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ARYLPIPERAZINYL-CYCLOHEXYL INDOLE DERIV A ',flVES 

FOR THE TREATMENT OF DEPRESSION 

5 FIELD OF INVENTION 

10 

This invention relates to compounds useful for the treatment of diseases 

affected by disorders of the serotonin-affected neurological systems, such as 

depression and anxiety. More specifically the present invention is directed to 

arylpiperazinyl cyclohexyl derivatives useful for the treatment of such disorders. 

BACKGROUND OF INVENTION 

Pharmaceuticals which enhance neurotransmission of serotonin (5-HT) are 

useful for the treatment of many psychiatric disorders, including depression and 

anxiety. The first generation of non-selective serotonin-affecting drugs operated 

15 through a variety of physiological means which caused them to possess numerous 

undesired side-effects. The more recently prescribed drugs, the selective serotonin 

reuptake inhibitors (SSRis), act predominately by inhibiting 5-HT, which is released 

at the synapses, from being actively removed from the synaptic cleft via a presynaptic 

serotonin transport carrier. Since SSRis require several weeks before they exert their 

20 full therapeutic effect, this 5-HT blockade mechanism cannot fully account for their 

therapeutic activity. It is speculated that this two week induction which occurs before 

a full antidepressant effect is observed, is due to the involvement of the 5-HTlA 

autoreceptors which suppress the firing activity of 5-HT neurons, causing a 

dampening of the therapeutic effect. Studies suggest that after several weeks of SSRI 

25 administration, a desensitization of the 5-HT autoreceptors occurs allowing a full 

antidepressant effect in most patients. (See, e.g., Le Poul et al., Arch. Pharmacol., 

352:141 (1995)). Hence, it is believed that overriding this negative feedback by· 

using SHTlA antagonists would potentially increase and accelerate the clinical 

antidepressant response. Recent studies by Artigas et al., Trends Neurosci., 19:378-

30 383 (1996), suggest a combination of 5-HTIA activity and inhibition of 5-HT uptake 
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within a single molecular entity can achieve a more robust and ··fast-acting 

antidepressant effeet. 

The present invention relates to a new class of molecules which have the 

5 ability to act at the 5-HTlA autoreceptors and cortcomrriitimtly with the 5-HT 

transporter. Such compounds are therefore potentially useful for the treatment of 

depression as .well as other serotonin disorders. 

U.S. Patent No. 5.468,767 reports a series of substituted indoles of the 

10 following formula for the treatment of disorders associated with dysfu'nction iii 

serotonergic neurotransmission, including depression 

wherein: 

15 Rt is hydrogen or C14 alkyl aild R2 is C14 alkyl or (CH2)i>Ar. 

WO 9415928 discloses a series of piperazine derivatives of the following 

formula for the treaiment of CNS· disord_ers, including depression. 

R 

'"'i'2-· R1-l\._,;N . .·. R2 
R3 m 

20 wherein: 

R is hydrogen or alkyl; 

Rt and R2 are each mono- or bicyclic aryl or heteroaryl radicals;· 

R3 is hydrogen, alkyl, or a spirocycloalkyl group; and 

n is 1 or 2 and m is 1 to 3. 

25 

·•. 
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WO 93/10092 discloses a series of cyclohexenes of the following formula for -: 

the treatment of dopaminergic disorders. 

R2-(CH2>-0-<CHi)m-R1 

5 SUMMARY OF THE INVENTION 

The compounds of this invention are arylpiperazinyl-cyclohexyl indole 

derivatives represented by Formula I: 

R2 

R1ylz-R,, 
x; ~Y/\N 

\ ,, \_/ 
X2 X3 R3 

··wherein: 

10 R.. R1, ~and R, are each, independently, hydrogen, or a substituent selected from 

halogen, CF,, alkyl, alkoxy, MeS02, amino or aminocarbonyl ( each optionally 

substituted by one or two groups selected from alkyl and benzyl) carboxy, or 

alkoxycarbonyl ; or two adjacent of R. and R14 together can form a 5-7 membered 

carbocyclic or heterocyclic ring which is optionally substituted by a substituent 

15 defined above; 

R4 is hydrogen, halogen, or alkyl; 

R5 is hydrogen, alkyl, arylalkyl, or aryl; 

~ is hydrogen, halogen, CF3, CN, carbamide, alkoxy or benzyloxy; 

X1, X2 and X3 are each carbon or one of X1, X2 or X3 may be nitrogen; 

20 Y is CH or nitrogen; and 

Z is carbon or nitrogen; or 

pharmaceutically acceptable salts thereof. 
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Preferably, the compounds of the present invention· are those represented by 

Formula I, wherein Ra• R1, ~ and R, are each, independently, hydrogen, halogen, 

alkyl, alkpxy or together form a 5-7 membered ~arbocyclic or heterocyclic ring; 

R4 is hydrogen or halogen;and.or 

5 R5 is hydrogen, alky"I or alkylaryl; and/or 

R6 is hydrogen, halogen, CN or alkoxy; and/or 

:X,, X1, X3, Y and Z are each carbon; or a 

pharmaceutically acceptable salt thereof. 

· 10 More preferably, the compounds of the present invention are selected from 

the following: 

3-[ cis-4-[ 4-( lH-lndol-4-yl)-1.;piperazinyl]cyclohexyl]-1 H-indole; 

3-[trans-4-[ 4-( 1 H-indol-4-yl)-1-piperazinyl]cyclohexyl]-1 H-indole; 

4-Fluoro-3-[cis-4-[ 4-(lH-indol-4-yl)-1-piperazinyl]cyclohexyl]-lH-indole; 

. 15 4-Fluoro-3-[trans-4-[4-(lH-indol-4-yl).;1-p~perazinyl]cyclohexyl]-lH-indole; 

5-Fluoro-3-[ cis-4-[ 4-( lH-indol-4-yl)-1-piperazinyl]cyclohexyl].; lH-indole; 

5-Fluoro-3-[trans-4-[4-(lH-indol-4-yl)-1-piperazinyl]cyclohexyl]-IH-indole; 

6-Fluoro-3-[ cis-4-[ 4-(1 H-indol-4-yl)-.1-piperazinyl]cyclohexyl]-1 H-indole; 

6".' Fluoro-3,-[trans-4-[ 4-(1H-indol-4-y1)- l-piperaziny1]cyclohexyl]-1 H-indole; · 

20 5-Bromo-3-[ cis-4-[ 4-(lH-indol-4-yl)-l-piperazinyl]cyelohexyl]-lH.;indoie; · 

5-Bromo-3-[ trans-4-[ 4-(1 H.,.indol-4-yl)-1-piperazinyl]cyclohexyl]- lH-indofo; 

5-Chloro-3-[ cis-4-[ 4-(lH-indol-4-yl)-1-piperazinyl]cycl~hexyl]-lH-indole; 

5-Chloro-3-[trans-4-[ 4-( 1 H-indol-4-yl)-1-piperazinyl]cyclohexyl]-1 H-indole; 

3-{ 4-[ ( l ,4-cis)-4-(1 H-indol-4-yl)-piperazinyl-1-yl]cyclohexyl }-lH.;indole-5-

25 carbonitrile; .· 

3-{ 4-[ (l ,4-trans)-4-(lH-indol-4-yl)-piperazinyl-1-yl]cyclohexyl }-lH-indole-5-

carboni trile; 

5-Methoxy-3-( cis-4-[ 4-( IH-indol-4-yl)-1-piperazinyl]cyclohexyl]- IH-indole; 

5-Methoxy-3-[ trans-4-[ 4-( 1 H-indol-4-yl)-1-piperazinyl]cyclohexyl]-1 H-indole; 

30 3-[ cis-4-( 4-(lH-Indol-4-yl)-1-piperazinyl]cyclohexyl]-2-methyl-lH-.indole; 

3-[trans-4-[ 4-( lH-Indol-4-yl)- l-piperazinyl]cyclohexyl]-2-methyl-1 H-indole; 
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3-{ (l .4-cis)-4-[4-lH-Indole-4-yl)-piperazin-1-yl]-cyclohexyl }-1H-pyrrolo[2,3-

b ]pyridine; 

3-{ (1,4-trans)-4-[4-(lH-Indol-4-yl)-piperazin-1-yl]-cyclohexyl}-1H-pyrrolo[2,3-

b]pyridine; 

5 6-Fluoro-1-methyl-3-{ cis-4-(4-(1-methyl-lH-indol-4-yl)-l-piperazinyl]cyclohexyl}­

lH-indole; 

3-{ (l,4-cis)-4-[4-(lH-indol-4-yl)-piperazin-1-yl]cyclohexyl }- l-methyl-1 H-indole-5-

carbonitrile; 

3-{(l,4-trans)-4-[4-(lH-indol-4-yl)~piperazin-1-yl]cyclohexyl}-l-methyl-lH-indole-

10 5-carbonitrile; 

1-Ethyl-3-{ (l ,4-cis)-4-(4-(1 H-indole-4-yl)-piperazin-1-yl]-cyclohexyl }-lH-indole-5-

carbonitrile; 

3-{(l.4-cis)-4-[4-(lH-indol-4-yl)-piperazin-1-yl]-cyclohexyl}-1-propyl-lH-indole-5-

carbonitrile; 

15 3-{ (1;4-trans)-4-[4-(lH-indol-4-yl)-piperazin'." 1-yl]-cyclohexyl; }-1-propyl-lH­

indole-5-carbonitrile; 

3-{ (l ,4-cis)-4-[4-( lH-indol-4-yl)-piperazin-1-yl]-cyclohexyl }-1-isopropyl-l H­

indole-5-carbonitrile; 

3-{(1;4-trans)-4-[4-(lH-indol-4-yl)-piperazin-1-yl]cyclohexyl}-l-isopropyl-lH-

20 indole-5-carbonitrile; 

1-Benzyl-3-{(1,4-cis)-4-[4-(lH-indol-4-yl)-piperazin-l-yl]-cyclohexyl}-lH-indole-5-

carbonitrile; 

l-Benzyl-3-{ (l ,4-trans)-4-[ 4-(lH-indole-4-yJ)-piperazin-l-yl]cyclohexyl }.;lH­

indole-5-carbonitrile; 

25 1-Methyl-3-{(l,4-cis)-4-[4-(1,.methyl-lH-indol-4-yl)-piperazine-1-yl]-cycJohexyl}-

1 H-indole-5-carbonitrile; 

5-Fluoro-3-{ (cis)-4-[ 4-(2-methoxy-phenyl)-piperazin- l-ylJ-cyclohexyl }-IH-indole; 

5-Fluoro-3-{ (l ,4-cis)-4-[ 4-(2-methoxy-phenyl)-piperidin-1-yl]-cyclohexyl }-1 H­

indole; 

30 5-Fluoro-3-{ (1,4-trans)-4-(4-(2-methoxy-phenyl)-piperidin-1-yl]-cyclohexyl }-IH­

indole; 
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5-methoxy-3-{ ( l ,4-cis)-4-[ 4-(2-methoxy~phenyl)~piperazinyl-1-yl]-cyclohexyl }.:.1H­

indole; 

5-Methoxy-3-{ (l ,4-trans)-4-[4-(2-methoxy-phenyl):..piperidin-l ..;yl]-cyclohexyl }-lH-. 

indole; 

5 3-{ (1,4-cis)-4-[4-(2-methoxy-phenyl):..piperazin-1-yl]-cyclohexyl }-1H-pyrrolo[2,3- · 

b ]piperidine; 

5-Fluoro-3-{ (cis)-4-[ 4-(5-t1uoro-2-methoxy.,-phenyl)-:-PiPerazin-1-yl]..;cyclohexyl }-" IH­

indole; 
. . 

5-Fluoro-3-{ (trans)-4-[ 4-(5-fluoro-2-methoxy-phenyl)-piperazin-1-yl]-cvyclohexyl }-

10 IH-indole; 

3-{ ( l ,4-cis)-4-[ 4[ (2,3-Dihydro-benzo[ l ,4]dioxin-5-yl)-piperazin-1-yl]-cyclohexyl r-
4-fluoro-1 H-indole; 

3-{ {l,4-trans)-4-[ 4-(2,3~Dihydro-benzo[l ,4]dioxin-5-yl)-piperazin-1-yl]­

cyclohexyl }-4-fluoro-l H-tndole; 

15 3-{ (l,4-cis)-4-[ 4-(2,3-Dihydro-benzo[l ,4]dioxin-5-yl)-piperazin-1-yl]-cyclohexyl}~ 

· 5-fluoro-IH-indole; 

3-{(l,4-trans)-4-[4-(2,3-Dihydro-benzo[l,4]dioxin:..5-yl):..piperazin:..J-yl]- .~ 

cyclohexyl}-5-fluoro-lH-indole; · · 

3-{ (l ,4-cis)-4-[ 4-(2,3-Dihydro-bertzo[ l ,4]dioxin-5-yl)-piperazin-1-yl]-cyclohexyl}-· 

20 6-fluoro-IH-indole; 

3-{ (l ,4-trans)-4-[ 4-(2,3-Dihydro-J>enzo[ l,4]dioxin-5-yl)-piperazin-1-yl]- · 

cyclohexyl }-6-fluoro-lH-indole; 

3..; { ( l ,4-trans)-4-[4-{2,3-Dihydro-benzo[ 1,4]dioxin-:5-yl)-piperazin-1-yl]- • 

cyclohexyl }-6-fluoro-1 H-indole; 

25 3-{(1,4-cis)-4-[4-(2,3-Dihydro-berizo[l,4]dioxin-5·yl)-piperazin-1-yl]-cyclohexyl}-

1H-indole-5-carbonitrile; 

3-{ (l ,4-trans)-4-( 4-(2,3-Dihydro-benzo[ l ,4]dioxin-5-:yl)-piperazin-1 ~yl]­

cyclohexyl }-1 H-indole-5-carbon~trile; 

8-{ 4-[(1,4-cis}-4-(5-Fluoro- IH-indol-3-yl)-cyclohexyl]-piperazin-l-yl }quinoline; 

30 8-{ 4-[ (l ,4-trans)-4-(5-Fluoro- lH-indol-3-yl)-cyclohexyl]:..piperazin-1-yl }-quinoline; 
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8-{ 4-( l ,4-cis)-4-[ 4-(5-Fluoro-1-methyl-lH-indol-3-yl)-cyclohexyl]-piperazin-1-yl }­

quinoline; 

3-[(l,4-cis)-4-(4-Quinolin-8-yl-piperazin-I-yl)-cyclohexyl]-IH-indole-5-carbonitrile; 

3-[ ( l ,4-trans)-4-(4-Quinolin-8-yl-piperazin- l-yl)-cyclohexyl]- l H-indole-5-

5 carbonitrile; 

I-Methyl-3-[(1,4-cis)-4-(4-quinolin-8-yl-piperazin-1-yl)-cyclohexyl]-lH-indole-5-

carboni trile; 

5-Fluoro-3-{(l,4-cis)-4-[4-(6-fluoro-chroman-8-yl)-piperazin-1-yl]-cyclohexyl}-lH­

indole; 

10 5-Fluoro-3-{ (l,4-trans)-4-[4-(6-fluoro-chroman-8-yl)-piperazin-1-yl]-cyc~ohexyl }- · 

IH-indole; 

5-Fluoro-3-{(1,4-cis)-4-[4-(5-fluoro-2,3-dihydro-benzofuran-7-yl)-piperazin-1-yl]­

cyclohexyl }-1H-indole; 

5-Fluoro-3-{(1,4-trans)-4-(4-(5-fluoro-2,3-dihydro-benzofuran-7-yl)-piperazin-1-yl]-

15 cyclohexyl}-lH-indole; 

3-{ (l ,4-cis)-4-[ 4-(5-Fluoro-2,3-dihydro-benzofuran-7-yl)-piperazin- l-yl]­

cyclohexyl }-lH-indole-5-carbonitrile; 

3-{ (l ,4-trans)-4-[ 4-(5-Fluoro-2,3-dihydro-benzofuran-7-yl)-piperazin-I-yl]­

cyclohexyl }-I H-indole-5-carbonitrile; 

20 3-{ (l,4-cis)-4-[ 4-(5-Fluoro-2,3-dihydro-benzofuran-7-yl)-piperazin-1 yl]­

cyclohexyl }-I-methyl-I H-indo1e~5-carbonitrile; 

3-[(l,4-cis)-4-[4-(Benzofuran-7-yl-piperazin-1-yl)-cyclohexyl]-lH-indole-5-

carbonitrile; 

3-[(l ,4-trans)-4-[ 4-(Benzofuran-7-yl-piperazin-1-yl)-cyclohexyl]-lH-indole-5-

25 carbonitrile; 

5-Fluoro-3-{ 4-[4-(2-methoxy~phenyl)-piperazin-1-yl]cyclohex-1-enyl}-lH-indole; 

3-{ 4-[ 4-(lH-Indol-4-yl)-piperazin-1-yl]-cyclohex-l-enyl }-lH-indole-5-carbonitrile; 

5-FJuoro-3-{(l,4-cis)-4-[4-(2-methoxy-phenyl)-piperazin-l-yl]-cyclohexyl}-l,3-

dihydro-indol· 2-one; 

30 5-Fluoro·3-{ cis-4-[ 4-(lH-indol-4-yl)piperazinyl]-cyclohexyl }-1-methyl-lH-indole; 
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8{ (1.4-cis)-4-[ 4-(5-Fltmro-lH-indol-3-yl)-cyclohexyl]-piperazin-1-yl }-6-methoxy­

quinoline; 

8:-{ ( 1,4-trans)-4-[ 4-(5-Fluoro-lH-indol-3-yl)~cyclohexyl]piperaZin-1-yl }-6-methoxy­

quinoline; 

5 3-{(1,4-cis)-4-[4-6-Methoxy-quinoline-8-yl)-piperazin-1-yl]-cyclohexyl}-lH-indole-

5-carbonitrile; 
.. . . ·. 

3-{ (l,4-trans)-4-[ 4-( 6-Methoxy-quinolin-8-yl)-piperazin'." l-yl]-cyclohexyl}-lH-

indole-5-carbonitrile; 

6-Chloro-8-{4-[1,4-cis)-4-{5-fluoro-lH-indol-3-yl)-cyclohexyl]-piperazin-1-

10 yl }quinoline; 

6-Chloro-8-{4-[(I.4-trans)-4-(5-fluoro-IH-indol..:3-yl)-cyclohexyl]-piperazin-l-· 

yl }quinoline; 

3-{(1,4-cis)-4-((4-(6-Chloro-quinolin-8-yl)-piperazin-l-yl]-cyclohexyl}-lH-indole-5- ·, 

carbonitrile; 

15 3-{ (l ,4-trans)-4-[4-{6-Chloro-quinolin-8-yl)-piperazin-l-yl]-cyclohexyl }-lH-indole-

5-carbonitrile; 

5-Chloro-8-{ 4-[(1,4-cis)-4-(5-fluoro-lH-indol-3-yl)-cyclohexyl]-piperazin-l-yl }­

quinoline; 

3-{ (l ,4-cis)-4-( 4-(5-Chloro-quinolin-8-yl)-piperazin-l-yl]-cyclohexyl }..:lff-indole-:S-

20 carbonitrile; 

5-Fluoro-8-{4-[(1,4-cis)-4-(6-fluQro-1H-indole.:3-yl)-cyclohexyl]-piperazin-l-yl}- · 

quinoline; 

.5-Fluoro-8-{ 4-[ (l ,4-trans)-4-( 6-fluoro- IH-indol-3-yl)-cyclohexyl]-piperazin-1-yl }-·• 

quinoline; 

25 3-{ (l ,4-cis)-4-( 4..:(2-Methyl-quinolin-8-yl)-piperazin-1-yl]-cyclohexyl }-lH-indole-5-

carbonitrile; 

3-{ (l ,4-trans)-4-( 4-(2-Methyl-'quinolin-8-yl)-piperazin-1-yl]-cyclohexyl }-IH-indole-

5-carbonitrile; 

4-{ 4-[(1,4-cis)-4-(5-Fluoro;. JH-indol-3-yl)-cyclohexyl]-piperazin-1-yl }-2-

30 trifluoromethyl-quinoline; 
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4-{ 4-[ {l ,4-trans)-4-(5-Fluoro-lH.,indol-3-yl)-cyclohexyl]-piperazin- l-yl }-2-

trifluoromethyl-quinoline; 

3-{{l,4-cis)-4-[4-(2-Trifluoromethyl-quinolin-4-yl)-piperazin-1-yl]-cyclohexyl}-lH­

indole-5-carbonitrile 

5 3-{ (1,4-trans)-4-[4-(2-Trifluoromethyl-quinolin-4-yl)-piperazin-1-yl]-cyclohexyl }­

lH-indole-5-carbonitrile; 

4-{ 4-[(l A-cis)-4-(5-Fluoro-lH-indol-'3-yl)-cyclohexyl]-piperazin-1-yl }-6-methoxy­

quinoline; 

4-{ 4[(1,4-trcms)-4-(5-Fluoro-1 H-indol-3-yl)-cyclohexyl]-piperazin-1-yl }-6-methoxy- · 

10 quinoline; 

15 

3-{ {l ,4-cis)-4-[ 4-(6-Methoxy-quinolin-4-yl)-piperazin-1-yl]-cyclohexyl }-lH-indole-

5-carbonitrile; and 

3-{ (1,4-trans)-4-[4-(6-Methoxy-quinolin-4-yl)-piperazin-l-yl]-cyclohexyl}-lH­

indole-5-carbonitrile. 

As used herein. the terms "alkyl" and "alkoxy" are meant to include both 

straight·and branched carbon chains containing 1-6 carbon atoms. The term "aryl" is 

meant to include aromatic radicals of 6-12 carbon atoms. The term "halogen" is 

meant to include fluorine, chlorine, bromine and iodine. Heterocyclic groups have 

20 one to three heteroatoms selected from oxygen, nitrogen and sulphur. 

The compounds of Formula I also may be used in the form of a pharmaceuti- · 

cally acceptable acid addition salt having the utility of the free base. Such salts, 

prepared by methods well known to those skilled in . the art are formed with both · 

25 inorganic or organic acids, for example: fumaric, maleic, benzoic, ascorbic, pamoic, 

succinic, bismethylenesalicylic, methanesulfonic, ethanedisulf onic, acetic, oxalic, 

propionic, tartaric, salicyclic, citric. gluconic, lactic, malic, mandelic, cinnamic, 

citraconic, aspartic, stearic, palmitic, itaconic, glycolic, p-aminobenzoic, glutarnic, 

benzene-sulfonic, hydrochloric hydrobromic, sulfµric, cyclohexylsulfamic, 

30 phosphoric and nitric acids. 
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The compounds of the present invention may be prepared by any suitable 

method which will be recognized by those skilled in the.art. 

Accordingly this invention provides a process for preparing compounds of 

5 formula!: 

(I) 

as defined herein or a 

· pharmaceutically acceptable salt thereof, 

10 which comprises one of the following: 

a) reacting a compound of formula 

(II) 

15 wherein R.. R1-3, Y and X1-3 are as defined above, 

N 

·R 
/ 5 
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with a compound of formula (IV): 

(IV) 

wherein Z, R4, R5 and R6 are as defined above; 

5 

or 

b) reducing a compound of formula : 

10 (V) 

wherein the variables are as defi~ed above to give a compound of formula (I); 

or 

15 c) acidifying a basic compound of formula I with a pharmaceutically acceptable 

acid to give a phannaceutically acceptable salt; 

or 

20 d) separating a mixture of cis and trans isomers of a compound of formula (I) to 

isolate one isomer substantially free from the other isomer. 
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or 

e) reacting a compound of formula {I) having a reactive substituent group· to ;·· 

give a compound of formula {I) having a diff ereilt substituent group; 

5 

t) · reacting a compound of formula :<I) having a reactive site {e.g. NH) to give a " 

compound of formula {I) having a substituent group on the site; 

With regard to process a) the reaction may be carried out by reductive alkylatlon, e.g. •·· 

10 using reducing agent such as sodium triacetoxyborohydride in a suitable solvent e:g. · 

acetic acid. 

15 

With regard to process b) the reduction may conveniently carried out using palladium·· 

on carbon.and hydrogen as exemplified herein. .., 

The compounds· of formula l may be isolated in ihe form of a salt of a 

pharmaceutically acceptable acid, e.g a:n organic or inorganic acid by treatment with · 

an acid such as described above. 

20 Geometric {cis and trans) isomers are possible and such isomers can be separated by· 

standard techniques e.g. chromat~graphy. 

Examples of process e) involving conversion of substituents to other substituents are·· 

conversion of a halo substituent to an amino R1substituent, esterification of a carboxy 

25 to give an ester, hydrolysis of an ester to give a carboxy group; and amination of an • 

30 

ester group to give an amide. 

Examples of process t) involving substitution at sites to are alkylation at a NH ·site in 

the compound of formula {I) to give N-alkyl or N-benzyl. 
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The s~ng materials/reactants used in the processes above are known or can be 

made by methods known in the art from readily available materials by processes 

known or readily apparent to those skilled in the art. In any of the processes above 

reactive substituent groups or sites can be protected with . protecting groups before 

5 reaction and the protecting group removed thereafter. 

However, the present compounds may be advantageously prepared according to any 

one of Schemes 1-6 set forth below. In the Schemes, the intermediate compounds 

exemplified hereinafter are identified in parenthesis. The compound produced in 

l 0 each of Schemes 1-6 is identified with reference to the appropriate Example set forth 
below. 

The preparation of such compounds is depicted in Schemes 1-6 below. 
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Scheme 1 

·~· 

R = H, 4-F, 5-F, 6-F, 5-Br, 5-CI, 5-CN, 5-0Me 
R'=H,CH3 . 
X:..C,N 

(4) 

CN 

.... 

(3g) (6) (6) 

R = Cl-b, Et, n-Pr, i-Pr, Benzyl 
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Ex.1-10 

A = H, 4-F, 5-F, 6-F, 5-Br, 5-CI, 5-CN, 5-0Me 
R1 =H, CH3 
R2 =H, CH3 
R3 :CH3 

Ex.11 X=H, N 

~H (6a-d)~ Ho -

0-0 
RN 1 

Ex. 17 

P-b 
A' 

Ex.12-16 NC 

Ex.18·22 
A 

A = 5-F, 5-0CH3 
R'=H, F 
X:N,C 

S-OH (3b,3c,3d,3g) ~ 
Ex. 23·26 

R = 4-F, 5-F, 6-F, 5-CN 
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o-o· 0 ·.b 
(7) 

R 

PCT/US00/00223 

S-OH-
. (8) 
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INTERMEDIATE 1 

3-(1,4-Dioxa-spiro{ 4,5]dec-7-en-8-yJ)-1H-indole (la) 

Indole (4.69, 40 rnrnol), 1,4-cyclohexanedione monoethylene ketal (6.3 g, 40 

mmol) and potassium hydroxide (13.2 g, 200 rnmol) were heated to reflux in 70 ml 

methanol for 6 hours. The reaction was cooled and the product was isolated by 

10 filtration and washed with water to give 9.1 g (89%) of product. 

3·(1,4-Dioxa-spiro[ 4,S]dec-7-en-8-yl)-4-fluoro­

lH-indole (lb) 

This compound was prepared in a similar fashion described above by 

15 replacing indole with 4-fluoroindole (3 g, 22 mmol) to afford the title compound in 

quantitative yield as a white solid: mp at 140°C (sublimated). 

3-(1,4-Dioxa-spiro[ 4,S]dec-7-en-8-yl)-S-Ouoro­

lH-indole (le) 

20 5-Fluoroindole (4.96 g, 0.036 mol), 1,4-cyclohexanedione monoethylene 

ketal (7.17 g, 0.046 mol) and potassium hydroxide (6 g, 91 mmol) were heated to 

reflux in 70 ml methanol for 6 hours. The reaction was cooled and the product was 

isolated by filtration and washed with water to give 8.59 g (86%) of product as a 

white solid: mp 153-155°C. 
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3-(1,4-Dioxa-spiro[4,5]dec-7-en-8-yl)-6-fluoro· 

lH-indole (ld) 

PCT/US00/00223 

This compound was prepared in the manner described for intermediate la by 

5 replacing indoJe with 6-fluoroindole (5.14 g, 38 mmol)) to afford 10 g (96.3 %) of 

10 

·the title compound as a white solid: mp 196-197°C. 

Elemental analysis for C,c;H,cfN02 

Calc'd: C, 70.32; H, 5.90; N, 5.13 

Found: . C, 70.62; H, 5.91; N, 5.08 

3-(1,4-Dioxa-spiro[ 4,S]dec-7-en-8-yl)-S-bromo­

lH-indole (le) 

This compound was prepared in the manner described .above for intermediate 

la by replacing indole with 5-bromoindole (7.84 g, 40 mmol)) to afford 10.5 g.(78 

15 %) of the title compound as a white solid; MS EI mle 333 (M+). 

3-(1,4-Dioxa-spiro[ 4,S]dec-7-en-8· yl)-5-chloro· . 

lH-indole (lt') 

This compound was prepared in the manner described above for iritermediate 

20 la by replacing indole with 5-chloroindole (5 g, 33 mmol)) to afford 9.14 g (96 %) 

of the title compound as a white solid: mp 178-181°C; MS EI mle 273 (M}. 

3-(1,4-Dioxa-spiro[ 4,S]dec-7-en-:-8-yl)-S·cyano· 

tH-indole (lg) 

25 This compound was prepared in the manner described above for intermediate 

la by replacing indole with 5-cyanoindole (29.98 g, 0.21 mol) to afford 29.32 g (50 

.% ) of the title compound as a white solid: mp 158-160°C. 
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3-(1,4-Dioxa-spiro[ 4,5]dec-7-en-8-yl)-5·methoxy-

1H-indole (th) 

PCT/US00/00223 

This compound was prepared in the manner described above for intermediate 

la by replacing indole with 5 methoxy indole (5 g, 34 mmol) in 82% yield (7.95 g) 

5 as a white solid: mp 161-162°C 

3-(1,4-Dioxa-spiro[ 4,S]dec-7-en-8-yl)-2-methyl· 

18-indole (ti) 

A solution of 2-methyl-indole (2.0 g, 15.2 mmol), l,4-cyclohexanedione 

10 monoethylene ketal (4.76 g, 30A mmol) and ·potassium hydroxide (10 g, 0.18 mol) 

were heated to retlux in 50 ml methanol. for 48 hours. The mixture was poured into 

water (150 ml) and extracted with methylene chloride (2 x 200 ml). The organic 

layer was dried over anhydrous magnesium sulfate, filtered, and solvent was removed 

under vacuum. Chromatography (25% ethyl acetate-hexanes) afforded a light tan 

15 solid which was washed with ethyl ether (20 ml) to afford 2.35 g (62%) of product as 

a white solid: mp l36-137°C. 

20 

Elemental analysis for C11H 111N02 

Calc'd: C, 75.81; H, 7.11; N, 5.70 

Found: C, 75.47; H, 7 .26; N, 5.13 

3-(l,4-Di9xa-spiro[ 4,S]dec-7-en-8-yl) 

-lH-azaindole (lj) 

This compound was prepared in the manner described above for intermediate 

la by replacing indole with 7-azaindole (3.65 g. 31 mmol) in 68% yield (5.42 g) as a 

25 white solid: mp 162-165°C; MS EI mle 256 {~). 

INTERMEDIATE 2 

3-(1,4-Dioxa-spiro[ 4,S]dec-8-yl)-lH-indole (2a) 

A mixture of 3-(1,4-dioxa-spiro[4,5]dec::-7-en-8-yl)-IH-indole (8.0 g, 31.3 

30 mmol) and 10% palladium on carbon (1.3 g) in ethanol (700 ml) was hydrogenated 
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for 18 hours; The catalyst W!lS filtered off and the solvent removed under vacuum to 

afford 8~01 g (99 % ) of product a8 a white solid. 

3•(1,4-Dioxa-spiro[4,S]dec•8-yl)-4-ftuor0-1H•bidole (2b) 

5 This compound was prepared in the manner described above for intermediate 

10 

2a by replacing 3-(l,4-dioxa-spiro[4,5]dec-7-en-8-yl)-1H-indole with 3-(l,4-dioxa­

spiro[4~5]dec-7-en-8-yl)-4-fluoro-1H-indole (6.3 g) ) to afford 4.44 g (70 %) of the 

title compound as a white solid: mp 161-1°62°C. 

Elemental analysis for C1,H18FN02 

Calc'd: 

Found:. 

C, 69.08; H, 6.59; N, 5.09 

C, 69.05; H, 6.56; N, 4.87 

3-(1,4-Dioxa-spiro[ 4,5]dec-8-yl)-S•ftuoro•1H-indole (le) 

· A mixture of of 3·{1,4-dioxa-spiro[4,5]dec-7-en-8-yl)-5-fluoro-1H-indole 

15 (8.5 g) and 10% palladium on carbon (2.72 g) in ethanol (200 ml) was hydrogenated 

for 5 hours. The catalyst was filtered off and the solvent removed under vacuum. 

Chromatography (methanol-methylene chloride) afforded 7 .55 g (82 % ) Of product as · 

a white solid: mp 183-185°C. 

20 3-(1,4-Dioxa-spiro[ 4,S]dec-8-yl)-6-fluoro-lH-indole (2d) 

This compound was prepared in the manner described above for intermediate 

2a by replacing 3-(l,4-dioxa.;.spiro[4,5)dec-7-en-8-yl)-1H-indole with 3-(l,4-dioxa­

spiro[4,5]dec-7-en-8-yl)-6-fluoro-1H-indole (9.54 g) to afford 5.83 g (60 %) of the 

title compound as a white solid: mp 158-159°C. 

25 Elemental analysis for C1)i11FN02 

Calc'd: C, 69.80; H, 6.59; N, 5.09 

Found: C, 69.74;H, 6.48; N,.5.13 

3-(1,4-Dioxa-spiro[ 4,5]dec-8-yl)-5-bromo-1H-indole (2e) 

30 A mixture of 3-(l,4-dioxa-spiro[4,5]dec-7.:.en.:.8-yl)-5-bromo-1H-indole (6.8 

g, 20.34 mmol) and 5% platinum on carbon (5.0 g) in ethanol (500 ml) was 
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hydrogenated overnight. The catalyst was filtered off and the solvent removed under 

vacuum. Chromatography (30% ethyl acetate-hexanes) afforded 5.0 g (73%) of 

product as a solid; MS EI mle 336 (M}. 

3-(1,4-Dioxa-spiro[ 4,S]dec-8-yl)-5-chloro-lH-indole (2f) 

A mixture of 3-(1.4-dioxa-spiro[ 4.5]dec-7-en-8-yl)-5-chloro- lH-indole (0.18 

g) and platinum oxide (0.02 g) in ethanol (20 ml) with ten drops of acetic acid was 

hydrogenated overnight. The catalyst was filtered off and the solvent removed under 

vacuum. Chromatography (25% ethyl acetate-hexanes) afforded 0.16 g (88 % } of 

10 product as a white solid: mp 205-206.5°C. 

3-(1,4-Dioxa-spiro[ 4,S]dec-8-yl)-5-cyano-lH-indole (2g} 

This compound was prepared in the manner described above for intermediate 

2a by replacing 3-(.J,4-dioxa-spiro[4,5]dec-7-en-8-y1)-lH-indole with 3-(l,4-dioxa-

15 spiro[4,5]dec-7-en-8-yl)-5-cyano-1H-indole (54.6 g)} to afford 52.12 g (95 %} of. the 

title compound as a white solid in 95% (52.12 g) yield as a white solid: mp 153-

1550C. 

3-(1,4-Dioxa-spiro[ 4,S]dec-8-yl)-5-methoxy-lH-indole (2h) 

20 This compound was prepared in the manner described above for intermediate 

25 

2a by replacing 3-(l,4-dioxa-sp~ro[4,5]dec-7-en-8-yl)-1H-indole with 3-(l,4-dioxa­

spiro[4,5]dec-7-en-8-yl)-5-methoxy-1H-indole to afford 7.18 g (96 %) of the title 

compound as a white solid: mp 153-155°C. 

3-(1,4-Dioxa-spiro[ 4,S]dec-8-yl)-2-methyl-lH-indole (2i) 

A mixture of 3-(1,4-dioxa-spiro[ 4,5]dec-7-en-8-yl)-2-methy1-1 H-indole (2.39 

g, 8.9 mmol) and 10% palladium on carbon (0.35 g) in ethanol (80 ml) was 

hydrogenated for 3 hours. The catalyst was filtered off and then a solution of 

methylene-methanol (80 ml) was used to dissolve any solids within the celite. The 

30 solvent removed under vacuum to afford 2.34 g (97 % ) of product as an off-white 

solid, which was triturated with ethyl ether (40 ml) to afford a white solid: mp 166-
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· 168°C. The mother liquor was concentrated to afford another 1.2 g of product as a 
yellow solid. 

Elemental analysis for C1,H21N02 

Calc'd: C, 75.25; H, 7.80; N, 5.16 

5 · Found: C,75~17;H,7.99;N,5.12 .. 

3-(1,4-Dioxa-spiro[ 4,5]dec•8-yl)~ tH-azaindole (2j) 
' ' 

' ' 

.This compound was prepared in the manner described.above for intermediate 

2a by replacing 3"'(1,4-dioxa-spiro[4,5]dec-7-en-8-yl)-1H-indole (7.18 g)·with 3-(1,4-

10 dioxa-spiro[4,5]dec-7-en-8-yl)-IH-azaindole (4.02 g) to afford 2.7 g (67 %) of the· 

title compound as a white solid: mp 204-207°C. 

15 

Elemental analysis for C13H 14N20 

Calc'd: 

Found: 

C, 72.87; H, 6.59;·N, 13.07 

C, 72.44; H, 6.75; N, 12.81 

INTERMEDIATE 3 

4-(lH-3-Indolyl)-cyclohexanone (3a) 

A solution of 3-{1,4-dioxa-spiro[4,5]dec-8-yl)-IH-indole (2.57 g, IO mmol) 

in 200 ml (1: 1) tetnlhydrofuran-hydrochloric acid (1 N) was allowed to stir at room 

20 temperature for 16 hours; The solvent was evaporated under vacuum. The crude · 

product was dissolved in ethyl a~etate, washed with IN sodium hydroxide (3 x 150 ·. 

ml). The organic layer was dried over anhydrous sodium sulfate, arid filtered. ' 

Chromatography (40% ethyl acetate-hexanes) afforded 1.9 g (89%) of product.· 

25 

30 

4-( 4;,Fluoro-tH-3-indolyl)-cydohexanone (3b) 

This compound was prepared in the inanner described above for 3a by 

replacing 3-(1,4-dioxa-spiro[ 4,5]dec-8.oyl)-1 H-indole with 3-(1,4-dioxa-spiro[ 4,5]ec-

8-y1)-4-fluoro-1 H-indole (4.0 g) to afford 3.7 g (63 %) of the title compound as a 

white solid: mp 104-106°C. 
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4-(5-Fluoro-lH-3-indolyl)-cyclohexanone (3c) 

A solution of 3-(1,4-dioxa-spiro[4,5]dec-8-yl)-5-fluoro-1H-indole (2.8 g, 10. 

mmol) in 200 ml(l:l) tetrahydrofuran-hydrochloric acid (JN) was allo'Yed to stir at 

room temperature for 16 hours. The solvent was evaporated under vacuum. The 

5 crude product was dissolved in ethyl acetate, washed with lN sodium hydroxide (3 x 

10 

· 150 ml). The organic layer was dried over anhydrous sodium sulfate, and filtered. 

Chromatography (40% ethyl acetate-hexanes) afforded 2.1 g (91%) of product as 

yellow solid: mp 112-l 14°C. 

4·(6-Fluoro-tH-3-indolyl)-cyclohexanone (3d) 

This compound was prepared in the manner described above for intermediate 

3a by replacing 3-{1,4-dioxa-spiro[4,5]dec-8-yl)-1H-indole with 3-(l,4-dioxa­

spiro[4,5]dec-8-yl)-6-fluoro-1H-indole (5.4 g) to afford 19.29 g (99 %) of the title 

compound as a white solid: mp 102-105°C. 

15 Elemental analysis for C14ff14NOF 

Calc'd: C, 72.71; H, 6.10; N, 6.06 

Found: C, 72. 77; H, 5.98; N, 5.96 

4-(5-Bromo-1H-3·indolyl)-cyclohexanone (3e) 

20 This compound was prepared in the manner described above for intermediate· 

25 

3a by replacing 3-(1,4-dioxa-spiro[4,5]dec-8-yl)-1H-indole with 3-(l,4-dioxa­

spiro[4,5]dec-8-yl)-5-bromo-IH-indole (4.5 g} to afford 3.3 g (84 %) of the title 

compound as a white solid: MS EI mle 291 (M}. 

Calc'd: C, 75.25; H, 7.80; N, 5.16 

Found: C, 75.17; H, 7.99; N, 5.12 

4-(5-Chloro-lH-3-indolyl)-cyclohexanone (3f) 

This compound was prepared in the manner described above for intermediate 

3a by replacing 3-(l,4-dioxa-spiro[4,S]dec-8-yl)-1H-indole with 3-(l,4-dioxa-

30 spiro[4,S]dec-8-yl)-5-chloro-1H-indole (2.12 g) to afford 1.13 g (60 %) of the title 

compound as a clear oil: MS FAB mle 248 (M +Hf. 
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4-(5-Cyano-lH-3-indolyl)-cyclohexanone (3g) 

This compound was prepared in the manner described above for intermediate 

3a by replacing 3-(1,4-dio:x;a-spiro[4,5]dec-8•yl)-1H-indole with 3:(1,4-dioxa-

5 . spiro[4,5]dec-8-yl)-5-cyano-1H-indole (6 g) to afford 4.03 g (81 %) of the title 

· · compound as a white solid: mp 162:5-l 64°C; 

10 

Elemental analysis for C1,H14N20 

Calc'd: C, 75.61; H, 5.92; N, 11.76 

Found: C, 75.82; H, 6.06; N, 11.72 

4-(5-Methoxy-lH-3-indolyl)-cyclohexanone (3h) 

. This compound was prepared in the manner deScribed above for intermediate 

3a by replacing 3-(lt4-dioxa-spiro[4,5]dec'."8-yl)-1H-indole with 3-(1.~dioxa­

spiro[4,5]dec-8-yl)-5-methoxy-.1H-indole (5.85 g) to afford 4.2 g (85.%) of the title 

15 compound as a white solid: mp 103-106°C. 

4-(.2-Methyl-lH-3-indolyl)-cyclohexanone (3i) 

This compound was prepared in the manner described above for intermediate 

3a by replacing 3-{1,4.:dioxa-spiro[4;5]dec-8-yl)-1H-indole with 3-(l,4-dioxa-

20 spiro[4,5]dec-8-yl)-2-methyl-1H-indole (2.2 g) to afford 1.62 g (88 %) of the title 

compound· as a yellow thick oil: ;MS EI mle 221 (Mj. 

4-(1H-3-pyrrolo[2,3-b ]pyridyl)-cyclohexanone (3j) 

This compound was prepared in the manner described above for intermediate 

25 3a by replacing 3-(1,4-dioxa-spiro[ 4,5]dec-8-yl).:. J H-indole with 3-0 ,4-.dioxa­

spiro[4,5]dec-8-yl)-1 H-azaindole (2.48 g) to afford 1.96 g (95 %) of the title 

compound as a white solid: mp 162-164°C. 
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INTERMEDIATE 4 

3-(1,4-Dioxa-spiro[ 4,S]dec-7-en-8-yl)-5-cyano-1-methyl-indole 

To a suspension of sodium hydride (60%, 1.74 g, 0.073 mol) in anhydrous 

N,N-dimethylformamide (100 ml) was added 3-(1,4-dioxa-spiro[4,5]dec-7-en-8-yl)-

5 5-cyano-lH.;indole ( 9.9 g, 0.035 mol) at room temperature. The mixture was stirred 

for 30 minutes at room temperature, then methyl iodide (9 ml, 0.14 mol) was added 

at room temperature. The reaction was allowed to stir for I hour, then quenched with 

water (50 ml). The mixture was extracted with methylene chloride (3 x 150 ml) and 

water (3 x 150 ml). The organic· layer was dried over anhydrous magnesium sulfate 

10 and filtered. The solvent was removed under vacuum. Chromatography (5% 

methanol-methylene chloride) afforded 2.54 g (24%) of product as a light yellow 

solid: mp 65 ... 67°C .. 

Elemental analysis for c .. H,BN202 

Cale' d: C, 73.45; H, 6.16; N, ~52 

15 Found: C, 73.17; H, 6.24; N, 9.43 

INTERMEDIATE 5 

3-(1,4-Dioxa-spiro[ 4,S]dec-8-yl)•S-cyano-t .. methyl-indole (Sa) 

A mixture of 3-(l,4-dioxa-spiro[4,5]dec-7-en-8-yl).;5-bromo-1H-indole (3.77 

20 g) and· l 0% palladium on carbon (0.99 g) in ethanol-tetrahydrofuran (200 : 80 ml) 

was hydrogenated for 5 hours. . The catalyst was filtered otI and the solvent was 

removed under vacuum to afford a white powder which was washed with ethanol­

hexanes (1:1) and dried under vacuum for 4 hours to afford 2.75 g (12%) of product: 

mp 170-l 72°C. 

25 Elemental analysis for C11H20N:P2 

Calc'd: C, 72.95; H, 6.80; N, 9.45 

Found: C, 72.79; H, 6.82; N, 9.35 

3-(1,4-Dioxa-spiro[ 4,S]dec-8-yl)-5-cyano-1-ethyl-indole (Sb) 

30 To a suspension of sodium hydride (60%, 1.63 g, 0.068 mol) in anhydrous 

N,N-dimethylformamide (150 ml) was added 3-(1,4-dioxa-spiro[4,5]dec-8-yl)-5-
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cyano-lH-indole ( 9.0 g, 0.032 mol) at_ rooin temperature. The mixture was stirred': 

for 30 minutes at room temperature then ethylbromide (14.6 g, 0.13 mol) was added · 

at room temperature. The reaction was· allowed to stir for overnight, then quenched .·· · 

with.water (50 ml). The mixture was extracted with methylene chloride (3 x ISO ml)> 

S and water .(3 x lSO ml). The organic layer-·was dried over ·anhydrous magnesi~ 

sulfate and filtered. The solvent was removed under vacuum. Chromatography 

(hexanes) afforded S.S g (69%) of product as a white solid: mp 124-126°C. 

Elemental analysis for C1~N2~2 

10 

Calc'd: C, 73.52; H, 7.14; N, 9.02 

Found: C, 73.56; H, 6.93; N, 8~9S 

3-(1,4-Dioxa-spiro[ 4,5]dec-s:.yl)-S-cyano• 1-n-propyl-indole (Sc) 

T_his compound was prepared in. ihe manner described above for intermedfate 

Sb by replacing ethylbromide with n-propylbromide (13.l g, 11 mmol) to afford 4:33 ·.,• 

1S g (7S %) of the title compound as a oil: MS EI m/e 324 (~). 

3-(1,4-dioxa-spiro[ 4;S]dec-8.;yl)-S-cyano-1-iso-propyl-indole (Sd) · 

This compound was prepared in the manner described above for intermediate 

Sb by replacing ~thylbromide with isopropylbromide (10.2 g, 83 mmol) in 62% yield 

20 (6.44 g) as a white solid: mp 114.S-1 l6°C; MS El m/e 324 (~). 

3-(1,4-dioxa-spiro[ 4,S]dec-8.;yl)-S-cyano-l-bei:lzyl-indoie (Se) 

This compound was prepared in the manner described. above for intermediate.· 

Sb by replacing ethyl bromide with benzylbromide ( 14.3 g, 84 mmol) to afford 6.04 g 

2S (S7 %) of the title compound as a white solid: mp 129-130°C. 

Elemental analysis for C23~N202 
Calc'd: C, 77.39; H, 6.50; N, 7.S2 

Found: C, 76.S9; H, 6.28; N, 7.47 
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INTERMEDIATE 6 

4-(5-Cyano-1-methyl-3-indolyl)-cyclohexanone ( 6a) 

. A solution of 3-(1,4-dioxa-spiro[4,5]dec-8-yl)-5-cyano-l-methyl-indole (5.5 

g) in 150 ml (1:1) tetrahydrofuran-hydrochloric acid (IN) was allowed to·stir at room 

5 temperature for 16 hours, followed by the addition of 4.49 g sodium bicarbonate. 

The mixture was extracted with methylene chloride (3 x 100 ml), washed with brine 

(3 x 150 ml). The organic layer was dried over anhydrous magnesium sulfate and 

filtered. The solvent was removed to afford a light brown solid which was boiled in 

ethyl acetate-hexanes (1:1). The mixture was cooled to room temperature and solid 

10 was collected and dried under vacuum to afford 2.06 g of the title compound as a 

solid: mp l 50- l 52°C. 

15 

Elemental analysis for c.SHISN20 

Calc'd: C, 76.16; H, 6.39; N, 11.10 

Found: C, 75.84; H, 6.34; N, 10.92 

4-(5-Cyano-1-ethyl-3-indolyl)-cyclohexanone (6b) 

This compound was prepared in the manner described above for intermediate 

6a by replacing 3-(1,4-dioxa-spiro[4,5]dec-8-yl)-5-cyano-1-methyl-indole with 3-

(1,4-dioxa-spiro[4,5]-dec-8-yl)-5-cyano-1-ethy1-indo1e (6.77 g, 22 mmol) to afford 

20 4.33 g (75 %} of the title compound as a white solid: mp 124°C. 

25 

Elemental analysis for C11H18N2<;> 

Calc'd: C, 76.66; H, 6.81; N, 10.52 

Found: C, 76.30; H, 6.82; N, 10.25 

4-(5-Cyano-1-n-propyl-3-indolyl)·cyclohexanone (6c) 

This compound was prepared in the manner described above for intermediate 

6a by replacing 3-( 1,4-dioxa-spiro[ 4,5]dec-8-yl)-5-cyano-1-methyl-indole with 3-

( 1,4-dioxa-spiro[ 4,5]-dec-8-yl)-5-cyano-1-n-propyl-indole (2.64 g, 8.2 mmol) to 

afford 1.67 g (73 %) of the title compound as a white solid: mp 103-104°C; MS EI 

30 mle 280 (M°). 
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4-(5-Cyano·l-benzyl-3-indolyl)-cyclohexanone (6d) 

. This compound was prepared in the manner described above for intermediate 

6a by replacing 3-(1.~dioxa.-spiro[ 4,5]dec;.8.-yl}-5-"cyano- l-methyl-indole with 3-

(l .~dioxa-spiro[4,5]-dec-8-yl}-5-cyano-1-benzyl-indole (6.43 g, 20 mmol}. to afford 

5 . 3.49 g ( 63 % ) of the title compound as a white solid: mp 115-126°C .. 

Elemental analysis for C~H20N20 
Calc'd: C, 80.46; H, 6.14; N, 8.53 

Found: C, 80.42; H, 6.07; N, 8.49 

10 4-(5-Cyano-1-isopropyl-3-indolyl)-cyclohexanone (6e) 

This compound was prepared in the manner described above for intermediate 

6a by replacing 3-(1.~dioxa-spiro[ 4,5]dec~8-yl}-5-cyano-1-methyl-indole 'with 3:.: 

{l,4-dioxa-spiro[4,5]-dec-8-yl)-5-cyano-1-isopropyl-indole (5.86 g, 16 mmol) to 

afford 3.46 g (63 %} of the title compound as a white solid: mp 106-107°C. 

15 Elemental analysis for C11~20 

20 

Calc'd: C,77.11; H, 7.19;N, 9. 

Found: C, 76.85; H, 7.16; N, 9; . 

INTERMEDIATE 7 

8-( 4-Benzyl-piJ>erazin· 1-yl)quinoline 

A solution of 8-amino-qtJinoline (12.91 g, 89 mmol} and bis(2-chloroethyl)­

benzylamine (25.95 g, 112 mmol) in n-butanol (65 ml} was allowed to heat at.85°C 

for 11 hours. The mixture was poured into 50% sodium hydroxide, extracted with 

methylene chloride and water. The organic layer was dried over anhydrous 

25 magnesium sulfate,· ·and filtered. The solvent was removed under vacuum. 

Chromatography (methanol.;.methylene chloride} afforded 12.34 g of product as a 

solid: mp 116.5-1I8°C. 

The HCl salt was prepared in ethyl acetate: mp 209-210°C. 

Elemental analysis for c;~1N3 •2HC1•0.5~0 

30 Cale' d: C, 62.34; H, 6.28; N, 10.91 

Found: C, 62.37; H, 6.55; N, 10.80 
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INTERMEDIATE 8 

s~(Piperazin-1-yl)-quinoline 

To a solution of 8-(4-benzyl-piperazin-1-yl)quinoline (2.63 g, 8.7 mmol) in 

5 methylene chloride (30 ml) was added vinyl chloroformate (1.1 ml, 13 mmol) at 

room temperature sJowly. The reaction mixture was refluxed for 2 hours, and then 

concentrated under vacuum. The residue was dissolved in 12 N hydrochloric acid 

(20 ml) and stirred at room temperature for 1 hour. The mixture was concentrated, 

the residue was taken up with 40 ml ethanol and heated up to 50°C for 2 hours. The 

10 solvent was removed under vacuum, the residue was dissolved in l N sodium 

hydroxide-ethyl acetate and extracted with ethyl acetate and washed with water. The 

organic layer .was dried over anhydrous sodium sulfate. The solvent was removed 

under vacuum. Chromatography {10-30% methanol ~methylene chloride plus 

~ ammonium hydroxide) afforded 1.86 g (90%) yellow oil; MS EI mle 213 (Mt. 

15 

INTERMEDIATE 9 

6-Fluorochroman 

A mixture of 6-fluoro-4-oxo-chroman (2 g. 12 mmol) and 10% palladium on 

. carbon (1 g) in concentrated hydrochloric acid (20 ml) and ethanol (30 ml) was 

20 hydrogenated for 20 hours. The catalyst was filtered and the solvent removed under 

vacuum. The residue was dissolyed in ethyl acetate {100 ml), washed with 1 N NaOH 

(6 x 200 ml) and water (3 x 150 ml), dried over anhydrous sodium sulfate. filtered 

and the solvent was removed under vacuum. Chromatography (20% ethyl acetate­

hexanes) afforded 1.41 g (77%) of product as a clear oil; MS EI mle 152 (~). 

25 

INTERMEDIATE 10 

6-Fluoro-8-nitrochroman 

A mixture of nitric acid (100%, 7.8 ml, 0.16 mol) in acetic anhydride was 

maintained at room temperatue for 0.5 hour. This mixture was added to a solution of 

30 6-fluorochroman (11.9 g, 0.078 mol) in 40 ml acetic anhydride at 0°C. The reaction 

mixture was stirred at room temperature for 2 hours then poured into ice-water. The 

: : 

! 
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mixture was extracted with methylene chloride (3 x 60 ml) and washed with saturated 

sodium carbonate (8 x · 150 ml)~ The organic layer was dried over anhydrous sodium 

. sulfate and filtered. The solvent was removed under vacuum to afford a yellow solid: 

mp48-50°C. 

5 Elemental analysis for C;J.FNO, 

10 

15 

Calc'd: C, 54.83; H, 4.09; N, 7.10. 

Found: C, 54. 78; H, 3.93; N, 6.09 

INTERMEDIATE 11 

6-Fluoro-8-aminochroman 

· A mixture of 6-fluoro-8-nitrochroman (14.4g) and 10% palladium on carbon 

(2 g) in ethanol (160 ml) was hydrogenated for 2 hours. The catalyst was filtered off 

and the solvent removed under vacuum. Chromatography (30% ethyl acetate­

hexanes) afforded 12.12 g (100 %) of product as a clear oil; MS EI m/e 161 (~). 

INTERMEDIATE 12 

1-Benzyl-4-( 6-tluoro-chroman-8-yl)·piperazine 

A solution of 6-fluoro-8;.aminochroman (1.24 g, 7.4 mmol) and bis(2-

chl0roethyl)-benzylamine (2.58 g, 11 mmol) in butanol (20 ml) 'was stirred at 100°C 

20 for 1 O hours. The mixture was poured into saturated sodium carbonate (950 ml) and 

extracted with ethyl acetate (3 x. 60 ml). The organic Ia:yer was dried over·anhydrous 

sodium sulfate and filtered~ Chromatography (20% ethyl acetate~hexanes) afforded 

1.64 g (68%) of product a8 an oil; MS EI mle 326 (Mt. 

25 INTERMEDIATE 13 

4-( 6-Fluoro-chroman-8-yl)-piperazine 

A mixture of 1-benzyl-4-(6-fluoro-chroman-8-yl)-piperazine (1.64 g, 5 

mmol), 10% palladium on carbon (0.4 g) and ammonium formate (0.64 g; 10 mmol) 

in ethanol (20 ·ml) was allowed to ref ux for 2 hours. The catalyst was filtered off and 

30 the solvent removed under vacuum. Chromatography (10-20% methanol-methylene 
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chloride plus ammonium hydroxide) afforded 1.0 g (84 % ) of product as a yellow 

oil; MS El mle 296 (M+). 

INTERMEDIATE 14 

2-( 4-Fluorophenoxy)-acetaldehyde diethyl acetal 

To a suspension of sodium hydride (5.4 g, 0.134 mol) in anhydrous N,N­

dimethylformamide (100 ml) was adped 4-fluorophenol (10 g, 0.089 mol) at 0°C. 

After hydrogen evolution had ceased, bromo-acetaldehyde diethyl acetal (16 ml. 0.11 

mol) was added. The reaction was heated at 160-170°C for 18 hours. The mixture 

10 was poured into ice-water, extracted with ethyl acetate (3 x 150 ml), washed with IN 

sodium hydroxide (3 x 100 ml), and brine (3 x 100 ml). The organic layer was dried 

15 

over anhydrous sodium sulfate and filtered. The solvent was removed under vacuum. 

Chromatography (25% ethyl acetate-hexanes) afforded 16.36 g (80%) of product as a 

clear oil: MS EI mle 228 (M+). 

INTERMEDIATE 15 

S-Fluorobenzofuran 

To a mixture of benzene (200 ml) containing polyphosphoric acid (7.9 g, 

0.035 mol) was added 2-(4-fluoro"'.phenoxy)-acetaldehyde diethyl acetal (8 g, 0.035 

20 mol). The mixture was stirred vigorously while being heated to reflux for 2.5 hours. 

The reaction mixture was coo~ed to room temperature and decanted from the 

polyphosphoric acid. The solvent was removed under vacuum. Chromatography 

(5% ethyl acetate-hexanes) afforded 3.4 g (45%) of product as a clear oil: 1H NMR 

(CDCIJ B 6.74 (dd, lH, J = 2.0, 0.6 Hz), 7.01 (td, lH, J = 9, 2.7 Hz), 7.25 (dd, lH, J 

25 = 8.4. 2.7 Hz), 7.43 ( dd, lH, J = 9, 3.9 Hz), 7.65 (d, lH, J = 1.8 Hz). 

INTERMEDIATE 16 

S-Fluoro-2,3-dihydrobenzofuran 

A solution of 5-tluorobenzofuran and 10% palladium on carbon in acetic acid 

30 (25 ml) was hydrogenated under 50 psi for 12 hours. The catalyst was filtered 

through celite and the celite was washed with methylene chloride (200 ml). The 
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organic layer was washed sequentially with IN NaOH (3 x 100 ml). brine (3 x 100 

ml) and-dried over anhydrous sodium sulfate and filtered.· The solvent was removed 

under vacuum to afforded 2.59 g {85%) of product as a clear oil: 1H NMR-(300 MHz, 

CDCll): 6 3.12 (t, 2H, J = 8.7 Hz), 4.58 (t, 2H, J = 8.7 Hz), 6.68 {dd, lH, I= 8.7, 4.2 

5 Hz), 6.79-(tm, lH,T= 8.7Hz), 6.89 (dm, lH, J = 8.lHz). 

INTERMEDIATE 17 

S-Fluoro•7-nitro;.2,3-dihydrobenzofuran 

A mixture of nitric acid (100%, 1.5 ml, 36 mmol) in acetic anhydride (18.·ml) 

10 was maintained at room temperatue for 0.5 hour. The mixture was.added to a 

solution of 5~fluoro-2,3-dihydrobenzofuran · {2.5 . g, 18 mmol) in 1 () ml acetic 

anhydride at l0°C. ·The reaction mixture was stirred at room temperature for 2 hours 

then poured into ice-water. The mixture was extracted with methylene chloride (3 x 

60 ml), washed with IN sodium hydroxide (5 x 100 ml) and brine (20Cfml). The 

15 ·organic layer was dried over anhydrous sodium sulfate and filtered. The solvent was 

removed under vacuum to afford a~yellow solid: mp 113-114°C. 

20 

Elemental analysis for C8H~03 
Calc'd: C, 52.47; H, 3.30; N, 7.65 

Found: C, 52.40;H, 3.21; N, 7.39. 

INTERMEDIATE 18 

5-Fluoro-7-amino-2,3-dihydrobenzofuran 

A mixture of 5-fluoro-7-nitro-2,3-dihydrobenzofuran (2.65 g) and l0% 

palladium on carbon (0.5 g) in ethanol (100 ml) was hydrogenated for 3 hours. The 

25 catalyst was filtered off and the solvent removed under vacuum. Chromatography 

(30% ethyl acetate-hexanes) afforded 1.38 g (62 %) of product as a white solid: mp 

68-70°C. 

30 

· Elemental analysis for C8H1NO 

Calc'd: 

Found: 

C, 62.74; H, 5.27; N, 9.15 

C, 62.76; H, 5.32; N, 9.13 
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INTERMEDIATE 19 

1-Benzyl-4·(5-fluoro·2,3-dihydro-benzofuran-7-yl)-piperazine 

A solution of 5-fluoro-7-arnino-2,3-dihydrobenzofuran (l.38 g, 9 mmol) and 

bis(2-chloroethyl)-benzylamine (3;14 g, 14 mmol) in butanol (20 ml) was stirred at 

5 100°C for 10 hours. The salt was filtered off, washed with ethyl ether (30 ml) and 

dried under vacuum: mp 232-233.5°C. The salt was converted to the free base to 

afford 2.06 g (73 %)of the title compound. 

Elemental analysis for C1A1FN20•HC1•0.25~0 

Cale' d: C, 64.58; H, 6.42; N, 7 .93 

10 Found: C, 64.43; H, 6.27; N, 7.86 

INTERMEDIATE 20 

4·(5-Fluoro-2,3-dihydro-benzofuran-7-yl)-piperazine 

A mixture of l''-benzyl-4-(5-fluoro-2,3-dihydro-benzofuran-7-yl)-piperazine 

15 (2.06 g, 6.6 mmol), 10% palladium on carbon (0.6 g) and ammonium formate (0.83 

20· 

g, 13 mmol) in ethanol (20 ml) was allowed to refux for 2 hours. The catalyst was 

filtered off and the solvent removed under vacuum. Chromatography (10-30% 

methanol-methylene chloride plus ammonium hydroxide) afforded l.10 g (75%) of 

product as a yellow oil; MS El mle 222 (Mr. 

INTERMEDIATE 21 

Ethyl 7-nitrobenzofuran-2-carboxylate 

A stirred mixture of 2-hydroxy-3-nitrobenzaldehyde (4.8 g, 59 mmol), diethyl 

bromomalonate (l 6.8g. 71 mmol), potassium carbonate (12. l g, 88 mmol) and N,N' -

25 terephthalylidenebis(4-butylaniline) (l.9g, 5.9 mmol) in toluene (100 ml) was 

refluxed with a Dean-Stark trap for 24 hours. Another 12.1 g potassium carbonate 

was added to the above reaction mixtuer, and the resulting mixture was allow to 

reflux for another 3 days. The reaction was quenched with water, extracted with (3 x 

200 ml) and washed with 2.0 N sodium hydroxide (100 ml). The organic layer was 

30 dried over anhydrous sodium sulfate and filtered. Chromatography (30% ethyl 

acetate-hexanes) afforded a yellow solid: mp 86.5~87 .5°C (lit1
: mp 88-89°C). 
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To a suspension of ethyl 7-nitrobenzofunm-2-carboxylate in ethanol was 

· 5 a~ded 2 N pota8sium hydroxide (60 ml). After being heated at reflux for 0.5 hour, 

·the solution was cooled to room temperature and · concentrated·. to half volume. 

Concentrated hydrochloric acid was added to the above mixture and filtered. The 

solid was washed with water and dired under vacuum with phosphorous; pentoxide 

overnight. The dried solid was mixed with quinoline (75 ml) and copper oxide (CuO, 

10 0.4 g). The mixture was heated up to 220°C for 3 hours. The mixture. was filtered 

and the filtrate was concentrated. Chromatography (20% ethyl acetaie;.hexanes) 

afforded 5.3 g (91%) of product as a yellow solid: mp 92-94°C. (He: mp 95.5-97°C). 

INTERMEDIATE 23 •· . 

15 ·.7-Aminobenzofuran hydrocllloride 

A stirred suspension of 7-nitrobenzofuran (5.3 g, 32 mmol) and Raney nickel 

(0.1 g) in methanol (70 ml) was heated up to 50°C. Then hydrazine monohydrate 

(98%, 4.8 ml, 97 mmol) in methanol (10 ml) was slowly added to the above solution 

at temperature 50-60°C. When the addition was complete, the mixture wa8 allowed · · 

20 to reflux for 2 hours. The Raney nickel was filtered off and the ·solution was 

concentrated. The residue was dissolved ih ethyl acetate and converted to its HCI salt 

3.68 g (66%) (lit1: mp 212-213°C); 

INTERMEDIATE 24 

25 1~(7-Benzofuranyl)piperazine 

A solution of 7-aminobenzofuran hydrochloride (3.66 g, 22 mmol) and bis(2-

chloroethyl)amine hydrochloride (3.84 g, 22 mmol) in chlorobenzene (80 ml) was 

heated to reflux for 72 hours~ The solvent was removed under vacuum, the residue 

was dissolved in 2.5 N sodium hydroxide-methylene chloride and extracted with 

30 methylene chloride (3 x 100 ml). The organic layer was dried over anhydrous 

sodium sulfate and filtered. Chromatography (10-20% methanol-methylene chloride 
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plus ammonium hydroxide) afforded 0.66 g (15%) of product as a brown-yellow oil; 

(lit': for HCl salt mp 194.5.,.195°C). 

INTERMEDIATE 25 

4-(S•Fluoro-lH-3-indolyl)-cyclohex-3-enone 

This compound was prepared in the manner described above for intermediate 

3c by replacing 4-(5-tluoro- lH-3-indolyl)-cyclohexanone ethylene ketal with 4-(5-

tluoro-1 H-3-indolyl)-cyclohex-3-enone-ethylene ketal (1.37 g) to afford 1.01 g (88 

% ) of the title compound. 

INTERMEDIATE 26 

1-(2-Methoxy-phenyl)-4-(1,4-dioxa-spiro[ 4,S]dec-8-yl).;piperazine 

A solution of 1,4'."cyclohexanedione monoethylene ketal (4.68 g, 30 inmol), 1-

(2~methoxy-phenyl)piperazine (5.8 g, 30 mmol), sodium triacetoxyborohydride (9 g; 
15 42 mmol) and acetic acid (1.8 ml, 30 mmol) in 1,2-dichloroethane (8 ml) :was 

allowed to stir at room temperature for 12 hours. The reaction was quenched with 

l N sodium hydroxide (pH> 9), and extracted with methylene chloride (3 x 100 ml). 

The .organic layer was dried over anhydrous sodium sulfate and filtered. 

Chromatography (10% methanol-ethyl acetate) afforded 9.0 g {90%) of product as a 

20 semi-solid. 

INTERMEDIATE 27 

4-[ 4-(2-Methoxy-phenyl)-piperazin-1-yl]-cyclohexanone 

This compound was prepared in the manner described above for intermediate 

25 3a by replacing 3-{l,4-dioxa-spiro[4,5]dec-8-yl)-1H-indole with 1-(2-methoxy­

phenyl)-4-(l,4-dioxa-spiro[4,S]dec-8-yl)-piperazine (5.0 g, 15 mmol) to afford 4.0 g 

(93%) of the title compound. 
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5-Fluoro-3-{ 4-[ 4-(2-methoxy-phenyl)-piperazin-1-yl] 

cyclohex-1-enyl}-lH-indole 

This compound was. prepared in the manner described above for intermediate" 

5 le by rep1acing 1,4-cyclohexanedione monoethylene ketal ~ith 4-[4-(2-methoxy- · 

phenyl)-piperazin-1-yl]-cyclohexanone (1.44 g, 5 mmol). The crude mixture was 

used in next step without furth~r purification. 

10 

INTERMEDIATE 29 

5-Fluoro-3-{ 4-[ 4-(2-methoxy-phenyl)-piperazin-1-yl] 

cyclohexyl}-lH-indole 

This compound was prepared"in·the manner described above for intermediate 
2c by replacing 4-(5-fluoro-IH-'3:.indolyl)-cyclohex-3-en- ethylene ketal with· 5-
fluoro-3-{ 4-[ 4-(2-methoxy-phenyl)-piperazi,n-l-yl] cyclohex-1-enyl }-IH-indole (2 .. 0 

15 g) to afford 1.77 g (84%) of product as a mixture of cis and trans isomer. 

INTERMEDIATE 30 

4-(5-Fluoro-1-methyl-3-indolyl)-cyclohexanone 

To a suspension of sodium hydride (60%, 0.18 g, 4.5 mmol) in anhydrous N, 

20 . N-dimethylf ormamide (1 O ml) was added 4-(5-fluoro-lH-indol-3-yl)-cyclohexanoiie 

(0.7 g, 3.0 mmol) at room temperature." The mixture was stirred for 0.5 hour, then to 
the above solution was added iodoinethane (0.21 ml, 3.3 mmol) at room temperature. 

The resulting mixture was stirred for another 0.5 hour and quench~d with water. nie 
mixture was extracted with methylene chloride (3 x 50 ml) and the organic layer was 

25 dried over anhydrous sodium sulfate and filtered. Chromatography (30% ethyl 

acetate-hexanes) afforded 0.35_ g(46%) of product as a yellow oil: MS EI m/e 245 

.(~). 
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INTERMEDIATE 31 

S..Nitro-quinoxaline 

To a room temperature solution of 3-nitro-o-phenylenediamine (10 g, 65.3 

mmol) in EtOH (50mL) was added glyoxal (40 % in H20, 22.47 mL). The reaction 

5 mixture was heated at reflux 1 hour, then diluted with ~O (100 mL). The cooled 

mixture was extracted with C~Cl2 (2 x 300 mL) and the organic layers were 

combined and washed again with H20 {500 mL), dried over N~S04 and concentrated 

yielding a bright orange solid which was recrystallized from EtOAc/Hexanes to give 

l 0.96 (96%) of a tan solid mp 90-92 °C. 

l 0 Elemental Analysis for C1H5N,02 

Calc'd C, 54.86; H, 2.88, N; 23.99 

Found C, 55.12; H, 3.05; N, 24.05. 

INTERMEDIA 'FE 32 

15 5-Amino-quinoxaline 

To a three neck 250 mL round bottom flask equipped with a reflux condenser 

and nitrogen inlet was added 5-nitro-quinoxaline (4 g, 22.8 mmo1) dissolved in 

HOAc (60 mL). The mixture was heated to boiling, removed from heat, and solid Fe 

powder (3.83 g, 68.6 mmol) was added. Vigorous boiling was observed. The 

20 reactjon mixture was heated at retlux 10 minutes and then poured into ~O (100 mL) 

and ice. The aqueous solution ~as filtered and basified to pH > 10 with 1 M Na OH, 

and extracted in EtOAc ( 3 x 200 mL). The organic layers were combined, dried 

over N8aS04, and concentrated. The resulting oil was purified by column 

chromatography 

25 (40% EtOAc/Hexanes) yielding 2.03 g (61%) of an orange solid: mp 87-90°C. 

Elemental Analysis for C8H.,N3 

Calc'd C, 66.19; H, 4.86; N, 28.95 

Found C, 66.25; H, 4.96; N, 29.26 
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INTERMEDIA TE 33 

1-Benzyl-4~( quinoxalin-yl)-piperazine 

PCT/US00/00223 

To- a solution of 5-amino-quinoxaline (2;8 g, 19.3 mmol) in BuOH (50 mL) 
. . 

was added bis(2-chloroethyl)-benzlyamine (8A2 g, 38.6 mmol) and Et,N (5.34 IriL, 
. . 

5 38.6 mmol). The= reaction was stirred at l00°C overnight. A second portion of Et,N 

(5.34 mL; 38.6 mmol) was added and the reaction stirred at 100°C an additional 24 

hours. The cooled solution was made alkaline with 2.5 N NaOH (500 mL) and 

. extracted into EtOAc (3 x 200 mL). The organic fractions were combined, dried 

over N~S04, concentrated and chromatographed (40% EtOAc/Hex)yielding 1.0 g 

10 (17%) of a gold oil. 

INTERMEDIATE 34 

5-(1-Piperazinyl)-quinoxaline 

To a room temperature solution of 1-l)eilzyl-4-(quinoxi:llin-yl)-piperazine (1.0 

15 g, 3.3 mmol) in anhydrous CH2Cl2 under nitrogen was added vinyl chloroformate 

. (0.34 mL, 3.9 mmol) drop wise. The reaction mixture was heatect""at reflux 2 hours. 

The reaction was cooled, concentrated to dryness and concentrated HCl (25 mL) and 

l,4-dioxane (25 mL) were added. The resulting solution was stirred at ambient 

temperature overnight. The solution was basified with 2.5 N NaOH (300 mL) and· 

20 extracted into EtOAc (3 x 200 IilL). The organic layers ·were combined, dried over 

N~S04, concentrated and chroll)atographed (10% MeOH/C}\CJ/NH.OH) to give 

450 mg (64%) of an orange solid: mp 106-108°C: MS(+) ESI mle 215 [M+Ht. 

INTERMEDIATE 35a 

25 5-(Tritluoromethylsulfonyloxy)-quinoline 

A solution of 5-hydroxy-quinoline (8 g, 55 mniol) and ~CO, (15.2 g, 110 

mmol) in anhydrous pyridine (60 mL) under nitrogen was cooled to -20°C. Tf20 

(13.97 mL, 83 mmol) was added drop~wise via syringe. The reaction mixture was 

stirred 1 hour at -20°C then warmed to 0°C for 1 hour then stirred at ambient 

30 temperature for 48 hours. The reaction mixture was then poured into H20 (200 mL) 

and extracted in CH:CI:i (2 x 200 mL). The aqueous layer was acidified with 1 N HCl 

.. 
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(100 mL) and back extracted with CH2C~ (2 x 200 mL). The organic fractions were 

dried over N~S04, concentrated and purified by column chromatography (40% 

EtOAc/Hexanes) affording 13.97 g (90%) of the product as a pink oil: MS EI mle 

277 (M+). 

INTERMEDIATE 35b 

5-(Triftuoromethylsulfonyloxy)-isoquinoline 

This compound was prepared in the manner described above for Intermediate 

35a by replacing 5-hydroxy-quinoline with 5-hydroxy-isoquinoline (5 g) to afford 

10 7.71 g (79%) of the title compound as a waxy beige solid: MS ESI mle 278 (M}. 

INTERMEDIATE 35c 

1-(Triftuoromethylsulfonyloxf )-isoquinoline 

This compound was prepared in the manner described for Intermediate 35a by 

15 . replacing 5-hydroxy-quinoline with isocarbastyril (8 g) to afford 9.74 g (64%) of the 

title compound as a clear oil: MS EI mle 211 (M}. 

INTERMEDIATE 36a 

1-t-butyl-4-(S•Quinolinyl)piperazine carboxylate 

20 To an oven-dried 100 mL flask was added Cs2CO, (19.87 g, 61 mmol), 

. Pd(OAc)2 (0.49 g, 2.2 mmol), and BINAP (1.183 g, 1.9 mmol). The solids were 

flushed with N2 for I 0 minutes. A solution of 5-(trifluoromethylsulfonyloxy)­

quinoline (12 g, 43 mmol) and 1-t-butyl-4-piperazine carboxylate (9.67 g, 52 mmol) 

in THF was then added slowly to .the reaction flask. The reaction mixture was stirred 

25 at room temperature for 0.5 hour then at 65"C overnight. The resulting solution was 

diluted with ether, filtered through a bed of celite, washed with E~O (50 mL) and 

EtOAc (50 mL). The organic fractions were combined, dried over N~S04, filtered, 

and chromatographed 3 times (10% MeOH/C~Cl2) yielding 1.57 g (12%) of pure 

product as a beige solid: mp l l 6- l l 8°C. 

\: 
\. 

; ; 
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· Elemental Analysis for C1~N,02: • 
Calc'd C, 68.98; H, 7.40; N, 13.41 

Found C, 69.09; H, 7.33; N; 13.08 

INTERMEDIATE 36c . 

t-t-buty1.;4.(t -ISoqui~olinyl)piperazine carb~xylate 

This compound was prepared in the manner described above for Intermediate _. 

36a; replacing · 5-(trifluoromethylsulfonyloxy)-quinoline with 1-(trifluoromethyl­

ulfonyloxy)-isoquinoline (9 g, . 32.5 mmol) yielding 2.33 g (25%) of a waxy beige· 

10 solid: mp 69-71°c. 

INTERMEDIATE 37a 

5-(1-Piperaziilyl)-qui~oline 

0To a ·solution of 1-t-butyl-4-(5.;quinolinyl)piperazine carboxylate (t57 g; 5 . 

15 mmol) in CH2Cl2 (2 mL). at 0°C was· added a pre-cooled, premixed, solution of TFA, 

(10 mL), Cff:zCl2 (20 mL) and MeOH (10 drops). The reaction was warm:ed slowly to 

room temperature and allowed to stir overnight. The resulting solution · was 

concentrated, dissolved in ~O (5 inL) and CH2CI2 (5 mL) and made alkaline With· 

NaHC03 to pH 9. The aqueous portion was extracted 6 x 100 mL EtOAc and 

20 concentrated yielding 1.0 · g (I 00%) of a yellow oil which solidified upon standing 

was not purified further. 

INTERMEDIATE 37c 

t-(1-piperazinyl)-i5oquinoline 

25 This compound was prepared in the same manner as intermediate · 37a 

replacing l-t..;butyl,.4-(5'."quinolinyl)piperazine · carboxylate with· 1-t-butyl-4-(1 ". : 

isoquinolinyl) piperazine carboxylate (2.33 g, 7.4 mmol) affording 1.5 g (95 %) ·or a 

beige solid: mp 127-130°C. 
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INTERMEDIATE 38a 

6-Methoxy, 8-Amino-quinoline 

To a hot suspension of 6-methoxy, 8-nitro-quinoline in 100 mL of a mixture of 

ethanol: acetic acid: water ( 2: 2: l) 3.0 g .of iron powder were added in portions. 

5 The reaction was refluxed for about 2 1/2 hours, the mixture was cooled, filtered over 

celite and basified with sodium bicarbonate. The product was extracted with ether, 

dried and the solvent was removed under vaccum to give 3.2 g of the title compound. 

MS (ES) m/z (relative intensity): 175 (M+H+ 100). 

10 INTERMEDIATE 38b 

8-Amino, 6-Chloro-quinoline 

To a hot suspension of (0.800g) 6-chloro, 8-nitro-quinoline in 25 mL of a 

mixture of ethanol: acetic acid : water ( 2 : 2 : 1 ) O.Sg of iron powder was added in 

pQrtions. The reaction was refluxed for about 1 1/2 hours, the mixture was cooled, 

15 filtered over celite and basified with sodium carbonate. The product was extracted 

with ether, dried and the solvent was removed under vaccum to give 0.5g of the title 

compound. mp 70-73°C. MS (ES) m/z (relative intensity): 179 (M+H+). 

Elemental analysis for C9 H, Cl N2 

Calculated: C : 60.52; H : 3.95; N : 15.68 

20 Found: C : 60.82; H : 3.77; N : 15.96 

INTERMEDIATE 39a 

6-Methoxy, 8-piperazino-quinoline 

6-Methoxy, 8-amino-quinoline (8.2 g) and bis(chloroethyl)amine hydrohloride 

25 (9.0g) were taken in 70 mL chlorobenzene and heated at about 135°C with vigorous 

stirring for 3 days. The reaction never went to completion. The mixture was cooled. 

Water was added and extracted with ether. The aqueous phase was basified with 

sodium carbonate and extracted with ethyl acetate, dried and the solvent removed. 

The crude product was filtered through 300 mL of silica gel using 10% MeOH/ 

30 C~Cl2, 20% MeOH/ CH2C12, then 1% NH40H / 80% MeOH / 19% CH2C~, to give 

1.5 g of the desired product. MS (ES) m/z (relative intensity): 244 (M+H+, 100). 
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INTERMEDIATE 39b 

· 6-Chloro-, 8;.piperazirio-QuinoUne · 

. 8-amino, 6-chloro-qliinoline (0.980g ) and bis(chloroethyl)amine hydro- ·· 

5 · hloride (0.980g) were taken in 13 mL chlorobenzene and heated at about 135°C with 

vigorous stirring for· 5 days. The reaction was cooled taken in water and extracted 

with ether. The aquous phase is basified with sodium carbonate and reextracted with · ·· 

ether, dried and the sovenfwas .removed to give 0.400g of the title compound. MS 

(ES) tn/z (relative intensity): 248 (M+H+). 

10 

INTERMEDIATE 39c 

5-Chloro-, 8-piperazino-quinoline 

To a solution of 5-chloro,8-(trifluotomethylsulfonyloxy)-quinolilie (l.Og) in 

15 mL chlotobenzene excess piperazine (1'.0g) was added. The mixture was heated ·at 

15 l20°C for 2 1/2 days. The reaction was ·cooled, poured on water and the product .was 

extracted with ether, dried over magnesium sulfate io ·give 0.480g of product. MS 

·· (ES) m/z (relative intensity): 248 (M+H+,100). · 

INTERMEDIATE 39d 

20 5-Fluoro, 8-pi:perazino•quinoline 

To a solution of 5-Fluorp,8-(trifluoromethylsulfonyfoxy)-quinoline (1 g) in 5 

mL chlorobenzene excess piperazine (2.0g) were added. The mixture was heated at 

120°C for 2 1/2 days. The reaction was cooled, poured on water and the product was·· 

extracted with ethyl acetate, the organic phase was washed with dilute NaOH, then 

25 with water, dried and the solvent was removed. The product wa8 chromatographed on 

silica gel using 15% methanol I methylene chloride then 79:20:1 methanol : 

methylene chloride : NH40H to give 0.240g of product MS (ES) m/z (relative 

intensity): 232 (M+H+,100). 
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INTERMEDIATE 39e 

8-piperazino-quinaldine 

To a solution of 8-(trifluoromethylsulfonyloxy)-quinaldine (7g) in 25 mL 

chlorobenzene, KiC03 (3.3g) and excess piperazine (10.0g) were added. The mixture 

5 was heated at l 30°C for 3 days. The reaction was cooled, poured on water and the 

product was extracted with ethyl acetate, dried over magnesium sulfate. The product 

was chromatographed on silica gel using 20% methanol I methylene chloride then 

79:20:1 methanol : methylene chloride: NH40H to give 3.2g of product. MS (ES} 

m/z {relative intensity): 228 {M+H+,100}. 

10 

INTERMEDIATE 39f 

.. 6-MeO, 4-piperazino-quinoline 

To a solution of 6-MeO, 4-(trifluoromethylsulfonyloxy)-quinoline (2g) in 10 

. • mL. acetonitrile, excess piperazine. (2g) was added. The mixture· was heated at about 

15 70°C for I 1/2 hours. Water is added and the product is extracted with ethyl acetate, 

20 

· dried and the solvent was removed to give (2.5g} of product. MS (ES) m/z (relative 

intensity}: 308 (M+H+}. 

INTERMEDIATE 40a 

6-Chloro, 8-Nitro-Quinoline 

A solution of 1.0g of 6:Chloro-quinoline in 5 ml fuming nitric acid, was 

heated to almost ret1ux for 2 days. The reaction was cooled, poured onto ice water 

and neutralized with concentrated ammonium hydroxide to about pH 5. The formed 

precipitate was filtered and dried to give 0.600 g of desired product. mp 149-155°C. 

25 MS (ES) m/z (relative intensity): 209 (M+H+). 

INTERMEDIATE 40b 

5-Cl-8-(triftuoromethylsulfonyloxy )-quinoline 

To a suspension of 5-Chloro,8-hydroxy-quinoline (8.95g) in 100 mL CH2CI2, 

30 TEA is added (20 mL). The suspension dissolved, then cooled to -15°C. A solution of 

21.lg of triflic anhydride in 50 mL of C~CI2, is added drop by drop with cooling. 
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After complete addition, the reaction wa8 stirred at -15 °C for 1 hour; The reaction was 

diluted with C~Cl2, washed.with a: solution of NaHC03, then with water dried and the 

solvent was removed to give 15.0 gr of product. mp 80-83°C. MS (ES) m/z (relative 

·intensity): 312 (M+H+,100). Elemental analysis for C,0 H5 ClF3 N03 S 

5 Calculated: C :· 38.54; H : 1.62; N : 4.49 · 

Found: C : 38.3; H : 1.73; N : 4.5 

INTERMEDIATE 40c 

5-Fluoro-8-(trifluoromethylsulfonyloxy )-qwnoline 

10 To a cold solution (-l5°C) of 5-Fluoro,8-hydroxy-quinoline (2.5g) in 20 mL 

CH2Cl2, TEA is added (6.3 mL). to the cold mixture a solution of 6.5g of triflic 

anhydride in 10 mL of C}\Cl2, is added· drop by drop with cooling. After complete 

addition, the reaction was stirred at 0°C for I ho~;·The reaction was.quenched with 

water, and the product was extracted with ether, dried and the solvent was removed to 

15 give 3.4g of product. MS (ES) m/z (relative intensity): 296 (M+H+,100). 

INTERMEDJA TE 40d 

8-(tritluoromethylsulfonyloxy)-quinaJdine 

To a cold solution (-15°C)of 8-hydroxy-quinaldine (l 1.5g) in 50 mL C~Cl2, 

20 TEA is added (29 mL). To the cold mixture a solution of 29.6g of triflic anhydride 

in 50.mL of CH
2
Cl2, were added: drop.by drop with cooling. After complete addition, 

the reaction was stirred at -15°C for 1 hour; The reaction was quenched with water, 

and the product was extracted with ether, dried and the solvent was removed to give 

20g of product. MS (ES) m/z· (relative intensity): 292 (M+H+). 

25 

INTERMEDIATE 41 

6-MeO;. 4;.(trifluoromethylsulfonyloxy)-quinoline 

To a cold solution (-15°C} of 6-MeO.~hydroxy-quinoline (5g) in 30 mL 

CH2Cl2, TEA is added (12 mL). To the cold mixture a solution of 12g of triflic 

30 anhydride in 15 mL of CH2Cl2, were added drop by drop with cooling. After 

complete addition, the reaction was stirred at -15°C for 1 hour; The reaction was 
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quenched with water, and the product was extracted with ether, dried and the solvent 

was removed to give 7g of product. MS (ES) m/z (relative intensity): 308 (M+H+). 

INTERMEDIATE 42a 

1-benzyl-4-(6-methoxy-2-methylquinolin-8-yl)piperazine 

A mixture of 8-amino-6-methoxy-2-methyJquinoline (1.75 g, 9.30 mmol), N­

benzyl-bis-dichloroethane (8.9 g, 38.3 mmol), and triethylamine (6.5 mL, 46.6 mmol) 

in 1-butanol (25 mL) was heated at 100°C for 20 hours. After cooling to room 

temperature, the reaction was diluted with ethyl acetate (50 mL), and poured into 

l 0 saturate~ aqueous NaHC03 .. The aqueous layer was extracted with ethyl acetate (3 x 

50 mL). The combined organic layers were washed with saturated aqueous NaHCOJ 

(SO mL) and brine (SO mL), then were dried over anhydrous sodium sulfate, filtered 

and concentrated in vacuo. Excess l-butanol was ~eotroped with hexane (2 x 500 

mL) .. Flash chromatography on 5.5 x 18 cm Si02 (25% EtOAc/hexane) afforded 1.15 

1 S g (36%) of a yellow oil, which crystallized on standing. Recrystallization from hexane 

provided 0.898 g (28%) of analytically pure product as yellow crystals: mp 83-SSDC. 

Elemental analysis for C22H2sN3Q 

20 

Calc'd: c, 76.05; H, 7.25; N, 12.09 

Found: C, 75.88; H, 7.37; N, 12.05 

INTERMEDIATE 42b 

1-benzyl-4-(6-methoxy-3-methylquinolin-8-yl)piperazine 

The title compound was prepared by the same method used for l-benzyl-4-(6-

methoxy-2-methylquinolin-8-yl)piperazine, except substituting 8-amino-6-methoxy-

25 3-methylquinoline (2.82 g, 15.0 mmol) for the 8-amino-6-methoxy-2-methyl­

quinoline. Flash chromatography on 6 x 20 cm Si02 (25-30% EtOAc/hexane), with 

rechromatography of the mixed fractions, provided 1.13 g (22%) of the title 

compound as a yellow gum. Crystallization from hexane afforded 0.88 g of 

analytically pure compound as yellow crystals: mp l 12-l l3°C. 
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Elemental analysis for C22H~,O 

Calc'd: C; 76.05; H, 7.25; N, 12.09 

Found: C, 75.83; H, 7.26; N, 12.07 

INTERMEDIATE 42c 

1-benzyl-4-( 6-methoxy-4-methylquinolin-8-yl)piperazine 

A. mixture of 8-arnino~6-methoxy-4-methylquinoline (3;0 g, 15.9 mmol), N­

benzyl-bis.:.dichloroethane (l lJg, 48."0 mmol), triethylarnine (4.8 g, 4~fmmol) and . 

. 1-butanol were heated to 100°C for 24 hours. The reaction mixture was .. poured into 

10 2.5 N aqueous NaOH and extracted with ethyl acetafu·(3 x 200 mL). The combined· 

organic layers. were washed with water (100 mL) and brine (100 mL): then were 

dried over anhydrous sodium sulfate, filtered and concentrated to afford 12.0 g: of a 

dark brown oil. Flash chromatography on silica ~el (5% methanoV ethyl acetate) 

.. provided 2.3 g (42%) of the title compound as a ·thick oil, which solidified upon 

15 standing: mp 154-155°C. 

20 

Elemental analysisforC22~N,O 

Calc'd: C, 76.05;H, 7.25; N, 12.09 

Found: C, 75.92; H, 7.36; N, 11.96 

INTERMEDIATE 43a 

4-(6-methoxy-2-methylquinolin-8-yl)piperazine 

A mixture of 1-benzyJ-4;.(6-methoxy-2-methylquinolin-8-yl)piperazine (0~527 

g, 1.52 mmol), 10% Pd/C (0.20 g), and ammonium formate (0.96 g, 15.2 mmoJ) in 

methanol (10 mL) were heated at reflux>under N2 for 3 hours. TLC analysis.OS% 

25 EtOAc/hexane) indicated only_a trace of st~ing material remained. · Aftet cooling to 

room temperature.. the reaction was filtered through celite, washing with excess 

methanol. The filtrate was concentrated, diluted with CH2C}z (50 mL), and washed 

with saturated aqueous NaHC03. The aqueous layer was extracted with CH2Ch (2 x 

50 mL ). The combined organic layers were dried over anhydrous sodiilm sulfate, 

30 filtered, and concentrated in vacuo to afford 0.37 g (95%) of the title compound as a 

yellow oiJ, which was used in the subsequent reaction without purification. 
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INTERMEDIATE 43b 

4-( 6-methoxy-3-methylquinolin-8-yl)piperazine 

The title compound was prepared by the same method used for the preparation 

5 of 4-(6-methoxy-2-methylquinolin-8-yl)piperazine, except 1-benzyl-4-,(6-methoxy-3-

methylquinolin-8-yl)piperazine (0.32 g, 0.92 mmol) was substituted for the 1-benzyl-4-

(6-methoxy-2-methylquinolin-8-yl)piperazine. The title compound was isolated in 

nearly quantitative yield and used with purification in the subsequent reaction. 

10 INTERMEDIATE 43c 

4-( 6-methoxy-4-~ethylquinolin-8-yl)piperazine 

A mixture of 1-benzyl-4-(6-methoxy-4-methylquinolin-8-yl)piperazine (2.0 g, 

5.76 mmol), methylene chloride (50 mL) and vinyl chloroformate (0.8 mL, 8.64 mmol) 

were refluxed ;for 4 hours. The mixture was concentrated, then dissolved in a 1: 1 ·· 

15 mixture of dioxane /cone .. HCI and stirred at ambient temperature for 18 hours. The 

reaction mixture was made basic with 2.5 N aqueous NaOH and extracted with ethyl 

acetate (2 x 200 mL). The combined organic layers were washed with water (100 mL) 

and brine (100 mL), then were dried· over anhydrous sodium sulfate, filtered, and 

concentrated to give 0.6 g (47%) of the title compound: mp 208-209°C. 

20 Elemental analysis for C1sff19N30•HCl•0.5 "20 

25 

Calc'd: C, 59.50; }:I, 6.99; N, 13.88 

Found: C, 59.44; H, 7.09; N, 13.57 

INTERMEDIATE 44a 

l-benzyl-4- ( 6-methoxy-5-methylquinolin-8-yl)piperazine 

This compound was prepared in a manner similar to that used ·for 1-benzyl-4-

(6-methoxy-4-methylquinolin-8-yl)piperazine to give 3.0 g (56%) of pure title 

compound: mp 129-133°C. 

Elemental analysis for C21RisN30 

30 Calc'd: C, 76.05; H, 7.25; N. 12.09 

Found: C, 75.61; H, 7.35; N, 1 l.97 
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INTERMEDiA TE 44b 
. . 

·1-benzyl-4- (6-methoxy-5-chloro-q~inolin-8-yl)piperazine 
. This compound was prepared in a manner similar to that used for l-benzyl-4-

5 (6-methoxy-4-methylquinolin-8-yl)piperazine to give 1.9 g (35%) of pure title 

compound: mp 138-140°C. 

10 

15 

Elemental analysis for C21H22ClN,O. 

Cale' d: C, 68.56; H, 6.03; N, 11.42 

Found: C, 68.26; H, 5.98; N, 11.45 

. . 

INTERMEDIATE 45a 

4-( 6-methoxy-5-methylquinoline-8-yl)piperazine 
.. . 

A mixture of methanol (15mL), 10% Pd/C (0.12 g), 1-beniyl-4-(6-methoxy-

5-methylquinoliti-8-yl)piperazine (0~8 g,·2.3 mmol), and ammonium formate (0.88 g, 
. .. 

13.9 mmol) were refluxed for 45 minutes. The reaction mixture was filtered through ' 

celite and concentrated: The residue was diluted with 1 N aqueous NaOH (50 mL) 

and extracted with ethyl acetate (3 ·x 75 mL). The combined organic layers were 

washed with water (50 mL) and brine(50 mL), then were dried over anhydrous 

N8:?S04, filtered, and concentrated to give 0.52 g (61 %) of the title compound as a 
20 thick oil. MS (ES) m/z: 258 (M+H+ ). 

INTERMEDIATE 45b 

4-(6~methoxy-5-chloro-quinolin-8-yl)piperazine 

This compound was prepared in a manner as similar to that used 4-( 6-

25 methoxy-5-methylquinoline-8-yl)piperazine to give · 0.48 g (68%) of pure title 

compound as a thick oil. MS (ES) m/z: 278 (M+H+). 

INTERMEDIATE 46 · 

5-Bromo-6-methoxy-quinoline 

30 To a solution of 6-methoxyquinoline (5 g~ 31.4 mmol) in acetic acid (50 mL) 

was slowly added Br2 neat (1.62 mL, 31.4 mmol). The reaction mixture was stirred 
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at ambient temperature for 1 hour and then poured onto ice. Saturated aqueous 

sodium bisulfite was added, and the resulting slurry was extracted into EtOAc (2 x 

200 mL). The organic fractions were combined, dried over N8iS04, concentrated, 

and purified by column chromatography (5% MeOH/CH1Cl1) affording 4.39 g of the 

5 title compound as the acetate salt. The free base was prepared by washing the salt 

with I N NaOH (50 mL) and ~O (100 mL) and extracting into CH2C~ (200 mL). 

The organic fractions were concentrated affording 3.89 g (52%) of the title 

compound as a pink solid. 

Elemental analysis for C1;I.BrNO 

10 Cale' d: C, 50.45; H, 3.39; N, 5.88 

·Found: C, 50.34; H, 3.25; N, 6.09 

INTERMEDIATE 47 

4-Bromo-2-nitrophenylamine 

15 To a solution of 2-nitro-phenylamine (13.8 g, 100 mmol) in HOAc ( 150 mL) 

was added NBS (18 g, 101 mmol). The reaction mixture was stirred and heated to 

reflux over 1 hour. The cooled reaction mixture was poured into ~O (1000 mL) and 

stirred for 15 minutes. The resulting orange slurry was filtered and washed with H20 

(300 mL) affording a 20.26 g (93%) of the title compound as a bright orange solid. 

20 Elemental analysis for CJ:lsBrN20 1 

25 

Calc'd: C, 33.21; Ji, 2.32; N, 12.91 

Found: C, 33.15; H, 2.31; N, 12.75 

Ref: Montash Chem EN 1994, 125 p. 723-730 

INTERMEDIATE 48 

6-Bromo-8-nitro-quinoline 

A sulfuric acid solution was prepared by adding H2SQ4 (50 mL) to an 250 mL 

flask containing H20 (20 mL) cooled in an ice bath. To this solution was added 

glycerol (12 mL, 16.5 mmol), m-nitrobenzene sulfonic acid sodium salt (11.4 g, 5.06 

30 mmol), and 4-bromo-2-nitrophenylamine (10 g, 4.6 mmol). The reaction mixture 

was heated at 135°C for 3 hours. The warm reaction mixture was poured into ice 



W000/40554 PCT/US00/00223 

- 66 -

~O (200 mL) and extracted into 50% MeOH/EtOAc (2 x 200 mL), dried over 

NllzS04 and concentrated. ·The resulting brown solid wa.s triturated with EtOH and 

filtered affording 3.8 g (33%) of a pink solid: mp 172-174 °c. 

Elemental analysis for C,H5BrNi02 

5 Calc'd: C, 42.72; H, 1.99; N, 11.07 

Found: C, 42.69; H, 1.85; N, 11.01 · 

Ref: Mantash Chem EN 1994, 125·p. 723-730 

. INTERMEDIATE 49 

10 6-Bromo-8-amino-quiiloUne 

To a solution of 6;.bromo-8-nfa·o-quinoline (4 g, 1.58 mmol) in 

EtOH/HOAc~O (50 mU50mU25mL) was added iron metal (3.18 g, 5.69 mmol). 

The resulting solution was heated at reflux for 3 hours. The cooled reaction mixture 

was neul!alized with 2.5 N NaOH, filtered thrnugh celite to remove iron solids and 

15 washed with EtOAc. The. eluent was extracted into EtOAc (3 x 200 rilL), combined, 

dried over N8zS04 and concentrated. The. resulting oil was purified by column 

chromatography (40% EtOAc/hexanes) affording 3.19 g (91%) of a yellow solid: mp 

142-145°C. 

Elemental analysis for <;H,BrN2 

20 Calc'd: C, 48.46; H, 3.16; N, 12.56 

Found: C, 48.04; H, 2.93; N, 12.36 

INTERMEDIATE 50 

8·( 4-benzyl-piperazin-1-yl)-6-bromo-quinoline 

25 The free base of bis(2-chloroethyl)-benzlyamine (5.12 g, 19.3 mmol) was 

prepared· by washing the HCI salt with 1 M NaOH (200 mL) and extracting into 

EtOAc. The resulting organic phases were dried over·NC1zS04 and concentrated. To 

this flask was added 6-bromo-8-amino-quinoline (2.15 g, 9.6 mmol), n.;BuOH (100 

mL}, and Et,N (4 mL, 28.9 mmol). The resulting reaction mixture was stirred at 

30 . I00°C overnight. TLC analysis showed starting amine was still present, therefore an 

additional portion of bis(2-chloroethyl)-benzylamine hydrochloride (5 g) was added. 
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The reaction was heated an additional 72 hours. The cooled reaction mixture was 

quenched with 1 M NaOH ·c200 mL) and extracted into EtOAc (3 x 200 mL). The 

organic fractions were combined, dried over N~S04, and concentrated. The resulting 

gold oil was purified three times by column chromatography (40% EtOAc/hexanes) 

5 affording 1.2 g (33%) of a viscous orange oil which solidified upon standing: mp 65-

680C, MS(+) APCI mlz 382 (M+Hr. 

10 

Elemental analysis for C20H20BrN3•0.75}\0 

Calc'd: C, 60.69; H, 5.48; N, 10.62 

Found: C, 60.81; H, 5.02; N, 10.88 

INTERMEDIATE 51 

6-Bromo-8-piperazin· 1-yl-quinoline 

To a solution of 8-(4-benzyl-piperazin-l-yl)-6-bromo-quinoline .(1.6 g, 4.2 

mmol) in dichloroethane (50 mL) under a N2 atmosphere was added 

15 chloroethylchloroformate (1.26 mL, 12.6 mmol) and the reaction mixture was heated 

at 80°C for 4 hours, and at ambient temperaure overnight. No reaction was observed 

by TLC, therefore vinyl chloroformate (0.35 mL, 6.3 mmol) was added and the 

reaction was heated at 80°C for another 4 hours. The cooled reaction was poured 

:into H20 and extracted into C"2Cl2 (2 x 100 mL) and EtOAc (100 mL). The organic 

20 fractions were combined, dried over N~S04, and left in EtOAc overnight. The 

. organic layer was concentr~ted and purified by column chromatography 

(10%Me0H/C~Cl2+NH40H) affording 1.03 g (84%) of a brown foam. MS (+) 

APCI mlz 292 [M+Hr. 

25 INTERMEDIATE 52 

6-hydroxy-8-nitro-quinoline 

A solution of 6-methoxy-8-nitro-quinoline (9 g, 44.1 mmol) in HBr (100 mL) 

was heated at 110°C overnight. Additional HBr (80 mL) was added and the reaction 

continued to heat for an additional 24 hours. The cooled reaction mixture was 

30 basified with 2.5 N NaOH (800 mL) and extracted into EtOAc (2 x 300 mL). The 

organic fractions were combined, dried over N~S04 and purified by column 
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chromatography (50% EtOAc/hexalle) to afford 2.71 g (32%) of the title' compound 
. . . . 

as a white solid: mp discolors above l00°C, MS (~)ESI mlz 189 [M-H]". 

INTERMEDIATE 53· 

5 6-Ethoxy~S-nitro~quinoline 

A solution of 6-hydroxy-8-nitro-quinoline (2.5 g, 13.2 mmol), ethylbroinide 

(1.08 mL, 14.5 mmol), and ~C03 (4 g, 26.4 mmol) in DMF (50 mL) under a 
nitrogen aunosphere was heated at 40°C·for 5 hours. ·The cooled reaction 'mixture 

was poured into H20 (200 mL) and extraCted int6 EtOAc (2 x 200 mL). The organic 

10 fractions were combined, dried over Na2S04 and concentrated. The res.lilting beige· 

solid was triturated with 40% EtOAc/hexane to give 2.46 g (85%) of the title 

compound as beige crystals. 

Elemental analysis for C11H10N20, 

Calc'd: C, 60.55;H, 4.62; N, 12.84 ' .. 
15 Found: C, 60.15; H, 4.50; N, 12.75 

INTERMEDIATE 54 

8-( 4-benzyl-piperazin-1-yl)•6-methoxy-1,2,3,4-tetrahydroquinoline 

A solution of 8-(4-benzyl-piperazin-1-yl)-6-methoxy-quinoline (1 g, 3 mmol) 
. . 

20 in HOAc (100 mL) was hydrogenated over Pt02 (300 mg) at 40 psi overnight. The 

reaction mixture was filtered thrQugh a pad of celite and was washed with EtOAc (50 
. . . . 

mL). The filtrate was concentrated. The· resulting gold oil was purifi~d by column · 

chromatography (10%MeOH/C~Cl2+NH40H) affording 330 mg (45%) of a viscous' 

gold oil. An analytical sample was prepared as the HCl salt from EtOAc. MS EI mlz 

25 247 ~. 

Ref: J. Chem Soc Perkins I 1980 p. 1933-1939 

INTERMEDIATE 55 . 

[1,6]naphthyridine 

30 A sulfuric acid solution was prepared by adding ~SO"' (100 mL) to ~O (57 

mL) cooled in an ice bath. To this solution was added glycerol (33 mL, 457 mmol), 
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m-nitrobenzene sulfonic acid sodium salt ( 48 g, 212 mmol) and 4-amino-pyridine (10 

g, 106 mmol). The reaction mixture was heated at 135°C for 4 hours. The cooled 

reaction mixture was basicified with 2.5 N NaOH (500 mL) with cooling in an ice 

bath, and extracted into C~C12 (3 x 200 mL). The organic fractions were combined, 

5 dried over N3iS04 and concentrated. The resulting oil was purified by column 

chromatography (5% MeOH/C~Cl2) affording 5.04 g (36%) as a· dark orange oil. 

An analytical sample was prepared as the HCI salt from EtOAc yielding an orange 

low melting solid. MS EI mlz 130 M+. 

10 

Ref: Chem Pharm Bull. 1971, 19, 9, p. 1751·1755 

INTERMEDIATE 56 

8-Bromo-[1,6]-naphthyrittine 

To a stirred solution of (1,6]-naphthyridine (4.73 g, 36.4 mmol) in CC14 (200 

mL)was added Br2 (2.25 mL, 43.7 mmol) in CC14 (35 mL) dropwise via art addition 

15 funnel. The ,resulting solution was heated at reflux for 1 hour. Pyridine (2".94 mL, 

36.4 mmol) in CC14 (30 mL) was added dropwise to the refluxing solution, and the 

mixture was refluxed overnight. The cooled reaction mixture was filtered,- and the 

solids were digested with 1 M NaOH (200 mL) for 1 hour. The basic solution was 

extracted into CH2Cl2 (2 x 200 mL}, and the organic fractions were combined, dried 

20 over N~S04 and concentrated. The resulting oil was purified by column 

chromatography (10% EtOAc/C~ClJ affording 2.03 g (27%) of the title compound 

as yellow crystals: mp 79-81°c. 

Elemental analysis for C1H5BrN2 

Calc'd: C, 45.97; H, 2.41; N, 13.40 

25 Found: C, 45.72; H, 2.34; N, 13.36 

Ref: JOC 1968, 33, 4, p. 138~1387 

INTERMEDIATE 57 

8-piperazin-1-yl-[1,6]-naphthyrittine 

30 To an oven-dried 100 mL flask under a nitrogen atmosphere was added 8-

bromo-[ l ,6]-naphthyridine (1.3 g, 6.2 mmol), piperazine (3.21 g, 37.3 mmol), and 
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sodium t-butoxide (900 mg, 9.33 mmol). The solids were suspended in anhydrous o­

xylenes (40 mL)~ and Pd(dba) (285 mg, 5 mol%) and P(t•Bu)3 (0_.3i mL, i.24 mmol) 

were added. · The reaction mixture was heated at 120°C for 3 hours.· The cooled 

reaction mixture was poured into H,.O (100 mL) and extracted. into EtOAc (1 x 100 

5 mL) and C~Cl2 (2 x 100 mL). -The organic fractions were combined,- dried over 

N~S04, concentra~d. and the · resulting oil was chromatographed (10% 

MeOHl~CI2+NH.PH) affording 470 mg (35%) of the title compourid as a dark 

gold oil. An analytical sample was prepared as the HCl salt from EtOAc givl.ng a 

· brown solid: mp decomposes above 200 °C. MS(+) APCI m/z 215 [M+HJ._ 

10 Ref: Tet. Lett. 1998. 39, p. 617-620 

INTERMEDIATE 58 

4-( 6-Methylamino-qmnolin-8-yl)•piperazine-1-carboxylic acid ethyl ester 

To an oven-dried 25 mL round bottom flask was added Cs2C03 (1.55 g, 4.76 

15 mmol), BINAP (300 mg, 3 inol%), Pd(0Ac)2 (100 mg, 3_ mol%) and kept. under 

vacuum overnight. To this reaction vessel.under a nitrogen atmosphere was added 8-

(4-benzyl-piperazin-l-yl)-6-bromo-quinoline (1.3 g, 3.4 mmol), anhydrops toluene 

(12 mL) and benzylmethylamine (0.53 mL, 4.1 mmol). The reaction mixture was 

heated at I00°C overnight. The cooled reaction mixture was diluted with E~O ·(15 

20 mL), filtered to remove solids, washed with EtOAc (10 mL) and concentrated. The 

resulting oil was purified by colll:1Iln chromatography ( 40% EtOAc/hexane) affording 

830 mg (59%) of benzyl-(8-( 4-benzyl-piperazin-1-yl)-quinolin-6-yl]-methyamine as 

an orange foam. 

25 To a solution of benzyl-(8-(4-benzyl-piperazin-J-yl}-quinolin-~yl}· 

methyamine (800 mg, 1.89 mmol) in anhydrous ~Cl2 (100 mL) was added vinyl 

chloroformate (0.48 mL, 5.68 mmol) and heated at reflux overnight. A second 

aliquot of vinyl chlorofonnate (0.48 inL) was added and the reaction refluxed an 

additional 24 hours. The cooled reaction mixture was diluted with H20 (50 mL) and 

30 extracted into CH2Cl2 (2 x 50 mL). The combined organic phases were dried over 

N~S04, filtered and concentrated. The resulting oil was purified by column 
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chromatography (40% EtOAc/hexane) affording 600 mg of a monodebenzylated 

product. This material was dissolved in EtOH (100 mL) and 10% Pd/C (150 mg) and 

ammonium formate (244 mg, 4.5 mmol) were added. The reaction was heated at 

reflux overnight. Additional ammonium formate (250 mg) was added and the 

5 reaction refluxed for . an additional 72 hours. The cooled reaction mixture was 

filtered through a pad of celite and washed with EtOAc (200 mL), concentrated and 

purified by column chromatography (10% MeOWC~Cl2) affording 400 mg of the 

title compound as a dark gold oil. An analytical sample was prepared as the HCl salt 

from EtOAc as an orange solid: mp decomposes above 85°C. MS(+) APCI rn/z 315 

10 [M+H]. 

INTERMEDIATE 59 

4-methoxy-2,6-dinitro-phenylamine 

To a stirred solution of HN03 (65 mL) was added 4-methoxy-2-nitro-

15 phenylamine (15 g, 89.3 mmol). The reaction mixture was stirred at room 

temperature overnight. The dark red precipitate was filtered and washed with ~O 

(400 mL) affording 10.01 g (53%) of the title compound. 

INTERMEDIATE 60 

20 7-Methoxy-quinoxalin-5-ylamine 

A solution of 4-methoxy-2,6-dinitro-phenylamine (5 g, 23.5 mmol) in EtOH 

(200 mL) was hydrogenated over 10% Pd/C (2 g) at 40 psi for 1 hour. After~ 

uptake had ceased, the reaction was filtered through a pad of celite and washed with 

EtOAc (50 mL) and concentrated. Glyoxal (8 ml, 704 mrnoJ) and EtOH (50 mL) 

25 were immediately added and the reaction was heated at reflux for 2 hours. The 

cooled reaction was diluted with H20 (50 mL) and extracted into C~C~ (3 x 100 

mL). The organic phases were combined, dried over N~SO", filtered and 

concentrated. The resulting oil was purified by column chromatography (10% 

MeOH/C~C~) affording 430 mg (10%) as a red oil. An analytical sample was 

30 prepared as the HCI salt from EtOAc affording a red solid. 
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INTERMEDIATE 61 

(1-0xy•pyridin-3-yl)-acetonitrile 

PCT/US00/00223 

· · A solution of 3-pyridylacetonitrile ( 11. g, 93.1 mmol), HO Ac (55 mL), · and 

5 30% ~02 (17 mL) ·was heated at 95°C overnight, and at room temperature for 72. 

hours. H20 (50 mL) was add~d to the re~ction mixture and the .resulting solution was 

concentrated.· This was repeated with additional ~O (100 mL). Toluene (2 x fOO 

. mL) was used to remove residual ~O. and the resulting white solid was dried under 

vacuum overnight affording a waxy white solid: mp 120-125 °C; MS(+) APCI mli 

10 135 [M+Hr. 

Ref: JACS 1959, 81 p. 740-743 

INTERMEDIATE 62 

3-Cyanomethyl-pyridine-z.;.carbonitrile 

15 To a suspension of (1-oxy-pyridin-3-yl)-acetonitrile (10 g, 75 mmol). in 

anhydrous CH2a2 under a nitrogen atmosphere was · added trimethylsilylcyailide 

(10.95 mL, 82 mmol) and dimethylcarbamoylchloride (7.55 mL, 82 mmol). The 

reaction mixture was stirred at room temperature for 72 hours and then concentrated; · 

EtOAc (100 mL) was added to the residue and the organic phase was washed with 1 

20 M NaOH (150 mL), dried over Na.:iS04, filtered and concentrated. The re8ulting solid 

was purified by· column chrom~tography (50% EtOAc/hexanes) affording 7 .08 g 

(66%) of a yellow solid: mp 48~51°C; MS(+) APCI mlz 144 [M+Hr. 

Ref: WO 9818796 

25 INTERMEDIATE ·63 

6-Methoxy-[1, 7]naphthyridin-8-ylamine 

To an oven-dried 250 · mL flask under a . nitrogen atmosphere was added 

.anhydrous MeOH (200 mL). Na metal (1.07 g, 44 mmol) was weighed to a small 

beaker containing hexane and then transferred to the reaction vessel. After 

30 dissolution of the sodium, 3-cyanomethyl-pyridine-2-carbonitrile (5.3 g, 37 mmol) 

dissolved in anhydrous MeOH (10 mL) was added to the reaction. The resulting 
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solution was heated at 80°C for 3 hours, then stirred at room temperature overnight. 

The reaction mixture was concentrated to remove MeOH and extracted into CH,.C~ 

(2 x 200 mL). The organic phases were combined, dried over N~S04, filtered, 

concentrated and unsuccessfully chromatographed (2% MeOH/C~Cl2). The mixed 

5 fractions were combined and recrystalized from EtOAc/hexane affording 1.16 g 

(18%) of the title compound as a yellow solid. The mother liquor was re­

chromatographed (50% EtOAc/hexanes) to afford an additional 560 mg (9%)· of 

product: mp decomposes above 110 °C; MS(+) APCI mlz 176 [M+Hr. 

10 

Ref: TeL Lett. 1975 p. 173-174 

INTERMEDIATE 64 

6-Methoxy-8-piperazin-t .. yl-[l, 7]naphthyridine 

A solution of 6-methoxy-[1,7]naphthyridin~8-ylamine (2.25 g, 12.8 mmol), 

bis(2-chloroethyl)-benzlyamine (10.25 g, 38.6 mmol) and Et,N (5.34 mL~ 38.6 

15 mmol) in BuOH (100 mL) was heated at 100°C for 72 hours. The cooled reaction 

mixture was poured into ~O (100' mL) and 2.5 N NaOH (100 mL), and extracted 

into EtOAc (2 x 200 mL). The organic phases were combined, dried over N~S04, 

filtered and concentrated. The resulting oil was purified twice by column 

chromatography (10% MeOH/CH2ClJ affording a dark gol~ oil with BuOH impurity. 

20 This oil was dissolved in EtOH (50 mL) and 10% Pd/C (390 mg) and ammonium 

formate (730 mg) was added. The reaction mixture was heated at 80°C for 2.5 hours. 

The cooled reaction mixture was filtered through a pad of celite and washed with 

EtOAc (50 mL). The organic phase was concentrated and purified by column 

chromatography (10% MeOHIC"1C12+NH40H) affording 270 mg of the title 

25 compound as a dark orange oil. An analytical sample was prepared as the HCI salt 

from EtOAc. 

INTERMEDIATE 65 

4-Piperazin-l·yl-1,3-dihydro-benzoimidazol-2-one 

30 To a solution of 4-{4-benzylpiperazin-l-yl)-1,3-dihydro-benzoimidazol-2-one 

(1 g. 3.2 mmol) in anhydrous CH2Cl2 (SO mL) was added vinyl chloroformate (0.41 
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· mL, 4.87 mmol) under a nitrogen atmosphere. The reaction mixture was heated at 

·reflux for 2 hours, and then a second aliquot of vinyl chloroformate (0.41 mL) was 

added. The reaction was refluxed· an additional 3 hours. The cooled reaction mixtilre 

was concentrated, and dioxan (25 mL) and cone. HCl (25 mL) were added to the 

5 · residue. Th,e resulting solution was stirred at room iemperature for 72 hours. The 

reaction was basicified with 2.5 N NaOH (300 mL) and extracted in MeOHlEtOAc (2 

x 200 mL). The organic fractions were coinbined, dried over N~S04 and 

concentrated. and the resulting oil purified by column chromatography affording 393 

mg (46%) as the oxalate salt. MS(+) ESI mlz 219 [M+Hr. 

10 

INTERMEDIATE 66 

6-Methoxy-lH-indol-4-ylamine 

To a solution of 5-methoxy-2-methyl-1,3-dinitrobenzene' (3.28 g, 15 mmol) 

• in 15 mL dry N,N-dimethylfonnamide was added N,N-dimethyformamide dimethyl 

· 15 .acetal (6.16 mL, 45 mmol) and pyrrolidine (l.3 mL, 15 mmol). The reaction mixture 

was heated at 120°C until· 1LC analysis showed complete consumption of the 5-

methoxy-2-methyl-1,3-dinitrobenzene. N,N-Dimethylformamide was removed under 

. the vacuum, affording a dark red material, which was dissolved in dry benzene and 

hydrogenated at 50 psi with 10% Pd/C (0.1 g) for 4 hours. The catalyst was filtered 

20 · off and the solvent removed under vacuum. Chromat~graphy (25 % ethyl 

acetate/hexane) afforded 1.0 g (40%) of the desired product as a yellow solid: mp 

83-86 °C; MS EI rn/e 162. 

25. 

INTERMEDIATE 67 

4-( 4-Benzyl-piperazin-l•yl)-6-methoxy-tH-indole 

A solution of 6-methoxy-111-indol-4-ylamine (0.76 g, 4.7 mmol) and bis(2-

chloroethyl)-benzylamine (2.72 g, 11.7 mmol) in 1-butanol (20 mL) was stirred at 

100°C for 18 hours then poured into aqueous sodium carbonate solution. The 

mixture was extracted with ethyl acetate (3 x 60 mL). The organic layer was dried 

30 over anhydrous sodium sulfate and filtered. The solvent was removed under vacuum. 
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Chromatography (30% ethyl acetate/hexane) afforded 0.60 (40%) of product as a 

gray oil. MS ( +) APCI (M + Hrmte 322. 

INTERMEDIATE 68 

5 6-Methoxy-4 .. piperaZin .. J .. yl-lH-indole 

A mixture of 4-(4-benzyl-piperazin-l-yl)-6-methoxy-lH-indole (0.37 g, 1.1 

mmol), 10% Pd/C (0.05 g) and ammonium formate (0.15 g, 2.2 mmol) in ethanol (20 

mL) was allowed to reflux for 2 hours. The catalyst was filtered off and the solvent 

removed under vacuum. Chromatography (10% methanol/methylene chloride plus 

IO ammonium hydroxide) afforded 0.2 g (75%) of product as a yellow foam. MS (EI) 

m/e 231. 

EXAMPLE la 

3 .. [ cis-4-[ 4-(1H-Indol .. 4-yl)-1-piperazinyl]cydohexyl]-1H-indole 

15 A solution of 4-(lH-indol-3-yl)-cyclohexanone (0.53 g,2.5 mmol), l-(indol-4-

yl)piperazine (0.5g, 2.5 mmol), sodium triacetoxyborohydride (0.78 g, 3.5 mmol) 

and acetic acid (0.14 ml, 2.5 mmol) in 1,2-dichloroethane (11 ml) was allowed to stir 

at room temperature overnight. The reaction was quenched with IN sodium 

hydroxide (10 ml), extracted with methylene chloride (3 x 60 ml), and washed with 

20 brine (3 x 60 ml). The organic layer was dried over anhydrous sodium sulfate and 

filtered. Chromatography (10%. methanol-ethyl acetate) afforded 0.52 g (53%) of 

product as a white solid: mp 85-87°C. 

The HCI salt was prepared in ethyl acetate: mp 198-200°C. 

Elemental analysis for C2)i10N4•HC1 

25 Cale' d: C, 68.25; H, 7 .38; N, 12.25 

Found: C, 68.12; H. 7.16; N, 11.93 
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EXAMPLE lb 

3-[trans-4-[ 4-(lH.,indoi-4-yl)-1-piperazinyl] 

cyclohexyl]-lH-indole 

PCT/US00/00223 

The trans compound· was isolated at the same time as the cis isomer in 21% 

5 yield (0.21 g) as a white solid: ilip l 05-101°C. ·· 

10 

The HCI salt was prepared in ethyl acetate: Iilp 305°C (decomposed). · 

Elemental analysis for C2)i,0N .. •HCl 

Cale' d: C, 68.25; H, 7 .38; N, 12~25 

. Found: C, 68.12; H, 7.16; N, 11.93 

EXAMPLE la 

4-Fluoro-3-[ cis-4-[ 4-(lH-indol-4-yl)-1-piperazinyl] 

cyclohexyl]-lH-indole 

. A solution of 4-(4-fluoro-lH-indol-3-yl)-cyclohexanone (0.88 g, 3.8 mmol), · 

15 1-(indol-4-yl)piperazine (0.7 g; 3.5 mmol), sodium triacetoxyborohydride (1.1 g, S.2 

· mmol) and acetic acid (0.4 ml. 7 mmol) in 1;2-dichloroethane (20 nil) was allowed to 

stir at room temperature overnight. The reaction was quenched with IN sodium 

hydroxide (10 ml), extracted with methylene chloride (3 x 60 ml), and washed with · 

brine (3 x 60 ml). The organic layer was dried over anhydrous sodium sulfate and 

20 filtered. Chromatography (5-7% methanol-ethyl acetate) afforded 1.14 g (79%) of 

product as a white foam. 

The HCI salt was prepared in ethanol: mp 283-285°C. 

Elemental analysis for C26~9FN4 •HCI•0.25H20 

Cale' d: C, 68.26; H, 6. 72; N, 12.25 

25 Found: C, 68.16; H, 6.74; N. 12.04 

EXAMPLE lb 

4-Fluoro-3-[trans-4-[ 4-(lH-indol-4-yl)-1-piperazinyl] 

cyclohexyl]-lH-indole 

30 The trans compound was isolated at the same time as the cis isomer in 17% 

yield (0.24 g) as a white solid: mp 206-208°C. 
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The HCl salt was prepared in ethanol: mp 297-299°C. 

Elemental analysis for C:Ji2,FN, •HCI•H20 

Calc'd: C, 66.30; H, 6.85; N, 11.90 

Found: C, 66.17; H, 6.51; N, 11.70 

EXAMPLE3a 

S-Fluoro-3-[ cis-4-[ 4-(lH-indol-4-yl)-1-piperazinyl] 

cyclohexyl]-lH-indole 

PCT/US00/00223 

This compound was prepared in the manner described above for Example 2 

10 by replacing 4-(4-fluoro-lH-indol-3-yl)-cyclohexanone with 4-(5-fluoro-IH-indol-3-

yl)-cyclohexanone (0.56 g, 2.5 mmol) to afford 0.54 g (52%) of product ~ a white 

solid: mp 108-l 10°C. 

The HCI salt was prepared in ethyl.acetate: mp 215-217°C. 

Elemental analysis for <;JI29FN,•HCI•0.36C,H10 2 . 

15 Calc'd: C, 67.37; H, 6.88; N, 11.45 

20 

Found: C, 67.18; H, 6.72; N, 11.18 

EXAMPLE3b 

S-Fluoro-3-[trans-4-[ 4-(lH-indol-4-yl)-1-piperazinyl] 

cyclohexyl]-lH-indole 

The trans compound was isolated at the same time as the cis isomer in 30% 

yield (0.31 g) as a white solid: mp 112-114°C. 

The HCI salt was prepared in ethanol: mp 280°C (decomposed). 

Elemental analysis for C2)\,FN4•HCl 

25 Cale' d: C, 66.81; H, 6.81; N, 11.99 

30 

Found: C, 66.44; H, 6.66; N, 11.74 

EXAMPLE4a 

6-Fluoro-3-[ cis-4-[ 4-(lH-indol-4-yl)-1-piperazinyl] 

cyclohexyl]-1H-indole 

This compound prepared in the manner described above for Example 2 by 

replacing was 4-(4-t1uoro-1H-indol-3-yl}-cyclohexanone with 4-(6-fluoro-lH-indol-
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3-yl)-cyclohexanone (1.15 g, 5~0 mmol) to afford 1.06 g (51 %) of product as a white 

foam. 

The HCl salt was prepared in ethanol: mp 250-252°C (decomposed). 

Elemental analysis for C26H~9FN4 •HCJ 

5 Calc'd: C, 67.37; H, 6.88; N, 11.45. 

10 

Found: C, 67 .18; H, 6.72; N, 1.1.18 

EXAMPLE4b· 

6-Fluoro-3-[trans-4-[ 4-(lH-indol-4-yl)-1-piperazinyl] 

cyclohexyl]-lH-indole 

The trans compound was isolated at the :Same time as the cis isomer in 27% 

yield (0.55 g) as a white foam. 

The HCI salt was prepared in ethanol: mp 319-320°C (decomposed). 

Elemental analysis for C26H29FN/HCI 

15 Calc'd: C, 66.81; H, 6.81; N, ll.99 

20 

Found: C, 66.44; H, 6.66; N, 11.74 

EXAMPLE Sa 

S-Bromo-3-[ cis-4-[ 4-(tH .. indol-4-yl)-1-piperazinyl] 

· . cyclohexyl]-lH-indole 

This compound was prep~d in. the manner described above for Example 2 

by replacing 4-(4-fluoro-lH-indoI,.3-yJ).;.cyclohexanone with 4-(5-bromo-lH-indol-3-

yl)-cyclohexanone (0.75 g, 2.5 mmol) to afford 0.81 g (68%) of product. 

The HCl salt was prepared in ethyl acetate: mp 276°C. 

25 Elemental analysis for CJI29BrN4 •HCl . 

Calc'd: -C, 60.23; H, 5.93; N, 10.81 

Found: C, 59.95; H, 5.83; N, 10.64 
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EXAMPLE Sb 

5-Bromo-3-( trans-4-[ 4-(lH-indol-4-yl)-1-piperazinyl] 

cyclohexyl]-tH-indole 

The trans compound was isolated at the same time as the cis isomer in 24% 

5 yield (0.29 g). 

IO 

The HCl salt was prepared in ethyl acetate: mp >300°C. 

Elemental analysis for C2)i2,BrN4 •HO 

Calc'd: C, 60.75; H, 5.88; N, 10.90 

Found: c. 60.38; H. 5.89; N, 10.61 

EXAMPLE6a 

S-Chloro-3-[ cis-4-[ 4-(lH-indol-4-yl)-1-piperazinyl] 

cyclohexyl]-tH-indole 

A solution of 4-(5-chloro-1H-indol"'3-yl)-cyclohexanone (0.78 g, 3.1 mmol), · 

15 l-(indo1-4-yl)piperazine (0.6 g. 3 mmol), sodium triacetoxyborohydride (0.95 g, 4.5 

mmol) and acetic add (0.34 ml, 6 mmol) in 1,2-dichloroethane (20 ml) was allowed 

to stir at room temperature overnight. The reaction was quenched with 1 N sodium 

hydroxide (10 ml), extracted with methylene chloride (3 x 60 ml) and washed with 

brine (3 x 60 ml). The organic layer was dried over anhydrous sodium sulfate and 

20 filtered. Chromatography (5% methanol-ethyl acetate) afforded 0.84 g (65%) of 

product as a white foam. 

25 

The HCl salt was prepared in ethanol: mp 283-285°C. 

Elemental analysis for C26H29ClN4•HCl-0.25~0 

Calc'd: C, 65.46; H, 6.69; N, 11.45 

Found: C, 65.14; H, 6.73; N, 11.33 

EXAMPLE6b 

5-Cbloro-3-[trans-4-[ 4-(lH-indol-4-yl)-1-piperazinyl] 

cyclohexyl]-lH-indole 

30 The trans compound was isolated at the. same time as the cis isomer in 24% 

yield (0.32 g) as a white foam. 
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The HCI salt was prepared in ethanol: mp 314-315.5°C. 

Elemental analysis for C2Ji:i9ClN4 •HCl•0.25~0 

Cale' d: C, 65.65; H, 6.60; N, 11.62 

Found: C, 65.50; H, 6.50; N, 1 l.30 

EXAMPLE7a 

PCT/US00/00223 

3-{ 4-[ (l,4-cis)-4-(lH-indol-4-yl)-piperazinyl.; l-yl]cyclohexyl} 

-lH-hidole-5-carbonitrile 

This compound was prepared in the mann,er described above for Example 2 ·.· 

10 by replacing 4-(4-tluoro-lH-indol-3-yl)-cyclohexanone with 4-(5-cyano-lH-indol-3~ 

yl)-cyclohexanone (0.71 g, 3.0 mmol) to afford 0.38 g (30%) of product. 

15 

The HCl salt was prepared in ethyl acetate: mp 216-218°C. 

Elemental analysis for C2;J29N5•HCl•0.33C4H.02 

Calc'd: C, 66.25; H, 6.94; N, 13.64 

·Found: C, 66.05;. H, 6.54; N, 13.28 

EXAMPLE7b 

3-{ 4-[ (l,4-trans)-4-(lH-indol-4-yl)-piperazinyl-1-yl]cyclohexyl} 

-lH-indole-5-carbonitrile 

20 The trans compound was isolated at the same time as the cis isomer in 25% 

yield (0.32 g). 

The HCl salt was prepared in ethyl acetate: mp >310°C. 

Elemental analysis for C21H29N5•HCI 

Calc'd: C, 68.48; H, 6.71; N, 14.79 

25 Found: C, 68.43; H, 6.54; N~ 14.63 

EXAMPLE Sa 

s .. Methoxy-3-[cis-4-[4-(lH-indol-4-yl)-1-piperazinyl] 

cyclohexyl]· lH;.indole 

30 A solution of 4-(5-methoxy~tH-indol-3-yl)-cyclohexanone (1;2 g, 5 mmol), 

l-(indol-4-yl)piperazine (1 g, 5 mmol), sodium triacetoxyborohydride (1.47 g, 6.2 

~· 
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mmol) and acetic acid (0.28 ml, 4 mmol) in 1,2-dichloroethane (20 ml) was allowed 

to stir at room temperature overnight. The reaction was quenched with IN sodium 

hydroxide (10 ml), extracted with methylene chloride (3 x 60 ml) and washed with 

brine (3 x 60 ml). The organic layer was dried over anhydrous sodium sulfate and 

5 filtered. Chromatography (2.5% methanol-ethyl acetate) afforded 1.18 g (55%) of 

product as a white solid: mp 105-108°C. 

10 

The HCl salt was prepared in ethyl acetate: mp 283-285°C. 

Elemental analysis for. C2,H)2N40•HC1•0.5H:.P 

Cale' d: C, 68.55; H, 7 .03; N, 11.85 

Found: C, 68.86; H, 7.29; N, 11.76 

.~ 

EXAMPLE Sb 

5-Methoxy-3-[ trans-4-[ 4-(lH-indol-4-yl)-1-piperazinyl] 

cyclohexyl]-tH-indole 

15 The trans compound was isolated at the same time as the cis isomer in 20% 

20 

yield (0.43 g) as a white foam. 

The HCI salt was prepared in ethyl acetate: mp 194-196°C. 

Elemental analysis for C21HJ2N,O•HCI• 1 .5H20 

Calc'd: C, 66.65; H, 7.15; N, 11.52 

Found: C, 66.65; H, 7.06; N, 11.44 

EXAMPLE9a 

3-[cis-4-[4-(lH-lndol-4-yl)-l•piperazinyl]cyclohexyl] 

-2-methyl-lH-indole 

25 A solution of 4-(lH-indol-3-yl)-cyclohexanone (l.44 g, 6.33 mmol), l-(indol-

4-yl)piperazine (1.27 g, 6.33 mmol), sodium triacetoxyborohydride (1.88 g, 8.86 

mmol) and acetic acid (0.76 mg, 12.6 mmol) in 1,2-dichloroethane (100 ml) was 

allowed to stir at room temperature overnight. The reaction was quenched with IN 

sodium hydroxide (80 ml), extracted with methylene chloride (3 x 300 ml), and 

30 washed with brine (150 ml). The organic layer was dried over anhydrous sodium 

sulfate and filtered. The solvent was removed under vacuum to afford an off-white 
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solid. Trituration of the solid. with warm methylene chloride (80 ml) followed 'by 

filtration afforded 0.88 g of white solid. The mother liquor was concentrated and 
chromatographed (2% methanol-methylene chloride) to afford another 0.18 g (total 

yield 40.7%) ofproduct as a white solid: mp 279"-280°C. 

5 The HCI salt was prepared in ethanol: ·.mp .200-203°C. . 

10 

Elemental analysis for C21H32N4 •2HCI · 

Calc'd: C, 64.99; H, 7.17; N, ll.23 

Found: C, 65.05; H, 7.07; N~ 11.23 

.EXAMPLE9b 

3-[ trans-4-[ 4-(lH-Indol-4-yl)· l-piperazinyl]cyclohexyl] 

-2-methyl-lH-indole 

The trans compound was isolated at the same time as the cis isomer in 25. 7% · 

yield (0.67 g) as a white foam. ,, 

15 The HCl salt was prepared in ethanol: mp >310°C. 

20 

Calc'd: 

Found: 

C, 66.80; H, 7.06; N, 11.54 

C, 66.84; H, 6.87; N, 11.37 

EXAMPLElOa 

3-{(1,4-cis)-4-[4-(lH-Indole-4-yl)-piperazin-l-yl]-cyclohexyl}-lH-pyrrol0[2,3-

b]pyridine 

This compound was prepared in the manner described above for Example 2 · 

by replacing 4-(5-fluoro-1H-indol-3~yl)-cyclohexanone with 4-(1H-3-pyrrolo[2,3-

25 b]pyridyl)-cyclohexanone (1.52 g, 7.1 mmol) in 27 % (0.79 g) yield as a white solid. 

•The HCl salt was preparedin ethanol: mp >250°C (dee.) 
. . . 

Elemental analysis for C:Ji2,N5•3HCI. 

Calc'd: C, 58.49; H, 6.38; N, 13.64 

Found: C, 58.47; H, 6.52; N, 12.91 

30 
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EXAMPLElOb 

3·{ (1,4-trans)-4·[ 4-(lH-lndole-4-yl)-piperazin-1-yl]-cyclohexyl }-1H-pyrrolo[2,3-

b ]pyridine 

The trans compound was isolated at the same time as the cis isomer in 9 % 

5 yield (0.26 g) as a white solid: mp >228°C. 

10 

The HCI salt was prepared in ethanol: mp >250°C (dee.) 

. Elemental analysis for ~H29N/3HC1 

Calc'd: C, 56.50; H, 6.54; N, 13.18 

Found: C, 56.45; H, 6.63; N, 12.98 

EXAMPLEll 

6-Fluoro-1-methyl-3·{ cis-4·[ 4-(1-methyl-lH-indol-4-yl)-1-

piperazinyl]cyclohexyl }· lH-indole 

To a solution of 3-[ cis-4-[ 4-(lH.:.indol-4-yl)-1-piperazinyl] cyClohexyl]- lH-

15 indole (0.27 g. 0.65 mmol) in anhydrous N,N-dimethylformamide (4 ml) was added 

60% sodium hydride (33.7 mg, 0.84 mmol) at room temperature. The mixture was 

allowed to stir for 30 minutes at room temperature, then iodomethane was added to 

the above solution. The resulting mixture was stirred for another 0.5 hour and then 

poured into water (80 ml) and extracted with ethyl acetate (2 x 80 ml). The organic 

20 layer was dried over anhydrous magnesium sulfate and filtered. Chromatography 

(20% acetone-hexanes) afforded ~.93 g · (55%) of product as an oil which was heated 

in ethanol to afford a white solid: mp 188-190°C. 

The HCl salt was prepared in ethanol: mp 253-254°C. 

Elemental analysis for c;.H33N"'F•HC1•0.5Hi0 

25 Cale' d: C, 68.62; H, 7 .20; N, 11.43 

Found: C, 68.98; H, 6.80; N, 11.47 
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EXAMPLE12a 

3-{ (t,4-cis)-4-[ 4-(lH-indol-4-yl)-piperazin-1-yl]-cyclohexyl}-1-methyi-lH-indole­

S-carbonitrile 

A solution of 4-(5-cyano-1-niethyl.;;3-indolyl)-cyclohexanone (0.75 g. 3 

5 mmol). 1-(indol~4-yl)piperazine (0.6 g, 3 mmol). sodium triacetoxyborohydride (0.95 · 

g. 4.5 mmol) and acetic' acid (0.34 ml. 6 mmol) in 1,2-dichloroethane (20 ml) was 

allowed to stir at room temperature overnight. The reaction was quenched with IN 

sodium hydroxide(IO ml). extracted with methylene chloride (3 x 60 ml) and washed 

with brine (3 x 60 ml). The ·organic layer was dried over anhydrous sodium sulfate 

10 and filtered. Chromatography (10% methanol-ethyl acetate) afforded 0.73 g (56%) 

of product as a white solid: mp 274-275°C. 

The HCl salt was prepared in ethyl acetate: mp 285.5-288°C. 

Elemental analysis for C211H31N5•2HCl•Ha0 

Calc'd: C. 68.35; H. 6.97; N, 14.23 

15 Found: c. 68.51; H, 6.65;N. 14.06 

·. EXAMPLE 12b 

3-{(1,4-trans)-4-[4-(lH-indol-4-yl)-piperazin,;;1-yl]-cyclohexyl}-l-methyl-lli- · 

indole-5-carbonitrile 

20 The trans compound was isolated at the same time as the cis isomer in 33% 

25 

yield (0.42 g) as a white solid: mp 239-240°C. 

The HCI salt was prepared in ethyl acetate: mp 286-288°C. 

Elemental analysis for c;.H31N5•2HC1•0.5~0 

Calc'd: C, 64.73; H, 6.60; N, 13.65 

Found: C, 64.55; H, 6.42; N, 13.41 

EXAMPLE13a 

1-Ethyl-3-{ (1,4-cis)-4·[ 4-(tH-indol-4-yl)·piperazin-1-yl]-cyclohexyl}-lH-indole­

S-carbonitrile 

30 A solution of 4-(5-cyano-1-ethyl-indol-3-yl)-cyclohexanone (1.5 g, 5.6 

mmol): l-(indol-4-yl)piperazine (1.19 g, 5.9 mmol), sodium triacetoxyborohydride 
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(1.73 g, 8.2 mmol) and acetic acid (0.9 ml, 15 mmol) in 1,2-dichloroethane (30 ml) 

was allowed to stir at room temperature overnight. The reaction was quenched with 

lN sodium hydroxide (10 ml), extracted with methylene chloride (3 x 80 ml), and 

washed with brine (3 x 80 ml). The organic layer was dried over anhydrous sodium 

5 sulfate and filtered. Chromatography (2.5% methanol-ethyl acetate) afforded 0.98 g 

(39%) of product as a white solid: mp 226°C (dee.). 

The HCl salt was prepared in ethyl acetate: mp 245°C. 

Elemental analysis for C2,H33N5•2HC1•0.25H~P 

Calc'd: C, 65.84; H, 6.76; N, 13.24 

10 Found: C, 65.97; H, 6.74; N, 13.40 

EXAMPLE13b 

1-Ethyl-3-{ (l,4-trans)-4-l 4-(lH-indol-4-yl)·piperazin-1-yl]-cyclohexyl}-lH­

indole-5-carbonitrile • 
15 The trans compound ~as isolated at the same time. as the cis isomer in ~ 9% 

yield (0.48 g) as a light brown solid: mp decomposed at 110°C. 

The HCl salt was prepared in ethyl acetate: mp 250°C (decomposed). 

Elemental analysis for C29H,,N,•2HC1 

Calc'd: C, 66.40; H, 6.73; N, 13.35 

20 Found: C. 66.32; H, 6.67; N, 13.10 

EXAMPLE14a 

3-{ (1,4-cis)-4-[ 4-(lH-indol-4-yl)-piperazin-1-yl]-cyclohexyl }-1-propyl., tH-indole­

S-carbonitrile 

25 A solution of 4-(S-cyano-l-n-propyl-indol-3-yl)-cyclohexanone (1.68 g, 6 

mrnol), l-(indol-4-yl)piperazine (1.27 g, 6.3 mmol), sodium triacetoxyborohydride 

(1.84 g, 8.9 mmol) and acetic acid (0.94 ml, 16 mmol) in 1,2-dichloroethane (80 ml) 

was allowed to stir at room temperature overnight. The reaction was quenched with 

JN sodium hydroxide (20 ml), extracted with methylene chloride (3 x 100 ml) and 

30 washed with brine (3 x 100 ml). The organic layer was dried over anhydrous sodium 

sulfate and filtered. Chromatography (10% methanol-ethyl acetate) afforded 0.42 

g(15%) of product as a white powder. 

1 

' i: 
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The HCI salt was prepared in ethanol: inp 200-206°C. 

Elemental analysisfor C30~~5•2HCl•0.75H20 · 

Calc'd: C, 65.27; H~7.03; N~ 12.69 

Found: C, 65.18; H, 6.97; N, 12.68 

EXAMPLE14b 

PCT/U~OOi00223 

. 3-{ (1,4-trans)~4-[ 4-(tH~indoJ-4;.y_l)-pipetazin-l-yl]-cyclohexyl}-l-propyl-1H- · ·.· 

indole-5-carbonitrile 

The trans compound was isolated at the same time as the cis isomer in 14% 

1 O yield (0.39 g) as a white foam. 

15 

The HCl salt was prepared in ethanol: mp decomposed >245°C. 

Elemental analysis for C,0H,5N5•2HCI 

Calc'd: C, 66.90; H, 6.93; N, 13;00 

Found: C, 66.68; H, 6.97; N, 12.96 

EXAMPLE15a 

3-{(1,~cis)-4-[4-(lH-indol-4-yl)-piperazin-1-yl]-cyclohexyl}-1-isopropyl-tH- : 

indole-5-carbonitrile 

A solution of 4-(5-cyano-1-n-propyl-indol-3-yl)-cyclohexanone (1.68 g, 6 

20 mmol), l-(indol-4-yl)piperazine (1.27 g, 6.3 mmol), sodium triacetoxyborohydride 

(1.84 g, 8.9 mmol) and acetic ac.id (0.94 ml, 16 mmol) in l,2'."dichloroethane(80 ml) 

was allowed to stir at room temperature ovemighL The reaction was_quenched·with 

lN sodium hydroxide (20 ml), extracted with methylene chloride (3 x 100 ml), and 

washed with brine (3 x 100 ml). The organic layer was dried over anhydrous sodium 
.· . . 

25 sulfate, and filtered. Chromatography (10% methanol-ethyl acetate) afforded 0.49 g 

30 

(18 %) of product as a white powder. 

The HClsalt was prepared in ethanol: mp 285-286°C. 

Elemental analysis for C30H35N5•HC1•0.5~0 

Calc'd: C, 70.50; H, 7.30; N, 13.70 

· Found: C, 70.65; H, 7 .16; N, 13.45 
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EXAMPLE15b 

3·{ (l,4-trans)-4-( 4-(lH-indol-4-yl)-piperazin-1-yl]-cyclohexyl}· l·isopropyl-lH­

indole-5-carbonitrile 

The trans compound was isolated at the same time as the cis isomer in 12% 

5 yield (0.34 g} as a white foam. 

10 

The HO salt was prepared in ethanol: mp decomposed > 245°C. 

Elemental analysis for c;0H35N5•HCI 

Calc'd: C, 66.90; H, 6.93; N, 13.00 

Found: C, 66.68; H, 6.97; N, 12.96 

EXAMPLE16a 

1-Benzyl-3-{ (l,4-cis}-4-[ 4-(lH-indol-4-yl}-piperazin-1-yl]-cyclohexyl}-lH-indole-

5-carbonitrile 

A solution of 4-(5-cyano-1-benzyl-indol-3-yl}-cyclohexanone (2.97 g, 9 

15 mmol), 1-(indol-4-yl)piperazine (1.94 g, 9.6 mmol), sodium triacetoxyborohydride 

(2.7 g, 13 mmol) and acetic acid (1 ml, 24 mmol) in 1,2-dichloroethane (50 ml) was 

allowed to stir at room temperature overnight. The reaction was quenched With IN 

sodium hydroxide (20 ml}, extracted with methylene chloride (3 x 100 nil} and 

washed with brine (3 x 100 ml). The organic layer was dried over anhydrous sodium 

20 sulfate and filtered. Chromatography (25-50% ethyl acetate-hexanes) afforded l.71 

g (37%) of product as a white pQwdet. 

The HCI salt was prepared in ethanol: mp dee. > 245°C. 

Elemental analysis for ~H,5N5•HCI•0.5~0 

Cale' d: C, 68.56; H, 6.43; N, 11. 76 

25 Found: C, 68.93; H, 6.55; N, 11.52 

EXAMPLE16b 

1-Benzyl-3-{(1,4-trans)-4-[4-(lH-indol-4-yl)-piperazin-1-yl]·cyclohexyl}-1H­

indole-5-carbonitrile 

30 The trans compound was isolated at the same time as the cis isomer in 15% 

yield (0.68 g) as a white foam. 
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The HCl salt was prepared.in ethanol: mp> 240°C (dee.). 

Elemental analysis for ~H3,N5•2HCI•0.25}\0 · 

Calc'd: ·c, 69.08; H, 6.40; N, 11.85 

Found: C, 69.09; H, 6.17; N, 11.80 

EXAMPLE17. 

PCTiUS00/00223 

1-Methyl-3-{ (1,4-cis)-.4-[ 4-(1-methyl-tH.;indol-4-yl)-piperazin• 1-yl]-cyclOhexylJ­

. lH-indoie-5-carbonitrile 
. . 

To a suspension of sodium hydride (60%, 95 mg, 2.4 mmol) in anhydrous· N, 

10 N-dimethylformamide was added a solution 3-{(1,4-cis)-4-[4-(lH~jndol-4-yl)­

piperazin-1-yl]-cyclohexyl }-1-methyl-IH-indole-5-carbonitrile (0.52 g, 1.2 m~ol) in 

10 ml N,N-dimethylformide. The mixture was allowed to stir at room temperatlire 

for 30 minutes. Then iodomethane (0.17 g, 2.4 mmol) was added to the above 

.. , 

15 

reaction mixture. The mixture was allowed to stir at room temperature fol' another 30 

minutes, then quenched with ice-water. The mixture was extracted with methylene 

chloride (150 ml), and dried over anhydrous sodium sulfate. Chromatography 

(methanol-methylene chloride-ethyl acetate; 1 : 1 : 8) afforded 0.53 g (99%) of 

product as a pink foam. 

The HCI salt was prepared in ethanol: .mp 252-255°C. 

20 Elemental analysis for C29H33N5•2HC1 

25 

Calc'd: C, 66.40;~. 6.73; N, 13.35 

Found: C, 66.64; H, 6;82; N, 13.21 

EXAMPLE18 

5-Fluoro-3-{ ( cis)-4-[ 4-(2-methoxy;.phenyl)·j>iperazin-l-yl] 

-cyclohexyl}-tH-indole 

A solution of 4-(5-fluoro-l:-indol..,3-yl)-cyclohexanone (0.35 g, 1.5 mmol), 1-

(2-methoxy-phenyl)piperazine (0.29 g, l.5 mmol)~ sodium triacetoxyborohydride 

(0.47 g, 2.1 mmol) and acetic acid (0.05 ml, 1.5 mmol) in 1,2-dichloroethane (8 ml) 

30 was allowed to stir at room temperature for 12 bouts. The reaction was quenched 

with lN sodium hydroxide (pH> 9) and extracted with methylene chloride (3·x 50 
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ml). The organic layer was dried over anhydrous sodium sulfate and .filtered. 

Chromatography (10% methanol-ethyl acetate) afforded 0.34g (56%) of product as a· 

white solid. 

The HCI salt was prepared in ethyl acetate: mp 170-172°C. 

5 Elemental analysis for C25H30FN,O•HCl 

10 

Cale' d: C, 66.95; H, 7 .08; N, 9.37 

Found: C, 66.93; H, 7.08; N, 9.29 

EXAMPLE19a 

5-Fluoro-3-{ (1,4-cis)-4·[ 4-(2-methoxy-phenyl)-piperidin-1-yl] 

-cyclohexyl}-tH-indole 

This compound was prepared in the manner described above for Example 18 

by replacing 1-(2-methoxy-phenyl)piperazine witJ:i 1-(2-methoxy-phenyl)piperidine 

(1.0 g, 5.2 mmol) to afford 1.34 g of product in 63% yield.· 

15 The HCl salt was prepared in ethyl acetate: mp 245-250°C. 

20 

Elemental analysis for CJI,1FN:P•HC1•0.09C4H10 2 

Cale' d: C, 69.09; H, 7 .36; N, 6.20 

Found: C, 66.19; H, 7.18; N, 6.08 

EXAMPLE19b 

5-Fluoro-3-{ (1,4-trans)-4-[ 4-(2-methoxy-phenyl)-piperidin-1-yl] 

-cyclohexyl}-tH-Jndole 

The trans compound was isolated at the same time as the cis isomer in 20% 

yield (0.43 g). 

25 The HCI salt was prepared in ethyl acetate: mp 297-299°C. 

Elemental analysis for <;11H31FN20•HC1•0.08C4H80 2 

Cale' d: C, 70.49; H, 7 .28; N, 6.32 

Found: C, 70.17; H, 7.30; N, 6.10 
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EXAMPLE20a 

· S-Methoxy-3-{ (1,4-cis)•4-[ 4-(2-methoxy-pbenyl)-piperazin-1-yl] 

-cyclohexyl}-1H-indole 

This compound was prepared in the manrier described above for Example 18 

5 by replacing 4-(5-fluoro-1-indol-3-yl)-:cyclohexanone with 4~(5-methoxy-1-indol-3-

yl)-cyclohexanone (1.2 g, 5 mmol) to afford 1.18 g {55 %) of the title compound as 

a white solid: mp 105-108°C, 

Th~ HCI salt was prepared in ethyl acetate: mp l98-199°C. 

Elemental analysis for <;~N302•HCI 

10 Calc'd: C, 68.48;H, 7.52; N, 9.21 . 

15 

Found: C, 68.31; H, 7.54; N, 9.08 

. . 

EXAMPLE20b. 

5-Methoxy-3-{ (l,4-trans)-4-( 4-(2-methoxy;.phenyl)-piperazin-1-yl] 
. . · .. 

-cyclohexyl}-tH-indole 

The trans compound was Isolated at the same time as the cis isomer in 20% 

yield (0.43 g) as a white foam. 

The HCI salt was prepared in ethyl acetate: mp 195-197°C. 

Elemental analysis for ~6}f,3N302•HCI 

20 Calc'd: C, 68.48; H, 7.52; N, 9.21 

25 

Found: C, 68.18; H, 7.50; N, 9.11 

ExAMPLE21 · 

3-{(l,4-cis)-4-[4-(2-methoxy-phenyl)-piperazin-1-yl]-cyclohexyl}-1H-pyrrolo[2,3-

b]pyridine 

This compound was prepared in the manner described above for Example 18 

by replacing 4-(5-fluoro-lH-indol-3-yl)-cyclohexanone with 4-(1H-p~olo[2,3-b]-3-

pyridyl)-cyclohexanone (1.71 g, 7.9 mmol) in 42 % yield {l.34 g) as a white solid: 

mp 170-172°C. 

30 The HCI salt was prepared in ethanol: mp 259-261°C. 
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C, 65.44; H, 7.44; N, 12.72 

C, 65.60; H, 7.36; N, 12.22 

EXAMPLE 22a· 

PCT /US00/00223 

5 S-Fluoro-3-{ (cis)-4-[ 4-(5-tluoro-2-methoxy-pbenyl)-piperazin· l-yl]·cyclohexyl}-

lH-indole 

A solution of 4-(5-fluoro-1-indol-3-yl)-cyclohexanone (1.1 g, 4.8 mmol), 1-

(2-methoxy-5-fluoro-phenyl)piperazine (1.0 g, 4.8 mmo1), sodium triacetoxyboro­

hydride (1.5 g, 7 .1 mmol) and acetic acid (0.27 ml, 4. 7 mmol) in 1,2-dichloroethane 

10 (20 ml) was allowed to stir at room temperature for 12 hours. The reaction was 

quenched with IN sodium hydroxide (pH > 9), extracted with methylene chloride (3 

x 50 ml). The organic layer was dried over anhydrous sodium sulfate and filtered. 

Chromatography (10% methanol-ethyl acetate) afforded 1.16 g (53%) of product as a 

white solid: mp 152-153°C. 

15 The HCI salt was prepared in ethyl acetate: mp 171-174°C .. 

20 

Elemental analysis for C25~F2N30•2HC1 

Calc'd: C, 59.17; H, 6.36; N, 8.28 

Found: C, 59.20; H, 6.33; N, 8.09 

EXAMPLE22b 

S-Fluoro-3-{ (trans)-4-[ 4-(~-fluoro-2-methoxy-phenyl)-piperazin-1-yl]­

cyclohexyl}-lH-indole 

The trms compound was isolated at same time as the cis isomer in 12% yield 

(0.25 g) as a white solid: mp 64-67°C. 

25 The HCI salt was prepared in ethyl acetate: mp 272-273.5°C. 

•Elemental analysis for C25H29F20N,•HCI 

Calc'd: C, 63.75; H, 6.64; N, 8.92 

Found: C, 63.77, H, 6.41; N, 8.75 
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EXAMPLE23a 

3-{ (1,4-cis)-4-[ 4-(2,3•Dihydro-benzo[1,4]dioxin-5-yl)-piperazin-t-yl]·cyclohexyl}- · 

4-fluoro-tH-indole 

A solution of 4-(4-fluoro-1-indol-3~yl)-cyclohexanone (0. 71 g, 3.1 mmol), s~ ·· 
. . . . 

5 (l~piperazinyl)benzodioxa~ (0.77 g, 3.5 mmol), sodium triacetoxyborohydrlde (0.98 

g, 4.6 mmol) and acetic acid (0.28 g, 4.6 mmol) in 1,2-dichloroethane (70 ml)"was 

allowed to stir at room temperature for 12 hours. The reaction was quenched with 

IN sodium hydroxide(lOO ml), extracted with methylene chloride (3 x 100 ml). The 

organic layer was dried over anhydrous magnesium sulfate and filtered. 

10 Chromatography (1 % methanol-ethyl acetate) afforded 0.8 g (53%)of product as a 

white foam which was dissolved in warm ethanol (15 ml) and crystallized to afford a 

white solid: mp 194-19S.5°C . 

. The HCI salt was prepared in ethanol: mp 215-220°C. 

Elemental analysis for CJi30FN30 2•HCl : 

15 Calc'd: C, 61.42; H, 6.34; N; 8.62 

20 

25 

Found: C, 61.15; H, 6.29; N, 8.04 

.· EXAMPLE 23b 

3-{ (1,4-trans)-4-[ 4-(2;3-Dihydro-benzo[1,4]dioxin-S-yl)-piperazin-1-yl]­

cyclohexyl }·4-fluoro-lH-indole 

The trans compound w~ isolated at the same time as the cis isomer in 14% 

yield (0.21 g) as a white foarri which was recrystallization in ethanol to afford a white 

solid: mp 188- l 90°C. 

Elemental analysis for CaJI3of'02N3 

Calc'd: C, 71.70; H, 6.94; N, 9.65 

Found: C, 7I°.33, H, 7.03; N, 9.55 

... 
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EXAMPLE24a 

3-{(1,4-cis)-4-[4-(2,3-Dihydro-benzo[l,4]dioxin-5-yl)·piperazin-1-yl]·cyclohexyl}· 

5-tluoro-tH-indole 

A solution of 4-(5-fluoro-l-indol-3-yl)-cyclohexanone (1.06 g, 4.6 mmol), 5-

5 (1-piperazinyl)benzodioxan (1.14 g, 5.2 mmol), sodium triacetoxyborohydride (1.46 

·g, 6.9 mmol) and acetic acid (0.41 g, 6.9 mmol) in 1,2-dichloroethane'(SO ml) was 

allowed to stir at room temperature for 12 hours. The reaction was quenched with 

saturated sodium bicarbonate (100 ml), extracted with methylene chloride (3 x 100 

ml). The organic layer was dried over anhydrous magnesium sulfate and filtered. 

10 Chromatography (1 % methanol-ethyl acetate) afforded 1.06 g (53%) of product as an 

oil which solidified to afford a white solid: mp 104-106°C. 

15 

The HCl salt was prepared in ethanol: mp 222-225°C. 

Elemental analysis for CJI,tfN30 2 •2HC1•0.2H20 

Calc'd: C, 60.88; H,6.39; N, 8.19 ·. 

Found: C, 60.85; H, 6.03; N, 8.13 

EXAMPLE24b 

3-{(1,4-trans)-4-[4-(2,3-Dihydro-benzo[l,4]dioxin-5-yl)·piperazin·1·yl]­

cyclohexyl}·S-Ouoro-1H-indole 

20 The trans compound was isolated at the same time as the cis isomer in 27% 

yield (0.53 g) as a white solid: mp 206-210°C. 

The HCl salt was prepared in ethanol: mp 295-297°C. 

Elemental analysis for CJl,tf02N3 •2HC1 

Calc'd: C, 61.42; H, 6.34; N, 8.26 

25 Found: C, 61.22; H, 6.19; N, 8.13 

EXAMPLE25a 

3-{ (1,4-cls)-4·[ 4-(2,3-Dihydro-benzo[ 1,4]dioxin·S-yl)-piperazin-1-yl]-cyclohexyl}-

6-ftuoro-lH-indole 

30 A solution of 4-(5-fluoro-l-indol-3 .. yl)-cyclohexanone (0. 77 g, 3.0 mmol), 5-

(1-piperazinyl)benzodioxan (0.78 g, 3.0 mmol), sodium cyanoborohydride (0.2 g, 3.0 
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mmol) in methanol (100 ml) was allowed to stir at room temperature for 48 h. The 

reaction was quenched with potassium hydroxide (0.4 g). The methanol was 

removed under vacuum; the residue was extracted with ethyl acetate (3 x 100 ml) and 

washed with water. The organic ·layer was dried over anhydrous magnesium sulfate 

5 and filtered. Chromatography (1% methanol-ethyl acetate) afforded 0.24 g (18%) of 

product as a yellow solid. 

10 

The HCl salt was prepared in ethanol: mp 228-230°C. 

Elemental analysis for CJl,0FN:,02•2HC1•0.6C2H60 

Calc'd: C, 61.37; H, 6.38; N, 8.22 

Found: C," 61.19; H, 6.32; N, 8.29 

EXAMPLE.25b 

3-{ (1,4-trans)-4-[ 4-(2,3-Dihydro-benzo[1,4]~oxin.;.s.yl)-piperazin-1-yl]· 

cyclohexyl}-6-fluoro-tH-i:ddole 

15 The trans compound was isolated at the same time as the cis isomer in 8% 

20 

yield (0.11 g) as an oil. 

The HCl salt was prepared in ethanol: mp 309-3I0°C. 

Elemental analysis for CJIJ02N,•2HC1•0.08C4H.02 

Calc'd: C, 61A2; H, 6.34; N, 8.26 

Found: C, 61.22; H, 6.19; N~ 8.13 

EXAMPLE26a 

3-{ (1,4-cis).;4-[ 4-(2,3-Dihydro-benzo[1,4]dioxin.;s.yi)-piperazin-1-y1J·cyclohexyl}· 

tH-indole-S•carbonitrile 

25 A solution of 4-(5-cyano-1-indol-3-yl)-cyclohexanone (0.60 g, 2.5 mmol),5-

(1-piperazinyl)benzodioxane (0.55 g, 2.5 mmol), sodium triacetoxyborohydride (0.78 

g, 3.5 mmol) and acetic acid (0.14 g, 2.5 mmol) in 1,2-dichloroethane (11 ml) was 

allowed to stir at room temperature for 12 hours. The reaction was quenched with 

lN sodium (100 ml). extracted with methylene chloride (3 x 100 ml). The·organic 

30 layer was dried over anhydrous magnesium sulfate, and filtered. Chromatography 

(1 % methanol-ethyl acetate) afforded 0.46 g (41 %) of product. 
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The HCl salt was prepared jn ethyl acetate: mp 300°C. 

Elemental analysis for Cn1f30N40 2 •HCl•0.07C4Hg02 

Calc'd: C, 65.84;H, 6.65; N, 11.38 

Found: C, 65.65; H, 6.47; N, 11.11 

EXAMPLE26b 

PCT/US00/00223 

3-{ {l,4-trans)-4-( 4-{2,3-Dihydro-benzo[l,4]dioxin-S-yl)-piperazin-1-yl]· 

cyclohexyl}· lH-indole-5-carbonitrile 

The trans compound was isolated at the same time as the cis isomer in 31 % 

10 yield (0.34 g). 

15 

The HCl salt was prepared in ethyl acetate: mp 300°C (decomposed). 

Elemental analysis for C21H3002N4•HCl•0.08C~H102 
Calc'd: C, 66.43; H, 6.69; N, 11.34 

Found: C, 66.57; H, 7.02; N, 10.85 

EXAMPLE27a 

8-{ 4-[ (1,4-cis)-4·(5-Fluoro-IH-indol-3-yl)-cyclohexyl] 

· -piperazin-1-yl}-quinoline 

A solution of 4-(5-fluoro-1-indol-3-yl)-cyclohexanone (0.54 g, 2.3 mmol), 8-

20 (piperazin-1-yl)-quinoline (0.5 g, 2.3 mmol), sodium triacetoxyborohydride (0.75 g, 

.· 3.5 mmol) and acetic acid (0.27. ml, 4. 7 mmol) in 1,2-dichloroethane (20 ml) was 

allowed to stir at room temperature for overnight. The reaction was quenched with 

IN sodium hydroxide (20 ml), extracted with methylene chloride (3 x 100 ml}, and 

washed with brine (3 x I 00 ml}. The organic layer was dried over anhydrous sodium 

25 sulfate and filtered. Chromatography (5% methanol-ethyl acetate) afforded 0.46 g 

(46%) of product as a white solid: mp 122-125°C. 

The HCl salt was prepared in ethanol: mp 209-212°C. 

Elemental analysis for C27H29FN, •3HC1 

Calc'd: C, 66.28; H, 6.00; N, 10.42 

30 Found: C, 60.23; H, 6.29; N, 10.21 
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EXAMPLE27b 

8-{ 4-[(1,4-trans)-4-(5-Fluoro-lH.;indol-3-yl)-cyclohexyl] 

-piperazin~l~yl}-qriinoline 

The trans compound was isolated at the same time as the cis isomer in 25% 

5 yield (0.25 g) as a white solid: mp 207 .5-209°C. 

10 

The HCl salt was prepared in ethanol: mp 286-288°C. 

Elemental analysis for C27~9FN4•HCJ 

Calc'd: C, 64.67; H. 6.23; N, 11.17 

Found: C, 64. 74; H, 6.21; N, 11.06 

EXAMPLE28 

8-{ 4-(1,4-cis)-4-[ 4-(5-Fluoro-l •methyl-lH-indol-3-yl):Ocyclohexyl] 

-piperazin-1-yl}-quinoline 

To a suspension ofsodium hydride (60%, 0.03 g, 0.76 mmol) in anhydrousN, 

15 N-dimethylformamide (4 ml) was added 8-{4-[(1,4-cis)-4-(5-fluoro-lH-indol-3-yl)- ·· 

cyclohexyl]-piperazin-l-yl}-quinoline·co.25 g, 0.58 mmpl) in 6 ml anhydrous N, N­

dimethylformamide at room temperature. The mixture was stirred at room 

temperature for 30 minutes, then iodomethane (0~044 ml, 0. 7 mmol) was added to the · · 

above solution. The resulting mixture was stirred at room temperature for 30 

20 minutes, and quenched with water. The mixture was extracted with ethyl acetate and 

the organic layer was dried over ~hydrous sodium sulfate. The solvent was removed 

under vacuum. Chromatography (50% methylene-ethylactate plus 5% methanol) 

afforded 0.22 g.(85%) of product as a yellow solid: mp >200°C. 

TheHCI salt was prepared in ethanol: mp 261-263.5°C. 

25 Elemental analysis for C21H31FN,•2HCI•H10 

Calc'd: C, 63.03; H, 6.61; N, 10.50 

Found: . C, 63.39; H, 6.43; N, 10.21 . 
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EXAMPLE29a 

3-[ (l,4-cis)-4-( 4-Quinolin-8-yl-piperazin-1-yl)-cyclohexyl] 

-lH-indole-5-carbonitrile 

A solution of 4-(5-cyano-1-indol-3-yl)-cyclohexanone (l.47 g, 6.2 mmol), 8-

5 (piperazin-1-yl)-quinoline (l.32 g, 6.2 mmol), sodium triacetoxyborohydride (2.0 g, 

7.2 mmol) and acetic acid (0.71 ml, 12 mmol) in 1,2-dichloroethane (40 ml) was 

allowed to stir at room temperature overnight. The reaction was quenched with IN 

sodium hydroxide (20 ml), extracted with methylene chloride (3 x 100 ml), and 

washed with brine (3 x 100 ml) .. The organic layer was dried over anhydrous sodium 

10 sulfate and filtered. Chromatography (5% methanol-ethyl acetate) afforded 1.48 

g(55%) of product as a white solid: mp 149-151°C. · 

The HCl salt was prepared in ethanol: mp 209-212°C. 

Elemental analysis for C11~FN4•2HCI-0.75H20 

· Calc'd: C, 64.43;H, 6.28; N, 13.58 

15 Found: C, 64.46; H, 6.29; N, 13.37 

EXAMPLE29b 

3-[(1,4-trans)-4-(4-Quinolin-8-yl-piperazin-1-yl)·cyclohexyl] 

-lH-indole-5-carbonitrile 

20 The trans compound was isolated at the same time as the cis isomer in 26% 

yield (0.55 g) as a white solid: mp 276-278°C. 

The HCI salt was prepared in ethanol: ·mp 286-288°C. 

Elementa.l analysis for ~FN4•2HCI•0.5H10 

Calc'd: C, 64.98; H, 6.23; N, 13.53 

25 Found: C, 65.28; H, 5.96; N, 13.30 

EXAMPLE30 

1 -Methyl-3-[ (l,4-cis)-4-( 4-quinolin-8-yl-piperazin-l-yl)-cyclohexyl]-lH-indole-S­

carbonitrile 

30 To a suspension of sodium hydride (60%, 0.06 g, 1.4 mmol) in anhydrous N, 

N-dimethylformamide (8 ml) was added 3-[(1,4-cis)-4-(4-quinolin-8-yl-piperazin-1-
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yl)-cyclohexyl]-lH-indole-5-carbonitrile (0.30 .g, 0.69 mmol) in 4 ml anhydrous N •. ·· 

N-dimethylf ormamide at room temperature~ The mixture was stirred· at room 

temperature for 30 minutes. followed by the addition of iodomethane (0.051ml;0.83·· 

mmol) to the above solution. Th~ resulting mixture was stirred at room· temperature · 

5 for 30 minutes and quenched with water. The . mixture was ·extracted with ethyl · 

acetate. dried over anhydrous sodium sulfate, and the solvent removed under vacuum'. 

Chromatography (50% methylene-ethyl acetate. plus 5% methanol) afforded 0.27 g · 

(90%) of product as a light yellow solid: mp 208-209°C. 

The HCl salt was prepared in ethanol: mp 288-289°C. 

10 Elemental analysis for C29H31N5•2HC1•0.15C4H100 

Calc'd: 

Found: 

C. 66.62; H, 6~52; N, 13.12 

C, 66.79; H. 6.74; N, 12.81 

EXAMPLE31a 

15 S-Fluoro-3-{ (1,4-cis)-4·[ ~( 6-0uoro-chroman-8-yl)-piperazin-1-yl]-cyclohexyi}- ·. 

1H-indole 

A solution of 4-(5-fluoro-1-indol-3-yl)-cyclohexanone (0.49 g. 2.1 mmol). 4-

(6-fluoro-chroman-8-yl)-piperazine (0.5 g. 2.1 mmol). sodium triacetoxyborohydride' 

(0.67 g, 3.2 mmol) and acetic acid (0.24 ml, 4.2 mmol) in 1,2-dichloroetharie {20 ml) 

20 was allowed to· stir at room temperature overnight. The reaction was quenched With 

IN sodium hydroxide (20 ml), eJ:ttracted with methylene chloride {3 x 100 ml), and 

washed with brine (3 x 100 ml). · The organic layer was dried over &nbyclfous sodium 

sulfate and ftltered. Chromatography (5% methanol-ethyl· acetate) afforded 0.42 g • · 

(44%) of product as a white foam~ 

25 The HCJ salt was prepared in ethanol: mp 199-200.5°C. 

Elemental analysis for C27H31F:PN3•HC1•0.5~0 

Calc'd: C, 65.25; H. 6.69; N, 8.45 

Found: C, 65.04; H, 6.61; N, 8.29 
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EXAMPLE31b 

5-Fluoro-3-{(1,4-trans)-4-(4-(6-0uoro-cbroman-8-yl)-piperazin-1-yl]­

cyclohexyl}-tH-indole 

The trans compound was isolated at the same time as the cis isomer in 35% 

5 yield (0.33 g) as a clear oil. 

10 

The HCl salt was prepared in ethanol: mp 286-288°C. 

Elemental analysis for C21H,1F2QN3•HC1-0.5"20 

Calc'd: C, 65.25; H, 6.69; N, 8.45 

Found: C, 65.09; H, 6.63; N, 8.29 

EXAMPLE32a 

S-Fluoro-3-{ (t,4-cis)-4-[ 4-(5-tluoro-l,3-ttihydro-benzofuran-7-yl)-piperazin-1-

yl]-cyclohexyl}· lH-indole 

A solution of 4-(5-fluoro-1-indol-3-yl)-cyclohexanone (0.52 g, 2.2 mmol), 4-

15 (5-tluoro-2,3-dihydro-benzofuran-7-yl)-piperazine (0.5 g, 2.2 mmol), sodium 

triacetoxyborohydride (0.72 g, 3.4 mmol) and acetic acid (0.26 ml, 4.5 mmol) in 1,2-

dichloroethane (20 ml) was allowed to stir at room temperature overnight. The 

rea~tion was quenched with JN sodium hydroxide (20 ml), extracted with:methy1ene 

chloride (3 x 100 ml), and washed with brine (3 x 100 ml). The organic layer was 

20 dried over anhydrous sodium sulfate and filtered. Chromatography (5% methanol­

ethyl acetate) afforded 0.37 g (3~%) of product as a white solid: mp 182-183.5°C. 

The HCI salt was prepared in ethanol: mp 196-198°C. 

Elemental analysis for C:Jf:i9F:PN, •HCI•0.5"10 

Calc'd: C, 64.65; H, 6.47; N, 8.70 

25 Found: C, 64.45; H, 6.20; N, 8.60 

EXAMPLE32b 

5-Fluoro-3-{(1,4-trans)-4-[4-(5-fluoro-2,3-dihydro-benzofuran-7-yl)-piperazin-1-

yl]·cyclohexyl}-1H-indole 

30 The trans compound was isolated at the same time as the cis isomer in 34% 

yield (0.34 g) as a clear oil. 
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The HCl salt was prepared in ethanol: mp 303•305°C. 

Elemental analysis for C2A 9F2QN3 •HCI•O.SllzO 

Calc'd:·· C, 64.65;H. 6.47; N, 8.70 

Found: C. 64.86; H, 6.40; N, 8.36 

···EXAMPLE 33a 

PCT/US00/00223 

3-{ (l,4-cis)-4-[ 4-(S-Fluoro-2,3~dJhydro-benzofuran-7-yl)-piperazin-1-yll;. 

cyclohexyl }•tH-indole-5-carbonitrile 

A solution of 4-(5-cyano-1-indol-3-yl)-cyelohexanone (0.46 g. 1.9 mmol). 4-

10 (5-tluoro-2,3-dihydro~benzofuran-7-yl)-piperazine (0.43 g. 1 ;9 mmol), sodium 

triacetoxy-borohydride (0.62 g, 2.9 · mmol) and acetic acid (0.22 ml, 3.9 mmol) in 

1,2-dichloroethane (20 ml) was allowed to stir at room temperature overnight. The 

reaction was quenched with 1 N sodium hydroxide .~20 ml), extracted with methylene . · · 

chloride (3 x 100 ml), and washed with brine (3 x 100 ml). The organic layer was 

15 dried over anhydrous sodium sulfate and filtered. Chromatography (5% methanol-

20 

ethyl acetate) afforded 0.35 g (41%) of product as a white foam. 
··· 

The HCI salt was prepared in ethanol: mp 298-301°c. 

Elemental analysis for C21~gPQN4 •HCl•O. 75Fiz0 

Cale' d: C, 65.58; H, 6.42; N, 11.33 

Found: C, 65.38; H, 6.22; N, 11.14 

EXAMPLE33b 

3-{(1,4-trans)-4-[4-(S-Fl~oro-2,3-dihyd1;0-benzofuran-7-yl)-piperazin•l~yl]­

cyclohexyl}-1H-indole-5-carbonitrile 

· 25 The trans compound was isolated at the same time as the cis isomer in 23% · 

30 

yield (0.20 g) as a white foam. 

The HCI salt was prepared in ethanol: mp 330-331°C. 

Elemental analysis for c;,~9FQN4•HC1•0.75H20 · 

Calc'd: C, 65.58; H. 6.42; N, 11.33 

·Found: C, 65.17; H, 6.14; N, 10.97 
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EXAMPLE 33c. 

3-{ (l,4-cls)-4-[ 4-(5-Fluoro-2,3-dihydro-benzofuran-7-yl)-piperazin-1-yl)­

cyclohexyl}-l·methyl-lH-indole-S-carbonitrile 

To a suspension of sodium hydride (60%, 0.036 g, 0.9 mmol) in anhydrous N, 

5 N-dimethylformamide (2 ml) was added 3-{ (1,4-cis)-4-[4-(5-fluoro-2,3-dihydro­

benzofuran-7-yl)-piperazin-1-yl]-cyclohexyl }-lH-indole-5-carbonitrile (0.2 g, 0.45 

mmol) in 6 ml anhydrous N. N-dimethylformamide at room temperature. The 

mixture was stirred at room temperature for 30 minutes, followed by the addition of 

iodomethane (0.034 ml; 0.54 mmol) to the above solution. The resulting mixture was 

10 stirred at room temperature for 30 minutes. and quenched with water. The mixture 

was extracted with ethyl acetate, and the organic layer was dried over anhydrous 

sodium sulfate. The solvent was removed under vacuum. Chromatography (5% 

methanol-ethyl acetate) afforded 0.18 g (87%) of product as a white solid: mp 207-

2080C. 

15 The HClsalt was prepared in.ethanol: mp 282-284°C. 

20 

Elemental analysis for C28H:nFON4 •HCI 

Calc'd: C, 67.94; H, 6.52; N, 11.32 

Found: c. 67.61; H. 6.39; N. 10.98 

. EXAMPLE 34a 

3-[(1,4-cis)-4-[4-(Benzofura~-7-yl-piperazin-1-yl)-cyclohexyl]-lH-indole-5-

carbonitrile 

A solution of 4-{5-fluoro-l-indol-3-yl)-cyclohexanone (0.72 g. 3.1 mmol), 1-

(7-benzofuranyl)piperazine (0.55 g, 2.8 mmol), sodium triacetoxyborohydride (0.84 

25 g, 3.9 mmol) and acetic acid (0.18 g. 2.8 mmol) in 1,2-dichloroethane (80 ml) was 

allowed to stir at room temperature overnight. The reaction was quenched with 0.5 N 

sodium hydroxide (100 ml), extracted with methylene chloride (2 x 100 ml. The 

organic layer was dried over anhydrous magnesium sulfate and filtered. The solvent 

was removed, crystals app~ed after 1 hour. The crystals were triturated with ethyl 

30 ether (80 ml) to afford 0.47 g (35%) of product as a white solid: mp 158-159°C. 

The HCI salt was prepared in ethanol: mp 295-296°C. 
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Elemental analysis for C;i)i210N4•HC1•0.25Hi0 

Calc'd: C, 69.66; H, 6.39; N, 12.04 

Found: · C, 69.56; H, 6.38; N, 12.12 

EXAMPLE34b 

3~[(1,4-trans)-4-[ 4-(Benzofuran-7-yl-piper&zin-l-yl)-cyclobexyl] 

-lH-indole-~-carbonitrile 

T~e remaining residue of the above reaction was purified by chromatography · 

(acetone~ methanol-hexanes: 3 : s : 3) to atlord 0.17 g (12%) of product as a glass .. · .. 

10 The HCI salt was prepared in ethanol: mp 330-331°C 

15 

Elemental analysis for c;.,H211FON4•HC1•0.75H10 

Cale' d: C, 65.58; H, 6.42; N, 11.33 

Found: C, 65.17; H, 6.14; N, 10.97 

EXAMPLE35 · 

5-Fluoro-3-{ 4-[ 4-(2-methoxy-pbenyl)-piperaZin-t-yl]cyclohex-1-enyl}-

1H..;indole 

This compound was prepared in the manner described above for Example 18 

by replacing 4-(5-fluoro-lH~indol-3-yl)-cyclohexanone (1.71 g, 7.9 mmol) with 4-(5-

20 fluoro-lH-3-indolyl)-cyclohex-3:.enone in 32 % (0.26 g) yield. 

25 

The HCI salt was prepared in ethyl acetate: mp 250°C. 

Elemental analysis for ~ff:i.OFN,•HCI 

Calc'd: C, 67.94; H, 6.61; N, 9.51 

Found: . C, 66.47; H, 6.58; N, 9.38. 

EXAMPLE36 

3-{ 4-[ 4-(lH-Indol-4-yl)-piperazin• l-yl]-cyclohex-1-~nyl}~ 

lH-indole-5-carbonitrile 

This compound was prepared in the manner described above for Example 18 

30 by replacing with 4-(5-fluoro-IH-3-indolyl)-cyclohex-3.;enone with 4:.(5-cyano-lH-

3-indolyl)-cyclohex-_3..;enone in (0.7 g, 2.96 mmol) in 62 % (0.78 g) yield. 
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The HCI salt was prepared in ethyl acetate: mp 199-201°C. 

Elemental analysis for C21H21N,e2HC1 

Calc'd: C, 66.25; H. 6.49; N, 14.31 

Found: c. 66.43; H, 6.24; N, 14.27 

EXAMPLE38 

PCT/US00/00223 

S-Fluoro-3·{ cis-4-( 4-(lH-indol-4-yl)-piperazinyl]-cyclohexyl}-

1-methyl-lH-indole 

This compound was prepared in the manner described above for Example 2 

10 by replacing with 4-(5-fluoro-lH-3-indolyl)-cyclohexone with 4-(5,.fluoro-l-methyl-

. 3-indolyl)-cyclohexone in (0.34 g, 1.4 mmol) in 34. % (0.24 g) yield as a clear oil. 

The HCI salt was prepared in ethanol: mp 247-249°C. 

Elemental analysis for c;.,H,1FN4 •2HC1•0.25}\0 

Calc'd: C, 63.84; H, 6.65; N, 11.03 

15 Found: C, 63.88; H, 6.51; N, 10. 77 

EXAMPLE :39a 

3-{ (1,4-cis)-4-[ 4-(Quinoxalin-yl)-piperazin-1-yl]-cyclohexyl}-l-methyl-lH­

indole-5-carbonitrile 

20 A solution of 4-(5-cyano-lH-3-indolyl)-cyclohexanone (443 mg, 1.87 mmol), 

Intermediate 34 (400 mg, 1.87 m~ol), acetic acid (0.22 mL, 3.7 mmol), and sodium 

triacetoxyborohydride (590 mg, 2.8 mmol) in dichloroethane (50 mL) was stirred at · 

room temperature overnight. The reaction was quenched with l M NaOH (100 mL) 

and extracted into C~Cl2 (3 x 100 mL). The organic fractions were combined, dried 

25 over N~S04, and filtered. The resulting oil was purified by column chromatography 

(5~ MeOH/EtOAc) yielding 130 mg (16%) of the product as a yellow solid: mp 223-

2250C. 

Elemental Analysis for C27H:!SN6•1~0 

Calc'd C, 71.34; H, 6.65; N, 18.49 

30 Found C, 71.02; H, 6.33; N, 18.03 
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EXAMPLE39b 

3-{ (l,4-trans)-4-[ 4-( Quinoxalin-yl)-piperazin-1-yl]-cyclohexyl}-1-methyJ-lH­

.indole-5;.carbonitrile 

· The trans isomer was isolated at the same time as the cis isomer affording 240 

5 mg (29%) of a pale yellow solid: mp 257-259°C. 

10 

Elemental Analysis for C27H28
N6•1"20 · 

Calc'd C, 71.34; H, 6.65; N, 18.49 

Found C, 71.63; H, 6.38; N, 18.39 

EXAMPLE40a 

3·[ (l,4-cis)-4-( 4-Quinolin-s;.y1.;piperazin-t-yl)-cyclohexyl]-lH-indole-S­

carbonitrile 

To a solution of 5-(1-piperazinyl)-quinol~e (500 mg, 2.35 mmol), 4-(5.., 

cyano-lH-3-indolyl)-cyclohexanone (540 mg, 2.35 mmol), and · sodium 

15 triacetoxyborohydride (740 mg, 3.5 mmol) in dichloroethane (20 mL) was added 

acetic acid (0.27 mL, 4.7 mmol) and stirred overnight at room temperature. The 

reaction was quenched with l M NaOH ( 50 mL) and extracted in CH:iCl2 (3 x 100 

mL). The organic fractions were combined:, dried over N~S04, concentrated, filtered· 

and chromatographed (5% MeOH/EtOAc)·yielding 410 mg (41%). of the cis isomer·· 

20 as a white solid. The HCl salt was generated from EtOAc yielding a white solid: mp 

220-223°C . 

25 

. Elemental Analysis for c;.ff:ztN5•HC1•1"20 

· Calc'd C, 68.62; H, 6.58; N, 14.29 

Found C, 68.99; H, 6.54; N, 14.06 

. EXAMPLE 40b 

3-[(l,4-trans)-4-( 4-Quinolin.;S-yl)-piperazin-1-yl)-cyclohexyl]-lH-indole-S­

carbonitrile 

The trans isomer was isolated at the same time· as the cis isomer in Example 

30 40a affording 180 mg (18%) as a beige solid. The HCI salt was generated from 

EtOAc yielding a white solid: mp 210-211°C. 

. . 
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Elemental Analysis for C21H29N,eHCl•0.4H20 

Calc'd C, 70.17; H, 6.48; N, 14.62 

Found C, 70.23; H, 6.21; N, 14.45 

5 EXAMPLE40c 

5-{ 4-[ (1,4-cis)·4-(5-Fluoro-1H-indol-3-yl)-cyclohexyl]-piperazin-1-yl }-quinoline 

This compound was prepared in the same manner as the compound in 

Example 40a replacing 4-(5-cyano-lH-3-indolyl)-cyclohexanone with 4-(5-fluoro­

lH-3-indolyl)-cyclohexanone (540 mg, 2.35 mmol) to afford 410 mg (41%) of a pale 

IO yellow solid: mp 220-223°C; MS(+) ESI m/e 429 [M+Hr. 

EXAMPLE40d 

5-{4-[(1,4-trans)-4-(5-Fluoro-tH-indol-3-yl)-cyclohexl]·piperazin-1-yl}-

! . isoquinoline 

15 The trdlls isomer was isolated at the same time as the cis isomer of Example 

40c as the cis isomer of Example 40c affording 180 mg (18%) as a white solid: mp 

210-21 l°C; MS(+) ESI m/e 429 [M+Hr. 

EXAMPLE40e 

20 5-{ 4-[ (1,4-cis)-4-(5-Fluoro-1-methyl-lH-indol-3-yl)-cyclohexyl]·piperazin-1-yl}-

quinoline 

To a solution of NaH (38 mg, 0.94 mmol) in anhydrous DMF (4 mL) under 

nitrogen atmosphere was added a solution of 5-{4-[(l,4-cis)-4-(5-fluoro-lH-indol-3-

yl)-cyclohexyl]-piperazin-1-yl}-quinoline (200 mg, 0.47 mmol) in DMF (6 mL). 

25 The mixture was stirred at room temperature 0.5 hour after which Mel (0.035 mL, 

0.56 mmol) was added via syringe. The reaction mixture was stirred an additional 

0.5 hour and then quenched with H:P (50 mL) and extracted with EtOAc (3 x 50 

mL). The organic fractions were combined, dried over Nll:!S04 and concentrated 

yie~ding 190 mg (92 % ) of a clear oil. The HCl salt was made from EtOAc affording 

30 a pale yel1ow solid: mp decomposes > 270°C. 
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Elemental Analysis for C28H31FN,•HCl•0;75H20 

Cale' d C, 68.28; H, 6.86; N, 11.37 

Found C, 68.34; H; 6.56; N, 11.26 

• EXAMPLE 41a 

5-Fluoro-3-[ (1;4-cis)-4-( 4-naphthalen-l-yl-piperazine-1-yl)~cyclohexyl]-tH­

indole 
. . 

This compound was prepared in the same manner as the compound ·of 

Example 40a replacing 4-(S-cyano-lH-3.;indolyl)-cyclohexanone with 4-(5-fluoro-

10 lH-3-indolyl)-cyclohexanone (437 mg, l.9 mmol) and 5-(1-piperazinyl).;quinoline 

with 1-(1-naphthyl)piperazine (410 mg, 1.9 mmol) affording 240 mg (29 %) of the 

product as a white solid: mp l 95-197°C. 

15 

Elemental Analysis for C28H3J=N3 

Calc'd C, 78.66; H, 7.07; N, 9.83 

Found . C, 78.24; H, 7 .06; N, 9.59 

EXAMPLE41b 

5-Fluoro-3-[ (l,4-trans)-4-( 4-naphthalen-1-yl-piperazine-1-yl)-cyclohexyl]-1H­

indole 

20 The trans isomer was isolated at the same time as the cis isomer of Example 

25 

41 a affording 70 mg (9 % ) of a wpite solid: mp 179-181°C. 

Elemental Analysis for C211~FN3 
Calc'd C, 78.66; H, 7.07; N, 9.83 

Found C, 78.28; "H. 7.05; N, 9.79 

EXAMPLE42a 

5-{4-[(1,4-cls)-4-(5-tluoro-lH-indol-3-yl)-cy.clohexyl]piperazin-1-yl}-isoquinoline 

This compound was prepared in the same manner as described fo:r the 

compound of Example 36a replacing 5-(tritluoromethylsulfonyloxy)-quinoline· with 

30 5-(trifluoromethylsulfonyloxy)-isoquinoline (12 g, 43.3 mmol) to afford an 

inseparable mixture of the desired product and impurities. The mixture was treated 
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with TFA (10 mL), MeOH (10 drops), and C~Cl2 (20 mL) at 0°C and wanned to 

room te~perature overnight. The . resulting solution was concentrated and the · 

redissolved in CH2Cl2 and neutralized with NaHC03• The aqueous layer was 

extracted in CH2Cl2 (3 X 100 mL) and EtOAc (3 X 100 mL}, dried over N8.zS04, 

S filtered and ~oncentrated giving a bright orange oil. The oil was purified twice by 

. column chromatography (10% MeOH/CH2Cl/NH.,OH) but a highly colored impurity 

persisted. The 5-(1-piperazinyl)-isoquinoline (450 mg, 2.1 mmol), 4-(5-fluoro-lH-3-

indolyl)-cyclohexanone (485 mg, 2.1 mmol) and sodium triacetoxyborohydride (672 

mg, 3.2 mmol) were dissolved in dichloroethane (30 mL). Acetic acid (0.25 mL, 4.2 

10 mmol) was added and the resulting solution stirred at ambient temperatur~ overnight. 

The reaction mixture was quenched with 1 M NaOH (40 mL) and extracted in C~Cl2 
(4 X 100 mL). The organic fractions were combined, dried over N8iS04 and 

concentrated yielding a yellow oil which was purified by column chromatography 

(5% MeOH/EtOAc) affording 300 mg (33 % from 5-(1-piperazinyl)isoquinoline)of 

15 the title compound as a beige solid: mp 209-21 l°C. 

20 

Elemental Analysis for C21~FN4 
Calc'd C, 75.67; H, 6.82; N, 13.07 

Found C, 75.40; H, 6;83; N, 12.89 

EXAMPLE42b 

5·{ 4-[ (1,4-trans)-4-(5-0uor~ lH-indol-3-yl)-cyclohexyl]piperazin· l-yl}· 

isoquinoline 

The trans isomer was isolated at the same time as the cis isomer of Example 

42a affording 1 JO mg (12 %) of a pink solid: mp 218-221°C. 

25 Elemental Analysis for CnH29FN4•0.25~0 

Calc'd C, 74.89; H, 6.87; N, 12.94 

Found C, 74.79; H, 6.79; N, 12.85 
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EXAMPLE 43a 
. . 

1 { 4-[ (1,4-cis)-4-(S-Fluoro-1H;.indol-3·yl);.cycJohexl],;.piperazin-1 ·yl}~isoqwnoline ·· .. 
. . . 

This compound was prepared in the ·same manner as the compound of 

Example 40a rep1acillg 4-(S-cyano-lH-3-indolyl)~cyclohexanone with 4-(S~fluoro-
. . . 

5 lH-3-indolyl)-cydohexanon~ (530 mg, 2.3 mmol) and 5.:(1.:piperazinyl).:quinoline 

10 

with 1-( 1-piperazinyl)-isoquinoline (500 mg, 2.3 mmol) affording 260 mg (27 % ) of 

the product aS a pale yellow solid: mp 180-l 83°C~ 

Elemental Analysis for C~FN4 •O.SH20 

Calc'd C, 74.11; H, 6.91; N, 12.81 

Found C, 74.13; H, 6.58; N, 12~60 

EXAMPLE43b 

1{4-[(1,4-trans)-4-(5-Fluoro-lH-indol-3-yl)-cyclohexl]-piperazin-1;.yl}· · 

isoquinoline 

1 S The trans isomer was isolated at the same tillle as the Cis isomer of Example 

43a affording 180 mg (18 %) of a white solid: mp 232-235°C. 

Elemental Analysis for <;.,HJN/0.251lz0 

Ca1c'd C, 74.89;'H, 6.87; N, 12.94 

Found C, 74.68; H, 6.88; N, 12.64 

20 
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EXAMPLE43d 

1 { 4-[ (1,4-trans)-4-(5-Cyano-lH-indol-3-yl)-cyclohexl]-piperazin-l ·yl}­

isoquinoline 

The trans isomer was iso1ated at the same time as the cis isomer of Example 

5 43c affording 170 mg (17 %) of a white solid: mp 252-255°C; MS (+)APCI mle 436 

(M+HY. 

10 

EXAMPLE44a 

8-{ (l,4-cis)-4-( 4-(5-Fluoro-lH-indol-3-yl)-cyclohexyl]·piperazin-1-

yl}·6· methoxy-quinoline 

To a solution of 0.360 g of 6-Methoxy. 8-piperazino.;.Quinoline in 10 mL of 

C~Cl2, was added 0.285g of 4-(5-fluoro-1-H-3-indolyl)-cyclohexanone followed by 

0.625 g of sodium triacetoxyborohydride and 0.09 mL acetic acid. The reaction was 

stirred at room temperature overnight. It was quenched with IN NaOH, and the 

15 product was extracted with. C~Cl2• The organic phase was washed with water and 

20 

dried over magnesium sulfate. The product was filtered through 75 mL of silica gel 

using 50% ethyl acetate/hexanes, 75% ethyl acetatelhexanes, and finally 100% ethyl 

acetate to give 0.053 · g of the desired product: · mp 226-227°C; MS (ES) mlz (relative 

. intensity): 459 (M+H+, I 00). 

EXAMPLE44b 

8-{(1,4-trans)-4-[4-(5-Fluoro-lH-indol-3-yl)-cyclohexyl]­

piperazin-1-yl}-6·methoxy-quinoline 

The trans isomer of the compound of Example 44a was isolated at the same 

25 time as the cis isomer as an off white solid (0.013 g).mp 207-215°C. MS (ES) m/z 

(relative intensity): 459 (M+H+, 100). 
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EXAMPLE44c 

3-{ (1,4-cls)-4·[ 4-(6-Methoxy-quinolin-8-yJ).;piperazin-t .yl]-cyclohexyl}~ 

tH- indole-5-carbonitrile 

To a solution of 1.0 g of 6-Methoxy, 8-piperazino-quinoline in 20 mL of 

C"2Cl2, was added 0.979g of 3-(4-oxo-cyclohexyl)-lH-indole-5-carbonitriie· 

followed by 1.3 g of sodium triacetoxyborohydride and .246 mL acetic acid. The 

reaction was stirred at room temperature overnight. It was quenched with lN NaOH, · ·· 

and the produ~t was extracted with C"2Cl2• The organic phase was washed with .. 
water and dri~d over magnesium sulfate.·. The product was filtered through 300 mL 

of silica gel using 2.5% MeOH I C~Cl2 to give 0.55~ g of the desired product: mp· 

·I83-185°C; MS (ES) m/z,(relative intensity): 466 (M+H+, 100). The hydrochloride· 

was also prepared to give a yellow solid mp 183-185°C. 

EXAMPLE 44d·· 

15 3-{ (t,4-trans)-4-[ 4-(6-Methoxy;.quinolin-8-yl)-piperazin-1-yl]-cyclohexyl}- · 

tH- indole-S;.carbonitrile 

The trans isomer of the compound· of Example 44c was isolated at the same · 

time as the cis isomer as an off white solid (0.170 g) mp 148-152°C. MS (ES) m/z ·· · 

(relative intensity): 466 (M+H+, 100). The maleic acid salt was prepared.to give an· 
20 off white solid (0.129g). mp l 60-165°C. 

EXAMPLE4Sa 

6-Chloro-8-{ 4-[ (1,4-cls)-4-(S~fluoro-tH-indol·3~yl)-cyclohexyl]-piperazin-t-yl}- ·. 

quinoline 

25 To a sol~tion of 0.200 g of 6-Chloro, 8-piperazino-quinolinein 10 mL of C~Cl2, 
was added 0.266g of 4-(5-fluoro-1-H-3-iridolyl)-cyclohexanone followed by 0.430 g of 

sodium triacetoxyborohydride and 0.09 mL acetic acid. The reaction was stirred at room 

temperature overnight. It was quenched with IN NaOH, and the product was extracted 

with C~Cl2• The organic phase was washed with water and dried over magne8ium 

30 sulfate. The product was filtered through 75 mL of silica gel using 50% ethyl 

acetate/hexanes, and then 75% ethyl acetate/hexanes, to give 0.119 g of the desired 

product: mp 166-176°C; MS (ES) m/z (relative intensity): 464 (M+H+,100). 
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Elemental analysis for C2, ~ Cl F N4 

Calculated: C: 70.04; H: 6.1; N: 12.1 

Found: C : 70.07; H : 6.33; N : 11.87 

PCT/US00/00223 

EXAMPLE45b 

6-Chloro-8-{4·[(1,4-trans)-4-(5-tluoro-lH-lndol-3-yl)-cyclohexyl]­

piperazin-1-yl}-quinoline 

The trans isomer of the compound of Example 45a was isolated at the same time as 

the cis isomer as an off white solid (0.026g) mp 209-210°C. MS (ES) m/z (relative 

10 intensity): 464 (M+H+lOO). Elemental analysis for C2, H211 Cl F N4 

15 

Calculated: C: 70.04; H: 6.1; N: 12.1 

Found: C : 70.23; H : 6.33; N : 11.94 

" EXAMPLE 45c 

3-{ (1,4-ds)-4·[ 4-( 6-Chloro-quinolin-8-yl)-piperazin-1-yl]· 

cyclohexyl}-tH-indole-5-carbonitrile 

To a solution of 0.250 g of 6-chloro, 8-piperazino-quinoline in 10 mL of CH2C~. 

was added 0.240g of 3-(4-oxo-cyclohexyl)-lH-indole-5-carbonitrile followed by 0.532g 

of sodium triacetoxyborohydride and 0.09 mL acetic acid. The reaction was stirred at 

20 room temperature overnight. It was quenched with IN NaOH, and the product was 

extracted with ether. The organic. phase was washed with water and dried. The product 

25 

was filtered through 75 mL of silica gel using 25% ethyl acetate/hexanes, and then 75% 

.· ethyl acetateJhexanes, to give 0.123 g of the desired product: mp 152-160°C; MS (ES) 

m/z (relative intensity): 471 (M+H+,100). 

EXAMPLE45d 

3-{ (1,4-trans)-4·[ 4-( 6-Chloro-quinolin-8-yl)-piperazin-1-yl]· 

cyclohexyl}-lH·iildole-5-carbonitrile 

The trans isomer of the compound of Example 45c was isolated at the same time 

30 as the cis isomer as an off white solid (0.032g) mp 144-152°C. MS (ES) rnlz (relative 

intensity): 471 (M+H+,100). 
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EXAMPLE46a 

5-Chloro-8-{ 4-[ (1,4-cis)-4-(5-fluoro• lH-fodol-3-yl)-cyclohexyl]­

piperazin-1-yl}·quinoline 

-5 To a _solution of0.250 g of 5-chloro. 8-piperazino-quinQline in 10 mL of C~Cl2• 

was added 0~200g of 4-(5-fluoro-1-H-3-indolyl)-cyclohexanone followed by-:0.533 g-of 

sodium triacetoxyborohydride and 0.09 mL acetic acid. The reaction was stirred at room 

temp~rature overnight. It was quenched with lN NaOH, and the product was extracted 

with ether. The organic phase was washed with water and dried over magriesiurtl sulfate. 

10 The product was filtered through 75 mL of silica gel using ·25% ethyl a~etate/hexaries, 

75% ethyl acetate/hexanes. to give 0.074 g of the desired product: mp 101-104°C; MS · 

- (ES) m/z (relative intensity): 464 (M+H+.100). 

EXAMPLE46b 

15 3-{(t,4-cls)-4-[ 4-(5-Chloro-quinolin-8-yl);.piperazin-1-yl]·cydoh~yl}-1H-indole~5-

carbonitrile-_ 

To a solution of 0.300 g of 5-chloro. 8-piperazino-quinoline in 10 mL of C~Cl2• 

was added 0.230g of 3-(4-oxo-cyclohexyl)-lH-indole-5-carbonitrile followed by0.550 g 

of sodium triacetoxyborohydride and 0.09 mL acetic acid. The reaction was stirred at 

20 room temperature overnight. It was quenched with JN NaOH. aild the product was 

extracted with CH2Cl2• The or~anic phase was washed with water and -dried over 

magnesium sulfate. The product was filtered through 75 mL of silica gel using 50% 

ethyl acetate/hexanes. 75% ethyl acetate/hexanes, and finally 100% -ethyl acetate· to give 

0.051 g of the desired product: mp 135-144°C; MS (ES) m/z (relative intensity): 471 

25 (M+H+, 100). 

EXAMPLE 47a · 

5-Fluoro-8-{ 4-[ (1,4-cis)~4-(6-fluoro-1H-indol-3-yl)-cyclohexyl]· 

piperazin-1-yl}-quinoline 

30 To a solution of 0.231 g of 5-fluoro, 8-piperazino-quinoline in IO mL of C"2C12• 

was added 0.230g of 4-(6-fluoro-1-H-3-indolyl)-cyclohexanone followed by 0.530 g of 
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sodium triacetoxyborohydride and 0.09 mL acetic acid. The reaction was stirred at room 

temperature overnight. It was quepched with lN·NaOH, and the product was extracted 

with CHiCI2• The organic phase was washed with water and dried over magnesium 

sulfate. The product was filtered through 100 mL of silica gel using 50% ethyl 

5 acetate/hexanes, 100% ethyl acetate, then 6% MeOH I ethyl acetate to give 0.049 g of the 

desired product: mp 172-l74°C; MS (ES) m/z (relative intensity): 447 (M+H+,100). 

10 

15 

EXAMPLE47b 

5-Fluoro-8-{4-[(1,4-trans-4-(6·0uoro-1H-indol-3·yl)-cyclohexyl]­

piperazin-1-yl}-quinoline 

The trans isomer of the compound of Example 47a was isolated at the same time 

as the cis isomer as an off white solid (0.055 g) mp 173-175 °C. MS (ES) m/z (relative 

intensity): 447 (M+H+,100). · 

EXAMPLE48a 

3-{ (1,4-cis)-4-[ 4-(2-Methyl-quinolin-8-yl)-piperazin-1-yl]-cycloliexyl }· lH-indole-5-

carbonitrile 

To a solution of 0.230 g of 8-piperazino-quinaldine in 10 mL of CH2C~. was 

added 0.238g of 3-(4-oxo-cyclohexyl)- lH-indole-5-carbonitrile followed by 0.527 g of 

20 sodium triacetoxyborohydride and 0.09 mL acetic acid. The reaction was stirred at room 

temperature overnight. It was qu_enched with 1 N NaOH, and the product was extracted 

with C~C~. The organic phase was washed with water and dried over magnesium 

sulfate. The product was filtered through 100 mL of silica gel using 50% ethyl 

acetate/hexanes, 100% ethyl acetate and finally 10% MeOH I ethyl acetate to give 0.089 

25 g of the desired .Product: mp 197-199°C; MS (ES) m/z (relative intensity): 450 

(M+H+,100). 
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EXAMPLE 48b · 

3-{ (1,4-trans)-4-[ 4-(2-Methyl-quinolin-S~yl)-piperazin-1-yl]-cydohexyl}­

lH-indole-5-carbonitrile 

The trans isomer of the compound of Example 48a was isolated at the same time 

5 as the cis isomer as aii' off white solid (0.058 g) mp 268-280°C. MS (ES) rrt/z (relative 

intensity): 450 (M+H+,100). · 

· EXAMPLE 49a 
. . 

4-{4-( (1,4-cis)-4-(S-Fluoro-lH-indol-3-yl)·cyclohexyl]-piperazin-1-yl}-2-

10 · tritluoromethyl-quinoline 

To a solution of 0.281g of 1-'[2-(trifluoromethyl)quinol-4yl]piperazine in 10 mL 

CH2Cl2, was added· 0;231g of 4-(5-fluoro-l~H-3-indolyl)-cyclohexanone ·followed by 

0.528 g of sodium triacetoxyborohydride and 0.09 mL acetic acid. The reaction was 

stirred at room temperature overnight. It was quenched with l N NaOH, and the product 

15 was extracted with ether. The· organic phase was washed with water and dried over 

magnesium sulfate; The product was filtered through 100 mL of silica gel using 25% . 

ethyl acetate/hexanes,then 50% ethyl acetate/hexanes, to. give 0.089 g of the desired 

product: mp 235-239°C; MS (ES) m/z (relative intensity): 497 (M+H+,100). 

20 EXAMPLE49b 

4-{4-[(1,4~trans)-4-(5·Flu~ro-1H-indol-3-yl)~cydohexyl]-piperaZin-l-yl}-2-

trifluoromethyl-qui:noline 

The trans isomer of the compound of Example 49A wa.S isola~d at the same time 

as the cis isomer as an off white solid (0.110 g) mp2l8-223°C. MS (ES) m/z (relative 

25 . intensity); 497 (M+H+,100). 

EXAMPLE49c 

3-{ (1,4-ds)-4·[ 4-(2-Trifluoromethyl-quinolin-4-yl)-piperazin-l-yl]­

cydohexyl}· lH-indole-5-carbonitrile 

30 This compound was prepared in the same manner as in Example 49a replacing 4-(5-

fluoro-1-H-3-indolyl)-cyclohexanone with 3-( 4-oxo-'cyclohexyl)-1 H-indoJe-5-carbonitrile 
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no afford 0.137 g of a white solid. mp 235-239°C; MS (ES) m/z (relative intensity): 504 

(M+H+, 100). 

Elemental analysis for c29 ~ F, NS 

Calculated: C: 69.17; H: 5.6; N: 13.91 

5 Found: C : 68.96; H : 5.37; N : 13.8 

EXAMPLE49d 

3-{ (1,4-trans)-4·[ 4-(2· Tritluoromethyl-quinolin-4-yl)-piperazin-t .:.yl]·cyclohexyl }­

lH-indole·S-carbonitrile 

10 The ttans isomer of the compound of Example 49C was isolated at the same time 

15 

as the cis isomer as an off white solid (0.036g) mp 259-264°C. MS (ES) m/z (relative 

intensity): 504 (M+H+,100). 

EXAMPLE SOa • 

4-{4-[(1,4-cis)-4-(5-Fluoro-lH-indol-3-yl)-cyclohexyl]·piperazin-

1-yl}·6-methoxy-quinoline 

To a solution of 0.280g of 6-methoxy-4-piperazino-quinoline in 10 mL CH2Cl2, 

was added 0.230g of 4-{5-tluoro-1-H-3-indolyl)-cyclohexanone followed by 0.530 g of 

sodium triacetoxyborohydride and 0.09 mL acetic acid. The reaction was stirred at room 

20 temperature overnight. It was quenched with IN NaOH, and the product was extracted 

25 

with ~CI2 • The organic ph~e was washed with water and dried over magnesium 

sulfate. The product was filtered through 100 mL of silica gel using 100% ethyl acetate, 

then 10% MeOH I ethyl acetate, to give 0.036 g of the desired product: mp 222-227°C; 

MS (ES)m/z (relative intensity): 459 (M+H+,100). 

EXAMPLE50b 

4-{4-[(1,4-trans)-4-(5-Fluoro-tH-indol-3-yl)·cyclohexyl]-piperazin-

1-yl}-6-methoxy-quinoline 

The trans isomer of the compound of Example SOa was isolated at the same time 

30 as the cis isomer as an otI white solid (0.027g) mp 249-251°C. MS (ES) m/z (relative 

intensity): 459 (M+H+, I 00). 



I 
!. 

W000/40554 PCT/US00/00223 

- 116-

EXAMPLESOc 

3-{ (1,4-cis)-4-[ 4-( 6-Methoxy-quinolin•4-yl)-piperazin-l-yl]-
. . . . 

cyclohexyl }-tiI-indole-5-carbonitrile 

5 This compound was prepared in the same manner as in.Example 50a replacing 4-

10 

(5-fluoro-1-H-3.;;indolyl)-cyclohexanone with 3-( 4-oxo-cyclohexyl)-1 H-indole-5- · 

carbonitrile to afford 0.016g of a white solid. mp 271-272°C; · MS (ES) m/z : (relative 

intensity): 466 (M+H+;lOO). 

EXAMPLE.50d 

·. 3-{(l,4-tran5)-4-[4-(6-Methoxy'-quinolin·4-yl)-piperazin-1-yl]­

cyclohexyl}-1H-indole-5-carbonitrile· 

The trans isomer of the compound of Example 50c was isolated at the same time 

as the cis isomer as an ~off white solid (0.014g) mp 288-292°C.MS (ES) m/z (relative 

15 intensity): 466 (M+H+,100). 

EXAMPLE Sta 

(cis)-3-{ 4-[ 4-(6-methoxy•2-methylquinolin-8-yl)piperazin-1 ~yl]cyclohexyl}-1· 

methyl-tH-indole-5-carbonitrile 

20 To a mixture of 4-(6-methoxy'.'.2-methylquinolin;..8-yl)pipefazine (300 mg, 

1.1~ mmol), 3-(1-methyl-lH-in~ole-5..;carbonitrile)cyclOhexane-4-one (440 mg, 1.15 

mmol)~ and sodium triacetoxyborohydride (495 mg, 2.34 iiimol) in 5 mL of 

anhydrous THF was added 70 µL (73 mg, 1.22 . mmol) gla~ial acetic acid. The 

resulting mixture was stirred at ambient temperature ·under N2 for 24 hours. The 

25 reaction was treated with saturated aqueous sodium bicarbonate (50 mL). and 

aqueous mixture was extracted with CH;iCL2 (3 x 50 mL). The organic layers were 

combined, dried over anhydrous N~S04, filtered, and concentrated in vacuo. Flash 

chromatography on 4 x 15 cm Si02 '(gradient elution, 50% EtOAc/hex to 100% 

EtOAc then 5% MeOH/EtOAc) afforded still impure title compound. A second 

30 chromatography using the same eluent on 2 x 20 cm Si02 afforded 190 mg·(33%) of 

clean product and 140 mg of still impure prod~ct. Recrystallization of the clean 
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product from EtOAclhexane afforded 100 mg (17%) of the title compound: mp 201-

2030C 

Elemental analysis for C,1H,5N50•0. l C4H10 2 

Calc'd: C, 75.06; H, 7.18; N, 13.94 

5 Found: C, 75.00; 7.32; N, 13.83 

EXAMPLESlb 

(cis)-3-{ 4-( 4-( 6-methoxy-3-methylquinolin-8-yl)piperazin-1-yl]cyclohexyl}-1-

methyl-lH-indole-5-carbonitrile 

10 To a mixture of 4-(6-methoxy-3-methylquinolin-8-yl)piperazine (210 mg, 

0.82 mmol). 3-(1-methyl-lH-indole-5-carbonitrile)cyclohexane-4-one (330 mg, 1.31 

mmol), and sodium triacetoxyborohydride (435 mg, 2.05 mmol) in 5 mL of 

anhydrous THF was added 55 µL (68 mg, 0.96 mmol) glacial acetic acid. The 

resulting mixture was stirred at ambient temperature under N2 for 24 hours. The 

15 reaction was treated with saturated aqueous sodium bicarbonate (50 mL}, and the 

aqueous mixture was extracted with C~C~ (3 x 50 mL). The organic layers were 

combined, dried over anhydrous N~S04, filtered, and concentrated in vacuo. Flash 

chromatography on 2 x 20 cm Si02 (5% MeOH/EtOAc) Afforded the title 

compound, which was slightly ·impure. Recrystallization from EtOAc/hexane 

20 afforded 0.26 g (64%) of the title compound: mp 190-191.5°C 

Elemental analysis for C31H35N50. 

25 

Calc'd: C, 75.43; H. 7.15; N, 14.19 

Found: C, 75.13; 7.25; N, 14.01 

EXAMPLE Ste 

( cis)-3-{4-[4-( 6-methoxy-4-methylquinolin-8-yl)piperazin-l-yl)cyclohexyl}-l­

methyl-tH-indole-S-carbonitrile 

To a mixture of 4-(6-methoxy-4-methylquinolin-8-yl}piperazine (0.2 g, 0.78 

mmol), 3-(l-methyl-IH-indole-5-carbonitrlle)cyclohexane-4-one (0.215 g, 0.85 

30 mmol), dichloroethane (10 mL) and glacial acetic acid (0.12 mL) was addded sodium 

triacetoxyborohydride (0.25 g, 1.16 mmol). The reaction mixture was stirred at 
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ambient temperature for 24· hours. The reaction mixture was diluted with 
. . 

dichloromethane (60 ml), washed with IN aqueous sodium hydroxide (2·x 50 mL), 

water (50 mL), and brine (50 mL). · The org~ic layer was dried over anhydrous 

sodium sulfate, filtered and concentrated• to ·give0.43 g of crude product. ·Flash 

5 chromatography on 50 g of silica gel (5% methanoJ/ethyl acetate) afforded ·0.15g 

(40%) of the title compound. Recrystallization from ethyl acetate/hexane yielded 

0.085 g (23%) of pure product: mp 210-212°C. 

Elemental analysis for.C:11H 35N50•0.25 "10 

Calc'd: C, 74.74; H, 7;18; N, 14.06 · 

10 Found: C, 74.82; H, 7.12; N, 14.11 

EXAMPLE5ld 

. (trans )-3-{4-(4-( 6-metboxy-4-methylquinolin-8-yl)piperazin-1-yl]cyclohexyl}-1- .· · 

methyl-lB-indole-5-carbonitrile 

15 Th~ trans isomer was isolated at the same time as the cis isomer in 16% y~eld 

20 

(0.062 g). Trituration with ethyl acetate/hexane afforded 0.058 g (15%) of pure title 

compound: mp 230-232 °C. 

Elemental analysis for C31H35N50•0.5 ~O 

Calc'd: C, 74.07; H, 7.22; N, 13.93. 

Found: C,-74.12; H, 7.10; N, 13.95 

. EXAMPLE 52a 
. . 

( cis )-3-{4-(4-(6-methoxy-5-Diethylquinolin-8-yl)piperazin-1-yl)cyclohexyl}-i-

methyl-l H-indole-5-carbonitrile 

25 The above compound was prepared utilizing the same method as that used for · 

the preparation of (cis)-3-{4-[4-(6-methoxy-4-methylquinolin-8-yl)piperazin-1-yl]- · 

cyclohexyl}-l-methyl-IH-indole .. 5-carbonitrile to give 0.25 g of the title compound. 
. . 

.Recrystallization from ethyl acetate afforded 0.125 g (20%) of pure product: mp 227-

2280C. 

30 Elemental analysis for C31H35N,0•0.25 H10 

Calc'd: C, 74.74; H, 7.18; N, 14.06 

Found: C, 74.61; H, 7.20; N, 13.71 

- ; 
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EXAMPLE52b 

(trans )-3-{4-(4-( 6-methoxy-5-methylquinolin-8-yl)piperazin-1-yl]cyclohexyl}-1-

metbyl-1 H-indole-5-carbonitrile 

5 The trans isomer (0.15 g) was isolated at the same time as the cis compound. 

Trituration from ethyl acetate afforded 0.110 g (18%) of pure product: mp 212-

2130C. 

Elemental analysis for C31~5N50•0.25 H:P 

Calc'd: C, 75.43; H, 7.15; N, 14.19 

10 Found: C, 75.09; H, 7.10; N, 13.96 

EXAMPLE52c 

( cis)-5-chloro-8-{ 4-[-(S-Ouoro-1-methyl-tH-indol-3-yl)cyclohexyl]piperazin-1-

yl}-6-methoxyquinoline 

15 The above compound was prepared utilizing the same method as that used for 

the preparation of (cis)-3-{ 4-( 4-(6-methoxy..;4-methylquinolin-8-yl)piperazin-1-yl]­

cyclohexyl }-l-methyl-lH-indole-5-carbonitrile to give 0.13 g of the title compound. 

Trituration from ethyl acetate afforded 0.120 g (29%) of pure product. 

Elemental analysis for C2)i32CJFN40 

20 Calc'd: C, 68.70; H, 6.36; N, l l.05 

25 

Found: C, 68.45; H, 6.24; N, 10.89 

EXAMPLE52d 

(trans )-5-chloro-8-{4-(-( 5-tluoro-1-methyl-tB-indol-3-yl)cyclohexyl]piperazin-1-

yl}-6-methoxyq uinoline 

The trans isomer was isolated in 19% yield (0.075 g) at the same time as the 

cis compound. Trituration from ethyl acetate afforded 0.070 g (17%) of pure 

product: mp 170-171°C 

Elemental analysis for C29H,1ClFN40 

30 Calc'd: C, 68.70; H, 6.36; N, 11.05 

Found: C, 68.44; H, 6.32; N, 11.02 
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EXAMPLE52e 

(cis)-3-{4-(4-(5-chloro-6-metboxyquinolin-8-yl)piperazin-1-yl)cydohexyl}-1- · 

methyl-1 B-indole-5;.carbonitrile 

5 The above compound was prepared utilizing· the same method as that used for·· 

the preparation of (cis)-3-{ 4-[4-( 6-methoxy-4-methylquino~-8-yl)piperazin-1-yl]­

cyclohexyl }-1-methyl- lH-indole-5-carbonitrile to give 0.1 g (24%) of title 

compou11d. Recrystallizion from ethyl acetate afforded 0.080 .. g (20%) of · pure 

product: mp 231-231°C. 

10 Elemental analysis for <;0H,2CiN50•0.25 H20 · 

Calc'd: C, 69.48; H, 6.32; N, 13.50 

Found: C, 69.49; H, 6.31; N,.13.29 

EXAMPLE52f 

15 · (trans)-3-{ 4-[ 4-(S-chloro-6-inethoxyquinolin-8-yl)piperazin-1-yJ]cydohexyl}-1-
~ 

methyl.;lH-indole.;s.carbonitrile 

Th~ trans isomer was isolated in 22% yield (0.095 g) at the same time a5 the · 

cis compound. Trituration from ethyl acetate afforded 0.070 g ·(17%) of pure ·· 

product: mp 215-216°C. 

20 Elemental analysis for C,)l,2CIN50~0.25 H20 

Calc'd: C, 69.48; H, 6.32; N, 13.50 

Found: C, 69.36; H, 6.28; N, 13.27 

EXAMPLE53a 

25 4'."{4-((1,4-cis)-4-(lH-indol-3-yl)cyclohexyl]piperazin-1-yl}-2-(trifluoroniethyl)-

1 B-benzimidazole 

· To a solution of4-piperazin-1-yl-2.;trifluoromethyl-1H-benzoimidazole (400 

mg, 1.48 mmol), 4-(1H-3-indoly1)-cyc1ohexanone (315 mg, 1.48 mmol). and sodium 

triacetoxyborohydride (470 mg, 2.22 mmol) in dichloroethane (30 mL) was added 

30 acetic· acid (0.20 mL. 2.96 mmol) and stirred overnight at room temperature. The 

reaction was quenched with 1 M NaOH (50 mL) and extracted in CH1Cl1 (2 x 100 
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mL) and 50% EtOAc/MeOH (3 x 100 mL). The organic fractions were combined, 

dried over N8iS04 , concentrated, filtered and chromatographed twice (5% 

MeOH/EtOAc) yielding 170 mg (25%) of the cis isomer as a white solid. The HCl 

salt was generated from EtOAc yielding a white solid: mp foams above 207°C. 

5 Elemental analysis for C~F3N5• HCl• ~O 

Calc'd: C, 59.82; H;5.99; N, 13.42 

Found: C, 60.18; H, 5.84; N, 13.29 

EXAMPLES3b 

10 4-{4-((l,4-trans)-4-(lH-indol-3-yl)cyclohe~yl]piperazin-1-yl}-2-(trifluoromethyl)-

lH-benzimidazole 

The trans isomer was isolated at the same time affording 180 mg (9%) as a 

beige solid. The HCl salt was generated from EtOAc yielding a white solid: mp 

decomposes above 200°C. 

15 Elemental analysis for C:Ji28F3N5•HCI•0.75H:P 

Calc'd: C, 60.34; H, 5.94; N, 13.53 

Found: C, 60.37; H, 5.68; N, 13.43 

EXAMPLES4a 

20 4-{ 4-[(1,4-ds)-4-(lH-indol-3-yl)cyclohexyl]piperazin-1-yl}-lH-benzimidazole 

This compound was prepared as described for la replacing 4-piperazin-1-yl-

2-trifluoromethyl-lH-benzoimidazole with 4-piperazin-1-yl-lH-benzoimidazole (510 

mg. 2.5 mmol) to afford 350 mg (34%) of the title compound as a yellow foam which 

was triturated with El:O to give a white solid: mp 217-219°C. 

25 Elemental analysis for C25"29N5 

Calc'd: C, 75.16; H, 7.32, N, 17.53 

Found: C, 74.82; H, 7.21; N, 17.05 
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EXAMPLE 54b · 

PCT/US00/00223 

4-{ 4-[(1,4-trans)-4-(1H-indol-3-yl)cyclohexyl]piperazin-1-yl}-1H•benzimidazole 

The trans isoiner was isolated at the same time affording 200 mg (20%) as a 

white solid. The HCl salt was generated from E~O/EtOH. to give a white· solid: mp 

5 decomposes above 215°C. 

10 

Elemental analysis for C2sH29N5•2HCI•H20 

Calc'd: C, 61.22;H, 6.78; N, 14~28 

Found: C, 61.24; H, 6.97; N, 14.09 

EXAMPLE55a 

4-{ 4-[ (1,4-cis)-4-(lH-indol-3-yl)cyclohexyl]piperazin-1-yl }·2-methyl-tH­

benzi:midazole 

This compound was prepared as described for Example 53a replacing 4- · 

piperazinA-yl-2-trifluoromethyl-1 H-benzoimidazole with 4-piperazin-1-yl:·2-meth11- · · 

15 lH-benzoimidazole (340 mg, 1.57 mmol) to afford 350 mg (54%) of the title 

compound as a white foam. The HCl salt was generated from EtOAc to give a white 

20 

solid: mp decomposes above 190°C. 

Elemental analysis for C26H31Ns•2HC1·~0 

Calc'd: 

Found: 

C, 61.90; H, 6.99; N, 13.88 

C, 62.26; H, 7.18;N, 13.46 

EXAMPLE55b 

4-{ 4-( (1,4-trans )-4-(lH-indol-3-yl)cyclohexyl]piperazin-1-yl}-2-methyl~ lH­

benzimidazole 

25 The trans isomer was isolated at the same time affording 110 mg (17%) as a· 

30 

white solid. The HO salt was generated from EtOH/E~O to give a white solid: mp 

decomposes above 220°C. 

Elemental Analysis for C25H29Ns•2HC1• l.5H20 

Calc'd: C, 60.81; H, 7.07; N, 13.64 

Found: C, 60.84; H, 7.04; N, 13.31 
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EXAMPLE56 

3-{4-[(1,4-cis)-4-(6-methoxyquinolin-5-yl)piperazin-1-yl]cyclohexyl}-1H-indole-

5-carbonitrile 

To an oven-dried 100 mL flask under N2 atmosphere was added 5-bromo-6-

5 methoxyquinoline (3 g, 12.6 mmol), piperazine (6.5 g. 75.6 mmol), Pd(dba}2 (570 

mg, 5 mol%}, P(t-Bu)3 (0.628 mL, 5 mol%) and sodium t-butoxide (1.82 g, 18.9 

mmol). 50 mL dry a-xylene was added and the reaction mixture stirred and heated at 

120 °C for 3 hours, then at room temperature overnight. The reaction mixture was 

poured into H20 (100 mL} and extracted into EtOAc (3 x 100 mL). The organic 

10 fractions were combined, dried over N3iS04, concentrated and purified by column 

chromatography (10% MeOH/CH2Cl2+NH.,OH) affording 170 mg (6%) of 6-

methoxy-5-piperazin-1-yl-quinoline. This material was used without further 

purification (combined with another batch} in the next step. (Ref: Tet Lett. 1998, 39, 

p. 617-620). 

15 

To a solution of 6-methoxy-5-piperclZin-1-yl-quinoline (220 mg, 0.9 mmol}, 

4-(5-cyano-IH-3-indolyl)-cyclohexanone (215 mg, 0.9 mmol), and sodium 

triacetoxyborohydride (288 mg, 1.36 mmol) in dichloroethane (20 mL) was added 

acetic acid (0.10 mL, 1.75 mmol) and stirred overnight at room temperature. The 

20 reaction was quenched with 2.5 M NaOH (20 mL) and H20 (150 mL) then extracted 

in~~ (2 x 100 mL) and 5% }\1e0H/Et0Ac (3 x 100 mL). The organic fractions 

. were combined, dried over N~S04, concentrated, filtered and chromatographed (5% 

MeOH/EtOAc) yielding 140 mg (33%) of the cis isomer as a yellow glass. The HCl 

salt was generated from EtOAc yielding a yellow solid: mp discolors above 85°C. 

25 Elemental analysis for CJI31N5•3HC1•H20 

Calc'd: C, 58.74; H, 6.12; N, 11.81 

Found: C, 58.67; H, 6.34; N, 11.47 
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EXAMPLE57 

2-{ 4-(1,4-trans)-[ 4-( 6-Bromoquinolin-8-yl)piperazin-1-yl]cyclohexyl}-1-methyl­

lH-indole-5-carbonitrile 

To a solution of 6-bromo-8-piperazin-1-yl-quinoline (1 g, 3.4 mmol), 4-(5-

5 cyano-1--methyl"-lH-3-indolyl)-cyclohexanone (857 mg, 3.4 mmol), and sodium 

triacetoxyborohydrlde (1.08 g, 5J mmol) in dichloroethane. (40 mL) was added 
. . . 

acetic acid (0.40 mL, 6.8 mmol) and stirred overnight at room temperature .. ·The·· 

reaction was quenched with 2.5 M NaOH (20 mL) and ~O (150 mL) then extracted 

in CH2CJ2 (2 x_lOO mL) and 5% MeOH/EtOAc (3 x 100 mL). The organic fractions 

10 were combined, dried over N~S04, concentJ1lted, filtered and chromatographed (5% 

MeOH/EtOAc} yielding 360 mg (20%} of the trans isomer as a white foam. The HCI . 

salt was generated from EtOAc to give a white solid: mp decomposes above 85°C. 

Elemental analysis for c;~30BrN5• HCI•O. 75"20 

15 

Calc'd: C, 60~21: H, 5.66; N, 12.ll 

Found: C, '60.17; H, 5.44; N, 11.99 

EXAMPLE58a 

(Cis)~6-bromo-8-{4-[4-(5-tluoro-1-methyl-1H-indol-3-yl)cyclohexyl]piperazin-l­

yl }quinoline 

20 To a solution of 6-bromo-B-piperazin-l-yl~quinoline (610 'mg, 2.09 mmol), 4- . 

(5-fl.uoro"-l-inethyl-lH-indol-3-yl)-cyclohexanone (510 mg, 2.09 mmol), and sodium 

triacetoxyborohydride (660 mg, 3.14 mmol) in dichloroethane (40 mL) was added 

acetic acid (0.24 mL, 4.18 . mmol} and stirred overnight at room . temperature. The . 

reaction was quenched with 1 M NaOH (50 niL) and H20 (100 mL) then extracted in . 

25 CH,Cl .. (100 mL) and EtOAc (100 mL).·· The organic fractions were combined, dried 
... - . . 

over N~S04, concentrated, filtered and chromatogtaphed (5% MeOH/EtOAc). The 

majority of the cis compound precipitated out·· of" 5% MeOH/EtOAc before 

application to the column and was purified by filtration affording 510 mg (47%) of 

the cis isomer as a pale yellow solid: mp 215-217°C. 
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Elemental analysis for C28H3J3rFN4•0.5H20 

Calc'd: C, 60.21; H, 5.66; N, 12.11 

Found: C, 60.17; H, 5.44; N, 11.99 

EXAMPLE58b 

(Trans)-6•bromo-8-{4-[4-(5-fluoro-1-methyl-1H-indol-3-yl)cydohexyl]piperazin-

1-yl}quinoline 

The trans isomer was isolated by chromatography affording 210 mg (19%) as 

a pale yellow foam. The HCl salt was generated from EtOAc to give a gray solid: 

10 mp decomposes above 225°C. 

,. 

15 

Elemental analysis for C21H30BrFN4•HCI•O.SH20 

Calc'd: C, 59.32; H, 5.69; N, 9.88 

Found: C, 59.36; H, 5.47; N, 9.79 

EXAMPLE 5.9a 

3-{4-(1,4,.Cis)-4-(6-ethoxyquinolin-8-yl)piperazine-l-ylJcyclohexyl}-1-methyl-lH­

indole-S-carbonitrile 

To a solution of 6-ethoxy-8-piperazin-l-yl-quinoline (500 mg, 1.95 mmol), 4-

(5-cyano-1-methyl- lH-indol-3-yl)-cyclohexanone (490 filg, l.95 mmol), and sodium 

20 triacetoxyborohydride (620 mg, 2.93 mmol) in dichloroethane (40 mL) was added 

acetic acid (0.25 mL, 3.9 mmol) and stirred overnight at room temperature. The 

reaction was quenched _with l M NaOH (100 mL) and "20 (50 mL) then extracted in 

CH2Cl2 (50 mL) and 5% MeOH/EtOAc (2 x 100 mL). The organic fractions were 

combined, dried over N~S04, concentrated, filtered and chromatographed (5% 

25 MeOH/EtOAc). The majority of the cis compound precipitated out of 5% 

MeOH/EtOAc before application to the column and was purified by filtration and 

combined with the column fractions affording 450 mg (47%) of the cis isomer as an 

off-white solid: mp decomposes above 215°C. 

Elemental analysis for C31H3sNs0• 1.25H20 

30 Calc'd: C, 72.14; H, 7.32; N, 13.57 

Found: C, 72.23; H, 7.06; N, 13.35 



W000/40554 PCT/US00/00223 

-126-

EXAMPLE59b 

3-{4-(1,4-trans )-4-( 6-ethoxyquinolin•S-yl)piperazine-l-yl] cyclohexyl}-1-methyl­

lH-indole-5-carbonitrile 
. . 

5 The trans isomer was isolated at.the same time by chromatography affording 

10 

210 mg (22%) as a yellow foam which was triturated with E~O to afford a pale 

yellow solid: mp 225-228°C. 

Elemental Analysis for C31H3sNsO•(ffiO 

Calc'd: 

Found: 

C, 72.77; H, 7.29; N, 13.69 

C, 72.79; H, 7.07; N, 13.41 

EXAMPLE60 

3-( 4-( 4-{6-(benzyl(methyl)amino ]quinolin-S~yl}piperazin-1-yl)cyclohexyl]-t- · 

methyl-I H~indole-5-carbonitrile 

15 To an oven-dried 10 rnL round bottom flask under a N2 atmosphere was . 

added ~CO, (173 mg, 0.53 mmol), BINAP (15 mg, 3 mol %), Pd(0Ac)3 (5 mg;.3· 

mol % ) and 2-{ 4-(1,4-trans)-[ 4-(6-bromoquinolin-8-yl)piperazin-1-yl]cyclohexyl }-1-

methyl-l H-indole-5-carbonitrile (200 mg, 0.38 mmol). Toluene (1 mL) and 

benzylmethylamine (0.06 mL, 0.45 mmol) were added via syringe, and the reaction· 

20 mixture was heated. at 100 °C overnight. The cooled reaction mixture was diluted 

with Et:iO (15mL), filtered to remove solids, and concentrated. The resulting oil was. 

·purified by column chromatography (5%MeOH/EtOAc + NH"OH) to give 60 mg of 

the title compound as a brown solid. The HCl salt was generated from EtOAc/Ei:iO 

affording an orange solid: mp decomposes above 90°C. 

25 . Elemental analysis for C37H"ON6•3HC1 

Calc'd: . C, 65.53; H, 6.39; N, 12~39. 

Found: C, 65.36;H, 6.71; N, 12.39 
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EXAMPLE61a 

1-Methyl-3-[(1,4-cis)-4-(4-quinolin-5-ylpiperazin-t-yl)cyclohexyl]·lH-indole-5~ 

carbonitrile 

To a solution of 5-piperazin-1-yl-quinoline (300 mg, 1.4 mmol), 4-(5-cyano-

5. 1-methyl-lH-indol-3-yJ)-cyclohexanone (350 mg, 1.4 mmol), . and sodium 

triacetoxyborohydride (450 mg, 2.1 mmol) in dichloroethane (40 mL) was added 

acetic acid (0.2 mL, 3.4 mmol) and stirred overnight at room temperature. The 

reaction was quenched with 1 M NaOH (25 mL) and H20 (100 mL) then extracted 

into .C~C~ (100 mL) and EtOAc (2 x 100 mL). The organic fractions were 

10 combined, dried over N~S04, concentrated, filtered and chromatographed (5% 

MeOH/EtOAc) affording 190 mg (30%) of the cis isomer as a white foam. The HCI 

salt was generated from EtOAc to give a white solid: mp decomposes above 235°C. 

Elemental analysis for C29H31N,mHCl•0.5~0 

15 

Calc'd: C, 70.36; H, 6.72; N, 14.15 

Found: C, 70.43; H, 6.57; N, 13.83 

EXAMPLE61b 

l·Methyl-3-[(1,4-trans)-4-(4-quinolin-5-ylpiperazin-1-yl)cyclohexyl]·lH-indole· 

5-carbonitrile 

20 The trans isomer was isolated at the same time affording 140 mg (22%) as a 

25 

pale yellow solid: mp discolors a~ove 200°C. 

Elemental analysis for C2sJl31Ns•O.SH20 

Calc'd: C, 15.95; H, 7.03; N, 15.27 

Found: C, 75.82; H, 6.72; N, 15.09 

EXAMPLE62a 

3-{(l,4-cis )-4-(4-( 6-methoxy-1,2,3,4-tetrahydroquinolin-8-yl)piperazin-1-

yl]cyclohexyl}-l-methyl-1 B-indole-5-carbonitrile 

To a solution of 6-methoxy-5-piperazin-1-yl-1,2,3,4-tetrahydroquinoline (300 

30 mg, 1.2 mmol), 4-(5-cyano-1-methyl-lH-indol-3-yl)~cyclohexanone (306 mg, 1.2 

mmol), and sodium triacetoxyborohydride (254 mg, 1.8 mmol) in dichlotoethane (50 
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mL) was added acetic acid (0~15 mL, 2.4 mmol) arid stirred overnight at room 

temperature. The reaction was quenched with 1 M NaOH (50 mL) and ~O (50 mL) 

then extracted in C~C12 (100 mL) and EtOAc (2 x 100 mL). The organic fractions 

were combined, dried over N~S04, concentrated, filtered and chromatographed twice· 

5 (5% MeOH/EtOAc) affordfog 140 mg (24%) of the cis isomer as a white foam. The 

HCl salt was generated from EtOAc to give a white solid: mp decomposes above· 

170°C. 

10 

Calc'd: 

Found: 

C, 66.96; H, 7.49; N, 13.01 

C, 66.71; H, 7:28; N, 12.50 

ExAMPLE62b 

3-{ (1,4-trans)-4·[ 4-( 6-methoxy-1,2,3,4-tetrahydroquinolin-8-yl)piperazin-1-

yl]cyclohexyl }-1-methyl-lH-indol~S;.carbonitrile 

15 The trans isomer was isolated at the same time affording 80 mg (22%) as a · 

20 

white foam. The HCl salt was generated from EtOAc affording a white solid: mp 

decomposes above 225°C. 

Elemental analysis for C30H31NsO•HCJ•0.5H20 .· 

Calc'd: C, 68.10; H, 7.43; N, 13.24 

Found: C, 68.17; H, 7.30; N, 13.17 

EXAMPLE63a 

1-Methyl-3-[ (l,4-cis)-4-( 4-[1,6]naphthyridine-8-ylpiperaZin-l•yl)cyclohexyl]-1H· · 

indole~S-carbonitrile 

25 To a solution of 8-piperazin-1-yl-naphthyridine (470 mg, 2.19 mmol). 4-(5- ' 

cyano-1-methyl-1H.;indol-3-yl)-cyc1ohexanone (550 mg, 2.19 mmol), and sodium 

triacetoxyborohydride (700 mg, 3.28 mmol) in dichloroethane (40 mL) was added 

acetic acid (0.25 mL, 4.38 mmol) and stirred overnight at room temperature. The 

reaction was quenched with 1 M NaOH (40 mL) and H20 (20 mL) then extracted in 

30 C"2Cl2 (50 mL) and EtOAc (2 x 100 mL). The organic fractions were combined, 

dried over N&:iS04, concentrated, filtered and chromatographed three times (5% 
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MeOH/EtOAc) affording 490 mg (50%) of the cis isomer as a pale yellow solid: mp 

decomposes above 215°C, then melts 227-230°C .. 

Elemental analysis for <;.H30N6•0.5H20 

Calc'd: C, 73.90; H, 6.76; N, 18.47 

5 Found: c. 73.90; H. 6.76; N, 18.61 

EXAMPLE63b 

1-Metbyl-3-[(1,4-trans)-4-( 4-[1;6]napbthyridine-8-yl-piperazin-1-yl)cyclohexyl]­

. lH-indole-5-carbonitrile 

10 The trans isomer was isolated at the same time affording 120 mg (12%) as a 

15 

pale yellow solid: mp decomposes above 1959 C. 

Elemental analysis for C30H31Ns0•0.5H20 

Calc'd: C, 73.90; H, 6.76; N, 18.47 

Found: c. 73.87; H, 6.75; N, 18.66 

EXAMPLE64 

1-Methyl-3-((1,4-cis)·4·{ 4--[ 6-(methylamino )quinolin-8-yl]piperazin-1-

yl}cyclohexyl)· lH·indole-S·carbonitrile 

To a solution of 6-(methylamino)-8-piperazin-1-yl-quinoline (100 mg, 0.43 

20 mmol). 4'(5-cyano-1-methyl-lH-indol-3-yl)-cyclohexanone (100 mg, 0.43 mmol), 

and sodium triacetoxyborohydride (130 mg, 0.62 mmol) in dichloroethane (30 mL) 

was added acetic acid (0.1 mL, 0.86 mmol) and stirred overnight at room 

temperature. The reaction was quenched with 1 M NaOH (50 mL) and H:P (50 mL) 

then extracted in CH2C~ (100 mL) and EtOAc (2 x 100 mL). The organic fractions 

25 were combined, dried over N8aSO,., concentrated, filtered and chromatographed (10% 

MeOH/EtOAc) affording 60 mg (30%) of the cis isomer as a gold oil.· The HCl salt 

was generated from EtOAc affording a yellow solid: mp decomposes above 170°C; 

Elemental analysis for C30H34N6•HCI•Ha0 

Calc'd: C, 67.59; H, 7.00; N, 15.76 

30 Found: C, 67 .58; H, 6.86; N, 15.65 
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EXAMPLE65a 

(Cis)-3-{4-[4-(7-methoxyquinoxalin-5-yl)piperazin-1-yl]cyclohexyl}-t-methyl-

1H-indole-5.;.carbonitrile 

To a solution of 7-methoxy-5-piperazin-1-yl-quinoxaline (160 mg, 0.66 

5 mmol), 4-(5-cyano-1-methyl-1H-indol-3•yl)-cyclohexanone (170 mg, 0.66 mmol), 

and sodium triacetoxyborohydride (210 mg, 0.98 mmol) in dichloroethane (30 mL). 

was added acetic acid (0.1 mL, 1.3 mmol). and stirred overnight at room temperature. 

The reaction was quenched with l M NaOH (100 mL) then.extracted in.CH2Cl2 (75 

mL) and EtOAc (100 mL) •. The organic fractions were combined, dried over N~S04, · 

10 concentrated, filtered and chroinatographed (5% MeOHiEtOAc) affording 120 mg 

15 

(38%) of the cis isomer as a bright yellow solid: mp 226-229°C. 

Elemental analysis for C29H32N50• H20 

Calc'd: 

Found: 

C, 69.86; H, 6.87; N, 16.85 

C, 69.94; H, 6.71; N, 16.60 

EXAMPLE65b 

(Trans)-3-{ 4-[ 4-(7-methoxyquinoxalin-5-yl)piperazin.; t-yl]cyclohexyl}-1-methyl-

1H-indole-5-carbonitrile 

.· The trans isomer was isolated at the same time affording 80 mg (12%) as a yellow 

20 solid: mp 230-233°C .. · ·· · 

Elemental.analysis for C29H32N60!0.5~0 

25 

Calc'd: C, 71.14; H, 6~79; N, 17.16 . 

Found: C, 71.29; H, 6.69; N, 17.16 

EXAMPLE66a 
. . 

(Cis)-3-{4-(4-(6-methoxy[l,7)naphthyridin-8-yl)piperaziri-t-yl)cyclohexyl}-t-

methyl-1H-indole-5-carbonitrile 

To a solution of 6-methoxy-8-piperazin-l-yl-[l,7]naphthyridine (250 mg, 

1.02 mmol), 4-(5-cyano-l-methyl- lH-indol-3-yl)-cyclohexanone (260 mg, 1.02 

30 mrnol), and sodium triacetoxyborohydride (320 mg, 1.53 mmol) in dichloroethane 

(50 mL) was added acetic acid (0.12 mL, 2.04 mmol) and stirred overnight at room 
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temperature. The reaction was quenched with 1 M NaOH (50 mL) then extracted in 

CH2Cl2 (1 x 50 mL) and EtOAc (75 mL). The organic fractions were combined, 

dried over N~S04, concentrated, filtered and chromatographed (5% MeOH/EtOAc + 

NH40H) affording 160 mg (33%) of the cis isomer as a yellow foam. The HCl salt· 

5 was generated form EtOAc affording a pale yellow solid: mp 235-238°C. 

10 

Elemental analysis for C29H3~60•HC1•~0 

Calc'd: C, 65.10; H, 6.59; N, 15.71 

Found: C, 65.09; H, 6.77; N, 15.60 

EXAMPLE66b 

(Cis)-3-{4-[4-(6-methoxy(l,7]naphthyridin-8-yl)piperazin-l-yl]cydohexyl}-l­

methyl-1H-indole-5-carbonitrile 

The trans isomer was isolated at the same time ~ffording 90 mg (18%) as a yellow 

foam. The 'HCI salt was generated from EtOAc affording a pale ye11ow solid: mp 

15 230-233 °C. 

20 

Elemental analysis for C29H32N60•HC1•0.5H:P 

Calc'd: C, 66.21; H, 6.51; N, 15.97 

Found: C, 66.26; H, 6.37; N, 15.91 

EXAMPLE67a 

3-{(1,4-cis )4-(4-(2-0xo-2,3-dihydro-lH-benzimidoazol-4-yl)-piperazin-1-yl]­

cyclohexyl}-lH-indole-5-carbonitrile 

To a solution of 4-piperazin-1-yl-1,3-dihydro-benzoimidazol-2-one (400 mg, 

1.8 mmol), 4-(5-cyano-lH-indol-3-yl)-cycJohexanone (430 mg, 1.8 mmol), and 

25 sodium triacetoxyborohydride (590 mg, 2.8 mmol) in dichloroethane (50 mL) was 

added acetic acid (0.21 mL, 3.7 mmol) and stirred overnight at room temperature. 

The reaction was quenched with 2.5 M NaOH (100 mL) then extracted in 

MeOH/CB:iCI2 (2 x 100 mL). The organic fractions were combined, dried over 

N8iS04, concentrated, filtered and chromatographed two times (10% MeOH/EtOAc) 

30 affording 185 mg (23%) of tlie cis isomer as a beige solid. The HCI salt was 

generated form EtOAc affording an off-white solid: mp decomposes above 235°C. 
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Elemental analysis for C2,~8N,O•HCl• l.SH20 

Calc'd: C, 61.96; H, 6.40; N, 16.67 

Found: C, 61.97; H, 6.26; N, 16.28 

EXAMPLE67b 

3-{(1,4-trans)4-(4-(~0xo-2,3-dihydro-lH-benzimidoazol-4-yl)-piperazin-1-yll­

cyclohexyl}-lH-indole-5-carbonitrile 

The trans isomer was isolated at the same time affording 90 mg (18%) as a 

white solid. The HCI salt was generated from EtOAc affording a white solid: 

10 mp decomposes above 265 ° C . 

15 

. Elemental analysis for C:JfuN60•HCl• l.5H:P ·· · 

Calc'd: C, 61.96; H, 6.40; N, 16.67 

. Found:. C, 61.98; H, 6~25; N, 16.38 

EXAMPLE68a 

3-[ cis-4-[ 4-( 6-Methoxy-lH-dinole-4-yl)-1-piperazinyl] 

cyclohexyl]lH-indole-5-carbonitrile 

A solution of 4-(5-cyano-1-methyl-3-indolyl)-cyclohexanone (0.43 g, 1.8 

mmol), 6-methoxy-4-piperazin-1-yl-lH-indole (0.4 g, 1.8 mmol), sodium triacetoxy-

20 borohydride (0.77 g, 2.7 mmol) and acetic acid (0.21 mL, 3.6 mmol) in 1,2.;. 

dichloroethane (20 mL) was all.owed to stir at :room temperature overnight. The 

reaction was quenched with l N aqueous sodium hydroxide (10 mL), and extracted 

with methylene chloride (3 x 50 mL). The .combined organic layers were washed 

with brine (2 x 50 mL), then dried . over anhydrous sodium sulfate and filtered. 

25 Chromatography (5% methanoJ/ethyl acetate) afforded 0.38 g (48%) of the title 

compound as a white solid: mp 182-185°C., . 

The HCI salt was prepared in ethyl acetate: mp.225-226 °C. 

Elemental analysis for C28H31N50•2HC1•0.25H20•0.40C4H80 2 

Calc'd: C, 62.79; H, 6.53; N, 12.37 

30 Found: C, 62.28; H, 6.44; N, 12.97 
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EXAMPLE68b 

3-[trans-4-[4·(6-Methoxy-tH .. indole-4-yl)-1-piperazinyl] 

cyclohexyl]lH-indole-5-carbonitrile 

The trans compound was isolated at same time as the cis isomer in 33% yield 

5 (0.26 g) as a white solid: mp 157.-160 °C. The Ha salt was prepared in ethyl 

acetate: mp> 210 °C. 

10 

Elemental analysis for C28H31N50• HCl• l .5H20 

Cale' d: C, 64.82; H. 6.58; N. 13.94 

Found: C. 65.04; H, 6.82; N. 13.54 

EXAMPLE69 

5-Fluoro-3-{ 4-[ 4-( 6-methoxy-naphthalen-2-yl)­

piperazin· l-yl]-cyclohexyl }-: lH-indole 

To 400 mg (1.66 mmol) of 1-(6-methoxy-naphthalen-2-yl)-piperazine in 40 · 

15 mL of CH2Cl2 and 100 mg of glacial HOAc at 23 °C was added 384 mg (1.66 mmol) 

of 4-(5-fluoro-lH-indol-3-yl}-cyclohex-3-enone followed by 216 mg. (1.89 mmol} of 

Na(0Ac)3BH. After stirring at 23 °C for 12 hours. the reaction mixture was 

transferred to a separatory funnel and partitioned between water and CH2C~. The 

organics were washed with brine. dried over MgS04, and chromatographed on silica 

20 gel eluting with 20: 1 Et0Ac:2 M NH3 in MeOH. The product fractions were pooled, 

stripped. and treated with 115 mg (1.3 mmol} of (C02H)2 in absolute EtOH to give 

640 mg (1.40 mmol, an 84% yield) of the oxalate salt of the title compound as a 

white crystalline solid. mp: 200-203°C; MS (ES) mlz 458 (MHr. 

Elemental Analysis for C29H32FN30 

25 Calc'd.: C, 67.95; H, 6.25,N, 7.67~ 

Found: C, 66.64; H. 6.71; N. 7.11. 
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EXAMPLE70a 

3-[4-[(Cis)-4-(6-[1,3]dioxolan•2-yl-quinolin-8-yl)-piperazin-1-yl]­

cyclohexyl;;tff-indole·S~carbonitrile 

6-[1,3]Dioxolan-2-yl-8.;piperaziny1-quinoline 1.36 g (4.8 mmol) was 

5 combined with J;.methyl-3-(4-oxo-cyclohexyl}-IH-indole-5-carbonitrile, 1.53 g (7.2 . 

mmol), 0.43 g (7.2 mmol) C~C02H, and 100 mL CHaCl2 by_ the process described · 
. . 

·for Example 1. The crude was chromatographed on silica gel in a gradient of CH2C~ 
to 10:1 CHiCl2:MeOH, and the ·cis compound was isolated, (Rr0.39, 10:1 

CH2Cl2:MeOH)~. The product fractions were pooled, stripped, and treated With 0.09 · 

10 g (1.0 mmol) (C02H)2 in absolute EtOH to give l.O g (1.9 mmol, a 40% yield) of the 

oxalate salt of the cis isomer of the title compound as a yellow crystalline solid. mp: 

105°C; MS (ES)m/z 522 (MHr. 

15 

Elemental Analysis for c,2H3SNS02 

Calc'd.: C, 73.68; H. 6.76, N, 13.43. 

Found: C, 73.67; H, 6.82; N, 13.23. 

EXAMPLE70b 

3-[4-[(Trans)-4-(6~[1;3]dioxolan-2-yl-quinolin-8-yl)-piperazin-1-yl]­

cyclohexyl-1H-indole-5-carbonitrile 

20 The trans compound was also obtained, (R,:::0.24, 10:1 CH2Cl2:MeOH). The 

product fractions were pooled, ~tripped, and treated with 0.07 g (0.8 nimol} of. 

(C02H):: in absolute EtOH to give 0.80 g (1.5 mmol, a 31 % yield) mp: l60°C; MS ES 

mlz 522 CMHr. 
Elemental Analysis for c,2H3SNS02 

25 Calc'd.: C, 73.68; Ht 6.76, N, 13.43. 

Found: C, 67.05; H, 6.27; N~ 12.03. 
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EXAMPLE71 

8·[ 4-[ ( Cis)·4-(S-Cyano-1-methyl-1H-indole-3-yl)-cyclohexyl]­

piperazin-1-yl]~6-quinolinecarbaldehyde 

To 920 mg (1.8 mmol) of 3-l4-[(cis)-4-(6-[l,3]dioxolan-2-yl-quinolin-8-y1)-

5 piperazinyl]cyclohexyl-IH~indole-5-carbonitrile in 7 mL of THF and 14 mL of 

glacial HOAc at 23 °C was added 0.8 ml of 6N HCI. The ~action was heated at 

40°C for 5 hours. The volatiles were removed by rotary evaporation and the aqueous 

was neutralized with 5 N NaOH. The organics were extracted into CR:iCl2 and 

washed with brine, dried over MgS04, and chromatographed on silica gel eluting 

10 with 10:1 CH2Cl2:MeOH. ). The product fractions were pooled, stripped,. and treated 

with 147 mg (1.6 mmol) (C02H)2 in absolute EtOH to give 780 mg (1.3 mmol, a 72% 

yield) oxalate salt of the title compound as a pale yellow crystalline solid. mp: 172-

l 740C; MS (ES) m/z 478 {MHr. 

Elemental Analysis for C30H,,N50 ·' 

15 Calc'd.: C, 75.44; H, 6.54, N, 14.66. 

20 

Found: C, 73.27; H, 6.66; N~ 13.98-

EXAMPLE72 

8-[4-[(Trans)-4-(S-Cyano-1-methyl".'lH-indole-3-yl)-cyclohexyl]·piperazin-1-yl]-

6-quinolinecarbaldehyde 

The trans compound was obtained by the process described for Example 4 by 

combi11ing .750 mg (1.4 mmol) 3-[4-[(trans)-4-(6-[l,3]dioxolan-2-yl-quinolin-8-yl)­

piperazinyl]cyclohexyl-1H-indole-5-carbonitrile, .6 ml 6N HQ, 7 ml THF, 7 ml 

glacial HOAc. The product fractions were pooled, striped, and treated with 85 mg 

25 (0.9 mmol) (C02H):l in absolute EtOH to give 450 mg (.76 mmol, a 42% yield) Mp: 

201-203°C; MS (ES mlz 478 (MHr. 

Elemental Analysis for C10~1N50 

Calc'd.: C, 75.44; H, 6.54, N. 14.66. 

Found: C, 72.10; H, 6.80; N, 12.64. 

30 
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EXAMPLE73 

· S-[ 4-[(Cis )-4-(S-cyano-1'."methyl-tH~indole-3-yl)cyclohexyl]-1-

:_ piperazinyl]~6-quinolinecarboxylic acid 

To 750 mg (1.6_ -mmoJ) of 8-[4-[(Cis)-4-(5-cyano-I-methyl-lH-indole-3-

5 yl)cyclohexyl]~l-piperazin_yl)-6-quinolinecarbaldehyde in 60 mL of t-BuOH and 8 

mL of C~CHC(CH3)2 at 23°C was added a solution of 1.3 mg (14.4 mmol) NaC103
, 

1.3 g (10.8 mmol) Na~Po .. in 3 ml water. After stirring at 23°C for 12 hours, the 

--- volatiles were removed by rotary evaporation. The reac::tion mixture was transferred -

to a separatory funnel and partitioned betwee~ water and C~C~. The organics were 

10 washed with brine, dried over MsS04 , and chromatographed ori silica gel eluting with 

20: 1 -CH2C1z:MeOH containing 5% glacial HO Ac. The product fractions were 
.. ' 

pooled, stripped, and treated with 75 mg (0.83 mmol) of (C02H)2 in absolute EtOH to 

- give 390 mg (0.6 mmol, a 38% yield) of the oxal~te salt of the title compound as a -- = 

tan crystalline.solid. mp: 230°C; MS (ES)_m/z: 494 (MHt. 

15 Elemental Analysis for <;0H31N50 2 

Calc'd.: 

Found: 

- C, 73.00; H, 6;33, N, 14.19._ 

C, 50.91; H, 4.92; N, 7.70 

EXAMPLE74 

20 8-[4-[(Trans)-4-(S-cyailo-1-methyl-lH-indole-3-yl)cyclohexyl]-1-piperazinyl]-6- -

quinolinecarboxylic acid 

The trans was obtained by the process described for Example 73 by 

combining .30 g (.60 mmol) 8-[4-[(Trans)-4-(5-cyano-l-methyl-lH-indole-3-

yl)cyclohexyl]-1-piperazinyl]-6-quinolinecarbaldehyde, .48 g (5.S mmol) NaCI02, 

25 .48 g (4.lmmol) NaH2PO ... 24 mL t-BuOH, 3 ll1LCH3CHC(CH3) 2, and 6 ml water. 
- -

The product fractions were pooled, striped, and treated with 54 mg (0.60 mmol)-of -

(C03H)2 in absolute EtOH to give 97mg (.16 mmol, a 10% yield) mp: 275°C MS 

(ES) m/z: 494 (MHr. 

Elemental Analysis for C3r)i31 N5Q 

30 Calc'd.: C, 75.44; H, 6.54, N, 14.66. 

Found: C, 50.42; H, 4.66; N, 8.82. 
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EXAMPLE75 

Methyl S.[4-[(Cis)-4-(5-cyano-1-methyl-lH-indol-3-yl)cyclohexyl]-1-

piperazinyl]-6-quinolinecarboxylate 

To 50 mg (0.1 mmol) of 8-[4-[(Cis)-4-(5-cyano-1-methyl-lH-indole-3-

5 yl)cyclohexyl]-l-piperazinyl]-6-quinolinecarboxylic acid in 1 mL of MeOH and 3 

mL of C,HsCH3 at 23°C was added 0.9 mL (.39 mmol) of a 10% solution of 

(CH3),SiCHN2 in hexanes. After stirring at 23°C for 12 hours, the volatiles were 

removed by rotary evaporation. The crude product was chromatographed on silica 

gel eluting with 20: 1 CH2Cl2:MeOH. The product fractions were pooled; stripped, 

10 and treated with 5 mg (0.05 mmol) of (C02H)2 in absolute EtOH to give 20 mg (0.04 

mmol, a 40% yield) of the oxalate salt of the title compound as a tan crystalline solid. 

mp: 153-155°C; MS (ES) mlz: 599 (MHr. 

Elemental Analysis for <;1H3,Ns02 

Calc'd.: C, 66.28; H, 5.90, N, 11.71. 

15 Found: C, 61.49; H, 5.85; N, 10.35. 

-EXAMPLE 76a 

3-[4-[(Cis)-4-(7-methoxy-8-quinolinyl)-l·piperazinyl]cyclohexyl]-1-methyl-1H­

indole-5-carbonitrile 

20 7-Methoxy-8-(1 .. piperazinyl)quinoline 400 mg (l.6 mmol) was combined 

with 404 mg (1.6 mmol) of l-methyl-3-(4-.oxo-cyclohexyl)-lH-indole-5-carbonirile, 

510 mg (2.4 mmol) of Na(0Ac)3BH, 143 mg (2.4 mmol) of glacial HOAc, in 30 mL 

CH2C~ by the process described for Example 69. The crude was chromatographed 

on silica gel eluting with 20: 1 C~D:i:MeOH; the cis compound was isolated 

25 (Rr=0.34, 10: 1 EtOAc:MeOH). The product fractions were pooled, stripped, and 

treated with 27 mg (0.30 mmol) of (C02H)2 in absolute EtOH to give 179 mg (0.37 

mmol, a 23% yield) of the oxalate salt of the title compound as a yellow crystalline 

solid. mp: 183-186°C; MS (ES) m/z: 480 (MHr. 

Elemental Analysis for C,0H33Ns0 

30 Calc'd.: C, 67.43; H, 6.19, N. 12.29. 

Found: C, 65.38; H, 6.34; N, 11.83. 
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·.EXAMPLE 76b 

3·[ 4-[(Trans )·4-(7•methoxy-8-quinolinyl)· 1 ·piperazinyl]cydohexyl]-l ·inethyl-

1H-iildole·S·carbonitrile 

. 5 The trans compound was. obtained at the same time . (Rr0.17, . 10:1 

EtOAc:MeOH). The product fractions were pooled, stripped, and treated with 12 mg 

(0.13 mmol) of (CO}f)2 . in absolute EtOH to give 80 mg (.17 mmol, an 11 % yie~d) 

mp: 144-148°C; MS (ES) m/z: 480 (MHr.· 

Elemental Analysis for C3A 3N50 

10 Calc'd.: C, 67.43; H, 6.19, N, 12.29. 

Found: C, 64.17; H, 6.37; N, 11.68. 

EXAMPLE77a 

8-[4-[(Cis)-4·(5-cyano-1-methyl-lH-indol-3-yl)cydohexyl]-1-piperazinyl]-N,N- .. 

15 dimethyl-6-quinolincarboxamide 

N,N-dimethyl-8-(1-piperazinyl)-6-quinolinecarboxamide 300 mg (1.1 mmol) 

was combined with 267 mg (1.1 mmol) of l-methyl-3-(4-oxo-cyclohexyl)-lH­

indole-5-carbonirile~ 339 mg (1.6 mmol) of Na(OAc),BH, 96 mg (1.6 inmol) of 

glacial HOAc in 20 mL CH2C~ by the process described for Example 69. the crude 

20 product was chromatographed on silica gel with a ·gradient of EtOAc to 10: 1 

EtOAc:MeOH, and the cis compqund was isolated (R,=0.43,.10:1 Et0Ac:2 M ~in · 
. . 

MeOH). The product fractions were pooled, striped, and tt:eated with 35 mg (0.39 

mmol) of (C02H)2 in absolute EtOH to give 210 mg (0.40 mmol, a 36% yield) of the 

oxalate salt of the title compound as a pale yellow crystalline solid. mp: l 63;;.165°C; 

25 MS (ES) m/z: 521 (MHr. 

Elemental Analysis for C,2H36N60 

Calc'd.: C, 66.83; H, 6.27, N, 13.75. 

Found: C, 59.62; H, 6.15; N, 11.33. 
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EXAMPLE77b 

8-[4-[(Trans)-4~(5-cyano-l-methyl-lH-indol-3-yl)cyclohexyl]·l-piperazinyl]-N,N­

dimethyl-6-quinolincarboxamide 

The trans compound was obtained at the same time. (R,=0.33, 10: 1 

5 Et0Ac:2M NH3 in MeOH). The product fractions were pooled, striped, and treated 

with 15 mg (0.17 mmol) of (C02H)2 in absolute EtOH to give 80 mg (0.15 mmol, a 

14% yield) mp: 160-163°C; MS (ES) m/z: 521 (MHr. 

10 

Elemental Analysis for ~~N60 

Calc'd.: C, 66.83; H, 6.27. N, 13.75. 

Found: C, 62.7; H, 6.52;N, 12.33. 

EXAMPLE78 

6-Methoxy-8-{ cis-4-[ 4-(1H-pyrrolo[2,3-b ]p~ridin-3-yl)cyclohexyl]-1-

. piperazinyl}quinoline 

15 To a stirred solution of 195 .mg {0.80 mmol) of 6-methoxy-8-(1-

piperazinyl)quinoline in 10 mL of 1,2-dichloroeth~e at 23 °C was added 177.9 mg 

{0.83 mmol) of 4-(1H-pyrrolo[2,3-b]pyridin-3-yl)cyclohexanone, 254 mg (1.2 mmol) 

of sodium triacetoxyborohydride. and 78 mg (1.3 mmol) of glacial acetic acid. The 

reaction was monitored by TLC on a silica gel plate eluted with CH2Cl/ MeOH 

20 (10:1). After stirring at 23 °C for 64 hours, the reaction was quenched with 10 mL of 

l N NaOH, and extracted with Cl;12Cl1 (2 x 25 mL). The aqueous layer was adjusted 

to pH 10 with AcOH, and further extracted with CH,C~ (2 x 75 mL). The combined 

organic layers were washed with brine (2 x 75 mL), dried over MgSO"', filtered, and 

evaporated to a tan solid. 

25 

30 

The crude product was purified by flash chromatography on silica gel using a 

gradient elution of CH1Clj MeOH (40:1 to 10:1 to 4:1). The appropriate fractions 

were combined and evaporated to afford 94.8 mg (0.21 mmol, a 27% yield) of the 

title compound as a tan crystalline solid. 
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The oxalate salt of the title compound was prepared by adding 19 mg (0.21 

mmol) of oxalic acid to 92 mg (0.21 mmol) of the title compound in 1 mL of ethanol 

at 23°C. After stirring at 23°C • for 64 hours, a solid precipitated out of solution. 

Diethyl ether (5 mL) was added to the suspension and c~oled to 0°C, to further 
. . . 

. 5 crystallize the product The precipitated solid was collected and. washed with ether to 

afford 79.5 mg (15 mmol, a·71% yield) of the oxalate salt. mp: 216-220°C; MS (ES) 

m/z: 442.3 (MHt. 221.6 (M/2+ Hr. 
Elemental Analysis For c29~3NSOS 

Calc'd.: C, 65.48; H, 6.25; N, 13.17. 

10 Found: C, 62.66; H, 5.95; N, 11.67. 

EXAMPLE79 

~Methoxy-8-{cis-4-[ 4-(1-m,ethyl-1H-pyrrolo[2,~b ]pyridin-3-yl)cyclohexyl]-1- . · 

piperazinyl}quinoline 

15 The title compound was prepared by· the procedure described in Example 18 

using 4-(l-methyl-1H.,.pyrrolo[2,3-b]pyridin-3-yl)-cyclohexanone (204~7 mg, 0.89 

mmol) in place of 4-(1H-pyrrolo[2,3-b]pyridin-3-yl)cyclohexanone. Yield: 30% 

(108.5 mg, 0.24 mmol); viscous yellow oil. 

20 The oxalate salt.was prepared in the manner previously described in Example 

25 

78 using 108.5 mg (0~24 mmol) of the title compound. Yield: 30% (39.2 mg, 0.072 

mmol). mp: 105-l 10°C; MS (ES) mlz: 456.3 (MH)+, 228.8 (M/2 +Hr. 

Elemental Analysis for c3~~50S 

Calc'd.: C, 66.00; H, 6.46; N, 12.83. 

Found: C, 58.43; H, 6.31; N, 10.57. 

EXAMPLE SO 

8-{ Cis-4-[ 4-( 6.;.fluoro-tH-indol-3-yl)cyclohexyl]-1-piperazinyl}-6-

methoxyquinoline 

30 The title compound was prepared by the procedure described in Example 78 

using 4-(6-fluoro-lH-indol-3-yl)-cyclohexanone (401 mg, 1.87 mmol) in place of 4-
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{1H-pyrrolo[2.3-b]pyridin-3-yl)cyclohexanone. Yield: 28% (243 mg, 0.53 :mmol); 

white crystalline solid. 

The oxalate salt was prepared in the manner previously described in Example 

5 78 using 78.0 mg (0.24 mmol) of the title compound. Yield: 66% (61.1 mg, 0.11 

mmol) as a white solid. mp: 239-243°C; MS (ES) m/z: 459.3 (MHr. 230.l (M/2+ H). 

Elemental Analysis for ~Ji33FN4Q5 

10 

Calc'd.: C. 65.64; H, 6.06; N, 10.21. 

Found: C, 65.16; H, 6.40; N. 9.86. 

EXAMPLE St 

8-{Cis-4-[4-(6-ftuoro-1-methyl-lH.oindol-3-yl)cyclohexyl]-1-piperazinyl}-6-

methoxyquinolin~ 

The title compound was prepared by the procedure described in Example 78 

15 using 4-(6-fluoro-1-methyl-lH-indol-3-yl)-cyclohexanone (230 mg, 0.94 mmol) in 

place of 4-(1H-pyrrolo[2,3-b]pyridin-3-yl)cyclohexanone. Yield: 30% (131.6 mg, 

0.28 mmol); white crystalline solid. 

The oxalate salt was prepared in the manner previously described in Example 

20 78 using 127 .9 mg (0.27 mmol) of the title compound. Yield: 20% (30.1 mg, 0.054 

mmol). mp: 219-223 °C; MS (ES.) m/z: 473.2 (MHr. 

25 

Elemental Analysis for ~1H,sFN4Q5 
Calc'd.: C, 66.14; H, 6.27; N, 9.95. 

Found: C, 66.26; H, 6.16; N, 7.49. 

EXAMPLE82 

6-Methoxy-8-(4-{(cis)-4·[5-(triftuoromethyl)-lH-indol-3-yl]cyclohexyl}-1· 

piperazinyl)quinoline 

The title compound was prepared by the procedure described in Example 78 

30 using cyclohexanone 4-(5-tritluoromethyl-lH-indol-3-yl)-cyclohexanone (271.5 mg, 

i 
'! 
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0.97 mmol) in place of 4-(1H-pyrrolo[2,3-b]pyridin-3-yl)cyclohexanone. Yi~ld: 12%. 

(57 mg. 0.12 mmol); off-white solid. 

The oxalate salt WaS prepared in the manner previously described in Example 

5 78 · using 25.6 mg· (0~050 mmol) of the title compound~ Yield: 67% (20 mg. R033 

mmol). mp: 143-147°C; MS (ES)m/z: 509.4 (MHr .. · 

10 

Elemental Analysis for C,,H,,F3N4 0 5 

Calc'd.: c. 62.17; H. 5;55; N, 9.35 .. 

Found: C. 57 .55; H. 5.84; N. 8.63. 

EXAMPLE83a 

(Cis)-6-methoxy-8-(4-{4-[1-methyJ-S;.(iriOuoromethyl)~lH-indol-3-

. yl]cyclohexyl}piperazinyl)quinoline 

The title compound was prepared by the procedure described in Example 78 

15 using 4-(1-methyl-5-trifluoromethyl-IH-indol'."3-yl)-cyclohexanone :(750.3 mg, .. 2:54 

mmol) in place of 4-(1H-pyrrofo[2,3-b]pyridin-3-yl)cyclohexanone. Flash chroma­

tography was performed using a gradient elution of ethyl acetate/ MeOH (40: 1 to IO: 1 

to 4:1) in place ofCH2Cl:z/MeOH; Rr= 0.36. Yield: 12% (162.1 mg, 0.30 miriol); tari 

solid. 

20 

25 

The oxalate salt was prepared in the manner previously described in Example 

78 using 93.5 mg (0.18 mrnol) of the title compound; Yield: 29% (31.4 mg. 0.051 · 

mmol). mp: 101-104°C; MS (ES) m/z: 523.2 (MHr. 

Elemental Analysis for C,2H,5F3N4Q5 

Calc'd.: 

Found: 

C, 62.70; H. 5.76; N, 9.14. 

C, 55.43; H. 6.21; N, 7.75. 
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EXAMPLE83b 

(Trans )-6-methoxy-8-( 4-{ 4-(1-metbyl-5-(triftuoromethyl)-lH-indol-3-

yl]cyclohexyl}piperazinyl)quinoline 

The trans compound (R, = 0.26) was isolated at the same time as the cis 

5 isom~r in 11 % yield (140 mg, 0.27 mmol) as a tan solid. The oxalate salt was 

prepared in the manner previously described in Example 78 using 100 mg (0.19 

mmol) of the title compound. Yield: 86% (101 mg, 0.16 mmol). mp: 111-115°C; MS 

(ES) m/z:: 523.3 (MHf. 

Elemental Analysis for ~H35f 3N4Q5 

IO Calc'd.: C, 62.70; H. 5~76; N, 9.14. 

15 

Found: C, 59.47; H, 5.80; N, 7.93. 

EXAMPLE84 

3-{ ( Cis )·4-[ 4-( 6-methoxy-8-quinolinyl)-1-piperazinyl]cyclohexyl}-1-methyl-tH­

carbonitrile 

The title compound was prepared in a similar manner described in Example 

781 using l-methyl-3-( 4-oxo-cyclohexyl)- lH-indole-6-carbonitrile (164 mg, 0.69 

mmol) in place of 4-(1H-pyrrolo[2,3-b]pyridin-3-yl)cyclohexanone. Flash 

chromotography was performed using a gradient elution of ethyl acetate/ MeOH 

20 (40:1 to 10:1 to 4:1) in place of CH2CJ/ MeOH. Yield: 20% (80.4 mg, 0.17 mmol); 

yellow solid. 

The oxalate salt was ·prepared in the manner previously described in Example 

78 using 80.4 mg (0.17 mmol) of the title compound and DMF in place of EtOH. 

25 Yield: 56% (53.4 mg. 0.094 mmol). mp: 111-114°C; MS (ES) m/z: 480.2 (MH)+. 

240.7 (M/2 +Hr. 

Elemental Analysis for C3A 5N5Q5 

Calc'd.: C, 67.43; H, 6.19; ·N, 12.29. 

Found: C, 62.99; H. 5.98; N, 11.16. 

30 
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·EXAMPLE SS 

3·{ 4·[ 4·( 6-Methoxy-8-qllinolinyl)~ t-piperazinyl]cydoheXyl}-tH-indole-6-

carbonitrile 

The title compound was prepared by the procedure_ described in Example 78 

-· 5 using 3-(4-oxo-cyclohexyl)-IH-indole-6-carbonitrile (404~8 mg. 1.7 mmol) in place 

of . 4-(1H-pyrrolo[2,3-b]pyridin-3-yl)cyclohexanone. Rash chromotography was 

performed using a gradient elution of ethyl acetate/ MeOH (40:1 to 10:1 to 4:1}in 

place of CH:Pl/ MeOH. Yield: 63% (493.7 mg, 1.06 mmol); tan solid. 

· 10 ·The oxalate salt was prepared in the manner previously described.in Example· 

78 using 183.5 mg (0.39 mmol) of title compound and DMF in place of EtOH. Yield: 

43% (93 mg, 0.20 mmol). mp: 242-244°C; MS (ES) mlz: 466.2 CMHr. · ·· 
Elemental Analysis for C,.H33N5Q5 · 

Cale' d.: C, 66.97; H, 5.98; N, 12.60. 

15 Found: C, 67.56; H, 6.09; N, 13.15. 

EXAMPLE 86a· 

8-{4-[(1,4-cls)·4;.(S-Fluoro-1-methyl;.tff-indol-3-yl);.cyclohexyl]­

piperazin-1.i'yl}-6-methoxy-quinoHne 

20 To a solution of 0.270 g of 6-Methoxy, 8-piperazino-quinoline in 20 mL of 

25 

C~C~. was added 0.245g of 4-(5-fiuoro-l-methyl-IH-3-indolyl)~cyclohexanone 

followed by 0.530 g of sodium triacetoxyborohydride and 0.09 mL acetic acid. The 

reaction was stirred at room temperature overnight. It was quenched with IN NaOH, 

and the product was extracted with CBiCl3• The organic phase was washed· with 

water and dried over magnesium sulfate. The product was filtered through 75 mL of 

silica gel using 50% ethyl acetate/hexanes, 75% ethyl acetatelhexane.S, and finally 

100% ethyl acetate to give 0.115 g of the desired product: mp 216-218°C; MS (ES) 

m/z (relative intensity): 473 (M'"+H, 100). 
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EXAMPLE86b 

8-{ 4-( (1,4-trans)-4-(5-Fluoro· l·methyl-lH·indol-3-yl)-cyclohexyl]­

piperazin· l· 'yl }·6-methoxy-quinoline 

The trans isomer was isolated at the same time as the cis isomer as an off 

5 white solid (0.013020 g).mp 198~200°C. MS (ES) m/z (relative intensity): 473 

(M+ +H, 100). 

10 

EXAMPLE87a 

8·{4-[4-((1,4-cls)-1H-Indol-3~yl)-cyclohexyl]­

piperazin-1-yl}·6-methoxy-quinoline 

To a solution of 0.350 g of 6-Methoxy, 8-piperazino-quinoline in 10 mL of 

CH2Cl2, was added 0.335g of 4-(1-H-3-indolyl)-cyclohexanone followed by 0.840 g 

of sodium triacetoxyborohydride and 0.2 mL aceti~ acid. The reaction was stirred at 

room temperature overnight It was quenched with lN NaOH, and the product was 

15 extracted with CllzCI1• The. organic phase was washed with water and dried over 

magnesium sulfate. The product was filtered through 125 mL of silica gel using 50% 

20 

ethyl acetate/hex~es. 75% ethyl acetate/hexanes. and finally 100% ethyl acetate to 

give 0.041 g of the desired product: mp 165-171°C; MS (ES) m/z (relative 

intensity): 441 (~ +H, 100). 

. EXAMPLE 87b 

8-{ 4-[ 4-((1,4-trans)·lH·lndol-3-yl)-cyclohexyl]­

piperazin-1-yl}-6-methoxy-quinoline 

The trans isomer was isolated at the same time as the cis isomer as an off 

25 white solid (0.023 g).mp l 18-122°C. MS (ES) rn/z (relative intensity): 441 (M++H, 

100). 
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EXAMPLE88a 

3-{ (l,4-cis)-4-[ 4-(6.;Methoxy-quinolin-8.;yl)-piperazin-1-yl]· 

cyclohexyl}-1-methyl-lH-indole-5-carbonitrile 

To a solution of 0.243 g 0(6-Methoxy, 8-piperazino~quinoline in 10 mL of 

5 C~C~, was added 0.252g of 3-(4-oxo-cyclohexyl)-1-methyl;.JH-indole-5-carbo­

nitrile followed by 0.527 g of sodium triacetoxyborohydride and 0.2 mL acetic acid. 

The reaction was stirred at room temperature overnight It was quenched with IN 

NaOH, and the product was extracted· with CH2Cl:. The organic phase was washed 

with water and dried over magnesium sulfate. The product was filtered through 100 

10 mL of silica gel using 50% ethyl acetate/hexanes, 75% ethyl acetate/hexanes, and 

finally 100% ethyl acetate to give 0.085 g of the desired product: mp 239-240°C; 

.MS (ES) m/z (relative intensity): 480 (~ +H, 100). 

15 

20 

EXAMPLE88b 

3-{ (l,4-trans)"'.4-[ 4-( 6-Methoxy-qui.llolin-8-yl).;piperazin-l-yl]­

cyclohexyl}-l·methyl-lH-indole-5-carbonitrile 

The trans isomer was isolated at the same time as the cis isomer as an off 

white solid (0.029 g).mp 225-228°C. MS (ES) .m/z (relative intensity): 480 (~ +H, 

100). 

·.EXAMPLE 89a 

6~Methoxy.;S-{ 4(1,4•cis).;[ 4-(l-IDethyl-lH-indol-3-yl)­

cyclohexyl]·piperazin.;1~ 'yl}-quinoline 

To a solution of 0.243 g of 6-Methoxy, 8-piperazino-quinoline in 10 mVof 

25 CH2Cl2, was added 0.250g ·of 4-( 1-methyl-l-H-3~indolyl)-cyclohexanone followed by 

0.527 g of sodium triacetoxyborohydride and 0.2 mL acetic acid. The reaction was 

stirred at room temperature overnight. It was quenched with lN NaOH, and the 

product was extracted with CH;iCl2• The organic phase was washed with water and 

dried over magnesium sulfate: The product was filtered through 100 mL of silica gel 

30 using 50% ethyl acetate/hexanes, 75% ethyl acetate/hexanes, and finally 100% ethyl 

. :• 
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acetate to give 0.120 g of the desired product: mp 190-.191°C; MS (ES) m/z (relative 

intensity): 455 (M.+H, 100). 

EXAMPLE89b 

6-Methoxy-8·{ 4-(1,4-trans)[ 4-(1-methyl-lH-indol-3-yJ)­

cyclohexyl]-piperazin-1 ~ 'yl}-quinoline 

The trans isomer was isolated at the same time as the cis isomer as an off 

white solid (0.027 g).mp 208-210°C. MS (ES) m/z (relative intensity): 455 (~+H, 

100). 

EXAMPLE90a 

8-{4-(1,4-cis)[4-(S·Fluoro-l-methyl-1H-indol-3·yl)·· 

cyclohexyl]-piperazin-1-'yl}-6-methyl-quinoline 

To a solution of 0.275 g of 6-Methyl, 8-piperazino-quinoline in 10 mL of 

15 Cff:iCl2, was added 0.326g of 4-(5.,fluoro-1-methyl-3-indolyl)-cyclohexanone 

followed by 0.639 g of sodium triacetoxyborohydride and 0.2 mL acetic acid. The 

reaction was stirred at room temperature overnight. It was quenched with IN NaOH, 

and the product was extracted with C~CI2• The organic phase was washed with 

water and dried over magnesium sulfate. The product was filtered through 7 5 mL of 

20 silica gel using 50% ethyl acetate/hexanes, 75% ethyl acetate/hexanes, and finally 

100% ethyl acetate to give 0.145 g of the desired product: mp 179-181°C; MS (ES) 

m/z (relative intensity): 457 (~+H, 100). 

25 

30 

EXAMPLE90b 

8-{4-(1,4-trans)[4·(5-Fluoro-1-methyl-1H-indol·3·yl) .. 

cyclohexyl]-piperazin· 1 • 'yl}·6-methyl-quinoline 

The trans isomer was isolated at the same time as the cis isomer as an off 

white solid (0.043 g).mp 98-103°C. MS (ES) m/z (relative intensity): 457 (~ +H, 

100) .. 
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EXAMPLE 9ta· 

8-{ (l,4-cls)-4-[ 4-( 5-cyano-lH-indol-3-yl)-cyclohexyl]­

piperazin-1-yl}-6-methyl-quinoline 

To a solution of 0.300 g of 6-Methyl, 8-piperazino-quinoline in 10 mL'of 
. . ... . . . 

5 C~Cl2, was added 0.280g of 4-(1-H•3.;indolyl)-cyclohexanone followed by 0.700 g 

of sodium triacetoxybo:rohydride and 0.2 rnL acetic acid. The reaction was stirred at 

room temperature overnight.· ltwas quenched With lN NaOH, and the product was 

extracted with CHzC~. The organic phase was washed with water and dried over 

magnesium sulfate. The product was filtered through 100 mL of silica gel using 50% 
. . . . 

10 ethyl acetate/hexanes; 75% ethyl acetate/hexanes, and finally 100% ethyl acetate ·t<> 

15 

give 0.125 g of the desired product: mp· 132-135°C; MS (ES) m/z (relative 

intensity): 425 (M+ +H, 100). 

EXAMPLE91b 

8-{ (1,4-cls)-4-[ 4-(5-cyano-lH•indol-3-yl).;cyclohexyl]· 

.piperazin-l-yl}-6- methyl-quinoline 

To a solution of 0.275 g of 6-Methyl, 8-piperazino-quinoline in 10 mL· of 

CHiC~. was added 0.315g of 3-(4-oxo-cyclohexyl)-lH-indole-S~carbonitrile 

followed by 0.639 g of .sodium triacetoxyborohydride and 0.2 mL acetic acid. The 

20 reaction was stirred at room temperature overnight It was quenched with IN NaOH, 

and the . product was extracted ~th CHiCl2• The organiC phase was washed with 

water ~d dried over magnesium sulfate.· The product was filtered through 100 mL 
of silica gel using 50% ethyl acetate/hexanes, 75% ethyl acetate/hexanes; and finally 

100% ethyl acetate to give 0.175 g of the desired product: mp 142-147°C; MS (ES) 

25 mlz (relative intensity): 450 (~ +H, 100). 

EXAMPLE92 

8-{ (l,4-cls)-4-[ 4-(1-ethyl-s.:.Fluoro-lH-indol-3-yl)-cyclohexyl]· 

piperazin-1-yl}-6-methoxy-quinoline 

30 To a solution of 0.400 g of 6-Methoxy, 8-piperazino-quinoline in 20 mL of 

CH2Cl2, was added 0.300 g of 4-(5-fluoro-1-ethyl-3-indolyl}-cyclohexanone followed 
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by 0.651 g of sodium triacetoxyborohydride and 0.4 mL acetic acid. The reaction 

was stirred at room temperature overnight. It was quenched with 1 N NaOH, and the 

product was extracted with C"2Cl2• The organic phase was washed with water and 

dried over magnesium sulfate. The product was filtered through 100 mL of silica gel 

5 using 50% ethyl acetate/hexanes, 75% ethyl acetatelhexanes, and finally 100% ethyl 

acetate to give 0.041 g of the desired product: mp 203-205°C; MS (ES) m/z (relative 

intensity): 487 (~+H, 100) .. 

10 

EXAMPLE93a 

8-{ (l,4-cls)-4-[ 4-(S-methoxy-t-methyl-tH-indol-3-yl)-cyclohexyl]­

piperazin-1-yl}-6- methoxy-quinoline 

To a solution of 0.500 g of 6-Methoxy, 8-piperazino-quinoline in 20 mL of 

CH2Cl2, was added 0.565g of 4-(5-methoxy-1 :-methyl-3-indolyl)-cyclohexanone 

fallowed by 1.1 g of sodium triacetoxyborohydride and 0.4 mL acetic a'bid. The 

15 reaction was stirred at room temperature overnight. It was quenched with IN Naoa. 

and the p'roduct was extracted with C"2Clr The organic phase was washed wtth 

water and dried over magnesium sulfate. The product was filtered through 200 mL 

of silica gel using 50% ethyl acetate/hexanes, 75% ethyl acetate/hexanes, and finally · 

100% ethyl acetate to give 0.077 g of the desired product: mp 170-172°C; MS (ES) 

20 m/z (relative intensity): 485 (~+H, 100). 

EXAMPLE93b 

8-{(t,4-trans)-4-[4-(5-methoxy-tH-indol-3-yl)-cyclohexyl]­

piperazin-1-yl}-6-methoxy•quinoline 

25 The . trans isomer was isolated at the same time as the cis isomer as an off 

white solid (0.039 g).mp 185-186°C. MS (ES) m/z (relative intensity): 485 (~+H, 

100). 
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. EXAMPLE 94a · 

·· 3-{(1,4-cis)-4-[4-(6-isopropoxy-quinolin-8-yl)-piperazin-t.;yJ]­

cydohexyl}-l·methyl-lH·indole;.s.carbonitrile 

. To a solution of 0.350 g of 6-Iso}>ropoxy, 8.;.piperaZino-quinoline in 10 mL of 

5 CH2Cl1, was added 0.356g of 3-(4-oxo-cyclohexyl)-1-methyl-lH-indole-5-

: carbonitrile followed by 0.405 g of sodium triacetoxyborohydride and '0.08 mL 
acetic acid. The reaction was stirred at room temperature overnight. It was quenched 

with lN NaOH, and the product was extracted with CH2Cl2• The organic phase was 

washed with water and dried· over magnesium sulfate. The produ_ct was filtered 

10 

15 

20 

through 100 mL of silica gel using 50% ethy1 acetate/hexanes, 75% ethyl 

acetate/hexanes, and finally 100% ethyl .acetate to give 0.141 g of the desired 

product: mp 223 -226°C; MS (ES) m/z (relative intensity): 508 (M°+H, 100). 

EXAMPLE94b 

3-{ (1,4-trans)-4·[ 4-(6-isopropo:xy-quinolin-8-yl)-piperazin• l-yl).; 

cydohexyl}-1-methyl-tH~indole-5-carbonitrile 

The trans isomer was isolated at the same time as the cis isomer as an off 

white solid (0.087 g).mp 221 -223°C. MS (ES) m/z (relative intensity): 508 (M.+H, 

100). 

EXAMPLE95a 

3-{ (1,4-cis)-4·[ 4-(6-fluoro-quinolin-8-yl)-piperazin-t;.yl]­

cyclohexyl}-1-metlayl-lH-indole-5;.carbonitrile 

To a solution of 0.300 g of 6-Fluoro, 8-piperazino-quinoline in 10 mL ·of 

25 ~Cl2,: was added 0.411 g of 3-(4-oxo-cyclohexyl)-1-methyl-lH-indole-5-

carbonitrile followed by 0.359 g of sodium triacetoxyborohydride and 0. l mL acetic 

acid. The reaction was stirred at room.temperature overnight It was quenched with 

IN NaOH, and the product was extracted with CH2Cl2• The organi~ phase was 

washed with water and dried over magnesium sulfate. The product was filtered 

30 through 100 mL of silica ge1 using 50% ethyl acetate/hexanes, 75% ethyl 



5 
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acetate/hexanes, and finally 100% ethyl acetate to give 0.187 g of the desired 

product: mp 230°C; MS (ES) m/z (relative intensity): 468 (~+H, 100). 

EXAMPLE95b 

3-{ (1,4-trans)-4·[ 4-(6-ftuoro-quinolin-8-yl)-piperazin-l-yl]· 

cydohexyl}-t-methyl-tH-indole-5-carbonitrile 

The trans isomer was isolated at the same time as the cis isomer as an off 

white so1id (0.039 g).mp 214 - 216°C. MS (ES) m/z (relative intensity): 468 (M++H, 

. 100). 

EXAMPLE96a 

3-{ (t,4-ds)-4-[ 4-( 6-triftuoromethoxy-quinolin-8-yl)-piperazin-1-yl]­

cydohexyl}-1-methyl• lH-indo~e-5-carbonitrile 

To a solution of 0.297 g of 6-Trifluoromethoxy, 8-piper'azino-quinoline in 10 

15 mL of DCE was add~d 0.272 g of 3-(4-oxo-cyclohexyl)-1-methyl-IH-indole-5-

carbonitrile followed by 0.316 g of sodium triacetoxyborohydride and 0.1 mL acetic 

. acid. The reaction was stirred at room temperature overnight. It was quenched with 

lN NaOH, and the product was extracted with C~Cl2• The organic phase was 

washed with water and dried over magnesium sulfate. The product was filtered 

20 through JOO mL of silica gel using 50% ethyl acetate/hexanes, 75% ethyl 

acetate/hexanes, and finally 100% ethyl acetate to give 0.166 g of the desired 

product: mp 206°C; MS (ES) m/z (relative intensity): 534 (M++H, 100). 

EXAMPLE96b 

25 3-{(1,4-trans)-4-[4-(6-trifluoromethoxy-quinolin-8-yl)-piperazin-t;.yl]-

cyclohexyl}-1-methyl-lH-indole•S-carbonitrile 

The trans isomer was isolated at the same time as the cis isomer as an off 

white solid (0.064 g).mp l 70°C. MS (ES) m/z (relative intensity): 534 (M" +H, 100). 
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EXAMPLE97a 

3·{ (l,4-cis)-4-[ 4-(S-methoxy-quinolin-8-yl)-piperazin-1-yl]­

cyclohexyl}-l •methyl-lH-indole-S-carbonitrile 

To a solution of 0.500 g of 5;.Methoxy. 8-piperazino-quinoline in 10 mL of 

5 DCE. was added 0.544gof3-(4-oxo~cyclohexyl)-1-methyl-lH~indole-5-carbonitrile 

·ronowed by 0.633 g of sodium triacetoxyborohydride and 0.2 .mL acetic acid.· The 

reaction was stirred at room temperature overnight. It was quenched with IN NaOH, 
. . . . 

. and the product was extracted with C~Clr The organic phase was washed with 

water and dried over magnesium sulfate. The product was filtered through 100 mL 

10 .of silica gel using 50% ethyl acetate/hexanes,·75% ethyl acetate/hexanes,.and finally 

100% ethyl acetate to give 0.310 g of the desired product: mp 221°C; MS (ES) tn/z 

(relative intensity): 480 (M.+H, 100). 

15 

20 

'EXAMPLE 97b , 

3.,;{(l,4-trans)-~[4·(5-methoxy-quinolln-8-yl)~piperazin-1-yl]­

cyclohexyl}-1-methyl.: lH-indole-5-carbonitrile 

Th~ trans isomer was isolated at the same time as the cis isomer as an off 

white solid (0.118 g).mp 206°C. MS (ES) m/z (relative intensity): 480 (Nr+H, 100). 

EXAMPLE98a 

8-{ (1,4-cis)-4·[ 4-(5:-Fluoro-lH-indol-3-yl)-cyclohexyl]· 

piperaziri-1-yl}.;6-Fluoro-quinoline 

To a solution of 0.300 g of 6-Fluoro, 8-piperazino-quinoline in 10 mL of.· 

DCE. was added 0.41 lg of 4-(5.;fluoro-1-methyl-3-indolyl)-cyclohexanone followed·· 

25 by 0.349 g of sodium triacetoxyborohydride and O.l'mL acetic acid. The reaction 

was stirred at room temperature overnight. It was quenched with IN NaOH. and the · 

product was extracted with CH2Cl2• The organic phase· was washed with water and 

dried over magnesium sulfate. The product was filtered through 100 mL of silica gel 

using 50% ethyl acetate/hexanes, 75% ethyl acetate/hexanes. and finally 100% ethyl· 

30 acetate to give 0.190 g of the desired product: mp 194.5°C; MS (ES) m/z (relative · 

intensity): 461 (~ +H, 100). 
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EXAMPLE98b 

8·{ (1,4-trans)-4·[ 4·(5-Fluoro-lH-indol-3-yl)-cyclohexyl]­

piperazin-1-yl}-6-Fluoro-quinoline 

5 The trans isomer was isolated at ·the same time as the cis isomer as an off 

10 

white solid (0.062 g).mp 171°C. MS (ES) rnlz (relative intensity): 461(~+H,100). 

EXAMPLE99a 

3-{ (1,4-ds)-4-[ 4-(6-Benzyloxy-quinolin-8-yl)-piperazin-1-yl]· 

cydohexyl}-1-methyl-lH-indole-S-carbonitrile 

To a solution of0.300 g of 6-Benzyloxy, 8-piperazino-quinoline in 10 mL of 

DCE, was added 0.252 g of 3-(4-oxo-cyclohexyl)-1-methyl-lH-indole-5-carbonitrile 

followed by 0.297 g of sodium triacetoxyborohydride and 0.1 mL acetic acid. The 

reaction was stirred at room temperature overnight. It was quenched with IN NaOH, 

15 and the product was extracted with CH2C~. The organic phase was washed with 

water.and dried over magnesium sulfate. The product was filtered through 100 mL 

of silica gel using 50% ethyl acetate/hexanes, 75% ethyl acetate/hexanes, and finally 

100%.ethyl acetate to give 0.172 g of the desired product: mp 171°C; MS (ES) m/z 

(relative intensity): 556 (M.+H, 100). 

20 

EXAMPLE99b 

3-{(1,4-trans)-4-[4-(6-Benzyloxy-quinolin-8-yl)-piperazin-1-yl]­

cydohexyl}·l-methyl-lH-indole·S·carbonitrile 

The trcms isomer was. isolated at the same time as the cis isomer as an off . . 

25 white solid (0.083 g).mp 118.5°C. MS (ES) m/z (relative intensity): 556 (M•+H, 

100). 
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EXAMPLElOO 

3-{(1,4-cis)-4-[4·(6-Hydroxy.;quinolin·8-yl)-piperazin-1-yl]· 

cyclohexyl}-1-methyl-lH-indole·S-carbonitrile 

A solution of .100 g . of 3-{(1,4-cis)-4-[4-(6-Benzyloxy-quinolin-8-yl) 

. 5 piperazin-1-yl]-cyclohexyl}-l-methyl-IH-indole-5-carbonitrile in THF is added to a 

suspension of 0.015 gr 10 % Pd/C in MeOH and hydrogenated for~ hour. Filtered 

and the solvent was evaporated to give 0;045 · g of the desired product~ mp 144°C. · 

MS (ES) m/z (relative intensity): 466 (M"+H, 100) . 

10 . . EXAMPLE 101 

.· 3-{ (1,4-ds)4-[ 4·( 6-fluoro-8-quinolinyl)-1-piperazinyl]­

cyclohexyl}· l-methyl· lH-indole·S· 'carboxamide 

To a. solution of .100 g of 6-fluoro-8-{ 4-[4-(5-fluoro-1-methyl-lH-indol"-3.;. 

-t. yl)cyclohexyl]~1-'piperazinyl}quinoline in 5 ml ( THF: MeOH ), 1 ml of SN NaOH 

15 was added followed by 2 ml 30 % H:p2• The mixture was stirred at ROOM 

TEMPERATURE for 24 hours. Wate was added and the product was filtered to give 

0.035 g of the desired product mp 289°C. MS (ES) m/z (relative intensity): 486 · 

20 

(M' +H, 100). · · 

· EXAMPLE 102a 

3-{ (l,4-cis)-4-[ 4•(5-triflu~romethyl-quinolin-8-yl)-piperazin-1-yl)­

cyclohexyl}· l ·methyl-lH-indole.;s.carbonitrile 

To a solution of 0.250 .g of 5-Trifluoromethyl, 8-piperazino-quinoline in 10 

mL of DCE, was added 0.224 g of 3-(4-oxo-cyclohexyl)-1-methyl-IH-indole.;5_ 

25 carbonitrile followed by 0.287 g of sodium triacetoxyborohydride and 0.2 mLacetic. 

acid. The reaction was stirred at room temperature overnight. It was quenched with 

IN NaOH, and the product was extracted with C~Cl2• The organic· phase was 

washed with water and dried over magnesium sulfate. The product was filtered 

through 100 mL of silica gel using 50% ethyl acetate/hexanes, 75% ethyl 

30 acetate/hexanes, and finally 100% ethyl acetate to give 0.057 g of the desired 

product: mp 231°C; MS (ES) m/z (relative intensity): 518 (M• +H, 100). 

-~ i 

! 
! 
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EXAMPLE 102b 

3·{ (l,4-trans)-4-( 4-(5-tritluoromethyl-quinolin-8-yl)-piperazin-1-yl]­

cyclohexyl}· l-methyl-lH-indole-5-carbonitrile 

5 The trans isomer was isolated at the same time as the cis isomer as an off 

10 

white solid (0.044 g).mp 194-197°C. MS (ES) m/z (relative intensity): 518 {~+H, 

100). 

EXAMPLE 103a 

3-{ (l,4-cis)-4-( 4-( 6-chloro-quinolin-8-yl)-piperazin-1-yl]· 

cyclohexyl }-1-methyl-lH-indole-5-carbonitrile 

To a solution of 0.300 g of 6-Chloro, 8-piperazino-quinoline in I 0 mL of 

DCE, was added 0.305 g of 3-{4-oxo-cyclohexyl)-1-methyl-IH-indole-5-carbonitrile 

followed by 0.274 g of sodium triacetoxyborohydride and 0.2 mL acetic acid. The 

15 reaction was stirred at room temperature overnight. It was quenched with IN NaOH, 

and the product was extracted with CHiC12• The organic phase was washed with 

water and dried over magnesium sulfate. The product was filtered through I 00 mL 

of silica gel using 50% ethyl acetate/hexanes, 75% ethyl acetate/hexane8, and finally 

100% ethyl acetate to give 0.057 g of the desired product: mp 222°C; MS (ES) m/z 

20 {relative intensity): 485 {M.+H, 100). 

EXAMPLE 103b 

3-{(1,4-trans)-4-[4-(6-chloro-quinolin-8-yl)-piperazin-1-yl]­

cyclohexyl}·l·methyl-1H·indole-5-carbonitrile 

25 The trans isomer was isolated at the same time as the cis isomer as an ort· 

white solid (0.044 g).mp 229°C. MS (ES) rn/z (relative intensity): 485 (~ +H, l 00). 
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EXAMPLE 104a 

8-{ (l,4-cis)-4-[ 4-(5-Fluoro-1-methyl-lH-indol-3-yl)­

cyclohexyl]-piperazin-1 ~yl}-6- chloro-quinoline 

PCT/US00/00223 

To a solution of 0.247 g of ·6'."Chloro, 8-piperazino~quinoline in 10 mL of 
. . . ,·· . . . 

5 DCE, was added 0~245 g of 4-(5-fluoro-1-methyl-3~indolyl)-cyclohexanone followed 
. . 

by 0.27 4 g of sodium triacetoxyborohydride and 0.2 mL acetic acid. The reaction 

was stirred at room temperature overnight. It was quenched with IN NaOH, and the 

product was extracted with CH2Cii. The organic phase was washed with water and 

dried over magnesium sulfate. The product was filtered through 100 mL of silica :gel 

10 using 50% ethyl acetate/hexanes, 75% ethyl acetate/hexanes, and finally 100% eihyl 

acetate to give 0.070 g of the desired product: mp 219°C; MS (ES) m/z (relative 

intensity): 478 (W +H, 100). 

15 

. 20. 

EXAMPLE 104b 

8-{(1,4•trans)-4-[4-(5-Fluoro-1-methyl-1H-indol.;3-yl)­

cyclohexyl]·piperazin-1-yl}-6- chloro-quinoline 

The trans isomer was isolated at the same time as the cis isomer as an off · 

white solid (0.049 g).mp 193 °C. MS (ES) m/z (relative intensity): 478 (~ +H, 100). · 

EXAMPLE 10Sa 

3-{ (l,4-Cis)-4-[ 4-(5"'.chloro-8-quinolinyl)-1-piperazinyl]­

cyclohexyl}· l-methyl-lH-indole-5-'carbonitrile 

To a solution of 0.250 g of 5'."Chloro, 8-piperazino-quilloline in 10 mL of · 

DCE, was added 0.260 g of 3-(4-oxo-cydohexyJ);.1-methyl-lH-indole-5-carbonitrile 
.· . 

25 followed by 0.274 g of sodium triacetoxyborohydride and 0.2 mL acetic acid. The 

reaction was stirred at ro.om temperature overnight. It was quenched with IN NaOH, 

and the product was extracted with ~Cl2• The organic phase was washed with · 

water and dried over magnesium sulfate. The product was filtered through l 00 mL 

of silica gel using 50% ethyl acetate/hexanes, 75% ethyl acetate/hexanes, and finally 

30 100% ethyl acetate to give 0.080 g of the desired product: mp 243-248°C; MS (ES) 

mlz (relative intensity): 485 (M++H, 100). 

.·.• 
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EXAMPLE 105b 

3-{ (l,4-trans)-4-[ 4-(5-chloro-8-quinolinyl)-1-piperazinyl]­

cyclohexyl}· l-methyl-lH-indole-5-' carbonitrile 

5 The trans isomer was isolated at the same time as the cis isomer as an off 

10 

white solid {0.034 g).mp 192-196°C. MS (ES) m/z .(relative intensity): 485 (M'+H, 

100). 

EXAMPLE 106a 

8-{ (1,4-cis)-4-[ 4-(5-Fluoro-1-methyl-tH-indol-3-yl)-cyclohexyl]­

piperazin-1-yl}-5- chloro-quinoline 

To a solution of 0.250 g of 5-Chloro, 8-piperazino-qufooline in IO mL of 

DCE, was added 0.224 g of 4-(5-fluoro-1-methyl-3-~ndolyl)-cyclohexanone followed 

by 0.274 g of sodium triaceto~yborohydride and 0~1 mL acetic acid. The reaction 

15 was stirred at room temperature overnight. It was quenched with IN NaOH, and the 

product was extracted with C~Cl2• The organic phase was washed with water and 

dried over magnesium sulfate. The product was filtered through 100 mL of silica gel 

using 50% ethyl acetate/hexanes, 75% ethyl acetate/hexanes, and finally 100% ethyl 

acetate to give 0.053 g of the desired product: mp 196°C; MS (ES) m/z (relative 

20 intensity): 478 (M++H, 100). 

EXAMPLE 106b 

8-{(1,4-trans)-4·[4-(5-Fluoro-1-methyl-lH-indol-3-yJ)-cyclohexyl]­

piperazin-1-yl}-5· chloro-quinoline 

25 . The trans isomer was isolated at the same time as the cis isomer as an off 

white solid (0.025 g).mp 196°C. MS (ES) m/z (relative intensity): 478 (~ +H, 100). 
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EXAMPLE 107a 

8-{ (1,4-cls)-4-[ 4-( 6~Fluoro".l-methyl-1H-indol-3-yl)-cyclohexyl]· 
. . 

piperazin-1-yl}-s~ chloro-quinoline. 

To a solution of 0.250 g of 5-Chloro, 8-piperazino-quinoline in 10 mL of · · 

5 DCE, was added. 0~250 g of 4-(6'."fluoro-l-methyl-3-indolyl)-cyclohexanone followed 

by 0:274 g of sodium triacetoxyborohydride and 0.2 mL acetic add. The reaction -

was stirred at room temperature overnight. It was quenched with IN NaOH, and the 

product was extracted with CH2C~. The organic phase was washed with water and 

dried over magnesium sulfate. The product was filtered through 100 mL of silica gel 

10 using 50% ethyl acetate/hexanes, 75% ethyl acetate/hexanes, and finally 100% ethyl 

acetate to give 0.030 g of the desired product: mp 107•110°C; MS (ES) m/z (relative 

intensity): 478 (M++H, 100). · 

15 

20 

EXAMPLE 107b 

8-{ (1,4-trans)-4-[ 4-(6-Fluoro-1-methyl-tH-indol-3-yl)~ 

cyclobeXyl]-piperazin-1-yl}·S-chloro-quinoline 

The trans. isomer was isolated at the same time as the cis isomer as ari off 

white solid (0.014 g).mp 228°C. MS (ES) rn/z (relative intensity): 478 (~+H, 100). 

EXAMPLE 108a 

8-{ (l,4-cls)-4-[ 4-(5':'benzyloxy-t-methyl-1H-indol-3-yl)· 

cyclobexyl]-piperazin;.1~yl}·6·methoxy-quinoline 

To a solution of 0.650 g of 6-Methoxy, 8;.piperazino-quinoline in 15 mL of 

DCE, was added 0.959 g of 4-(5-benzyloxy-1 ;..methyl-3-indolylhcyC:lohexanone 

25 followed .by 0.790 g of sodium triacetoX:yborohydride and 0.5 mL acetit acid. The· 

reaction was stirred at room temperature overnight It was quenched with IN NaOH, 

and the product was extracted with CH2Cl2• - The organic phase was washed with 

water and dried over magnesium sulfate. The product was filtered through 100 mL 

of silica gel using 50% ethyl acetate/hexanes, 75% ethyl acetate/hexanes, and finally 

30 100% ethyl acetate to give 0.175 g of the desired product: mp 168°C; MS (ES) m/z 

(relative intensity): 561 (~ +H, 100). 

" 
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EXAMPLE 108b 

8-{(1,4-trans)-4·[4-(5-benzyloxy·l-methyl-1H-indol·3·yl)·cyclohexyl]-piperazin-

1-yl }-6-methoxy-quinoline 

5 The trans isomer was isolated at th.e same time as the cis isomer as an off 

10 

white solid (0.055 g).mp 228°C. MS (ES) m/z (relative intensity): 561 (M'" +H, 100). 

EXAMPLE 109a 

. 8·{(1,4-cis)-4·[ 4-(6-0uoro -1-methyl-lH-indol-3-yl)-cyclohexyl]· 

piperazin-1-yl}-S-fluoro-quinoline 

To a solution of 0.231 g of 5-Fluoro, 8-piperazino-quinoline in I 0 mL of 

DCE, was added 0.245 g of 4-(6-fluoro-l-methyl-3-indolyl)-cyclohexanone followed 

by 0.274 g of sodium triacetoxyborohydride and 0.1 mL acetic acid. The reaction 

was stirred at room temperature. overnight: It was quenched with lN NaOH, and the 

15 product was extracted with CHaCI:i. The organic phase was washed with water and 

20 

dried over magnesium sulfate. The product was filtered through 100 mL of silica gel 

using 50% ethyl acetate/hexanes, 75% ethyl acetate/hexanes, and finally 100% ethyl 

acetate to give 0.030 g of the desired product: · mp 112-115 °C; MS (ES) m/z 

(relative .intensity): 461 (~ +H, 100). 

.EXAMPLE 109b 

8-{(1,4-trans)-4-[4-(6-fluoro -1-methyl-lff-indol-3-yl)­

cyclohexyl]·piperazin-1-yl}·S·ftuoro·quinoline 

The trans isomer was isolated· at the same time as the cis isomer as an off 

25 white solid (0.010 g). MS (ES) m/z (relative intensity): 461 (M.+H, 100). 

EXAMPLEUO 

3-{ (t,4 .. cis)-4-[ 4·( 6-methoxy-8-quinolinyl)· 1-piperazinyl]· 

cyclohexyl}· l-methyl-lH-indol-5-oJ 

30 A solution of .120 g of 8-{(1,4-cis)-4-[4-(5-benzyloxy-l-methyl-lH-indol-3-

yl)-cyclohexyl)-piperazin-1-yl}-6-methoxy-quinoline in 10 ml THF is added to a 



I 
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suspension of 0.100. g 10 % Pd/C in MeOH and hydrogenated for 1 hour. Filtered 

and the solvent was evaporated to give 0.036 g of the desired product. mp 250°C ... 

MS (ES) mlz (relative intensity): 471 (~ +H, 100). 

EXAMPLE Ula. 

8-{ (l,4-ds)-4-[ 4-(5-fluoro -1-methyl-lH-indol-3-yl)-cyclohexyl]- · 

piperazin-1-yl}-5-fluoro-quinoline 

. To a solution of 0.200 g of 5,,;Fluoro, 8~piperaziilo-quinoline in 10 mi:.. of 

. DCE, was added 0.245 g of 4-(5-fluoro-l-methyl-3-indolyl)-cyclohexanone followed· · 

by 0.274 g of sodium triacetoxyborohydride and 0.1 mL acetic acid. The reaction · 

was stirred at room temperature.overnight. It was quenched with IN NaOH, and the 

product was extracted with ~Cl2• The organic phase was washed with water arid · 

dried over magnesium sulfate. The product was filtered through 100 mL of silica gel · 

u~ing 50%. ethyl acetate/bexanes, 75% ethyl acetatelhexanes, and finaily 100% ethyl · 

15 acetate to give O.C>40g·of the desired product: mp 199-202°C; MS (ES) mlz (relative .· 

.intensity): 461 (M°+H, 100). 

20 

25 

EXAMPLE lllb 

8-{ (l,4-trans)-4-[ 4-(5-fluoro -1-methyl-lH-indol.;3-yl)-cyclohexyl]­

piperazin-1-yl}-5-tluoro-quinoline 

The trans isomer was isolated at the same time as the cis isomer as an off · · 

white solid (0.021 g). mp 197°C; MS (ES) m/z (relative intensity): 461(~+H,100)~ 

EXA.MPLE 112a 

.8-Chloro-7-{(1,4-ds)-4-[4-(S-fluoro-l-methyl~lH·indol-3·yl)­

cyclohexyl]-1· 'piperazinyl}quinoline 

To a solution of 0.247 g of 8-Chloro, 7-piperazino-quinoline in 10 mL of 

DCE, was added 0.245 g of 4-(5-fluoro-l-methyl-3-indolyl)-cyclohexanone followed 

by 0.274 g of sodium triacetoxyborohydride and 0.2 mL acetic acid. The reaction 

30 was stirred at room temperature overnight. It was quenched with IN NaOH, and the 

product was extracted with C~C~. The organic phase was washed with water and 



5 
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dried over magnesium sulfate. The product was filtered through 100 mL of silica gel 

using 50% ethyl acetate/hexanes, 75% ethyl acetate/hexanes, and finally 100% ethyl 

acetate to give 0.085 g of the desired product: mp 182-184°C; MS (ES) m/z (relative 

intensity): 478 (~+H, 100). 

EXAMPLE 112b 

8-Chloro-7-{ (l,4-trans)-4-[ 4-(5-0uoro-l-methyl-llI-indol-3-yl)cyclohexyl]-1-

'piperazinyl}quinoline 

The trans isomer was isolated at the same time as the cis isomer as an off 

10 white solid (0.025 g). mp 181-182°C; ,MS (ES) m/z (relative intensity): 478 (M++H, . 

100). 

15 

EXAMPLE 113a 

3-{ (1,4-cis)4-[ 4-(8-chloro-7-quinolinyl)-1-piperazinyl]­

cyclohexyl}-1-methyl-1H-indole-5-'carbonitrile 

To a solution of 0.247 g of 8-Chloro, 7-piperazino-quinoline in 10 mL of 

DCE, was added 0.252 g of 4-(5-fluoro-1-methyl-1-H-3-indolyl)-cyclohexanone 

followed by 0.274 g of sodium triacetoxyborohydride and 0.2 mL acetic acid. The 

reaction was stirred at room temperature overnight. It was quenched with 1 N NaOH, 

20 and the product was extracted with C~Cl2• The organic phase was washed with 

25 

water and dried over magnesium sulfate. The product was filtered through 100 mL 

of silica gel using 50% ethyl acetate/hexanes, 75% ethyl acetate/hexanes, and finally 

100% ethyl acetate to give 0.075 g of the desired product: mp 240-242°C; MS (ES) 

m/z (relative intensity): 485 (M++H, 100). 

EXAMPLE 113b 

3-{ (l,4-trans)-4-[ 4-(8-chloro-7-quinolinyl)-1-piperazinyl]­

cyclohexyl}-1-methyl-1H-indole-5-'carbonitrile 

The trans isomer, was isolated at the same time as the cis isomer as an off 

30 white solid (0.015 g). mp 233-237°C; MS (ES) m/z (relative intensity): 485 (M++H, 

100). 
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EXAMPLE 114a 

~{ (i,4~cis)-4·[ 4-( 4-fluoro-quinolin-8-yl)~piperazin-t-yl]· 

cyclohexyl}-lH-indole-5-carbonitrile 

5 To a solution of 0.310 g (1.34 mmol) of 4-fluoro-8-piperazino-quinoline in 50 

mL of CH2C12, was added 0.319 g (1.34 mmol) of 3-(4-oxo-cyclohexyl)-:-lH-indole~ 

5-carbonitrile followed by 0.402 g (1.5 eq) of sodium triacetoxyborohydride and · 

0.076 mL acetic acid. The reaction was stirred at room temperature overnight. It 
. . 

was quenched with 1 N NaOH, and the product was extracted with ether. The organic 

IO phase was washed with water and dried. The product was filtered through 75 mL of 

silica gel using 25% ethyl acetate/hexanes, 75% ethyl acetate/hexanes, to ,give 0.185 

g of the cis product: mp 152-160°C; . MS (ES) m/z (relative intensity): 454.3 

(~+H,100). 

15 EXAMPLE"114b 

3-{(l,4-trans)-4-[4-( 4-tluor~qtdnolin-8-yl)·piperazin-t-yl]­

. cyclohexyl}-lH•indole-5-carbonitrile 

The trans isomer (0.065 g) was isolated at the same time as the cis compolind, . 

as an off-white solid: mp 144-152 °C. MS (ES) m/z (relative intensity): 454.4 

20 (~ +H, l 00). 

The activity of the present compounds is demonstrated by the following 

standard pharmacological test procedures. 

25 The PCR cloning of the human 5-HT,A receptor subtype from a human 

genomic library has been described previously Chanda et al., Mol. Pharmacol., 

43:516 (1993). A stable Chinese hamster ovary cell line expressing the human 5-HTIA 

receptor subtype (5-HT1A.CHO cells) was employed throughout this study. Cells were 

maintained in DMEM supplemented with 10% foetal calf serum, non-essential amino 

30 acids and penicillin/ streptomycin. 

. :· 
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Cells were grown to 95-100% confluency as a monolayer before membranes· 

were harvested for binding studies. Cells were gently scraped from the culture plates, 

transferred to centrifuge tubes, and washed twice by centrifugation (2000 rpm for 10 

min., 4°C) in buffer (50 mM Tris; pH 7.5). The resulting pellets were aliquoted and · 

5 placed at -80°C. On the day of assay, the cells were thawed on ice, and resuspended 

in buffer. Studies were conducted using [3H]8-0H-DPAT as the radioligand. The 

binding assay was performed in 96 well microtiter plates in a final total volume of 

250 µL of buffer. Competition experiments were performed by using 7 

concentrations of unlabelled drug and a final ligand concentration of 1.5 nM . Non-

10 specific binding was determined in the presence of 10 µM SHT. Saturation analysis 

was conducted by using [3H]8-0H-DPAT at concentrations ranging from 0.3-30 nM. 

Following a 30 minute incubation at room temperature, the reaction was terminated 

by the addition of ice cold buffer and rapid filtration using a M-96 Brandel Cell 

Harvester (Gaithersburg, MD) through a GF/B filter presoaked for 30 minutes in 

15 0.5% polyethyleneimine. 

A protocol similar to that used by Cheetham et al., Neuropharmacol. , 32:737 

(1993) was used to determine the affinity of compounds for the serotonin transporter. 

Briefly, frontal cortical membranes prepared from male Sprague-Dawley rats were 

20 incubated with 3H-paroxetine (0.1 nM) for 60 minutes at 25°C. All tubes also 

contained either vehicle, test compound (one to eight concentrations), or a saturating 

concentration of fluoxetine (IO µM) to define specific binding. All reactions are 

terminated by the addition of ice cold Tris buffer followed by rapid filtration using a 

Tom Tech filtration device to separate bound from free 'H-paroxetine. Bound 

25 radioactivity was quantitated using a Wallac 1205 Beta Plate® counter. Nonlinear 

regression analysis was used to determine IC50 values which were converted to Ki 

values using the method of Cheng and Prusoff, Biochem. Pharmacol., 22:3099 

(1973); Ki = ICSO/((Radioligand conc.}/(1 + KD}). 
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The [35S]-GTPyS binding assay was similar to that used by Lazareno and 

Birdsall, Br. J. Pharmacol. 109:1120 (1993). Briefly, 5-HT1A cloned receptor 

membrane fragments (as used for 5-Ht1~ receptor binding assays) were stored at 

· -70°C until needed. When needed, membranes were rapidly thawed. Centrifuged at 

5 ·· 40,000 x g for 10 minutes ~d resuspended at 4 °C for 10 minutes in assay buffer (25 . 
. . 

mM HEPES. 3 mM MgC12; 100 mM NaCl, I mM EDTA, 10 uM GDP, 500 mM 

DTI, pH 8.0). These membranes were then incubated for 30 minutes at 30°C with 

[35S]GTPgS .. (1 nM) in the presence. of vehicJe, test compound (one to eight 
. . . 

concentrations), or exces5 8-0H-DPAT to define ·maximum agonist response. All 

10 reactions are terminated by the addition of ice cold Tris buff er followed by rapid 

filtration using a Tom Tech® filtration device to 'separate bound from free 

[
35S]GTPgS. Agonists produce an increase in the amount of [35S]GTPgS bound 

whereas antagonists produce no increase in binding. . Bound radioactivity was 

15 

·counted and analyzed as above. 

The following assays were performed by incubating the cells with DMEM 

containing 25 mM HEPES. 5 in:M theophyliine and 10 µM pargyline for a period: of 

20 minutes at 37°C. Functional activity was assessed ·by treating the cells with 

forskolin (1 uM ·final concentration) followed immediately by test compound (6 

20 concentrations) for an additional · 10 minutes at 37°C. In separate experiments, 6 

concentrations of antagonisi were preincubated for 20 minutes prior to the addition of 

10 nM 8-0H-DPAT and forskolin. ·The reaction was terminated by removal of the 

media and addition of 0.5 ml ice cold assay buffer. Plates were stored at -20°C prior 

to assessment of cAMP formation by a cAMP SPA assay (Amersham). 

25 

The compounds tested correspond to those prepared in Examples 1-13 above. 

The results of the procedures are set forth in Table 1. 
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Example 5-HTlA ST GTPyS EDSO cAMP EDSO 
No. (Ki, nM) (K., nM,) (%EMax} (EMax} 

la 32.0 38.0 327 (0%) 631 (0%} 
lb 5.29 155 176 (32%) 17 (77%) 
2a 117.3 27% 
2b 22.3 0% 
3a 36.7 5.4 650 (10%) 400 (0%} 
3b 4 .62 10.07 42.6 (51%} 155 (0%) 
4a 33.5 12.7 278 (0%) 580 {0%) 
4b 5.45 35% 85· (7.5%) 
Sa 0% 34% 
Sb 78.7% 14% 
6a 325.7 28 84.6 (53%) 4.72 (80%) 
6b 58.3 20% 
7a 69.6 1.62 539 (0%) 87 (0%} 
7b 3.51 4.19 8.9 { 83~·) 
8a 60.3 25% 0% 357 (0%) 
Sb 2.87 0% 38.6 (32%) 8.9 (77%) 
9a 87.1 4% 
9b 13.0 12% 
lOa 15.81 18% 0% 209 (0%) 
lOb 7.78 0% 16.3 (14%} 3.9 (79%} 
11 0% 40 
12a 234 0.76 
12b 53.2 35% 
13a 563 .5 8.9 
13b 827 40 
14a 819.9 17 
14b 0% 40 
15a 694.2 28 
lSb 0% 16% 
16a 0% 29.0 
16b 0%@100nM 25%100nM 
17 0% 2.5 
18 129.4 1.36 
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. Example . 5-HT · · lA ST G'J:'PyS. EP50 CAMP ED50 

No. (Ki, nM) (K. I . nM,) (%EMax) (EMax). 

19a 264~4 5~72 

19b 26.2 24% 418(74%) 14.9(92%) 

20a 631.2 29% 

20b .14.9 0% 35.5 (33%) 3.05 (75.5%) 

21 110.4 11% 

. 22a 80.7 4.96 0% 101.3 (0%) 

22b 11.6 36. 5 4.5% 357(0%) 

23a 103.2 22% 

23b 14.9 32% 

24a 65.7 6.90 15.4% 52.1(81%) 

24b 11.3 36.0 73% 

25a 67.7 63. 0 9% 16~0(0%) 

25b 9.66 58.0 24(46%) 

26a 59.1 4.1 3960(18%) 59~6(0%) 

26b 8.5 23.0 15 (39%) 

27a 69.7 8.6 139 (20%) 212 (0%) 

27b 6.54 28.0 26 (66%) 

28 25.1 2.02 25(0%) 95(0%) 

29a 43.9 2.25 23% 9 .05 (0%} 

29b 2.91 46.0% 34 (70%) 
.. 30 24.5 1.25 29.5(95%) 

31a 142.2 13 

31b 32.4 17% 

32a 245.6 14 

32b 49.1 22% 

33a 98.9 1.9 

33b 19.2 45.0 

33c 431.0 7.1 

34a 185.4 1.49 

34b 8.37 17.0 

35 70.1 91 

36 12.34 28 84.6(53%} 4.72(80%) 

38 124 7.22 

44c 21.0 1.5 556(0%)· 521(0%} 
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As demonstrated by the results set forth above, the compounds of the present 

invention are active towards 5HT1A receptors and generally elevate serotonin levels 

5 by inhibiting 5-HT transport. Accordingly, the present compounds should be useful 

in treating disorders related to defects in serotonin concentration. 

The compounds of this invention may be administered orally or parenterally, 

neat or in combination with conventional pharmaceutical carriers. Applicable solid 

10 carriers can include one or more substances which may also act as flavoring agents, 

lubricants, solubilizers, suspending agents, fillers, glidants, compression aids, binders 

or tablet-disintegrating agents or an encapsulating material. In powders, the carrier is 

a finely divided solid which is in admixture with the finely divided active ingredient. 

In tablets, the active ingredient is mixed with a carrier having the necessary 

15 compression properties in suitable proportions. and compacted in the shape and size 

desired. The powders and tablets preferably contain up to 99% of the active 

ingredient. Any of"the solid carriers known to those skilled in the art may be used 

with the compounds of this invention. Particularly suitable solid carriers include, for 

example, calcium phosphate, magnesium stearate, talc, sugars, lactose, dextrin, 

20 starch, gelatin, cellulose, methyl cellulose, sodium carboxymethyl cellulose, 

polyvinylpyrrolidone, 1ow melting waxes and ion exchange resins. 

Liquid carriers may be used in preparing solutions, suspensions, emulsions, 

syrups and elixirs of the compounds of this invention. The · compounds of this 

25 invention can be dissolved or suspended in a pharmaceutically acceptable liquid 

carrier such as water, an organic solvent, a mixture of both or pharmaceutically 

acceptable oils or fat. The liquid carrier can contain other suitable pharmaceutical 

additives such as solubilizers, emulsifiers, buffers, preservatives, sweeteners, 

flavoring agents, suspending. agents, . thickening agents, colors, viscosity regulators, 

30 stabilizers or osmo-regulators. Suitable examples of liquid carriers for oral and 

parenteral administration include water (particularly containing additives as above, 

e.g., cellulose derivatives, preferably sodium carboxymethyl cellulose solution), 

alcohols (including monohydric alcohols and polyhydric alcohols, e.g., glycols) and 

their derivatives and oils (e.g., fractionated coconut oil and arachis oil). For 

35 parenteral administration, the carrier can also be an oily ester such as ethyl oleate am~ 

·• 



_ WO 00/40554 PCT/US00/00223 

- 168 -

isopropyl myristate. Sterile liquid carriers are used in sterile liquid form 
compositions for parenteral administnition. 

Liquid ph~aceutical compositions which are sterile solutions or 

5 suspensions can be utilized by, for example, intramuscular, intraperitoneal or 

subcutaneous injection. -- Sterile solutions can also be administered intravenously. 

Compositions for oral administration may be either liquid or solid composition fonn. 

Preferably, the pharmaceutical compositions_ containing the compounds of 

10 this invention are in unit dosage form, e.g., tablets or capswes. In such form, the 
compositions may be sub-divided in unit- doses containing appropriate quantities of 

the present compounds. The ·unit dosage forms can be packaged compositions, for 

example, packeted powders, vials, ampoules, prefilled syringes or sachets containing 

liquids. Alternatively, the unit dosage form can be, for example, a capsule or tablet. 

15 -. itself, or it can be the appropriate number of any such compositions in package form. -

The_ therapeutically effective amount of the compounds of this invention that 

is administered and the dosage regimen depends on a vanety of factors, including the 

weight, age, sex, and medical condition of the subject, the severity of the"'disease, the -
. . . ' . 

20 route and frequency of administration, and the specific compound employed, and 

thus may vary widely. However, it is believed thai the pharmaceutical compositions 

may contain the compounds of this invention in the range of about 0.1 to ·about 2000 

mg, preferably in the range of about 0.5 to about 500 _ mg and more ·preferably 
- -

between about l and about 100 mg. Projected daily dosages of active compound are · 

25 - about 0.01 to about 100 mg/kg body weight. The daily dose can be conveniently 

administered two to four times per day. 

The present invention may be embodied in other specific forms without 

departing from the spirit and essential attributes_ thereof and accordingly, reference · 

30 should be made to the appended- claims,_ rather than to the fore going specification, as 

indicating the scope of the invention. -
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CLAIMS: 11111111111111 11111 1111111 1111 
* C L M S * 

1. A compound of the formula: 

. R2 

R1')Kl"J.<R. R.i /Rs 

{{ ~Y/\N N 

\ x \._/ ~ z 
X2 X3 R3 

"~ 
~ 

(I) 

wherein: 

R
1

, R1, ~and R, are each, independently, hydrogen, or a substituent selected from·• 

halogen. CF3, alkyl, alkoxy, MeS02, amino or aminocarbonyl ( each optionally 

substituted by one or two groups selected from alkyl a~d benzyl) carboxy, ·or 

10 alkoxycarbonyl ; or two adjacent of R. and R1 ... together can form a 5-7 membered · 

carbocyclic or heterocyclic ring which is optionally substituted by a substituent 

defined above; 

R4 is hydrogen, halogen, or alkyl; 

R5 is hydrogen, alkyl, alkylaryl, or aryl; 

15 ~is hydrogen, halogen, CF3, CN, carbamide, alkoxy or benzyloxy; 

20 

X1• "2 and X3 are each carbon or one of XI' "2 or X3 may be nitrogen; 

Y is CH or nitrogen; and 

Z is carbon or nitrogen; 

or a pharmaceutically acceptable salt thereof. 

2. A compound as in claim l. wherein: 

R •• R1, ~ and R, are each, independently, hydrogen, halogen, alkyl, alkoxy, or 

together can form a 5-7 membered carbocyclic or heterocyclic ring; 

, This Sheet Has Been Replaced 

. ' 111111111111~ 111111111 
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3. A compound as claimed in claim l or claim 2, wherein R4 is hydrogen 

· or halogen. 

4. A compound as in any one of claims 1 to 3 wherein R5 is hydrogen, 
.· 

5 alkyl or alkylaryl. 

5. A compound as in any one of claims I to 6 wherein ~ is hydrogen, 

halogen, CN or alkoxy. 

10 6. A compound as claimed in any one of claim 1 to 5 whereinX1, X 1, X,, 

Y and Z are each car~on~.· 

7. A compo~.nd of claim 1 which is selected from the following: 

15 3 .. [ cis-4-[4-(l H-Indol-4-yl)-1-piperazinyl]cyclohexyJ]-lH-indole; 

3-[trans-4-[ 4-(lH-indol-4-yl)-l-piperazinyl]cyclohexyl]-lH-indole; 

4-Fluoro-3-[ cis-4-[ 4~(1H-indol-4-yl)- l-piperazinyl]cyclohexyl]- l H-indole; 

20 

4-Fluoro-3-[trans-4-[ 4-(lH-indol-4-yl)-l-piperclZinyl]cyclohexyl]-lH-indole; 

5-Auoro-3-[ cis-4~[ 4-( lH-indol-4-yl)-1-piperazinyl]cyclohexyl]- lH-indole; 

25 5-Fluoro-3-[trans-4-[ 4-( I H-indol-4-yJ)-1-piperaziiiyI]cyclohexyl]-1 H-indole; 

6-Fluoro-3-[ cis-4-[ 4-(lH-indol-4-yl)~ l-piperazinyl]cyclohexyl]-1 H-indole; 

6-Fluoro-3-[trans-4-[4-(lH-indol-4-yl)-l-piperazinyl]cyclohexyl]-lH-indole; 

30 

5-Bromo-3-[ cis-4-[ 4-( lH-indol-4-yl)-1-piperazinyl]cyclohexyl]-1 H-in_do_l.-:e;:__. _____ ---:-_ 

This Sheet Has Been Repla*1 

11111~ 111111111 ~I I~ 
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5-Bromo-3-[trans-4-[4-(lH-indol-4-yl)-1-piperazinyl]cyclohexyl]- lH-indole; 

5-Chloro-3-( cis-4-[ 4-(lH-indol-4-yl)-1-piperazinyl]cyclohexyl]- lH-indole; 

5-Chloro-3-[trans-4-[4-(lH-indol-4-yl)-1-piperazinyl]cyclohexyl]-lH-indole; 

3-{4-[(l,4-cis)-4-(lH-indol-4-yl)-piperazinyl-1-yl]cyclohexyl}-lH-indole-5-

carbonitrile; 

3-{ 4-[(l ,4-trans)-4-(IH-indol-4-yl)-piperazinyl-1-yl]cycJohexyl }-IH-indole-5-

carbonitrile; 

5-Methoxy-3-[ cis-4-[ 4-( 1 H-indol-4-yl)-1-pipetazinyl]cyclohexyl]-IH-indole; 

5-Methoxy-3-[trans-4-[ 4-( IH-indol-4-yl)-1-piperazinyl]cyclohexyl]-lH-indole; 

3-[cis-4-[4-(lH-Indol-4-yl)-l-piperazinyJ]cyclohexyl]-2-methyl-lH-indole; 

20 3-[trans-4-(4-(IH-Indol-4-yl)-l-piperazinyl]cyclohexyl]-2-methyl-lH-indole; 

3-{(l,4-cis)-4-[4-IH-Indole-4-yl)-piperazin-1-yJ]-cyclohexyl}-1H-pyrrolo[2,3-b]­

pyridine; 

25 3-{ ( l ,4-trans)-4-[ 4-(lH-lndol-4-yl)-piperazin-1-yl]-cyclohexyl }-1H-pyrrolo[2,3-b]­

pyridine; 

30 

6-Fluoro- l-methyl-3-{ cis-4-[ 4-(1-methyl-1 H-indol-4-yl)-1-piperazinyl]cyclohexyl }-

1 H-indole; 

iliiiiif 
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3 .. { ( l ,4-cis)-4-[ 4-(lH-indol-4-yl)-piperazin-1-yl]cyclohexyl }-l-methyl-1H-indole~5-

carbonitrile; 

3-{ (1,4-trans}-4'."[ 4-(1H-indol4-yl)-piperazin-1-yl]cyclohexyl }-1-methyl-IH-indole-

5 5-carbonitrile; · 

J.;.Ethyl-3-{(l.4-cis)-4-[4-(lH-indole-4-yl)-piperazin-1-yl]-cyclohexyl}-lH-indole-5.; 

carbonitrile; 

10 3-{ (1,4-cis)-.4-[4-(JH .. indol-4-yl)-piperazin-1-yl]-cyclohexyl }-1-propyl-lH-indole.;5_ 

carboni trile; 

15 
·: l ,. 

3-{ (l ,4-trans)-4-[ 4-(lH-indol-4-yl)-piperdZin-4-yl] .. cyclohexyl }-1-propyl-IH-indolt>-

5-carbonitrile;' 

· 3-{ (l ,4-cis)-4-[ 4-(lH-'indol-4-yl)-piperdZin-l-yl]-cyclohexyl }-1-isopropyl-IH­

indole-5-carbonitrile; 

3-{ (l ,4-trans)-4-[ 4-(lH-indol-4-yl)-piperazin-1-yl]cyclohexyl }-1-isopropyl-lH-

20 indole-5.,carboriitrile; ·· 

l-Benzyl-3-{(1.4-cis)-4-[4-(lH-indol-4-yl)-piperazin.;J.ylFcyclohexyl}-lH-indole-5-

carbonitrile; 

25 1-Benzyl-3-{(l,4,.trans)-4-[4.;.(JH-indole-4-yl)-piperazin-1-yl]cyclohexyl}-lH-

30 

indole-5-5-carbonitrile; 

l-Methyt-3..:{ (1,4-cis)-4-[ 4-(1-methyl-1 H-indol-4-yl)-piperazine-1-yl]-cyclohexyl }- · 

IH-indole-5-carbonitrile; 

5-Fluoro-3-{ (cis)-4-[ 4-(2-methoxy-phenyl)-piperazin-l-yl]-cyclohexyl l-lH-indole; 
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5-Fluoro-3-{(1,4-cis)-4-[4-(2-methoxy-phenyl)-piperidin-1-yl]-cyclohexyl}-lH­

indole; 

5 5-Fluoro-3-{(l,4-trans)-4-[4-(2-methoxy-phenyl)-piperidin-l-yl]-cyclohexyl}-lH-

10 

indole; 

5-methoxy-3-{ (l ,4-cis)-4-[4-(2-methoxy-phenyl)-piperazin-l-yl]-cyclohexyl }-lH­

indole; 

5-Methoxy-3-{ (l ,4-trans)-4-[ 4-(2-methoxy-phenyl)- piperazin-1-yl]-cyclohexyl }-IH­

indole; 

3-{ (l,4-cis)-4-[ 4-(2-methoxy-phenyl)-piperazin-1-yl]-cyclohexyl }-1H-pyrrolo[2,3! 

15 b]piperidin. 

5-Fluoro-3-{ (cis)-4-[4-(5-tluoro-2-methoxy-phenyl)-piperazin-1-yl]-cyclohexyl }-lH­

indole; 

20 5-Fluoro-3-{ (trans)-4-[ 4-(5-fluoro-2-methoxy-phenyl)-piperazin-1-yl]-cvyclohexyl }-

25 

. lH-indole; 

3-{ (1,4-cis)-4-[4[(2,3-Dihydro-benzo[l,4]dioxin-5-yl)-piperazin-l-yl]-cyclohexyl}-

4-fluoro-1H-indole; 

3-{ (l ,4-cis)-4-( 4-(2,3-Dihydro-benzo[ l ,4]dioxin-5-yl)-piperazin-l-yl]-cyclohexyl }-

4-fluoro-IH-indole; 

3-{ (1,4-trans)-4-(4-(2.3-Dihydro-benzo[ 1,4]dioxin-5-yl)-piperazin-1-yl]-

30 cyclohexyl }-5-fluoro-lH-indole; 
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3-{(l,4.;trans)-4.;[4-(2,3-Dihydro-benzo[l,4]dioxin-5-yl)-piperilzin-1-yl]- ·· 

cyclohexyl}-5-fluoro-IH-indole; 

· 3-{(1;4;.cis)-4-[4-(2,3-Dihydro-benzo[l,4]dioxin-5-yl)-piperazin-1-yl]-cyclohexyl}-

5 6-fluoro-lH-indole; 

3-{(1,4-trans)-4-[4-(2,3-Dihydro-benzo[l,4]dioxin~5-yl)-piperazin-1-yl]­

cyclohexyl }-6-fluoro-lH-indole; 

10 3-{(1,4-cis)-4-[4-(2,3-Dihydro-benzo[l,4]dioxin .. 5-yl]-cyclohexyl}-1H-in~ole-5-

carbonitrile; 

15 

20 

25 

30 

3-{(1,4-ds)-4-[4-(2,3-Dihydro-benzo[l,4]dioxin-5-yl)-piperazin-1-yl]-cyclohexyl}-

1 H~indole-5-carbonitrile; 

3-{ (l ,4-trans)-4-( 4-(2,3-Dihydro-benzo[ l ,4]dioxin-5-yl)-piperazin-1-yl]­

cyclohexyl }-lH-indole-5-carbonitrile; 

8-{ 4-[( 1,4-cis)-4-(5-Fluoro-lH·indol-3-yl)-cyclohexyl]-piperazin-1-yJ }quinoline; 

8-{ 4-(( l ,4-trans)-4-(5-Fluoro-lH:-indol-3-yl)-cyclohexyl]-piperazin-1-yl }-quinoline; 

8-{4-(1,4-cis)-4-[ 4-(5-Fluoro-1-methyl-1H-indol-3-yl)-cyclohexyl]-pipen1zin-l-yl }- · 

quinoline; 

3-[ ( l ,4-cis)-4-( 4-Quinolin-8-yl-piperazin-1-yl)-cyclohexyl]-1 H-indole-5-carbonitrile; 

3-[(1,4-trans)-4-(4-Quinolin-8-yl-piperazin-l-yl)-cyclohexyl]-lH-indole-5- · · 

carbonitrile; 
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1-Methyl-3-[ ( 1.4-cis)-4-(4-quinolin-8-yl"'.piperazin-1-yl)-cyclohexyl]-l H-indole-5-

carbonitrile; 

5-Fluoro-3-{(1,4-cis)-4-[4-{6-fluoro-chroman-8-yl)-piperazin-l-yl]-cyclohexyl}-lH-

5 indole; 

5-Fluoro-3-{ (l ,4-trans)-4-[ 4-(6-fluoro-chroman-8-yl)-piperazin-1-yl]-cycJohexyl }­

IH-indole; 

10 5-FJuoro-3-{(l,4-cis)-4-[4-(5-fluoro-2,3-dihydro-benzofuran-7-yl)-piperazj.n-l-yl]-

15 

cyclohexyl }-lH-indole; 

5-Fluoro-3-{ (1,4-trans)-4-[4-(5-fluoro-2,3-dihydro-benzofuran-7-yl)-piperazin-1-yl]­

cyclohexyl }-1 H-indole; 

3-{ (l,4-cis)-4-[ 4-(5-Fluoro-2,3-dihydro-benzofuran-7-yl)-piperazin-1-yl]· 

cyclohexyl }-1 H-indole-5-carbonitrile; 

3-{ (l ,4-trans)-4-[ 4-(5-Fluoro-2,3-dihydro-benzofuran-7-yl)-piperazin-l-yl]-

20 cyclohexyl }-lH-indole-5-carbonitrile; 

3-{ (l ,4-trans)-4-[ 4-(5-Fluoro-2,3-dihydro-benzofuran-7-yl)-piperazin-l yl]­

cyclohexyJ }-1-methyl-1 H-indole-5-carbonitrile; 

25 3-( (I ,4-cis)-4-[ 4-(Benzofuran-7-yl-piperazin-l-yl)-cycJohexyl]- l H-indole-5-

carbonitrile; 

30 

3-[(1,4-trans)-4-[4-(Benzofuran-7-yl-piperazin-1-yl)-cyclohexyl]-lH-indole-5-

carbonitrile; 

5-Fluoro-3-{4-[4-(2-methoxy~phenyl)-piperazin-1-yl]cyclohex-l-enyl}-1H-indo1e; 

i11i1iiiUii 
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3-{ 4-( 4-(IH-Indol-4-yl)-piperazin-1-yl]-cyclohex-1.;.enyl }-lH-indole-5-carbonitrile; 

5-Fluoro-3-{ cis-4-[ 4-(1 H-indol-4-yl)piperazinyl]-cyclohexyl }-1-methyl-lH-indole; 

5 3-{ (l ,4-cis)-4-[ 4-(6-Methoxy-quinolin"-8-yl)-piperazin-l-yl]-cyclohexyl}-IH-indole- · 

5-carbonitrile; 

or a pharmaceutically acceptable salt thereof. 

10 8. A pharmaceutical composition comprising a compound of the fonnula 

(I) as claimed in any one of claims l to 7 or a pharmaceutically acceptable salt. 

thereof and a pharmaceutically acceptable carrier. 

9. A method for treating• depression in a patient in need thereof 

15 comprising administering to said patient an antidepressant effective amount of a·. 

compound of tlie fonnula (I) as. claimed fn any one of claims 1· to 7 ·or a·.: 

pharmaceutically acceptable salt thereof. 

10. A process for preparing a compound of formula (I) as defined in claim 

20 l which comprises one of the following: 

a) reacting a compound of fopnula 

wherein R., R1.:.• Y and X1.:. are as defined above, with a compound of formula (IV): 

iliiii~i~ 
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(IV) 

wherein z. R4, R5 and R5 are as defined above; 

5 or 

b) reducing a compound of formula: 

(V) 

PCT/US00/00223 

'·. 

10 wherein the variables are as defined above to give a compound of formula (I); 

or 

c) acidifying a basic compound of formula I with a pharmaceutically acceptable 

acid to give a pharmaceutically acceptable salt; 

or 

15 d) separating a mixture of cis and trans isomers of a compound of fonnula (I) to 

isolate one isomer substantially free from the other isomer; 

or 

e) reacting a compound of formula (I) having a reactive substituent group to 

give a compound of formula (I) having a different substituent group; 

20 or 

t) reacting a compound of fonnula (I) having a reactive site (e.g. NH) to give a 

compound of formula (I) having a substituent group on the site. 
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