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The present invention relates to 2-(4-aryl or heteroaryl-piperazin-1-yimethyi)-1H-
indole derivatives possessing 'central'dopaminefgic' activity. Such compounds are -
useful in the treatment of Central Nervous Systems (CNS) disorders. This invention =
also relates to a method of using such compounds in the treatment of the above.
disorders in mammalé:. especially humans, and the phannéoe‘uﬁcal compositiéns useful’

It is generally known that dopamine receptors seem to be important for many
functions in the animal body. For example, altered functions of these receptors
participate in the genesis of psychosis, drug addiction, compulsive disorders, bipolar
disorders, vision, emesis, éleep, feeding, leaming, memory, sexual behavior, regulation
of immunological responses and blood pressure. Since these receptors control a great
number of pharmacological events, not all of them are presently known, thereis a - _
possibility that compounds acting preferentially on D4 dopamine receptor may exerta:
wide range of therapeutic effects in humans.

The 2-(4-aryl or heteroaryk-piperazin-1-yimethyl)-1H-indole derivatives of the
present invention, including forms of tautomers, enantiomers and acceptable acid
addition salts, are centrally acting D4-dopamine receptor agonists and thus are useful
as cognition enhancers and treatmerit of CNS diseases, such as Parkinsons disease,
Alzheimer’s diseasé, learning and-smémory abnormalities. Another feature of this
invention provides for the use of éombinations'of compounds of the present invention in
conjunctidn with D1; D2, D3 or D5 dopamine receptor agonists, such as L- dopa and
D2 agonists, in treatment of CNS diseases, such as Parkinson's disease, Alzheimer’s
disease, attention deficit disorder énd learning and memory abnormalities.
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or the pharmaceuttcally acceptable sait thereof wherem the broken line

represents an optional double bond;
_ ais 0 or 1, wherein when a is 0, X may form an optional double bond with the:

carbon adjaoent toV;

Vis CHR"’ wherem RY; is hydrogen or (c,-ce)alkyl

T is nitrogen or CH; .

X is nitrogen or CR" wherein R" is hydrogen (Cs-Ce)alky!, (C,-Cs)alkoxy.
hydroxy or cyano;

Y and Z are each independently mtrogen or CR" wherem R s hydrogen,
chloro. bromo tnﬂuoromethyl trifluoromethoxy, cyano, (c,-cs)alkoxy or (C,-ce)alkyl

'is hydrogen, fluoro, chioro, bromo, tnﬂuoromeﬂ\yl tnﬂuoromethoxy, cyano or

(CrCe)alkvl

R RS, R’ R® and R® are each mdependently selected from hydrogen ﬂuoro
chioro, bromo, mﬂuoromethyl tnﬂuoromethoxy, cyano, (Cy-Ce)alkoxy and (C,-Cg)alkyl;

R® and R* are each independently hydrogen or (Cy-Ce)alkyl; and :

R® is hydrogen, (C;-Ce)alkoxy, trifluoromethyl, cyano, (C+-Co)alkyl or RCO-
wherein R%is arnino, (C+-Cg)alkylamino, ((C4-Cg)alkyl),amino, (C4~Cg)alkyl, (Ce-
Cro)aryl;

orwhenais 1, R! and R may be taken together with the carbons to which they
are attached to form a compound of the formula
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wherein the broken lines represent optional bonds;

T, X, Y, Z, RE R, R* R5 R®, R” R® and R® are defined as above;

bisOer1; and o .

A and B are each independently CH, CH,, oxygen, sulfur, NH or nitrogen;

with the proviso that when X is nitrogen, the optional double bond between X
and V does not exist; | -

with the proviso that when b is 0, the optional double bond between A ahd B
does not exist; and o ' '

with the proviso that when b is 1, A and B cannot both be oxygen or sulfur. |

The term “alkyl®, as used herein, unless otherwise indicated, includes saturated
monovalent hydrocarbon radicals having straight, branched or cyclic moieties or
combinations thereof. - | |

The term “alkoxy”, as used herein, includes O-alkyl groups wherein “alky!” is
defined above. ' o '

The term “treating”, as used herein, refers to reversing, alleviating, inhibiting the
progress of, or preventing the disorder or condition to whiéh such term applies, or one
or more symptoms of such disorders or condition. The term “treatment”, as used
herein, refers to the act of treating, as “treating” is defined immediately above.

The term "disorders of the dopamine system”, as referred to herein, refers to
disorders the treatment of which can be effected or facilitated by altering (i.e., increasing
or decreasing) dopamine mediated neurotransmission.

The compounds in accordance with the present invention, being. ligands for
dopamine receptor subtypes, especially the dopamine D, receptor, within the body, are
accordingly of use in the treatment of disorders of the dopamine system.

The compound of formula | may have chiral centers and therefore exist in
different enantiomeric forms. This invention relates to all optical isomers and
stereoisomers of the compounds of formula 1 and mixtures thereof.
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Preferred compounds of formula | include those wherein X is nitrogen,
;- Other. preferred compounds of formula l molude those wherem Y and Z are each

B ';_-, CR’2 wherein R™ is hydrogen, or fiuoro.

Other preferred compounds of formula | mclude those whereln R2 is hydrogen '

f ﬂuoro or ohloro
10
. hydrogen. . -

Other preferred oompounds of formula 1 include those wheneln R’ R‘ and R"’
Other preferred oompounds of formula 1 include those wherein R7 is fluoro or

Other preferred compounds of formula l include those wherern R’ is fluoro

_chloro, bromo or alkoxy. .

More preferred compounds of formula I include those whereln Xis nitrogen; 'Y
and Z are each CR™ wherein R is hydrogen or fiuoro; R is hydrogen fluoro or chioro;

R R* and R%are hydrogen R’ is fluoro or chioro; and R is fiuoro, chioro, bromo or
" alkoxy. : -
20

Specrﬁc preferred compounds of formuia | molude the followmg
- 2-[4-(3-Tr|ﬂuoromethyl-phenyl)-prperazm-1 -yimethyl}-1H-indole:
5-Fluoro-2~[4-(3-tnﬂuoromethyl-phenyl)-paperazm-1 -yimethyl]-1H-indole;
5-FIuoro-2-[4-(4-ﬂuoro—phenyl)-prperazrn-1-ylmethyl]-1H-lndole,- -
5-Fluoro-2-[4-(4-ﬂuoro-phenyl)-piperazin-1 -yimethyi}-1H-indole: -
5-Fluoro-2-(4—pyridrn-2—yl—p|perazm-1-ylmethyl)-1H-mdole
2-[4-(6~Ch|oro-pyndazrn-3—yl)-p|peraz|n-1-ylmethyl]-5-ﬂuoro-1H-rndole
5-Fluoro-2-(4—[5’~fluoro]pyndln-z-yl-plperazln-1-ylmethyl)-1H-lndole
2—(4-pynd|n-2-yl-p|peraz|n-1-ylmethyl)-1H-azamdole | ,
5—Fluoro-2-(4-pynd|n-2-yl-prperazrn-1 -yimethyl)-1H-azaindole; and
2-{4—(4-ﬂuoro-phenyl)—prperazrn-1-ylmethyl]-1H-azalndole
The present invention also relates o a method for treating disorders of the
dopamine system including psychotic disorders (affective psychosis, schizophrenia, and
schizoaffective disorders), movement - disorders (extrapyramidal side - effects from
neuroleptic agents, neuroleptic malignant syndrome, tardive dyskinesia, Gilles De La
Tourette's syndrome, Parkinson's disease or Huntington's disease), gastrointestinal
disorders (gastric acid secretion or emesis), chemical abuse, chemical dependencies,
substance abuse, vascular and cardiovascular disorders (congestive heart failure and
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hype&ension). ocular disorders and sleep disorders in a mammal, comprising
administering to said mammal an amount of a D4. dopamine receptor selective oompound o

according to formula |, or a pharmaceutically acceptable salt thereof, that is- effecbve in
treating such disorder. P "
The present invention also relates to a method for treating disorders of the

dopamme system including psychotic disorders (affective psychosis, schizophrenia, and
schizoaffective disorders), movement disorders (extrapyramidal side effects from

neuroleptic agents, neuroleptic malignant syndrome, tardive dyskinesia, Gilles De La
Tourette's syndrome, Parkinson's disease or Huntington's disease), gastrointestinal
disorders (gastric acid secretion or emesis), chemical abuse, chemical dependencies,
substance abuse, vascular and w;diovascular'disorders (congestive heart failure and
hypertension), ocular disorders and sleep disorders in a mammal, comprising
administering to said mammal an amount of a D4 dopamine receptor selective compound

according to formula |, or a pharmaceutically acceptable salt thereof, in conjunction with -

one or more D1, D2 D3 or D5 dopamine receptor agonists, that is effective in treatung
such disorder. )

The present invention also relates to a pharmaceutical composition for treatlng
disorders of the dopamine system including psychotic disorders (affective psychosis,
schizophrenia, and schizoaffective disorders), movement disorders (extrapyramidal side

effects from neuroleptic agents, neuroleptic malignant syndrome, tardive dyskinesia, =~

Giles De La Tourette's syndrome, Parkinson's disease or Huntington's disease),
gastrointestinal disorders (gastric acid secretion or emesis), chemical abuse, chemical
dependencies, substance abuse, vascular and cardiovascular disorders (congestive heart
failure and hypertension), ocular disorders and sleep disorders in a mammal, comprising
administering to said mammal an amount of a D4 dopamine receptor selective compound
according to formula 1, or a pharmaceutically acceptable salt thereof, that is effective in
treating such disorder.

The present invention also relates to a pharmaceutical composition for treating
disorders of the dopamine system including psychotic disorders (affective psychosis,
schizophrenia, and schizoaffective disorders), movement disorders (extrapyramidal side
effects from neuroleptic agents, neuroleptic malignant syndrome, tardive dyskinesia,
Gilles De La Tourette's syndrome, Parkinson's disease or Huntington's disease),
gastrointestinal disorders (gastric acid secretion or emesis), chemical abuse, chemical
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-5 dependencies, substance abuse, vascular and-cardiovascular disorders (congestive heart

failure and hypertension), ocular disorders ‘and sleep disorders in a mammial, comprising

administering to said mammal an amount of a D4 dopamine receptor selective compound

according to formula I, or a pharmaceutically acceptable salt thereof, in conjunction with

.+ .~ oneormore D1, D2, D3 or D5 dopamine: receptor agonists, that is effective in treating
. 10 suchdisorder. . . .. . . Soomn
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The following reaction Schemes illustrate the preparation of the
compounds of the present invention. ‘Unless otherwise indicated a, T,V, X, Y, Z, R, -
R, R R RS RO R, R" and R? in the reaction Schemes and the discussion that follow
-are defined as above. S '

10 - ' ‘Schemet’

P

R

crrocoon  + N x—{¢ Hpg
AR _ NIFAR .
[ S v
| [ 1
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In reaction 1 of Scheme 1, the compounds of formuta Iil and IV are coupled to
form the corresponding compound of formula 1 by first treating 1! with O-;*N- dimethyi
“hydroxylamine - hydrochloride, - dicyclohexylcarbodiimide and a base, such &s-
triethylamine, in' a polar aprotic solvent, such as methylene chloride. The hydroxamide -
intermediate so formed is reduced, using-a reducing agent such as lithium' aluminum
-hydride, in a polar aprotic solvent, such: as tetrahydrofuran. The reductive amination '6fj-'
the aldehyde intermediate so formed is-accomplished by reacting the aldehyde with the
compound of the formula IV in the presence of sodium triacetoxyborohydride and a
" polar aprotic solvent, such as dichioroethane. The reaction mixture is stired, under '
inert atmosphere; at room temperature: for-a time period between about 40 hours to -
about 56 hours, preferably about 48 hours. : -

in reaction 1- of Scheme 2, the compounds of formula VI, wherein L is a leaving
group such as chloro; bromo, methoxy. or any activated- ester derivative such as para-
nitro phenyl ester, hydroxy benzotriazole ester, N-hydroxysuccinimide ester or hydroxy,

-and IV are coupled to form the corresponding methanone compound of formula by -~

reacting VI and: IV in the presence of diisopropylethylamine, carbodiimide or a
dehydrating agent and a polar aprotic solvent, such as methylene chioride, or in form of
mixtures containing, if desired, combinations of organic solvents or water such as -
-combinations of cyclic and--acyclic mono and dialkylamides, (C4-C,) - alcohols,
.halogenated solvents, or acyclic and cyclic alkylethers at temperatures: ranging from
about 0°C to about- 150°C, preferabley about:0°C or the boiling point of the same
solvent mixture.  Addition ‘of an acid: acceptor such as an alkalicarbonate, a terttary
amine or a similar reagent may be useful.
In reaction 2 of Scheme 2, the methanone compound of formula V is converted -
_ to the commesponding compound of formula I, wherein R® and R* are hydrogen, by
‘reducing V with a reducing agent, such as lithium aluminum hydride or a borane
derivative, in the presence of a polar aprotic solvent, such as tetrahydrofuran, for a time
period between about 10 hours to about 14 hours, preferably about 12 hours.
in each of the above reactions; pressure is not critical. Pressures in th range of
about 0.5 atmospheres to 3 atmospheres are suitable, and ambient pressure (generally,
about one atmosphere) is preferred as a matter of convenience. Also, for those
reactions where the preferred temperature varies with the particular compounds
reacted, no preferred temperature is stated. For such reactions, preferred
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- temperatures for particular reactants may be determined by monitoring the: reaction

. using thin layer chromatography. . . . . ..

. The novel compounds of the formuia I.and the phamaceutically acceptable'salts

~ thereof (herein 'the therapeutic compounds of this invention®) are useful as dopaminergic
.. agents, i.e., they possess the ability.to alter dopamine mediated neurotransmission in

10

15

. fmammals, including humans. They are therefore able to function as therapeutic agents in

treatment of a variety of conditons in mammals, the treatment or prevention of which

, 6an_be effecied or facilitated by an. increase or decrease in dopamine mediated

., . The compounds of the formula | that are basic in nature are capable of forming a

" w:de vanety of different salts with various inorganic and organic acids. Although such salts
must be pharmaceutically acceptable for administration to-animals, it is often desirable in

. Practics to inifally isolate a:compound of the formula 1 from the reaction mixture as a

20

armaceutically unacceptable salt and. then simply convert the latter back to the free

... base compound by treatment with an alkalin reagent and subsequently convert the latter

free base to a pharmaceutically acceptable acid addition salt The acid addition salis of

. -the base compounds of this invention are readily prepared by treating the base compound
. .- With a substantially - equivalent amount. of the cchosen mineral or-organic acid in’ an

. aqueous solvent medium,or in a suitable organic solvent, such as methanol or ethanol.
- Upon. careful evaporation of the solvent, the desired sofid sait is readily obtained. The:
 desired acid salt can also be precipitated from a solution of the free base in an organic

solvent by adding to the solution an appropriate mineral or organic acid. -

The therapeutic .compounds of this invention can be administered orally,

transdermally (e.g.. through the use of a patch), parenterally or topically. Oral
: adr_nin_istraﬁon is preferred. In general, these compounds are mpst desirably administered

in dosages ranging from about 0.1 mg up to.about 1000 mg per day, or 1 mg to 1000 mg
per day in some cases, although variations may occur depending on the weight and
condition of the person being treated and the particular route of administration chosen. in
some instances, dosage levels below the lower limit of the aforesaid range may be more
than adequate, while in other cases still larger doses may be employed without causing
any harmful side effect, provided that such larger doses are first divided into several small
doses for administration throughout the day. - -
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The therapeutic compounds of the invention may be administered alone or in

combination with pharmaceutically acceptable carriers or diluents by either-of the two -
routes previously indicated, and such administration may be carried out:in single or
multiple doses. More particularly, the novel therapeutic compounds of this invention can

be administered in. a wide variety of different dosage forms, i.e., they may be combined

with. various pharmaceutically acceptable inert carriers in the form of tablets, capsules,
lozenges, troches, hard candies, powders, sprays, creams, salves, suppositories, jellies,

gels, pastes, lotions, ointments, elixirs, syrups, and the like. Such carriers include solid o

diluents or fillers, sterile aqueous media and various non-toxic organic solvents, for
example. Moreover, oral pharmaceutical compositions can be suitably sweetened and/or -
flavored. e e - SRR .

For . oral administration, - tablets . - containing various excipients such as
microcrystalline  cellulose, sodium _citrate, calcium carbonate, dicaicium: phosphate and
glycine may be.employed along with various disintegrants such as starch (and pfeferably

com, potato or tapioca starch), alginic.acid and certain complex silicates, together with -

granulation binders like polyvinylpyrrolidone, sucrose, gelatin and acacia. Additionally,
lubricating agents such as magnesium stearate, sodium lauryl sulfate and talc are often
very useful for tabletting purposes. Solid compositions of a similar type- may- aiso be
employed as fillers in gelatin capsules; preferred materials in this connection also include

lactose or milk_sugar as well as high molecular weight polyethylene glycols. When

aqueous suspensions and/or elixirs are desired- for oral administration, the active
ingredient may be combined with various sweetening or flavoring agents, coloring matter
or dyes, and, if so desired, emulsifying and/or suspending agents as well, together with
such diluents as water, ethanol, propylene glycol, glycerin and various like combinations
For parenteral administration, solutions of a compound of the present invention in
either sesame or peanut oil or in aqueous. propylene glycol may be employed. The
aqueous solutions should be suitably. buffered if necessary and the liquid diluent first
rendered isotonic. These aqueous .solutions are suitable for intravenous injection
purposes. The oily solutions  are suitable for intra-articular, intramuscular and
subcutaneous injection purposes. The preparation of all these solutions under sterile
conditions is readily accomplished by standard pharmaceutical techniques well known to
those skilled in the art.
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Additionally, it is also. possible to administer the compounds of the present
invention topically when- treating. inflammatory conditions of the skin and’ this may

preferably be done by way of creams, jelies, gels, pastes, omtmentsandmehke m"

accordance with standard pharmaceuueel practice.

- The ability of compounds to bind to mammahan dopamine receptors, and the

relative ability of compounds of this invention to inhibit fH]-spwperone binding to human
dopamine D, receptor subtypes expressed in clonal cell lines was measured usmg the
following procedure. - : K o

. . . . = . -

The determination of D, receptor binding ability has been described by Van Tol et

al. (Nature, 1991, 350, 610). - Clonal cell lines expressing the human dopamine D,

receptor are harvested and homogenized (polytron) in a 50 mM Tris:HC (PH74at4°C) ~~
- buffer containing 5 mM EDTA, 1.5 mM alclum chloride (CaClz) 5 mM magnesium

chloride (MgCl,), 5 mM potassium chloride (KCI) and 120 mM sodium chioride (NaCJ).
The homogenates are centrifugated for 10-15 min. at 48,000 g, and the rasultmg pellets
resuspended in a buffer at a concentration of 150-250 mglml Forsaturahohexpenments

0.75 ml aliquots of tissue homogenate are incubated in tnplieate with increasing
concentrations of PH]-splperone (70.3 C/mmok; 10-3000 pM final concentration) for 30-
120 minutes at 22 *C in a total vplume of 1 ml. For competition binding experiments,

assays are initiated by the addition of 0.75 ml of membrane ‘and incubatéd in duplicate =

with the indicated concentrations of competing ligands ’.(510'“-1'0'? M) and/or (*H}
spiperone (100-300 pM) for 60-120 min at 22°C. Assays are terminated by rapid filtration
through a Brandell cell harvester and the filters subsequently monitored for tiitium as

described by Sunahara, RK. et al. (Nature, 1990, 346, 76). For all experiments, specific = -

{PHispiperone binding is defined as that inhibited by 1-10 mM (+)-butaclamol. Biridirig data
are analyzed by non-linear least square curve-fitting. The compounds of the Examples
were tested in this assay, and alt were found to have binding affinities (K)) for the
displacement of [3H]-sp|perone of less than 2 micromolar.
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Chinese hamster ovary (CHO) cells expressing the-humian D4.4 dopamine -
receptor were obtained from Dr. H. Van Tol (Clarke Institute of Psychiatry, Toronto),
and were grown to confluence in Minimal Essential Alpha Media (Gibco) supplemented |

with 2.5% Fetal Bovine Serum (net heat inactivated), 2.5% Equine Serum (heat-

inactivated), and 500 pg/ml Geneticin. Monolayers were disrupted and cells disloged *
with 5 mM ethylenediaminetetraacetic acid (EDTA) and resuspended in phosphate
buffered saline buffer. containing:5 mM.magnesium chloride, 30'mM
hydroxyethylpiperazine-N-ethanesutfonic acid (HEPES), 300 uM 3-isobutyl-1-methyl-
xanthine (IBMX, a phosphodiesterase inhibitor), and 5.6 mM dextrose. Cells~
(approximately 200,000/tube) were exposed to 5 uM forskolin (an adenylate cyclase:
activator), forskolin plus test compounds-or quinpirole (a D4 receptor agonist); or

forskolin plus quinpirole plus antagonist for 11 minutes. In experiments with’
antagonists, celis were exposed to antagonists 11 minutes prior to agonist challenge
The effect of test compounds in the absenge of the agonist quinpirole was used to judge
agonist activity. D4 agonists produce an inhibition of CAMP accumulation which can be

_ reversed by D4 receptor antagonists.  The reaction was terminated with the addition of

6N perchloric acid, and samples neutralized with SN potassium hydroxide and 2M Tris

. buffer.  Cyclic AMP levels were measured using a commercially available competitive

binding kit (Anielshamy .1Cgo values were calculated by linear regression analysis of
the concentration-response curves. K; values were caiculated using the equation: K;=
ICso/(1 + [agonist)fagonist ECso]} (Minneman and Johnson, 1984).

The present invention is illustrated by the following examples, but it is not limited
to the details thereof. - ' '

A mixture of 5 gm of 5-fiuoro 2 indole carboxylic acid, 2.74 gm of O-, N-dlmethyl
hydroxylamlne hydrochloride, 3.89 ml triethylamine and 5.76 gm of

_ dicyclohexylcarbodiimide in 35 mi methylene chioride is stirred at ambient temperature

until a tan precipitate is formed. The solid is removed by filtration, the residue
concentrated and purified on SiO2 (25%) EtOAc in Hexane) obtained are 3.6 gmi (64%)
of the N-O-dimethyl 2 indole hydroxamide.
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= .. 3.9.9m of N-O-dimethy! 2:indole hydroxylamide is added over a period of 5

‘mixture is stirre for an hour: (40 C->-30 C) treated-with a saturated aqueous solution of - S

- :8odium sulfate and warmed.to. ambient temperature. The solvent is separated after

- .. ‘addition of solid sodiumsulfate and concentrated untii a solid precipitate is formed (2.94"
10 S

.gm of 5-fluoro Zeiridolecarbpxaldehyde.-'j Do _
. - A mixture of 0.96 gm of 4-(S-chloro-phenyl)-piperazine, 1.0 gm of 5-Fluoro, 2- -
-indolecarboxaldehyde and 1.2 gm of sodium triacetoxyborohydride in 50 mi- -

+. dichloroethane is stirred under. nitrogen st ambient temperature for 48 hours. The
. solvent is removed and-the residue portioned between 100 mi EtOAc and 20'riil NaOH -

15

(IN). The organic layer.is washed with water (2x20mlf) and brine (1x10 ml) and -
concentrated. The residue is purified on: Sj02 (eluent: 5% methanol in methylene

-+ -chloride) to yield 1.02 gm of a.cream colored solid which has a mp.: 204-205 C*).

20

25

- 30

35

A mixture of 1.0 mmol of §-fluoro, 2-indole-carboxylicacidchioride and 230 mg of

. - . meta-trifiuoromethylphenylpiperazine and. 129 mg of diisopropylethylamine in 10m
- . methyienchloride is kept at ambient temperature for 12 hours. Water is added, the
 organic layers separated, washed with wate, dried over sodium sulfate and -
concentrated to yield 296 mg of the tile compound. MP: 18°C. -

- A solution of 275 mg of 5-Fluoro-1 H-indol-z-yl)-[4-(3-triﬂuoromethyl-phenyl)- '
piperazin-1-yllmethanone in 5 mi anhydrous tetrahydrofurane is kept under an inert gas
atmosphere and is treated at ambient temperature with 2.11 ml of a 1M solution of
Lithiumaluminumhydride-in tetrahydrofurane. After 12 hours the mixture is treated with -
78 ul 15% Sodium Hydroxide solution and again 234 pl water. - After addition of
magnesiumsulfate the organic layer is separated and concentrated to a yellow oil (240
mg). This oil is disolved in ether and treated with an ether solution of hydrochloric acid :
until a precipitate is formed.  The precipitate is collected, dried under vacuum, -

- The title compounds of Examples 4- were prepared by a methods ahalogous to
that described in Example 1-3. :

vi-methanone -~ ~ ¢+ -
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25 MP: 196-197°C; HRSMS 377.148.
| EXAMPLE 11

© MP: 238-236°C; HRSMS 341.19. |

0 . N o

MP: 210-211°C; HRSMS 336.16.

MP: 236°C; HRSMS 354.14,
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MP: 214-218°C.

. MP;
MP: 198-200°C. B N

BC NMR (CDCh, .75 MHz) d: 45.29, 53.03, 55.96, 77.44, 101.94, 107.29,
110.91, 113.52, 119.70, 120.28, 121 69, 12840, 135.53, 136.37, 13761, 148.00,
159.55.. ' - o |

'H NMR (CDCls, 250 MHz) d 2.6 (m. 4H), 3.6 (m, 4H), 3.7 (s 2H), 6.4 (s, 1H),

. 8.7 (m, 2H), 7.1-7.6 (M, 4H), 8.2'(m, 1H), 8.7 (br. s, 1H)..

GC-MS, tg=4.468min., M" =292, (M-162) = 130.
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MP: 250-253°C. Analysis calculated for- Cz.szFNzOZ HCle0.75 HzO C, 66 28;
H, 7.07; N; 6.44. Found: C, 66.18; H,6.76; N, 6.56. S '

MP: 206-207.5°C. Analysis calculated:for Cy4HzgFN,00.75 C4H4O400 75 H,o :

- C,67.41; H, 7.02; N, 5.82. Found: C, 67.24; H, 6.77; N; 5.68.

- MP: 255-256.5°C. Analysis calculated for Cz.HggFN202HCiOO 25 HzO C, 65.23; -
H, 7.18; N, 6.34. Found: C, 65.40; H, 7.02; N, 6.38.

MP; 207-2o7s°c Analysis calculated for cﬁuz.mao- c4|-|.o4 C, 66.78; H,
6.18; N, 8.06. Found06664H606N814. '

MP: 221-221.5°C. Analysis calculated for C,gH2sFN;Oe CH,0490.5 H,0: C,
66.41; H, 6.13; N, 7.74. Found: C, 66.33; H, 6.26; N, 7.61.

. MP: 188-189°C. Analysis calculated for C;sH3aN20,¢ C,H,O,: C, 68.48; H, 7.13;
N, 5.51. Found: C, 68.64; H, 7.10; N, 5.81.
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-MP:.219.5-220°C. Analysis calculated for: czsz,F,N‘o. C.H.O«O 5 Hzo c, =

--59.41; H, 5.94; N, 10.66. Found: C 59.76; H,'5.89;'N, 10.65.

. MP: 204-204.5°C; Analysis calculated for CiHzrFaNsOe c4u.o4.|-|,c coear
: H597N754FOUM06277H574N758

+ MP: 200-200.5°C. Analysis calculated for c,.Hz,quzoo c.H.o. C, 6536, H, - -

' 6.27; N, 5.54. Found: C, 65.65; H, 625 N 534

" MP: 202-203°C. Analysis calculated for CquFNp c.mo. C, 64.99; H, 6.08 "~

" N, 11.66. Found: C, 64.67; H, 8.00: N, 11.79. -

MP: 172-173°C. Analysis calculated for CosHasFN3e C,HO4: C, 69.17; H, 6.00; -
N, 8.34. Found: C, 69.06; H, 5.88; N, 8.57.

MP: 211. 5-212°c Analysis calculated for C22H27FN40 CHO, C, 64.72; H,
6.48; N, 11.61. Found06467H643N1182 S
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. MP: 195-196°C. Analysis calculated for CosHzsFNye C,H,O4: C, 68.89; H, 6.38;
N, 8.31. Found: C, 68.99; H, 6.47; N, 8.30:. -

MP: 192-193°C AnaIySIs- calculated for CstzyF4N3o C4H404 C, 62.82; H, 5.45;
'N7.33. Found: C 62.87; H, 5.22; N, 7.27.

MP: 155-156’0 Analysls calculated for CagHzgFN3Oe C‘H40400 25H20 C.
6696 H, 6.09; N, 7.81. Found: C, 67.00; H,6.05; N, 7.82.

MP 176-177°C. Analysw calculated for ngHagFN;,Oo CyHO00. 50H20 C.

_ 6616H648N771 Found: C, 66.20; H, 6.31; N, 7.69.

MP: 226-227°C. AnalySls calculated for Cz7H29FN40 C4l-l404. C 68.37; H, 6.11;
N, 10.29. Found: C, 68.17; H, 6.24; N, 10.20.

MP: 179-180°C. Analysis calculated for CagHaoFN3O2Se CH,0,400.25 H20 C,
61.25; H, 5.91; N, 7.14. Found: C, 61.26; H, 6.32; N, 6.76.
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MP >260°C. Analysus calculated for CzgHzsFNsOs CHOsS: C, 63.14; H, 627"

N, 8.18. Found: C, 63.12; H, 666 N 8.00.

MP: 176-177°C. Analysls calculated for Cz7H2sFN3Ose C4H404oo 50 Hzo C .

65.25; H, 5.82; N, 7.36. Found: C, 6552 H, 6.06; N '7.19.

MP: 179-1 80°C. Analysis calculated for CnHzaFNaozo CH Oy
5.74; N, 7.48. Found: C, 66.17; H, 6.07; N, 734 '

C, 66.30; H,

MP: 126-129°C NMR DMSO de 5770 (t, J=8.5 Hz, 1H), 7.52 (d, J571 Hz,
1H), 7.40-7.25 (m, 3H), 7. 09 (d, J=13.6 Hz, 1H), 6.96 (d, J=9.0 Hz, 1H), 6.06 (s, 2H)
3.73-2.90 (br m, 10H), 2. 65-2 54 (m paltlally under DMSO, 1H), 2.46-2.18 (m 4H),

1.63-1.42 (m, 4H).

MP: 179-180.5°C; Analysis calculated for CosHarFaNge CoHlO4:

5.97; N, 8.03. Found: C, 66.62; H, 6.24; N, 7.98.

C., 66.53; H,
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MP: 193~194°C Analysis calculated for CasHzFNye CHO400.50 H,0: C,
66.78; H, 5.98; N, 10.38. Found: C, 66.99; H, 605N 10.34. '

MP: 203-206°C.. Analysns calculated for CoyHzzFNye ZHClOHzO C, 59.88; H,
- 6.49; N, 11.63. Found: C, 59.55; H, 6.42; N, 11.47.

MP: 183.5-184.5°C. AnalySIs calculated for Ca3H29FN4Oe C{HO,: C, 63.26; H
6.49; N, 10.93. Found: C, 63.21; H, 6.71; N, 10.82.

MP: 219—222°C Analy8|s calculated for CnHz-,FNst)o 2CH40;,S -C, 51 29 H,
5.38; N, 10.68. Found: C,51.84; H, 5.57; N, 10.64.

MP: >260°C Analysis calculated for CnHngsto 2CH,0350.50 Hzo -C, 52.56;
H, 5.48; N, 10.57. Found: C, 52.64; H, 5.71; N, 10.57.

* MP = 186°C. NMR CDCl, 5 8.20 (s, 2H), 7.25-7.17 (m, 4H) 7.12:7.08 (m, 1H),
5.00 (s, 2H), 3.79-3.71 (m, 4H), 2.72-2.44 (m, 7H), 2.20-2.13 (m, 2H), 2.17-1.93 (m,
2H), 1.69-1.67 (s, 2H).
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. MP: 186-187°C.-NMR CDCl; - 3 8.18 (s, 2H),7.26-7.10 (m, 3H), 7.08-7.06
(m1l-l) 5.00 (s, 2H), 3.78-3.76 (br s, 4H), 2.78-2.73 (m, 2H), 266-254(m 5H).232-' ’
222 (m, 4H) 1.74-1.69 (m, 21-:) 1.36-1.29 (m, 2H).

MP: 200-201°C. AnaIySIS calculated for CzeHagNzOzO CHO4: C, 6948 H, 6. 61 -
N, 5.40. Found06948H680N544 : '

MP 220-221°C. Analysis calculated for CstgoNzOzc CHO4: C, 6948 H, 6. 61
N, 5.40. Found: C, 69.28; H, 6.84; N 533

MP: 232-232 5°C. Analysis calculated for CogHasNge C4HO4: C, 71.83; H, 7.03;
N, 8.38. Found: C, 71.57; H, 7.38; N 831

MP: 156-157°C. ‘Analysis calculated for CogHsoN,0202CHOs C, 66.65; H, -
6.29; N, 4.86. Found: C, 66.27; H, 6.57; N, 5.00. |

MP: 217-218°C. Analysis calculated for CoqHigNze C,HO4: C, 72.70; H, 7.41;
N, 6.06. Found: C, 72.28; H, 7.46; N, 6.01.
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-MP: 203-205°C. Analysis calculate& for. ngH:"FN‘o 2C4H/040.50 HO: C,
61.90; H, 6.11; N, 8.49. Found: C, 61.96; H, 6.01; N, 8.58.

MP: 177-178°C. Analyss calculated for CauHisFN;O» CHO,: C, 67.72; H,
6.70; N, 5.64. Found: C, 67.33; H, 6.82; N, 5.62.

MP: 235.5-236°C. Analysis calculated: for CpsHagN3O2#CHO: C, 67.78; H, -
6.26; N, 7.90. Found: C, 67.71; H, 6.37; N, 7.94, '

MP: 211 5-212°C. AnaIySIs calculated: for CuHmFNsooC4H404 C, 62.33; H,
6.35; N, 12.98. Found: C, 62.07; H, 6.32; N, 12.87.

MP: 197-199°C. Analysis calculated for CnH31FN4OOC4H4O4 C, 66.18; H, 6.27;
N, 9.96. Found: C, 66.06; H,6.20; N, 9.89.

MP >260°C. Analysis calculated for CzaHgsFNscﬁCWO;;SOO 50 H,O: C, 58.89;
H, 6.04; N, 12.72. Found: C, §9.01; H, 6.06; N, 12.71.
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- MP >260°C. Analysis calculated for cgst-,FNsOOCqu;;S C. 55.58; H, 6.04; N, '

16.20. Found: C, 55.48; H, 5.87; N 1641

- 'MP 198.5-200°C. Analysis calculated for CaHaFN‘Oo C4H4040050 HzO C,
64.62; H, 6.15; N, 10.05.. FoundC6484H60‘l N, 10.03. ;

MP: 211-212 5°C../Analysis calculated for Cst31N300 C4H40400 25 H,O: C,

68.28; H, 7.01; N, 8.23. Found C,68.17; H, 6.94; N, 8.18.

MP: 182-193°C. Analysis calculated for’ c”HZ,F,N,o. c4|-q.o‘ C. 64.55; H,
5.79; N, 7.79. Foundcs450H580N771 a

MP: 192-194°C. Analysis calculated for CaoHysF,NOe CH,O,: C. 60.46; H;
5.85; N, 10.85. Found: C, 60.30; H; 5.82: N, 10.78. o

MP: 170-177°C. NMR DMSO ds 5 10.89 (s, 1H), 7.70 (¢, J=8.4 Hz, 1H), 7.30- .
7.23 (m, 1H), 7.11 (d, J=13.9 Hz, 1H), 7.04-6.94 (m, 4H), 6.06 (s, 2H); 4.97-4.82 (m,
1H), 3.62-2.80 (br m, 10H), 2.75-2.63 (m, 2H), 2.60-2.50 (m partially under DMSO
peak, 1H), 2.48-2.36 (m, 2H), 1.60 (dd, J;=12.4 Hz, §,=6.8 Hz, 2H), 1.58-1.34 (m, 2H).
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MP: 169470‘6 Analysis calwlated for- ngHaoFNgoo C.H.O... ‘G, 67.27;, H,
~8.40; N, 7.85. Found: C, 67.18; H, 6.52; N, 787

MP:. 186-186 5°C. Analysus calculated for CagHaoFN;Oe C.H404¢0 25 Hzo C.
66.71; H, 6.44; N, 7.78. Found: C, 66.70; H, 6.60; N, 7.60. )

- - MP: 198-198.5°C. Analysis. calculated for CgHigFN3ge CHO,: C, 69.35; H,
6.60; N, 8.09. Found: C, 69.48; H, 6.74; N, 8.14. '

-MP: 194-195° C..NMR DMSO dg 5 7.70 (t, J=8.5Hz, 1H), 7.16-7.09 (m, SH),
'6.96 )d, J=B.7Hz, 1H), 6.06 (s, 2H), 3.75-2.85 (m, 11H), 2.55-2.43 (m partially under
DMSO peak, 1H), 2.40-2.23 (m with singlet @ 2.26, 7H total), 1.63-1.32 (m,4H).

MP: 174-175°C. Analysis calculated for CpHyFN,Oe C,H,O,: ‘C, 67.72; H,
6.70; N, 5.64. Found: C, 67.82; H, 6.83; N, 5.59.

MP: 198-199°C. Analysis calculated for CpgHsFNye CH,O4:. C, 69.35; H, 6.60;
N, 8.09. Found: C, 69.13; H, 6.69; N, 8.12.
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MP:. 163. 5-164°C Analysus calculated for CygH3gN3e 204H404 C, 67.15; H,
7.16; N, 6.35. Found: C, 66.81; H722,N 8.27. S

MP: 224.5-225°C. Analysis calculated for CasHaFN,Oe C4H040.25 H;0: - C,
64.13; H, 6.59; N, 10.32. Found: C, 64.25; H, 6:68; N, 10.14. - “

MP: 222-223°C. NMR DMSO d; 5 8.58 (s, 2H), 7.34-7.30 (m, 1H), 7.28-7.25 (tfl.

_ 3H), 6.04 (s, 2H), 4.94 (s, 2H), 3.65-2.75 (br m, 9H), 2.20-2.12 (m, 2H), 1.94 (AB
quartet, A= 37.8Hz, J=13.2Hz, 4H), 1.54 (brt; J=11.7Hz, 2H), 1.21 (s, 6H). - |

'MP: 224-224.5°C. Analysis ealculated for CzyHmFN4020 CHOy C,64.80; H,

' 5.44; N, 9.75. Found: C, 64.85; H, 5.56; N, 9.74.

~ MP: 241.5-242°C. Analysis calculated for CasHzgFN5sO2e C4H404 C, 60.97; H,
5.48; N, 12.70. Found: C, 60.66; H, 5.55; N, 12.44.
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MP: 219-220°C. Analysis calculated for CmstFszzo C4H.040.50 HzO C.
59.46; H, 5.55; N, 9.90. Found: C, 59.86; H, 5.70; N, 9.40.

MP 216.5-217°C. Analysis caiculated for Cz4H23F2N4020 C4H.O4 C 60.43; H

5.43; N, 10.07. Found: C, 60.39; H, 5.47; N, 9.90.

MP: 204-205°C. Analysis calculated for Cz3HxFNe CHO4: C, 65.31; H, 6.70;

'N, 11.28. Found: C, 65.38; H, 6.77: N, 11.32.

MP 217-218°C. Analysus calculated for CstngN400 C..H‘O; C. 64.91; H,
6.20; N, 10.44. Found: C, 64.57; H, 6.28; N, 10.18.

MP: 161-162°C. Analysis ealcul_ated for Ca5HagN4Oe CHO,: C, 67.16; H, 6.61;
N, 10.80. Found: C, 67.05; H, 6.66; N, 10.59.

MP: 189.5-200°C. Analysis calculated for Cy3H20CINOe C,H,O,: C, 61.30; H,
6.29; N, 10.59. Found: C, 61.05; H, 6.31; N, 10.83. '
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MP: 200-200.5°C.: Analysis calculsted for CosHzsClNes C4H4O4 C. 6321: H: -
6.48; N, 10.92. Found: C, 62.97; H, 6.33; N, 11.29. S

- MP: 221.5-222°C. Analysis calculated for CgHz7FNyOe c4|-|40‘ C, 6348 H

5.51; N, 7.46. Found: C, 63.28; H, 5.51; N, 7.64.

-.MP: - 209-210°C. Analysus calculated for ngHgsFN;,Ozo CaH0400. 50“20 C.
64.51; H, 5.95; N, 7.52. Found: C, 64.47; H, 5.91; N, 7.66.

MP: 201-202°C Analysis calculated for CstzanN4Oo C4H,0400. SOHzO c,
61.80; H, 590 N, 9.94. Found: C, 62.10; H, 5.80; N, 9.56.
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1. .. Acompound of the formula

~ or the pharmaceutically aooeptable salt thereof wherein the broken lme

represents an optional double bond;
- aisOor1, wherein when a is 0, X may form an optuonal double bond with the
‘carbon adjacent to V; |

V is CHR'® wherein R is hydrogen or (C4-Cg)alkyl;

T is nitrogen or CH; -

~ Xis nitrogen or CR"! wherein R"' is hydrogen. (C4~Cglalkyl, (c1-cs)alkoxy. |
hydroxy or cyano; o

Y and Z are each independently nitrogen or CR"" wherein R*? is hydrogen, -
chioro, bromo. trifluoromethyl, trifluoromethoxy, cyano, (C-Cg)alkoxy or (C4-Cg)alkyl;

' is hydrogen, fluoro, chloro, bromo, trifluoromethyl, tnﬂuoromethoxy, cyano or

(C1-Cs)a'kvl -
R? R%, R’. R® and R® are each independently selected from hydrogen, fluoro,
chioro, bromo, trifluoromethyl, triflucromethoxy, cyano, (C4-Cg)alkoxy and (C,-Cg)alkyt;

R® and R* are each independently hydrogen or (C4-Cg)alkyl; and

R® is hydrogen, (C;-Cg)alkoxy, trifiuoromethyl, cyano, (C,-Cg)alky! or R¥*CO-
wherein R*? is amino, (C+-Ce)alkylamino, ((C4-Ce)alkyi),amine, (C1-Ce)alkyt, (Co-
Cyo)aryl; -
orwhen ais 1, R' and R' may be taken together with the carbons to which they
are attached to form a compound of the formula

//

T
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wherein the broken lines represent optional bonds;
T.X,Y.Z R% R, R, R"’ R° R’, R’andR’aredeﬁneaasabove
bisOor1; and ' '
A and B are each mdependenﬂy CH, CHz, oxygen. sulfur, NH or mtrogen
with the proviso that when X i ns_ nitrogen, the optional double bond between X
and V does not exist; | - '
" with the proviso that when b is 0, the optuonal double bond between A and B
does not exist; and '
“with the provnso that when b is 1, A and B cannot both be oxygen or sulfur
2 A compound accordlng to claim 1, wherein X is mtrogen
3.7 A compound aocordmg to clalm 1, wherem Y and Z are each CR12
wherein R'2 is hydrogen or fluoro. | :
4 A oompound according to claim 1, wherein R? is hydrogen, fluoro or
chloro. | . | . o
5. A compound according to claim 1, wherein R®, R* and R® are hydrogen ';
6. A compound according to claim 1, wherein R’ is fluoro or chloro.
7. A compound according to claim 1, wherein R? is fluoro, chloro. bromo or
alkoxy. ’ | ' | o o
8. A compound according to claim 1, wherein X is nitrogen; Y and Z are
each CR'? wherein R'? is hydrogen or fluoro; R? is hydrogen fluoro or chioro; R®, R* and
R° are hydrogen; R’ is fluoro or chioro; and R’ is fiuoro, chioro, bromo or alkoxy.
9. A compound according to claim 1, wherein said compound is selected
from the group consisting of : ' ‘
2-{4-(3-Trifluoromethyl-phenyl)-piperazin-1-yimethyl}-1H-indole;
5-Fluoro-2;[4-(3-tn'ﬂuoromethyl—phenyl)-piperazin—1-ylmethyll-‘lH-indole: '
5-Fluoro-2-{4-(4-fluoro-phenyl)-piperazin-1 -yimethyl]-tH-indole;
5-Fluoro-2-{4-{4-fluoro-phenyl)-piperazin-1-yimethyl]-1H-indole;

NN e
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5-Fluoro-2-(4-pyridin-2-yl-piperazin-1-yimethyl)-1H-indole;

2-[4-(6-Chloro-pyridazin-3-yl)-piperazin-1-yimethyl}-5-fiuoro-1H-indole;

5-Fluoro-2-(4-{5"-fluoro]pyridin-2-yl-piperazin-1-yimethyi)-1H-indole;
2-(4-pyridin-2-yl-piperazin-1-ylmethyl)-1H-azaindole;
‘5-Fluoro-2-(4-pyridin-2-yl-piperazin-1-yimethyl)-1H-azaindole; and
2-{4-(4-fluoro-phenyl)-piperazin-1-yimethyl}-1H-azaindole.

10. A method for treating a disorder of the dopamine system in a mammal,
comprising administering to said mammal an amount of a D4 dopamine receptor selective
compound according to claim 1, or a pharmaceutically acceptable salt thereof, that is
effective in treating such disorder.

11. A method according to claim 10, wherein disorders of the dopamine
system include psychotic disorders, movement disorders, gastrointestinal disorders,
chemical abuse, chemical dependencies, substance abuse, vascular and cardiovascular
disorders, ocular disorders and sleep disorders.

12. A method for treating a disorder of the dopamine system in a mammal,
comprising administering to said mammal an amount of a D4 dopamine receptor selective
compound according to claim 1, or a pharmaceutically acceptable sait thereof, in
conjunction with one or more D1, D2, D3 or D5 dopamine receptor agonists, that is

effective in treatmg such disorder.

13. A method acoordmg to clalm 12, wherein dlsorders of the dopamine
system include psychotlc disorders, movement dlsorders. gastrointestinal disorders,

'chemucal abuse chemical dependencnes, subslanoe abuse, vascular and cardi ovascular

disorders, ocular disordrs and sleep dnsorders : .
14. A method according to clalm 11 wherein psychotic disorders’ include

affective psychosis, schizophrenia, and schizoaffective disorders.

156. A method according to clalm 11, wherein movement dlsmders include
extrapyramidal side effects from neuroleptic agents, neuroleptic malignant syndrome,
tardive dyskinesia, Gilles De La Tourette's syndrome, Parkinson's disease or Huntington's

- disease.

16. A method according to claim 11, wherein gastrounteshnal disorders include
gastric acid secretion or emesis.
17. A method according to claim 11, wherein vascular and cardiovascular

disorders include congestive heart failure and hypertension.
-

OO R :
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18. A phammaceutical composition.for treating a disorder of the dopamine

. system in a mammal, comprising administering. to. said mammal an amourt of a D4

10

15

dopamine receptor - selective - compound: according to claim 1, or a pharmaceutlcally-
acceptable satt thereof, thatlseffectlvemtteabngsuchdisorder T :

19. A phammaceutical composition according to claim 18, wherein disorders of
the dopamine system include psychotic disorders, mavement disorders, gastrointestinal
disorders, chemical abuse, - chemical dependencies, subshnce abuse; vascular and
ardwvasculardlsordets oeular disorders and sléep disorders. '

20, A pharmaceuhml composmon for treating a disorder of the dopamine’
system in a mammal,” comprising administering to said mammal an amount of a D4
dopamine receptor selechve compound according to claim 1, or a pharmaceutially
aooeptable salt thereof in conjunction with one or -more D1, D2, D3 or D5 clopamme

| receptor agonists, that is effective in treating suchdusorder

2_1. A pharmaceutical composmon aceordmg to claim 20, wherein: disorders of

. the dopamine system include psychottc disorders, movement disorders, gastrointestinal

20

disorders, chemical abuse, chemical dependenues substance ' abuse, vascular and

- cardi ovascular disorders. ocular dlsordrs and sleep disorders.

g
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