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ARALKYL AND ARALKYLIDENE HETEROCYCLIC LACTAMS AND IMIDES
Background of the Invention
The present invention relates to novel aralkyl and aralkylicene heterocyclic
lactams and imides, to intermediates for their preparation, tc pharmaceuticai
compositions containing them and to their medicinal use. The compounds of the
Present invention include selective agonists and antagonists of serotonin 1 (5-HT,)
receptors, specifically, of one or both of the 5-HT,, and 5-HT,, receptors. They are

useful in treating or preventing migraine, depression and other disorders for which 3
5-HT, agonist or antagonist is indicated.

European Patent Publication 434,561, published on June 26, 1991, refers to 7-
alkyi.alkoxy.andhydroxysubstituted-T-(4-substituted-1-piperazinyl)-naohthalenes. The
Compounds are referred to as 5-HT, agonists and antagonists useful for the reatment
of migraine, depression, anxiety, schizophrenia, stress and pain.

European Patent Publication 343,050, published on November 23, 1889, refers
to 7-unsubstituted, halogenated, and methoxy substituted-1-(4-substituted-1~piper-
azinyl)-naphthalenes as useful 5-HT,, ligand therapeutics.

PCT publication WO 94/21619, published September 29 1994, refers to
naphthalene derivatives as 5-HT, agonists and antagonists.

PCT publication WO 96/00720, published January 11, 1996, refers to ~aphthyl
ethers as useful 3-HT, agonists and antagonists.

European Patent Publication 701,819, published March 20, 19€3, refers to the
use of 5-HT, agonists and antagonists in combination with a 5-HT re-uptake inhibitcr.

Glennon et al., refers to 7-methoxy-1-(1-piperazinyl)—naphthalene as & useful
S5-HT, ligand in their article "5-HT,, Serotonin Receptors”, Clinical Drug Res. Dev., 22,
25-36 (1991).

Glennon's article "Serotonin Receptors: Clinical Implications", Neu-osciesce ans

Behavioral Reviews, 14, 35-47 (1990), refers to the pharmacological effectg associatec

with  serotonin receptors  including appetite  suppression, thermoregwiation.
cardiovascular/hypotensive effects, sleep, psychosis, anxiety, depression, rausea.
emesis, Aléhéimer's disease, Parkinson's disease and Huntington's diseage.

World Patent Application WO 95/31988, published November 30. 1995. refers
to the use of 3 S-HT,, antagonist in combination with 3 5-HT,, antagonis: to trezt CNS

disorders such ag depression, generalized anxiety, panic disorder, agoracnobia. socia
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phobias, obsessave-compulswe disorder, post-traumatic stress disorder. memory
disorders, anorexig nervosa and bulimia nervosa, Parkinson's disease, tardive
dyskinesias, endocrine disorders such as hyperprolactinaemia. vasospasm (Particularly
in the cerebraj vasculature) and hypertension, disorders of the gastrointestinal tract
where changes in motility and secretion are involved, as well as sexual dysfunction.

G. Maura et al, J Neurochem, 66 (1), 203-209 (1996), have stated that
administration of agonists selective for 5-HT,, receptors or for both 5-HT,, and S-HT,,
receptors might represent a great improvement in the treatment of human cerebeliar
ataxias, a multifaceted syndrome for which no established therapy is available.

European Patent Publication 666,261, published August 9, 1995 refers to
thiazine and thiomorphaline derivatives which are claimed to be usefyl ferthe treairnent
of cataracts.

Summary of the Invention

The present invention relates to compounds of the formulg

1 2
R R 0

U/M\W/N
.,/

N

wherein R' is a group of the formula G', &%, G° G*, G° @ o G’ depictec

below,
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or

ais zero to eight;

each R" s, independently, (C,-Cy)alkyl or 3 (C,-C,)

of the ring carbons of the piperazine or piperidine ring of G' or G2

methyiene bridge from one

respectively, to the

Same or another rng carbon or a ring nitrogen of the piperazine or piperidine nng of

! respectively, having an available bonding site,
having an available bonding site;

E is oxygen, sulfur, SO or SO,;

or to a ring carbon of R*
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) X is hydrogen, chioro, fluoro, bromo, lodo, cyano, (C,-Cy)alkyl, hydroxy,
trifluoromethyl, (C,-Cyalkoxy, -50,(C,-C;)alkyl wherein t is zero one ortwo, -CO,R" or
-CONR''R'?

Y is an optionally substituted (C,-C.) heteroalkyl bridge that, together with the

5 atoms lo which it is attached, forms a five to seven membered heterocycle containing

two to four heteroatoms selected from the group consisting of 1.3-oxazolidin-4-on-5-yl.

1 .3-oxazolidin~2,4-dion—5-yl, 4,5-dihydro-1 ,2-oxazolidin—3-on-4—yl. 1.3-thiazolidin-4-on-5-

yl, 1 ,3-thiazolidin-2,4-dion-5-yl. 1 ,3-pyrazolidin-4-on-5-yl, 1.3-imidazofidin-2,4-dion-5-yl,

1 .2-pyrazolidin-3-on-4-yl, 1.2-thiazolidin-1 1 3-trion-4-yl, 1,2-thiazolidin-3-on-4-yl,

10 tetrahydro-1,2-oxazin-3-on-4-yl, telrahydro-1,3-0xazm4-on-5-yl. tetranydro- 1, 3-oxazin-

2.4-dion-5-y|, morpholin-3-on-2-yl, morpholin-3,5-dion-2-yl, 2,3-dihydro-1,4-o0xazin-3-

on-2-yi, tetrahydro-1 .3-thiazin-4-on-5-y|, letrahydro-1 .3-thiazm-2,4-dion-5-yl.

tetrahydro-1.2-thiazm—3-on-4-yl. thiomorpholin-3-on-2-yl, thiomorpho!in-B,5-dion-2~yl,

2.3-dihydro-1‘4-thiazin-3-on-2-y!. hexahydro-1,2-diazm-3-on-4-y|, 4,5-dihydro-2H-

15 pyridazin-3-on-4-yl, hexahydro-1,3-diazin4-on—5-yl, hexahydro-1.3-diazin-2,4-dion-5-yl,

piperazin-2-on-3-yl, piperazin-2,6-dion-3-yl, tetrahydro-1,3.4-thiadiazm~5-on-6-yl, 5,6-

dihydro-1 ,3.4-thiadiazm-5-on-6-yl, 1,3.4-oxadiazin-5-on-6-yl, 5,6-dihydro-1,2,4-
oxadiazin-5-on-6-yl, tetrahydro-1 2,4-0xadiazin-5-on-6-yl, 1 ,2,4-triazin-5-on—6-y|,

tetrahydro-1,2,4-oxadiazin-5-on-6—yl. 5,6-dihydro-1-2.4-oxadiazin-5-on-6-yl. 1.2,4-

20 oxadiazin—3,5-dion-6-yl, 1,2,4-trazin-6-on-5-y|, hexahydro-1,2-oxazepin-3-on-2-yl,

hexahydro-1,3-oxazepin-4-on-5-yl, hexahydro-1 -4-oxazepin-3-on-2-y, hexahydro-1.4-

oxazepin-3,5-dion-2-yl, hexahydro-1,4-oxazepin-3,5-dion-6—yl, 2,3,5,6-tetrahydro-1-4-

oxazepin-S,?-dion-S-yl, hexahydro-1,4-oxazepin—5-on-6-yl, hexahydro-1.3-oxazepin-

2,4-dion-5-y|, hexahydro-1,2-thiazepin-3-on~4-yl‘ hexahydro-1,4-thiazepin-3—on-2-yl,

25 2,3,4,5-tetrahydro-1,4—thiazepin-3—on-2—y|, hexahydro-1,4-thiazepin-3,5-dion-2-yl‘

hexahydro-1 4-thiazepin-3,5-dion-6-y!, 2,3,6,7-tetrahydro-1 4-thiazepin-5-on-6-yl. 5,7-

dihydro-1 ,4-thiazepin-5-on-6—yl, hexahydro-1 ,3~thiazepin-2,4-dion-5-yl, hexahydro-1,2-

diazepin-3-on-4-yl, hexahydro-1.3-diazepin-2,4-dion-5-yl, hexahydro~1,4-diazepin-2-on-

3-yl, hexahydro-1 4-diazepin-5-on-6-y|, hexahydro-1 .4-diazepin-5,7-dion-6-yl.

30 hexahydro-1'.3,5-thiadiazepin-3-on-7-yl. 4,5,6,7-tetrahydro-1-3.5-thiadiazepin-6-on—7-yl,

and 2,3,5,6-tetrahydro-1,2,4—triazepin-3,5-dion-7-yl; wherein the substituents on any

of the carbon atoms capable of Supporting an additional bond, of sajd ‘C,-C,)

heteroalkyl bridge, are chioro, fluoro. (C,-Cglalkyl, (C,-Cy)alkoxy, triflucrometnyl or
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Cyano; wheren the Substituents on any of the nitrogen atoms Capabie of sugporting an
additional bond, of saig (C,-C,) heteroalkyl bridge, are (C,-Coalkyl or trifluoromethy!

Ris hydrogen, (C,-C.)alkyl, phenyl or naphthyl, wherein sajd pnenyl cr naphthy!
may optionally be substituted with one or more substituents independently selected
from chlaorg, fluoro, bromo, iodo, (C,-Cyalkyl, (C,-Cy)alkoxy, trifluoromethyl, cyano anc
-SOk(C,-CS)alkyl wherein k is zero, one or two;

Ris -(CH,),,B. wherein m is 2€ro, one, two or three and B s hvdrogen, phenyi,
naphthyl or 3 5 or 6 membered heteroaryi group containing from one to four hetero-
atoms in the ring, and wherein each of the foregoing phenyi, naphthyi and heteroaryl
groups may optionally be substituted with one or more substituents indecendently
selected from chioro, fluoro. bromo, iodo, (C,-Cslalky!, (C,-C;)alkoxy, (C.-Cy) atkoxy-(C,-
Celalkyl-, tnflucromethy!, trifluoromethoxy, cyano, hydroxy, -COOF and -SO(2,-
Celalkyl wherein n is zero, one or two;

R® is selected from the group consisting of hydrogen, (C,-Ce;alkyl cptiznally
substituted with (C,-Cyalkoxy or one to three fluorine atoms, or [{C,-C‘}alkyl]aryl
wherein the aryl moiety is phenyl, naphthyl, or heteroaryl-(CH,)q~. wherein the
heteroary| moiety is selected from the group consisting of pyndyl, pyrimidy!,
benzoxazolyl, benzothiazolyl, benzisoxazolyl and benzisothiazolyl and g is zero, one,
two, three or four, and wherein said aryl and heteroaryl moieties may opticnally be
substituted with one or more substituents independently selected from the groun
consisting of chloro, fluoro, bromo, iodo, (C,-Cyalkyl, (C,-Co)alkoxy, tnfluoremethy!,
cyano and -8Q,(C,-Cy)alkyl, wherein g is zero, one or two:

R” is selected from the group consisting of hydrogen. (C,-Coalky!, [(C.-
Coalkyllaryl wherein the aryl moiety is phenyl, naphthyl, or heteroaryl-(CHz),-, wherein
the heteroaryl moviety is selected from the group consisting of pyncyl, pyrimidy:.
benzoxazolyl, benzothiazolyl, benzisoxazolyl and benzisothiazolyl and r is 2ero, one
two, three or four, and wherein said aryl ang heteroaryl moieties may oJptionally be
substituted with one or more substituents independently selected frem the group
consisting of chloro, fluoro, bromo, iodo, (C,-Cylalkyl, (C,-Cpalkoxy, trifluzromeshyl, -
C(=0)-(C,-Cylalkyl, cyano and -SO(C,-Cyalkyl, wherein jis zero, one or two;

or R® and R’ taken together form a 2 to 4 carbon chain:

R%is hydrogen or (C,-C,)alkyl:

R? isﬁydrogen or (C,-Cg)alkyk:



S S
-

10

15

20

25

30

bR L L VIR ¥ rovany Way VRS Ty

o 011062

or R® and R’, together with the nitrogen atom to which they are attached, form
a 5 to 7 membered heteroalkyl ring that may contain from zero to four heteroatoms
selected from nitrogen, sulfur and oxygen;

and p is one, two, or three;

each of R R" and R js selected, independently, from the radicais set forth
in the definition of R? or R"" and R", together with the nitrogen to which they are
attached, form a 510 7 membered heteroalkyt ring that may contain from zero to four
heteroatoms selected from nitrogen, sulfur and oxygen,; and

the broken Jines indicate optional double bonds, with the praviso that when the
broken line in G is a double bond that R® is absent:

or a pharmaceutically acceptable salt thereof.

The following are more specific embodiments of groups G' and G2
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The present i.nvention also relates to the pharmaceutically acceptable aci

salts of compounds of the formula |I.

G%-a

d adcition
The acids which are useq to prepare the
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pharmaceutically acceptable acid addition salts of the aforementioned base compounds
of this invention are those which form non-toxic acid addition salts, i.e , salts containing
pharmacologicany acceptable anions, such as the hydrochloride. hydrobromsde,
hydroiodide, nitrate, sulfate, bisuifate, phosphate, acid phosphate, acetate, lactate,
citrate, acid citrate, tartrate, bitartrate, succinate, maleate, fumarate, gluconate,
saccharate, benzoate, methanesulfonate, ethanesulfonate, benzenesulfonate,
p-toluenesulfonate and pamoate [ie, 1.1 '~methylene-bis—(2-hydroxy-3-
naphthoate)]saits.

The invention also relates to base addition salts of formula 1. The chemical
bases that may be used as reagents to prepare pharmaceutically acceptable base salts
of those compounds of formula I that are acidic in nature are those that form non-toxic
base salts with such Ccompounds. Such non-toxic base saits include, but are not limited
to those derived from such pharmacologically acceptable cations such as alkali metal
Cations (e.q., potassium and sodium) and alkaline earth metal cations (e.q., calcium
and magnesium), ammonium or water-soluble amine addition salts such as N-
methylglucamine-(meglumine), and the lower atkanolammonium and other base salts
of pharmaceutically acceptable organic amines.

The compounds of this invention include ali stereoisomers (e.q.. cis and trans
isomers) and all opticél isomers of compounds of the formula | (eq., R and S
enantiomers), as well as racemic, diastereomeric and other mixtures of such isomers.

The compounds of this invention may contain olefin-like double bonds. When
such bonds are present, the compounds of the invention exist as cis and trans
configurations and as mixtures thereof.

Unless otherwise indicated, the alkyl and alkenyl groups referred to herein, as
well as the alkyl moieties of other groups referred to herein (e.q., alkoxy), may be linear
or branched, and they may also be cyclic (e.q., cyclopropy!, cyclobutyl, cyclopentyl, or
cyclohexyl) or be linear or branched and contain cyclic moieties. Unless otherwise
indicated. halogen includes fluorine, chlorine, bromine, and iodine.

Preferred compounds of the formula | include those wherein R' is
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membered heterocycle selecteq from 1,3 thiazolidin-2,4-dion-5-yl, 1,3 imidazolidin-2_ 4-
dion-5-y, thiomorpholin-s-on-z-yl or morpholin-3-on-2-yl.

Preferred compounds of the formula | also include those wherein R%jg optionally
substituted pheny! or -(CHQ)-optionally substituted phenyl.

Examples of specific preferred compounds of the formulg | are the following:

3—(4-chIorophenyl)~5-[2-(4-methylpiperazin-1 -yI)—benzylidene]-imidazolidine-Z,4-
dione;

3-(4-chlorobenzyl)-5-[2—(4-methylpiperazin-1 -yl)-benzylidene]-imidazolidine-Z,d-
dione;

3-(4—chlorobenzyl)-5-[2-(4-methylpiperazin-1 -yl)-benzylidene}-thiazolidme-z,4-
dione;

4-benzyl-z-[2‘(4-methylpiperazin-1-yl)-benzyl;‘dene]-thiomorpholin-3-one;

4-(3.4-dichlorobenzyl)-2-[2-(4—methylpiperazin-1-yl)-benzylidene}-thiomorpholin-3—
one;

3—(4-ch!orophenyl)-5-[2-(4-methylpiperazin-1 -yl)-benzylidene]-thiazoﬁdin e-2,4-
dione;

3-(4-trifluoromethylphenyl)—5-[2-(4-methylpiperazin~1-yl)-benzylidene]-
thiazolidine-2,4-dione;

2-[2-(4-methylpiperazin—1-yl)-benzylidene]-4-(4-trifluoromethylphenyl)~
thiomorpholin-3—one;

2-[2-(4-methylpiperazm-1-yl)-benzylidene]-thiomorpholin-3-one;

4-(3.4-dichlorophenyl)-z-[2-fluoro-6-(4-methylpiperazm-1-yi)-benzylidene}-
!hiomorphoh’n-3—one;

4-(3.4-dichIorophenyl)~2—[2~(4-methylpiperazjn-1-yl)-benzylidene]-morpho‘in-3-

one,
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4-(3,4»dlchlorophenyf)-z-[2-(4-methylpiperazm-1-yl)-benzylidene]-thiomorpholm-
3-one;

4-(3.4-dichlorophenyl)-z- [2-(4-methylpiperazm-1-yl)-benzyl]-thiomorp'nolin-3-one:

4-methyl-Z-[Z-(4-methylpiperazm-1-yl)-benzylidene]-thiomorpholin-a-one; and

4—(3,4-dichlorophenyl)-2-(2-piperazin-1-ylbenzylidene)-thiomorpholin-3-one.

4-Benzyl-2-[2-(4-methylpiperazin-1 -yl)-benzylidene]-1, 1-dioxothiomorpholin-3-
one,

4~(3,4-Dichlorophenyl)-2-[3—ﬂuoro-2~(4-methylpiperazin-1-yl)-benzylidene]-
thiomorphoh’n-3-one;

4-(3.4-Dichlorophenyl)-2-(5-fluoro-2-(4-methylpiperazm-1—yl)-benzylidene]-
thiomorpholin-S-one;

4-(3,4—Dichlorophenyl)-2~(2-(4-methylpiperazin—1-yl)-S-triquoromethyl-
benzylidene]-thlomorpholin-3-one;

4-(3.4-Dichlorophenyl)-2-{2-[4~(2-me thoxyethyl)piperazm-1-yl}-benzylidene}-
thiomorpholm-B-one;

4-(3.4-Dichlorophenyl)-2-[2-(4-isopropylpiperazin-1 -yl)-benzyfidene]-
thiomorpholin-3-one;

4-(3,4-Dichlorophenyl)-2-{2—(4-eth ylpiperazin-1-yl)—benzylidene]-thiomoroholin-B-

one;
4~(4-Chlorophenyl)-2-[2-(4-methy|piperazin-1 -yl)-benzylidene]-thiomorpholin-a-
one;
4-(3-Chlorophenyl)-2-[2-(4-methylpiperazin-1 -yl)—benzylidene]-thiomorph olin-3-
one;

2—[2-Chloro-6-(4-methyfpiperazm- 1-yl)-benzylidene)-4-(3.4-dichio rophenyi)-
thiomorpho!in—:i-one;

4-(3.4~chhlorophenyl)-2-{2-(4-methylpiperazin- 1-y1)-4-trifluo romethyi-
benzylidene]-thiomorpholin-3-one;

4—(3.4-Dichlorophenyl)—2—[2-(4-methylpiperazin- 1 -yl)-benzylidene]- 1-0xo0-
thiomorpholin~3~one;

4-(3;—4-Dichlorophen yh-2- (5-fluoro-2-piperazin-1 -yl-benzylidene)-thiom orpholin-3-
one;

4'(3.4-Dichlorophenyl)—2-[3,6-diﬂuoro-2-(4-methylpiperazin-1-yl)-benzylidene]—

thiomorpholin—3~one;

S ket ol b Ao MW“
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4-(3,4-Dichlorophenyl)-Z-[Z-(B.5-dimethylpiperazin- 1 -yl)-benzylidene}-
thromorpholin-3-one;

4~Phenyl-2-[2-(3,4,5-trimethylpiperazin—1-yl)-benzyhdene}-thiomorpholin-B-one;

2‘[5-F!uoro-2-(4-methytpiperazin-1-y!)-benzylidene]~4-phenyl-thiomorpholin~3-
one;

4-Benzo[1, 3}dioxol-5-yl-2-[2-(3,S-dimethylp:perazin-1 -yl)-benzylidene]-
thiomorpholin-a-one;

2-[2-(4 -tert-Butylipiperazin-1 -yl)-benzylidene]-4-(3,4-dichlorophenyl)-
thiomorpholin-3-0ne;

3-(3.4-Dichlorophenyl)-5-[2-(4-methylpiperazin—1-yl)-benzylidene]-thiazolidin-d-
one;

3-[4—(3,4-Dichlorophenyl)-3-oxo-thiomorphoh‘n-2-ylidenemethyl]-6-dim ethylamino-
2-(4-:1’1ethylpiperazin-1-yl)-benzonitrile;

5-[2~(4-Methylpiperazin-1-yl)-benzylidene]-2-phenylthiazolidin-4-one;

4-(3,4-Dichlorophenyl)—Z-[Z-(3.4,5-trimethy!piperazin-1 -yl)-benzylidene]-
thion1orpholin~3-one;

4-(3,4-Dichlorophen yl)-2-[5-methyJ-2-(4-methylpiperazin-1 -yl)—benzylidene]~
thiomorpholin-S-one;

2-[4~Ch!oro-2-(4-methylp|’perazin-1-yl)-benzylidene]-4-(3,4-dichlorophenyl)-
thiomorpho!in-S-one;

4-(3,4-Diﬂuorophenyl)-2-[2~(3,5-dimethylpiperazin-1 -yl)-benzylidene]-
thiomorpholin-3-one;

4-(2.4-Diﬂuorophenyl)-Z-[Z-(B.5-dimethylpiperazin-1 -yl)-benzylidene]-
thiomorpholin~3-one;

2-[4-Bromo-2 -(4-methylpiperazin-1-yl)-benzylidene]-4-(3,4-dichlorophenyl)-
thiomorphoﬁn-a-one;

4-(3.4-DichIorophenyl)-Z-[Z-(1 -rnethylpyrrolidin-2-ylmethoxy)-benzylidene]-
thiomorpholin-3-one;

4~(3.S-DichIorophenyl)-Z-[Z-(3.S-dimethylpiperazin— 1 -yl)-benzyiidenel-
lhiomorpholin-B—one;

4-(3.4~Difluorophenyl)-2-[2-(3.4.5-trimethylpiperazin-1 -yl)-benzylidenel-

thiomorpholin-3~one;
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4~(3‘4-Dichlorophenyi)-z-[z-(octahydropyn‘do[i .2-a]pyrazin-2-yl)-benzylidene]-
thxomorpholm-J-one;

2-[2-(4—Cyclopropylpsperazm-1-yl)-benzyﬁdene]-ti-pyndin-3—yl-thiomorpholin-3-
one;

2-[2~(4-Cyclopropylpiperazin- 1 ~yl)-benzylidene]—d-(3,4-difluorophenyl)-
zhiomorpho!m-B-one;

2-[2-(4—Cyctopropylpnperazin# -yl)-benzylidene]-4-(3,5-dichlorophenyl)-
thiomorpholin-3~one;

4-(3,4-Difluorophenyl)-2-[2-(2,5-dimethylpiperazm- 1 -yl)-benzylidene]-
thiomorpholin-B-one;

4-(3.5-Dichlorophenyl)-2-{2-(2,S-dimethylpiperazin- 1 -y!)-benzylidene]-
thiomorphoiin~3-one;

4-(3,4-Dichlorophenyl)-2-[2—(3-methylaminopyrrolidin-1 -yl)-benzylidene]-
thiomorpholin~3-one;

4-(3,4-Difluorophenyl)-2-[2-(2,4.5-trimethy|piperazm- 1-yl)-benzylidene]-
thiomorpholin-a-one;

4-Benzo[1 ,3]dioxol-5-yl—2-[2-(4-cyclopropylpiperazin- 1 -yl)-benzylidene]-
thiomorpholin-3-one;

2-[2-(3,S-Dimethylp:perazin-T-yl)-benzylidene]-4-(4-ﬂuorophenyl)-thiomorpholin-3-
one;

4-Benzo[1 ,3]dioxol-5-y|—2-[2-(2.5-dimethy|piperazin~1 -yl)-benzylidene]-
thiomorpholin-a-one;

2~[2-(3,5-Dimethy|piperazin-1-y!)-benzylidene]—4-phenylthiomorpholin-3-one;

4—(3|4-Dich|orophenyl)-2-[2—(4-methy lpiperazin-‘l—yl)-benzylidene]—thiomorpholin-
3-one;

4—(3,4-Dichloropheny!)-2—[2-(3-dimethylaminopyrrolidin-1 -yl)-benzylidene)-
thiomorpholin~3-one;

4-(3 .4~Dichlorophenyl)-2-[2-(3-dimethylammopyrrolidin-1 -yl)-benzylidene)-
thiomorpholin—B-one;

4-(3,4—Dich!orophenyl)-2-[2-(4-methyl-[1 ,4]diazepan-1 -yl)-benzylidene)-
thiomorpho!in-3-one;

4-(3-4—Dichlorophenyi)-2-[2-(2,4,6-trimethylpiperazin- 1-yl)-benzylidene]-

tt‘uomorpholin-:i-one; and
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2-{2-(_4-Cyclopropylpzperazm-1-yl)-benzylidene]-4-(3,4-dichlorophenyl)-
thiomorphohn-B-one;

and the pharmaceuncally acceptable salts of such compounds.

Other compounds of formula I include the following:

5-[2-(4-methyfpiperazm-1-yl)-benzylidene}-thiazolidine-Z,4~dione;

2-[2,4-dibromo~6-(4-methylpiperazin-1-yl)-benzylidene}-4-(3,4~dichlorophenyl)-
thnomorpholin-3-one;

4-(4-chlorophenyl)-2-[2-(4-methy!piperazin-1 -yl)-benzylidene]-
[1,4Joxazepan~3-one;

4-(4—chIorophenyl)-Z-[Z-(4-methylpiperazin~1-yl)-benzylidene]-
[1 ,4,5]oxadiazepan-3-one;

4»(4-ch!orophenyl)-2-[2-(4-methylpiperazin—1-yl)—benzylidene]-
[1,4]lh|azepan-3-one;

4-(3.4-dichlorophenyl)—Z-{Z-[ (2-dimethylaminoethyl)—methyl-amino}-benzyh’dene}-
thlomorpholin-3-one;

4-(3.4-dichlorophenyl)—2-[2-(1 -methylpiperidin-4~yl)-benzylidene]-thiomorpho!in-3-
one;

4--(3,4-dichloropheny!)-2-[2-(1,4-dimethylpiperidin-ct—yl)-benzylidene,’--
thiomorpholin-.’s-one;

4-(3,4-dichlorophe nyl)-2-[2-(4--methylpiperazin-1-yl)-benzylidene]-thiomorcholine-
3.5-dione;

4-(3.4-dichlorophenyl)-2-[2-(2-dimethylaminoethoxy)-benzylidene]-thlomorpholin-
3-one;

4-(3,4-dichlorophenyl)-2-[2-(4-isopropyIpiperazin-1-y|)-benzylic‘ene]-
(hiomorpholin-3~one;

4-(3,4-dichlorophenyl)-2—[2-(1-methylpyrrolidin-3—ylmethyl)-benzylicene]-
thiomorpholin-S-one;

4-(3.4~dichloropheny})-z-{2-[methyl-(1-methylpyrrolidin-2-ylmethy|)-amino]-
benzylidene}-thiomorphoh’n-:}-one;

4-(3,'4-dichIorophenyl)—Z-[Z-(1-methylpyrrolidin-2-y!methoxy)-benzylidene]-
thiomorpholin-S-one;

4-(3.4-dichlorophenyl)-Z-{Z»[Z(1-methy|pyrroHdin-2-yl)-ethy{]-benzylldene}-

thlomorpholin;3-one;
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1-(3,4-dichl 0r0phenyl)-4-methyl-3-{2-(4-methylplpe.razin- 1 -yl)-benzyiidene]-
piperazin-2-one:

4-methyl-3-[2-(4—methylplperazxn-1 -yl)-benzylidene]-1 -(4-triﬂuoromethylphenyl)-
Piperazin-2-one:

1 -(4-ch!orophen yl)-4-methyl-3-{2-(4-methylpiperazm- 1 -yl)-benzylidene]—piperazin-
2-one;

2 -(2-(4-methylpxperazm- 1-yl )-benzylidene]»«i-(4-triﬂuoromethylphenyl)-morpholin-
3-one;

2-[d-fluoro-2-(4-methy1pxperazm-1-yl)-benzytidene]-4-(4-triﬂuoromethylphenyl)-
thiomorpho“n-3—one;

2-[5-ﬂuoro-2-(4—methylplperazin-1 -yI)-benzylidene]-4-(4-triﬂuoromethylphenyi)-
thlomorpholin-IS-one;

2-{1 -[2-(4-methylpiperazin-1 ~yf)-phenyl}~ethyHdene}-4-(4-triﬂuoromethylphenyl)~
thiomorpholin-3-one;

2-[2-(4-methylpiperazin-1- yl)-benzyl]-4-(4-triﬂuoromethylphenyl)-thxomorpholin-B-
one;

4-(4-chlorophenyl)-B-methyl-Z-[2-(4-methylpiperazin-1 -yl)-benzylidene]-
thiomorpholin-B-one;

3-(4~chlorop henyl)-2,2-dimethyl-5-[2-(4-methy!piperazin~ 1-yl)-benzylidene]-
thiazolidin-4-one;

4-(4-chlorophenyl)-2-[2-(4-methylpiperazin-1 -yl)-benzylidene]-[ 1 .4loxazepan-3-
one;

4—(4-chlorophenyl)-z-[z-(4-methylpiperazin-1 -yl)-benzylidene}-4H-[1 4Jthiazin-3-
one;

1-(4-chlorophenyl)-4, 6,6-trimethyl-3-[2-(4-methylpiperazin-1 -yl)-benzylidene]-
piperazm-2—one;

1-(4-chlorophen yl)-4-methyl-3-[2-(4-methylpiperazin- 1-yl)-benzylidene]-piperazin-
2-one;

4-(4-chiorophenyl)-z-[Z-(4-methy!piperazin-1-yl)-benzylidene]-morpholin-3-one;

3-(4'*Chlorophenyl)-S-[Z-(4-methylpiperazm-1—yl)-benzylidene]—oxazolidin-4-one;

3-(4-Chlorop henyl)-2,2-dimethyl—5-[2-(4-methylpiperazin- 1 -yl)-benzylidene)-
xmidazolidin-4~one; and

3-(4-bhlorophenyl)-5-[2~ (4-methylpiperazin-1 -yl)-benzylidene)-imidazolidin-4-one
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The present Invention also reiates to intermediates of the formula

1 4
R RE

wheren R'- R', R°. R"™ G’ .G" X B EY.Zgjkmn o 9. randt are
as defined above.

Examples of specific preferred compounds of formula V are tre following:

4-benzyl-z-{hydroxy-{z-(4-methylplperazin-1 -yl)-phenyl]methyl}-thiomorpholin-3-
one;

4~(3.4-dichlorobenzyl)-2-{hydroxy-[?_-(4-methylpiperazin-1-yl)~phenyl}'nethyt}-
thiomorpholin-S-one;

2-{hydroxy-[2-(4-methylpiperazin-1-yl)-phenyl]methyl)-4-(4-triﬂuoromethyfpheny-’)-
thiomorpholin~3-one;

2-{hydroxy-[2-(4-methylpiperazin-1-yl)-phenyl]methyl}-thiomorpholin-B-one;

4-(3.4-dichlorophenyl)-2-{[2-fluoro-6-(4-methylpiperazin-1-yl)~phenyl}-
hydroxymethyl}-thiomorpholin-S-one;

4-(3,4-dichlorophenyl)-2-{hydroxy-[2-(4-methylpiperazin-1-yl)-phenyl]-methyl)-
morpholin-3-one:

2-{I2.4—dibrom0-6-(4-methylpiperazin-1-yl)-phenyl)-hydroxymethyl}-4-(3,4-
dichlorophenyl)-thiomorphoun-B-one; and

4-(3.4—dichlorophenyl)-2-{hydroxy-[2-(4—methylpiperazin-‘l-y:’)-phenyl]-methyl}-
thiomorpholin-3-one.

The present invention also relates to a pharmaceutical comeosition for treating
or preventing a disorder or condition selected from hypertension, depression,
generalized anxiety disorder, phobias (e.q., agoraphobia, social Fhobia and simple
phobias), posttraumatic stress syndrome, avoidant personality disorder, premature
ejaculation, eating disorders (e.g., anorexia nervosa and bulimia nervosa), obesity,
chemical dependencies (e.g., addictions to alcohol, cocaine, heroin, phenolbarbitol.

nicotine and benzodjazepines), cluster headache. migraine, pain, Alzneimer's disease,
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obsessive-compulsive disorder, panic disorder, memory discrders (e.q., dementia.
amnestic disorders, ang age-related cognitive decline (ARCD)), Parkinson's diseases
(e.q., dementia in Parkinson's disease, neuroleptic-induced parkinsonism and tardive
dyskinesias), endocrine disorders (e.q., hyperprolactinaemia), vasospasm (particuiarly
5 inthe cerebral vasculature), cerebellar ataxia, gastrointestinal tract disorders (involving
changes in motility and secretion), negative symptoms of schizophrenia, premenstrual
syndrome, Fibromyalgia Syndrome, stress incontinence, Tourette syndrome,
tn‘chotlllomanra, kleptomania, male Impotence, cancer (e.g. small cell lung carcinoma),
chronic Paroxysmal hemicrania and headache (associated with vascuiar disorders) in
10 amammal, preferably a human, comprising an amount of a compound of the formuia
lora pharmaceuticauy acceptable salt thereof effective in treating or preventing such

disorder or condition and a pharmaceutically acceptable carrier.
The present invention also relates to a pharmaceutical composition for treating
Or preventing a disorder or condition that can be treated or prevented by enhancing
15 Serotonergic neurotransmission in a mammal, preferably a human, comprising an
amount of a compound of the formula |, or a pharmaceutica”y acceptable salt therecf,
effective in treating or preventing such disorder or condition and a3 pharmaceuticah’y
acceptable carrier. Examples of such disorders and conditions are those enumerated

In the preceding paragraph.

20 The present invention atso relates to a method for treating or preventing a
disorder or condition selected from hypertension, depression (e.q., depression in cancer
patients, depression in Parkinson'’s patients, Postmyocardial Infarction depression.

Subsyndromal Symptomatic depression, depression in infertile women, pediatric

25  abuseinduced depression, and post partum depression), generalized anxiety disarder.
phobias (e.q., agoraphobia, social phobia ang simple phobias), posttraumatic stress
syndrome, avoidant personality disorder, premature ejaculation, eating discrders (e.q.,
anorexia nervosa and bulimia nervosa), obesity, chemical dependencies (e.q.,
addictions to alcohol, cocaine, heroin, phenolbarbitol, nicotine and benzodiazepines),

30 cluster headache, migraine, pain, Alzheimer’s disease, obsessive-compulsive disorder,
panic disorder. memory disorders (€.9., dementia, amnestic disorders, and age-related
cognitive decline (ARCD)), Parkinson's diseases (e.g., dementia in Parkinson’s disease,

neuroleptic-induced parkinsonism and tardjyve dyskinesias), endocrine disorders (e.q.,
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hyperprolactinaemia), vasospasm (particularly in the cerebral vasculature), cerebeiigr

ataxia, gastrointestinai tract disorders (involving changes in motility and secretion),
negative symptoms ofschizophrenia, Premenstrual syndrome, Fibromyalgia Syndrome,
stress incontinence, Tourette syndrome, trichotillomania, kleptomania, male impotence,
cancer, (e.g. smali cel| lung carcinoma), chronic paroxysmal hemicrania and headache
(associated with vascular disorders) in a mammal, preferably a human. comprising
administering to a mammal in need of such treatment or prevention an amount of a3
compound of the formula I, or a pharmaceutically acceptable salt thereof, that s
effective in treating or preventing such disorder or condition.

The present invention also relates to a method for treating or preventing 3
disorder or condition that can be treated or prevented by enhancing serotonergic
neurotransmission in g mammal, preferably a human, comprising administering to a
mammal in need of such treatment or prevention an amount of a compound of the
formula I, or 5 pharmaceutically acceptable salt thereof, that is effective in treating or
preventing such disorder or condition.

The present invention also relates to 3 pharmaceutical compaosition for treating
Or preventing a disorder or condition selected from hypertension, depression (e.q.,
depression in cancer patients, depression in Parkinson's patients, Postmyocardial
Infarction depression, Subsyndromal Symptomatic depression, depression in infertile
women, pediatric depression, major depression, single episode depression, recurrent
depression, chilg abuse induced depression, and post partum depression), generalized
anxiety disorder, phobias (e.g., agoraphobia, social phobia and simple phobias),
posttraumatic stress syndrome. avoidant personality disorder, premature ejaculation,
eating disorders (e.9., anorexia nervosa and bulimia nervosa), obesity, chemical
dependencies (e.g., addictions to alcohol, cocaine, heroin, phenolbarbitol, nicotine and
benzodiazepines), cluster headache, migraine, pain, Alzheimer's disease, obsessive-
compulsive disorder, panic disorder, memory disorders (e.g., dementia, amnestic
disorders, and age-relaled cognitive decline (ARCD)), Parkinson's diseases (e.q.,
dementia in Parkinson's disease, neuroleptic-induced parkinsonism and tardive
dyskinesias), endocrine disorders (e.q., hyperprolactinaemia), vasospasm (particularly
in the cerebral vasculature), cerebellar ataxia, gastrointestinal tract disorders (involving
changes in motility and secretion), negative Symptoms of schizophrenia, premenstrual

syndrome, Fibromyaigia Syndrome,  stregg incontinence, Touyrette syndrome,
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trichotillomania, kleptomania, male impotence. cancer (e.9. small cell iung carcinoma)
chronic paroxysmal hemicrania and headache (associated with vascular disorders) in
a8 mammal, preferably a human, comprising a serotonin receptor antagonizing or
agonizing effective amount of a compound of the formula I, or a phamaceutically
acceptable salt thereof and a pharmaceutically acceptable carier.

The present invention also relates to a pharmaceutical Composttion for treating
Or preventing a disorder or condition that can be treated or prevented by enhancing
serotonergic neurotransmission in a mammal, preferably a human,. comprising a
serotonin receptor antagonizing or agonizing effective amount of a compound of the
formula I, or a pharmaceutically acceptable salt thereof, and a pharmaceutically
dcceptable carrier.

The present invention also relates to a method for treating or preventing a
disaorder or condition selected from hypertension, depression (e.g., depression in cancer
patients, depression in Parkinson's patients, Postmyocardial Infarction depressicn,
Subsyndromal Symptomatic depression, depression in infertile women, pediatric
depression, maijor depression, single episode depression, recurrent depression, child
abuse induced depression, and post partum depression), generalized anxiety disorder,
phobias (e.q., agoraphobia, saocial phobia and simple phobias), posttraumatic stress
syndrome, avoidant personality disorder, sexual dysfunction (e.q., premature
€jaculation), eating disorders (e.q., anorexia nervosa and bulimia nervosa), cbesity,
chemical dependencies (.., addictions to alcohol, cocaine, heroin, phenolbarbito!,
nicotine and benzodiazepines), cluster headache, migraine, pain, Alzheimer's disease,
obsessive-compulsive disorder, panic disorder, memory disorders (e.q., dementia.
amnestic disorders, and age-related cognitive decline (ARCD)), Parkinson's diseases
(e.g., dementia in Parkinson's disease, neuroleptic-induced parkinsonism and tardive
dyskinesias), endocrine disorders (e.q., hyperprolactinaemia), vasospasm (particularly
in the cerebral vasculature), cerebellar ataxia, gastrointestinal tract disorders (involving
changes in motility and secretion), negative symptoms of schizophrenia, premenstrual
syndrome, Fibromyalgia Syndrome, stress incontinence, Tourette syndrome.
trichotilomania, kleptomania, male impotence, cancer (e.9., small celliung carcinoma),
chronic paroxysmal hemicrania and headache (associated with vascylar disorders) in

a mammal, preferably a human. comprising administering to a mamma| reguiring such
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treatment or prevention a serotonin feéceptor antagonizing or agonizing effective amount
of a compound of the formula | or a pharmaceutically acceptable salt thereof.
The present invention also relates to a method for treating or preventing a

disorder or condition that can be treated or prevented by enhancing serotonergic

The present invention relates to 3 pharmaceutical composition for treating or
preventing a condition or disorder that can be treated or preventeg by enhancing

serotonergic neurotransmission in a mammal, preferably a human, comprising:

a) a pharmaceutically acceptable carrier:

b) a compound of the formula | or a pharmaceutically acceptable salt
thereof; and

C) a 5-HT re-uptake inhibitor, preferably sertraline, or 3 pharmaceutically

acceptable sajt thereof;

wherein the amount of the active compounds (i.e., the compound of formula |
and the 5-HT re-uptake inhibitor) are such that the combination is effective in treating
Or preventing such disorder or condition.

The present invention also relates to a method for treating or preventing a
disorder or condition that can be treated or prevented by enhancing serotonergic
neurotransmission in a mammal, preferably a human, comprising administening to a
mammal requiring such treatment or prevention:

a) a compound of the formula l, defined above, or a pharmaceutically
acceptable saft thereof; and

b) a 5-HT re-uptake inhibitor, preferably sentraline, or 3 pharmaceutica”y
acceptable salt thereof:

wherein the amounts of the active compounds (Le., the compound of formuia |
and the 5-HT re-uptake inhubitor) are such that the combination is effective in treating
or preventing such disorder or condition.

The present invention also relates to a method for treating or preventing a

disorder Or condition that can be treated or prevented by enhancing serotonergic
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neurotransmission in 3 mammal, preferably a human, comprising administering to said
mammai requiring such treatment or prevention:

a) a 5-HT,, antagonist or a pharmaceutically acceptable sait thereof; and

b) a 5-HT,;, antagonist of formulg | ora phannaceuticaﬂy acceptable salt
thereof;

wherein the amounts of each active compound (ie., the S-HT,, antagonist and
the 5-HT,, antagonist) are such that the combination is effective in treating or
preventing such disorder or condition.

The present invention also relates to a pharmaceutical composition for treating
or preventing a disorder or condition that can be treated or Prevented by enhancing
serotonergic neurotransmission in a mammal, preferably a human, comprising:

a) a 5-HT,, antagonist or a pharmaceutically acceptable salt thereof: and

b) a 5-HT,;, antagonist of formula | or a pharmaceutically acceptable salt
thereof:

wherein the amounts of each active compound (Le., the 5-HT,, antagonist and
the 5-HT,, antagonist) are such that the combination is effective in treating or
preventing such disorder or condition.

"Enhanced serotonergic neurotransmission," as used herein, refers to increasing
or improving the neuronal process whereby serotonin is released by a pre-synaptic cell
upon excitation and crosses the Synapse to stimulate or inhibit the post-synaptic cell.

"Chemical dependency," as used herein, means an abnormal craving or desire
for, or an addiction to a drug. Such drugs are generally administered to the affected
individual by any of a variety of means of administration, including oral, parenteral.
nasal or by inhalation Examples of chemical dependencies treatable by the methods
of the present invention are dependencies on alcohol, nicotine, cocaine, heroin.
phenolbarbitol, ang benzodiazepines (e.q., Valium (trademark)). “Treating a chemical
dependency," as used herein, means reducing or alleviating such dependency.

Sertraline, (1S-cis)-4-(3,4-dichlorophenyl)-1,2,3.4-tetrahydro-N-methyl-1-
naphthalenamine, as useq herein has the chemical formula C,;H;;NCI, and the

following structural formula
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NHCH,
\ 'HCI
~
5
’ N
Zo|
Cl

10 Its synthesis s described in United States Patent 4,636,518, assigned to Pfizer inc.
Sertraline hydrochloride is usefu as an antidepressant and anorectic agent, and is also
useful in the treatment of depression, chemical dependencies, anxiety obsessive

compulsive disorders, phobias, panic disorder, post traumatic stress disorder, and
pPremature ejaculation.
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Detailed Description of the Invention

Compounds of the formula I may be prepared according to the following reaction
schemes angd discussion. Unless otherwise indicated, R’
G' through G’ X, B.E. Y, Zg,i|

reaction schemes and discussion

through R>, R® through R",
k.m.n, p, q randtand structural formula | in the
that follow are as defined above.

S
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a R® Br
gl , 8]
-
X
111 XIv
(@ = Br, X not = Br or I
?OC
_-/N\~\ /
| /
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?
XVIf
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[N\
) 1
—_— R o2
P l:::O
=
X | X
N
%VIB 11

(R = G2, R® = H)
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Scheme 1 llustrates a method of synthesizing compounds of the formula |
wherein the dashed line represents a double carbon-carbon bondandR'is 3 graup of
the formula G' &> G* G® G"or G’ Referring to Scheme 1, 3 compound cf the
formula 11, wnerein Qs a suitable leaving group (e.g., chloro, fluoro, bromo, mesyiate,
tosylate, etc.), is reacted with a compound of the formula R'H, wherein H refers to a
hydrogen atom on group & or on nitrogen atoms from G G* G° G*or G7 ang R'is
a group of the formula G', G?, G* G’ G%or G’ in the presence of a base, to form the
cerresponding compound of formula 1. This reaction is generally carried out at 3
temperature from about 0°Cto about 140°C, preferably at about the reflux temperature,
In a polar solvent such as dimethy! sulfoxide (DMSO0), N.N-dimethylformamide (OMF),
N.N-dxmethylacetamide (DMA) or N-methyl-2-pyrrolidinone (NMP), preferably DIMF.
Suitable bases include anhydrous sodium carbonate (Na,CO,), potassium carconate
(K.CQ,), sodium hydroxide (NaOH) and potassium hydroxide (KOH), as well as amines
such as Pyrrolidine, triethylamine and pyridine. Anhydrous potassium carbonate is
preterred.

Compounds of formula Il can be converted into compounds of the formula |,
wherein R’ is other than hydrogen, by subjecting them to an aldol condensation or
Wittig reaction For example, in the case of an aldol condensation, a compound of the

formula Il can pe reacted with a compound of the formula

([J
3
M

H//K ) [v
Ty

N the presence of g base, to form an aldo| intermediate of the formula
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which may he isolated or converted direclly in the same reaction step to a compound
of the formula | by the loss of water. The degree of completion for the conversion of
compounds of the formula | to the aldol product of formula | may be assessed using
one or more analytical techniques, such as thin layer chromatography (tic) or mass
spectrometry.  in some instances it may be possible or desirable to isolate the
intermediate of formula V. In such case, the compound of formula V may be converted
into the compound of formula | by the elimination of water using techniques which are
farniliar to those skilled in the art, for example, by heating to the reflux temperature a
solution of the compound of formula V in a solvent such as benzene, toluene or xylene,
In the presence of a catalytic amount of benzene- or p-toluene-sulfonic acid with
provision for the removal of the water generated. Such water removal techniques may
involve the use of molecular sieves or a Dean-Stark trap to isolate the water created
d$ an azeotrope with the solvent.

The aldo! reaction is typically carried out in a polar solvent such as DMSO,
DMF, tetrahydrofuran (THF), methano! or ethanol, at a temperature from about -78°C
to about 80°C. Preferably, this reaction is carried out in THF at about 25°C. Suitable
bases for use in the aldol formation step include potassium carbonate (K,CO,), sodium
carbonate (Na,CO,), sodium hydride (NaH), sodium methoxide. sodium methoxide,
potassium-tert.-butoxide, lithium diisopropylamide, pyrrolidine and piperidine. Sodium
hydride is preferred. Aldo! condensations are described in "Modern_Synthetic
Peactions," Herbert O. House, 2d. Edition, W.A. Benjamin, Menlo Park, California, 629-
€02 (1972) and Tetrahedron, 38 (20), 3059 (1982).

Compounds of the formula f, wherein R’ is other than hydrogen, can also be

prepared from compounds of formula I by reaction with a compound of the formula IV,
wherein R® is hydrogen or -(C=0)R", wherein R" is (C,-Celalkyl or trifluoromethyl,

followed by removal of the -C(=O)R" group, if present, and reaction with a compound
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of the formula R>.L- wherein L' 1s a ieaving group and is defined as Q s defined as

aoove  These reactiong can be carried out in a solvent such as di-(alkyl)ether, THF,

temperature of the solvent.

Alternatively, the compound of formula IV can be converted into a compound
of the formuia | by means of a Wittig olefination, as described in Helvetica Chimica
Acta, 46, 1580 (1963), and depicted below.

J/ 0] 0
I .
L " B ll . ] L T (» C() }15 ) 3 P . ‘ J_[\‘
ST gepe € TN=-RY
S L) —
- Y - ~ Y/
/" .
IV L= j A1l
I
XI L = (e.g._! Br)

Thus, the compound of formula IV can be converted into the corresponding bromide
of formula X| Using standard bromination conditions, followed by treatment with
triphenylpl1c>5phine in anhydrous THF to form the intermediate of formula XII. The
“Ompound of formula X can then be treated with a base (e.q., aqueous NaZCOJ) to
generate the corresponding phosphonium ylide, which can then be reacted with the
appropnate intermediate of formula I1'to produce compounds of general formuyla I. This
transformation ig described in A. Maercker, Organic Reactions, 14, 270 (1965).
Compounds of the formula I wherein the dashied line represents asingle carbon-

carbon bond may be prepared by hydrogenating the corresponding compounds wherein
the dashed line represents a double carbon-carbon bond, using standard techniques
that are wel| known to those skilled in the art. For example, reduction of the double
bond may be effected with hydrogen gas (H,). using catalysts such gg palladium on
carbon (Pd/C), pailadium on barium sulfate (Pd/BaSQ,), platinum on carbon (PY/C), or
tns(triphenylphosphine) rhodium chlonde (Wilkinson's  catalyst), in an appropriate

solvent such as methanol ethanol, THF. dioxane or ethyl acetate, at a pressure from

.
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about 1 to about 5 atmospheres and a temperature from about 10°C to about 60°C,
as described in Catalytic Hydrogenation in Organic Synthesis, Paul Rylander, Academic
Press Inc., San Diego, 31-63 (1979). The following conditions are preferred: Pd on
carbon, methanol at 25°C and 50 pst of hydrogen gas pressure. This method also
provides for introduction of hydrogen isotopes (i.e., deuterium, tritium) by repiacing 'H,
with *H, or *H, in the above procedure.

An alternative procedure employing the use of reagents such as ammonium

formate and Pd/C in methanol at the reflux temperature under an inert atmosphere
(e.9., nitrogen or argon gas) is also effective in reducing the carbon-carbon double
bond of compounds of the formula . Another alternative method involves selective
reduction of the carbon-carbon bond. This can be accomplished using samarium and
lodine or samarium iodide (Sml,) in methanol or ethanol at about room temperature,
as described by R. Yanada et al., Synlett., 443-4 (1995).

The starting materials of the formulas Ill and IV are either commercially
available or known in the art. For example, compounds of formula 11l in which R? is
hydrogen are readily available from commercial sources or may be prepared using
Procedures disclosed in the chemical literature. Compounds of the formula |1l may also
be prepared trom the corresponding carboxylic acids or esters, (Le., formuia 1)
wherein R? = OH or O-alkyl), which are commercially available. These acids or esters
can be reduced to the corresponding alcohols of formula Xlli, depicted below, wherein
Q is defined as for formula ll, using one or more of a variety of reducing agents and

conditions, depending upon the nature of the substituents Q and X.

i

Such reducing agents include sodium borohydride (NaBH,), sodium cyanoborohydride
(NaCNBH,), lithium aluminum hydride (LiAIH,) and borane in THF (BH,»THF) in
solvents such as methanol, ethanol, THF, diethyl ether and dioxane. Oxidation of the

alcohol of formula Xl to the corresponding aldehyde of formula I may be

IR



i e R b

= s

-30- (110C2
accomplished using a selective oxidizing agent such as Jones reagent (hydrogen
chromate (H,CrO,)). pyridinium chlorochromate (PCC) or manganese dioxide (MnO,).
References for such conversions are readily available (e.9., K.B. Wiberg, Oxidation in
Qrganic Chemistry. Part A, Academic Press Inc, N.Y,, 69-72 (1965)).

S
Compounds of the formula IV are also commercially available or can be made
by methods well know to those of ordinary skill in the art, Examples of sources of the
various compounds of formula IV are presented in Tables 1-3. -
TABLE 1
10 S MEMBERED HETEROCYCLES
0
E\ /N—R3
D
IV (Y=-E-D-)
Name D E Reference
15 1,3-oxazolidin-4- CH, 0 DE 2,339,185; Synthesis, 5, 426428
one (1982), US 2,762,815; Arzneim Forsch.,
27, 766-770 (1977).
1,3-0xazolidin-2,4- | c=0 O Parravicini et al., Farmaco Ed.Sci,, 31,
dione 49-57 (1976); Kricheldorf, Makromo!.
Chem., 176, 57-74 (1975).
4.5-dihydro-1,2- 0 CH, J. Korean Chem. Soc., 36(3), 453459
20 oxazolidin-3-one (1992).
1,3-thiazolidin-4- CH, S EP 626,377; Hansen, Tet. Lett., 35,
one (38), 6971-6974 (1994).
1,3-thiazolidin-2, 4- | C=0 S Markley, J.A.CS., 52, 2137-2140
dione (1930), Dains, JA.C.S., 43, 615 (1921);
Barbry et al., J. Chem. Soc. Perkin
Trans. 2,
(1), 133-140 (1990); Hansen et al.,
Tetrahedron Lett., 35, (38), 69716974
L (1994).
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1,3-imidazolidin-4- CH, NH Fitzi, Angew. Chem. Int. Ed. Eng., 25,
one 345 (1986); J.Het.Chem., 18(5), 963
(1981), Heterocycles, 20(8), 1615
(1983).
1,3-imidazolidin- C=0 | NH Ware, Chem. Rev., 46, 403470 (1950);
2,4-dione Freter et al., Justus Liebigs Ann. Chem.,
607, 174-184 (1957).
1,2-pyrazolidin-3- NH CH, Japanese Pat. 1,056,161; J.0.C., 40,
one 3510 (1975); Org.Synth., 48, 8 (1968).
1,2-thiazolidin- SO, CH, Rasmussen, et al., Chem. Reviews, 76,
1,1.3-trione 389 (1976).
1,2-thiazolidin-3- S CH, Luettringhaus et al., Justus Liebigs
one Annal. Chem., 679, 123-135 (1964);
| Ibid, Angew. Chem,, 76, 51 (1964).

TABLE 2

68 MEMBERED HETEROCYCLES

0
F /N-R3
G——
IV (Y=-F-G-K-)
Name F G K Reference
tetrahydro-1,2- CH, | CH, | O Khomutov et al.,, Bull. Acad. Sci. USSR
oxazin-3-one Div. Chem. Sci., 1006-1008 (1962);
Nally et al., Tet. Lett., 26, 4107, (1985).
tetrahydro-1,3- CH, | O CH, Kalyuskii et al., J. Org. Chem., 25,
oxazin-4-one (10), 1989-1991 (1989): Linde et al,,
Arzneim_Forsch., 28, 937-939 (1978).
tetrahydro-1,3- CH, | O C=0 | Back et al., Tet. Lett., 2651-4 (1977).
oxazin-2,4-
dione
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morphalin-3- O CH, | CH, [ U.S.3,092,630; Australian Patent
one 9,063,019; Tulyaganov et al.,
J.0.CUS SR, (Eng Tran) 6, 1311-
1314 (1970); JA.C.S,, 58, 2338
(1936).

morpholin-3,5- | O CH, | C=0 Hadley, et al., Tet. Lett, 24(1), 91

dione (1983).

2,3-dihydro- 0 CH | CH Vliet et al., Tetrahedron, 41(10), 2007-

1,4-0xazin-3- 2014 (1985).

one

tetrahydro-1,3- | CH, | S | CH, | Krus et al., Zh Orq.Khim. 24(8), 1576,

thiazin-4-one (1988), Bergmann et al., Recl. Trav.
Chim. Pays-Bas., 78, 327-330 (1959);
Nagakura et al., Heterocycles. 3, 453
(1975).

tetrahydro-1,3- CH, IS C=0 | Hendry et al,, JACS, 80, 973 (1958);

thiazin-2,4- Sohda et al., Chem, Pharm. Bull.. 30,

_dione 3563 (1982); U.S. 4,352,929.

tetrahydro-1,2- CH, |CH, | S Kharasch, J.0.C., 28, 1901-1902

thiazin-3-one (1963).

thiomorpholin- | CH, | CH, | Davies, J. Chem. Soc., 117, 298-306 j’

3-one (1920).

thiomorpholin- | s CH, | C=0 [ Schulze, Zeitschrift Fur Chem., 182

3.5-dione (1866); Wolfe et al., J.O.C,, 35, 3600-7
(1970).

2,3-dihydro- S CH [ CH Hojo et al., Synthesis, 272 (1979);

1,4-thiazin-3- Masuda et al., Tet. Lett. 32(6) 1195

one (1991).

hexahydro- CH, { CH, | NH Hwang et al., Heterocycles, 36(2), 214

1,2-diazin-3- (1993); Taylor et al., J.O.C,, 52, 4107

one (1987).

4,5-dihydro- CH, |CH | N Reichett et al., Synthesis, 9, 786-787

2H-pyridazin- (1984); Amorosa, Ann. Chim. (Rome),

3-one 49, 322-329 (1959).

hexahydro-1,3. | CH, | NH CH, | Yamamoto et al., Synthesis, 6, 686,

diazin-4-one 19885; Skaric et al., Croat. Chem. Acta.,

) 38, 1-4 (1966).
_—
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hexahydro-1,3- CH, | NH | C=0 | Yamamoto et al,, Synthesis, 6, 686,
diazin-2 4- 1985; Zee-Cheng et al,, J. Org. Chem.,
dione 26, 1877 (1961); Beckwith et al, J.
Chem. Soc., C, 2756 (1968).
piperazin-2- NH [ CH, [ CH, E.P. 264,261, JACS., 51, 3074
5 one (1929); Rees, J. Het. Chem., 24, 1297
(1987); US 3,037,023,
piperazin-2.6- | NH CH, [C=0 |JACS. 51, 3074 (1929); US
dione 3,037,023.
tetrahydro- S CH, | NH Japanese Pat. 3,083,972 (1991);
1,3,4- Matsubara et al., Chem.Pharm.Buil,,
10 | thiadiazin-5. 32(4), 1590 (1984).
one
5,6-dihydro- S CH [N Matsubara et al., Chem.Pharm Bull.,
1,3,4- 32(4) 1590 (1984).
thiadiazin-5-
15 one
1,3.4- 0 CH, | NH Bennouna, et al., J. Hetero. Chem, 16,
oxadiazin-5. 161 (1979),
one
5,6-dihydro- 0 N CH Japanese Pat. 3,148,267
20 1,2.4-
oxadiazin-5.
one
tetrahydro- 0 NH | CH, Japanese Pat. 3,148,267.
1,2,4-
25 oxadiazin-5-
one
1.2,4-triazin-5- | NH | NH CH, Anderson et al., Tet., 39, 3419 (1983);
one Schulz et al., Chem. Ber.. 122, 1983
(1989).
tetrahydro- o] NH | CH, Hussein, Hetercycles, 26, 163 (1987).
30 | 1,24-
oxadiazin-5-
one
5,6-dihydro- 0 N’ CH’ Hussein, Hetercycles, 26, 163 (1987).
1.24-
35 oxadiazin-5-
one

Ring atom is sp” hybridized.



A B A B B b b ol o, < ot Al B,

-34- . 0110C2
1.2.4- o NH | C=0O | Rajagopalan et al., J.C.S. Chem.
oxadiazin-3.5- Commun., 167 (1970).
dione
1,2,4-triazin-6- | NH CH, | NH Anderson et al., Tetrahedron, 39(20),
5 one 3419 (1983), Schulz et al., Chem. Ber.,
122, 1983 (1989). ]
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7 MEMBERED HETEROCYCLES

0
N-R?
\
L\ /G
M—-~P
IV (Y=-L-M-P-Q-)

Name L M P Q Reference
hexahydro- CH, CH, CH, | O Amiaiky et al., Synthesis, 5, 426-
1.2- 428, (1982).
oxazepin-3-
one
hexahydro- | CH, CH, |O CH, | Bergmann et al., Recl. Trav.
1,3- Chim. Pays-Bas., 78, 327-330
oxazepin-4- (1959).
one
hexahydro- | O CH, |[CH, | CH, | Brown etal., J. Chem. Soc.,
1,4- Perkin Trans., 1, 557 (1987);
oxazepin-3- Farberow et al., Zh. Obshch.
one Khim., 25, 133-135 (1955);

Grouiller et al., J. Heterocycl.

Chem., 13, 853-859 (1976).
hexahydro- | O CH, CH, | C=0 | See "Detailed Description".
1.4-
oxazepin-
3.5-dione
2,3,5,6- CcC=0 | O CH, | CH, Brown et al., Synth. Commun.,,
tetrahydro- 18, 1801 (1988).
1.4-
oxazepin-
5,7-dione
hexahydro- CH, 0] CH, | CH, Farberow et al., Zh. Obshch.
1,4- Khim., 25, 133-135 (1955); Kato
oxazepin-5- et al., Chem. Ph. Bull., 17(12),
one 2405-2410 (1969).
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hexahydro- | CH, [CH, |0 C=0 | See "Detailed Description”, i
1,3- '
oxazepin- }
2.4-dione !
hexahydro- | CH, |CH, CH, | S Black, J. Chem. Soc. C, 1708-
1.2- 1710 (1966); Can. J. Chem. , 42,
thiazepin-3- 2612-2616 (1971); J. Org.
one Chem., 46, 7, 1239-1243 (1987); :
and J. Orq Chem., 25, 1953- ;’
1956 (1960); DE 1,195,317, i
hexahydro- | S CH, |CH, |CH, |Hiletal JACS 95(9), 2923. |
1.4- 2927 (1973). |
thiazepin-3-
one !
2,3.4,5- S CH’ CH | CH, Defoin et al., Helv.Chim.Acta ,
tetrahydro- 68, 1998 (1985). f
1.4-
thiazepin-3-
one
hexahydro- | S CH, CH, [ C=0 | See "Detailed Description”.
1,4~
thiazepin-
3,5-dione
hexahydro- | CH, S CH, | C=0 | See "Detailed Description”.
1,4-
thiazepin-
3,5-dione
2,3.6,7- CH, S CH, | CH, Jakob et al., Ber. Deutsch Chem.
tetrahydro- Ges., 96, 88 (1963).
1,4-
thiazepin-5-
one i
6,7-dihydro- | CH, |s CH | CcH Yamamoto et al,, Ang. Chem.
1,4- Int. Ed. Engl., 25(7), 635 (1986). !
thiazepin-5-
one .
hexahydro- | CH, |[CH, |S C=0 | Harefield et al., Liebigs Ann ﬁ
1,3- \ Chem., 4, 337-344 (1592). |
thiazepin- ,
2,4-dione

Ring bond is sp’ hybridized.

2

G
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.
hexahydro- | CH, CH, CH, | N Rutjes et al., Tetrahedron Lett. |
1.2- 32, 45, 6629-6632 (1991); and
diazepin-3- Fritschi et al., Helv. Chem Acta.,
one 74, 8, 2024-2 2034 (1991).
hexahydro- CH, CH, NH | C=0 Breckenridge, J.Chem:. Res.,
1,3- Miniprint, 6, 166 (1982);
diazepin- Gunawardane Indian J. Chem.
2,4-dione Sect. A, 27, 5, 380-386 (1988).
hexahydro- | NH CH, CH, | CH, U.S. 4,814,443; Poppelsdorf et
1,4~ al, J. Org. Chem,, 26, 131-134
diazepin-2- 1961) Ziegler et al., J. J. Med.
one Chem., 33, 1, 142- 146 (1990).
hexahydro- | CH, NH CH, | CH, Crombie et al., J Chem.Soc.
1.4- Chem. Commun 959 (1983);
diazepin-5- Groves et al,, J. A C.S., 106(3),
one 630 (1984).
hexahydro- C=0 N CH, [ CH, Kappe et al., Angew. Chem. Int.
1,4- Ed. Engl. 13, 491 (1974);
diazepin- Bonsignore et al. . Heterocycles,
5,7-dione 26(6), 1619 (1987)
hexahydro- S C=0 | NH | CH, Vass, Synthesis, 10, 817 (1986). |
1.3,5- i
thiadiazepin- :’
2,6-dione i
4,5,6,7- S CH |N | CH, | Vassetal, Synthesis. 10,817 '}
tetrahydro- (1986). 1;
1,3,5- i
thiadiazepin-
6-cne i
2,3,5,6- CH’ N’ NH | C=0 | Hasnaoui et al., Rec. Trav. Chim. i
tetrahydro- P.-Bas, 99, 301 (1980). :
1.2,4- I
triazepin-3, h
5-dione B

Ring atom 1s sp? hybridized
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Compounds of the formula IV, wherein Y is -L-M-P-Q, and L is sulfur or oxvgen,
M and P are -CH,- and Q is -(C=0)-, can be prepared according to the following

procedure. Said compound of the formula IV, depicted below,

0

N—R?3
L 0

IV (Y=L-M-P-Q. L is sulfur or oxygen, M=P= -CH,-, Q= -(C=0)-)

wherein L is sulfur or oxygen. is prepared by reacting an anhydride of the formula

XXX

wherein L is sulfur or oxygen, with an amine of the formula R’NH, according to tre
method detailed by Meyers (JOC, 24 (17) 4243 (1989)), Fickenscher (Arch. Pharr .,
307, 520 (1976)) or Cole et al., (J. Med. Chem., 13, 565 (1970)).

The anhydride of the formula XXX! can be prepared by reacting a diacid of th2

formula

L//\\\COEH

CO,H

XXX



SRR

- it

B e i L K. T VI B S Y

10

15

20

25

30

R ——

)
011052

-39-

wherein L s sulfur or oxygen, with acetic anhydride, according to the methods
described in Vogel's Textbook of Practical Organic Chemistry, 499-501 (4th =d.,
Longman House, London UK, 1970).

The compound of the formula XXX is commerciaily available or can be made
according to the procedure of Woodward and Eastman, JACS. 68, 2229 (1946).

Compounds of the formula IV, wherein Y is -L-M-P-Q, and L and M are carbon,
Pis oxygen and Q is -(C=Q)-, can be prepared according to the following procedure.

Said compound of the formula IV, depicted below,

0
SN—R 3
\

=0
o

WV (Y=L-M-P-Q, L=M=CH,, P=oxygen, Q= -(C=0)-)

s prepared from a compound of the formula
r\o

NRATV

according to the method described by Back et al, Tet. lett., 2651-2654 (1977). The
compound of the formula XXXIV can be prepared according to the method of Ksander,
etal, JOGC, 42 (7)., 1180-1185 (1977).

Compounds of the formula IV, wherein R® is hydrogen (compounds of the

fermula IVA), may be alkylated to form the corresponding compounds wherein R* s not
hydrogen using standard techniques available to those skilled in the art, e.q., by (a)
generation of the anion of the desired compound of formula IVA using a strong
base/polar solveny system such as NaH/THF, NaH/DMF or n-butyllithium/THF (-
buli/THF), at a temperature from about -30°C to about the reflux temperature of the

solvent. for aAperiod of about 5 minutes to about 24 hours, and (b) treatment of the
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anton vaith an alkvlating agent of the formula R'L" wherein L' 5 3 2avINg grous such

as chicrc. bromo. 10do or mesylate. This process is depictec below..

0 0
: .

Fk\g//“\\N__R3 _— H’:C/ N—R?3
/

H/( k

\\\ lr;j \J,' //

Ive [vs
(R3=H) (P% not = 4

The foregoing conversion of compounds of the formula IVA to those of the fc-mula VE
may also be achieved using phase transfer catalysis conditions as des-zribec b
Takahata et af Heterocycles, 1979, 12(11), pp. 1449-1451

Compounds of the formula IVB wherein R’ is aryl or heteroaryl can be oreparea
from compounds of the formula IVA by reaction with an aryi or heteroarv| reacent of :he
formula R’L’, wherein L‘ is a leaving group such as chloro, bromo ar ioco, in -he
presence of a catalyst such as copper (0) or copper (I) (such as copper, coppe--bronze,
Qr copper bromide) and a base, such as sodium hydride, potassiunm carbznate. or
sodium carbonate. The reaction may be run neat or with a polar scivent such as
dimethy! formamide, or dimethyl suifoxide. This reaction, referred to as an Ulima-n
condensation, is described by Yamamoto & Kurata, Chem. and Industry, 737-728
(1981).

The compounds of formula R'H used in the preparation of intermediatss of tra

formula If are readily available or may be prepared using standard methads o¢ Jrgar ¢
synthesis known to those skilled in the art and adapted from procedures disc osed N
the chemical literature For example, the preparation of compounas of the form-ia R'=.
wherein R' 1s G' may be accomplished using the following reacticn sezuencs.

teginning with commercially available N-tert-butoxycarbonyl piperazine Vi)
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Alkylation of the compound of formula V| with a compound of the formuia R°L’ wherain
L"is a leaving group, and 15 defined as Q 13 defined above and R” is (C.-C,)alkyl, aryI-
(C,-Cyalkyl wherein the aryl moiety is phenyl or naphthyl, or heteroaryl-(CH,), -, where:n
g is zero, one, two. three or four, and the heteroaryl moiety is selected from pyridy:.
pynmidyl, benzoxazolyl, benzothiazolyl, benzisoxazolyl, and benzisotruazolyi, in the
presence of an acid scavenger (€.q., sodium bicarbonate (NaHCCQC,), potassium
bicarbonate (KHCO,), sodium carbonate (Na,CO,) or potassium carbonate (K,CO,,),
In a polar solvent such as acetone at a temperature of about 10°C to about the reflux
lemperature of the solvent, will yield the intermediate of formula VII. Removal of tha
tert-butoxycarbonyl group can be accomplished using acidic conditions. e.g., HBr A
acetic acid or trifluoroacetic acid until the reaction is judged to be comgplete.
Compounds of the formula 1, wherein R is tetrahydropyridine or ciperidine (i.e.
compounds of the formula G* and R? is hydrogen, can be preparec from the 2-
bromobenzaldehyde of formula I many of which are commercially available. as
depicted in Scheme 2. Referring to Scheme 2, the compound of formula Il is first
converted into a protected aldehyde of the formula XIV, wherein P represents the entire
protected aldehyde or ketone moiety, using methods well known in the art. For
example, the 1.3-dioxolane derivative of the aldehyde may be prepared according to
the method described by J.E. Cole etal., J. Chem. Soc., 244 (1952), by refluxing a
solution of the aldehyde of formula Il and 1,3-propanediol in anhydrous tenzene with
a catalytic amaunt of p-toluenesulfonic acid. When R? of formula |1] is nct hydrogen,
the ketone can he protected using an appropriate protecting group. Appropriate
protecting groups can be chosen from many such groups based on the presence and

nature of the substituent X f-xamples of suitable protecting groups may se found in
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T Greene and P Wyts Protacting Groups in Oraanic Synthesis. Jonn Wiley & Sons.
2nd Editicn. New York, 1961 The most preferred protecting groups are those tha: are
resistant to cataiytic hydrogenation (e.q., 1. 3-dioxolane), which would therefore allow
for the subsequent reduction, if required, of the carbon-carbon double bond of the
tetrahydropyridines of formula XVIA.

Compounds of the formula XIV can then be treated with vinylstannanes of *he

9]

formula
[{30 C
/,/ N\

” o

o
- e
~.

Sn(CHy) 4
XV
15
forexample, 1-BOC-4-trimethylstanny!-1.2,5,6-tetrahydropyridine (wherein BOC refers
to tert-butyloxycarbonyl), in the presence of a catalyst, to form the corresponding
compound of formula XVIA. Palladium is the preferred catalyst (for example,
((CgH,),P),Pd or Pd,(dba),), wherein dba refers to dibenzylidene acetone. Suitable
20 solvents for the aforesaid reaction include neat, acetonitrile, dimethylformamide, N-
methyl-2-pyrrolidinone, preferably dimethyiformamide. This reaction is conveniently run
at about 20°C to about 160°C, preferably about 60°C to about 130°C. This reactior
may be carried out as described in "Palladium-catalyzed Vinylation of Organic Halides"
In Organic Reactions, 27, 345-390, (W.G. Dauben, Ed. John Wiley & Sons, Inc., New
25 York, New York , 1982).
Compounds of the formula XVIA can be converted into compounds of the

formula 1l, wherein R' is tetrahydropyridine by removal of the aldehyde or ketone
protecting group.  The protecting group for the aldehyde or ketone, P, can be

converted into the unprotected ketone or aldenyde of the formula -C(=0)R? using one

(%]
O

or more of the techniques described in Greene, for example, stirring a solution of the

compound of formula XVIin THF and 5% hydrochloric acid at room temperature for 20

hours.
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Alternatively, compounds of formuia XVIA can be converted nto comgcoungs ¢
the formula . where R i pipendine (G°), by catalytic hydrogenation of *he
tetrahydropyndine of formula XVIA, from the previous paragraph, using stancarc
methods known in the ant, generally using palladium on carbon as the catalyst, to form
the corresponding compounds of formula XVIB. This reaction is typically performec in
an inert solvent, such as ethanol or ethyl acetate, either with or without a protic azid
such as acetic acid or hydrochloric acid (HCl). Acetic acid is preferred. The protecting
groups on G’ (e.g., BOC) can be removed using one or more of the techniquas
described in Greene, referred to above, for example, stirring the compound of formuia
XVlIin ethyl acetate and 3 molar hydrochlonc acid at about room temperature for abe ut
30 minutes. The protecting group for the aldehyde or ketone, P, can be converted in:o
the unprotected ketone or aldehyde as described above.

Compounds of the lormula XIV from reaction Scheme 2 may also be treated
with  alkyllithium reagents, for example n-butyllithium, sec-butylithium cr ter-
butyllithium, preterably n-butyllithium in an inert solvent, as shown in Scheme 3. to form
the intermediate lithium anion of formula XVII. Suitable solvents for this reaction
include, for example, ether or tetrahydrofuran, preferably tetrahydrofuran. Reactio-
temperatures can range fram about -110°C to about 0°C. The intermediate iithiur
anions of formula XVIi can then be further reacted with a suitable electrophile, seiectior
of which depends on the presence and nature of the substituent. Suitable electrophiles
for use in preparing compounds of the formula Il wherein R' is a group of the formuia
G? include, for example, carbonyl derivatives or alkylating agents (e.q., 1-BOC-4-
piperidone). In the case where an aldehyde or ketone is used as the electrophile, the

hydroxy group must be removed from the intermediate of formula XVI, as depicted

below, in order to form the corresponding compound of formula Il

Fhaam prepegt SR e - "

2
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(Pt=62)
This step may be accomplished by one of several standard methods known in the art,
For example, a thiocarbonyl dernvative such as a xanthate may be prepared ard
removed by free radical processes, both of which are known to those skilled in the art.
Alternatively, the hydroxyl group may be removed by reduction with a hvdride sourca
such as triethysilane under acidic conditions, using, for example, trifluoroacetic acid -
boron trifluoride. The reduction reaction can be performed neator in a scwvent such as
methylene chloride. A further alternative would be to first convert the hydroxy: grouo
to a suitable leaving group, such as tosylate or chloride, using standard methods knowr
in the art, and then to remove the leaving group with a nucteophilic hydnde, such as
for example, lithium aluminum hydride. The latter reaction is typically performed in ar
inert solvent such as ether or tetrahydrofuran. Also, a reducing agent may be used tc
reductively remove the benzylic substituent. Suitable reducing agents include, for
example, Raney nickel in ethanol and sodium or lithium in liquid ammon:a. Arother
alternative method for removing the hydroxyl group is to first dehydrate the alccnol of
formula XVIil to an olefin of the formula XVIA (i.e. see Scheme 2) with a reagen: such
as Burgess salt (J_Org._Chem., 38. 26 (1973)) and then to catalytically nydrogenate

the double bond under standard conditions with a catalyst such as paliadium on carbon.
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The aicohol may also pe dehydrated to the olefin by treatment with acids such as p-
toluenesulfor:c acid.

Compounds of the formula I, wherein R' is G? and R® is hydrogen, can be
converted into the corresponding compounds of the formula Il wherein R' is G? and R®
ts other than hydrogen, by reacting them with a compound of the formula RL", as
described above in Scheme 1, for preparing compounds of the formula Vil.

Unless indicated otherwise. the pressure of each of the above reactions is not
critical. Generally, the reactions will be conducted at a pressure of about one to about
three atmospheres, preferably at ambient pressure (about one atmosphere).

The compounds of the formula I 'which are basic in nature are capable of
forming a wide variety 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 practice to initially isolate a compound of the formula | from the
reaction mixture as a pharmaceutically unacceptable salt and then simply convert the
latter back to the free base compound by treatment with an alkaline reagent, and
subsequently convert the free base to a pharmaceutically acceptable acid addition salt.
The acid addition salts of the base compounds of this invention are readily prepared
by treating the base compound with a substantially equivalent amount of the chosen
mneral or organic acid in an aqueous solvent medium or in a suitable organic solvent
such as methanot or ethanol. Upon careful evaporation of the solvent, the desired sol:.d
salt is obtained.

The acids which are used to prepare the pharmaceutically acceptable ac:d
addition salts of the base compounds of this invention are those which form non-toxic
acid addition salts, i.e., salts containing pharmacologically acceptable anions, such as
hydrochloride, hydrobromide, hydroiodide, nitrate, sulfate or bisulfate, phosphate oracic
pnhosphate, acetate, lactate, citrate or acid citrate, tartrate or bitartrate, suczinate
maleate, fumarate, gluconate, saccharate, benzoate, methanesulfonate and pamoate
[Le., 1,1'-methylene-bis-(2-hydroxy—3-naphthoate)] salts.

Those compounds of the formula | which are also acidic in nature, €.q., where
R*includes a COOH or tetrazole moiety, are capable of forming base saits with various
pharmacologically acceptable cations. Examples of such salts include the alkaii metal
or alkaline-earth metal saits and particularly, the sodium and potassium sajts. These

salts are all prepared by conventional techniques. The chemical bases which are used
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as reagents to prepare the bharmaceutically acceptable base saits of this invention are
those wnich form non-toxic base saits with the herein described acidic compounds of
formula . These non-toxic base salts include those derived from such
pharmacologicauy acceptable cations as sodium, potassium, calcium and magnesium,
etc.  These salts can easlly be prepared by treating the corresponding  acidic
compounds with an aqueous solution containing the desired pharmacoclogicaily
acceptable cations, and then evaporating the resulting solution 1o dryness, preferatly
under reduced pressure. Alternatively, they may also be prepared by mixing lewer
alkanoiic solutions of the acidic compounds and the desired alkali metal alloxide
together, and then evaporating the resulting solution to dryness in the same mannar
as before. In cither case, stoichiometric quantities of reagents are preferably employed
N order to ensure completeness of reaction and maximum product vields.
Compounds of the formula | and their pharmaceutically acceptable salts
(hereinafter also referred to, collectively, as “the active coOmpounds"”) are usefL!
psychotherapeutics and are potent agonists and/or antagonists of the serotonin 14
(5-HT,,) and/or serotonin 1D (5-HT,;,) receptors. The active compounds are useful in
the treatment of hypertension, depression, generalized anxiety disorder, phobias (e.q..
agoraphobia, social phobia and simple phobias), posttraumatic stress syndrome
avoidant Personality disorder, sexual dysfunction (e.q., premature ejaculation), eating
disorders (e.q.. anorexia nervosa and bulimia nervosa), obesity, chemicaldependencies
(e.q.. addictions to alcohol, cocamne, heroin, phenolbarbitol, nicotine  and
benzodiazepmes), cluster headache, migraine, pain, Alzheimer's disease, obsessive-
compulsive disorder, panic disorder, memory disorders (e.q., dementia amnestic
disorders, and age-related cognitive decline (ARCD)), Parkinson's diseases (e.q.,
dementia in Parkinson's disease, neuroleptic-induced parkinsonism and tardive
dyskinesias), endocrine disorders (e.g., hyperprolactinaemia), vasospasm (particularly
in the cerebral vasculature), cerebellar ataxia, gastrointestinal tract disorders (involving
changes in motility ang secretion), negative symptoms of schizophrenia, premenstrual
syndrome,  Fibromyalgia Syndrome, stress incontinence, Tourette syndrome,
trichotillomania, kleptomania, male impotence, cancer (e.q. small cell lung carcinoma),
chronic paroxysmal hemicrania and headache (associated with vascular disorders).
The affinities of the compounds of this invention for the various sarotonin- |

receptors can be determined using standard radioligand binding assays as cescribed
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inthe iterature. The 5-HT., affinity can be measured using the orocegure of Hover e!

al - Braim Res. 376, 85 (1986)). The 5-HT., affimity can be measured using the

procecure of Heuring and Peroutka (J_Neurosci., 7, 894 (1987)).

The in vitro activity of the compounds of the present invention at the 5-H7T,p
binding site may be determined according to the following procedure. Bovine caudate
tissue 1s homogenized and suspended in 20 volumes of a buffer containing 50 mM
TRISehydrochlonde (tris{hydroxymethyllaminomethane hydrochloride) ata cH of 7 7.
The homogenate is then centrfuged at 45.000G for 10 minutes. The supernatan: is
then discarded and the resulting pellet resuspended in approximately 20 volumes of 30
mM TRISenydrochioride buffer at pH 7.7. This suspension is then pre-incubated for - 5
minutes at 37°C. after which the suspension is centrifuged again at 45,000G for 10
minutes and the supernatant discarded. The resulting pellet (@approximately 1 gram)
IS resuspended in 160 ml of a buffer of 15 mM TRISehydrochloride containing 0.C1
percent ascorbic acid with a final pH of 7.7 and also containing 10 M pargyline ard
4 mM calcium chloride (CaCl,). The suspension is kept on ice at least 30 minutes pricr
to use.

The inhibitor, control or vehicle is then incubated according to the foliowing
procedure. To 50 ul of a 20 percent dimethyisulfoxide (DMSQO)/80 percent distile
water solution is added 200 pl of tritiated 5-hydroxytryptamine (2 nM) in a buffer of 57
mM TRIS=hydrochlonde contaning 0.01 percent ascorbic acid at pH 7.7 and alsc
containing 70 4M pargyline and 4 uM calcium chloride, plus 100 nM of 8-hydroxy-DPAT
{(dipropylaminotetraline) and 100 nM of mesulergine. To this mixture is added 750 u
of bovine caudate tissue, and the resulting suspension is vortexed to ensuiz =
homogenous suspension. The suspension is then incubated in a shaking water batr
for 30 minutes at 25°C. After incubation is complete, the suspension is fitered using
glass fiber filters (e.q., Whatman GF/B-filters ™). The pellet is then washed three times
with 4 ml of a buffer of 50 mM TRISehydrochloride at pH 7.7. The pelletis then piacec
In a scintillation vial with 5 ml of scintillation fluid (aquasol 2 ™) and aliowed to sit
overnight. The percent inhibition can be calculated for each dose of the compound.
An IC,, value can then be calculated from the percent inhibition values.

The activity of the compounds of the present invention for 3-HT,, binding ability
can be determined according to the following procedure. Rat brain cortex tissue s

homogenized and divided into samples of 1 gram lots and diluted with 10 volumras o
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0.32 M sucrose solution. The suspension is then centrifuged at 90CG for 10 minutes
and the supernate separated and recentrifuged at 70.000G for 12 munutes. The
supernate is discarded and the peilet re-suspended in 10 volumes of 15 mM!
TRISehydrochlonde at pH 7.5 The suspension is allowed to incubate for 15 minutes
at 37°C. After pre-incubation is complete, the suspension is centrifuged at 70.0CJG
for 15 minutes and the supernate discarded. The resulting tissue peliet :s resuspenced
in a buffer of 50 mM TRISehydrachloride at pH 7.7 containing 4 mM of calcium chlor de
and 0.01 percent ascorbic acid. The tissue is stored at -70°C un! ready for an
experiment. The tissue can be thawed immediately prior to use. diluted with 10 um
pargyline and kept on ice.

The tissue 15 then incubated according to the following prccedure. Fifty
microliters of control, inhibitor, or vehicle (1 percent DMSO final concentration) s
prepared at various dosages.. To this solution is added 200u! of tritiated DPAT at a
concentration of 1.5 nM in a butfer of 50 mM TRISehydrochlonde atpH ~.7 containing
4 mM calcium chloride, 0.01 percent ascorbic acid and pargyline. To this solution s
then added 750 w4l of tissue and the resulting suspension is vortexed to ensurs
homogeneity. The suspension is then incubated in a shaking water bath for 30 minutes
at 37°C.  The solution is then filtered, washed twice with 4 m! of ‘0 m!.’
TRIS«hydrochloride at pH 7.5 containing 154 mM of sodium chloride. The percer:-
inhibition is calculated for each dose of the compound, control or vehicle. 1C,, valuez
are calculated from the percent inhibition values.

The compounds of formula | of the present invention described in :he following
Examples were assayed for 5-HT,, and 5-HT,, affinity using the afcrementionec
procedures. All such compounds of the invention that were tested exhibited IC,, 5 less
than 0.60 M for 5-HT , affinity and IC.o's less than 1.0 pM for 5-HT,, affinity.

The agonist and antagonist activities of the compounds of the invention at 5-
HT,. and 5-HT , receptors can be determined using a single saturating concentration
according to the following procedure. Male Hartley guinea pigs are decabitated and
5-HT,, receptors are dissected out of the hippocampus, while 5-HT,  receptors are
obtained by slicing at 350 mM on a Mcliwain tissue chopper and dissec:ng out the
substantia nigra from the appropriate slices. The individual tissues are hemogenized
in 5 mM HEPES buffer containing 1 mM EGTA (pH 7.5) using a hand-~eld grass-

Teflon® homogenizer and centrifuged at 35.000 x g for 10 minutes at 4°C  ~he peilets
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are resuspended n 100 mM HEPES buffer containing 1 mM EGTA (pH 7.5) 0 a fina
protemn concentration ICf2O mg (hippocampus) or 5 mg (substantia nigra) of protein per
tube. The following agents are added so that the reaction mix in each tube contained
2.0 mM MgCl,, 0.5 mM ATP, 1.0 mM cAMP, 0.5 mM IBMX, 10 mM phosphocreatine,
0.31 mg/mL creatine phosphokinase, 100 M GTP and 0.5-1 microcuries of [**P}-ATP
(30 Ci/mmol: NEG-003 - New England Nuclear). Incubation is initiated by the addit:on
of tissue to siliconized microfuge tubes (in triplicate) at 30°C for 15 minutes. Each tube
receives 20 ul tissue, 10 yL drug or buffer (at 10X final concentration), 10u_ 32 nM
agonist or buffer (at 10X final concentration), 20uL forskolin (3 yM final concerntratior)
and 40 pL of the preceding reaction mix. Incubation is terminated by the adcition of
100 L 2% SDS. 1.3 mM cAMP, 45 mM ATP solution containing 40.000 dom ["Hj-cAMP
(30 Ci/mmol: NET-275 - New England Nuclear) to monitor the recovery of cAMF from
the columns. The separation of [*P]-ATP and [¥P]-cAMP is accomplished using the

method of Salomon et al., Analytical Biochemistry, 1974, 58, 541-548. Radicactivity

is quantified by liquid scintillation counting. Maximal inhibition is defined by 10 uM (R)-
8-OH-DPAT for 5-HT,, receptors, and 320 nM 5-HT for 5-HT,, receptors. Percent
inhibitions by the test compounds are then calculated in relation to the inhibitory effec:
of (R)-8-OH-DPAT for 5-HT,, receptors or 5-HT for 5-HT,, receptors. The reversal of
agonistinduced inhibition of forskolin-stimulated adenylate cyclase activity is calculated
in relation to the 32 nM agonist effect.

The compounds of the invention can be tested for in vivo activity for antagonism

of 5-HT,, agonist-induced hypothermia in guinea pigs according to the following
procedure. _
Male Hartley guinea pigs from Charles River, weighing 250-275 grams on arrival
and 300-600 grams at testing, serve as subjects in the experiment. The guinea pigs
are housed under standard laboratory conditionsona 7 a.m. to 7 p.m. lighting schedule
for at least seven days prior to experimentation. Food and water are available ad
libitum until the time of testing.

The compounds of the invention can be administered as solutions in a vo'ume
of 1 milkg. " The vehicle used is varied depending on compound solubility. Test
compounds are typically administered either sixty minutes orally (p.o.) or O minutes
subcutaneously (s.c.) prior to a 5-HT,, agonist, such as [3-(1-methyipyrrolidin-2-

yimethyi)-1 H-indol-5-yl]-(3-nitropyridin-3-ylj-amine. which canbe prepared asdescrined
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in PCT buolication WQOS83/111 086, published June 10, 1983 wkch s admin:stered at 3
dose of 5.4 ma’kg, s.c. Before a first lemperature reading is ‘aken, each guinea pig
is placed in 3 clear plastic shoe box containing wood chips and 3 meztal grid floor and
allowed to acclimate to the surroundings for 30 minutes. Animals are then retumned to
the same shoe box after each temperature reading. Prior to each tempera:ure
measurement each animal is firmly held with one hand for a 30-second seriod. A
digital thermometer with a small ammal probe is used for temperature measurements.
The probe is made of semi-flexible nylon with an epoxy tip. The temperature probe s
Inserted 6 cm. into the rectum and held there for 30 seconds or until a stable recorcing
'S obtained. Temperatures are then recorded.

In p.o. screening experiments, a “pre-drug" baseline temperature reading is
made at -90 minutes. the test compound is given at -60 minutes and an additional -30
minute reading is taken. The 5-HT,, agonist is then administered at 9 minutes and
temperatures are taken 30, 60, 120 and 240 minutes later.

In subcutaneous sCreening experiments, a pre-drug baselina temperature
reading is made at -30 minutes. The test compound and 5-HT,, agonists are given
concurrently and temperatures are taken at 30, 60, 120 and 24C minutes later.

Data are analyzed with two-way analysis of variants with repeated measures :n
Newman-Keuls post hoc analysis,

The active compounds of the invention can be evaluated as anti-migraine

agents by testing the extent to which they mimic sumatriptan in contracting the dog

isolated saphenous vein stnip {(P.P.A. Humphrey et al., Br. J. Pharmacal., 84, 1122
(1988)] This effect can be blocked by methiothepin, a known serotonin antagonis:.
Sumatriptan js known to be useful in the treatment of migraine ana produces a
selective increase in carotid vascular resistance in the anesthetizecd dog. The
pharmacologica| basis of sumatriptan efficacy has been discussed in W. Fenwick etal
Br J Pharmacol., G6, 83 (1989).

The serotonin 5-HT, agonist activity can be determined by the in vitro receptor
binding assays, as described for the 5-HT,, receptor using rat cortex as ‘he receptor
source and [’H)-8-OH-DPAT a5 the radioligand [D. Hoyer et al. Eur  Pha-m 118,12
(1985)] and as described for the 5-HT,, receptor using bovine caudate as -he receptor

source and [Hiserotonin as the radioligand [R.E. Heuring and 5 J Peroutka, J.
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Neuroscience 7. 894 (1687)]. Of the active compounds tested. all exnibitec an IC_, in
either assay cf 1 Ui or iess.

The compounds of formula | may advantageously be used in conjunction with
one ormore othertherapeutic agents, forinstance, different antidepressant agents such
as tricyclic antidepressants (e.q., amitniptyline, dothiepin, doxepin. trimipramine,
butripyiine, Clomipramine, desipramine, Imipramine, iprindole, lofepramine, nortnptyiine
Or protriptyline), monoamine oxidase irhibitors (e.g., isocarboxazid. phenelzine or
tranylcyc!opram:ne) or 5-HT re-uptake inhibitors (2.q., fluvoxamine. sentratine. fluoxetine
Or paroxetine). and/or with antiparkinsonian agents such as dopaminerg:c
antiparkinsonian agents (e.g., levodopa. preferably in combination with a peripheral
decarboxylase innibitor e.q.. benserazide or carbidopa, or with a depamine agoniste.g |
bromocriptine, lysuride or pergolide). It s to be understood that the present inventic
covers the use of a compound of general formula {(l)ora physiologically acceptable sa:t
Or solvate thereof in combination with one or more other therapeutic agents.

Compounds of the formuia | and the pharmaceutically acceptable salts thereo?
in combination with a 5-HT re-uptake inhibitor (e.q., fluvoxamine, sertraline, fluoxetine
or paroxetine), preferably sertraline, or g pharmaceutically acceptable salt or
Polymorph thereof (the combination of a compound of formula | with a 5-HT re-uptake
inhibitor s referred herein to as "the active combination"), are ysefu.
psychotherapeutics and may be used in the treatment or prevention of disorders the
treatment or prevention of which is facilitated by enhanceg serotonergic
Reurotransmission (e.q., hypertension, depression, generalized anxiety disorder,
phebias, posttraumatic stress syndrome, avoidant personality disorasr, sexual
dysfunction, eating disorders, obesity, chemical dependencies, cluster headache,
migraine. pain, Alzheimer's disease, obsessive-compulsive disorder, pan:c disorder,
memory disorders (e.q., dementia, amnestic disorders, and age-associated memory
impairment), Parkinson'’s diseases (e.g., dementia in Parkinson's disease, nsurolentic-
induced  Parkinsonism and tardive dyskinesias), endocrine disorders (e.q.,
hyperprofactinaemna), vasospasm (particularly in the cerebral vasculature), cerebeljar
ataxia, gastrointestinal tract disorders (involving changes in motility and secretion)
chronic paroxysma| hemicrania and headache (associated with vascyjar disorders).

Serotonin (5-HT) re-uptake inhinitors, preferably sertraline, exhibit pos:tive

activity against depression; chemical dependencies; anxiety disorders inclucing panic
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disorder, generatized anxiety disorder, agoraphobia. simple phobias. social phobia. and
post-traumatic stress disorder: obsessive-compulsive disorder; avoidant personality
disorder and premature ejaculation in mammals, including humans, due in part to their
ability to block the synaptosomal uptake of serotonin.

United States Patent 4,536,518 describes the synthesis, pharmaceutica!
composition and use of sertraline for depression and is hereby incorporated by
reference in its entirety.

Activity of the active combination as antidepressants and related
pharmacological properties can be determined by methods (1)-(4) below, which are
described in Koe, B. et al., Journal of Pharmacology and Expenmental Therapeutics,
226 (3). 686-700 (1983) Specifically, activity can be determined by studying (1) their
ability to affect the efforts of mice to escape from a swim-tank (Porsolt mouse "behavior
desparr” test), (2) their ability to potentiate S-hydroxytryptophan-induced behavioral
symptoms in mice in vivo, (3) their ability to antagonize the serotonin-depleting act'vity
of p-chloroamphetamine hydrochloride in rat brain in vivo, and (4) their ability to biock
the uptake of serotonin, norepinephrine and dopamine by synaptosomal rat brain ceiis
In vitro. The ability of the active combination to counteract reserpine hypothermia in
mice in vivo can be determined according to the methods described in U.S. Pa:.
No. 4.029,731.

The compositions of the present invention may be formulated in a conventiona.
manner using one or more pharmaceutically acceptable carriers. Thus, the active
compounds of the invention may be formulated for oral, buccal, intranasal, parenterai
fe.q., intravenous, intramuscular or subcutaneous) or rectal administration or in a form
suitable for administration by inhalation or insufflation.

For oral administration, the pharmaceutical compositior)s may take the form of.
for example, tablets or capsules prepared by conventional means with pharmaceuticaily
acceptable excipients such as binding agents (e.g., pregelatinized maize starch,
polyvinylpyrrolidone  or hydroxypropyl methyicellulose): fillers (e.q., lactose,
microcrystalline cellulose or calcium phosphate); lubricants (e.q., magnesium stearate,
taic or silica); disintegrants (e.g., potato starch or sodium starch glycolate); or wetting
agents (e.g., sodium lauryl suiphate). The tablets may be coated by methods well
known in the art. Liquid preparations for oral administration may take the form cf, for

eyample, solutions. SYrups or suspensions, or they may be presented as a dry prcduc!
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for constitution with water or other sunable vehicle before use. Such liquid preparations
may be orepared by convenitonal means with pharmaceutically acceptable additives
such as suspending agents (.., sorbitol Syrup, methyl cellulose or hydrogenated
edible fats): emulsifying agents (e.q., lecithin or acacia), non-agueous vehicles (eg.
aimond oil, oily esters or ethyl alcohol): and preservatives (e.q., methyl or propyi p-
hydroxybenzoates or sorbic acid),

For buccal administration, the composition may take the form of tablets or
lozenges formulated in conventional manner.

The active compounds of the invention may be formulated for parenteral
administration by injection, including using conventional catheterization techniques or
nfusion  Formulations for injection may be presented in unit dosage form. e.g., in
ampules or in multi-dose containers, with an added preservative. The compositicns
may take such forms as Suspensions, solutions or emulsions in oily or aqueous
vehicles, and may contain formulating agents such as suspending, stabilizing and/or
dispersing agents. Alternatively, the active ingredient may be in powder form for
reconstitution with a suitable vehicle, €.4., sterile pyrogen-free water, before usa.

The active compounds of the invention may also be formulated in rectal
compositions such as suppositories or retention enemas, g.g., containing conventional
Suppository bases such as cocoa butter or other glycerides.

For intranasal administration or administration by inhalation, the active
compounds of the invention are conveniently delivered in the form of a solution or
suspension from a pump spray container that is Squeezed or pumped by the patient or
as an aerosol spray presentation from a pressurized container Or a nebulizer, with the
use of a suitable propellant, e.q., dichloredifluoromethane, trichlorofluoromethane,
d:chiorotetraﬂuoroethane, carbon dioxide or other suitable gas. in the case of a
Pressunzed aerosci the dosage unit may be determined by providing a valve to deliver
a metered amount. The pressurized container or nebulizer may contain a solution or
suspension of the active compound. Capsules and cartridges (made, for example. from
gelatin) for use in an inhaler or insufflator may be formulated containing a powder mix
of a compound of the invention and a suitable powder base such as lactose or s:arch.

A proposed dose of the active compounds of the invention for oral, parenteral

or buccal administration to the average adult human for the treatment of the conditions
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referred 1o apove (8.9, depression) 1s 0.1 to 200 mg of the active ingredient per ynit
dose which could be admzms:ereo. for example, 1 to 4 times per day.

Aerosol formulations for treatment of the conditions referred to above (e.g.,
migramne) in the average adult human are preferably arranged so that each metered
dose or "puff” of aeraosol contains 20ug to 1000pg of the compound of the invention.
The overall daily dose with an aerosol will be within the range 100pg to 10 mg.
Administration may be several times daily, for example 2, 3, 4 or 8 times, giving for
example. 1, 2 or 3 doses each time.

In connection with the use of an active compound of this invention with a 5-HT
re-uptake inhibitor, preferably sertraline, for the treatment of subjects possessing any
of the above conditions, it is to be noted that these compounds may be administered
either alone or in combination with pharmaceutically acceptable carriers by either of the
routes previously indicated, and that such administration can be carried out in both
single and multiple dosages. More particularly, the active combination can be
administered in a wide variety of different dosage forms, j.e., they may be combined
with various pharmaceutfcauy-acceptable inert carriers in the form of tablets, capsules,
lozenges, troches, hard candies, powders, sprays, aqueous suspension, injectable
solutions, elixirs, syrups, and the like. Such carriers include solid diluents or fillers,
sterile aqueous media and various non-toxic organic solvents, etc. Moreover, such oral
pharmaceutical forrulations can be suitably sweetened and/or flavored by means of
various agents of the type commonly employed for such purposes. In general, the
compounds of formuia | are present in such dosage forms at concentration jeve!s
ranging from about 0.5% to about 90% by weight of the total composition, i.e., in
amounts which are sufficient to provide the desired unit dosage and a 5-HT re-uptake
inhibitor, preferably sertraline, is present in such dosage forms at concentration levels
ranging from about 0.5% to about 90% by weight of the total composition, ie., in
amounts which are sufficient to provide the desired unit dosage.

A proposed daily dose of an active compound of this invention in the
combination formuiation (a formulation containing an active compound of this invention
and a 5-HT re-uptake inhibitor) for oral parenteral, rectal or buccal administration to
the average adult human for the treatment of the conditions referreg to above is from

about 0.01 mg to about 2000 Mg, preferably from about 0.1 mg to abaut 200 mg of the



w

10

&

20

25

[
(@]

R R s 2 > P IR P I 78 o & PN« ¢ 2 i - %-. B

9% . 611¢CC2

active ingredient of formula | per urit dose which could be administered, for example,
110 4 ttimes per day.

A proposed daily dose of a 5-HT re-uptake inhibitor, preferably sertrafine, in the
combination formulation for oral, parenteral or buccal administration to the average
aduit human for the treatment of the conditions referred to above is from about 0.1 mg
to about 2000 mg, preferably from about 1 mg to about 200 mg of the 5-HT re-uptake
inhibitor per unit dose which could be administered, for example, 1 to 4 times per day.

A preferred dose ratio of sertraline to an active compound of this invention in
the combination formulation for oral, parenteral or buccal administration to the average
adult human for the treatment of the conditions referred to above is from about 0.00005
to about 20,000, preferably from about 0.25 to about 2.000.

Aerosol combination formulations for treatment of the conditions referred to
above in the average adult human are preferably arranged so that each metered dose
or "puff” of aerosol contains from about 0.01 pg to about 100 mg of the active
compound of this invention, preferably from about 1 pg to about 10 mg of such
compound. Administration may be several times daily, for example 2, 3, 4 or 8 times,
giving for example, 1, 2 or 3 doses each time.

Aerosol formulations for treatment of the conditions referred to above in the
average adult human are preferably arranged so that each metered dose or “puff” of
aerosol contains from about 0.01 mg to about 2000 mg of a 5-HT re-uptake inhibitor,
preferably sertraline, preferably from about 1 mg to about 200 mg of sertraline.
Administration may be several times daily, for example 2, 3, 4 or 8 times, giving for
example, 1, 2 or 3 doses each time.

As previously indicated, a 5-HT re-uptake inhibitor, preferably sertraline. in
combination with compounds of formula | are readily adapted to therapeutic use as
antidepressant agents. In general, these antidepressant compositions containinga 5-HT
re-uptake inhibitor, preferably sertraline, and a compound of formula | are normally
administered in dosages ranging from about 0.01 mg to about 100 mg per kg of body
weightperday of a 5-HT re-uptake inhibitor, preferably sertraline, preferably from about
07 mg. to about 10 mg per kg of body weight per day of sertraline; with from about
0.001 mg. to about 100 mg per kg of body weight per day of a compound of formula
!, preferably from about 0.01 mg to about 10 mg per kg of body weight per day of a
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compound of formula |, although vanations will necessarily occur depending upon the
conditions of the subject being treated and the particular route of administration chosen.

The foliowing Examples illustrate the preparation of the compounds of the
present invention. Melting points are uncorrected. NMR data are reported in parts per
million (&) and are referenced to the deuterium lock signal from the sample solvent
(deuteriochloroform unless otherwise specified). Specific rotations were measured at
room temperature using the sodium D line (589 nm). Commercial reagents were
utilized without further purification. THF refers to tetrahydrofuran: DMF refers to
N.N-dimethylformamide. Chromatography refers to column chromatography performed
using 32-63 ym silica geland executed under nitrogen pressure (flash chromatography)
conditions. Room or ambient temperature refers to 20-25°C. Al non-aqueous
reactions were run under a nitrogen atmosphere for convenience and to maximize
ylelds. Concentration at reduced pressure means that a rotary evaporator was used.

Example 1
&M-ChIorobenzyl)-5-[2—(4-methvlpiperazin-1 -yl)-benzvlidene]-imidi;olidine-

2,4-dione
Under a nitrogen atmosphere in a flame-dried flask, sodium hydride (43 mg,

1.07 mmol, 60% oil dispersion) was washed with hexanes and then treated with
tetrahydrofuran (THF) (8 mL), followed by 3-(4-chlorobenzyl)-imidazolidine-2,4-dione
(235 mg, 1.04 mmol) and 2-(4-methylpiperazin-1-yl)-benzaidehyde (209 mg, 1.02
mmol), and an additional 2 mL of THF. After refluxing the mixture overnight, the
solvent was removed and the residue was treated with aqueous ammonium chioride
and aqueous sodium bicarbonate to a pH of 8, then extracted with methylene chioride.
The organic extracts were washed with aqueous sodium chloride, dried and
concentrated in vacuo to a yellow foam. The foam was crystallized from hot ethyl
acetate : hexanes to give a solid, 240 mg (57%).

M.p. 185-187°C. Mass spectrum: 411 (M™). 'H-NMR (CDCL,) 6 9.45 (1H, s),
7.37-7.24 (4H, m). 7.16-7.09 (2H, m), 6.72 (1H, s), 4.72 (2H, s), 3.02 (4H, br s), 2.34
(3H. 2). Elemental analysis calculated for C2:H;3N,0,CI:0.5 H,0: C 62.93, H 5.76. N
13.34. Found: C 63.33, H5.58 N 13.58.

The following examples were prepared by an analogous procedure to that of

Example 1, except where indicated.
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Example 2
3-(4-Chlorophenyl)-5-[2-(4-methylpiperazin~1 -y!)-benzylidenel-imidazolidine-
2,4-dione

M.p. 193-193.5°C. Mass spectrum 397 (M*"). Elemental analysis caiculated for
C:H,N,0,CI-0.5 CH,CN: C63.31, H5.43, N 15.10. Found: C 62.93, H5.50, N 95.10.
Example 3

3-{4-Chlorobenzyl)-5-[2-4{4-methyipiperazin-1 -yl}-benzylidene]-

thiazolidine-2,4-dione hydrochioride hydrate

M.p. 240-242°C. Mass spectrum 428 (M*"). Elemental analysis calculated for

C:,H22N,0,SCI*HCI-0.25 H,0: C 56.35, H 5.05, N 8.96. Found: C 56.18, H5.03, N8.70.
Example 4
4-Benzyl-2-[2-(4-methylpiperazin-1 -yl)-benzylidene]-thiomorpholin-3-one

M.p. 106-108°C. Mass spectrum 394 (M*"). Elemental analysis calculated for
CyyH;;N,OS: C 70.20, H 6.91. N 10.68. Found: C 70.19, H 6.99, N 10.72. 'H-NMR
(CDCly) 6 8.10 (1H, s), 7.64 (1H, dd), 7.53-7.26 (6H, m), 7.08-6.97 (2H, m), 4.80 (21,
s). 3.69 (2H. sym m), 3.01 (4H, 1), 2.88 (2H, sym m), 2.63 (4H, br s), 2.38 (3H, s).

Example §
&(},A-DichIorobenzyl)-z-[z-(4-methvlpipe razin-1-yl}-benzylidenel-thiomorpholin-3-

one hydrochloride dihydrate

M.p. 90-115°C. Mass spectrum 462 (M™"). Elemental analysis calculated for

C23HsN,OSCl,-HCI+2 H,0: C 51.64, H 5.65, N 7.86. Found: C 51.83, H5.76, N 7.64.
Example 6
S5-[2-{4-MethyIpiperazin-1-yl)-benzylidene]-thiazolidine-2.4-dione hemihydrate

Yellow solid, m.p. 105°C (dec.). Mass spectrum 304 (M*"). Elemental analysis
calculated for C,,H,,N,0,S+0.5 H,0: C 57.67, H 5.81, N 13.45. Found: C 57.81, H6.48.
N 13.20. 'H-NMR (CDCI; 400 MHz) 6 8.05 (1H, s), 7.68 (1H, d), 7.36 (1H, dt).
7.12-7.03 (2H, m), 3.12-3.02 (5H, m), 2.71 (4H, br s), 2.41 (3H, s).

£
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Example 7
3-(4-Chlorophenyl)-5-[2-{4-methy|piperazin-1 -yl}-benzylidene]-thiazolidine-

2.4-dione hydrochioride hemihydrate

Under a nitrogen atmosphere in a flame-dried flask, a mixture of

5 3-(4-chlorophenyl)-thiazolidine-2,4-dione (158 mg, 0.694 mmol),
2-(4-methylpiperazin-1-yl)—benzaldehyde (142 mg, 0.694 mmol) and sodium acetate
(171 mg, 2.08 mmal) in 1 mL of glacial acetic acid was heated to reflux for
approximately 6 hours and cooled to room temperature. Saturated aqueous sodium
carbonate (Na,CO,) was added until the pH was about 10 and the mixture was

10 extracted several times with methylene chloride. The organic layers were washed with
brine, saturated sodium chlonde, dried and evaporated to a brown solid which was
recrystallized from ethyi acetate.

M.p. 187-189°C. Elemental analysis calculated for C,,H,,N,0,CIS: C 60.94, H
4.87, N 10.15. Found: C 60.57, H 4.95, N 10.00.

15 The above compound ( 56 mg) was treated with diethyl ether saturated with
hydrogen chloride gas and the product was recrystallized from hot ethanol to yield
3-(4-chlorophenyl)-5—[2—(4-methylpiperazin-1-yl)-benzylidene]-thiazolidine-z,4-dione
hydrochionde hemihydrate as a solid, 54 mg, m.p. 254-258 °C.

Elemental analysis calculated for C,1HyN,0,CIS-HCI+0.5 H,0: C 54.90, H 4.83.

20 N 9.15. Found: C 55.07, H 5.01, N 8.78. 'H-NMR (DMSO-d,) & 10.84 (1H, br s), 7.60
(2H. d), 7.52-7.45 (4H, m), 7.24 (2H. t). 3.53-3.05 (8H, m), 2.80 (3H, s).

The following examples were prepared by an analogous procedure to that of

Example 7, except as indicated.

Example 8
25 3-4-[Trifluoromethyl]-phenyl)-5-[2-(4-methyipiperazin-1-yl)-

benzylidene]- thiazolidine-2,4-dione hydrochloride dihydrate
M.p. 159-177°C. Mass spectrum 448 (M*"). Elemental analysis calculated for
C.oH.,N,O,SF,«HCle2 H,0: C 50.82, H 4.85, N 8.08. Found: C 51.04, H 4.66, N 8.01.
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Example 9
HZ-(A-MemtpiperazinA-yl)-benzylidene]-4-{4-triﬂuoromethvlghenxl!-
thiomorpholin-3-one hydrochloride trihydrate

M.p. 128-134°C. Mass Spectrum 448 (M*'). 'H-NMR (DMSO-d,, 400 MHz) &
10.66 (1H, br s), 7.79 (1H, s), 7.76 (2H, d), 7.66 (1H, d), 7.61 (2H, d), 7.34 (1H, 1),
7.15-7.10 (2H, m), 4.14 (2H, m), 3.43 (2H, brs), 3.22 (2H, m), 3.21-3.00 (6H, m), 2.78
(3H, s).

Example 10

&Q_—id-Methvlpiperazin-‘l-yl)-benzvIidene]-thiomorpholin-3-one
Sodium hydride (930 mg, 23.3 mmol of 60% oil dispersion) was washed with
hexanes under a nitrogen atmosphere and suspended in 100 mL of anhydrous THF,
Thiomorpholin-3-one (1.0 g, 8.55 mmol) was added, followed immediately by 2-(4-
meth'PiDerazin—1-yl)-benzaldehyde (1.58 g., 7.75 mmol). The reaction was then
heated to reflux overnight, cooled to room temperature and concentrated in vacuo. The

residue was dissolved in methylene chlonde and washed with aqueous ammonium
chlorde (NH,Cl) and saturated brine and then dried with MgSO,. Purification using
flash chromatography gave 2-{hydroxy—[2-(4-methylpiperazin-1-yl)phenyl]-methyl}-
thiomorpholin-3-one as a white solid, m.p. 137-139°C. Mass spectrum 322 (M*"),

A mixture of 190 mg (0.6 mmol) of the preceding intermediate in 25 mL of
toluene was treated with 135 mg (0.71 mmol) of p-toluenesulfonic acid and refluxed
overnight with a Dean-Stark condenser to collect the water which azeotroped. After
cooling, the solvent was removed and the residue was dissolved in methylene chloride,
washed with saturateq aqueous sodium carbonate (Na,CQ,) and saturated brine, dried
with magnesium sulfate and concentrated jn vacuo to a brown foam. The free base
was crystallized from ethyl acetate/hexanes to yield a crystalline solid.

M.p. 133-135°C: mass spectrum 304 (M*"). Elemental analysis calculated for
C.oH:N;08: C 63.34, H 6.98, N 13.85. Foung: C 63.17, H7.12, N 13.67

The following examples were prepared by an analogous procedyre to Example

10, except where indicated.

Example 11

&j3,4-Dichlorophenvt)-2-[2-fluoro-6-(4-methylpiperazin-1 -vl)-benzylidene]-

thiomorpholin-3-one

MPp. 146-147°C. Mass spectrum 466 (M™"), 468.
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Exampie 12

4-(3.4-Dichlorophenvl)-z-[z-(4-methvlpiperazin-1- I)-benzylidenel-mo holin-3-one

M.p. 169-171°C (decomp.). Mass spectrum 432 (M*), 434, 436.
Example 13
5 3-12,4-Dibromo-6-(4~methvlpiperazin-1 -vl)-benzylidene]-4—(3,4-mchlcu"*__omk
thiomorpholin-3-one.
M.p. 166-168°C. Mass spectrum 607 (M*'). Elemental analysis calculated for
C2:H:N,08Br,: C 43.59, H 3.49, N 6.93. Found: C 43.56, H 3.25, N 6.89.

Example 14
10 &(3,4-DichlorophenvlL-2-[2-(4-methvlpiperazin-1 -vl)-benzylidene]-

thiomorpholin-3-one

M.p. 171-173°C. Mass spectrum 448 (M*).
Converting to the hydrochloride salt, using 1.0M HCl in ether, and recrystallizing

from isopropanol gave pale yellow crystals.

15 M.p. 155-157¢C. Elemental analysis calculated for C22H23NJOSC12-HCI'1.SHZO:
C 51.82, H5.32, N 8.21. Found: C 51.81, H5.02, N 8.45,
Example 15

4-(3.4-DichIorophenvl)-2-[2-(4-methvlpiperazin-1 -yl)-benzyi-thiomorpholin-
3-one hydrochloride trihydrate
20 A slurry of 4-(3.4-dichlorophenyl)-2—[2-(4-methy!-piperazin-1-yl)-benzylidene]-
thiomorpholin-3-one in (201 mg, 0.5 mmol) 3 mL of anhydrous methano! (3 ml) was
treated with samarium iodide (Sml,) (15 ml of 0.1 m) in THF (Aldrich Chemical Co.,
Milwaukee, WI) and stirred overnight at room temperature under a nitrogen
atmosphere. An additional 5 mL of Sml, solution was added and, after an additional

N
(8]

one hour, the solvent was removed in vacuo and the residue was flash
chromatographed using ethyl acetate/methanol to elute the free base of the product.
The hydrochloride salt was prepared, using 1.0M HC! in ether, to produce a light tan
solid.

M.p. 105-110°C (foam). Elemental analysis calculated for
30 CyHyuNLOSCILHCI*3 H,0: C 48.85, H 5.96.N 7.77. Found: C 48.95, H 5.58 N
7.51. 'H-NMR (CDCl,, 400 MHz, free Dase) & 7.45-7.41 (2H, m), 7.17-7.13 (2H, m),
708 (1H. 1), 4.16 (1H, m), 4.00-3.86 (2H, m), 3.53 (1H, dd), 3.10-2.95 (7H, m), 2.61
(4H, brs), 2.37 (3H, )
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Example 16
4-Methyi-2-[2-(4-methyIpiperazin-1 -yl}-benzylidene]-thiomorpholin-3-one

hydrochloride hemihydrate.

Under a nitrogen atmosphere, sodium hydride (49 mg, 1.24 mmol, 60% oil
dispersion) was washed with hexanes and layered with 6 mL of anhydrous THF.
After cooling to 0°C, 2-[2-(4-methylpiperazin-1-yl)-benzylidene]-thiomorpho!in-S-one
(250 mg, 0.825 mmol) was added and the reaction was stirred for 30 min. To the
resulting solution was added iodomethane (62 pL, 0.99 mmol), followed 15 minutes
later by an additional 10 pL of iodomethane. After 30 min., the solvent was
removed in vacuo and the residue was dissolved in methylene chloride and washed
with aqueous ammonium chloride and aqueous brine. After drying, the solvent was
removed /1 vacuo and the residue was purified by flash chromatography. The free

base was converted into the hydrochloride salt as described in Example 15 to

produce the title product as a pale yellow solid.

M.p. 236-238°C. Mass spectrum 318 (M), 'H-NMR (DMSO-d, + D,0 400
MHz) 6 7.70 (1H, s), 7.48 (1H, d), 7.30 (1H, 1), 7.11-7.04 (2H, m), 3.69 (2H, br s),
3.55-3.30 (2H, br's), 3.29-3.02 (4H, m), 2.97 (3H, s), 2.90 (4H, br s), 2.79 (3H, s).
Elemental analysis calculated for C,;H»N,OSHCI:0.5 H,0: C 56.26, H 6.94, N
11.58. Found: C 56.22. H 7.11, N 11.37

Example 17
4-(3,4-Dichiorophenyl)-2-(2-piperazin-1 -ylbenzylidene)-thiomorpholin-3-one.

Under a nitrogen atmosphere, a mixture of 4-(3.4-dichlorophenyl)-z-[z-(4-
methylpiperazin-1-yl)—benzylidene]-thiomorpholin~3-one (338 mg, 0.756 mmol) iri 9 mL
of anhydrous 1,2-dichloroethane was treated with a-chloroethyt chloroformate (98 Ll
0.807 mmol) and refluxed overnight. The solvent was then removed in vacuo and 10
mL of methanol was added and refluxed for 30 minutes. Following removal of the
solvent, the residue was extracted into methylene chloride and washed with saturated
aqueous sodium carbonate (Na,CQ,) and saturated brine, dried with magnesium suifate
and concentrated to a foam. Flash chromatography using triethyl amine/methanol/ethyi
acetate (1:2:97) gave the purified free base of the title compound.

M.p. 198-200°C. Mass spectrum 434 (M""), 436. Elemental analysis calcutated
for C2,H,,N,OSCl,. C 58.07, H 4.87, N 9.67. Found: C 5793, H471, Ng43
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Conversion to the hydrochloride salt using 1M HCI in CH,OH, followed by
recrystallization from Isopropanol, gave a Crystalline solid, m.p. 154-155°C.

Preparation 1
2:(4-Methylgigerazin-1-yu-benzaldeh!de

This compoﬁnd was prepared using the methods of W. Nijhuis et al, Synthesis,
641-645 (1987) or J. Watthey et al, Journal of Medicinal Chemistry. 26, 1116-1122
(1983). '

In the same manner as the Preparation of 2-(4-methylpiperazin-1 -yl)-benz-
aldehyde, the fo!lowing analogs were also prepared:

1._6;Di_bromo-2-(4-methvlpiperazin-1-vl)-benzaldehyde

72% yield. M.p. 92-93°C. Mass Spectrum 362. 'H-NMR (CDCy,, 250 MHz) &

10,12 (1H, ), 7.44 (1H, d), 7.16 (1H, d), 3.10 (4H, br s), 2.61 (4H, s), 2.36 (3H, s).
6-Fluoro-2-(4-methvlpiperazin-1-vl)-benzaldehvde

69% vyield. Light brown oil. Mass spectrum 223 (M), "H-NMR (CDcCl, 250
MHz) 6 10.27 (1H, s), 7.45 (11, m), 7.86 (1H. d), 6.75 (1H, dd), 3.14 (4H, t), 2.62 (4H,
t), 2.37 (3H, s),

Preparation 2

2,4-Dibromo-6-ﬂuoro-benzaldehvde.
In a flame-dried 250 mL round-bottomed fiask equipped with an addition funnel

and magnetic stirrer, a mixtyre of diisopropylamine (4.82 mL, 34.66 mmol) in 100 mL
of anhydrous THF was cooled to -78°C and treated with 2.5N n-butyilithium (13.86 mL,
34.66 mmoil) in THF, dropwise. After stirring for 10 minutes a mixture of 3,5-dibromo-1-
fluorobenzene (8.04g, 31.51 mmol) in 16 mL of THF was added dropwise and stirmng
was continued for an additional 30 minutes. At this point, N,N-dimethylformamide
(DMF) (2.68 mL, 34.66 mmol) was added dropwise and stirring continued another 10
minutes at -78°C. The reaction was quencheq with saturated aqueous ammonium
chloride and the solvent removed on a rotary evaporator, The residue was dissolved
in ether, washeq with saturated brine and dried over calcium Sulfate, filtered and
concentrated to an oil, 7.36 g. Purification by flash chromatography using ethyi
acetate-hexaneg (1:99) gave the title product as a white solig.

M.p. 57-58°C. Mass SPectrum 281 (M*'), 283. 'H-NMR (CDCl,, 400 MHz) ¢
10.29(1H,s), 7.66 (TH, t), 7.33 (1H, dd). Elemental analysis Calculated for C,H,Br,FO:
C 2982 H1p07 Found: ¢ 30.25 H 1.03
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Preparation 3

&(4-Chlorobenzy!)-imidazolidine-2,4-dione

Under a nitrogen atmosphere in a flame-dried flask, with magnetic stirring, the
potassium salt of imidazolidine-2,4-gione (1.382 g, 10 mmol) and 4-chlorobenzy|
bromide (2.055 g. 10 mmol) were combined with 15 mL of anhydrous
N.N-aimethylformamide (DMF) and heated to 170-175°C for 5 hours. The reaction was
then cooled to room temperature and poured over 50 mL of water to produce a waxy
white precipitate. Recrystallization from ethyl acetate : hexanes produced the title
product as a white crystalline solid, 0.775 g (34.5%).

M.p. 162-163.5°C (dec.). 'H-NMR (DMSO-d,) 68.17 (1H, s), 7.34 (4H, q), 4.51
(2H. s), 3.98 (2H, s), 3.35 (HOD, s).

In the same manner, the potassium salt of thiazolidine-2,4-dione (1.0 g, 6.45
mmol) was converted to 3-(4-chlorobenzyl)-thiazolidine-2,4-dione . 0.97 g (62%).

'H-NMR (CDCl,, 250 MHz) 6 7.32 (4H, sym m), 4.73 (2H, 2), 3.95 (2H, s).

Preparation 4

4-(3,4-DichIorophenvl)-thiomorpholin-3-one

Under a nitrogen atmosphere in a flame-aried flask, sodium hydride (72 mg, 1.79 mmol|,
60% oil dispersion) was washed with hexanes and then treated with G mL of anhydrous
DMF, and cooled to 0°C. Thiomorpholin-3-one (200 mg, 1.71 mmol) was added in one
portion  with stirring. After gas evolution had stopped (ca. 30 min),
4-iodo-1.2-dichlorobenzene (700 mg. 2.58 mmol) was added, followed after 5 minutes
by copper (1) bromide (490 mg, 3.42 mmol). After heating at 75°C overnight, the
mixture was partitioned between ethyl acetate and 1N lithium chloride, filtered through
diatomaceous earth and combined with additional ethyl acetate washes of the
diatomaceous earth filter cake. The organic layers were washed with additional 1N
hthium chloride, brine (saturated sodium chloride) and dried over calcium sulfate
(CaSO4). Concentration in vacuo gave 363 mg of light brown oil which was flash
hromatographed (30-50% ethy! acetate in hexanes) to give a white solid, 108 mg.

'H-NMR (CDCI,, 400 MHz) 6 7.44 (1H, d). 7.37 (1H, s), 7.12 (1H, dd), 3.93 (2H,

t} 343 (2H!s), 3.01 (2H, t).
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Preparation 5

4-(4-Trifluoromethvlphenyl)-thiomorpholin-3-one.

. A mixture of thiemorpholin-3-one (500 mg, 4.27 mmol), 4-trifluoromethyi-1-
1odobenzene (1.25 mL, 8.5 mmol) and ccpper metal (814 mg, 12.8 mmol) was heated
in a sealed glass tube at 185-200°C for 18 hours. The residue was then purified by
flash chromatography to give 260 mg of the title product as a white solid.

M.p. 85-87°C. Mass spectrum 262 (M. 'H-NMR (CDCl,, 400 MHz) & 7.62
(2H. d), 7.37 (2H, d). 3.87 (2H, 1), 3.43 (2H, s), 3.01 (2H, ).

In the same manner 4-(3,4-dichlorophenyl)-thiomorpholin-3-one was
prepared using copper bronze (Aldrich Chemical Co., Milwaukee., WI) and heating in
a round bottomed flask under nitrogen atmosphere at 170° in 37-46% isolated vield.

m.p. 79-80°C.

Preparation 6
4-Benzylthiomorpholin-3-one

Under a nitrogen atmosphere in a flame-dried flask, sodium hydride (4.65 g,
0.105 mol, 54% oi dispersion) was added to 150 mL of anhydrous dimethylformamide
(DMF), and the Suspension was cooled to 0°C. Thiomorpholin-3-one (11.7 g. 0.1 mol)
was added in portions over 30 minutes with stirring. After gas evolution had stopped
(ca. 30 minutes), benzyl'chloride (12.1 g, 0.105 mol) in DMF (50 mL) was added and
stirring was continued at room temperature overnight. The reaction was then warmed
10 80°C tor 15 minutes and cooled. Water (250 mL) was added and the mixture was
extracted with chloroform which was dried (MgSQ,) and concentrated in vacuo to an
oil.  The oil was triturated with ethyl ether (Et,O) and cooled by dry ice to give the
product, 12.75 g as a solid, m.p. 60-62°C.

Recrystallization of 5 g from 100 mL of Et,0 gave 3.5 g of pure product. m.p.
62-63°C along with a second crop of 0.75 g with m.p. 62-63°C.

In the same manner, 4-(3,4-dichlorobenzyl)-thiomorpholin-s-one was

prepared in 88% vield from 3.4-dichlorobenzy! bromide and thiomorpholin-3-one as =

white solid.
M-D". 86-87°C. 'H-NMR (CDCL,, 400 MHz) & 7.38 (1H, d), 7.33 (1H, d), 7.1C
{1H, dd), 4.56 (2H s), 3.565-3.51 (2H, m), 3.37 (2H, s), 2.81-2.76 (2H, m).
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CLAIMS
1 A compound of the formula
1 2
R R 0
3
5 2 )k R
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wherein R' is a group of the formula G', GG G G G or & depicted
below,
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a is zero to eight;

each R™ is, independently, (C,-C,)alkyl or a (C,-C,)methylene bridge frcm one
of the ring carbons of the piperazine or piparidine ring of G' or G respectively, o the
same or another ring carbon or a 1ing nitrogen of the piperazine or piperidine rng of
G'or G, respectively. having an available bonding site, or to a ring carbon of R®
having an available bonding stte;

2 1s oxygen, sulfur. SO or S0,
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X 1S nydrogen. chioro. flucro. bromo, iodo, cyano, (C,-Cyalkyl, hydroxy,
trifluoremethyi. (C,-C,)alkoxy, -S0,(C.-Cy)alkyl wherein t is zerc one or two, -CO,R" or
-CONR''R'™:

Y is an optionally substituted (C,-C,) heteroalky! bridge that, together with the
atoms to which it is attached, forms a five to seven membered heterocycle containing
two to four heteroatoms selected from the group consisting of 1 .3-oxazolidin-4-on-5-yl,
1 .3-oxazohdin-2,4-dion-5-yl, 4,5-dihydro-1 .2-oxazolidin-3-on-4-yl. 1,3-thiazolidin-d-on-5-
yl. 1 ,3-thiazolidin-2,4-dion-5-yl. 1.3-pyrazolidin-4-on-5-yl, 1 ,3-imidazolidin-2.4-dion-5-yl,
1 .2-pyrazolidin-3-on-4-yl, 1.2-thiazohdin-1,1 3-trion-4-yl, 1.2-thiazolidin-3-on-4-yl,
tetrahydro-1 ,2-oxazm-3-on-4-yl, tetrahydro-1 ,3-0xazin-4-on-5-yl, tetrahydro-1,3-oxazin-
2.4-dion-5.-yi, morpholin-3-on-2-yl, morpholin-3,5-dion-2-yl, 2,3-dihydro-1,4-0xazin-3-
on-2-yl, tetrahydro-1 .3-thiazin-4-on-5-y|, tetrahydro-1 .3-thiazin-2,4-dion-5-yl,
tetrahydro-12-thiazin-3—on-4-yl, thiomorpholin-3-on-2-yl, thiomorpholin-B.S-d:on-.Z-yl.
2,3-dihydro—1,4-thiazin-3-on-2-y!, hexahydro-1,2-diazin-3-on-4-yl, 4.5-dihydro-2H-
pyridazin-3-on-4-yl, hexahydro-1,3-diazin-4-on-5-yl, hexahydro-1.3-diazin-2,4-dion-5-yl,
piperazin-2-on-3-y|, piperazin-2,6-dion-3-yl, tetrahydro—1,3,4-thiadiazin-5~on-6-yl, 5,6-
dihydro-1 .3.4-thiadiazin-5—on—6-yl, 1.3.4-oxadiazin-5-on-6-yl, 5,6-dihydro-1,2,4-
oxadiazin-5-on-6-yl, tetrahydro-1 .2,4-0xadiazin-5-on-6-yl, 1,2.4-triazin-5-on-6-yl,
tetrahydro-1,2,4-oxadiazin-5—on-6-yl, 5,6-dihydro-1-2,4-0xadiazin-5—on~6-yl, 1.2,4-
oxadiazin-B,S-dion-6-yl, 1.2,4-trazin-6-on-5-y, hexahydro-1.2-oxazeoin-3-on-2-yl.
hexahydro-1 .3-0xazepin-4-on-5-y, hexahydro-1,4-oxazepin-3-on-2-yl. hexahydro-1,4-
oxazepin-3,5—dion-2-yl, hexahydro-1,4-oxazepin-3,5-dion-6-yl, 2,3.5,6-tetrrahydro-1-4-
oxazepin-S,?-dion-G-yl, hexahydro-1.4-oxazepin-5-on-6-yl, hexahydro-1,3-oxazepin-
2.4-dion-5-y|, hexahydro-1,2-thiazepin-3~on-4-yl, hexahydro-1,4-thiazepin-3-on-2-yl,
2.3‘4,5—tetrahydro-1,4-thiazepin-3-on-2-yl, hexahydro-1,4-thiazepin-3,5-dion-2-y|,
hexahydro-1.4-th1‘azepm-3,5-dion-6-yl. 2.3,6,7-tetrahydro-1,4-thiazepin-5-on-6-y1, 6,7-
dihydro-1 .4-thiazepin-5-on-6-y, hexahydro-1 3-thiazepin-2,4-dion-5-yl, hexahydrn-1,2-
diazepin-B-on-ti-yL hexahydro-‘l,3-diazeptn-2,4-dion-5-yl, hexahydro-1 4-diazepin-2-on-
3-vl, hexahydro-1 4-diazepin-5-on-6-yl, hexahydro-1 4-diazepin-5.7-dion-6-vyl,
hexahydro-1,3.S-thiadiazepin-B—on—T-yl, 4.5.6,7-tetrahydro-1—3,5-thiadiazep:n-6-0n~7-yl.
and 2.3.5.6-tetrahydro—1 ,2,4-triazepin-3.5-dion-7~y(; wherein the substituants on any
of the carbon atoms capable of supporting an additional bond. of said (C.-C,)

heteroalkyl bridge, are chlore, fluoro, (C.-C,)alkyl, (C,-C;)alkoxy, trifluoromethyl or
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cyano: wnerein the substituents on any of the nitrogen atoms capable of supporting an
additionai bond. of said (C,-C,) heteroalkyl bridge, are (C.-Cg)alkyl or trifluoromethyt;

R?is hydrogen, (C,-C,)alkyl, phenyl or naphthyl, wherein said phenyl or naphthyl
may optionally be substituted with cne or more substituents independently selected
from chloro, fluoro, bromo. 10do, (C.-Cslalkyl, (C,-Cy)alkoxy, trifluoromethyl, cyano and
-SO,(C,-Cq)alkyl wherein k 1s zero, one or two:

Ris -(CH,)..B, wherein m 1s zero, one, two or three and B is hydrogen, phenyl,
naphthyl or a 5 or 6 membered heteroaryl group containing from one ‘o four hetero-
atoms in the ring, and wherein each of the foregoing phenyl, naphthyl and heteroary!
groups may optionally be substituted with one or more substituents independently
selected from chloro, fluoro, bromo. iodo. (C,-Cplalkyl. (C,-Cy)alkoxy, (C,-C,) alkoxy-(C.-
Cqlalkyl-, trifluoromethyl, trifluoromethoxy, cyano, hydroxy, -COOH and -SO,(C.-
Cslatkyl wherein n is zero, one or two.

R i1s selected from the group consisting of hydrogen, (C,-C,)alkyl optionally
substituted with (C,-C;)alkaxy or one to three fluorine atoms, or [(C.-C,)alkyljary!
wherein the aryl moiety is phenyl, naphthyl, or heteroaryl-(CH,),-, wherein the
heteroaryl moiety is selected from the group consisting of pyridyl, pyrnmidyi,
benzoxazolyl, benzothiazolyl, benzisoxazolyl and benzisothiazolyl and q is zero, one,
two, three or four, and wherein said aryl and heteroaryl moieties may optionally be
substituted with one or more substituents independently selected from the group
consisting of chloro, fiucro, bromo, iodo, (C,-Cpalkyl, (C,-Cglalkoxy, trifluoromethyi.
cyano and -SQ,(C,-C,)alkyl, wherein g is zero, one o two;

R’ is selected from the group consisting of hydrogen, (C,-Cq)alkyl, [(C,-
C.)alkyllaryl wherein the aryl moiety is phenyl, naphthyl, or heteroaryl-(CH.) -, wherein
the heteroaryl moiety is selected from the group consisting of pyridyl, pyrimidy!,
benzoxazolyl, benzothiazolyl, benzisoxazolyl and benzisothiazolyl and r is zero. one,
two, three or four, and wherein said aryl and heteroaryl moieties may ootionally be
substituted with one or more substituents independently selected from the oroup
consisting of chioro, fluoro, bromo, iodo. (C,-Cy)alkyl, (C,-Celalkoxy, trifluoromethyl, -
C(=0)-(C,-Ce)alkyl, cyano and -SO/(C,-C,)alkyl, wherein j is zero, one or two:

or R® and R taken together form a 2 to 4 carbon chain:

R" is hydrogen or (C,-C,)alkyl;

R? is hydrogen or (C,-C,)alkyl;
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or R® and R’, togetner with the nirrogen atom to wnich they ars attazned. “orm
a 5 to ” membered heteroalkyl nng that may contain from zero 1o fcur heisrcatcms
setected from nitrogen, sulfur and oxygen;

and p is one, two, or three;

each of R" R' and R'?is selected, independently, from the radicais set forth
in the definition of R*, or R" and R' together with the nitrogen to which they are
attached, form a 5 to 7 membered heteroalkyl ring that may contain from zero to four
heteroatoms selected from nitrogen, sulfur and oxygen: and

the broken lines indicate optional double bonas, with the crovisc that when tne
broken iine in G” 1s a double bond that R® is absent:

or a pharmacecutically acceptable salt thereof

i)

2 A compound according to claim 1, wheremn R' s

o - 1 h)
N B - K

R® is methy! and R? is hydrogen.

3. A compound according to claim 1 wherein Y together, with the atoms t2
which it Is attached, forms an optionally substituted five to sever membperes
heterocycle selected from 1,3-thiazolidin-2,4-dion-5-yl. 1 3-imidazolidin-Z 4-dicn-5-y:
thiomorpholin-3-on-2-yl or morphotin-3-on-2-yl.

4. A compound according to claim 2, wherein Y together, with the atoms
to which it is attached, forms thiomorpholin-3-on-2-yi.

5. A compound according to claim 1, wherein R* is optionallv subs:itutec
phenyl or -(CH,)-optionally substituted phenyl.

8. A compound according to ciaim 2, wherein R’ is optionally subs:itutac
phenyl or -(CH,)-optionally substituted phenyl.

7. A compound according to claim 3, wherein R® is optionally subs:iiutad
phenyl or -(CH,)-optionally substituted phenyl.

8 A compound according to claim 4. wherein R> is optionally subs:izuted

phenyl or -(CH,)-optionally substituted phenyl.

!

2
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e A compound according o claim 1, wnerein said compound is selected
from the group consisting of.

3-(4-chiorobenzyi)-5-[2-(4-methylipiperazin-1-yl)-benzylidene]-imidazolidine-2,4-
dione;

3-(4-chlorophenyl)-5-[2-(4-methylpiperazin- 1-yi)-benzylidene]-imidazolidine-2 4-
dione;

3-(4-chlorobenzyl)-5-[2-(4-methylpiperazin-1-yl)-benzylidene}-thiazolidine-2 4-
dione;

4-benzyl-2-[2-(4-methylpiperazin-1-yl)-benzyidene]-thiomorpholin-3-one:

4-(3.4-dichlorobenzyl)-2-[2-(4-methylpiperazin-1 -yl)-benzylidene]-thiomerpholin-3-
one;

3-(4-c'ntorop‘nenyl)-5-[2»(4-methylpxperazm-1 -vl)-benzylidene]-thiazolidine-2.4-
dione;

3-(4-trifluoromethylphenyl)-5-{2-(4-methylpiperazin-1-yI)-benzylidene]-
thiazolidine-2 4-dione:

2-[2-(4-methylpiperazin~1-yI)-benzylidene]-4-(4-trifluoromethylphenyl)—
thiomorpholin-3-one;

2-[2-(4-methylpiperazin-1-yl)-benzylidene}-thiomorpholin-3-one:

4-(3.4-dichlorophenyl)-2-[2-fluoro-6-(4-methylpiperazin-1-yl)-benzylidene]-
thiomorpholin-3-one;

4-(3.4-dichlorophenyl)-2-[2-(4-methylpiperazin- 1-yl)-benzylidene]-morpholin-3-
one;

4-(3,4-dichlorophenyl)-2-[2-(4-methylpiperazin-1 -yl)-benzylidene]-thiomarpholin-
3-one;

4-(3.4-dichlorophenyl)-2- [2-(4-methyipiparazin-1-yl)-benzyl}-thiomcrpholin-3-ons:

4-methyl-2-[2-(4-methylpiperazin-1-yl)-benzylidene]-thiomorpholin-3-one: anz

4-(3.4-dichlorophenyl)-2-(2-piperazin-1-ylbenzyiidene)-thiomorpholin-3-one.

and the pharmaceutically acceptable salts of such compounds.

10. A compound of the formuia
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wnerein R'is a group of thz formula G'. G°, G* G* G° G" or & depicted
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's oxygen. suifur. SO or SC.

il

X is hydrogen. chioro, fluorc, bromo. icao, cyano. (C.-C.jalkyl. hyaroxy,
trifluoromethyl, (C.-C,)alkoxy, -SO,(C.-C,)alkyl wherein t is zero one or two, -CO,P ®or
-CONR''R'®

Y is an optionally substituted (C.-C,) heteroalkyl bridge that, :ogether with the
atoms to which 1t is attached, forms a five to seven membered heterocycle sontaining
two to four heteroatoms selected from the group consisting of 1,3-oxazolidin-4-on-Z-yi
1.3-oxazolidin-2 4-dion-5-yl,  4,5-dhydro-1,2-oxazolidin-3-on-4-yl, 1 3-thiazolidin-s-o0n-5-
yi, 1,3-thiazolidin-2,4-dion-5-yl, 1,3-imidazolidin-4-on-5-yl, 1,3-imidazolidin-2.4-dior-5-
yl, 1,.2-pyrazolidin-3-on-4-yl, 1,2-thiazolidin-1,1,3-trion-4-y!, 1.2-thiazolidin-3-on-4-y!,
tetrahydro-1,2-oxazin-2-on-4-yl, tetrahydro-1 .3-0xazin-4-on-5-yl, tetrahydro-1,3-oxazin-
2,4-dion-5-yl, morpholin-3-on-2-yi, morpholin-3.5-dion-2-yl, 2,3-dihydro-1,4-0xazir-3-
on-2-yi, tetrahydro-1,3-thiazin-4-on-5-yi, tetrahydro-1,3-thiazin-2,4-dion-5-yl,
tetrahydro-1,2-thiazin-3-on-4-yl, thiomorpholin-3-on-2-yl, thiomorphoiin-3,5-dion-2-vyl,
2.3-dihydro-1,4-thiazin-3-on-2-yl, hexahydro-1,2.-dlazin-3-on-4-yl, 4,5-dinydro-2H-
pyridazin-3-on-4-yl, hexahydro-1,3-diazin-4-on-5-yl, hexahydro-1,3-diazin-2,4-dion-5-yl,
piperazin-2-on-3-yl, piperazin-2,6-dion-3-yl, tetrahydro-1,3,4-thiadiazin-5-on-6-yl, 5 .6-
dihydro-1 .3,4-thiadiazin-5-on-6-yl, 1,3, 4-oxadiazin-5-on-6-yl, 5,6-dihydro-1,2 .4-
oxadiazin-5-on-6-yl, tetrahydro-1,2 4-oxadiazin-5-on-6-yl, 1,2,4-tnazin-5-on-6-y.
tetrahydro-1,2 4-oxadiazin-5-on-6-yl, 5,6-dihydro-1-2 4-oxadiazin-5-on-6-yl, 1,2 4-
oxadiazin-3,5-dion-6-yl, 1,2 4-trazin-6-on-5-yl, hexahydro-1,2-oxazepin-3-on-2-1,
hexahydro-1,3-oxazepin-4-on-5-yl, hexahydro-1 .4-oxazepin-3-on-2-yl, nexahydro-1.4-
oxazepin-3,5-dion-2-yl, hexahydro-1,4-oxazepin-3,5-dion-6-yl, 2,3,5,6-tetrahydro-1-4-
oxazepin-3,7-dion-6-yl, hexahydro-1,4-oxazepin-5-on-6-yl, hexahydro-1,3-oxazepir-
2,4-dion-5-y|, hexahydro-1,2-thiazepin-3-on-4-yl, hexahydro-1,4-thiazepin-3-on-2-v!,
2.3.4.5-tetrahydro-1,4-thiazepin-3-on-2-yl, hexahydro-1,4-thiazepin-3,5-d:on-2-/1,
hexahydro-1 4-thiazepin-3,5-dion-8-yl, 2,3,6.7-tetrahydro-1,4-thiazepin-5-on-6-yl. 8.7-
dihydro-1,4-thiazepin-5-on-6-yl, hexahydro-1 .3-thiazepin-2,4-dion-5-yl, hexahydro-1.z-
diazepin-3-on-4-yl, hexahydro-1.3-diazepin-2,4-dion-5-yl, hexahydro-1,4-diazepin-Z-or-
3-yl, ‘nexahydro-1,4-diazepin-5-on-6-yl,  hexahydro-1 ,4-diazepin-5,7-dion-G-v:
hexahydro-1.3,5-thiadiazepin-2,6-dion-7-yl 4,5 6.7-tetrahydro-1 -3,5-thiadiazepin-€-on-
7-yl, and 2.3,5,6-tetrahydro-1,2,4-triazepin-3,5-dion-7-yl: wherein the substituen:s o~

any of the carbon atoms capable of supporting an additional bond, of said /C.-C,
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heteroalkyi bridge. are chioro, fluore, (C,-C.)alkyi, (C,-Cq)alkoxy, trifluoromethy! or
cyano, wnerein the substituents on any of the nitrogen atoms capable of supporting an
additional bond, of said (C,-C,) heteroalkyl bndge, are (C,-C,)aikyl or triflucromethy!;

R?is hydrogen, (C,-C.)alkyl, phenyl or naphthyl, wherein said phenyl or naphthyl
may optionally be substituted with one or more substituents independently selected
from chloro, fluorg, bromo, iodo, (C,-C,)alkyl, (C,-Cg)alkoxy, trifluoromethyl, cyano and
-SO,(C,-CG)aIkyI wherein k is zero, one or two:

Ris -(CH,),.B. wherein mis Zero, one, two or three and B is hydrogen, pheny!,
naphthyl or a 5 or g membered heteroaryl group containing from one to four hetero
atoms in the rnng, and wherein each of the foregoing phenyi, naphthyl and heteroaryl
groups may optionally be substituted with one or more substituents independently
selected from chiaro, fluoro, bromo, iodo. (C,-Cpalkyl, (C,-Cq)alkoxy, (C,-C¢)alkoxy-(C,-
Ceqlalkyl-, triftuoromathyl, trifluoromethoxy, cyano, hydroxy, -COOH and -SO,(C,-
Celalkyl wherein n 's zero, one or two:

R is selected from the group consisting of hydrogen, (C,-Cylalkyl optionally
substituted with (C,-Cpalkoxy or one to three fluorine atoms, or [(C,-C,)alkyllary!
wherein the aryl moiety is phenyl, naphthyl, or heteroaryl-(CHz)q-, wherein the
heteroary| moiety is selected from the group consisting of pyridyl, pyrimidy!,
benzoxazolyl, benzothiazoly!, benzisoxazolyl and benzisothiazoly! and q is zero, one,
two, three or four, and wherein said aryl and heteroaryl moieties may optionally be
substituted with one or more substituents independently selected from the group
consisting of chioro, fluoro, bromo, iodo, (C,-Cealkyl, (C,-Cg)alkoxy, trifluoromethyi,
¢yano and -SO (C,-C,)alkyl, wherein g is zero, one or two:

R’ is selected from the group consisting of hydrogen, (C,-Cyalky!l, [(C,-
Cualkyllaryl wherein the aryl moiety is phenyl, naphthyl, or heteroaryl-(CH,) -, wherein
the heteroaryl moiety is selected from the group consisting of pyridyt, pyrmidy!,
benzoxazolyl, benzothiazolyl, benzisoxazolyl and benzisothiazolyl and r is Zero, one,
two, three or four. and wherein said aryl and heteroaryl moieties may optionally be
substituted with one or more substituents independently selected from the group
consisting of chloro. fluoro, bromo, iodo, (C,-Cyalkyl, (C,-Cq)alkoxy, trifluoromethyl, -
C(=0)~(C,-Co)alkyi. cyano and -SO/(C,-Cy)alkyl, wherein | is zero, one or two:

or R® and R’ taken together form a 2 to 4 carbon chain:

R"is hydregen or (C,-Cyalkyl;
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R’Is Aydrogen or (C,-C.)alky!.

27 R"and p°, together with the nitregen atom to wnich ‘hev are attached. form
a 5to 7 membered heteroalkyl nng that may contain from one to four heteroatoms
seiected from nitrogen, suifur and oxygen;

and p s one, two, or three;
€ach of R R'" and R" i5 selected, independently, from the radicais se: forth

In the definition of R or R" and R™? together with the nitrogen to which they are
attached. form a 5t0 7 membered heteroalkyi ring that may contain from zero to four
heteroatoms selected from nitrogen. sulfur and oxygen: and

the broken lines indicate optional double bonds, with the oroviso that when the
broken line in G? is a double bond that R® is absent.

11 A compound according to claim 10, wherein said compound is selectad
from the group consisting of:

4~benzyl—2-{hydroxy-[2-(4-methy!prperazm-1-yl)'phenyl]methyl}-th:omorchohn-B-
one;

4-(3.4-dichIorobenzyl)-2—{hydroxy-[2-(4-methylp1perazin-‘s-yl)-phenyl]methyl}-
thlomorpholin~3-one;

2-{hydroxy-[2-(4-methy!p1perazin-1-yl)-phenyl]methyl}-4—(4-tm'ﬂuoromethyioheny:,\-
thiomorphoh’n-B-one;

2-{hydroxy-[2-(4-methylpxperazm-1~yl)-phenyl]methyl}-thiomorphc;‘in-3-one:

4-(3.4-d|chIorophenyI)-2-{[2-ﬂuoro-6-(4-methylpiperazin-1—yl)—hydroxymethyl}-
thiomorphol:’n-3-one;

4—(3.4-dichlorophenyl)-2—{hydroxy—[2-(4-methylpiperazin-1-yi)-phenyl]-methyl}-
marpholin-3-one:

2—{[2,4~dibromo-6-(4-methylp:perazin-1-yl)-phenyl]-hydroxymethyl}—-’i-(S,4-
dichlorophenyl)-thiomorphonn-3-one;

4—(3‘4-dic‘nloropheny!)-2-{hydroxy—[2-(4-methylpiperazin-1-y!\-phenyl]-methyl}-
thlomorpholin-3-one;

4—Benzyl-2-[2-(4-methylpiperazin-T -yl)-benzylidene]-1,1 -dioxothiomoarphoiin-3-
one;

4—(3.4-D1cmorophenyl)-2~[3-fluoro—2-(4-methylpiperazm—1—yl)-benzylicene]—

th:omorpholin-3-one;
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-(3.4-Dichloropnenyi;-2- fS-fluoro-2-(4-methylpiperazin-1- -vi)-benzyiidene)-
thiomorohohn-3-one:
4-{3.4- Dichloropneny!)-2 -[£-(4-methyipiperazin- T-y1)-5- -triflucromethyi-

benzyiigene]- -thiomorphoiin-3-one:
4-(3,4- -Dichlorophenyi)-2- -{2-[4-(2-me thoxyethyl)piperazin-1- -yil-benzylidene)-
thiomorpholin-3- -one;
-(3.4-DichIorophenyl)-2-!2-(4-isopropylpipefazm'7’Y')-beﬂ21/“dene]'
thiomorpholin-B-one;
4—<3¢4-DichIorophenyl)-Z-[Z-(d-eth ylpiperazin-1 -yl)-benzylicene]-thiomorpholin-3-

one;
4-(4- -Chlorophenyl)-2-{2-t4-me thylpiperazin-1-yi)- -hbenzylidene]-thiomorpholin-3-

one;
4-(3-Chiorophenyl)-2-{2—(4—methylpiperazx‘n—1-yl)-benzylidene]—thxomorphohn-S—

one;

2-[2-Chloro-G-(4-methylp|perazm-1-yl)-bcnzylidene]-4-(3A-dichioroohenyt)-
thlomorpholin~3-one;

4-(3, 4-Dichlorophenyl)-2 -[2-(4-methyipiperazin-1- ~yl)-4-trif fluoromethyl-
benzylidene]- -thiomorpholin-3-one:

4-(3.4-chhlorophenyl)-Z--[2~(4-methylpiperazm-1-yl)-benzy|idenej-1—oxo-
thiomorpho!m-a—one

4-(3,4- -Dichlorophenyl)-2- (5-flucro-2-piperazin-1- -yl-benzylidene)- -thicmorpnoiin-3-

one;

4-(3.4-Dichlorophenyl)—2-[3,6—diﬂuoro—2-(4-methylpiperazin-1-yl)-benzylidene}-
thiomorpho!in-3-one;

4-(3,4-Dichlorophenyl)-Z-[Z-(S.5-dimethylpiperazin-1-yl)-benzylidene;-
thiomorpholin-S-one;

4-Phenyl-2-[2-(3,4,5-trime‘thylpiperazin-1-yf)-benzylidene]—thiomorpholin-3-one;

2-[5-F!uoro-z-(4-methylpiperazm-T-yl)--benzylidene]-4-phenyl-thiomorpholin-s-
one;

4-Benzo[1‘3]d|oxol-5-yl-2-[2-(3,5-dimethylpiperazin-1-yl)-benzyﬁdene]-
thiomorphoiin-3-one:

2-f2--(4—tert~Butyipmerazm-1-;/l;)-benzylldene]-4-(3,4-cich!orophenyl)-

thlomorphoim-:%-one;

R L et R e e
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3-(3,4-DichIorophenyf)-S-{2-(4-methylproerazin-1-yl)-benzylidene]-thiazolidin-A-
one,

3-{4-( 3,4-Ds‘chlorophenyl)-3-oxo-thromorpholin-2-ylidenemethyl}-e-dimethylamino—
2-i4-methyipiperazin-1 -yi)-benzonitrile;

5-[2-(4—Methy!piperazin-1-yl)-benzylidene]-2-phenylthiazolidin#—one:

4-(3,4-Dichlorophenyl)-Z-{Z-(3,4.5-tnmethylpiperazin-1-yl)-benzylidene]-
thiomorpholin-3-one:

4-(3.4-Dichlorophenyl)-2—[5-méthyl-2-(4-methy|piperazin-1-yl)-benzylidene}-
thiomorpholin-3-one:

2-[4-Chloro-2-(4-methylpiperazin- 1 -yI)-benzylidene]-4-(3,4-dichlorophenyl)-
thiomorpholin-3-one:

4-(3,4-Dif!uorophenyl)‘2-(2-(3. S-dimethylpiperazin-1 -yl)-benzylidene]-
thiomorpholin-3-one;

4-(2.4-Difluorophenyl) -2-[2-(3,5-dimethylpiperazin-1 -yl)-benzylidene]-
thiomorpholin-B-one;

2-[4-Bromo-2 -(4-methylpiperazin-1 -yl)-benzylidene]—4-(3,4-dichlorophenyl)-
thiomorpholin-3-one:

4-(3.4-Dichlorophenyl)-2-[2-(1 -methylpyrrolidin-Z-ylmethoxy)—benzylidene]-
thiomorpholin—3-one;

4-(3.5-Dichlorophenyl)-2-{2-(3,5-dimethylpiperazin-1 -yl)-benzyliidene]-
thiomorpholin-3-one:

4-(3,4-Dif|uorophenyl)-z-[z-(3.4,5-trimethylpiperazm-1 -yl)-benzyiidene]-
thiomorpholin-3-one:

4-(3.4-Dichlorophenyl)-2-[2-(octahydropyrido[1 .2-a]pyrazin-2-yl)-benzylidenel-
thiomorpholin-3-one:

2—[2-(4-Cyclopropylpiperazm-1-yl)—benzylidene]-4—pyridin-3-yl-thiomorpholin-S-
one;

2-[2-(4-CycloprOpylpiperazm-1 -yl)-benzylidene]-4-(3,4-difluoropnenyl}-
thiomorpholin-3-one;

2-[2-(4-Cyclopropylpiperazin-1 -yl)-benzylidene]-4-(3 5-dichlo rophenyl;-
thiomorphclin-3-one:

4—(3.4—Dif|uorophenyl)-2 -[2-(2,5-dimethyipiperazin-1 -yl)-benzylidene}-

thiomorphotin-3-one:
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‘1-(3,5—Dichrorop’nenyl)-2-{2-(’2,5-dimet‘nylolperazin-1-yl‘-ben:ylidene}-
tnromorznoiin-3-one:
443,4-D;cmoropheny4)-2-(2-(3-methylammopyrrolidm-1-yl)-benzy!ider‘=e]-
‘h:emorpnohin-3-one-
4-(3,4-Difluorophenyl)-Z-{Z—(Z.4.S-trlmethylpiperazm-1-yl)-benzy|idere)-
thxomorpholin-3-one;
4—Benzo[1,3Jdioxo!-5-yl-2-[2-(4-cyclopropylprperazin-1-yl)-oenzylidene]-
thxomorphoun-B-one;

2-12+ 3.5-Dimethyipiperazin-1 -y!)-benzylidene]-4-(4—ﬂuoropheny!)-thiomoroholm-}
one;

.1-Benzo[1,3]dioxol-S—yl-Z-[2~(2.5-d:methylpiperazm-1-yl)-oenzyudene}-
thmmorpnolin-3-one;

2-[2-(3.5-Dimethylpiperazm-1-yl)~benzylidene}—4-phenylthiomorphoﬁn-fi—one;

4~(3_4-Dichlorophenyl)-2-[2-(4-methy lplperazm—1-yl)-benzylidene}-miomorpholir-
3-one;

4-(3,4-DichIorophenyl)-z-[2-(3-dimethylaminopyrrolidin-1-yl)-‘cenzy!idenej-
thiomorphoh’n-3-one;

4-(3.4—DichIorophenyl)—2-[2-(3-dimethylaminopyrrolidin-T-yl)-benzy!idenef-
tmomorphohn-B-one;

4-(3 4-Dichlorophenyl)-2-[2-(4-methyl-[1,4]diazepan-1-yl)—benzyhcene}-
thiomorpho!in-&one;

4-(3.4-Dichiorophenyl)-2-[2-(2,4.6-tr|methylpiperazin—1-yl)-benzylicene]—
thiomorphoiin—B-one: and

2-[2-(4-Cycxopropylpiperazin-1-yl)-benzyiidenel-‘?-(fv.4-dich'0fophe”.\")'
thiomorpholin-3~one.

12. A pharmaceutical composition for treating or preventing a disoraer or
condition selected from hypertension, depression, generalized anxiety disorger,
phobias, posttraumatic stress syndrome, avoidant personality disorder, oremature
gjacuiation, €ating disorders, obesity, chemical dependencies, cluster aeaaqachs,
migraine. pain, Alzheimer's disease, obsessive-compulsive disorder. pan:c disorder.
memory disorders, Parkinson's diseases. endocrine disorders, vasosoasm. cerepellar
ataxia, jastrointesting| tract disorders, negative symptoms of schizophrania.

premenstrual - syndrome Fibromyaigia Syndrome, stress Incontinence.  Tourattz
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syndrome ichotillomania, kieptomania, male impotence, cancer, chronic paroxvsmas!
hemicrania and neadache in a mammal, comprising an amount of 3 compcunrd
according to claim 1 that is effective in treating or preventing such disorder or conditicn
and a pharmaceut:ca”y acceptable carner.

13. A pharmaceutical composition for treating or preventing a disorder c-
condition that can be treated or prevented by enhancing serotonergic
neurotransmission in g mammal, comprising an amount of a compound according tc
claim 1 that is effective in treating or preventing such disorder or condition and 3
pharmaceutical!y acceptable carrier.

14, A method for treating or preventing a disorder or condition selected from
hypertension. depression, generalized anxiety disorder, phobias, posttraumatic stress
syndrome, avoidant personality disorder, premature ejaculation, eating disorders,
obesity, chemical dependencies, cluster headache, migraine, pain, Alzheimer's disease,
obsessive-compuisive disorder, panic disorder, memory disorders, Parkinson's
diseases, endocrine disorders, vasospasm., cerebellar ataxia, gastrointestinal tract
disorders, negative symptoms of schizophrenia, premenstrual syndrome, Fibromyalg:a
Syndrome, stress incontinence, Tourette syndrome, trichotillomania, kleptomania, male
impotence, cancer, chronic paroxysmal hemicrania and headache in a mammal,
comprising administering to a mammal in need of such treatment or prevention an
amount of a compound according to claim 1 that is effective in treating or preventing
such disorder or condition.

15. A method for treating or preventing a disorder or condition that can bs
treated or prevented by enhancing serotonergic neurotransmission in a mammal.
comprising administering to a mammal in need of such treatment or prevention an
amount of a compound according to claim 1 that is effective in treating or preventing
such disorder or condition

16. A pharmaceutical composition for treating or preventing a disorder or
condition selected from hypertension, depression, generalized anxiety disorder.
chobias. posttraumatic stress syndrome, avoidant personality disorder premature
=jaculation, eating disorders, obesity, chemical dependencies, cluster headache.
migraine. pain, Alzheimer's disease, obsessive-compulsive disordsr, panic disorder
memory disorders, Parkinson's diseases, endocrine disorders. vasospasm. cerebellar

ataxia, gastrointestinal tract dizorders. negative symptoms of schizophreni,
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premenstrial syndrome. Fibromyalgia Syndrome, ' stress fncontnence. Tourette
syndrome, tnchotilomania, kleptomania. male 'mpotence. cancar, chronic paroxysmal
hemicrania ang headache in 3 mammal, comprising a serotonin receptor antagonizing
Or agonizing effactive amount of a compound according to daim 1 and a
pharmaceutnca“y acceptable carrier,

17, A pharmaceutical composition for treating or preventirg a disorder or
condition that can be treated or prevented by enhancing serotonergic
neurotransmission 1n a mammal, comprising a serotonin receptor antagonizing or
agonizing effective amount of a compound of according to clam 1 and a
pharmaceutically acceptable carrier.

18. A method for treating or preventing a disorder or condition selected from
hypertens;on, depression, generalized anxiety disorder, phobias, posttraumatic stress
Syndrome, avoidant personality disorder, sexyal dysfunction, eating disorders, obesity,
chemical dependenmes, cluster headache, migraine, pain, Alzheimear's disease,
obsessive-compulsive disorder, panic disorder, memory disorders. Parkinson's
diseases, endocrine disorders, vasospasm, cerebellar ataxia, Gastrointestinal tract
disorders, negative symptoms of schizophrenia, premenstrual syndrome, Fibromyalgr‘a
Syndrome, Strecs incontinence, Tourette syndrome, trichotillomania kleptomania, male
‘mpotence. cancer. chronic paroxysmal hemicrania and headache in a mammal,
comprising administenng tc a mammal requiring such treatment or crevention a
Serotonin receptor antagonizing or agonizing effective amount of a Compound according
to claim 1.

18. A method for treating or preventing a disorder or condition that car be
treated or prevented by enhancing serotonergic neurotransmission in 2 mammal,
comprising admmistermg to a mammai requiring such treatment or prevention a
serotonin receptor antagonizing or agonizing effective amount ofacompounz according
to claim 1.

20. A pharmaceutical composition for treating or preventing a cisorder or
condition that can be treated or prevented by enhancing serotonargic
neurotransmission in a mammal, comprising:

a) a pharmaceutically acceptable carrier:

b) a compound of according to claim 1. and

c) ab5.HT re-uptake inhibitor or 2 Pharmaceutically acceptable szt theraof
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wherein the amount of the active compounds are such that the combination is
effective in treating or preventing such disorder or condition.

21 A method for treating or preventing a disorder or condition that can be
treated or prevented by enhancing serotonergic neurotransmission in a mammal,
comprising administering to a mammal requiring such treatment or prevention:

a) a compound according to claim 1 : and

b) a 5-HT re-uptake inhibitor or a pharmaceutically acceptable salt thereof:

whereimn the amounts of the active compounds are such that the combinaticn is
effective in treating or preventing such disorder or condition.

22, A pharmaceutical composition according to claim 20, wherein the 5-HT
re-uptake inhibitor is senraline or a pharmaceutically acceptable salt thereof.

23. A method according to claim 21, wherein the 5-HT re-uptake inhibitor is
sertraline or a pharmaceutically acceptable salt thereof.

24, A method for treating or preventing a disorder or cendition selected from
hypertension, depression, generalized anxiety disorder, phobias. posttraumatic stress
syndrome, avoidant personality disorder, sexual dysfunction, eating discrders, obesity,
chemical dependencies, cluster headache, migraine, pain, Alzheimer's disease,
obsessive-compulsive disorder, panic disorder, memory disorders. Parkinson'’s
diseases, endocrine disorders, vasospasm, cerebellar ataxia, gastromntestinal tract
disorders, negative symptoms of schizophrenia, premenstrual syndrome. Fibromyaigia
Syndrome, stress incontinence, Tourette syndrome, trichotillomania, kieptomania, male
impotence, cancer, chronic paroxysmal hemicrania and headache in 3 mammal,
comprising administering to a mammal requiring such treatment cr prevention:

a) & compound according to claim 1 ; and

b) a 5-HT re-uptake inhibitor or a pharmaceutically acceptabie salt therecs:

wherein the amounts of the active compounds are such that the combination s
effective in treating or preventing such disorder or condition.

25. A method for treating or preventing a disorder or condition that can be
treated or prevented by enhancing serotonergic neurotransmission in a mamma,.
comprising administering to said mammal requiring such treatment or prevention:

a) a 5-HT,, antagonist or a pharmaceutically acceptabiz salt thereof; anz

b) a 5-HT,,, antagonist of formula | or a pharmaceutically aczeptable sait

thereof;
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wherem the amounts of the active compounds are such that the combination is
effective in reating or preventing such disorder or cendition.

2B. A method for treating or preventing a disorder or condition selected from
hypertension, depression, generalized anxiety disorder, phobias, postiraumatic stress
syndrome, avoidant personality disorder, sexual dysfunction, eating disorders, obesity,
chemical dependencies, cluster headache, migraine, pain, Alzheimer's disease.
obsessive-compuisive disorder, panic disorder, memory disorders, Parkinsan's
diseases. endocrine disorders, vasospasm, cerebeliar ataxia, gastrointestinal tract
disorders. negative Symptoms of schizophrenia, premenstrual syndrome, Fibromyalgia
Syndrome, stress incontinence, Tourette syndrome, trichotillomania, kieptomania, male
impotence, cancer, chronic paroxysmal hemicrania and headache in a mamm:al,
comprising administering to a mammal requiring such treatment or prevention:

a) a 5-HT,, antagonist or a pharmaceutically acceptable salt thereof, and

b) a 5-HT,, antagonist of formula | or a pharmaceutically acceptable salt
thereof:

wherein the amounts of the active compounds are such that the combination is
effective in treating or preventing such disorder or condition.

27. A pharmaceutical composition for treating or preventing a disorder or
condition that can be treated or prevented by enhancing serotonergic
neurotransmission in a mammal, comprising:

a) a 5-HT,, antagonist or a pharmaceutically acceptable salt thereof: ard

b) a 5-HT,, antagonist of formula | or a pharmacedtically acceptable sait
thereof;

wherein the amounts of the active compounds are such that the combinaticn ‘s
effective in treating or preventing such disorder or condition.

28. A pharmaceutical composition for treating or preventing a disorder o-
candition selected from hypertension, depression, generalized anxiety disorder
phobias, posttraumatic stress syndrome, avoidant personality disorder, sexua.
dysfunction, eating disorders, obesity, chemical dependencies, cluster headache
migraine, pain, Alzheimer's disease, obsessive-compuisive disorder, panic disorder.
memory disorders. Parkinson's diseases, endocrine disorders, vasospasm, cersbellar
ataxia, gastrointestinal tract disorders, negative symptoms of schizopnrenia.

premenstrual  syndrome, Fibromyalgia Syndrome, stress incontinence. Tourette
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syndrome, trichotiliomania, kleptomania, male impotence, cancer. chronic paroxysmal
hemicrania and headache in a mammal. comprising:
a)
b)
thereof;

a 5-HT,, antagonist or a pharmaceutically acceptable salt thereof: and

a 5-HT., antagonist of formula | or a pharmaceutically acceptable salt

wherein the amounts of the active compounds are such that the combinaticn is

effective in treating or preventing such disorder or condition.
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