethyl]-4-[2-(2-methoxyphenoxy)ethyl]piperidine
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1 -[2-(3,4-]5imethoxyphenyl)ethyl]-4-[2-(2-triﬂuorométhoxyphenoxy)ethyl]piperidine
1-[2-(3,4-Dimethoxyphenyl)ethyl}-4-[2-(3-fluoro-4-methoxyphenoxy)ethyl]piperidine
4-[2-(3-Chloro-4-methoxyphenoxy)ethyl]-1-[2-(3,4-dimethoxyphenyl)ethyl]piperidine and
4-[2-(3,4-Dichlorophenoxy)ethyl]-1-[2-(3,4-dimethoxyphenyl)ethyl]jpiperidine.

Example 10
N-(2-(1-(3,4-Dimethoxyphenethyl)piperidin-4-yl)ethyl)benzenamine
| o '
Tl
N
SOWe

The title compound was prepared using the same procedure as described in Example 1 by
replacing 4-chlorophenol with aniline in Step 3:

'"H NMR (400 MHz, CDCl3): & 1.4-1.9 (m, 8H), 2.6-3.0 (m, 9H), 3.69 (s, 3H), 3.72 (s, 3H),
5.35 (m, 1H), 6.47 (1, 1H), 6.51 (d, 2H), 6.73 9 (i, 1H), 6.80 (s, 1H), 6.85 (d, 1H), 7.03 (m,
2H). -

m/z 369 [M+11".

The following compounds can be prepared using the same procedure as described in Example
10:

(2- {1-[2-(3,4-Dimethoxyphenyl)ethyl]piperidin-4-yl} ethyl)-(4-fluorophenyl)amine
(4-Chlorophenyl)-(2-{1-[2-(3,4-dimethoxyphenyl)-ethyl]-piperidin-4-yl} ethyl)amine
4-(2-{1-[2-(3,4-Dimethoxyphenyl)ethyl]piperidin-4-yl } ethylamino)benzonitrile
(2-{1-[2-(3,4-Dimethoxyphenyl)ethyl]piperidin-4-yl} ethyl)-(4-methoxyphenyl)amine
Biphenyl-4-yl-(2-{1-[2-(3,4-dimethoxyphenyl)ethyl]piperidin-4-yl} ethyl)amine
Benzo[1,3]dioxol-5-yl1-(2- {1-[2-(3,4-dimethoxyphenyl)ethyl]piperidin-4-yl } ethyl)amine
2-{1 ;[2—(3,4-Dimethoxyphenyl) ethyl]piperidin-4-y1} ethyl)-(4-trifluoromethylphenyl)-amine
(2-{1-[2-(3,4-Dimethoxyphenyl)ethyl]piperidin-4-yl} ethyl)-p-tolylamine
(2-{1-[2-(3,4-Dimethoxyphenyl)ethyl]piperidin-4-yl } ethyl)-(4-isopropylphenyl)amine
(2-{1-[2-(3,4-Dimethoxyphenyl)ethyl]piperidin-4-yl} ethyl)-(4-imidazol-1-yl-phenyl)-amine
(2-{1-[2-(3,4-Dimethoxyphenyl)ethyl]piperidin-4-yl} ethyl)-(4-trifluoromethoxy-
phenyl)amine

(2-{1-[2-(3,4-Dimethoxyphenyl)ethyl]piperidin-4-yl} ethyl)-(2-fluorophenyl)amine
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(2-{1-[2-(3,4-Dimethoxyphenyl)ethyl]-piperidin-4-yl1} ethyl)-(2-methoxyphenyl)amine
(2-Chloro-phenyl)-(2- {1-[2-(3,4-dimethoxyphenyl)ethyl]piperidin-4-yl} ethyl)amine
(2-{1-[2-(3,4-Dimethoxyphenyl)ethyl]-piperidin-4-yl } ethyl)-(2-trifluoromethylphenyl)-amine
(2-{1-[2-(3,4-Dimethoxy-phenyl)ethyl]-piperidin-4-yl } ethyl)-(2-trifluoromethoxy-
phenyl)amine '

(2-{1-[2-(3,4-Dimethoxyphenyl)ethyl]piperidin-4-yl} ethyl)-(2-fluoro-4-methoxy-
phenyl)amine

(2-{1-[2-(3,4-Dimethoxy-phenyl)ethyl]piperidin-4-y1} ethyl)-(3-fluoro-4-methoxy-
phenyl)amine

(3-Chloro-4-methoxyphenyl)-(2- {1-[2-(3,4-dimethoxyphenyl)ethyl]piperidin-4-yl} -
ethyl)amine and

(3,4-Dichloro-phenyl)-(2- { 1-[2-(3,4-dimethoxyphenyl)ethyl]piperidin-4-y1} ethyl)amine.

Example 11
1-(2-Methoxyphenethyl)-4-(2-phenoxyethyl)piperidine
Step 1: 4-[2-(Toluene-4-sulfonyloxy)ethyl]piperidine-1-carboxylic acid zert-butyl ester (D)

O/\/OH Eniorigg o O/\/ 07300

o__N o \©\
XOIN Et,N, DCM >r ‘g/

' D

To an ice-cold solution of N-Boc-4-piperidine-ethanol (5.0 g, 21.8 mmol) and Et3N (4.6 mL,
33.0 mmol) in dry DCM (10 mL) was added p-toluenesulfonyl chloride (6.25 g, 32.8 mmol)
slowly. Upon addition, the reaction was warmed to room temperature and stirred for 20 h.
The reaction mixture was washed with water (40 mL), 10% (wt/v) citric acidq) (40 mL), and
saturated NaHCO3(aq) (40 mL). The DCM layer was dried with MgSQs,, filtered and

concentrated in vacuo to give a pale yellow oil, which was chromatographed to give the title

compound (7.47 g, 89% yield) as a clear and colorless oil.
'H NMR (400 MHz, CDCl3) 1.02 (m, 2 H), 1.43 (s, 9 H), 1.50-1.57 (m, SH), 2.44 (s, 3H),
2.60 (br t, 2H), 4.02 (br d, 2H), 4.06 (t, 2H), 7.34 (d, 2H), 7.78 (d, 2H).
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Step 2: 4-(2-Phenoxy-ethyl)-piperidine-1-carboxylic acid tert-butyl ester (E)
o. ,, Phenol
. & K,CO,4
>y \©\ o T Y
0

D E
To a solution of D (8.24 g, 21.5 mmol) in dry DMF (85 mL) was added potassium carbonate
(K2COs; 8.9 g, 64 mmol) and phenol (4.0 g, 42.5 mmol). The reaction mixture was heated to
70-75 °C for 4 h, cooled to room temperature, and poured into water (300 mL). The mixture
was extracted with ethyl acetate (3 x 100 mL). The ethyl acetate extracts were combined,
washed with 0.25 M K2COs(aq) (100 mL) and saturated sodium chloride (100 mL), dried over
MgSOs, and concentrated in vacuo. The resultant oil was run through a silica plug to remove
very polar material, thus a mixture of the title compound and phenol (7.95 g) was isolated.
This material was carried on to the next step without further purification. m/z 205 [M—
CO,C(CH3):1 ™.

Step 3: 4-(2-Phenoxyethyl)-piperidine, hydrochloride salt (F)

0 TFA, DCM; O/\/O\©
>r°\n/©/\/ O HCVEL,O HOHHN
o EtOAc
E F
To a solution of E and phénol (7.95 g, 21.5 mmol E in theory) in DCM (80 mL) was added
trifluoroacetic acid (20 mL) in a slow stream, and the mixture was stirred overnight at room
temperature. The starting material was consumed by TLC analysis. The reaction mixture
was washed with water (110 mL), and the aqueous phase was back-extracted with DCM (25
mL). The combined DCM layers were washed with saturated NaHCO3(aq) (100 mL), dried
over MgSOQy4, and concentrated to an oil (7.32 g). A portion of the oil (6.60 g) was dissolved
in EtOAc (100 mL). With stirring 2 M HCl in Et;0 (Aldrich; 13.5 mL) was added dropwise.
The mixture was stirred for 1.5 h, filtered, washed with EtOAc, and dried in vacuo to give F
(4.0 g, 85% yield) as a white solid.
'H NMR (400 MHz, DMSO-ds) 1.39 (m, 2H), 1.67 (q, /= 6.4 Hz, 2H), 1.76 (m, 1H), 1.84 (br
d, 2H), 2.83 (br q, J = 11.3 Hz, 2H), 3.22 (br d, J = 12.9 Hz, 2H), 4.00 (t, /= 6.3 Hz, 2H),
6.90-6.93 (m, 3H), 7.28 (m, 2H), 8.73 (br s, 1H), 8.96 (br s, 1H).
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Step 4: 2-(2-Methoxy-phenyl)-1-[4-(2-phenoxy-ethyl)piperidin-1-yl]ethanone (G)

é/\f _EDACHC O/\/ \©
HCI-HN @ DMAP é/\/
DCM

F
To a solution of F (0.32 g, 1.3 mmol), (2-methoxyphenyl)acctic acid (0.26 g, 1.6 mmol), and
DMAP (0.55 g, 4.5 mmol) in DCM (6.5 mL) was added EDAC-HCI (0.36 g, 1.9 mmol). The
reaction was stirred overnight at room temperature. HPLC analysis revealed complete
consumption of F. The reaction mixture was washed with 1 N HClgg (2 x 5 mL), dried over
MgSO‘?, and concentrated by heating under a nitrogen stream to afford the title compound,
which was carried on to the next step without further purification. m/z 354 [M + 17",

Step 5: 1-[2-(2-Methoxyphenyl)ethyl]-4-(2-phenoxyethyl)piperidine hydrochloride
~ o
OO = L0

Example 11
To an ice-cold solution of crude residue G (1.3 mmol in theory) in dry THF (3 mL) was
added 1.0 M BHj3 in THF (Aldrich; 4.1 mL, 4.1 mmol) dropwise. Upon addition, the reaction
mixture was warmed to room temperature and continued stirring for 19 h. HPLC analysis
revealed the complete consumption of G. Methanol was added slowly until gas evolution
ceased (1-3 mL). The reaction mixture was concentrated by heating under a nitrogen stream.
The residue was chromatographed to afford the title compound (0.35 g, 79% from Step 4).
'H NMR (400 MHz, DMSO-dg): & 1.5-1.7 (m, 8H), 2.8-3.0 (m, 7H), 3.77 (s, 3H), 3.98 (m,
2H), 6.84-6.95 (m, 5H), 7.13-7.27 (m, 4H).
m/z 340 [M + 117,

The following compounds were prepared using the same method as described in Example 11.

Example 12
1-(3-Methoxyphenethyl)-4-(2-phenoxyethyl)piperidine
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~o

©\”'Ow~o©

'"H NMR (400 MHz, CDCls): & 1.40-1.80 (m, 7H), 2.10-2.40 (m, 1H), 2.48 (t, 1H), 2.89-3.18
(m, 6H), 3.81 (s, 3H), 4.02 (m, 2H), 6.76-6.97 (m, 6H), 7.21-7.31 (m, 3H).
m/z 340 [M +1]™.

Example 13
1-(4-Methoxyphenethyl)-4-(2-phenoxyethylpiperidine
1

Con_ o

'H NMR (400 MHz, DMSO-ds): & 1.40-1.90 (m, 9H), 2.70-3.10 (m, 6H), 3.70 (s, 3H), 3.98
(m, 2H), 6.84 (d, 2H), 6.90 (d, 3H), 7.13 (t, 2H), 7.23 (m, 2H).
m/z 340 M + 117,

Example 14
1-Phenethyl-4-(2-phenoxyethyl)piperidine

E::l\,’\N
L:::l\v/*“o‘l:::]
'H NMR (400 MHz, DMSO-ds): & 1.5-1.9 (m, 9H), 2.8-3.1 (m, 6H), 4.01 (m, 2H), 6.91 (m,

3H), 7.2-7.3 (m, 7TH).
m/z310 [M + 11*.

Example 15
1-(3-(Trifluoromethyl)phenethyl)-4-(2-phenoxyethyl)piperidine
F

FE?EF
N
L::]\~/"o’[::]
'H NMR (400 MHz, CDCL): 8 1.4-1.9 (m, 8H), 2.6-3.7 (m, 7H), 3.97 (m, 2H), 6.90 (m, 3H),

7.24 (m, 2H), 7.51-7.61 (m, 4H).
m/z378 M+ 117,
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Example 16
1-(4-(Trifluoromethyl)phenethyl)-4-(2-phenoxyethyl)piperidine
F F . .«
F)©V‘ ‘
N
()\/\o@

'H NMR (400 MHz, DMSO-dg): 5 1.4-1.7 (m, 8H), 2.6-3.1 (m, 7H), 3.97 (m, 2H), 6.90 (m,

3H), 7.25 (m, 2H), 7.47 (t, 2H), 7.64 (¢, 2H).
m/z 378 [M + 1],

Example 17
1-(2-(Trifluoromethyl)phenethyl)-4-(2-phenoxyethylpiperidine
P E
SO
N
O\/\o@

'H NMR (400 MHz, CDCly): § 1.4-1.7 (m, 8H), 2.7-3.2 (m, 7H), 3.97 (t, 2H), 6.91 (m, 3H),

7.25 (m, 2H), 7.44 (t, 1H), 7.49 (d, 1H), 7.63 (t, 1H), 7.68 (d, 1H).
m/z 378 M+ 1]°.

The following compounds can be prepared using the same procedures as for Example 11:

1-[2-(2-Fluoro-3,4-dimethoxyphenyl)ethyl]-4-(2-phenoxy-ethyl)piperidine
4-(2-Phenoxyethyl)-1-[2-(2,3,4-trimethoxyphenyl)ethyl]piperidine
1-[2-(2-Flucrophenyl)ethyl]-4-(2-phenoxyethyl)piperidine
1-[2-(3-Fluorophenyl)ethyl]-4-(2-phenoxyethyl)piperidine
1-[2-(4-Fluorophenyl)ethyl}-4-(2-phenoxyethyl)piperidine
1-[2-(3,4-Difluorophenyl)ethyl]-4-(2-phenoxyethyl)piperidine
4-(2-Phenoxyethyl)-1-(2-m-tolylethyl)piperidine
1-[2-(3-Chlorophenyl)ethyl]-4-(2-phenoxyethyDpiperidine
1-[2-(4-Chloro-3-methoxyphenyl)ethyl]-4-(2-phenoxyethyl)piperidine
4-(2-Phenoxyethyl)-1-[2-(4-trifluoromethoxyphenyl)ethyl]piperidine
4-[2-(4-Fluorophenoxy)ethyl]-1-[2-(4-methoxyphenyl)ethyl]piperidine
4-[2-(4-Fluorophenoxy)ethyl]-1-[2-(4-trifluoromethoxy-phenyl)ethyl]piperidine
4-[2-(2-Fluorophenoxy)ethyl]-1-[2-(4-methoxyphenyl)ethyl]piperidine
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4-[2-(2-Fluorophenoxy)ethyl]— 1-[2-(4-trifluoromethoxyphenyl)ethyl]piperidine
1 ;(2—Benzo[ 1,3)dioxol-5-ylethyl)-4-[2-(4-fluorophenoxy)ethyl] piperidine and
1-(2-Benzo[1,3] dioxol-5-ylethyl)-4-[2-(2-fluorophenoxy)ethyl]piperidine.

Example 18

1-(3,4-Dimethoxyphenethyl)-4—(2-phenoxyethyl)piperazine dihydrochloride
Step 1: 2-[(2-Hydroxy-ethy1)-(2-phenoxy-ethyl)—amino]-ethanol (H)

K,CO;, EtOH OH

+ @ reflux overnight H @
Bf\/\ =
o HO™ N ~ o

HN/\/OH

OH

H
The reaction mixture of 2-(2-hydroxy-ethylamino)ethanol (32 g, 310 mrhol), 1-(2-
bromoethoxy)benzene (51 g, 256 mmol), and potassium carbonate (70 g, 512 mmol) in
ethanol (200 mL) was refluxed overnight, concentrated, and partitioned between water and
ethyl acetate. The organic layer was washed with brine, dried over anhydrous sodium sulfate,
and concentrated. The residue was purified by column chromatography to afford the title
compound (45 g, 78%).

Step 2: Bis-(2-chloroethyl)-(2-phenoxyethyl)amine hydrochloride (T)
OH Cl

kl @ SOCI,, chloroform l\l Hel
Ho N0 - Cl/\’N\/\O@

H I
To an ice-cold solution of 2—[(2—hydroxyethy1)-(2-phenoxyethyl)—amino]ethanol (H;439¢,
194 mmol) in chloroform (140 mL) was added thionyl chloride (SOCly; 114.8 g, 965 mmol)

dropwise. The reaction mixture was then reflux for 1.5 h and concentrated. The residue was

then suspended in the mixture of ethyl acetate and isopropyl ether. The precipitate was
filtered and dried in 2 vacuum oven to afford the title compound quantitatively as a light

brown crystal. This product was then used without further purification.

Step 3: l—(3,4—Dimethoxyphenethyl)-4-(2-phenoxyethyl)piperazine dihydrochloride
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62 B
a \©\,\NH °~©\/\ 2HC
et _ 2 NN

) 2
a”~"~"0o 1. K;CO3, Nal, \Noro :
DMF, 70-80 °C
I 2.6 N HClaq Example 18

The reaction mixture of bis-(2-chloroethyl)-(2-phenoxyethyl)amine (0.895 g, 3 mmol), 2-(3,4-
dimethoxyphenyl)ethylamine (0.548 g, 3 mmol), potassium carbonate (K2COs; 1.277 g, 9
mmol), and sodium iodide (Nal; 0.899 g, 6 mmol) in DMF (6 mL) was stirred at 70 — 80 °C
for 5 h, quenched with water, and extracted with ethyl acetate. The organic layer was dried
over anhydrous sodium sulfate and concentrated. The residue was suspended in 6 N HClaq
(pH = 3-4) and filtered. The filter cake was then washed with ethyl acetate and ethanol and
dried to afford the title compound as a pale white solid (330 mg, 23%).

'H NMR (400 MHz, CDsOD): § 3.08 (m, 2H), 3.50 (m, 2H), 3.74-3.84 (m, 16H), 4.44 (t,
2H), 6.85-7.05 (m, 6H), 7.32 (m, 2H).

m/z 371 [M-2HCI+11".

The following compounds were prepared using the same method as described in Example 18.

Example 19
1-(2-Methoxyphenethyl)-4-(2-phenoxyethyl)piperazine dihydrochloride

@Eo/\\ 2HCI
QNS

*'H NMR (400 MHz, CD;OD): 5 3.13 (mn, 2H), 3.46 (m, 2H), 3.5-3.9 (m, 13H), 4.45 (t, 2H),

6.90-7.06 (m, SH), 7.24-7.35 (m, 4H).
m/z 341 [M-2HC1+1] .

Example 20
1-(3-Methoxyphenethyl)-4-(2-phenoxyethyl)piperazine dihydrochloride

~o

S
QPN S
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I NMR (400 MHz, CD;OD): § 3.12 (m, 2H), 3.52 (m, 2H), 3.65-3.95 (m, 13), 4.44 (t, 2H),
6.83-6.91 (m, 3H), 7.01-7.05 (m, 3H), 7.23-7.35 (m, 3H).
m/z 341 [M-2HCI+1]*.

Example 21
1-(4-Methoxyphenethyl)-4-(2-phenoxyethyl)piperazine dihydrochleride
|

(o]
~©\/\ 2HCI
'\,N\/\o@

H NMR (400 MHz, CD;0D): § 3.08 (m, 2H), 3.48 (m, 2H), 3.6-3.0 (m, 13H), 4.45 (1, 2H),
6.90 (m, 2H), 7.03 (m, 3H), 7.23 (m, 2H), 7.32 (m, 2H).
m/z 341 [M-2HCI+117.

Example 22
1-(2-(Benzo[d][1,3]dioxol-5-yl)ethyl)-4-(2-phenoxyethyl)piperazine dihydrochloride

r~0

o@v\ 2HCI
\,NV\O/@

'H NMR (400 MHz, CD;0D): & 3.05 (m, 2H), 3.46 (m, 2H), 3.6-3.9 (m, 10H), 4.42 (t, 2H),
5.93 (s, 2H), 6.38 (s, 2H), 6.84 (s, 1H), 7.01-7.04 (m, 3H), 7.32 (dd, 2H).
m/z 355 [M-2HCI+1]™.

Example 23
1-(2-Fluorophenethyl)-4-(2-phenoxyethyl)piperazine dihydrochloride

(:(F/* 2HCI

D
'H NMR (400 MHz, CD;0D): & 3.21 (m, 2H), 3.50 (m, 2H), 3.6-3.9 (m, 10H), 4.39 (m, 2H),
6.98-7.21 (m, SH), 7.30-7.40 (m, 4H).
m/z 329 [M-2HCI+1] "

Example 24
1-(3,4-Difluorophenethyl)-4-(2-phenoxyethyl)piperazine dihydrochloride
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F

F\©\/\ 2HCI
'\/N ~./~0'©

'"H NMR (400 MHz, CD;0OD): & 3.14 (m, 2H), 3.51 9m, 2H), 3.6-3.9 (m, IOH) 4.43 (t, 2H),
6.98-7.05 (m, 3H), 7.06-7.35 (m, SH).
m/z 347 [M-2HCIH1] .

i

Example 25
1-(3-(Trifluoromethyl)phenethyl)-4-(2-phenoxyethyl)piperazine dihydrochloride
F

FLF
év\ 2HCI)
G\/‘o’@

'H NMR (400 MHz, CD;OD): & 3.25 (m, 2H), 3.54 (m, 2H), 3.7-3.9 (m, 10H), 4.45 (m, 2H),
7.02 (m, 3H), 7.34 (m, 2H), 7.55-7.69 (m, 4H).
m/z 379 [M-2HCI+1]".

Example 26
1-(2-(Trifluoromethoxy)phenethyl)-4-(2-phenoxyethyl)piperazine dihydrochloride

2HCI
; TN
of{:,F K/NV‘0’©

F
'H NMR (400 MHz, CD;0D+CDCL): 8 3.22 (m, 2H), 3.42 (m, 2H), 3.6-3.8 (m, 10H), 4.43
(t, 2H), 6.99 (m, 3H), 7.27-7.39 (m, 5H), 7.47 (d, 1H).

m/z 395 [M-2HCI+1] 7.

Example 27
1-Phenethyl-4-(2-phenoxyethyl)piperazine dihydrochloride

@\/\ 2HCI
QL

'H NMR (400MHz, CD;0D+CDCl): § 3.15 (m, 2H), 3.48 (m, 2H), 3.7-4.0 (m, 10H), 4.43
(¢, 2H), 6.99 (m, 3H), 7.25-7.34 (m, 7H).
m/z 311 [M-2HCH+11*. \
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The following compounds can be prepared using the same procedure as described in Example
18: '

1-[2-(2- Fluoro-3 4-dimethoxyphenyl)ethyl]-4-(2-phenoxyethyl)piperazine
1-(2- Phenoxyethyl)—4 -[2-(2,3,4-trimethoxyphenyl)ethyl|piperazine
1-[2-(3-Fluorophenyl)ethyl]-4-(2-phenoxyethyl)piperazine
1-[2-(4-Fluorophenyl)-ethyl]-4-(2-phenoxyethyl)piperazine
1-(2-Phenoxyethyl)-4-(2-m-tolylethyl)piperazine

1-(2-Phenoxyethyl)-4- [2-(Z—triﬂuoromethyl-phenyl)ethyl]piperazine
1-(2-Phenoxyethyl)-4-[2-(4-trifluoromethylphenyl)ethyl]piperazine
1-(2-Phenoxyethyl)-4-[2-(3-trifluoromethoxyphenyl)ethyllpiperazine
1-[2-(3-Chloro-phenyl)ethyl}-4-(2-phenoxyethyl)piperazine and
1-[2-(3-Chloro-4-methoxyphenyl)ethyl]-4-(2-phenoxyethyl)piperazine.

Example 28
1-(3,4-Dimethoxyphenethyl)-4-(2-(4-chlorophenoxy)ethyl)piperazine dihydrochloride
Step 1: 2-(4-Chlorophenoxy)ethyl 4-methylbenzenesulfonate (J)

TsCl, DCM
Et3N I.t

' /_/OH e /—/OTS
cn—@—o —_— cu—@—o

To a solution of 2-(4-chlorophenoxy)ethanol (2.0 g, 11.6 mmol) in DCM (10 mL) was added
Et;N (5 mL) and 4-methylbenzene-1-sulfonyl chloride (TsCl; 2.43 g, 12.8 mmol)
sequentially. The reaction mixture was stirred at room temperature overnight and partitioned
between water and ethyl acetate. The organic layer was washed with water, 5% sodium
bicarbonate (NaHCQOs), and brine and concentrated. The resulting residue was washed with

hexane to afford the title compound quantitatively.

Step 2: 1-(3,4-Dimethoxyphenethyl)piperazine dihydrochloride (L)

1. K,CO;, Nal
DMF, r.t.

:@/\/OH o :©/\/ 2.4 N HCla —0, 2HCl —
—————q> \ N ONH
BOC-N NH O—O—/_ —
K ' L
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The reaction mixture of 2-(3,4-dimethoxyphenyl)ethanol (6.0 g, 32.8 mmol) and thionyl
chloride (19 g, 164 mmol) in chloroform (20 mL)' was stirred at reflux for 4 h, concentrated,
and partitioned between water and ethy! acetate. The organic layer was washed with NaHCO;
and brine, dried over anhydrous sodium sulfate, and concentrated to afford 4-(2-chloroethyl)-
1,2-dimethoxybenzene (K) quantitatively (6.6 g).

A reaction mixture of 4-(2-chloroethyl)-1,2-dimethoxybenzene (3.6 g, 17.9 mmol),
piperazine-1-carboxylic acid z-butyl ester (4.0 g, 21.5 mmol), K,COs (4.97 g, 36 mmol), and
Nal (2.7 g, 18 mmol) in DMF (20 mL) was stirred at 80 °C for 3 h, cooled to room
temperature, and partitioned between water and ethyl acetate. The organic layer was washed
with water and brine, dried over anhydrous sodium sulfate, and concentrated. The residue
was purified by column chromatography to afford 4-[2-(3,4-dimethoxy-phenyl)-ethyl]-
piperazine-1-carboxylic acid #-butyl ester (4.8 g, 76%) which was dissolved in 4 N HCl in
dioxane. This solution was stirred at room temperature for 4 h, concentrated, and dried in a

high vacuum oven to give the title compound quantitatively.
Step 3: 1-(3,4-Dimethoxyphenethyl)-4-(2-(4-chlorophenoxy)ethyl)piperazine dihydrochloride
. H [o]]

K,CO;, Nal —0 ) 2HCI

- 2HCH ' .
\ b N NH 4 /._.IOT3 acetone, reflux \ N/_\N _./—O
L J Example 28

To the solution of 1-(3,4-dimethoxyphenethyl)piperazine dihydrochloride (502 mg, 1.55
mmol) and 2-(4-chlorophenoxy)ethyl 4-methylbenzenesulfonate (460 mg, 1.4 mmol) in
acetone (20 mL) was added Nal (465 mg, 3.1 mmol) and K;COj3 (1.1 g, 7.0 mmol). The
reaction mixture was then refluxed overnight and concentrated. The residue was partitioned
between ethyl acetate and water. The oi‘ganic layer was washed with water and brine, dried
over anhydrous sodium sulfate, and concentrated. The resulting residue was purified by
column chromatography to afford 1-(3,4-dimethoxyphenethyl)-4-(2-(4-
chlorophenoxy)ethyl)piperazine which was suspended in 6 N HClaq. (pH = 3). The
precipitate was filtered, washed with cold ethanol, and dried to afford the title compound (350
mg, 52%).

'H NMR (400 MHz, DMSO-de): 8 2.96 (m, 2H), 3.4 (m, 12H), 3.70 (s, 3H), 3.74 (s, 3H),

4.36 (b, 2H), 6.76 (d, 1H), 6.89 (m, 2H), 7.03 (m, 2H), 7.34 (m, 2H).
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m/z 405 [M-2HCI+1]".

Example 29 '
1-(2~(2-Chlorophenoxy)ethyl)-4-(3,4-dimethoxyphenethyl)piperazine dihydrochloride

~o

é\@\/\ 2HOl
Q0

The title compound was prepared using the same procedure as described in Example 28 by
replacing 2-(4-chlorophenc'>xy)ethy1 4-methylbenzenesulfonate with 2-(2-chlorophenoxy)ethyl
4-methylbenzenesulfonate in Step 1.

'H NMR (400 MHz, DMSO-d): 8 2.96 (b, 2H), 3.4 (m, 12H), 3.70 (s, 3H), 3.72 (s, 3H), 4.44
(b, 2H), 6.76 (d, 1H), 6.89 (m, 2H), 6.98 (m, 1H), 7.20 (d, 1H), 7.33 (m, 1H), 7.46 (d, 1H).
m/z 405 [M-2HC1+1]".

Example 30
4-(2-(4-(3,4—Dimethoxyphenethyl)piperazin—l-yl)ethyloxy)benzonitrile dihydrochloride
Step 1: 4-(2-Bromoethoxy)benzonitrile (M) '

K,CO3, DMF

. Br
100°C, 5 h —
NC-Q'OH + g~ —— NC-—Q—O
M

A reaction mixture of 4-hydroxybenzonitrile (1.19 g, 10 mmol), 1,2-dibromoethane (9.39 g,

50 mmol), and K,CO3 (4.14 g, 30 mmol) in DMF (20 mL) was stirred at 100 °C for 5 h and

cooled t6 room temperature. To the reaction mixture was added ethyl acetate and water. The
organic layer was washed with brine, dried over anhydrous sodium sulfate, and concentrated.
The residue was purified by column chromatography to afford the 4-(2-
bromoethoxy)benzonitrile (1.2 g, 53%).

Step 2: 4-(2+(4-(3,4-Dimethoxyphenethyl)piperazin-1 -yl)ethyloxy)benzonitrile
dihydrochloride
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K,CO;, Nal
- 2HCI . 2CO;, _ 2HCI
\ ) N NH 4+ ,_—/Br acetone, reflux \ 0 N/"'\N_/--'O
D W S e e
L M Example 30

The title compound was prepared (41% yield) using the same procedures as described in
Example 28 (Step 3) by replacing 2-(4-chlorophenoxy)ethyl 4-methylbenzenesulfonate with
4—(2—bromoethoxy)benzonitrile.

'H NMR (400 MHz, DMSO-dg): 8 2.95-3.00 (m, 3H), 3.20-3.60 (m, 11H), 3.70 (s, 3H), 7.73
(s, 3HD), 4.46 (b, 2H), 6.77 (d, 1H), 6.88 (d, 2H), 7.17 (4, 2H), 7.79 (d, 2H).

m/z 396 [M-2HCI+1]*.

The following compounds were prepared using the same procedure as described in Example

30 by replacing 4-hydroxybenzonitrile with the corresponding substituted phenol.

Example 31
1—(3,4—Dimethoxyphenethyl)-4-(2—(4-isopropylphenoxy)ethyl)piperazine dihydrochloride

’°:©\/\ 2HCI '
e <

'H NMR (400 MHz, CD;0D): & 1.20 (d, 6H), 2.69 (s, 1H), 2.85 (m, 1H), 3.09 (m, 2H), 3.51

(m, 2H), 3.73-3.80 (m, 15H), 4.14 (m, 2H), 6.85-6.97 (m, 5H), 7.18 (q, 2H).

m/z 413 [M-2HCI+117.

Example 32
l-(2—(2—(Triﬂuoromethyl)phenoxy)ethyl)-4—(3,4-dimethoxyphenethyl)piperazine
dihydrochloride

/O:©\/\2HCI

~ o N/\ FSC

k,N ~0

'H NMR (400 MHz, CD;0D): & 3.09 (m, 2H), 3.51 (m, 2H), 3.6-4.0 (m, 16H), 4.62 (t, 2H),
6.85-6.96 (m, 3H), 7.16 (t, 1H), 7.26 (d, 1H), 7.63 (m, 2H).
m/z 439 [M-2HCH+1]™.
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The following compounds can be prepared using the same procedure as described Example 28
and 30: '

1-[2-(3,4-Dimethoxyphenylethyl} -4-[2-(4-fluoro-phenoxy)ethyl]piperazine

1-[2-(3 ,4-Dimethoxyphenyl)ethyl]-4-[2-(4-mcthoxyphenoxy)ethyl]piperazine
1-[2-(Biphenyl-4-yloxy)ethyl]-4-[2-(3 ,4-dimethoxyphenyl)cthyl]pipérazine
1-[2-(Benzo[1,3]dioxol-5-yloxy)ethyl]-4-[2-(3 ,4-dimethoxyphenyl)ethyl]piperazine

1 —[2-(3,4-Dimethoxy-phenyl)ethyl]—4~[2-(4-trifluoromethyl-phenoxy) ethyl]piperazine
1-[2-(3,4—Dimethoxy—phenyl)ethyl]—4—(2-p-tolyloxyethyl)piperazine
1-[2-(3,4-Dimethoxy-phenyl)ethyl]-4-[2-(4-imidazol-1 -ylphenoxy)ethyl]piperazine
1-[2-(3 ,4-Dimethoxy-phenyl)ethyl]—4—[2-(4-triﬂuoromethoxyphenoxy)cthyl] piperazine
1-[2-(3,4-Dimethoxy—phenyl)ethyl]-4-[2-(2-ﬂuorophenoxy)ethyl]piperazine
1-[2-(3,4-Dimethoxy-phenyl) ethyl]-4-[2-(2-methoxyphenoxy)ethyl]piperazine
1-[2—(3,4—Dimethoxy-phenyl)ethyl]-4-[2;(2-triﬂuoromethoxyphenoxy)ethyl]piperazine
1-[2-(3,4-Dimethoxy-phenyl) ethyl]-4-[2-(2-ﬂuoro—4~methoxyphenoxy)ethy1]piperazine
1-[2-(3 ,4-Dimethoxy-phenyl)ethyl]-4-[2-(3-ﬂuoro-4—rnethoxyphenoxy)ethyl]piperazine
1-[2-(3-Chloro-4-methoxy-phenoxy)ethyl]-4-[2-(3 ,4-dimethoxyphenyl)ethyl]piperazine
1-[2-(3,4-Dichloro-phenoxy)ethyl]-4-[2-(3 ,4-dimethoxyphenyl)ethyl] piperazine

1 -[2-(4-Isop_ropoxy—pheny1)ethyl]-4—(2—phenoxy—ethyl)piperazine
1-[2-(4-Fluoro-phenoxy)efhy1]-4-[2-(4-isopropoxy—phenyl)ethyl]pipcjrazine
1-[2-(2-Fluoro-phenoxy)ethyl] -4-[2-(4-isopropoxy-phenyl)ethyl]piperazine
1-[2-(2-F1uoro-phenoxy)ethyl]-4—[2-(3,4,5-trimethoxy—phenyl)ethyl]piperazine
1-[2-(2-Fluoro-phenoxy)ethyl] -4-[2~(4-methoxy-phenyl)ethyl]piperazine
1—[2-(4—F1uoro—phenoxy)ethyl]-4—[2—(4-methoxy—pheny1)ethyl]piperazine

1-(2-Benzo[1 ,3]dioxol-S-ylethyl)-4-[2—(4-ﬂuoro-phenoxy)ethyl]pipcrazine
l-(2-Phenoxyethyl)—4—[2-(4—triﬂuoromethoxyphenyl)ethyl]piperazine

4-(2- 4-[2-(4-Trifluoromethoxyphenyl)ethyl]piperazin-1 -yl}ethoxy)benzonitrile
l—[2—(4-F1uoro-phenoxy)ethyl]-4—[2-(4—triﬂuoromethoxy—phenyl)ethyl]piperazine
1-[3-(3,4-Dimethoxy-phenyl)propyl] -4-(2-phenoxyethyl)piperazine . -
1-[3-(3,4-Dimethoxy-phenyl)propyl]-4- [2-(4-fluorophenoxy)ethyl]piperazine
1-(3-Benzo[1 ,3]dioxol-5-ylpropyl)-4-(2-phenoxyethyl)piperazine

1-(3-Benzo[ 1,3]dioxol-5-ylpropyl)-4- [2-(4-fluorophenoxy)ethyl]piperazine
l-[2-(4-Fluoro—phenoxy)ethy1]-4-[3-(4—methoxyphenyl)propyl]piperazine
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1 —[2-(4-Fluoro-phenoxy)ethy1]-4-[3-(4-isopropoxyphenyl)propyl] piperézine
1-[2-(4-Fluoro-phenoxy)ethyl] -4-[3-(4-trifluoromethoxyphenyl)propyl]piperazine
1-[2-(4-Fluoro-phenoxy)ethyl]-4-[3-(3,4,5 ~trimethoxyphenyl)propyl]piperazine and
1-[2-(4-t-Butyl-phenoxy)ethyl}-4-[2-(3 ,4-dimethoxyphenyl)ethyl]piperazine.

Example 33
1-{4-[2-(2-Fluorophenoxy)ethyl]piperazin-l-yl}—3-(3,4,5—trimethoxy-phenyl)propan-l-
one hydrochloride

N M
@0\/\81' . Ej Cs,CO; @(0\/\1\1 N-t-Boc  TFA ©:°le \NH

F N DMF F CH.Cl, ¥ -

t-Boc

Step 1 N Step 2 o
5 o
oH

9@,\) HCl

(o] |

-0 HOBt/EDC o LA o)
- (:[ ~TN_ N Example 33

TEA / DMF F (0]

i

Step 3 O.

Step 1: 4-[2-(2-Fluoro-phenoxy)-ethyl]-piperazine-1-carboxylic acid teri-butyl

ester (N)

To a solution of piperazine-1-carboxylic acid tert-butyl ester (2.79 g, 15 mmol) and 1-(2-
bromoethoxy)-2-fluoro-benzene (3.28 g, 15 mmol) in DMF (6 mL) was added cesium
carbonate (Cs2C03,9.75 g, 30 mmol). The mixture was stirred at room temperature for a day
and then treated with water. The aqueous solution was extracted with ethyl acetate and the
extract was washed with water and brine. The organic layer was concentrated and the residue
was dried under the vacuum to yield the title compound quantitatively as an oil (5.1 g).

'H NMR (400 MHz , DMSO-d): 8 1.39 (s, 9H), 2.44 (t, 4H), 2.73 (t, 2H), 3.29 (t, 4H), 4.45
(t, 2H), 6.93 (m, 1H), 7.11 (¢, 1H), 7.18 (m, 2H).

Step 2: 1-[2-(2-Fluoro-phenoxy)-ethyl]-piperazine O)

The above oil of 4-[2-(2-fluorophenoxy)ethyl]piperazine-1-carboxylic acid tert-butyl ester
(4.0 g, 12 mmol) in dichloromethane (60 mL) was mixed with trifluoroacetic acid (10 mlL) and
was stirred at room temperature for 2 hours. The solvent was evaporated and the residue was

treated with.a éamrated solution of NaHCO;. The aqueous solution was extracted with
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dichloromethane and the organic layer was concentrated to give 1-[2-(2-fluoro-
phenoxy)ethyl]piperazine as a white solid (2.25 g, 84%).

'H NMR (400 MHz , DMSO-dg): 8 2.40 (b, 4H), 2.67 (m, 6H), 4.13 (t, 2H), 6.92 (m, 1H),
7.11 (t, 1H), 7.18 (m, 2H).

Step 3: 1-{4- [2-(2-Fluorophenoxy)ethyl]piperazin— 1-y1}-3-(3,4,5-trimethoxyphenyl)propan-1-
one hydrochloride '

To a mixture of 3-(3 ,4,5—trimethoxyphenyl)propionic acid (0.36 g, 1.5 mmol), HOBt (0.24 g,
1.8 mmol), EDAC-HC1 (0.34 g, 1.8 mmol) in DMF (4 mL) was added 1-[2-(2-fluoro-
phenoxy)ethyl]piperazine (0.34 g, 1.5 mmol) and triethylamine (0.5 mL, 3.6 mmol). The
mixture was then stirred at room temperature for a day, treated with water, and extracted with
dichloromethane. The organic layér was washed with water and brine and then concentrated
to dryness. The residue was dissolved in ethyl ether and was added with 2N HCl in ether (1
mL). The white solid was filtered and dried under vacuum to give the title compound (408
mg, 52%).

'H NMR (400 MHz, DMSO-ds): 8 2.70 (m, 4H), 3.12 (m, 2H), 3.57 (m, 7TH), 3.75 (s, 6H),
4.12 (d, 1H), 4.47 (m, 3H), 6.55 (s, 2H), 7.01 (m, 1H), 1.67 (t, 1H), 7.24 (m, 2H), 11.5 (b, :
1H).

The following compounds were prepared using the same method as descried in Example 33.-

Example 34
1-{4-[2-(2-F1uorophenox$')ethyl] piperazin-l—yl}-B-(4-triﬂuoromethoxy—phenyl)propan—l-
one hydrochloride

HCI

O\/\N /\I Y\/@,OCF;;
F

'H NMR (400 MHz, DMSO-dg): 8 2.74 (m, 2H), 2.91 (m, 2H), 3.12 (m, 4H), 3.58 (b, 4H),
4.11 (4, 1H), 4.47 (m, 3H), 7.01 (m, 1H), 7.17 (¢, 1H), 7.25 (m, 2H), 7.49 (d, 2H), 7.64 (4,
2H), 11.5 (b, 1H). :

Example 35
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1-{4-[2-(4-Fluorophenoxy)ethyl]piperazin-l—yl}-3-(3,4,S-trimethoxy-phenyl)propan-l-
one hydrochloride

0\/\N/\l 7(\@
F

IH NMR (400 MHz, DMSO-dg): & 2.66-2.77 (m, 6H), 3.1 (b, 4H), 3.5 (b, 6H), 3.61 (s, 3H),
3.75 (s, 6H), 4.39 (m, 4H), 6.54 (s, 2H), 7.03 (m, 2H), 7.16 (t, 2H), 11.3 (b, 1H).

Example 36
1-{4—[2-(4-Fluorophenoxy)ethyl]piperazin—l-yl}-3-phenylpropan—l-one hydrochloride
HCI

SCRA NS

'{ NMR (400 MHz, DMSO-dg): & 2.65-2.84 (m, 6H), 3.06 (b, 2H), 4.07 (d, 1H), 437 @,
7H), 4.45 (d, 2H), 7.03 (m, 2H), 7.17 (m, 3H), 7.26 (m, 4H), 11.1 (b, 1H).

Example 37
2-Benzo[1, 3]dmxol-S-yl—l-{4—[2-(4-fluorophenoxy)ethyl]plperazm-l-yl}-ethanone
hydrochloride

HCI

e |
LT e

'H NMR (400 MHz, DMSO-ds): § 3.10 (b, 4H), 3.66 (m, 4H), 4.17 (d, 1H), 4.39 (m, 5H),
6.68 (d, 1H), 6.78 (s, 1H), 6.84 (d, 1H), 7.03 (m, 2H), 7.17 (m, 2H), 11.4 (b, 1H).

Example 38
1—{4-[2-(4-Fluorophenoxy)ethyl]piperazin-l-—yl}-3-(4-triﬂuoromethoxy—p enyl)propan-1-
one hydrochloride

HCI

0

OCF,
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I NMR (400 MHz, DMSO-ds): & 2.74 (m, 2H), 2.91 (t, 2H), 3.10 (m, 4H), 3.51 (¢, 4H), 4.08
(@, 1H), 4.41 (m, 3H), 7.03 (m, 2H), 7.17 (m, 2H), 7.48 (d, 2H), 7.64 (d, 2H), 11.1 (b, 1H).

Example 39
4-(3,4-Dimethoxyphenyl)-l—{4-—[2—(4-ﬂuor0phenoxy)éthyl]pipei‘azin-l—yl}-butan—l—one
hydrochloride

HCI
o\/\N

F ~TOC
o o~

'H NMR (400 MHz, CD;OD-d): 8 1.92 (m, 2H), 2.45 (t, 2H), 2.63 (¢, 2H), 3.13 (b, 2H), 3.86
(m, 6H), 3.79 (s, 3H), 3.82(s, 3H), 4.13 (b, 1H), 4.38 (t, 2H), 4.65 (b, 1H), 6.75 (d, 2H), 6.82
(m, 2H), 7.05 (m, 4H). :

Example 40
1-{4-[2—(4-Fluorophenoxy)ethyl]piperazin—l-yl}-4-(4-methoxyphenyl)-butan-l-one
hydrochloride

Fonash

'HNMR (400 Mz, CD;0D-ds): 5 1.89 (m, 2H), 243 (t, 2H), 2.61 (¢, 2H), 3.13 (b, 2H), 3.63
(b, 4ED), 3.75 (s, 3H), 4.12 (b, 1H), 4.38 (t, 2H), 4.65 (b, 1H), 6.83 (d, 2H), 7.05 (m, 4H), 7.11
(d, 2H).

Example 41
1-{4-[2-(2-Fluorophenoxy)ethyl]piperazin-1-yl}-2-(3 ,4,5-trimethox$'-phenyl) ethanone
hydrochloride

HCI

O\/\N/\
o\
e
o\

'H NMR (400 MHz, DMSO-dg): & 3.11 (m, 4H), 3.5-3.8 (m, 15H), 4.22 (d, 1H), 444 (d,

1H), 4.51 (b, 2H), 6.53 (s, 2H), 7.01 (m, 1H), 7.17 (t, 1H), 7.24 (m, 2H), 11.5 (b, 1H).
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Example 42
1-{4- [2-(4-Fluoro-'phenoxy)-ethyl]-piperazin—.l—yl}-3—(4-hydroxy-phenyl)-propan-l-one

0\/\N )l\/\@\
F

'H-NMR (400MHz, CD;0D-da): 8 2.69 (m, 4H), 2.85 (m, 2H), 3.05 (m, 2H), 3.4-3.7 (m,
4H), 4.09 (d, 1H), 4.34 (b, 2H), 4.66 (d, 1H), 6.72 (d, 2H), 7.05 (m, 6H).

Example 43
l-[2-(2—Fluon.'ophenoxy)—ethyl]-4-[3-(3,4,5-trimethoxyphenyl)propyl]—piperazine
dihydrochloride

O/ ‘ 0/

|

O N O  LAH o 2HCI o
Cr 0 B i@

F o THF F (o]

| 1
© Example 43

To a solution of 1-{4-[2-(2-fluorophenoxy)ethyl]piperazin-1-yl} -3-(3,4,5-trimethoxyphenyl)-
propan-1-one hydrochloride (0.2 g, 0.41 mmol) in THF (50 mL) was added LiAlfI4 02g,5
mmol). The reaction mixture was stirred under N for a day, cooled with an ice bath, and
quenched with water (0.2 mL) and 10N NaOH aqueous solution (0.2 mL). The solid was
filtered and the filtrate was concentrated to di'yness. The residue was treated with ether and
2N HCl in ether (2 mL). The white solid was filtered and dried under vacuum to yield the
title compound (0.18 g, 87%).

'H NMR (400 MHz, CD30D-d4): § 2.16 (m, 2H), 2.71 (t, 2H), 3.28 (m, 2H), 3.6-4.0 (m,
19H), 4.52 (t, 2H), 6.58 (s, 2H), 7.04 (m, 1H), 7.18 (m, 3H).

The following compounds were prepared using the same method as descried in Example 43.

Example 44
1-[2—(2—Fluorophenoxy)ethyl]-47[3-(4-triﬂuoromethoxyphenyl)propyl] piperazine
dihydrochloride

2HCI N

CCT T
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'H NMR (400 MHz, CD30D-dg): & 2.17 (m, 2H), 2.82 (m, 2H), 3.5-4.0 (m, 12H), 4.52 (m,
2H), 7.02 (m, 1H), 7.1-7.3 (m, 4H), 7.47 (x, 2H), 7.62 (d, 1H).

Example 45
1-[2-(2-Fluorophenoxy)ethyl]-4- 2-(3,4 5-trlmethoxyphenyl)ethyl]-plperazme
dihydrochloride

2HCI -

0]
CCT Oy
o
?
'H NMR (400 MHz, CD;0D-ds): 8 3.10 (m, 2H), 3.52 (m, 2H), 3.6-4.0 (m, 19H), 4.52 (m,
2H), 6.66 (s, 2H), 7.04 (m, 1H), 7.18 (m, 3H).

Example 46
1-[2-(4-Fluorophenoxy)ethyl]-4- [3-(3,4,5-trimethoxyphenyl)propyl}-piperazine
dihydrochloride

d
2HCI o

|

oL~ O
oS! )
|

'"H NMR (400 MHz, CD;OD-ds): 8§ 2.16 (b, 2H), 2.71 (t, 2H), 3.26 (m, 2H), 3.6-4.0 (m,
19H), 4.41 (¢, 2H), 6.58 (s, 2H), 7.04 (s, 2H), 7.06 (m, 2H).

F

Example 47
1-[2-(4-Fluorophenoxy)—ethyl]-4-(3-phenylpropyl)piperazine dihydrochloride

ﬂ“‘%

FM N
'H NMR (400 MHz, CD3;0D-da): & 2.15 (m, 2H), 2.75 (t, 2H), 3.5-4.0 (m, 12H), 4.42 (m,
2H), 7.04 (m, 3H), 7.27 (m, 6H).

Example 48
1-(2-Benzo([1,3]dioxol-5-yl-ethyl)-4- [2-(4-fluorophenoxy)ethyl]piperazine
dihydrochloride

41



WO 2007/089462 PCT/US2007/001569

2HCI

foaas
F ges

' NMR (400 MHz, CD;OD-ds): 8 3.06 (m, 2H), 3.47 (m, 2H), 3.65-3.90 (m, 8H), 4.41 (t,
4HD), 5.94 (s, 2H), 6.79 (s, 2H), 6.85 (s, 1H), 6.05 (m, 4H).

. 5 Example 49
1-[2-(4-Fluorophenoxy)ethyl]-4-[3-(4-tr1ﬂuoromethoxypheuyl)propyl]-piperazme
dihydrochloride

' 2HCI

o~ /\l OCF3
POR S

'H NMR (400 MHz, CD;0D-ds): 8 2.17 (m, 2H), 2.82 (m, 2H), 3.6-3.9 (m 10H), 4.41 (m,
10 4H), 7.05 (m, 4H), 7.28 (dd, 1H), 7.45 (m, 2H), 7.61 (d, 1H).

Example 50
1-(2-Benzo[1,3]dioxol-S-yl-ethyl)-—4-—[2-(4-chiorophenoxy)ethyl]piperazine
dihydrochloride
2HCI

foaae

Cl \/\©:O>
o}

'H NMR (400 MHz, CD;0D-ds): § 3.56-3.74 (i, 12H), 4.39 (m, 4H), 6.03 (s, 2H), 6.93 (d,
1H), 7.01-7.11 (m, 4H), 7.31 (d, 2H).

15

Example 51
20 -(3-{4-[2-(4-Fluorophenoxy)ethyl]p1peramn—l-yl}-propyl)phenol dihydrochloride
2HCI

FonsePSe

' NMR (400 MHz, CD;0D-dg): 8 2.91 (m, 2H), 2.66 (t, 2H), 3.26 (t, 2H), 3.6-4.0 (b, 10H),
4.41 (t, 2H), 6.72 (d, 2H), 7.05 (m, 6H). '

25 Example 52
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4-(2-{4-(2-(4-Fluoro-phenoxy)ethyl] piperazin-1-yl}ethyl)phenol dihydrochloride
2HCI

Fena cOUNE
L,

'H NMR (400 MHz, CD;0D-d,): 8 3.04 (g, 2H), 3.46 (t, 2H), 3.6-4.0 (b, 10m), 4.41 (¢, 2H),
6.76 (d, 2H), 7.06 (m, 4H), 7.14 (d, 2H). '

Example 53
1-[4-(3, 4-D1methoxyphenyl)butyl]-4 -[2-(4-fluorophenoxy)ethyl] piperazine
dihydrochloride
2HCI

0\)\N
F '\,N\/\/\@o\
o~
'H NMR (400 MHz, CD;0D-dy): 61.76 (m, 4H), 2.65 (t, 2H), 3.5-4.0 (m, 18H), 4.40 (t, 2H),
6.76 (d, 1H), 6.83 (d, 1H), 6.86 (d, 1H), 7.05 (m, 4H).

Example 54
1-[2-(4-Fluorophenoxy)-ethyi]-4-[4-(4-methoxyphenyl)buty]]piperazine dihydrochloride

2HCI
oL~ N

LN

' NMR (400 MHz, CD;0D-ds): 3 1.71 (m, 2H), 1.81 (m, 2H), 2.65 (t, 2H), 3.29 (m, 2H),
3:5-4.0 (m, 13H), 4.40 (¢, 2H), 6.83 (d, 2H), 7.05 (m, 4H), 7.13 (d, 2H).

The following compounds can be prepared using the same method as descried in Example 33.
4-(2,3-Dihydrobenzo[1,4]dioxin-6-y1)-1- {4-[2-(4-fluorophenoxy)ethyl]piperazin-1-yl} butan-
1-one

3-(2,3-Dihydrobenzofuran-5-yl)-1- {4-[2-(4-fluorophenoxy)ethyl]piperazin-1-yl} propan-1-one
3-(4-Ethoxyphenyl)-1-{4-[2-(4-fluorophenoxy) ethyl]piperazin-1-yl} propan-1-one
1-{4-[2-(4-Fluorophenoxy)ethyl]piperazin-1 -y1}-3-(4-isobutoxyphenyl)propan-1-one
3.[4-(2,2-Dimethylpropoxy)phenyl]-1-{4-[2-(4fluorophenoxy)ethyl]piperazin-1-yl} propan-1-

one
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1- {4-[2-(4-Fluorophenoxy)ethyl]piperazin-1 -y1}-3-[4-(2:methoxyethoxy)phenyl]propan-1-
one

1-{4-[2-(4-Fluorophenoxy)ethyl]piperazin-1 -yl}-3-(4-isopropylphenyl)propan-1-one

1- {4-[2-(4-Fluorophenoxy)ethyl]-piperazin- 1-y1}-2-(4-hydroxymethylphenyl)ethanone
4-(3,4-Dimethoxyphenyl)-1-{4-{2-(2 -fluorophenoxy)ethyl]piperazin-1-yl} butan-1-one
1-{4-[2-(2-Fluorophenoxy)ethyl]piperazin-1-y1} -4-(4-methoxyphenyl)butan-1-one
4-(2,3-Dihydrobenzo[1,4]dioxin-6-y1)-1 -[4-(2-o-tolyloxyethyl)piperazin-1-yl]butan-1-one
3-(2,3-Dihydrobenzofuran-5-yl)-1- {4-[2—(2-ﬂuoroplienoxy)ethyl] piperazin-1-yl} propan-1-one
3-(4-Ethoxyphenyl)-1-{4- [2-(2-fluorophenoxy)ethyllpiperazin-1-yl} propan-1-one
1-{4-[2-(2-Fluorophenoxy)ethyl]piperazin-1 -yl}-3-(4-isobutoxyphenyl)propan-1-one
3-[4-(2,2-Dimethylpropoxy)phenyl]-1- {4-[2-(2-fluorophenoxy)ethyl]piperazin-1-yl} propan-
1-one

1-{4-[2-(2-Fluorophenoxy)ethyl]piperazin-1 -y1}-3-[4-(2-methoxyethoxy)phenyl]propan-1-
one

1-{4-[2-(2-Fluorophenoxy)ethyl]piperazin-1-y1} -3-(4-isopropylphenyl)propan-1-one
1-{4-[2-(2-Fluorophenoxy)ethyl]piperazin-1 -yl}-2-(4-hydroxymethylphenyl)ethanone

1-§ 4-[2-(2,4-Difluorophenoxy)ethyl]piperazin-1 -y1}-4-(3,4,5-trimethoxyphenyl)butan-1-one
1- {4-[2-(2,4-Diﬂuorophenoxy)ethy]]piperazin- 1-y1}-4-(3,4-dimethoxyphenyl)-butan-1-one

" 1-{4-[2-(2,4-Difluorophenoxy)ethyl]piperazin-1 -y1}-4-(4-methoxyphenyl)butan-1-one

1-{4-[2-(2,4-Difluorophenoxy)ethyl]piperazin-1-y1}-3 ~(2,3-dihydrobenzofuran-5-yl)propan-
1-one '

1-{4-[2-(2,4-Difluorophenoxy)ethyl]piperazin-1-yl}-3 -(2,3-dihydrobenzofuran-5-yl)propan-
1-one

1-{4-[2-(2,4-Difluorophenoxy)ethyl]piperazin-1 -yl}-3-(4-ethoxyphenyl)propan-1-one

1- {4-[2—(2,4-Diﬂuorophenoxy)efhyl}piperazin—1 -yl}-3-(4-isobutoxyphengll)propan— 1-one

1- {4-[2-(2,4-Diﬂuorophenoxy)ethyl]piperazin— 1-y1}-3-[4-(2,2-dimethylpropoxy)phenyl]-
propan-1-one

1-{4- [2—(2,4—Diﬂuorophpnoxy)ethyl]piperazin- 1-y1}-3-[4-(2-methoxyethoxy)phenyl]-propan-
1-one

1- {4-[2-(2,4-Diﬂuorophenoxy)ethyl]piperazin-1 -yl}-3-(4-isopropylphenyl)propan-1-one

1- {4»[2-(2,4—Diﬂuorophenoxy)ethyl]piperazin-l -y1}-2-(4-hydroxymethylphenyl)ethanone
1-{4-[2-(4-Fluorophenoxy)ethyl]piperazin-1-yl} -2-(4-trifluoromethoxyphenyl)ethanone

1- {4- [2-(4-Fluorophenoxy)ethyl]piperazin- 1-y1}-4- (4-triflucromethoxyphenyl)butan-1-one
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1- {4—[2—(4—Fluorophenoxy)ethyl]piperazin—1 ~yl1}-3~(3-trifluoromethoxyphenyl)propan-1-one
1-{4-[2-(4-Fluorophenoxy)ethyl] piperazin-1-yl}-3 -(2-trifluoromethoxyphenyl)propan-1-one
1-{4-[2-(4-Fluorophenoxy)ethyl]piperazin-1 -yl1}-3-(4-methylsulfanylphenyl)propan-1-one
1-{4-[2-(4-Fluorophenoxy)ethyl] piperazin-1-yl} -3-(4-methanesulfonylphenyl)propan-1-one
1- {4-[2-(4-F1uor0phenoxy)ethyl]piperazin— 1-y1}-3-(4-trifluoromethanesulfonylphenyl)-
propan-1-one

1- {4-[2-(2-Fluorophenoxy)ethyl]piperazin— 1-y1}-2-(4-trifluoromethoxyphenyl)ethanone
1-{4- [2-(2-Fluorophenoxy)ethyl]piperazin-1 -yl}-4-(4-trifluoromethoxyphenyl)butan-1-one
1- {44[2-(2—Fluorophenoxy)ethyl]piperazin— 1-y1}-3-(3-triflucromethoxyphenyl)propan-1-one
1- {4-[2-(2-Fluorophenoxy)ethyljpiperazin-1 -y1}-3-(2-trifluoromethoxyphenyl)propan-1-one
1-{4-[2-(2-Fluorophenoxy)ethyl]piperazin-1 ~yi}-3- (4-methylsulfanylphenyl)propan— -one
1-{4-[2- -(2-Fluorophenoxy)ethylipiperazin-1-y1}-3- (4-methanesulfonylphenyl)propan-l -one
1-{4-[2~(2-Fluorophenoxy) ethyl]piperazin-1-yl} -3-(4-trifluoromethanesulfonylphenyl)-
propan-1-one

1- {4—[2—(2,4-Diﬂuorophenoxy)ethyl]piperazin-l -y1}-3-(3-trifluoromethoxyphenyl)propan- 1-
one

1- {4—[2-(2,4-Diﬂuorophenoxy)ethyl]piperazin-l -y1}-2-(4-triftuoromethoxyphenyl)ethanone
1-{4-[2-(2 ,A-Difluoro-phenoxy)ethyl]piperazin-1-yl }-4-(4-trifluoromethoxyphenyl)butan-1-
one

1-{4-[2-(2 ,A-Difluorophenoxy)ethyl]piperazin-1-y1}-3 -(4-trifluoromethoxyphenyl)propan-1-
one

1- {4—[2*(2,4-Difluorophenoxy)ethyl]piperazin— 1-yl}-3-(2-trifluoromethoxyphenyl)propan-1-
one

1-{4-[2-(2,4-Difluorophenoxy)ethyl]piperazin-1 -y1}-3-(4-methylsulfanylphenyl)propan-1-one
1-{ 4—[2-(2,4-Diﬂuorophenoxy)ethyl]piperazin— 1-y1}-3-(4-methanesulfonylphenyl)propan-1-
one .

1- {4-[2-(2,4-Diﬂuorophenoxy)ethyl]piperazin— 1-yl}-3-(4-trifluoromethanesulfonylphenyl)-

propan-1-one
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Claims
1. A complound of general formula (Ia)
1 / \
R'-A'-N X—(CH,),-Y-R®
(Ja)
in which:-

R! represents 2,3-dihydrobenzofuran-5-yl or a phenyl group that is unsubstituted
or substituted by one, two or three substituents selected independently from (1-
2C)alkylenedioxy, a halogen atom, a hydroxyl group, a cyano group, a (1-4C) alkyl
group, a (3-6C)cycloalkyl group, a halo(1-4C) alkyl group, a (1-6C)alkoxy group, a (1-
4C)alkoxy(1-4C)alkoxy group, a hydroxy(1-4C)alkoxy group, a (1-4C)alkylsulfanyl
group, a (1-4C)alkylsulfonyl group, a halo(1-4C)alkoxy group and a halo(1-
4C)alkylsulfonyl group;

A represents (CHa)m or (CH)m.1C(=0);

mis2,3,4o0r5;

XisCHorN;

nis 0, 1, 2, 3,4 or 5, provided that when X is N, nis 2, 3,4 or 5;

Y is O, NR?or S; ' .

R? is hydrogen, (1-4C)alkyl or phenyl(1-4C)alkyl, or is as defined for R®; and

R? represents indan-1-yl, indan-2-yl, 1,2 3 4-tetrahydronaphth-1-yl or 1,2,3 ,4-
tetrahydronaphth-2-yl, each of which may bear a hydroxyl substituent on a non-aromatic
carbon atom; (3-6C) cycloalkyl; or a phenyl group that is unsubstituted or substituted by
one, two or three substituents selected independently from (1-2C)alkylenedioxy, a
halogen atom, a hydroxyl group, a (1-4C) alkyl group, a (3-6C)cycloalkyl group, ‘a cyano
group; a phenyl group, an imidazolyl group, a halo(1-4C) alkyl group, a (1-4C)alkoxy
group and a halo(1-4C)alkoxy group;

or a pharmaceutically acceptable salt thereof,

but excluding the compounds 1-[2-phenoxyethyl]-4-[phenylacetyl]piperazine and
1-[3-(3,4-dichlorophenoxy)propyl}-4-[(4-chlorophenyl)acetyl]piperazine.

2. A compound as claimed in Claim 1, in which
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R! tépresents a phenyl group that is unsubstituted or substituted by one, two or
three substituents selected independently from (1-2C)alkylenedioxy, a halogen atom, a
hydroxyl group‘, a cyano group, a (1-4C) alkyl group, a (3-6C)cycloalkyl group, a halo(1-
4C) alkyl group, a (1—4C)alkoxy group and a halo(1-4C)alkoxy group.

3. A compound as claimed in Claim 1 or Claim 2, which is of general formula (I)
1 / \
R'-<(CH,)—N X—(CH,)-Y-R®

¢y
in which:-
RY; m; X; n; Y; and R3 are as defined in Claim 1, or a pharmaceutically

acceptable salt thereof.

4. A compound as claimed in claim 1 or Claim 2, which is of general formula (II)
R'-(CH,),CO—N ®
“(CHp) s CO—N_ X—(CH,),-Y-R

(In

in which R!, m, n, Y and R? are as defined in Claim 1, or a pharmaceutically acceptable

salt thereof.

5. A compound as claimed in any one of Claims 1 to 4, in which R! represents 2,3-
dihydrobenzofuran-5-yl, benzo[1,3]dioxol-5-yl, 2,3-dihydrobenzo[1,4]dioxin-6-yl, 2-
fluorophenyl, 3-fluorophenyl, 4-fluorophenyl, 3,4-difluorophenyl, 3-chlorophenyl, 4-
hydroxyphenyl, 3-methylphenyl, 4-isopropylphenyl, 2-triﬂuoromethylbhenyl, 3-
trifluoromethylphenyl, 4-trifluoromethylphenyl, 2-methoxyphenyl, 3-methoxyphenyl, 4-
methoxyphenyl, 4-ethoxyphenyl, 4-isopropoxyphenyl, 4-isobutoxyphenyl, 4-(2,2-
dimethylpropoxy)phenyl, 3,4-dimethoxyphenyl, 2,3,4-trimethoxyphenyl, 3,4,5-
trimethoxyphenyl, 4-(2-methoxyethoxy)phenyl, 4-hydroxymethoxyphenyl, 2-fluoro-3,4-
dimethoxyphenyl, 3-chloro-4-methoxyphenyl, 4-chloro-3-methoxyphenyl, 2~

_ trifluoromethoxyphenyl, 3-trifluoromethoxyphenyl, 4-trifluoromethoxyphenyl, 4-
methylsulfanylphenyl, 4-methylsulfonylphenyl or 4-triflucromethylsulfonylphenyl.
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6. A compound as claimed in any one of Claims 2 to 4, in which R! represents
phenyl, benzo[i,3]dioxol-5-yl, 2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl, 3,4-
difluorophenyl, 3-chlorophenyl, 3lmethy1pheny1, 2-trifluoromethylphenyl, 3-
trifluoromethylphenyl, 4-trifluoromethylphenyl, 2-methoxyphenyl, 3-methoxyphenyl, 4-
methoxyphenyl, 4-isopropoxyphenyl, 3,4-dimethoxyphenyl, 2,3, 4-trimethoxyphenyl,
3,4,5-trimethoxyphenyl, 2-fluoro-3,4-dimethoxyphenyl, 3-chloro-4-methoxyphenyl, 4-
cﬁloro-3-.methoxypheny1, 2-trifluoromethoxyphenyl, 4-trifluoromethoxyphenyl, or 3-
trifluoromethoxyphenyl.

7. A compound as claimed in Claim 6, in which R! represents phenyl,
benzo[1,3]dioxol-5-yl, 2-fluorophenyl, 3,4-difluorophenyl, 2-trifluoromethylphenyl, 3-
trifluoromethylphenyl, 4-trifluoromethylphenyl, 2-methoxypheny, 3-methoxypbenyl, 4-
methoxyphenyl, 3,4-dimethoxyphenyl or 2-trifluoromethoxyphenyl.

8. A compound as claimed in Claim 7, in which R! represents 3,4-dimethoxyphenyl,
3,4,5-trimethoxyphenyl, 4-methoxyphenyl, 4-isopropoxyphenyl, or 4-
trifluoromethoxyphenyl.

9. A compound as claimed in any one of Claims 1 to 6, in which m is 2.
10. A compound as claimed in any one of Claims 1 to 9, in which n is 2.
11. A compound as claimed in any one of Claims 1 to 10, in which Y is O or NH.

12. A compound as claimed in any one of Claims 1 to 11, in which R? represents
phenyl, benzo[1,3]dioxol-5-yl, 2-fluorophenyl, 4-flucrophenyl, 2,4-difluorophenyl, 4-
triftuoromethoxyphenyl, 2-chlorophenyl, 4-chlorophenyl, 3,4-dichlorophenyl, 2-
methylphenyl, 4-methylphenyl, 4-isopropylphenyl, 4-t-butylphenyl, 4-cyanophenyl, 2-
trifluoromethylphenyl, 4-trifluoromethylphenyl, 2-methoxyphenyl, 4-methoxyphenyl, 4-
biphenyl, 4-(1-imidazolyl)phenyl, 2-fluoro-4-methoxyphenyl, 3-fluoro-4-
methoxyphenyl, 3-chloro-4-methoxyphenyl, 2-trifluoromethoxyphenyl or 4-
trifluoromethoxyphenyl.
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13. A compound as claimed in Claim 12, in which R® represents phenyl,
benzo[1,3]dioxol-5-yl, 2-fluorophenyl, 4-fluorophenyl, 2,4-difluorophenyl, 4-
triﬂuorometho;cyphenyl, 2-chlorophenyl, 4-chlorophenyl, 3,4-dichlorophenyl, 4-
methylphenyl, 4-isopropylphenyl, 4-t-butylphenyl, 4-cyanophenyl, 2-
trifluoromethylphenyl, 4-trifluoromethylphenyl, 2-methoxyphenyl, 4-methoxyphenyl, 4-
biphenyl, 4-(1-imidazolyl)phenyl, 2-fluoro-4-methoxyphenyl, 3-fluoro-4-
methoxyphenyl, 3-chloro-4-methoxyphenyl, 2-triflnoromethoxyphenyl or 4-
trifluoromethoxyphenyl. ‘

14. A compound as claimed in Claim 13, in which R represents phenyl, 2~
fluorophenyl, 4-fluorophenyl, 2-chlorophenyl, 4-chlorophenyl, 4-methylphenyl, 4-
isopropylphenyl, 4-cyanopheny! or 2-trifluoromethylphenyl.

15. A compound as claimed in Claim 14, in which R? represents a 4-fluorophenyl

group.

16. A compound as claimed in Claim 1, which is selected from:
1 -(3,4-Dimethoxypﬁenethyl)—4-(2-(4-ﬂuorophenoxy)ethyl)piperidine;
1-(4-(Trifluoromethyphenethyl)-4-(2-phenoxyethyl)piperidine;
4-(2-(2-Fluorophenoxy)ethyl)-1-(3,4-dimethoxyphenethyl)piperidine;
1-(3,4-Dimethoxyphenethyl)-4-(2-phenoxyethyl)piperazine;
1-(3-Methoxyphenethyl)-4-(2-phenoxyethyDpiperazine;
1-(4-Methoxyphenethyl)-4-(2-phenoxyethyl)piperazine;
1-(2-(Benzo[d][ 1,3]dioxol-5-yl)ethyl)-4-(2-phenoxyethyl)piperazine;
1-(3,4-Difluorophenethyl)-4-(2-phenoxyethyl)piperazine;
1-Phenethyl-4-(2-phenoxyethyl)piperazine;
1-(3,4-Dimethoxyphenethyl)-4-(2-(4-chlorophenoxy)ethyl)piperazine ; and
4-(2-(4-(3,4-Dimethoxyphenethyl)piperazin-1-yl)ethyloxy)benzonitrile;
1-{4-[2-(2-Fluorophenoxy)ethyl]piperazin-1-y1}-3 -(3,4,5-trimethoxyphenyl)propan-1-
one;
1-§ 4—[2-(2—Fluorophen0xy)ethyl] -piperazin-1-yl}-3-(4-trifluoromethoxyphenyl)propan-
l-one; |
1-{4-[2-(4-Fluorophenoxy)ethyl}piperazin-1-y1}-3 -phenylpropan-1-one;
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1-{4-[2~(4-Fluorophenoxy)ethyl]piperazin-1-y1}-3-(4-trifluoromethoxyphenyl)propan-1-
one; .

1- {4—[2-(2—ﬂuo'ro phenoxy)ethyl]piperazin-1-yl}-2-(3,4,5-trimethoxyphenyl)ethanone;
1-[2-(2-Fluorophenoxy)ethyl]-4-[3-(3,4,5-trimethoxyphenyl)propyl]-piperazine;
1-[2-(2-Fluorophenoxy)ethyl]-4-[3-(4-trifluoromethoxyphenyl)propyl]piperazine;
1-[2-(2-Fluorophenoxy)ethyl]-4-[2-(3 ,4,5~nimeth0x§phenyl)ethyl]piperazine;
1-(2-Benzo[ 1,3]dioxol-5-ylethyl)-4-[2-(4-fluorophenoxy)ethyl]piperazine;
1-[2-(4-Fluorophenoxy)ethyl]-4-[ 3-(4-trifluoromethoxyphenyl)propyl]piperazine;
pharmaceutically acceptable salts thereof.

17. A process for preparing a compound as claimed in any one of Claims 1 to 16,
which comprises:
' a) for a compound of formula (Ia) in which Al is (CHy)m, reducing a

compound of general formula (II)
1 c i \ 3
R'-(CH,),,,CO—N X—(CH,) -Y-R

| )
with a reducing agent;
b) for a compound of formula (Ia) in which X is N and Alis (CH2)m,

reacting a compound of general formula (III)
21
N—(CH,) -Y-R®
z |
auy

in which each of Z' and Z? independently represents a leaving atom or group, with a

compound of general formula (IV)
R'-(CH,)p,-NH,
v

ora corresponding‘,compound in which one or two substituents on R' are protected;
c) for a compound of formula (fa) in which X is N, reacting a compound of

general formula (V)
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LIPS S
R-A'-N NH
\_/

4%

, with a compound of general formula (VI)

Z’(CH,) -Y-R®
(VD

in which Z represents a leaving atom or group; or

d) reacting a compound of formula (XI)
R'-(CH,),,,COOH

XD

or a reactive derivative thereof, with a compound of general formula (XII)
H—N  X—(CH,) -Y-R®
\ / 2/n

(X1m)
followed by removing any protecting group and, optionally, forming a

pharmaceutically acceptable salt.

18. A pharmaceutical composition, which comprises a compound as claimed in any

one of claims 1 to 16, and a pharmaceutically acceptable diluent or carrier.

19. A method of treating a condition responsive to a modulator of sigma receptor
function in a patient requiring treatment, which comprises administering to said patient

an effective amount of a compound of general formula (Ta)

1

1 3
R'-A'-N X—(CH,),-Y-R®

(1a)
in which:- ‘
R! represents 2,3-dihydrobenzofuran-5-yl or a phenyl group that is unsubstituted
or substituted by one, two or three substituents selected independently from (1-
2C)alkylenedioxy, a halogen atom, a hydroxyl group, a cyano group, a (1-4C) alkyl
group, a (3-6C)cycloalkyl group, a halo(1-4C) alkyl group, a (1-6C)alkoxy group, a (1-
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4C)alkoxy(1-4C)alkoxy group, a hydroxy(1-4C)alkoxy group, a (1-4C)alkylsulfanyl
group, a (1-4C)alkylsulfonyl group, a halo(1-4C)alkoxy group and a halo(1-
4C)alky[sulfon')ll group; “ :

A represents (CHz)m of (CH2)n1C(=0);

mis2, 3,4o0r5;

XisCHorN;

nis0, 1,2, 3,4 or 5, provided that when X is N, nis 2, 3,4 or 5;

Y is O, NR? or S;
R? is hydrogen, (1-4C)alkyl or phenyl(1-4C)alkyl, or is as defined for R? and

R’ represents indan-1-yl, indan-2-yl, 1,2,3,4-tetrahydronaphth-1-yl or 1,2,3,4-
tetrahydronaphth-2-yl, each of which may bear a hydroxyl substituent on a non-aromatic
carbon atom; (3-6C) cycloalkyl; or a phenyl group that is unsubstituted or substituted by
one, two or three substituents selected independently from (1-2C)alkylenedioxy, a
halogen atom, a hydroxyl group, a (1-4C) alkyl group, a (3-6C)cycloalkyl group, a cyano
group; a phenyl group, an imidazolyl group, a halo(1-4C) alkyl group, a (1-4C)alkoxy
group and a halo(1-4C)alkoxy group;

or a pharmaceutically acceptable salt thereof.
20. A compound as claimed in any one of Claims 1 to 16, for use in therapy.

21. Use of a compound a compound of general formula (Ta)
R'-A'-N ‘ 3
Al X—(CH,) -Y-R

(Ia)

in which:-

R! represents 2,3-dihydrobenzofuran-5-yl or a phenyl group that is unsubstituted
or substituted by one, two or three substituents selected independently from (1-
2C)alkylenedioxy, a halogen atom, a hydroxyl group, a cyano group, a (1-4C) alkyl
group, a (3-6C)cycloalkyl group, a halo(1-4C) alkyl group, a (1-6C)alkoxy group, a (1-
4C)alkoxy(1-4C)alkoxy group, a hydroxy(1-4C)alkoxy group, a (1-4C)alkylsulfanyl
group, a (1-4C)alkylsulfonyl group, a halo(1-4C)alkoxy group and a halo(1-
4C)alkylsulfonyl group;

A represents (CHz)m or (CH2)m.1C(=0);
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mis2,3,4o0r5;

X isCH or N;

nis0, i, 2,3,4 or 5, provided that when X is N, nis 2, 3, 4 or 5;

Y is O, NR?or S; .

R? is hydrogen, (1-4C)alkyl or phenyl(1-4C)alkyl, or is as defined for R3; and

R® represents indan-1-yl, indan-2-yl, 1,2,3,4-tetrahydronaphth-1-yl or 1,2,3,4-
tetrahydronaphth-2-yl, each of which may bear a hydroxyl substituent on a non-aromatic
carbon atom; (3-6C) cycloalkyl; or a phenyl group that is unsubstituted or substituted by
one, two or three substituents selected independently from (1-2C)alkylenedioxy, a
halogen atom, a hydroxyl group, a (1-4C) alkyl group, a (3-6C)cycloalkyl group, a cyano
group; a phenyl group; an imidazolyl group, a halo(1-4C) alkyl group, a (1-4C)alkoxy
group and a halo(1-4C)alkoxy group;

or a pharmaceutically acceptable salt thereof,
in the manufacture of a medicament for the treatment of a condition responsive to a

modulator of sigma receptor function.
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