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ARYLPIPERAZINYL-CYCLOHEXYL INDOLE DERIVATIVES
- FOR THE TREATMENT OF DEPRESSION

FIELD OF INVENTION |

This invention relates t0 compounds useful for the treatment of diseases
affected by disorders of the serotonin-affected neurological syStéms, 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
anxieiy. The first generation of non-selective serotonin-affecting drugs operated
through a variety of physiological means which caused them to possess numerous .
undesired side-effects. The more recently ﬁrescribed drugs, the selective seroto_niﬁ
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
full therapeutic effect, this 5-HT blockade mechanism cannot fully account for their
therapeutic activity. Itis speculated that this two week induction which occurs before
a full antidepressant effect is observed, is due to the involvement of the 5-HT1A
autoreceptors which suppress the firing activity of S-HT neurons, causing a
dampening of the therapeutic effec;t. Studies suggest that after several weeks of SSRI
adininistration, 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 SHT1A antagonists would potentially increase and accelerate the clinical
antidepressant response. Recem studies by Artigas et al., Trends Neurosci., 19:378-
383 (1996), suggest a combination of 5-HT1A activity and inhibition of 5-HT ﬁptake
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within a slngle molecular entlty can achleve a more- robust and fast-actmg

antidepressant effect

The present invention relates to a new class of molecules wh1ch have the
abxhty to act at the 5- HTIA autoreceptors and concommltantly with the S-HT
 transporter.  Such compounds are therefore potenually usetul for the treatment of

depresswn as well as other serotonm disorders:

U.S. Patent No. 5,468,767 reports a seties of substituted indoles of the -
following formula for the treatment of disorders asscciated_ with dysfuhcﬁon in

serotonergic neurotransmission, including depression

wherein: _
R; is hydrogen or C;_4 alkyl and R; is C;_4 alkyl or (CHy)pAr.

WO 9415928 dlscloses a series of plperazlne denvatwes of the followmg

formula for the treatment of CNS d1sorders, mcludmg depresmon
R

N u
RI_U R R_2
: 3 m

R; and R; are each mono- or b1cyc11c aryl or heteroaryl radxca]s,

wherem

Ri is hydrogen or alky]

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

nislor_2andm;isl_to3.
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WO 93/10092 discloses a series of cyclohexenes of the following formula for -

the treatment of dopaminergic disorders.

R,-(CHy)i- ~(CHpuR,

5 SUMMARY OF THE INVENTION
' The compounds of this invention are arylpiperazinyl-cyclohexyl indole

derivatives represented by Formula I:

“wherein: .

10 | R,.R,, R, and R, are eéch, independently, hydrogen, or a substituent selected from
halogen, CF,, alkyl, aikoxy, MeSO,, amino or aminocarbonjl ( each optionally
substituted by one or two groups selected from alkyl and benzyl) carboxy, or
alkoxycarbonyl ; or two adjacent of R, and R,, together can form a 5-7 membered
carbocyclic or heterocyclic ring which is optionally substituted by a substituent

15 defined above; '

R, is hydrogen, halogen, or alkyl;

R, is hydrogen, alkyl, arylalkyl, or aryl;

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

X,, X, and X, are each carbon or one of X, X, or X, may be nitrogen;
20 Y is CH or nitrogen; and '

Z is carbon or nitrogen; or

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

.-_Fom'xula I, wherein R, R,, R, and R, are each, independently, hydrogen, halogen,
' alkyl alkoxy or together form a 5-7 membered carbocyclic or heterocyclic ring; -

R, is hydrogen or halogen,and or -

' R5 is hydrogen, alkyl or alkylaryl; and/or

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

X, Xz, X,; Y and Z.are each carbon; ora

pharmaceuticaily aceeptable salt thereof. - |

_ More preferably, the compounds of the present invention are selected from
the followmg
3-[c:s-4-[4-(1H-Ind01-4-yl) l-pxperazmyl]cyclohexyl] lH-mdole,

'3-[trans-4—-[4-(1_H-mdol—4—y1)— ] -p1perazmy1]cyclohexyl]-lH-mdole,

4-Fluoro-3- [cis-4~[4—(1H-indol-4-yl)- 1-piperazinyl]cyclohexyl]-1H-indole,
4-Fluoro-3- [trans-4-[4-(1H-indol-4-y1)-1-piperazinyljcyclohexyl]- 1H-indole;

'5-Fluoro-3- [cls-4-[4-(1H—1ndol-4-yl)- -plperazmyl]cyclohexyl] -1H-indole;
'S-Fluoro-3 [trans-4-[4-(1H-indol-4-yl)-1 -plperannyl]cyclohexyl] -1H-indole;

6-Fluoro-3-[cis-4—[4—(1H-indol-4-yl)-.l-pipefazinyncyclohexyl]-lH—indole';
._6-_Fluor'o-3.-'[trans-4—[4-(1H-indol-_4—y])-1-pipemzinyi]cyclohexy]]—]H-indol_e; a
5-Bromo-3-[cis—4.—[4—(1H-indbl-4~yl)-l-piperazihyl]cyclohexyl]-1H'-indol'e; T
5-Bromo—3—[trans—4—[4—(1H-.indol-4—y1)-1-piperazinyl]cyclohexyl]-1H-in'dble;
5-Chloro-3-[cis-4-[4-(1H-indol-4-yl)-1-piperazinyl]cyclohexyl)-1H-indolé;
5-Chloro-3-{trans-4-[4-(1H-indol-4-yl)- 1-piperazinyl]cyclohexyl]-lH-ind’ole'
3-{4-[(1 4-c1s)-4-(1H-1ndol-4-yl)—p1peraz1nyl- -ylJcyclohexyl}-1H-indole-5-
carbonitrile; . ' :

3-{4-[(1 4-trans)-4»(1H-1ndol-4—yl)-p1perazmyl- -yl]cyclohexyl} IH-mdole-S-
carbomtnle, '
5- Methoxy—3 [c:s-4-[4-(lH-mdoI—4—yl) l-plperazmyl]cyclohexyl] -1H-indole;
5-Methoxy-3-[trans-4-[4—(1H—mdol-4~yl) -1-piperazinyl)cyclohexyl]- 1H-indole;
3-[cis-4»_[4-(1H—Indol—4-yl)-1-piperazinyl]cyclohexyl]-Z-methyl-1H~indole;
3-[trans-4-[4-(1H-Indol-4-yl)-1-piperazinyl]cyclohexyl]-2-methyl-1H-indole;
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3-{(1,4-cis)-4-[4-1H-Indole-4-yl)-piperazin-1-yl]-cyclohexyl }- 1H—pyrrolo[2 3--
blpyridine;

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

6-Fluoro-1-methyl-3-{cis-4-[4-(1-methyl- 1H-indol-4-y1)-1-piperazinyl]cyclohexyl }-
1H-indole;

3-{(1,4-cis)-4-[4-(1H-indol-4-yl)-piperazin- 1-yl]cyclohexyl }- l-methyl-lH-mdole-S-
carbonitrile;

3-{(1,4-trans)-4-[4-(1H-indol-4-yl)-piperazin-1-yl)cyclohexyl }-1-methyl- 1H—fndole—
5-carbonitrile;
1-Ethyl-3-{(1,4-cis)-4-[4-(1H-indole-4-yl)-piperazin-1-yl}-cyclohexyl }- 1H—1ndole-5-
carbonitrile;

3-{(1,4~cis)- -4-[4-(1H-indol-4-yl)-piperazin-1-yl}-cyclohexyl }- l-propyl-lH-mdole-S-
carbonitrile;

3-{(1,4-trans)-4-{4-(1H-indol-4-y1)- p1perazm- 1-yl]-cyclohexyl; }- l-propyl-lH-
indole-5-carbonitrile;

3-{(1,4-cis)-4-[4-(1H-indol-4~yl)-piperazin- 1-yl}-cyclohexyl }- 1-1s0propyl-lH~
indole-5-carbonitrile;

3-{(1,4-trans)-4-[4-(1H-indol-4-yl)-piperazin-1-ylI]cyclohexyl }-1-isopropyl- 1H-
indole-5-carbonitrile;
1-Benzyl-3-{(1,4-cis)-4-[4-(1H-indol-4-yl)-piperazin-1-yl]-cyclohexyl }-1H-indole-5-
carbonitrile;

1-Benzyl-3-{(1,4-trans)-4-[4-(1H-indole-4-yl)-piperazin-1 -yl]cyclohexyl) -1H-
indole-5-carbonitrile;

1-Methyl-3-{ (1 4-c1s)-4~[4-(1-methyl—1H-1ndol-4~yl)—p1perazme— -yll- cyclohexyl}
1H-indole-5-carbonitrile;

5-Fluoro-3-{(cis)-4-[4-(2-methoxy-phenyl)-piperazin- 1-yl}-cyclohexyl }-1H-indole;
5-Fluoro-3-{(1,4-cis)-4-[4-(2-methoxy-phenyl)- plpendm-] -yl]-cyclohexyl}-1H-
indole; '

5-Fluoro-3-{(1,4-trans)- 4-[4-(2-methoxy-pheny1)—p1per1dm- -yl]-cyclohexyl}-1H-

indole;
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5-methoxy-3-{(1 4~c1s)-4—[4-(2-methoxy-phenyl)-p:peramnyl- -yl]-cyclohexyl} 1H-
- indole; : C
) 5-Methoxy-3-{(1 4~trans)-4-[4-(2-methoxy-phenyl)-plpendm- —yl]-cyclohexyl} lH-
- indole; '
3-{(1,4~cis)- 4—[4»(2-methoxy-phenyl)-plperazm- -yl]-cyclohexyl} lH—pyrrolo[Z 3.
b]plpendme | o

. 5-F1uoro-3-{(cxs)-4—[4—(5-ﬂuoro-Z-methoxy-phenyl)-plperazm- -yl]-cyclohexyl} -1H-

o indole; -

. 5-Fluoro-3- {(trans)-4»[4-(5-ﬂuoro-2-methoxy—phenyl)-plperazm- -yl}- cvyclohexyl}-
1H-indole; ' .
3-{(1 4-c1s)-4-[4[(2 3-Dihydro-benzo[ 1,4]dioxin-5-yl)- plperazm- -yl]-cyclohexyl}-

~ 4-fluoro-1H-indole; | | |
3-{(1,4-trans)-4-[4-(2, 3—D1hydro-benzo[l 4]d10x1n-5—yl)-p1perazm— -yl]- "
_'cyclohexyl}-4-fluoro-lH-mdole, _ _ ' :
3-{Q ,4-cis)-4-[4-(2, 3—D1hydro-benzo[1 4]d10x1n-5—y1)-p1perazm- -yl]- cyclohexyl}-
- 5-fluoro-1H-indole; : .
3-{(1,4-trans)-4-[4-(2, 3-D1hydro—benzo[l ,4)dioxin-5-yl)-piperazin-1 -yl]- P
cyclohexyl}-5-fluoro-1H-indole; | -
- 3-{(1,4-cis)-4-[4-(2, 3-D1hydro-benzo[l 4]d10x1n-5-y1)-p1peraz1n- -yl]-cyclohexyl)-'
6-fluoro-1 1H-indole; ' a
| 3-{(1,4-trans)-4-[4-(2, 3-D1hydro—benzo[1 4]d10x1n—5-yl)-p1perazm— -yi}-
‘cyclohexyl}-6-fluoro-1H-indole; = ]
3-{(1,4-trans)-4-[4-(2,3- D1hydro-benzo[1 4]dzoxm-5-yl)-p1peraz1n- -yl]-' o
cyclohexyl} 6-fluoro-1H-indole;
3-{(1,4-cis)-4-[4-(2, 3-D1hydro-benzo[1 4]d10x1n—5-yl)-p1perazm- -yl]-cyclohexyl}- |
1H-indole-5-carbonitrile; '

- 3-{(1,4-trans)- 4-(4—(2 3—D1hydro-benzo[1 ,4)dioxin-5- yl)-plperazm- -yl]-
cyclohexyl}-1H-indole-5-carbonitrile;

8-{4— (1,4-cis)-4-(5- Fluoro—lH-mdol 3—y1)-cyclohexyl]-piperazin-1~y1)quinoli1ie§ |
8-{4-_[(1,4-11_'ans)-4-(5-Fluoro-1H-indoI-3—yl)-cycl_ohexyl]'-'piperazinQl-yl}-quinbline;
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8-{4-(1,4-cis)-4-[4-(5-Fluoro-1-methyl-1H-indol-3-yl)-cyclohexyl]-piperazin-1-yl }-

quinoline;
3—[(1,4-cis)—4-(4-Quinolin—8-y1-piperazin—l-yl)—cyclohexyll-lH—indole—S—carbonitrile;
3-{(1,4-trans)-4-(4-Quinolin- 8-y1-piperazin- 1-yl)-cyclohexyl]-1H-indole-5-
carbonitrile; |
1-Methyl-3-[(1,4-cis)-4-(4-quinolin-8-yl-piperazin-1-yl)-cyclohexyl)- -1H-indole-5-
carbommle
5-Fluoro-3-{(1 4-c:s) 4-[4-(6-fluoro-chroman- -yl)-piperazin- 1-yl]-cyclohexyl} -1H-
indole;
5-Fluoro-3-{(1,4- trans)-4~[4—(6-ﬂuoro-chroman—8 yl)-piperazin-1-yl]- cyclohexyl}-
1H-indole; _ .
5-Fluoro-3-{(1 4-cis)-4-[4-(5-ﬂuoro-2,3—dihydro-benzofuran—7-yI)—piperazin-l-yl]-
cyclohexyl }-1H-indole; |
5-Fluoro-3-{(1 4-trans)—4-[4—(5-ﬂuoro—2 3- dxhydro-benzofuran-7-yl) piperazin- -yl]-
cyclohexyl }-1H-indole;
3-{(1,4-cis)-4-[4-(5-Fluoro-2,3- d1hydro-benzofuran—7~y1)—p1perazm- -ylj-
cyclohexyl }-1H-indole-5-carbonitrile;
3-{(1,4-trans)-4-[4-(5-Fluoro-2,3-dihydro-benzofuran-7-yl)-piperazin-1-yl}-
cyclohexyl}-1H-indole-5-carbonitrile;
3-{ (1,4-cis)-4-[4~(S;Fluoro-2,3-dihydro-benzofuran—7-yl)-piperazin-1yl]- '
cyclohexyl}-l-m_ethyl—1H-indole75-carbonitﬁle; _
3-[(1,4-cis)-4-[4-(Benzofuran-7-yl-piperazin- 1-yl)-cyclohexyl]- 1H-indole-5-
carbonitrile;
3-[(1 4-trans)-4-[4—(Benzofuran—?-y]-plperamn- -yl)-cyclohexyl]-1H-indole-5-
carbonitrile; _ _
5-Fluoro-3-{ 4-[4- (2-methoxy-phenyl)-piperazin- 1-yljcyclohex-1-enyl }-1H-indole;
3-{4-[4-(1H-Indol-4-y])-piperazin-1-yl]-cyclohex-1-enyl }-1H-indole-5-carbonitrile;
5-Fluoro-3-{(1,4-cis)-4- [4~(2-methoxy-phenyl)-piperazin- 1-yl)-cyclohexyl}-1,3-
dihydro-indol-2-one;
5-F1u0ro-3-{ciS-4-[4-(1H-indol-4-yl)piperazinyl]-cyclohexyl}-l-methyl-lH—indole; '
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8{(] 4~c1s)-4~[4~(5 Fluoro-lH-mdol 3-yl)- cyclohexy]]—pxperazm— -yl}-6-methoxy-

qumohne

8-{(1,4-trans)-4- [4-(5—Fluoro—1H-1ndol 3-yl) cyclohexyl]p1perazm-] -yl}-6-methoxy- -

quinoline; _ : _

3-{(1 4-01s)-4-[4-6-Methoxy—qumohne- -y])-plperazm ]-yl]-cyclohexyl} IH-mdole-
5-carbonitrile; ' ' ' . '
3-{(1, 4—trans) 4-[4-(6 Methoxy—qmnohn-s-yl) p1perazm- -yl]-cyclohexy]} lH- "
1ndole-5—carbon1tnle, '

6- Chloro-8 {4-[1 ¢01s)-4-(5-ﬂuoro-IH-1ndol-3 yl)-cyclohexyl]—pxperamn-1-
yl}quinoline;

6-Chloro-8-{4-[(1,4-trans)-4-(5- ﬂuoro-1H—mdol-3-y1)-cyclohexyl]-plperazm-1-
yl}quinoline; _

3-{(1,4-cis)- 4-[(4-(6-Chloro—qumolm 8-y1)-p1peraz1n l-yl]-cyclohexyl} lH—lndole-S-"’-'

carbonitrile;

3-{(1,4-trans)-4-[4-(6- Chloro-qumolm-s yl)—plperazm- -yl]-cyclohexyl) -1H-indole-
5-carbonitrile; ' '

5-Chloro-8-{4-[(1,4-cis)- 4-(5-ﬂuoro—1H—mdol-3-yl)-cyclohexyl]-plperazm- -yl}-
quinoline;

3-{(1 4-01s)~4-[4-(5-Chloro-qumol1n- -yl)-plperazm- -yl]-cyclohexyl} 1H-mdole—5-
carbonitrile; :
5-Fluoro-8-{4-[(1 4-c1s)-4-(6-ﬂuoro—]H-mdole—3—yl)-cyclohexyl]-plperazm- -yl}-

: qumohne,

5-Fluoro-8-{ 4_[(1 4—trans)-4-(6—ﬂuoro-lH—mdol- -yl) cyclohexyl] plperazm- -yl}-

- quinoline;

3-{(1,4-cis)-4-[4- (2 Methyl-qu1nohn-8-yl) p1perazm-1 yl]-cyclohexyl} lH—mdole-S-

carbonitrile;

3- -{(1,4-trans)- 4-[4-(2-Methyl-qumol1n 8-yl) p1perazm-1 yl]—cyclohexyl} 1H—1ndole- S

5-carbonitrile;
4-{4-[(1 ,4-cis)-4-(5-Fluoro-1H-indol- 3-y1)-cyclohexy]]-p1perazm— -yl}-2-

trifluoromethyl-quinoline;
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4-{4-[(1 4-tran$)-4—(5-Fluoro-1H—.indol_»3—yl)-cyclohexyl]—piperazin- l-yl}-2—
trifluoromethyl-quinoline;

3-{(1 4-c1s)-4—[4-(2-Tnﬂuoromethy]-qumohn-4-yl)—p1perazm- -yl]-cyclohexyl }-1H-
indole-5-carbonitrile
3-{(1,4-trans)-4-[4-(2-Trifluoromethyl-quinolin-4-yl)-piperazin-1 -yl]-cyclohexy])-
1H-indole-5-carbonitrile;

4-{4-[(1 4-cis)-4-(5-Flﬁoro-1H—indol-S-yl)-cyclohexyl]-piperazin—l-yl}-6-methoi;y-

- quinoline;

4-{4[(1,4-trans)-4-(5-Fluoro-1 H-indol-3-yl)-cyclohexyl]-piperazin-1-yl}- 6—methoxy- '
quinoline;

3-{(1,4-cis)-4-[4-(6-Methoxy- qu1nolm-4—yl)-p1perazm— -yl]- cyclohexyl} -1H-indole- -
S-carbonitrile; and
3-{(1,4-trans)-4-[4-(6-Methoxy-quinolin-4-yl)-piperazin-1-yl]-cyclohexyl}-1H-
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

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
inorganic or organic acids, for example: fumaric, maleic, benzoic, ascorbic, pamoic,
succinic, bismethylenesalicylic, methanesulfonic, ethanedisulfonic, acetic, oxalic,
propionic, tartaric, salicyclic, citric, gluconic, lactic, malic, mandeiic, cinnamic,
citraconic, aspartic, stearic, palmitic, itaconic, glycolic, p-aminobenzoic, glutamic,
benzene-sulfonic, hydrochloric  hydrobromic, sulfuric, cyclohexylsulfamic,
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 formulal
| . R,

R]..//-—
ha

N\ _
X - :
N X
Xz—x:; R
@
as defined herein or a '
* pharmaceutically acceptable salt thereof,
10 which comprises one of the following:
a)  reactinga cdmpound of formula
R, _
P . . R, ' ' R, -
) g
: . o . 1
- | N _ XN s
X;=— X3 Rs
S ¢ 1))

15 whereinR, R,,, Y and X, , are as defined above,
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with a compound of formula (IV):
| R
¢ 4R5
/J N
@)
= 7
\{
Rs .
av)

wherein Z, R,, R, and R,are as defined above;

5
or
- b) reducing a compound of formula :
Ry
R R
TN —
X/ /\ Y
1
\ N\
XZ—X3 R3
10 V)

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

or

15 ¢ acidifying a basic compound of formula I with a pharmaceutically acceptable

acid to give a pharmaceutically 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) reactmg a compound of formula )] havmg a reactive substltuent group to'f-' _

give a compound of formula (I) havmg a dlfferent substltuent group,

f) reactmg a compound of formula (I) having a reactive site (e.g. NH) to glve a’

compound of formula (I) having a substnuent group on the site;

With regard to process a) the reaction may be carried out by reductive alkylation, 'e.’g. L
using reducing agent such as sodium -triacetoxyborohydride in a suitable solvent eg. v

acetic acid,

With regard to process b) the reduction may convenlently carried out using palladmm o

on carbon.and hydrogen as exemphﬁcd herein.

The compounds_‘ of formula I.may" be isolated in the form of a salt of a
pharmaceutically acceptable acid, e.g an organic or inorganic acid by treatment with

an acid such as described above.

Geometric (cis and trans) isomers are possible and such isomers can be separated by

standard techniques e.g. chromatography.

Examples of process e) involving conversion of substituents to other substituents are”
conversion of a halo substituent to an amino R substituent, esterification of a carboxy
to give an ester, hydrolysis of an ester to give a carboxy group; and amination of an* ©

ester group to give an amide.

Examples of process f) mvolvmg substltuuon 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 starting 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

reaction and the protecting group removed thereafter.

However, the present compounds may be advantageously prepared according to émy
one of Schemes 1-6 set forth below. In the Schemes, the intermediate compounds
exemplified hereinafter are identified in parenthesis. The compound produced in
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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H,
H,
C.

4F
CH
N

, 5-F, 6-F, 5-Br, 5-Cl, 5-CN 5-0Me

(39)

® ®)

R = CHg, Et, n-Pr, i-Pr, Benzyl



WO 00/40554 ' PCT/US00/00223

-15-

Scheme 2

Ex. 1-10

R=H, 4-F, 5-F 6-F, S-Br 5-Cl 5-CN, 5-OMe

Ry =H, CH
RyN\F Re=H, CH.
Rg = CHj,
Ex. 11 X=H,N
H -
(6a-d - _
H _.
Ex. 12-16
R
Nf-\ / .
\——/
Z
Ry Ex. 17 R =Ry=CH,
N
[aSeitae s
R = 5-F, 5-OCH,3
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5 INTERMEDIATE 1
3-(1,4-Dioxa-spiro[4,5]dec-7-en-8-yl)-1H-indole (1a)
Indole (4.69, 40 fhmol), 1,4-cyclohexanedione monoethylene ketal (6.3 g, 40
mmol) and potassium hydfoxide (13.2 g, 200 mmol) were heated to reflux in 70 inl
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-spirof4,5]dec-7-en-8-yl)-4-fluoro-
| 1H-indole (1b)
This compound' was 'pre'pared in a similar fashion described above by
15 replacing indole with 4-fluoroindole (3 g, 22 mmol) to afford the title compouhd in
quantitative yield as a white solid: mp at 140°C (sublimated).

3-(1,4-Dioxa-spiro[4,5]dec-7-en-8-yl)-5-ﬂuoro-
1H-indole (1¢)

20 | 5-Fluoroindole '(4.96 g, 0.036 | .mol), 1,4-cyclohexanedioné 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-D|oxa-sp1ro[4,5]dec-7-en-8-yl)-6-ﬂuoro-
IH-mdole (1d) | . _
This compound was prepared in the manner described for mtermedlate la by

replacing indole with 6-ﬂuoromdole (5 14 g, 38 mmol) ) to afford 10 g (96.3 %) of
- the title compound as a white solid: - mp 196-197°C
_ _Element_al analysis for C,;H,;FNO,

Cale’d: C,70.32: H, 5.90; N, 5.13 -
Found: . C,70.62;H,591;N,5.08

3-(1 4-D10xa-3p|ro[4 5]dec-7-en-8-yl)-S-bromo-
IH-mdole (le)

This compound was prepared i in the manner described above for mtermedlate

1a by replacing indole with 5- _bromomdole (7.84 g, 40 mmol) ) to afford 10.5 g8 .

%) of the title compound as a white solid; MS EI m/e 333 (M),

3-(1,4_-Dioxa-spiro[_4,5]dec-7-en-8-yl)-5-chloro-' ,
1H-indole (1f)
This compound was prepared in the manner described above for intermediate
1a by repla‘éihg indole witli S-chloroindole 5 £, 33 mmol) ) to afford 9.14 g (96 %)
of the ﬁﬂe compound as a white solid: mp 178-181°C; MS EI m/e 273 (M_*).

" 3+(1,4-Dioxa-spiro[4,5]dec-7-en-8-yl)-5-cyano-
| 1H-indole (1g)

This compound was prepared in the manner described above for intermediate

‘1a by feplacihg indole with 5—cyanoi_nd:ole (29.98 g, 0.21 mol) to afford 29.32 g (50 -

%) of the title co’rhpound as a white sQlid: mp 158-160°C.
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3.(1,4-Dioxa-spiro[4,S]dec-7-en-8-yl)-5-methoxy-
1H-indole (1h)
This compound was prepared in the manner described above for intermediate
1a by replacing indole with 5 methoxy indole (5 g, 34 mmol) in 82% yield (7.95 g)
as a white solid: mp 161-162°C -

3-(1,4-Dioxa-spiro[d,5]dec-7-en-8-yl)-2-methyl-
1H-indole (i)

A solution of 2-methyl-indole (2.0 g, 15.2 mmol), 1,4-cyclohexanedione
monoethylene ketal (4.76 g, 30.4 mmol) and potassium hydroxide (10 g, 0.18 mol)
were heated to reflux in 50 ml methanol for 48 hours. | The mixture was poured into
water (150 ml) and extracted with methylene chloride (2 x 200 mi). The organic
layer was dried over anhydrous magnesium sulfate, filtered, and solvent was removed
under vacuum. Chromatography (25% ethyl acetate-hexanes) afforded a 'ligh't tan
solid which was washed with ethyl ether (20 ml) to afford 2.35 g (62%) of product as
a white solid: mp 136-137°C. " '

- Elemental analysis for C,;H,,)NO,

Calc’d: C,75.81; H, 7.11;: N, 5.70
Found: C,75.47:H,17.26; N, 5.13

3-(1,4-Dioxa-spiro[4,5)dec-7-en-8-yl)
-1H-azaindole (1j)
This compound was prepared in the manner described above for intermediate
1a by replacing indole with 7-azaindole (3.65 g, 31 mmol) in 68% vyield (542 g) as a’
white solid: mp 162-165°C; MS EI m/e 256 (M’).

INTERMEDIATE 2
3-(1,4-Dioxa-spiro[4,5]dec-8-yl)-1H-indole (2a)
A mixture of 3-(1,4-dioxa-spiro{4,5]dec-7-en-8-yl)-1H-indole (8.0 g, 31.3
mmol) and 10% palladium on carbon (1.3 g) in ethanol (700 ml) was hydrogenated
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for 18 hours. The catalyst was filtered off and the solvent removed under vacuum to
afford 8.01 g (99 %) of product as a white solid.

3-(‘1,4;Dioxa-spiro[4,51dec-s-y|)-4-ﬂu6'ro-m-m‘dble (2b)
5 A This compound was prepared in the manner described above for 'ir_iterrrlediate -
2a by replacing 3-(1, 4—dioxa— spiro[4, 5)dec-7-én-8-yl)-1H-indole with 3- (1,4-dioxa- -
~ spiro[4, 5]dec-7-en-8-y1)—4—ﬂuoro—lH-mdole (63 g) ) to aftord 4.44 g (70 %) of the
title compound as a white sohd mp 161-162°C.
_ | _ Elemental analysis for _CMH,,,FNO,
10 - Calc’d: - C; 69.08; H, 6.59; N, 5.09
Found:. G, 69.05;H,6.56; N, 4.87

3-(1 4-Dioxa-spiro[4,5]dec-8-yl)-5?ﬂuoro-'IH-indole (2¢c)

_ " A mixture of of 3-(1, 4-droxa-sp1ro[4 5]dec-7-en- -y1)- 5—ﬂuoro-lH-mdole _

15 (8. 5 ) 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[4,5]dec-8-yl)-6-fluoro-1H-indole (2d)
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 with 3- -(1, 4-dioxa-
: sp1ro[4 5]dec-7-en-8-y1)- -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 C, H,FNO,
| 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-yi)-'5-bromo-1H-'inddl.e (2e)
30 - A mixture of 3-(1,4-dioxa—spiro[4,5]dec-7-'en'-8-yl)-5'-bromo-l'H-indOIe 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 m/e 336 (M").

3-(1,4-Dioxa-spiro[4,5]dec-8-yl)-5-chloro-1H-indole (2f)
A mixture of 3—(1,4-dioxa—spiro[4,5]dec-7—en-8-y1)-5-chloro-IH-indole (0.18
g) and platinum oxide (0.02 g) in ethanol (20 ml) with ten dfops 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
product as a white solid: mp 205-206.5°C.

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

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-
155°C.

3-(1,4-Dioxa-spiro[4,5]dec-8-yl)-5-methoxy-1H-indole (Zh)

This compound was prepared in the manner described above for intermediate
2a by replacing 3—(1,4—dioxa—$piro[4,5]dec-7-en-8-yl)-]H-indole with 3-(1,4-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[4,5]dec-8-yl)-2-methy)-1H-indole (2i) .

A mixu_xre of 3-(1,4-dioxa-spiro[4,5}dec-7-en-8-yl)-2-methyl-1H-indole (2.39

g, 8.9 mmol) ar_ld 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
nethylene-methanol (80 ml) was used to dissolve any solids within the celite. The
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 analys1s for C,,HuNO
Calc’d: C7525H780N516

5 . Found: - C, 75.17, H, 7.99, N, 512

3-(1 4-D|oxa-sp1ro[4 5]dec-8-yl)-1H-azamdole (2_])
Thls compound was prepared i in the manner descnbed above for intermediate
. 2aby replacmg 3:(1 4—d10xa-sp1ro[4 5]dec-7-en- -yD)- IH-mdole (7.18 g) wnh 3-(1,4-
10 d10xa—sp1ro[4 5]dec-7-en—8 -yD)-1H-azaindole (4.02  g) to afford 2 Tg (67 %) of the"
title compound as a white solid: mp 204-207°C. : :
Elemental analysis for C,,H, N,O

Cale’d: C7287H659N1307
Found: = C,72.44;H, 6.75; N, 12.81
15 A
INTERMEDIATE 3

4-(1H-3-Indolyl)-cyclohexanone (3a)
A solution of 3-(1,4-dioxa-spiro[4,5]dec-8-yl)-1H-indole (2.57 g, 10 mmol)
in 200 ml (1:1) tetrahydrofuran-hydrochloric acid (1N) was allowed to stir at room -
20  temperature for 16 hours. T he solvent was evaporated undeif'vacuum.l The crude -
- product was dissolved in ethyi acetate, washed with 1IN sodium hydroxide (3 x 150
~ mi). The organic layer was dried over anhydrous sodium sulfate, and filtered. *
Chromatography (40% ethyl acetate-hexanes) afforded 1.9 g (89%) of product.

25 o " 4-(4-Fluoro-1H-3-indolyl)-cyclohexanone (3b)

This compound was prepared in the mannier described above for 3a by
replacmg 3-(1 4—d1oxa-sp1ro[4 S)dec-8 -yl)-IH-mdoIe with 3-(1, 4~dxoxa—sp1ro[4 Slec- ':
8-yh)- 4-f1uoro-1H-1ndole (4.0 g) to afford 3.7 g (63 %) of the utle compound asa
white solid: mp 104-106°C. ' '

30
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4-(5-Fluoro-1H-3-indolyl)-cyclohexanone (3c)

A solution of 3-(1,4-dioxa-spiro[4,5]dec-8¥yl)-5-ﬂuoro-lH-indole (2.8 g, 10.
mmol) in 200 mi(1:1) tetrahydrofuran-hydrochloric acid (IN) was allowed to stir at
room temperature for 16 hours. The solvent was evaporated under vacuum. The
crude product was dissolved in ethyl acetate, washed with 1N sodium hydroxide (3 x

" 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 112-114°C. '

4-(6-Fluoro-lH—3-indolyl)-cyclohexanoné (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-(1,4-dioxa-
spiro{4,5]dec-8-y1)-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. N
Elemental analysis for C, H, NOF '

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 (3¢)

This compound was prepared in the manner described above for intermediate-
3a by replacing 3-(1,4-dioxa-spiro[4,5}dec-8-y1)-1H-indole - with 3-(1,4-dioxa-
spirof4,5]dec-8-yl)-5-bromo-1H-indole (4.5 £ to afford 3.3 g (84 %) of the title
compound as a white solid: MS EI m/e 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-1H-3-indolyl)-cyclohexanone (3f)

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-(1,4-dioxa-
spiro[4,5]dec-8-y1)-5-chloro-1H-indole (2.12 g) to afford 1.13 g (60 %) of the title
compound as a clear oil: MS FAB m/e 248 (M + H)".
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| 4-(5-Cya'no-lH-'3-md01yl)-cyclohexanone (3g)

. This.compound was prepared in the manner described above for 1ntenned1ate '

3a by replacmg 3-(1 4-d10xa-sp1ro[4 5]dec-8-yl) lH-mdole with 3-(1,4-dioxa- -
sp1ro[4 5]dec-8 -yl)-5-cyano-lH—mdole (6 g to afford 4.03 g (81 %) of the title

" compound as a white solid: mp 162.5-164°C:

Elemental analysis for C,,HMN 0]
- Calc’d: C7561H592N1176
- Found: C, 75.82; H, 6.06; N, 11.72

4-(5-Methoxy-1H-3-indolyl)-cyclohexanone (3h)
- This compound was pr_epared in the manner described above for intermediate
3a by replacing 3-(1;4-dioxa-spiro[4,5]dec-8-yl)-1H-indole with 3-(1,4-dioxa-

' spiro{4,5]dec-8-yl)- S-methoxy-lH-mdole (5.85 g) to afford 4.2 g (85 %) of thie title

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

4-(2-Methyl-1H-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-(1,4-dioxa-

sp1ro[4 5)dec-8-yl)-2-methyl-1 H-indole (2.2 g) to afford 1.62 g (88" %) of the title
compound as a yellow thick oil: MS EI m/e 227 (M') :

4-(1H-3?pytrolo[2,3-b]pyridyl)-cyclohexanone 3
~ This compound was prepared in the manner described above for intermediate
3a by replacing 3-(1,4-dioxa—spiro[4,5}dec-8-yl)¢1_H-indole with 3-(1,4-dioxa-
spiro[4,5)dec-8-yl)-1H-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[4,5]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-cyano-1H-indole ( 9.9 g, 0.035 mol) at room temperature. The mixture was -stitred_
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 1 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
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,,N,O,

Calc’d: C, 73.45; H, 6.16; N, 9:52
Found: C,73.17; H, 6.24; N, 9.43
INTERMEDIATE 5

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

A mixture of 3-(1,4-dioxa-spirof4,5]dec-7-en-8-yl)-5-bromo-1H-indole (3.77
g) and 10% palladium on carbon (0.99 g) in ethanol-tetrahydrofuran (200 : 80 ml)
was hydrogenated for 5 hours. The catalyst was filtered off 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 170-172°C.
Elemental analysis for C ;H, N.,O,

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[4,5]dec-8-yl)-S-cyano-1-ethyl-indole (5b)
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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t:yano-lH—indole (9.0 g, 0.032 mol) at room temperature.  The mixture was stirred' "
- for 30 minutes at room temperature then ethy_lb‘romide (14.6 g, 0.13 mol) was added - -

at room temperature. ‘The reaction was'allov'\?ed to stir for overnight, then quenched

~ with water (50 ml). The mixture was- extracted with methylene chlonde (3 x 150 ml)'

and water (3.x 150 ml). The orgamc layer was dried over anhydrous magnesrum -

sulfate and fﬂtered The solvent was removed under 'vacuum. Chromatography :
(hexanes) afforded 5.5 g (69%) of product as a white solid: mp 124-126°C. |

Elemental analysrs for C,H,,N, 0,

Calc'd:  C,73.55H,7.14N,9.02
Found: . C,73.56;H, 6.93; N, 8.95

3-( 1,4-Dioxa-spiro[4,5]dec-8'-yl)-5-cyano_-l-n-propy]-indole' (5¢)
This compound was prepared in the manner described above for intermediate

5b by replacing ethylbromide with n-propylb_romide (13.1 g, 11 mmol) to afford 4.33 ~
- 2 (75 %) of the title compound as a oil: MS EI m/e 324 (M") | "

3-(1,4-dioxa-spiro[4,5]dec-8-yl)-5-cyano-1-iso-propyl-indole (5d) -
This. compound was prepared in the manner described above for intermediate
Sb by replacing ethylbromide with isopropylbromide (10.2 g, 83 mmol) in 62% yield" '
(6.44 g) as a white solid: mp 114.5-116°C; MS EI m/e 324 (M"').. - '

34_(1,4-dioxa-spiro[4,5]dec-84yl)-5-eyanoQ 1-benzyl-indole (5e)
. This compound was prepared in the m'anner- described ah‘ove for intermediate "
5b by replacing ethylbromide with benzylbromrde (14.3 g, 84 mmol) to afford 6.04 g
(57 %) of the title compound as a wh1te solid: mp 129-130°C. '
Elemental analysis for C,,H,,N,0,
Calc’d: C,77.39; H, 6.50; N, 7.52
Found: C, 76.59; H, 6.28; N, 7.47



WO 00/40554 . PCTIUSOO{00223

10

15

20

25

30

-43-

- 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 (1N) was allowed to stir at room '
temperature fof 16 hours, followed by the addition of 4.49 g sodium bicarbonate.
The mixture was extracted with methylene chloride (3 x 100 m}), washed with brine
(3 x 150 ml). The organic layer was dried over anhydrous magnesium sulfate and
filtered. The solvent was removed td afford a light brown solid which was boiled in
ethyl acetate-hexanes (1:1). The mixture was cooled to room temperature and solid
was collected and dried under vacuum to afford 2.06 g of the title compound as a
solid: mp 150-152°C. |
Elemental analysis for C,;H,,N,O

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-ethyl-indole (6.77 g, 22 mmol) to afford
4.33 g (75 %) of the title compound as a white solid: mp 124°C.
Elemental analysis for C,H,,N,O

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)-cyclchexanone (6c)
This compound was prepared in the manner described above for intermediate
6a by rép]acing 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
m/e 280 (M").
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4-(5-'Cyano-lébeniyl-3-ihdolyl)-c‘yclohexanone (6d)

- This compound was prepared in the manner described above for mtermedlate
‘6a by replacing 3-(1 4-dloxa-sp1ro[4 5]dec-8-y1) 5-cyano- -methyl—mdole with - 3
(l 4~dloxa-sp1ro[4 5)- dec-8-yl)-5-cyano-1 benzyl-mdole 643 g, 20 mmol) to afford
-3 49 g (63 %) of the title compound as a white solid: mp 115- 126°C
Elemental analysxs for C »H,N,O

| Calcd:  C,8046;H,6.14;N,853
Found:  C,80.42; H, 6.07; N, 849

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

This compound was prepared in the manner described above for mtermedxate
6a by replacing 3-(1 4—d10xa-sp1ro[4 5]dec—8-yl)-5-cyano-l-methyl-mdole ‘with 3~
(1 4—dloxa-sp1ro[4 5]-dec-8-yl)-5-cyano-1 -1sopropy1-mdole (5.86 g, 16 mmol) to
afford 3.46 £ (63 %) of the title compound as a white solid: mp 106-107°C. '
Elemental analysxs for C,,H,(,N2

Calc’d:  C,77.11;H,7.19; N, 9.
Found: C,76.85;H,7.16;N,9.
INTERMEDIATE 7

8-(4-Benzyl-plperazm-l-yl)qumolme
A solution of 8-ammo-qumolme (12 91 g, 89 mmol) and b1s(2-chloroethyl)- '

_ benzylamine (25.95 g, 112 mmol) in n-butanol (65 ml) was allowed to hea_t 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

_ magnesium sulfate, and filtered. The solvent Was removed under vacuum.

Chromatography (methanol-methylene chloride) afforded 12. 34 g of product as a
solid: mp 116.5-118°C. _
The HCI salt was prepared in ethyl acetate: mp 209-210°C.
Elemental analysis for C,JH, N,»2HCI0.SH,0
Calc’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
. 8-(Piperazin-1-yl)-quinoline . _

To a solution of 8-(4-benzyl-piperazin-1-yl)quinoline (2.63 g, 8.7 mmol) in
methylene chloride (30 ml) was added vinyl chloroformate (1.1 mi, 13 mmol) at
room temperature slowly. 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
solvent was removed under vacuum, the.residue was dissolved in 1 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 m/e 213 (M)".

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

hydrogenated for 20 hours. The catalyst was filtered and the solvent removed under
vacuum. The residue was dissolved in ethyl acetate (100 m1), washed with IN 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 m/e 152 (M").

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

- 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 w1th methylene chlonde (3 x 60 ml) and washed with saturated

“sodium carbonate (8 x 150 ml). The orgamc layer was dried over anhydrous sodium

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

mp 48 50°C.
5 Elemental analysis for C,H,FNO
Calc’d: C, 54.83; H, 4.09; N, 7. 10
Found: C, 54.78; H, 3.93; N, 6.09
o L . INTERMEDIATE 11
10 o ' 6-Fluoro-8-aminochroman o
" A mixture of 6-fluoro-8-nitrochroman (14. 4 2) and 10% palladlum on carbon

2 g) in ethanol (160 m1) 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 167 (M').

15
INTERMEDIATE 12
1-Benzyl-4-(6-ﬂuoro-_ehroman-s-yl)-piperazine
A solution of 6-fluoro-8-aminochroman (1.24 g, 7.4 mmol) and bis(2-
chloroethyl)-benzylamine (2.58 g, 11 mmol) in butanol (20 ml) was stirred at 100°C

20  for 10 hours. The mixture was poured into saturated sodium carbonate (950 mi) and

extracted with ethyl acetate (3 x 60 ml). The organic layer was dried over anhydrous
sodium sulfate and filtered: Chromatography (20% ethyl acetate—hexanes) afforded
1.64 g (68%) of product as an oil; MS EI m/e 326 (M) - '

25 o INTERMEDIATE 13
| | 4-(6-Fluoro-chromau48?yl)-piperaiine
A mixture of -1-b’enzyl-4-(6-ﬂuoro-chroman-8-y1)-piperazine (164 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 refux 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 EI m/e 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 added 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
was poured into ice-water, extracted with ethyl acetate (3 x 150 ml), washed with IN
sodium hydfoxide (3 x 100 ml), and brine (3 x 100 ml). The organic layer was dried
over anhydrous sodium sulfate and filtered. The solvent was removed under vacuum.

Chromatography (25% ethy] acetate-hexanes) afforded 16.36 g (80%) of product as a
clear oil: MS EI m/e 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

mol). The mixture was stirred vigorously while being heated to reflux for 2.5 hours.
The reaction mixture was cooled 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: '"H NMR
(CDCl,) d 6.74 (dd, 1H, J = 2.0, 0.6 Hz), 7.01 (ud, 1H, J =9, 2.7 Hz), 7.25 (dd, 1H, J
=8.4,2.7Hz),7.43 (dd, 1H,T1=9,3.9 Hz), 7.65 (d, 1H, J = 1.8 Hz).

INTERMEDIATE 16
5-Fluoro-2,3-dihydrobenzofuran |
A solution of 5-fluorobenzofuran and 10% palladium on carbon in acetic acid
(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 Sequentialiy with 1IN NaOH (3 x 100 ml), .b.rihe 3 x 100
ml) and dried ovér anhydrous sodium sulfate and filtered. The solvent was removed
under vacuum to afforded 2.59 g (85%) of product as a clear oil: 'H NMR (300 MHz,
CDCL): § 3.12 (t, 2H, J = 8.7 Hz), 4.58 t2H,J= 87HZ),668 (dd, 1H, I 8.7,4.2
5 Hz),679(tm 1H, ¥ = 87Hz),689(dm 1H,J= 81Hz) '

INTERMEDIATE 17
. 5-Fluoro-7-mtro-2 3-d1hydrobenzofuran _
- A mixture of nitric amd (100%, 1.5ml, 36 mmol) in acetic anhydnde (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 10 ml acetic
anhydride at 10°C. The reaction mixture was stirred at room'temperature for 2 hours
_thén poured into ice-water. The mixture was extracted With methylene chloride (Bx
60 ml), washed with 1N sodium hydroxide (5 x 100 ml) and brine (200 ml). The
15 'orgahic layer was dried over anhydrtms sodium sulfate and filtered. The solvent was
removed under vacuum to afford a’yellow solid: mp 113-114°C.
Elemental analysis for CHNO,

Calc'd: C,52.47;H,3.30; N, 7.65
| Found: C. 52.40; H, 3.21; N, 7.39
20 S '
INTERMEDIATE 18

S-Fluoro-7-amino-2 3-d1hydrobenzofuran
A mixture of 5-fluoro-7-nitro-2, 3- dlhydrobenzofuran (2 65 g) and 10%
palladlum 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.
- Elemental analysis for C;HNO
Calc’d: C,62.74; H, 5.27; N, 9.15

30 - Found: 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-amino-2,3-dihydrobenzofuran (1.38 g, 9 mmol) and
bis(2-chloroethyl)-benzylamine (3.14 g, 14 mmol) in butanol (20 ml) was stirred at
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 C,;H, FN,0HCI+0.25H,0

Calc’d: C, 64.58:H, 6.42; N, 7.93
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 1benzyl-4-(5-fluoro-2,3-dihydro-benzofuran-7-yl)-piperazine .
(2.06 g, 6.6 mmol), 10%. palladium on carbon (0.6 g) and ammonium formate (0.83

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 1.10 g (75%) of
product as a yellow oil; MS El m/e 222 (M)".

INTERMEDIATE 21
Ethyl 7-nitrobenzofuran-2-carboxylate

A stirred mixture of 2-hydroxy-3-nitrobenzaldehyde (4.8 g, 59 mmol), diethyl
bromomalonate (16.8g, 71 mmol), potassium carbonate (12.1 g, 88 mmol) and N,N’-
terephthalylidenebis(4-butylaniline) (1.9g, 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
dried over anhydrous sodium sulfate and filtered. Chromatography (30% ethyl
acetate-hexanes) afforded a yellow solid: mp 86.5-87.5°C (lit': mp 88-89°C).
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INTERMEDIATE 22
: 7-N1trobenzofuran

To a suspensmn of ethyl 7-n1trobenzofuran-z-carboxylate in ethanol was -

L added 2N potassmm hydroxrde (6() ml) After being heated at reflux for 0.5 hour,
' 'the solution was cooled to room temperature and’ concentrated to half volume.

- Concentrated - hydrochlonc_ acid was added to the above mixture ‘and filtered. The

solid was washed with water and 'dired. under Vacuum' with phosphorous ‘pentoxide  *
ovem1ght The dned sohd was mlxed with quinoline (75 m1) and copper oxide (CuO,

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

INTERMEDIATE 23 v
' 7-Aminobenzofuran hydrochloride

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 was allowed -
to reflux for 2 hours. The Raney nickel was filtered off and the 'solution was
concentrated. The residue was dissolved in ethyl acetate and converted to its HC] salt
3.68 g (66%) (lit': mp 212-213°C). " '

INTERMEDIATE 24
1'-_-(7-Benzofurany'l)pipera‘zine

. 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. T he solvent was removed under Vacuum, the residue
was dissolved in 2.5 N sodium hydroxide-methylene chloride and extracted with -
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-(5-Fluoro-1H-3-indolyl)-cyclohex-3-enone
This compound was prepared in the manner described above for intermediate
3¢ by replacing 4-(5-fluoro-1H-3-indolyl)-cyclohexanone ethylene ketal with 4-(5-
fluoro-1H-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[4,5]dec-8-yl)-piperazine

A solution of 1,4-cyclohexanedione monoethylene ketal (4.68 g, 30 mmol), 1-
(2-methoxy-phenyl)piperazine (5.8 g, 30 mmol), sodium triacetoxyborohydride (9 g,
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 quenchéd with
IN 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

semi-solid.

: INTERMEDIATE 27
4-[4-(2-Methoxy-phenyl)-piperazin-1-yl]-cyclohexanone
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 1-(2-methoxy-
phenyl)-4-(1,4-dioxa-spiro[4,5]dec-8-yl)-piperazine (5.0 g, 15 mmol) to afford 4.0 g
(93%) of the title compound.
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INTERMEDIATE28
5-Fluoro-3-{4-[4-(2-methoxy-phenyl)-plperazm- -yl}
cyclohex-1-enyl}-1 H-mdole

This compound was prepared in the manner descrlbed above for intermediate’

1c by replacmg 14-cyclohexaned10ne monoethylene Ketal with 4-[4-(2-methoxy- |
: phenyl)-plperazm- -yl]-cyclohexanone (144 g, 5 mmol) The crude mixture ‘was

used in next step w1thout further puntlcatlon

INTERMEDIATE 29
5-Fluoro-3-{4-[4-(2-methoxy-phenyl)-piperazin-1-yl]
cyclohexyl)-1H-indole |
~ This compound was prepa_red'ih' the manner desoribed abm}e for intermediate
2¢ by replacing 4-(5-—ﬂuoro—lH-'3'-indolyl)—cYclohex-3—en— ethyléne ketal with 5-
fluoro-3- {4~[4—(2-methoxy-phenyl)-plperamn- -yl cyclohex-l-enyl} 1H-indole (2 0
g) to afford 1.77 g (84%) of product as a mixture of cis and trans isomer. C

INTERMEDIATE 30 _
4-(5-Fluoro-1-methyl-3-indolyl)-cyclohexanone
To a suspension of sodium hydride (60%, 0.18 g, 4.5 mmiol) in anhydrous N,
N-dimethylformamide (10 ml) was added 4-(5-fluoro-1H-indol-3-yl)-cyclohexanorie
(0.7 g, 3.0 mmol) at room tempe_fature.' The mixture was stirred for 0.5 hour, then'to
the above solution was added iodo'meth_ane (0.21'ml, 3.3 mmol) at room temperature.

The resulting mixture was stirred for another 0.5 hour and quenched with water. The

mixture was extracted with methylene chloride (3 x 50 ml) and the organic layer was
dried over anhydrous sodium sulfate and filtered. Chromatography (30% ethyl -
'acetate-hexanes) afforded () 35 g (46%) of product as a yellow oil: MS EI m/e 245

o).
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INTERMEDIATE 31
5-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 H,0, 22.47 mL). The reaction

mixture was heated at reflux 1 hour, then diluted with H,O (100 mL). The cooled
mixture was extracted with CH,CL, (2 x 300 mL) and the organic layers were
combined and washed again with H,O (500 mL), dried over Na,SO, and concentrated
yielding a bright orange solid which was recrystallized from EtOAc/Hexanes to give

- 10.96 (96%) of a tan solid mp 90-92 °C. -

Elemental Analysis for C;H,N,O,

Calc’d C, 54.86; H, 2.88, N; 23.99
~ Found C, 55.12; H, 3.05; N, 24.05.
. INTERMEDIATE 32

S - 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 mmol) 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
reaction mixture was heated at reflux 10 minutes and then poured into H,O (100 mL)
and jce. The aqueous solution was filtered and basified to pH >10 with 1 M NaOH,
and extracted in EtOAc ( 3 x 200 mL). The organic layers were combined, dried
over Na,SO,, and concentrated. The resulting oil was purified by column
chromatography
(40% EtOAc/Hexanes) yielding 2.03 g (61%) of an orange solid: mp 87-90°C.
Elemental Analysis for C;HN, '

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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' INTERMEDIATE 33
1-Benzyl-4A(quinexalin4yl)-piperazine

Toa soluuon of 5-am1no-qu1noxahne 2. 8 g, 19.3 mmol) in BuOH (50 mL)

was added bls(2-chloroethyl)-benzlyamme (8.42 g, 38.6 mmol) and Et,N (5 34 mL,

-5 38 6 mmol). The reacuon was snrred at 100°C overmght A second pOI‘thI'I of Et,N
_'(5 34 mL, 38.6 mmol) was added and the react:on stirred at 100°C an additional 24' '
hours. The cooled solutlon was ‘made alka]me w1th 2.5 N NaOH (500 mL) and
:extracted into EtOAc (3 x 200 mL). The organic fracnons were combmed dried
over NaZSOp concentrated and chromatographed (40% BtOAc/Hex) yleldmg 1 0 g

10 (17%) of a gold oil. ' ‘

INTERMEDIATE 34

5-(1-Piperazinyl)-quinoxaline .

) . To a room temperatnre solution of 1-benzyl-?l,-(quinox'alin-yl)—piperazine (1.0
- 15 g, 3.3 mmol) in anhydrous CH,Cl, under nitrogen was added vinyl chloroformate
' N S0 (034 mL, 3.9 mmol) drop wise. The reaction mixture was heated at reflux 2 hours.
_The reaction was cooled, concentrated to dryness and concentrated HCI @5 mL) and
1,4-dioxane (25 mL) were added. . The resulting solution was stirred at ambient
temperatmje overnight. The solution was basified with 2.5 N NaOH (300 mL) and

20  extracted into EtOAc (3 x 200 mL). The or_ganic layers 'wefe combined, dried over:
~ Na,SO,, concentrated and chromatographed (10% MeOHICHZCL_/NH,OH) to give

- 450 mg (64%) of an orange solid: mp 106-]08°C: MS (+) ESI m/e 215 [M+HJ".

INTERMEDIATE 35a

25 , '- o 5-(Trlfluoromethylsulfonyloxy)-qumolme

I A solunon of 5-hydroxy-guinoline @8 g, 55 mmol) and K,CO, (15.2 g, 110
mmol) in anhydrous pyridine (60:mL) under nitrogen was cooled to -20°C. Tf,0
(13.97 mL, 83 mmol)'was. added drop-wise via syringe. The reaction mixture was
stired 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 H,0 (200 mL)
and extracted in CH,Cl, (2 x 200 mL). The aqueous layer was acidified with 1 'N HCl
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(100 mL) and back extracted with CH,CL, (2 x 200 mL). The organic fractions wéi'e'
dried over Na,SO,, concentrated and purified by column chromatography (40%
EtOAc/Hexanes) affording 13.97 g (90%) of the product as a pink oil: MS EI m/e

277 (M)

INTERMEDIATE 35b _
5-(Trifluoromethylsulfonyloxy)-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
7.71 g (79%) of the title compound as a waxy beige solid: MS ESI m/e 278 (M").

- INTERMEDIATE 35¢
1-(Trifluoromethylsulfonyloxy)-isoquinoline
This compound was prepared in the manner described for Intermediate 35a by -

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

. -title compound as a clear oil: MS EI m/e 277 (M’).

INTERMEDIATE 36a
1-t-butyl-4-(5-Quinolinyl)piperazine carboxylate
To an oven-dried 100 mL flask was added Cs,CO, (19.87 g, 61 mmol),

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

flushed with N, for 10 minutes. A solution of S5-(trifluoromethylsulfonyloxy)-
quinoline (12 g, 43 mmol) and 1-z-butyl-4-piperazine carboxylate (9.67 g, 52 mmol)
in THF was then added slowly to the reaction flask. The reaction mixture was stirred
at room temperature for 0.5 h_oﬁr then at 65°C overnight. The resulting solution was

diluted with ether, filtered through a bed of celite, washed with Et,0 (50 mL) and

. EtOAc (50 mL). The organic fractions were combined, dried over Na,SO,, filtered,

and chromatographed 3 times (10% MeOH/CH,Cl,) yielding 1.57 g (12%) of pure
product as a beige solid: mp 116-118°C.
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“Elemental Anaiysi_s for C,H,N,0;; )
Calc’d C, 68.98; H, 7.40; N, 13.41
- Found . C,69.09;H,7.33; N, 13.08
INTERMEDIATE 36c

1-t-butyl-4-( l-ISOquindlinyl)piperazine éarboxylate
This compound was prepared in the manner ';dés'cribcd above for Intermediate

36a, repiading= 5-(triﬂuoromethylsulfonyloxy)—quinoline' with 1-(trifluoromethyl- -

- ulfonyloxy)-isoquinoline (9 g, 32.5 mmol) yielding 2.33 g (25%) of a waxy belge"

solid: mp 69-7 I'C.

- INTERMEDIATE 37a
 5-(1-Piperazinyl)-quinoline | |
sTo a solution of 1-r-butyl-4-(5-quinolinyl)piperazine carboxylate (1.57 g5

‘mmol) in CH,CL, (2 mL) at 0°C was added a pre-cooled, premixed, solution of TEA =~
(10 mL), CH,Cl, (20 mL) and MeOH (10 drops). The reaction was warmed slowly to

room temperature and allowed to stir overnight. The resulting solution - was
concentrated, dissolved in H,O (5 mL) and CH,CL, (5 mL) and made alkaline'Wiﬂm-
NaHCO, to pH 9. The agueous portion was extracted 6 x 100 mL 'EtOAc -and -
concentrated yielding 1.0 g ( 100%) of a yellow oil which sohd1f1ed upon standmg '

was not purified further.

INTERMEDIATE 37¢
' _1-(1-piperazinyl)-is‘oquinoliné _
This compound was pfepated in the same manner as intermediate 372
feplacing- l'l-t-'butyl-4-(S-quinoliny])piperazine "carboxy1ate  with  1-t-butyl-4-(1- ~
isoquinoliny}l) p1peraz1ne carboxylate (2.33 g, 7.4 mmol) affording 1.5 g (95 %) of a
beige solid: mp 127-130°C. ' '
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INTERMEDIATE 38a
6-Methoxy, 8-Amino-quinoline

To a hot suspension of 6-mcthoi_;y, 8-nitro-quinoline in 100 mL of a mixture of
ethanol: acetic acid : water ( 2 : 2:1) 3.0 g of iron powder were added in poftion_s.
The reaction was refluxed for about 2 1/2 hours, the mixture was cooled, filtered over
célite and b_asiﬁéd 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).

INTERMEDIATE 38b
8-Amino, 6-Chloro-quinoline
To a hot suspension of (0.800g) 6-chbloro, 8-nitro-quinoline in 25 mL of a
mixture of ethanol: acetic'acid swater (2:2:1) 0.5g of iron powder was added in
portions. The reaction was refluxed for about 1 1/2 hours, the mixture was cooled,
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 C, H, Cl N,
Calculated: C: 60.52; H:3.95; N : 15.68
- Found: C:60.82; H:3.77; N: 1596

INTERMEDIATE 39a
_ 6-Methoxy, 8-piperazino-quinoline

6-Methoxy, 8-amino-quinoline (8.2 g) and bis(chloroethyl)amine hydrohloride
(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/
CH,Cl,, 20% MeOH/ CH,Cl,, then 1% NH4OH / 80% MeOH / 19% CH,CL,, to give
1.5 g of the desired product. MS (ES) m/z (relative ihtensity): 244 (M+H-+, 100).
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' INTERMEDIATE 39b

- 6-Chloro-, 8-p1perazmo-Qumohne

- 8- ammo, 6-chloro-qumolme (0.980g ) and bls(chloroethyl)amme hydro- -~ -
~ - hloride (0. 980g) were taken in 13 mL chlorobenzene and heated at about 135°C with

vigorous stirring for 5 days. The reactlon was cooled taken 1n water and extracted

- with ether. The aquous phase is bas1ﬁed with sodtum carbonate and reextracted with -
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- 120°C for 2 1/2 days. The reaction was cooled, poured on water and the product was - - -
~ extracted with ethér, dried over magnesmm sulfate to give 0.480g of product MS

ether, dned and the sovent was removed to give 0. 400g of the title compound MS

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

INTERMEDIATE 39¢
' 5-Chloro-, 8-piperazino-quinoline
To a solution of 5-chloro,8-(triﬂuorometh’yl_Suifonyloxy)-quinolin‘e (1.0g) in
15 mL chlorobenzene excess piperazine (lr.Og)' was added. The _mixture was heated at

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

INTERMEDIATE 394
: ~ S-Fluoro, 8-p1perazmo-qumolme
To a solution of 5-Fluoro,8- (tnﬂuoromethylsulfonyloxy)-qumohne (lg) 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 o_rgan'ic.phase was washed with dilute NaOH, then

with water, dried and the solvent was removed. The product was chrOmétographed ch'
silica gel using 15% methanol '/ methylene c}iloride then 79:20:1 metha'nol :

methylene chloride : NH,OH to give 0.240g of product MS (ES) m/z (relatlve

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

8-piperazino-quinaldine
- To a solution of 8-(trifluoromethylsulfonyloxy)-quinaldine (7g} in 25 mL
chlorobeﬁzene, K,CO, (3.3g) and excess piperazine ( I0.0g) were added. The mixture
was heated at 130°C for 3 days. The reaction was cooled, poured on water and th_e
product was extracted with ethyl acetate, dried over magnesiur_n sulfate. The product

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

~79:20:1 methanol : methylene chloride : NH,OH to give 3.2g of product. MS (ES)

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

INTERMEDIATE 39f
~.6-MeO, 4-piperazino-quinoline
~ To a solution of 6-MeO, -4-(trifluoromethyl_sulfonyloxy)-.quinoline (2g) in 10

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

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

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

INTERMEDIATE 40b
5-Cl-8-(trifluoromethylsulfonyloxy)-quinoline _
To a suspension of 5-Chloro,8-hydroxy-quinoline (8.95g) in 100 mL CH,CL,

30 TEA is added (20 mL). The suspension dissolved, then cooled to -15°C. A solution of
| 21.1g of triflic anhydride in 50 mL of CH,Cl,, is added drop by drop with cooling.
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After complete addition, the reaction was stitred at -15 °C for 1 hour; The reaction was

diluted with CH,Cl,, washed with a solution of NaHCO,, then with water dried and the

solvent was removed to give 15.0 gr of produét mp 80-83°C. MS (ES) m/z (relative
 intensity): 312 (M+H+,100). Elemental analys1s for CIo H, CIF, NO, S

Calculated: C: 38, 54 H: 162 N:4.49 -
" Found:; C: 38.3, H: 1.73, N:4.5

INTERMEDIATE 40c
_ 5-Fluoro-8-(tnﬂuoromethylsulfonyloxy)-qumohne
To a cold soluuon (-15°C) of 5—F1uoro,8-hydroxy-qu1nohne (2.5g) in 20 mL -
CH,Cl,, TEA is added (6.3 mL). To the cold mixture a -sdlution of 6.5g of triflic

~ anhydride in 10 mL of CH,CL, is added drop by drop with cooling. After complete

addition, the reaction was stirred at 0°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 3. 4g of product. MS (ES) m/z (relatwe mtensny) 296 (M+H+ 100).-

INTERMEDIATE 40d
&(trlﬂuoromethylsulfonyloxy)-qulnaldme
To a cold solution (-15°C) ‘of 8-hydroxy-quinaldine (11.5g) in 50 mL CH,Cl,,

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

_in 50.mL of CH,Cl,, were added drop by drop with cooling. After completé 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 mtens:ty) 292 (M+H+)

INTERMEDIATE 41 |
6-MeO, 4-(trifluoromethylsulfonyloxy)-quinoline
To a cold solution (-15°C) of 6-Me0,44hydrdxy-quinoline (5g) in 30 mL
CH,CL,, TEA is added (12 mL). To the cold mixture a solution of 12g of triflic
anhydride in 15 mL of CHZClz, 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-methylquinoline (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
saturated aqueous NaHCO;. The aqueous layer was extracted with ethyl acetate (3 x
50 mL). The combined organic layers were washed with saturated aqueous NaHCO;
(50 mL) and brine (50 mL), then were dried over anhydrous sodium sulfate, filtered
and concentrated in vacuo. Excess 1-butanol was azeotroped with hexane (2 x 500
mL). Flash chromatography on 5.5 x 18 cm SiO; (25% EtOAc/hexane) afforded 1.15
g (36%) of a yellow oil, which crystallized on standing. Recrystallization from hexane
provided 0.898 g (28%) of mal);tically pure product as yellow crystals: mp 83-850C.
Elemental analysis for C2H;sN;O

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 1-benzyl-4-(6-
methoxy-2-methylquinolin-8-yl)piperazine, except subStituting 8-amino-6-methoxy-
3-methylquinoline (2.82 g, 15.0 mmol) for the 8-amino-6-methoxy-2-methyl-
quinoline. Flash chromatography on 6 x 20 cm SiO, (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 112-113°C. '
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Elemental analysis for C H,SN3
~Cale’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-methylqumolm-s-yl)plperazme '

A mixture of 8-am1no—6-methoxy-4—methquu1nohne 3.0 g, 15.9 mmol) N-.

benzyl-bls-dlchloroethane (11.1g, 48.0 mmol), tnethyl amine (4 8 g, 48 ‘mmol) and

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

2.5 N aqueous NaOH and extracted with ethyl ace_tate Bx 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 gel (5% methanol/ ethyl abetate)

provided 2.3 g (42%) of the. utle compound as a thick oil, which solidified upon
standmg mp 154-155°C. T
Elemental analysis for C,H,.,N,0

‘Cale’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 l-benzyl-4-(6-methoxy-z-methquumolm—8-yl)plperazme (0 527

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

methanol (10 mL) were heated at reflux under N, for 3 hours. TLC analysis (35%

EtOAc/hexane) indicated only a trace of starting mhter_ial .relnained._": After cooling to

room temperature, the reaction was filtered th‘rough celite, washing with excess
methanol. The filtrate was concentrated, diluted with CH,Cl, (50 mL), and washed
with saturated aqueous NaHCO;. The aqueous .Iayer was extracted with CH,Cl, (2 x
50 mL). The combined organic layers were dried over anhydrous soditim sulfate,
ﬁltered, and concentrated in vacuo to afford 0.37 g (95%) of the titlé compound as a

yellow oil, 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 cbmpoimd wé.s prepared by the same method used for the preparation
of 4-(6-methoxy-2-methylquinolin-8-yl)piperazine, except 1-benzyl-4~(6-methoxy-3-
methquuinolin-S-y])piperaziné (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.

INTERMEDIATE 43¢
4-(6-methoxy-4-methylquinolin-8-yl)piperazine

A mixture of 1-benzy]-4-(6-m§thoxy-4-mcthquuinolin-8-yl)piperazine 20 g,
5.76 mmol), Ihethylene chloride (50 mL) and vinjl chloroformate (0.8 mL, 8.64 mmol)
werg_réﬂuxed for 4 hours. The mixture was concentrated, then dissolved in a 1:1
mixture of dioxane /conc. 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 ofganic layers were washed with water (100 mL)
and brine (100 mL), then were driéd'over anhydrous sodium sulfate, filtered, and
concentrated to give 0.6 g (47%) of the title compound: mp 208-209°C.
Elemental analysis for C,;H,,N,0¢HCl+0.5 H,O

Calc’d: C, 59.50; H, 6.99; N, 13.88
Found: C, 59.44; H, 7.09; N, 13.57
INTERMEDIATE 44a

1-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 C,,H,,N,O
Calc’d: - C,76.05; H, 7.25; N, 12.09
Found: C,75.61; H, 7.35; N, 11.97
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, INTERMEDIATE 44b
1-benzyl-4- (6-methoxy-5-chloro-qumolm-s-yl)pnperazme
_ . Thls compound was prepared in a manner smﬂar to that used for 1-benzyl-4-- -
| 5 (6-methoxy-4~methquumolm-8-yl)p1perazme to nge 1 9 g (35%) of pure title
compound mp 138-140°C. X
Elemental analys1s for C, lH,,CIN 0

Clcd: - C,68.56;H, 603N, 1142
| ~ Found: C, 68.26; H, 5.98; N, 11.45
INTERMEDIATE 45a

4-(6-methoxy-5-methqumnolme-s-yl)plperamne

A mixture of methanol (15mL), 10% Pd/C (0. 12 g, 1- benzyl-4—(6—methoxy- e
S-methquumolm-8—yl)p1perazme 08g,23 mmol), and afnmomum formate (0.88 g

15  13.9 mmol) were refluxed for 45 minutes. The reaction mlxture 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
| NaZSO4, 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-S-chloro-quinolin-s-yl)piperazine
“ This compound was prepared in a manner as similar to that used 4-(6-
25 methoxy-S-methy]qumolme-s-yl)plperazme to give 048 g (68%) of pure title ~
compound as a thick oil. MS (ES) n/z: 278 (M+H+) |

| INTERMEDIATE 46
'5-Bromo-6-methoxy-quinoline
30 To a solution of 6-meth'oxyquinolihe (5 g, 31.4 mmol) in acetic acid (50 mL) K

was slowly added Br, 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 Na,SO,, concentrated,
and purified by column chromatography (5% MeOH/CH,C],) affording 4.39 g of the
title compound as the acetate salt. The free base was prepared by washing the salt
with 1 N NaOH (50 mL) and H,0 (100 mL) and extracting into CH,CL, (200 mL).
The organic fractions were concentrated affording 3.89 'g (52%) of the title
compound as a pink solid.

Elemental analysis for C,,H,BrNO

Calc’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-mtrophenylannne

"Toa sohmon 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 H,O (1000 mL) and
stirred for 15 minutes. The resulting orange slurry was filtered and washed with H,0
(300 mL) affording a 20.26 g (93%) of the title compound as a bright orange solid.
Elemental analysis for CHBIN,O,

Calc’d: C,33.21; H, 2.32; N, 1291

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 H,SO, (50 mL) to an 250 mL -
flask containing H,0 (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
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
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H,O (200 mL). and extraéted into 50% MeOH/EtOAc '(2 x 200 mL), dried over -
Na,SO, and concentrated - The resulting brown sohd was mturated with EtOH and

filtered affording 3.8 g (33%) of a pink solid: mp 172—174 C.

Elemental analysis for C,HsBrN 0, .
 Calcd: - C,42.72;H,1.99 N, 11.07
‘Found:  C,42.69;H,1.85N,11.01

Ref: Mantash Chem EN 1994, 125p. 723-730

INTERMEDIATE 49
| '6-Bromo-8-amino-quinoline _
To a soluﬁon of 6'.bromo'-.8-ni't;o-cju'inoline (4 g 158 mmol) in
EtOH/HOAC/H,0 (50 mL/50mL/25mL) was added iron metal (3.18 g, 5.69 mmol).
The resulting solution was heated at reﬂu_x' for 3 hours. The cooled reaction mixture
was neutj‘alized with 2.5 N NaOH, -filteted-'t_hrqugﬁ celite to remove iron solids and
washed with EtOAc. The eluent was extracted into EtOAc (3 x 200 mL), combined,

.dried over NazSO -and concentrated. . The, resuiting oil was puriﬁed by column

chromatography (40% EtOAc/hexanes) aftordmg 3.19 g (91%) of a yellow solid: mp

- 142-145°C.

~ Elemental analysis for C;H,BIN, _
Calc’d: ~  C,4846;H,3.16;N, 1256 - -
Found: ~ C,48.04;H,293;N,1236
INTERMEDIATE 50

8-(4-benzyl-piperazih-l-yl)-ﬁ-bromo-q_uinoliné
“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
EiOAc. The resulting organic phases were dried over 'NzgS(.),1 and concentrated. To

this flask was added 6-bromo-8-amino-quinoline (2.15 g',' 9.6 mmOI),' n-‘BﬁOH (100

mL), and EtN (4 mL, 28.9 mmol). The resuiting’ reaction mixture was stirred at

1100°C overnight. TLC analysis showed starting amine was still present, therefore an

additional portion of bis(2~chloroethyl)-behzylamine hydrochloride (5 g) was added.
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The reaction was he_ated an additional 72 hours. The cooled reaction mixture was
quenched with 1 M NaOH (200 mL) and extracted into EtOAc (3 x 200 mL). The
organic fractions were combined, dried over Na,SO,, and concentrated. The resulting
gold oil was purified three times by column chromatography (40% EtOAc/hexanes)
affording 1.2 g (33%) of a viscous orange oil which solidified upon standing: mp 65-
68°C, MS (+) APCI m/z 382 [M+H]".

Elemental analysis for C,H,,BrN,+0.75H,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-1-yl)-6-bromo-quinoline (1.6 g, 4.2
mn__lol) in dichloroethane (50 ml;) under ;a N, atmosphere was added
chloroethylchloroformate (1.26 mL, 12.6 mmol) and the reaction mixture was heated
at 80°C for 4 hours, and at ambient temperauré 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 H,0 and extracted into CH,Cl, (2 x 100 mL) and EtOAc (100 mL). The organic
20 .

fractions were combined, dried over Na,SO,, and left in EtOAc overnight. The

organic layer was concentrated and purified by column chromatography

(10%MeOH/CH,CL,+NH,OH) affording 1.03 g (84%) of a brown foam. MS (+)
APCI m/z 292 [M+H]". '

INTERMEDIJATE 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
basified with 2.5 N NaOH (800 mL) and extracted into EtOAc (2 x 300 mL). The

organic fractions were combined, dried over Na, SO, and purified by column -
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chromatography (50% EtOA_c/héxlaﬁe_) to afford 2.71 g (32%) of the title compound -

| as a white solid: mp discolors above 100°C, MS (-) ESI m/z 189 [M-HI.

INTERMEDIATE 53
6-Ethoxy-8-mtro-qumolme
A solutlon of 6-hydroxy-8-n1tro-qumohne (2.5 g, 13.2 mmol), ethylbromlde:
(1.08 mL, 14.5 mmol), and K,CO, “ g 264 mmol) in DMF (50 mL) under a

. mtrogen atmosphere was heated at 40°C for 5 hours. The cooled reaction 'mixture

was poured into H,0 (200 mL) and extracted into BtOAc (2x200 mL) The orgamc
fractions were comblned ~dried over Na SO and concentrated. The resulting beige
solid was triturated with 40% EtOAc/hexane -to give 2.46 g (85%) of the title -
compound as beige crystals. ' o '
Elemental analysis for C, H,N,0,

Calc’d: C, 60.55;H,4.62; N, 12.84 , : 2
Found:  C,60.15; H, 4.50; N, 12.75 o
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 (1g3 mmol)'
in HOAc¢ (100 mL) was hydrogenated over PtO (300 mg) at 40 psi ovennght The:
reaction mixture was filtered through a pad of cehte and was washed with EtOAc (50

| mL) The filtrate was coricentrated. The resulting gold oil was purified by column |
- chromatography ( 10%MeOH/CH,C1,+NH,OH) affordmg 330 mg (45%) of a viscous ©

gold oil. An ana]ynca] sample was prepared as the HCI salt from EtOAc. MS EI m/z
247 M. '
Ref: J. Chem Soc PerkmsI 1980 p. 1933-1939

INTERMEDIATE 55
[1,6]naphthyridine
A ‘sulfuric acid solution was prepared by adding H,SO, (100 mL) to HzO 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 CI-I_=C12 (3 x 200 mL). The organic fractions were combined,
dried over Na,SO, and concentrated. The resulting oil was purified by column
chromatography (5% MeOH/CH,CI,) affording 5.04 g (36%) as a dark orange oil.
An analytical sample was prepared as the HCI salt from EtOAc yxeldmg an orange
low melting solid. MS EI m/z 130 M".

Ref: Chem Pharm Bull. 1971, 19, 9, p. 1751-1755

INTERMEDIATE 56
8-Bromo-[1,6]-naphthyridine
To a stirred solution of [1, 6]-naphthyndme (4.73 g, 36.4 mmol) in CCl, (200
mL) was added Br, (2.25 mL, 43.7 mmol) in CCl, (35 mL) dropwise via art addition
funnel. The resulting solution was heated at reflux for 1 hour. Pyridine (2.94 mL,
36.4 mmol) in CCl, (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 CH,Cl, (2 x 200 mL), and the organic fractions were combined, dried
over Na, SO, and concentrated. - The resulting oil was purified by column
chromatography (10% EtOAc/CH,C),) affording 2.03 g (27%) of the title compound
as yellow crystals: mp 79-81°C. '
Elemental analysis for C;H,BrN,

Calc’d: C,45.97; H,2.41; N, 13.40

Found: C,45.72; H, 2.34; N, 13.36

Ref: JOC 1968, 33, 4, p. 1384-1387

INTERMEDIATE 57
8-piperazin-1-yl-[1,6]-naphthyridine
To an oven-dried 100 mL flask under a nitrogen atmosphere was added 8-
bromo-[1,6}-naphthyridine (1.3 g, 6.2 mmol), piperazine (3.21 g, 37.3 mmol), and
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sodium z-butoxide (90() mg, 9.33 mmoi). The solids were suspended in anhydrous o-

. xylenes (40 mL), and Pd(dba) (285 mg, 5 mol%) and P(+-Bu), (0.31 mL, 1.24 mmol)
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'_ were added. The reaction mixture was heated at 120°C for 3 hours.  The cooled

- reaction mixture was 'poured'into H,0 (100 mL) and extrac&d' into EtOA¢ (1 x 100

mL) and CH,C], (2 x 100 mL). " ‘The organic fractions were combined, dried over

: Na,SO,,, concentrated and the resultmg oil was chromatographed (10%

MeOH/CHzCl +NH,OH) affording 470 mg (35%) of the title compound as a dark
gold oil. An analyncal sample was prepared as the HCI salt from EtOAc giving a’

' _brown solid: mp decomposes abové 200 °C. MS +) APCI m/z 215 [M+H]
. Ref: Tet. Lett. 1998, 39, p. 617-620 |

INTERMEDIATE 58
4-(6-Me_thylamino;quinolin-s-y!)-'-piperaz'ine-l-calfboxylic acid ethyl ester
. To an ov‘en-dried 25 mL round bottom ﬂaslt was ddded Cs,CO, (1.55 g,"4 76
mmol), BINAP (300 mg, 3 mol%) Pd(OAc)2 (100 mg, 3 mol%) and kept -under

‘vacuum overnight. To this reaction vessel under a mtrogen atmosphere was added 8-

.' (4_-benzyl-p1perazm- -yl)-6-bromo-quinoline (1.3 g, 3.4 ‘mmol), anhydrou_s toluene

(12 mL) and benzylmethylamine (0;53'mL, ‘4.1 mmol). The reaction mixture was
heated at 100°C overnight: The cooled reaction mixture was diluted with Et,0 (15
mL), filtered to remove solids, washed with EtOAc (10 mL) and concentrated. - Tﬁe :
resulting oil was purified ‘by columni chromatography (40% EtOAc/hexane) affording
830 mg (59%) of benzyl- [8 (4~benzy1-p1perazm— -yD- qu1nohn-6-yl]—methyamme as

an orange foam.

To a solution of benzyl-['8-(44benzyl-piperazin—]-yl)-'quinolin-6;y1]#
methyamine (800 mg, 1.89 mmol) in anhydrous CI-I.,CIz (100 mL)_ was added vinyl
chloroformate (0.48 mL, 5.68 mmol) and heated at feflux overnight. ' A second
aliquot of vinyl chloroformate (0.48 mL) was added and the reaction refluxed an

‘additional 24 hours. The_cooled reaction mixture was diluted with H,0 (50 mL) and

extracted into CH,CL, (2 x 50 mL). The combined organic phases were dried over
Na,SO,, 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 (1'50'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

reaction refluxed for an additional 72 hours. The cooled reaction mixture was

filtered through a pad of celite and washed with EtOAc (200 mL), concentratéd and
purified by column chromatography (10% MeOH/CH,Cl,) 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 m/z 315
[M+H]. -

INTERMEDIATE 59
4-methoxy-2,6-dinitro-phenylamine
_ To a stirred solution of HNO, (65 mL') was added 4-methoxy-2-nitro-
phenylamine (15. g, 89.3 mmol). The reaction mixture was stirred at room
temperature overnight. The dark red precipitate was filtered and washed with H,0
(400 mL) affording 10.01 g (53%) of the title compound. |

INTERMEDIATE 60
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 H,
uptake had ceased, the reaction was filtered through a pad of celite and washed with
EtOAc (50 mL) and concentrated. Glyoxal (8 ml, 704 mmol) and EtOH (50 mL)
were immediately added and the reaction was heated at reflux for 2 hours. The
cooled reaction was diluted with H,O (50 mL) and extracted into CH,CL, (3 x 100 _
mL). The organic phases were combined, dried over NaSO,, filtered and

concentrated. The resulting oil was purified by column chromatography (10%

‘MeOH/CH,CL) affording 430 mg (10%) as a red oil. An analytical sample was
_prepared as the HCI salt from EtOAc affording a red solid. '
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INTERMEDIATE 61

~ (1-Oxy-pyridin-3-yl)-acetonitrile - -
" A solution of 3-pyridylacetonitrile (11 g,_93.1 mmol), HOAc (55 mL), and

5 30% H,0, (17 m'L_)':was heated at 95°C overnight, and at room temperature for 72
“hours. H,0 (50 mL)-waS-added to the reaction mixture and the resulting solution was
.concéntr_ated.- This was repééted -With zfdditional H,O (100 mL); Toluene (2 x 100
~mL) was used to remove residual H,0, and the resulting white solid was dried under
vacuum ovemlght affording a waxy white solid: ‘mp 120-125 °C; MS (+) APCI m/z o
10 135 [M+H]". ' '
Ref: JACS 1959, 81 p. 740-743

-INTERMEDIATE 62
L 3-Cyanomethyl-pyndme-2-carbomtnle _
15 To a suspension of (1-oxy-pyndm-s-yl)-acetomtnle (10 g, 75 mmol) .in

| anhydrous CH,Cl, under a nitrogen atmosphere wés'added- trimethylsilylcyanide
(10.95 mL, 82 mmol) and dimethylcarbamoylchloride (7.55 mL, 82 mmol). The
reaction mixture was stirred at room temperature for 72 hburs and then concentrated.
EtOAc (100 mL) was added to the residue and the organic phase was Washéd with 1
20 M NaOH (150 mL), dried over Na,SO,, filtered and concentrated The resulting solid
was purified by column chromatography (50% EtOAc/hexanes) affording 7 08 g
| (66%) of a yellow solid: mp 48-51°C; MS (+) APCI m/z 144 [M+H]".

lRef wo 9818796

25 . - INTERMEDIATE 63
' 6-Methoxy-[1 7]naphthyrldin-8-ylannne
. To an oven-dried 250 ‘mL flask under a nitrogen atmosphei'e was added
‘anhydrous MeOH (200' mL). Na metal (1.07 g, 44 mmol) was weighed to a stall
beaker containing hexane and then transferred to the reaction vessel. After
30 diséo‘lution of the sodium, 3-cyanomethyl-pyridine-2-carbonitrile (5.3 g, 37 mmol)
dissolved in anhydrous MeOH (IOImL) 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 'C'H,C_l2
(2 x 200 mL). The organic phases were combined, dried over Na,SO,, filtered,
concentrated and unsuccessfully chromatographed (2% MeOH/CH.CL,). 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 mpther liquor was re-
chromatographed (50% EtOAc/hexanes) to afford an additional 560 mg (9%) of
product: mp decomposes above 110 °C; MS (+) APCI m/z 176 [M+H]".
Ref: Tet. Lett. 1975 p. 173-174
10
- INTERMEDIATE 64
6-Methoxy-8-piperazin-1-yl-[1,7Jnaphthyridine
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 EtN (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 H,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 Na,SO,,
filtered and concentrated. The resulting oil was purified twice by column
chromatography (10% MeOH/CHz(.le) affording a dark gold 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% MeOH/CH,C1L,+NH,OH) 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-1-yl-1,3-dihydro-benzoimidazol-2-one
30 To asolution of 4-(4-benzylpiperazin-1-yl)-1,3-dihydro-benzoimidazol-2-one

(1 g. 3.2 mmol) in anhydrous CH,CL, (50 mL) was added vinyl chioroformate (0.41
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: -mL 4.87 mmol) under a nltrogen atmosphere The reactlon mixture was heated at
: reﬂux for 2 hours, and then a second ahquot of vinyl chloroformate (0.41 mL) was
added. The reaction was refluxed an additional 3 hours. The cooled reactron mixtire
© was concentrated and dloxan (25 'mL) and conc. HCI (25 mL) were added to the

: residue. The resulting solution was stirred at room temperature for 72 hours. The

reaction was basicified with 2.5 N NaOH (300 mL) and extracted in MeOH/EtOAc (04
x 200 mL). The organic fractrons were comblned dned- over Na250 and

concentrated and the resulting oil puntled by column chromatography affordmg 393

| mg (46%) as the oxalate salt. MS (+) ESIm/z 219 [M+H]

INTERMEDIATE 66
_6-Methoxy-1H-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-dimethylformamide was added N,N-dimethyformamide dimethyl
-acetal (6.16 mL, 45 mmol) and pyrrolidine (1.3 mL, 15 mmol). The reaction mixture

was heated at 120°C until TLC 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 'diss_olved in dry benzene and
hydrogenated at 50 psi with 10% Pd/C (0.1 g) for 4 hours. The catalyst was filtered
off and the solvent removed under vacuum. Chromatography (25 % ethyl

acetatelhexane) afforded 1 0 g (40%) of the desired product asa yellow solid: mp
83-86 °C; MS EI m/e 162. ' '

INTERMEDIATE 67
4-(4-Benzyl-_p_iperazin-lhyl)-6-methoxy-iH-indolé
. A solution of 6-methoxy-1H-indol-4-ylamine (0.76 g, 4.7 mmol) and bis(2-
chloroethyl)-ben'zylamine (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

‘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 + H)'m/e 322.

INTERMEDIATE 68
6-Methoxy-4-piperazin-1-yl-1H-indole
A mixture of 4-(4-benzyl-piperazin-1-yl)-6-methoxy-1H-indole (0.37 g, 1.1
mmol), 10% Pd/C (0.05 g) and ammonium formate (0.15 g, 22 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

ammonium hydroxide) afforded 0.2 g (75%) of product as a yelldw foam. MS (EI)

~ m/e 231.

EXAMPLE 1a

_ 3-[cis-4-[4-(1H-Indol-4-yI)-l-piperazinyi]cyclohexyl]-lH-indole

A solution of 4-(1H-indol-3-yl)-cyclohexanone (0.53 g,2.5 mmol), 1-(indol-4-
yDpiperazine (0.5g, 2.5 thmol), 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 chioride (3 x 60 ml), and washed with
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 N, HCl

Calc’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 1b-
' 3-[trans-4-[4-(1H-mdol-4-yl)-l-plperazmyl]
cyclohexyl]- H-indole
The trans compound was isolated at the same time as the cis 1somer in21%
yield (0.21 g) as a white solid: mp 105- 107°C

~The HCI salt was prepared in ethyl acetate: mp 305°C (decomposed)
: Elemental analys1s for C,;H,,N,*HCl '

© Cale’d: - - C6825H738N1225
Found: - C,68.12:H, 7.16; N, 11.93
EXAMPLE 2a

4-Fluoro-3-[cis-4-[4-(1H-indol-4-yl)-l-piperazinyI]

~ cyclohexyl]-1H-indole
A so]unon of 4-(4-fluoro-1H-indol-3-yl)- cyclohexanbne (0.88 g, 3.8 mmol), -
1-(ihd01-4~yl)p1peranne (0.7 g, 3.5 mmol), sodium ltnacetoxyborohydnde (1.1g 52

_ -mm_oI_) and acetic acid (0.4 ml, 7 mmol) in 1,2-dichloroethane (20 ml) was allowed to -

stir at room temperature overnight. The reaction was quenched with 1N sodium -
hydroxide (10 ml), extracted with methylene chloride (3 x 60 m)), and washed with -

~ brine (3 x 60 ml). The organic layer was dried over anhydrous sodium sulfate and

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 C;H, FN,sHCI*0.25H,0 =~

Calc’d: - C,68.26;H,6.72; N, 12.25
Found: C,68.16; H, 6.74; N, 12.04
EXAMPLE 2b

4-Fluoro-3-[trans-4-[4-(1H-indol-4-yI)-1 -plperazmyl]
cyclohexyl]-1H-indole
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 HCI salt was prepared in ethanol: mp 297-299°C.
Elemental analysis for C,H,,FN,*HCI*H,0

Calc’d: C, 66.30; H, 6.85; N, 11.90
Found: C, 66.17; H, 6.51; N, 11.70
- EXAMPLE 3a _
5-Fluoro-3-{cis-4-[4-(1H-indol-4-yl)-1-piperazinyl]
cyclbhexyl]-lH-indole

This compound was prepared in the manner described above for Example 2
by replacing 4—(4-ﬂuoro-1H—indol-3-ynl)-cyclohexanone with 4-(5-fluoro-1H-indol-3-
yD-cyclohexanone (0.56 g, 2.5 mmol) to afford 0.54 g (52%) of produci as a white
solid: mp 108-110°C. | )

The HCI salt was prepared in ethyl acetate: mp 215-217°C.
Elemémal analysis for C,;H,.FN ,‘-HCI-();36C,H,,02 '

Calc’d: C, 67.37;H, 6.88; N, 11.45
Found: C,67.18;H,6.72; N, 11.18
EXAMPLE 3b

5-Fluoro-3-[trans-4-{4-(1H-indol-4-y})-1-piperazinyl]
cyclohexyl}-1H-indole
The trans compound was isolated at the same time as the cis isomer in 30%
yield (0.31 £) as a white solid: mp 112-114°C. |
The HC1 salt was prepared in ethanol: mp 280°C (decomposed).
Elemental analysis for C,.H,,FN, +HCI

-Calc’d: C, 66.81; H, 6.81; N, 11.99
Found: C, 66.44; H, 6.66; N, 11.74
EXAMPLE 4a
6-Fluoro-3-[cis-4-[4-(1H-indol-4-yl)-1-piperazinyl]
cyclohexyl]-1H-indole

This compound prepared in the manner described above for Example 2 by

replacing was 4-(4-fluoro-1H-indol-3-yl)-cyclohexanone with 4-(6-fluoro-1H-indol-
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3-y1)-cyclohexanone (1. 15 g, 50 mmol) to afford 1.06 g (51%) of product as a white .
foam.

The HCI salt was prepared in ethanol: mp 250—252°C (decomposed)
Elemental analysis for C,;H,/FN, *HCl

Calc’d: C6737H688N 1145
Found: C,67.18; H, 6.72; N, 11.18
EXAMPLE 4b

6-Fluoro-3-[trans-4-[4-(1H-indol-4-yl)-l-plperamnyI]
cyclohexyl]-lH-mdoIe
The trans compound was isolated at the same time as the cis 1somer in 27%
y1e1d (0.55 g) as a whlte foam
The HCl salt was prepared in ethanol: mp 319—320°C (decomposed)
Elemental analysis for C,;H,, FN HCl

Calc’d: C6681H681N1199
Found: C, 66.44; H, 6.66; N, 11.74
- EXAMPLE S5a -

5-Bromo-3-[c1s-4-[4-(1H-mdol-4-yl)-l-plperazmyl]
. cyclohexyl]- IH-mdole

This compound was prepared in the manner descnbed above for Example 2

| by r'eplacmg 4-(4-fluoro-1H-indol-3-yl)-cyclohexanone with 4—(5-bromo-1H—mdol-3-
_ y)-cyclohexanone (0.75 g, 2.5 mmol) to afford 0.81 g (68%) of product. '
- The HCI salt was prepared in ethyl acetate: mp 276°C.

Elemental analysis for C“H,,BrN *HCl1.
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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EXAMPLESb -
5-Bromo-3-{trans-4-[4-(1H-indol-4-yl)-1-piperazinyl]
cyclohexyl]-1H-indole

The trans compound was isolated at the same time as the cis isomer in 24%
yield (0.29 g).
The HCI salt was prepared in ethyl acetate: mp >300°C.
Elemental analysis for C,;H,,BrN,*HCI]

Calc’a: C, 60.75; H, 5.88; N, 10.90
Found: C, 60.38; H, 5.89; N, 10.61
EXAMPLE 6a

5-Chloro-3-[cis-4-[4-(1H-indol-4-yl)-1-piperazinyl]
cycloh_exyl]-lH-indple

A solution of 4-(5-chloro-1H-indol=3-yl)-cyclohexanone (0.78 g, 3.1 mmol),
1~(indol-4-yl)piperazine (0.6 g, 3 mmol), sodium triacetoxyborohydﬁde (095,45
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 1N 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
filtered. Chromatography (5% methanol-ethyl acetate) afforded 0.84 g (65%) of
product as a white foam. ]
The HCI salt was prepared in ethanol: mp 283-285°C.
Elemental analysis for C,;H,,CIN *HCI*0.25H,0

Calc’d: C, 65.46; H, 6.69; N, 11.45
Found: C, 65.14;H, 6.73; N, 11.33
EXAMPLE 6b
5-Chloro-3-[trans-4-[4-(1H-indol-4-yl)-1-piperazinyl]
cyclohexyl}-1H-indole

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 HC] salt was prepared in ethanol: mp 314-315.5°C.
Elemental analysis for C,JH,,CIN,sHCI*0.25H,0

Calc’d: C, 65.65; H, 6.60; N, 11.62
Found:' C, 65.50; H, 6.50; N, 11.30.
EXAMPLE 7a
3-{4-[(1 4-us)-4-(1H-mdo|-4-yl)-plperazmyl l-yl]cyclohexyl}
-lH-mdole-S-carbomtnle

ThlS compound was prepared in the manner described above for Example 2~

'-by replacing 4-(4-fluoro-1H-indol- -3-yD-cyclohexanone with 4—(5 cyano—]H—mdol-3— -
yD)-cyclohexanone (0.71 g, 3.0 mmol) to afford 0.38 g (30%) of product. -
- The HCl salt was prepared in ethyl acetate: mp 216-218°C.
Elemental analysis for C, ,-,N,-HC1-0.33C4H802

~ Cale’d: C. 66.25; H, 6.94; N, 13.64
‘Found: C, 66.05; H, 6.54; N, 13.28
EXAMPLE 7b

3-{4-{(1, 4-trans)-4-(1H-mdol-4-yl)-plperazmyl-l-yl]cyclohexyl)
-1H-indole-5-carbonitrile _
The trans compound was isolated at the same time as the cis isomer in 25%
yield (0.32 g). . ' '
The HCI salt was prepared in ethyl acetate; mp >310°C
Elemental analysis for C,,H,,N; HCI N
Calc’d: C6848H67l N1479 -

Found: C, 68.43; H, 6.54; N, 14.63
‘EXAMPLE 8a

. 5-Methoxy-3-[cis-4-[4-(1H-indol-4-y])-1-piperazinyl]
cyclohexyl]-1H-indole |
A solution of 4-(5-methoxy-1H-indol-3-yl)-cyclohexanone (1.2 g, 5 mmol),
1-(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 1IN sodium
hydroxide (10 ml), extracted wiih methylene chloride (3 x 60 ml) and washed with
brine (3 x 60 ml). The organic layer was dried over anhydrous sodium sulfate and
filtered. Chromatography (2.5% methanol-ethyl acetate) afforded 1.18 g (55%) of
product as a white solid: mp 105-108°C. '

The HCI salt was prepared in ethyl acetate: mp 283-285°C.

Elemental analysis for C,;H,,N,O*HCl+0.5H,0

Calc’d: - C,68.55;H,7.03; N, 11.85
Found: C, 68.86;H, 7.29; N, 11.76
EXAMPLE 8b
S-Methoxy-3-| trans-4-[4-(1H-indol-4-yl)-1-piperazinyl]
» : cyclohexyl]-1H-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 194-196°C.
Elemental analysis for C,,H,,N,0-HCI*1.5H,0

Calc’d: = C,66.65;H,7.15; N, 11.52
Found: C, 66.65; H, 7.06; N, 11.44 -
EXAMPLE 9a
3-[cis-4-[4-(IH-_Indol-4-y|)-lapipérazinyl]cyclohexyl]
-2-methyl-1H-indole

A solution of 4-(1H-indol-3-yl)-cyclohexanone (1.44 g, 6.33 mmol), 1-(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-dichioroethane (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
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 méthylene 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%) of product as a white solid: mp 279-280°C.

The HCI salt was prepared in ethanol: - mp 200-203°C
Elemental analysis for C H,,N22HCl - _
Cale'd:. - G 64.99; H 7.17; N 1r.23

Found: C, 65.05; H, 7.07; N, 11.23
EXAMPLE 9%
3-[trans-4-[4-(1H-Indol-4-yl)-1-plperazmyl]cyclohexyl]
-2-methyl-1H-mdole

The trans compound was isolated at the same time as the cis isomer in 25 7%
yield (0. 67 g) as a white foam.
The HCl salt was prepared in ethanol: mp >310°C.
Elemental analysis for C,H, N,+2HCI |

Calc’d: C, 66.80; H, 7.06; N, 11.54 -

Found:  C,66.84H,68%N,11.37
'EXAMPLE 10a -
3-{(1,4-cis)-4-[4-(1H-Indole-4-_yl)-piperazin-l-yl]-cyclohexyl}-lH-pyrrolO[2,3-
- b]pyridine

 This compound Wa_s.prepafed in the manner described above for Eﬁcampie 2
by replacing 4-(5—ﬂuoro-1H-indol-3_-y1)-cyclohexanone with 4-(1H-3-pyrrolo[2,3-
b]pyridyl)-cyclohexanone (1.52 g, 7.1 mmol) in 27 % (0.79 g) yield as a white solid.
*The HCI salt was prepared in ethanol: mp >250°C (dec.) | S
Elemental ana1y31s for C H,,N *3HC1

Calc’d: C, 58.49; H, 6.38; N, 13.64

Found: C,58.47;H, 6.52; N, 12.91
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EXAMPLE 10b
3-{(1,4-trans)-4-[4-(1H-Indole-4-yl)-piperazin-1-yl}-cyclohexyl}-1H-pyrrolo[2,3-
blpyridine

~ The trans compound was isolated at the same time as the cis isomer in 9 %
yield (0.26 g) as a white solid: mp >228°C.
The HCI salt was prepared in ethanol: mp >250°C (dec.)

- Elemental analysis for C,;H,,N,*3HCl]

- Calc’d: C, 56.50; H, 6.54; N, 13.18
~ Found: C,56.45;H, 6.63; N,.12.98
EXAMPLE 11

6-Fluoro-1-methyl-3-{cis-4-[4-(1-methyl-1H-ind0l-4-yl)-1-
piperazinyl]cyclohexyl}-I_H-indole

To a solution of 3-[cis-4-[4-(1H-indol-4-yl)-1-piperazinyl] cyclohexyl]-1H-
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 mi). The organic
layer was dried over anhydrous magnesium sulfate and filtered. Chromatography
(20% acetone-hexanes) afforded 0.93 g (55%) of product as an oil which was heated
in ethanol to afford a white solid: mp 188-190°C. B
The HCI] salt was prepared in ethanol: mp 253-254°C.
Elemental analysis for C,;H,,N,F*HCI*0.5H,0

Calc’d: C, 68.62; H, 7.20; N, 11.43

Found: C, 68.98; H, 6.80; N, 11.47
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" EXAMPLE 12a

_ 3-{(1,4-c1s)-4-[4-(1H-mdol-4-yl)-p1perazm-l-yl]-cyclohexyl} l-methyl -1H-indole- -

5-carbomtrlle

A solutlon of 4-(5-cyano-l-methy1 3-mdolyl)-cyclohexanone 0. 75 g, 3 -

mmol), 1- (mdol-4—yl)p1perazme (0.6 g, 3 mmol), sodlum tnacetoxyborohydnde (0.95.-
g, 4. 5 mmol) and acetic’ acid (0 34 ml, 6. mmol) inl 2—d1chloroethane (20 ml) was
allowed to stir at room temperature overmght “The reaction was quenched with 1IN
sodium hydroxide (10 ml), extracted with methylene chlonde (3x 60 mil) and washed

with brine (3 x 60 ml). The orgamc layer was dried over anhydrous sodium sulfate

and filtered. Chromatography (10% methanol-ethyl acetate) afforded 0.73 g (56%)

of product as a white solid: mp 274-275°C.
The HCIl salt was prepared in ethyl acetate: mp 285. 5-288°C.
Elemental analysis for C,;H, N, 2HC1°H20

Calc’d: - C, 6835 H, 6.97; N, 14.23
- Found: C, 68.51; H, 6.65; N, 14.06.
" EXAMPLE 12b
3-{(1, 4-trans)-4-{4-(lH-mdol-4-yl)-piperazin-l-yl]-cyclohexyl)-l-methyl-lH- S
indole-5-carbonitrile

_ The trans compound was isolated at the same tlme as the cis isomer in 33%
yield (0.42 g) as a white solid: mp 239-240°C.

- The HCI salt was prepared in ethy] acetate: mp 286 288°C

Elemental _analys1s for C,H,,N,*2HCI+0.5H,0

Calc’d: C, 64.73; H, 6.60; N, 13.65
Found: C, 64.55: H, 6.42; N, 13.41
EXAMPLE 13a
_1-Ethyl-3-{(1,4-cis)-4-[4-(1H-indol-4-yl)-pipei'azin-l-yl]-cyclohexyl}-IH-indole-
5-carbonitrile '

A solution of 4-(5-cyano-1-ethyl-indol-3-yl)-cyclohexanone (1.5 g, 5.6
mmol), 1-(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) iﬁ 1,2-dichloroethane (30 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 80 ml), and
washed with brine (3 x 80 ml). The organic layer was dried over anhydrous sodium
sulfate and filtered. Chromatography (2.5% methanol-ethyl acetate) afforded 0.98 g
(39%) of product as a white solid: mp 226°C (dec.).

The HCl salt was prepared in ethyl acetate: mp 245°C.

Elemental analysis for C,JH,,N,s2HCI+0.25H,0

-Calc’d: C, 65.84; H, 6.76; N, 13.24
Found: C, 65.97; H, 6.74; N, 13.40
EXAMPLE 13b

1-Ethyl-3-{(1,4-trans)-4-_[4-(1H-indol-4-yl)-piperazin-1-yl]-cyclohexyl}-lH-
| indole-s-carbonitﬁle L
The trans compound was isolated at the same time as the cis isomer in 19%
yield (0.48 g) as a light brown solid: mp decomposed at 110°C.
The HCI salt was prepared in éthyl acetate: mp 250°C (decomposed).
Elemental analysis for C,H,,N,2HCI

Calc’d: C, 66.40; H, 6.73; N, 13.35
Found: C, 66.32; H, 6.67; N, 13.10
| " EXAMPLE 14a
3-{(1,4-c_is)-4-[4-(lH-indol-4-yl)-piperazin-1éyI]-cyclohexyl}_-l-propyl_-_lH-indole-
' 5-carbonitrile

A sol\ition of 4-(5-cyano-1-n-propyl-indol-3-yl)-cyclohexanone (1.68 g, 6
mmol), l-(indol-4-yl)pipérazine (1.27 g, .6.3 mmol), sodium triacetoxyborohydride
(1.84 g, 8.9 mmol) and acetic acid (0.94 ml, .16 mmoi) in 1,2-dichloroethane (80 ml)
was allowed to stir at room temperature ovérnight. 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 Jayer was dried over anhydrous sodium-
sulfate and filtered. Chromatbgraphy (10% methanol-ethyl acetate) afforded 0.42
£(15%) of product as a white powder.
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The HCI salt was 'prepared in ethanol: mp 200-206°C.
Elemental analysis for C,;H,\N;*2HCI*0.75H,0 -

Calc’'d: -~ C,65.27; H,7.03; N, 12.69
Found: = C,65.18;H,6.97;N,12.68
" EXAMPLE 14b

3-{(, 4-trans)-4-[4-(1H-mdol-4-yl)-plperazm-1-yl]-cyclohexyl}- -propyl-lH- :
mdole-S-carbommle '

The trans compound was isolated at the same time as the cis 1somer in 14%

: yleld (0.39 g) as a white foam.

The HCI salt was prepared in ethanol mp decomposed >245°C.
Elemental analysis for C,;H,;N; «2HCl'

Calc’d: C, 66.90; H, 6.93; N, 1300
Found: C, 66.68: H, 6.97; N, 12.96
EXAMPLE 15a

3-{(1 4-ms)-4-[4-(1H-1ndol-4-yl)-p1peraz1n-l-yl]-cyclohexyl}- -lsopropyl -1H-
indole-5-carbonitrile

A solution of 4—(5-cyano-1én-propyl—indol-B-yl_)-cyclohexanone (1.68 g, 6

mmol), 1-(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) o

was allowed to stir at room te;nperatdre ovemight. The reaction was quenched with
IN sodium hydroxide (20 ml), extracted with methylene chloride (3 x 100 ml), and ~*

washed w1th brine (3 x 100 ml) The organlc layer was dried over anhydrous sodium

_ sulfate and filtered. Chromatography (10% methanol-ethyl acetate) afforded 0.49 g
* (18 %) of product as a white powder.

The HCI salt was prepared in ethanol; mp 285 286°C

Elemental analy51s for C,,(,H,sN *HCI*0.5H,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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 EXAMPLE 15b
3-{(1,4-trans)-4-[4-(1H-indol-4-yl)-piperazin-1-yl]-cyclohexyl}-1-isopropyl-1H-
indole-S-carbonitrile
The trans compound was isolated at the same time as the cis isomer in 12%
yield (0.34 g) as a white foam.
The HCI salt was prepared in ethanol: mp decomposed > 245°C.
Elemental analysis for C,/H,N,*HCl '

Calc’d: C, 66.90; H, 6.93; N, 13.00
Found: C, 66.68; H, 6.97; N, 12.96
"EXAMPLE 16a

1-Benzyl-3-{(1,4-cis)-4-[4-(1H-indol-4-yI)-piperazin-1-yl]-cyclohexyl}-1H-indole-

S-carbonitrile
A solution of 4-(5-cyano-1-benzyl-indol-3-yl)-cyclohexanone (2.97 g, 9
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 1IN
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
sulfate and filtered. Chromatography (25-50% ethyl acetate-hexanes) afforded 1.71
g (37%) of product as a white powder.

The HCI salt was prepared in ethanol: mp dec. > 245°C.

Elemental analysis for C, H,,N,*HCI*0.5H,0

Calc’d: C, 68.56; H, 6.43; N, 11.76
Found: C,68.93; H, 6.55; N, 11.52
EXAMPLE 16b

1-Benzyl-3-{(1,4-trans)-4-[4-(1H-indo}-4-yl)-piperazin-1-yl}-cyclohexyl}-1H-
indole-5-carbonitrile
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 HCI salt was prepared.in ethanol: nip> 240°C (dec.). .
Elemental analysis for C,,Hs,'NSQZHCPO.ZSHzO o
Calc’d: 'C, 69.08; H, 6.40; N, 11.85

Found: C, 69.09;H, 6.17; N, 11.80
" EXAMPLE17

1-Metl1yl-3_-{(1,4-cis)54-[4-(_1-methyl-_1H-'inddl_-4-yl)_-piperan-l_-yl]-cicldhexyl}-
_  1H-indole-5-carbonitrile | o

To a suspensibh of sodium hydride (60%, 95 mg, 2.4 mmol) in anhydrous N,
N-dimethylformamide was added a solution 3-{(1,4-cis)-4-[4-(1H-indol-4-y])-
piperazin-l-yl]-cyclohexyl)-1-methyl-lH-indoleQS-carbonitrile (0.52 g, 1.2 mmol) in -
10 m]l N,N-dimethylformide. The mixﬁlre was allowed to stir at room temperature
for 30 minutes. Then iodomethane (0.17 g, 2.4 mmol) was added to the above
reaction mixture. The mixture was allowed to stir ai room temperature for another 30
minutes, then quenched with jce-water. The mixture was extracted with methylene
chloride (150 ml), and dried over anhydron'Js sodium sulfate. Chroﬁlatography
'(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
Elemental analysis for CHy,N; 2HC1

Cac'd:  C,66.40;H,6.73;N,1335
Found: C, 66.64; H, 6.82; N, 13.21.
'EXAMPLE 18

5-Fluoro-3-{(cis)-4-[4-(2-methoxy-phenyl)-piperazin-1-y1]
- -cyclohexyl}-1H-indole _
A solution of 4-(5-fluoro-1-indol-3-yl)-cyclohexanone (0.35 g, 1.5 mmol), 1-

* (2-methoxy-phenyl)piperazine (0.29 g, 1.5 mmol); sodium triacetoxybb'rohydride
(0.47 g. 2.1 mmol) and acétic acid (0.05 ml, 1.5 mmol) in 1,2-dichloroethane (8 ml) -
was allowed to stir at room temperature for 12 hours. The reaction was quenched
with 1IN sodium hydroxide (pH > 9) and extracted with methylene chloride (3 x 50
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mil). 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.

Elemental analysis for C,;H,,FN,O*HCl

Calc’d: C, 66.95; H, 7.08; N, 9.37
Found: C, 66.93; H, 7.08; N, 9.29
EXAMPLE 19a
5-Fluoro-3-{(1,4-cis)-4-[4-(2-methoxy-phenyl)-piperidin-1-yl]
~cyclohexyl}-1H-indole

This compound was prepared in the manner described above for Example 18
by replacing 1-(2-methoxy-phenyl)piperazine with 1-(2-methoxy-phenyl)piperidine
(1.0 g, 5.2 mmol) to afford 1.34 g of product in 63% yield.

The HCI salt was prepared in ethyl acetate: mp 245-250°C.
Elemental analysis for C,;H, FN,0-HCI1+0.09C H,O,

Calc’d: C, 69.09; H, 7.36; N, 6.20
Found: C,66.19;H, 7.18; N, 6.08
EXAMPLE 19b

5-Fluoro-3-{(1,4-trans)-4-[4-(2-methoxy-phenyl)-piperidin-1-yl}
-cyclohexyl}-1H-indole

The trans compound was isolated at the same time as the cis isomer in 20%
yield (0.43 g). o
The HCI salt was prepared in ethyl acetate: mp 297-299°C.
Elemental analysis for C,H,,FN,0-HC1+0.08C,H,0,

Calc’d: -C,70.49; H, 7.28; N, 6.32

Found: C,70.17; H, 7.30; N, 6.10
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EXAMPLE 20a
5-Methoxy-3-((1 4-c1s)-4-[4-(2-methoxy-phenyl)-plperazm-l-yl]
-cyclohexyl}-lH-mdole

This compound was prepared in the manner described above for Example 18
by replacmg 4-(5-fluoro-1-indol- 3—y1)—cyclohexanone with 4- (5-methoxy-1-mdol -3-
yh-cyclohexanone (1.2 g, 5 mmol) to afford 1.18 g (55 %) of .the title compound as
a white solid: mp 105-108°C. - o
The HCI salt was prepared in ethyl acetate: mp 198 199°C.

" “Elemental analysxs for C,H,,N.O,* HC1
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- Calc’d: C, 68.48;H, 7.52; N, 9:21
Found: . C,68.31: H, 7.54; N, 9.08
EXAMPLEZOb

5-Methoxy-3-{(1 4-trans)-4-[4-(2-methoxy-phenyl)-plperazm-l-y]]
-cyclohexyl}-lH-mdole '
The trans compound wis isolated at the same time as the cis isomer in 20%

y1eld (0.43 g) as a white foam.

‘The HCI salt was prepared in ethyl acetate: mp 195-197°C.
~ Elemental analysis for C,;H,,N;O,*HC]

Cald:  C, 6848 H,7.52;N,9.21
Found:  C,68.18; H, 7.50; N, 9.11
"EXAMPLE 21

3-{(2 4-cls)-4-[4-(2-methoxy-phenyl)-plperazm-l-yl]-cyclohexyl}-lH-pyrrolo[z 3-
b]pyndme ' o '

This compound was prepared in the manner described above for Example 18

by replacing 4-(5-f_1uoro-1H—1ndol—3-yl)-cyclohexanone with 4-(1H-pyrrolo[2,3-b]-3-

pyridyl)-cyclohexanone (1.71 g, 7.9 mmol) in 42 % yield (1.34 g) as a white solid:

~ mp 170-172°C.

The HCI salt was prepared in ethanol: mp 259-261°C.

~ Elemental analysis for C,,H,,ON,*HC]
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Calc’d: C,65.44; H, 7.44; N, 12.72
Found: C, 65.60; H, 7.36; N, 12.22
N EXAMPLE 22a
. _S-FluorofS-{(cis)-4-[4-(S-ﬂuoro-z-methoxy-phenyl)-piperazin-1-yl]-cyclohexyl}-
1H-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 mmol), sodium triacetoxyboro-
hydride (1.5 g, 7.1 mmol) and acetic acid (0._27 ml, 4.7 mmol) in 1,2-dichloroethane
(20 ml) was allowed to stir at room temperature for 12 hours. The reaction was
quenched with 1N 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. | e
The HCI salt was prepared in ethyl acetate: mp 171-174°C.

Elemental analysis for C,;H,,F,N,02HC] "

Calc’d: C,59.17; H, 6.36; N, 8.28
Found: C, 59.20; H, 6.33; N, 8.09
EXAMPLE 22b _
5-Fluoro-3-{(trans)-4-[4-(5-fluoro-2-methoxy-phenyl)-piperazin-1-yi}-
cyclohexyl}-1H-indole

The trans compound was isolated at same time as the cis isomer in 12% yield
(0.25 g) as a white solid: mp 64-67°C.
The HCl salt was prepared in ethyl acetate: mp 272-273.5°C.
*Elemental analysis for C,;H,,F,ON,*HCl

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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' EXAMPLE 23a

'3’-((1,4-cis)-4-[4-(2,3-Dihydrb:ben‘zo[1 ,Aldioxin-5-yl)-piperazin-1-yl]-cyclohexyl}- = "

4-fluoro-1H-indole - _
A solution of 4~(4~ﬂuoro-1-1ndol—3-y1)—cyclohexanone (0.71 g, 3 1 mmol) 5-

(1- plperazmyl)benzodloxan 1. 77 8, - 3.5 mmol), sodium tnacetoxyborohydnde (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 reaetion was quenched with -

IN sodmm hydroxide (100 ml), extracted with methylene chlonde (3 X 100 m}l). The

organic layer was dried over anhydrous magnesium sulfate and flltered
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 crystalliied to afforda - -

white solid: mp 194-195.5°C.

 The HCl salt was prepared in ethanol: mp 215-220°C.
- ‘Elemental analysis for C,;H,,FN,O,*HCIl

Calc’d: C, 61.42; H, 6.34; N, 8.62

Found: C, 61.15; H, 6.29; N, 8.04
" EXAMPLE 23b

3-{(1,4-trans)-4-[4-(2,3-Dihydro-benzo[1, 4]d|oxm-5-yl)-p1perazm-1-yl]-
cyclohexyl}-4-fluoro-IH-mdole

“The trans compound was isolated at the same time as the cis isomer in 14%

“yield (0.21 g) as a white foam which was recrystallization in ethanol to afford a white

solid: mp 188-190°C.

* Elemental analysis for CZSI-I,;FOzN;

Calc’d: C, 71.70; H, 6.94; N, 9.65
Found: C,71.33,H,7.03; N, 9.55
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_ _ EXAMPLE 24a
3-{(1,4-cis)-4-[4-(2,3-Dihydro-benzo[1,4]dioxin-5-yl)-piperazin-1-yl]-cyclohexyl}-
| ~ 5-fluoro-1H-indole
A solution of 4-(5-fluoro-1-indol-3-yl)-cyclohexanone (1.06 g, 4.6 mmol), 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 (80 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.
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.

The HCI salt was prepared in ethanol: mp 222-225°C.

Elemental analysis for C,;H, FN,0,*2HCI*0.2H,0

Calc’d: C,60.88:H, 639 N,8.19 '
Found: C, 60.85; H, 6.03; N, 8.13
EXAMPLE 24b

- 3-{(1,4-trans)-4-[4-(2,3-Dihydro-benzo| 1,4]dioxin-5-yl)-piperazin-1-yl]- -
cyclohexyl}-S-fluoro-1H-indole
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 HCI salt was prepared in ethanol: mp 295-297°C.
Elemental analysis for C,;H,;FO,N,*2HCI

Calc’d: C, 61.42; H, 6.34; N, 8.26
Found: C,61.22; H, 6.19; N, 8.13
__ EXAMPLE 25a _
3-{(1,4~cis)-4-[4-(2,3-Dihydro-benzo| 1,4]dioxin-5-yl)-piperazin-1-ylj-cyclohexyl}-
6-fluoro-1H-indole

A solution of 4-(5-fluoro-1-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 temperafure 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 -
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and filtered. Chromatography (1% methanol-ethyl acetate) afforded 0.24 g (18%) of
product asa yellow solid.

The HCl salt was prepared in ethanol mp 228-230°C.

Elemental analys1s for C,H,,FN,0,*2HCI+0. 6CHO

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-benzb[1,4]dioxin;s;yl)-piperazin-l-y]']-.' o
cyclohexyl}-6-fluoro-1H-iridole

The trans compound was isolated at the same time as the cis isomer in 8% - -

yield (0.11 g) as an oil. '

The HCI salt was prepared in ethanol: mp 309-310°C.

Elemental analysis for C,;H,,FO,N,*2HCI*0.08C,H,0,

Calc’d: C, 61.42; H, 6.34; N, 8.26
Found: C, 61.22; H, 6.19; N, 8.13
EXAMPLE 26a

; 3-{(1,4-cis)-‘4-[4-(2,3-Dihydro-benzo[1 4)dioxin-5-yl)-piperazin-1-yl}-cyclohexyl}-

_ IH-mdole-S-carbomtnle
A solutlon of 4-(5-cyan0-1-1ndol— -yl)-cyclohexanone (0. 60 g, 2.5 mmol), 5-

'(1-pipel_'annyl)benzodquane (0.55 g, 2.5 mmol), sodium triacetoxyborohydride (0.78

g, 3.5_mmoi) and acetic acid (0.14 g, 2.5 mmol) in 1,2-dichloroethane (11 ml)'_was.
alldWe_d to stir at room temperature for 12 hours. The reaction was quenched :wi-t_h'
IN sodium (100 ml), extracted with methylene chloride (3 x 100 ml). The-organib |
layer was dried over anhydrous magnesium sulfate, and filtered. Chromat()graphy
(1% methanol-ethyl acetate) afforded 0.46 g (41%) of product. ' '
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The HCI salt was prepared in ethyl acetate: mp 300°C.
Elemental analysis for C,,H,,N,O,*HCI*0.07CH,0,

Calc’d: C, 65.84; H, 6.65; N, 11.38
Found: C, 65.65; H, 6.47; N, 11.11
. EXAMPLE 26b

3-((1,4-trans)-4-[4-(2,3-Dihydro-benzo[1,4]dioxin-5-yl);piperazin-l-y_i]-
cyclohexyl}-1H-indole-S-carbonitrile

The trans compound was isolated at the same time as the cis isomer in 31%

yield (0.34 g).
The HCIl salt was prepared in ethyl acetate: mp 300°C (decomposed).
Elemental analysis for C,H,,0,N,*HC1+0.08C,H,0, |

Calc’d: C, 66.43;H, 6.69; N, 11.34 _
__Found: C,66.57: H, 7.02; N, 10.85
EXAMPLE 27a

8-{4-[(1,4-cis)-4-(5-Fluoro-1H-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-
. (piperazin_-'l-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
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
sulfate and filtered. Chromatography (5% methanol-ethyl acetate) afforded 0.46 g
(46%) of product as a white solid: mp 122-125°C.
The HC salt was prepared in‘ethanol: mp 209-212°C.
Elemental analysis for C,,H,;FN,*3HCI
Calc’d: C, 66.28; H, 6.00; N, 10.42
Found: C, 60.23; H, 6.29; N, 10.21
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_ EXAMPLE 27b
8-{4-[(1 4-trans)-4-(5-Fluoro-1H-mdol-3-yl)-cyclohexyl]
' -plperazm-l-yl}-qmnolme
.The trans- compound was nolated at the same time as the cis isomer in 25%'

yield (0.25 g) asa white sohd mp 207.5-209°C.
The HCl salt was prepared in ethanol: mp 286-288°C

'Elemental analys:s for C,,H,;FN,*HCl

Calc'd: C6467H623N1117
Found: - C,64.74;H, 6.27:N, 11.06
 EXAMPLE 28

8-{4-(1 4-c1s)-4-[4-(5-Fluoro-l-methyl-lH-mdol-3-yl)-cyclohexyl]
-piperazin- -yl}-qumolme '
Toa suspens:on of sodium hydride (60%, 0.03 g, 0.76 mmol) in anhydrous N,

:N-dimethylformamide (4 ml) was added 8- {4-[(1,4-cis)-4-(5- ﬂuoro-lH-1ndol—3—yl)-

cyclohexyl]-piperazin-1-yl }-quinoline (0.25 g, 0.58 mmol) 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

25

- 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 (50% methylene-ethylactate plus 5% methanol)

afforded 0.22 g-(85%) of product as a yellow solid: mp >200°C
The HC salt was prepared in ethanol: mp 261-263.5°C.

_Elemental analysis for C,,H, FN,22HCI'H,0

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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| EXAMPLE 29a
3-[(1,4-pis)-4-(4-Quinolin-8-yl-piperazin-l-yl)-cyclohexyl]
-1H-indole-5-carbonitrile o
A solution of 4-(5-cyano-1-indol-3-yl)-cyclohexanone (1.47 g, 6.2 mmol), 8-

(piperazin-1-yl)-quinoline (1.32 g, 6.2 mmol), sodium triacetoxyborohydride (2.0 g,
7.2 mmol) and acetic acid (0.71 ml, 12 mmol) in 1,2-dichloi'oethane (40 ml) was
allowed to stir at room temperature overnight. The reaction was quenched with 1IN
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
sulfate and filtered. Chromatography (5% methanol-ethyl acetate) afforded 1.48
2(55%) of product as a white solid: mp 149-151°C. -
The HCI salt was prepared in ethanol: mp 209-212°C.
Elemental analysis for C,,H,,FN,*2HCI+0.75H,0

- Calc'd: C, 64.43; H, 6.28; N, 13.58
Found: C, 64.46; H, 6.29; N, 13.37
- EXAMPLE 29

3-[(1,4-trans)-4-(4-Quinolin-8-yl-piperazin-1-yl)-cyclohexyl]
- =-1H-indole-5-carbonitrile
~ 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 HC1 salt was prepared in ethanol: mp 286-288°C.
Elemental analysis for C,,H,;FN,*2HCI+0.5H,0

Calc’d: C, 64.98; H, 6.23; N, 13.53
Found: C, 65.28; H, 5.96; N, 13.30
EXAMPLE 30
1-Methyl-3-{(1,4-cis)-4-(4-quinolin-8-yl-piperazin-1-yl)-cyclohexyl}- 1H-indole-5-
carbonitrile

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-indoIe-S-carbOnitrile (0:30 g, 0.69 mmol) in 4 ml an‘_hydfous’ N,
N-dimethylformamide at room temperature. The mixture was stirred’ at room

temperature for 30 minutes, followed by the addltton of iodomethane (0 051 ml 0.83"
mmol) to the above solution. - The resulttng mixture was stirred at room temperature' '
for 30 mrnutes 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 asa hght yellow solid: . mp 208-209°C.

The HCI salt was prepared in.ethanol: mp 288-289."C.
Elemental analysis for C,;H, N;»2HCI*0.15C;H,0

Calc’d: C, 66.62; H, 6.52; N, 13.12
Found: =~  C,66.79;H, 6.74; N, 12.81
s - EXAMPLE 31a
5-Fluoro-3-{(1,4-cis)-4-[4-(6-fluoro-chroman-8-yl)-piperazin-1-yl}-cyclohexyl}- * -
. ‘1H-indole )

A solution of 4-(5-ﬂuoro-1-mdol-3-y1)-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 l,2—dichloroetliaue (20 ml)

was allowed to stir at room temperature overnight. The reaction was quenched with

IN sodium hydroxide (20 m1), extracted with methylene chloride (3 x 100 mtj-, and

washed with brine (3 x 100 ml). The organic layer was dried over anhydrous sodium ’ "
sulfate and filtered. Chromatography (5% methanol-ethyl acetate) afforded 042 gE '
(44%) of product as a white foam. ' -
The HCl salt was prepared in ethanol: mp 199-200.5°C.
Elemental analysis for CZ,H,IF;ON;HCPO.SH:O
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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- EXAMPLE 31b _
5-Flu‘oro-3-{(1,4-trans)-4[4—(6-ﬂuoro-chroman-8-yl)-_piperazin-1-yl]-
cyclohexyl}-1H-indole

The trans compound was isolated at the same time as the cis isomer in 35%
yield (0.33 g) as a clear oil.
The HCI salt was prepared in ethanol: mp 286-288°C.
Elemental analysis for C,,H,,F,ON,*HCI+0.5H,0

Calc’d: C, 65.25: H, 6.69; N, _8.45.
Found: C, 65.09; H, 6.63: N, 8.29
EXAMPLE 32a

5-Fluoro-3-{(1,4-cis)-4-[4-(5-fluoro-2,3-dihydro-benzofuran-7-yl)-piperazin-1-
yil-cyclohexyl}-1H-indole

A solution of 4-(5-fluoro-1-indol-3-yl)-cyclohexanone (0.52 g, 2.2 mmol), 4-
(5-fluoro-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 oveniight. The
reaction was quenched with 1N 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 sulfate and filtered. Chromatography (5% methanol- |
ethyl acetate) afforded 0.37 g (38%) 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,H,,F,ON,*HCl+0.5H,0

Calc’d: ~ C,64.65;H, 647; N, 8.70
Found: C, 64.45; H, 6.20; N, 8.60
EXAMPLE 32b -

5-Fluoro-3-{(1,4-trans)-4-[4-(5-fluoro-2,3-dihydro-benzofuran-7-yl)-piperazin-1-
yl}-cyclohexyl}-1H-indole _
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 HCI salt was prepared in ethanol: mp 303-305°C.
Elemental analysis for C,.H,,F,ON,*HCI*0.5H,0

Calc’d: G, 6465 H, 6.47; N, 8.70
~ Found: C, 64.86; H, 6.40; N, 8.36
 EXAMPLE 33a

3-{(1 4-c|s)-4-[4-(5-Fluoro-2 3-d1hydro-benzofuran-7-yl)-plperazm-l-yl]-
cyclohexyl}-1H-mdole-5-carbomtnle

" A solution of 4-(5-cyano-1-mdol-3-yl)~cyc1ohexanone (O 46 g, 1 9 mmol), 4-

(5-ﬂuoro—2,3-dxhydro_-benzofuran—7-yl)—p1perazme 0.43 g, 1.9 mmo_l),. 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 'ove'rnight. The

* reaction was quenched with 1N sodium hydroxide (20 ml), extracted with methylene -

| -chloride (3 x 100 ml), and washed with brine (3 x 100 ml). The oiganic layer was ;

dried over anhydrous sodium sulfate and:filtered. Chromatography (5% methanol- '

ethyl acetate) afforded 0.35 g (41%) of product as a white foam '
“The HCl salt was prepared in ethanol: mp 298-301°C.

‘Elemental analysis for C,,HL,FON,*HCI*0.75H,0

Calc’d: C, 65.58; H, 6.42; N, 11.33.
Found: C, 65.38: H, 6.22; N, 11.14
EXAMPLE 33b

3-{(1 4-trans)-4-[4-(5-FIuoro-2 3-dlhydro-benzofuran-7-yl)-plperamn-l-yl]- -
cyclohexyl} 1H-1ndole-5-carbomtnle
" The trans compound was isolated at the same time as the cis isomer in 23%
 yield (0.20 g) as a white foam. | |
The HCI salt was prepared in ethanol: mp 330-331°C.
Elemental analysis for C,H,,FON,*HCI*0.75H,0
Calc’d:  C, 6558 H,6.42;N, 11.33
- - Found: C, 65.17; H, 6.14; N, 10.97
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EXAMPLE 33c¢. _
3-{(1,4-cis)-4-[4-(5-Fluoro-2,3-dihydro-benzofuran-7-yl)-piperazin-1-yl]-
cyclohexyl}-1-methyl-1H-indole-5-carbonitrile

To a suspension of sodium hydride (60%, 0.036 g, 0.9 mmo}) in anhydrous N,
N-dimethylformamide (2 ml) was added 3-{(1,4—cis)-4-[4-(5-ﬂuoro—2,3-dihydro-
benzofuran-7-yl)-piperazin-1-yl}-cyclohexyl }-1H-indole-5-carbonitrile (0.2 g, 0.45
mmol) in 6 ml anhydrous N, N-dimethylformamide at room température. ‘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
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-
208°C. - | "

The HCl salt was prepared in ethanol: mp 282-284°C,

~Elemental analysis for C,.H, FON,*HCl

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-(Benzofuran-7-yl-piperazin-1-yl)-cyclohexyl}-1H-indole-5-
carbonitrile

A solution of 4-(5-fluoro-1-indol-3-yl)-cyclohexanone (0.72 g, 3.1 mmol), 1-
(7-benzofuranyl)piperazine (0.55 g, 2.8 mmol), sodium triacetoxyborohydride (0.84
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 appeared after 1 hour. The crystals were triturated with ethyl
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,,H,,ON,*HCI*0.25H,0

Calc’d:  C,69.66; H, 6.39 N, 12.04
Found: " C,69.56; H, 6.38; N,i-12.1z'
EXAMPLE 34b

3-[(1 4-trans)-4-[4-(Benzofuran-7-yl-piperazm-l-yl)-cyclohexyl]
-IH-mdole-S-carbomtrile '

The remammg residue of the above reaction was purxfled by chromatography -

'(acetone- methanol-hexanes: 3: 5 : 3) to afford 0.17 g (12%) of product asa glass

The HCI salt was prepared in ethanol: mp 330-331 °C
Elemental analysis for C,;H,,;FON,*HC1+0.75H,;0

Calc’d: © G, 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-phenyl)-piperhz'in-1-yl]cyclohex'-l-enyl}-
1H-indole o

This compound was prepared in the manner. descnbed above for Example 18
by replacing 4-(5-fluoro-1 H—1ndo]-3-yl)-cyclohexanone (1. 71 g7 7.9 mmol) with 4-(5-
fluoro-1H-3-indolyl)-cyclohex-3-enone in 32 % (0.26 g) yield. '
The HCI salt was prepared in ethyl acetate: mp 250°C.
Elemental analysis for C,H,,OFN,+HCl

Calc’d: C, 67.94; H, 6.61; N, 9.51
. Found:  C,66.47;H, 6.58; N, 9.38
EXAMPLE 36

3-{4-[_4-(1H-Indol-4-yl)-piperazins1-y_l]-cyclohex-1-enyl}-'
1H-indole-5-carbonitrile
This compound was prepared in thé manner described above for Example 18
by replacing with 4-(5-fluoro-1H-3-indolyl)-cyclohex-3-enone with 44(5¥Cyano—'lH4
3-indoly1)-¢yclohex—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 C,,H,,N,*2HCl

Calc’d: C, 66.25; H, 6.49; N, 14.31
Found: | C, 66.43; H, 6.24; N, 14.27
EXAMPLE 38

5-Fluoro-3-{cis-4-[4-(1H-indol-4-yl)-piperazinyl}-cyclohexyl}-
1-methyl-1H-indole
This compound was prepared in the manner described above for Example 2

by replacing with 4-(5-ﬂuoro-1H-3-indoly])-cyclohexone with 4-(5.-ﬂuor0-1-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, FN,*2HCI*0.25H,0

Calc’d: C, 63.84; H, 6.65; N, 11.03
Found: C, 63.88; H, 6.51; N, 10.77
EXAMPLE 39a
3-{(1,4-cis)-4-[4-(Quinoxalin-yl)-piperazin-l-yl]-cyclohexyl}-l-methylAlH-
indole-5-carbonitrile _

A solution of 4-(5-cyano-1H-3-indolyl)-cyclohexanone (443 mg, 1.87 mmol),

Intermediate 34 (400 mg, 1.87 mmol), 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 1 M NaOH (100 inL)
and extracted into CH,CI, (3 x 100 mL). The organic fractions were combined, dried
over Na,SO,, 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-
25C. . -
Elemental Analysis for C,H,,N,1H,O

Calc’d C,71.34,H, 6.65; N, 18.49

Found C,71.02; H, 6.33; N, 18.03
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'EXAMPLE 3%
3-{(1, 4-trans)-4-[4-(Qumoxalm-yl)-plperazm- -yl]-cyclohexyl)-l-methyl 1H-
_ mdole-s-carbomtrlle .
The trans isomer was 1solated at the same tlme as the cis isomer affording 240
mg (29%) of a pale yellow solid: mp 257- 259°C

Elemental Analys1s for C,H,N 1H,0

Calc’d C, 71.34; H, 6.65; N, 18.49
‘Found - C,71.63;H,638N,18.39 |
' EXAMPLE 40a

 3.(1,4-cis)-4-(4-Quinolin-5-yl-piperazin-1-yl)-cyclohexyl}-1H-indole-5-
| carbonitrile -
To a solution of 5-(1-piperazinyl)-quinoline (500 mg, 2.35 mmol), 4-(5-
cyeno-1H-3-indo_lyl)-cyclohexanone (540 mg, 235 mmol), and ' sodium
triacetoxyborohydride (740 mg, 3.5 mmol) in dichloroethane (20'. mL) was added:

acetic acid (0.27 mL, 4.7 mmel) and stirred overnight at room temperature. The . .

reaction was quehched with :1 M NaOH (50 mL) and extracted in CH=C12 (3x100
mL). The organic fractions were combined, d'ried over Na,SO,, concentrated, filtered - -
and chromatographed (5% MeOH/EtOAc) yielding 410 mg (41%) of the cis isomer-
as a white solid. The HCI salt was generated from EtOAc yielding a white solid: mp '
220-223°C. ' '

* Elemental Analysis for C”HZ,N *HCI*1H,0

-Calc’d © C,68.62;H, 6.58; N, 14.29
Found C, 68.99: H, 6.54; N, 14.06
" EXAMPLE 40b

3-[(, 4-trans)-4-(4-Qumolm-S-yl)-plperazm- -yl)-cyclohexyl]-1H—mdole-5-
carbonitrile-
The trans isomer was is’olated at the same time as the cis isomer in Example
40a affordlng 180 mg (18%) as a beige solid. The HCI salt was generated from
EtOAc yleldmg a white solid: mp 210-211°C.
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Elemental Analysis for C,;H, N*HCl1+0.4H,0

- Calc’d C,70.17; H, 6.48; N, 14.62
Found - C,70.23; H, 6.21; N, 14.45
EXAMPLE 40c

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-1H-3-indolyl)-cyclohexanone with 4-(5-fluoro-
1H-3-indolyl)-cyclohexanone (540 mg, 2.35 mmol) to afford 410 mg (41%) of a pale
yellow solid: mp 220-223°C; MS (+) ESI m/e 429 [M+HY'.

EXAMPLE 40d
5-{4-[(1,4-trans)-4-(5-Fluoro-1H-indol-3-yl)-¢yclohexl]-piperazin-l-yl}-
v isoquinoline
- The trans 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
210-211°C; MS (+) ESI m/e 429 [M+H]".

EXAMPLE 40e
5-{4-[(1,4-cis)-4-(5-Fluoro-1-methyl-1H-indol-3-yl)-cyclohexyl]-piperazin-1-yl}-
| quinoline

‘To a solution of NaH (38 mg, 0.94 mmol) in anhydrous DMF (4 'inL) under
nitrogen atmosphere was added a solution of 5-{4-[(1,4-cis)-4-(5-fluoro-1H-indol-3-
yl)-cyclohexyl]-piperazin-1-yl }-quinoline (200 mg, 0.47 mmol) in DMF (6 mL).
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,O (50 mL) and extracted with EtOAc (3 x 50
mL). The organic fractions were combined, dried over Na,SO, and concentrated
yielding 190 mg (92 %) of a clear oil. The HCI salt was made from EtOAc affording
a pale yellow solid: mp decomposes > 270°C.
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Elemental Analysxs for Cq,H,,FN HC1°O 75H,0

Calc’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-[(l 4-c|s)-4-(4-naphthalen-1-yl-plperazme-l-yl)-cyclohexyl] lH-
' _ indole '
| This COmpound was 'prepared in the -same niamier as the com’pbﬁn‘d -of
Example 402 replacing 4-(5-cyano-1 H-3;indolyl)—cyciohexanbne ‘with 4-(5-fluoro-
1H-3-indolyl)-cyclohexanone (437 mg, 1.9 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 195-197°C. ' : |
Elemental Analysis for C,H,FN, _
Calc’d C, 78.66; H, 7.07; N, 9.83

~Found . - C,78.24;H, 7.06; N, 9.59
EXAMPLE 41b |

5-Fluoro-3-[(1,4-trans)-4-(4-naphthalen-1-yl-piperazine-1-yl)-cyclohexyl]-1H-
indole

The trans isomer was isolated at the same time as the cis isomer of Example

- 41a affording 70 mg (9 %) of a white solid: ‘mp 179-181°C.

Elemental Analysis for C”H,OFN

Cal’d  C,78.66;H,7.07; N, 9.83
Found = C,78.28;H,7.05;N,9.79
EXAMPLE 42a

5-{4-[(1 4-us)-4-(5-flnoro-1H-mdol—3-yl)-cyclohexyl]plperazm-l-yl}-lsoqumolme

- This compound was prepared. in the same manner as described for the

compound of Example 36a replacing 5- (trxﬂuoromethylsulfonyloxy)—qumohne with

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 CH,Cl, (20 mL) at 0°C and warmed to

- ToOm temperature overnight. The resulting solution was concentrated and the -
redissolved in CH,Cl, and neutralized with NaHCO,. The aqueous layer was

extracted in CH,Cl, (3 X 100 mL) and EtOAc (3 X 100 mL), dried over Na,SO,,

filtered and concentrated giving a bright orange oil. The oil was purified twice by

- column chromatography (10% MeOH/CH,C1/NH,OH) but a highly colored impurity

persisted. The 5-(1-piperazinyl)-isoquinoline (450 mg, 2.1 mmol), 4-(5-fluoro-1H-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
mmol) was added and the resulting solution stirred at ambient temperature overnight.
The reaction mixture was quenched with 1 M NaOH (40 mL) and extracted in CH,Cl,
(4 X 100 mL). The organic fractions were combined, dried over Na,SO, and
concentrated yielding a yellow oil which was purified by column chromatography
(5% MeOH/EtOAc) affording 300 mg (33 % froxﬁ- 5-(1-piperazinyl)isoquinoline)of
the title compound as a beige solid: mp 209-211°C.

Elemental Analysis for C,;H,,FN, - _

Calc’d C, 75.67; H, 6.82; N, 13.07

Found C, 75.40;H, 6.83; N, 12.89 -
EXAMPLE 42b
5-{4-[(1,4-trans)-4-(5-fluoro-1H-indol-3-yl)-cyclohexyl]piperazin-1-yl}-
~ isoquinoline

The trans isomer was isolated at the same time as the cis isomer of ExampIe
42a affording 110 mg (12 %) of a pink solid: mp 218-221°C.
Elemental Analysis for C,H,FN,0.25H,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 N

1{4-[(1 4-ms)-4-(5-Fluoro-1H-mdol-3-yl)-cyclohexl]-plperazm- -yl}-lsoqmnolme '-
~ This compound was ‘prepared in ‘the” same manner as the compound of
‘Example 40a replacmg 4-(5 cyano-]H—3-mdoly1)-cyclohexanone with 4-(5- ﬂuoro—
5 -IH—3-mdolyl)-cyc]ohexanone (530 mg, 23 mmol) and 5- (l-plperazmyl) qumolme
- with 1- (l-pxperamnyl)-lsoqulnohne (500 mg, 2. 3 mmol) affordmg 260 mg (27 %) of
- the product as a pale yellow solid: mp 180-183°C.. '

Elemental Analysis for C,H,,FN,*0.5H,0

~Cale’d C,74.11;H, 6.91; N, 12.81
10 Found  C,74.13;H, 6.58; N, 12.60
 EXAMPLE 43b
1{4- [(1 4-trans)-4-(5-Fluoro-1H-indol-3-yl)-cyclohexl]-p1perazm-l-yl}--
lsoqumolme ' _
15 The trans isomer was isolated at the same time as the cis isomer of Example '

43a affording 180 mg (18 %) of a white solid: mp 232-235°C.
Elemental Analysis for C,;H,,FN,*0.25H,0

Calc’d C, 74.80:H, 6.87; N, 12.94
| Found C, 74.68; H, 688; N, 12.64
20
. EXAMPLE 43¢

1{4-[(1 4-c1s)-4-(5-Cyano-lH-mdol-3-yl)-cyclohexl]-plperazm- -yl}-isoquinoline

~'This compound was prepared in the same manne_r ‘as the cqmpound of

Example 40a replacing 5- (l-piperazinyl) -quinoline - with 1- (i-piperazinyl)- s

~ 25 isoquinoline (500 mg, 2.3 mmol) affording 230 mg (23 %) of the product as a- pa]e '
. ~ yellow solid: mp 107-109°C; HRMS EI m/e 435.2431 (M’) '
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EXAMPLE 43d .
1{4-[(1,4-trans)-4-(5-Cyano-1H-indol-3-y})-cyclohexl]-piperazin-1-yl}-
isoquinoline -
The trans isomer was isolated at the same time as the cis isomer of Example
43c affording 170 mg (17 %) of a white solid: mp 252-255°C; MS (+)APCI m/e 436
(M+H)". ' '

- EXAMPLE 44a
| 8-{(1;4-cis)-4-[4-(5-Fluoro-lH.-indol-3-yl)-cyclohexyl]-piperazin-l-
yl}-6- methoxy-quinoline

To a solution of 0.360 g of 6-Methoxy, 8-piperazino-Quinoline in 10 mL of
CH,Cl,, was added 0.285g of 4~(5-ﬂuord-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 1N NaOH, and the
product was extracted with. CH,Cl,. 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 acetate/hexanes, and finally 100% ethyl

acetate to give 0.053 g of the desired product: ' mp 226-227°C; MS (ES) m/z (relative

- intensity): 459 (M+H+, 100).

EXAMPLE 44b
8-{(1,4-trans)-4-[4-(5-Fluoro-1H-indol-3-ylI)-cyclohexyl]-
_piperazin-1-y1}-6-methoxy-quinoline
The trans isomer of the compound of Example 44a was isolated at the same
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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. - EXAMPLE 4de
3-{(1, 4-c1s)-4-[4-(6-Methoxy-qumolm-s-yl)-pxperazm-l-yl]-cyclohexyl}- o
1H- indole-5-carbonitrile
To -a solution of 1.0 ‘g of 6-Methoxy, 8-p1perazmo-qumolme in 20 mL of
-CH,CI,,. was added 0.979¢ of  3- -(4-oxo-cyclohexyl)- 1H—1ndole-5-carbomtnle-’
- followed by 1.3 g of_ sodium _macetoxyborohydnde and .246 'mL acetic acid. The -

- reaction was stirred at room temperature overnight. It was quenched with 1IN NaOH,

and the product was extracted with CHLCL. The organic phase was washed. with '
- water and dried over magnesium sulfate. The product was filtered through 300 ml,

of silica gel using 2.5% MeOH / CH,CL, to give 0.550 g of the desired prodﬁct mp’

'183-185°C; MS (ES) m/z (relative intensity): 466 (M+H+, 100). The hydrochlonde R

was also prepared to give a yellow solid mp 183-185°C -

.  EXAMPLE44d
3-{(1 4-trans)-4-[4-(6-Methoxy-quinolin-8-yl)-piperazin-1 -yl]-cyclohexyl}-' '
' 1H- mdole-s-carbomtnle '
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
off white solid (0.129g). mp 160-165°C. R

. _' EXAMPLE 45a
_ 6-Chloro-8-{4-[(l 4-c1s)-4-(5-fluoro-1H-mdol-3-yl)-cyclohexyl]-plperazm-l-yl}-

quinoline

To a soluuon of 0. 200 g of 6-Chloro, 8—p1perazmo-qumolme in 10 mL of CHZClz, S
was added 0.266g of 4-(5-fluoro-1-H-3-indolyl)-cyclohexanone followed by 0.430 gof o

sodium triacetoXyborohydride and 0.09 mL acetic acid. The reaction was stirred at room
- temperature overnight. It was quenched with 1N NaOH, and the product was extracted
with CH,Cl,. 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

'acetatelhexanes, and then 75% ethyl acetate/hexanes, to give 0.119 g of the desired o

product: mp 166-176°C; MS (ES) m/z (relative intensity): 464 (M+H+,100).
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Elemental analysis for C,, H, CIF N,
Calculated: C: 70.04; H: 6.1; N:12.1
Found: C:70.07;: H:6.33; N:11.87

S5 S ' EXAMPLE 45b
6-Chloro-8-{4-[(1,4-trans)-4-(5-fluoro-1H-indol-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+100). Elemental analysis for C,, H,, CIF N,
- - Calculated: C:70.04; H: 6.1; N: 12.1
Found: C:70.23; H: 6.33; N: 11.94

_ _ + EXAMPLE 45¢
15 . 3-{(1,4-cis)-4-[4-(6-Chloro-quinolin-8-yl)-piperazin-1-yl}-
cyclohexyl}-1H-indole-5-carbonitrile
To a solution of 0.250 g of 6-chloro, 8-piperazino-quinoline in 10 mL of CH,CL,,
was added 0.240g of 3-(4-oxo-cyclohexyl)-1H-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 1IN NaOH, and the product was
‘extracted with ether. The organic phase was washed with water and dried. The product
was filtered through 75 mL of silica gel using 25% ethyl acetate/hexanes, and then 75%
_ ethyl acétatelhexanes, to give 0.123 g of the desired product: mp 152-160°C; MS (ES)
, m/z (relative intensity): 471 (M+H+,100).
25
EXAMPLE 45d
3-{(1,4-trans)-4-[4-(6-Chloro-quinolin-8-yl)-piperazin-1-yl}-
_cyclohexyl}-1H-indole-5-carbonitrile
The trans isomer of the compound of Example 45¢ was isolated at the same time
30 as the cis isomer as an off white solid (0.032g) mp 144-152°C. MS (ES) m/z (relative
intensity): 471 (M+H+,100). . '
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EXAMPLE 46a
5-Chloro-8-{4-[(l 4-c1s)-4-(S-ﬂuoro-1H-mdol-3-yl)-cyclohexyl]-
plperazm-l-yl}~qumolme | '
Toa solution ef 0. 250 g of 5-chloro, 8-piperazino-quinoline i in 10 mL of C}LClz,

‘was added 0.200g of 4-(5-ﬂuoro-]-H-3-mdolyl)-cyclohexanone followed by-0. 533 gof

sodium tnacetoxyborohydnde and 0.09 mL acetic acid. The reaction was stlrred atroom
temporature overnight. It was quenched with 1IN NaOH, and the product was extracted
with ether. The organic phase was washed with water and dried 'ove'r: magnesium sulfate.

The product' was filtered through 75 mL. of silica gel using 25% ethyl acetate/hexanes, -
75% ethyl acetate/hexanes, to give (. 074 g of the desired product mp 101-104°C; MS

- (ES) m/z (relative intensity): 464 (M+H+ 100).

: B .. EXAMPLE 46b | :

3-{(1 4-c1s)-4-[4-(5-ChIoro-qumohn-8-yl)-p|peraz1n-l-yI]-cyclohexyl}-lH-lndoIe-S-
- carbonitrile.

To a solution of 0.300 g of 5-chloro, 8-piperazino-quinoline in 10 mL of CH,CL, ’
was added 0.230g of 3-(4-oxo-cyclohexyl)-1H-indole-5-carbonitrile followed by 0.550 g
of - sodium triacetoxyborohydride and 0.09 mL acetic acid. The reaction was stirred at

room temperature overnight. It was quenched with 1IN NaOH, and the product was

- extracted with CH,Cl, The organic phase was washed with water and diied over

magnesium sulfate. The product was filtered through 75 mL of silica gel u'Sii;g 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 1ntensxty) 471

- (M+H+,100)

o EXAMPLE 472
5-Fluoro-8-{4- [(1, 4-c1s)-4-(6-f|uoro-lH-indol-S-yl) cyclohexyl]-
piperazin-1-yl}-quinoline
To a solunon of 0.231 g of 5-fluoro, 8-p1perazmo—qumohne in 10 mL of CH,C]z, '
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 quenched with 1N-NaOH, and the product was extracted

with CH,Cl,. 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, then 6% MeOH / ethyl acetate to give 0.049 g of the
desired product: mp 172-174°C; MS (ES) m/z (relative intensity): 447 (M+H+,100).

EXAMPLE 47b _
5-Fiuoro-8-{4-[(1,4-trans-4-(6-fluoro-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) mp173-175 °C. MS (ES) m/z (relative
intensity): 447 (M+H+,100). - : '

EXAMPLE 48a .
3-{(1,4-cis)-4-[4-(2-Methyl-quinolin-8-y})-piperazin-1-yl}-cyclohexyl}- 1H-indole-5-
carbonitrile )

To a solution of 0.230 g of 8-piperazino-quinaldine in 10 mL of CH,Cl,, was
added 0.238g of 3-(4-oxo-cyclohexyl)-1H-indole-5-carbonitrile followed by 0.527 g of
sodium triacetoxyborohydride and 0.09 mL acetic acid. The reaction was stirred at room
temperature overnight. It was quenched with 1IN NaOH, and the product was extracted
with CH,Cl,. 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 / ethyl acetate to give 0.089
g of the desired product: mp 197-199°C; MS (ES) m/z (relative intensity): 450
(M+H+,100).
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EXAMPLE 48p
3-{(1 4-trans)-4-[4-(2-Methyl-qmnolm-8-yl)-p|perazm- -yl]-cyclohexyl)-
_ IH-mdole-S-carbomtnIe
- The trans isomer of the compound of Example 48a was 1solated at the same time
as the cis isomer as afi' off white sohd (0 058 g) mp 268- 280°C MS (ES) m/z (relative
1ntens1ty) 450 (M+H+ 10()) ' '

| EXAMPLE 49a :
o 4-(4-[(1 4-c1s)-4-(5-Fluoro-1H-mdol-3-yl)-cyclohexyl]-plperazm-1-yl}-2-
tnfluoromethyl-qmnolme
Toa soluuon of 0.281g of 1- [2-(tnfluoromethyl)qumol—4yl]plperazme in 10 mL
CH/Cl,, was added 0.231g of 4-(5-ﬂuor(_)-]-H-3-1ndolyl) cyclohexanone followed by
0.528 g of sodium triacetoxyborohydride and 0.09 mL acetic acid. The reaction was -

~ 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).

o 'EXAMPLE 49b _
4-{4- [, 4-trans)-4-(5-Fluoro-1H-mdol-3-yl)-cyclohexyl]-plperazm-l-yl}-z-
triﬂuoromethyl-qumolme '
- The trans isomer of the compound of Example 49A was isolated at the same time:
 as the cis 1somer as an off white solid (0.110 g mp218 223°C MS (ES) m/z (relauve
: mten51ty) 497 (M+H+,100). '

EXAMPLE 49¢
3-{Q1, 4-c1s)-4-[4-(2-Tnﬂuoromethyl-qumolm-4-yl)-p1perazm-l-yl]-
cyclohexyl}-1H-indole-5-carbonitrile
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)-1H-indole-5-carbonitrile
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tto afford 0.137g of a white solid. mp 235-239°C; MS (ES) m/z (relative intensity): 504
(M+H+,100).
Elemental analysis for C,, H,, F, N,
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Calculated: C: 69.17; H: 5.6; N : 13.91
Found: C: 68.96; H: 5.37; N: 13.8

EXAMPLE 49d
3-{(1,4-trans)-4-[4-(2-Trifluoromethyl-quinolin-4-yl)-piperazin-1-yl}-cyclohexyl}-
1H-indole-5-carbonitrile |
The trans isomer of the compound of Example 49C was isolated at the same time
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 50a -
4-(4-[(1,4-cis)-4-(5-Fluoro-1H-indol-3-yl).-cyclohexyl]-piperazin-
1-y1}-6-methoxy-quinoline

To a solution of 0.280g of 6-methoxy-4-piperazino-quinoline in 10 mL CH,CL,
was added 0.230g of 4-(5-fluoro-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
temperature overnight. It was quenched with 1IN NaOH, and the product was extracted
with CH,Cl, . The organic phase 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 / 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).

EXAMPLE 50b
4-{4-[(1,4-trans)-4-(5-Fluoro-1H-indol-3-yl)-cyclohexyl]-piperazin-
1-yl}-6-methoxy-quinoline
The trans isomer of the compound of Example 50a was isolated at the same time
as the cis isomer as an off white solid (0.027g) mp 249-251°C. MS (ES) m/z (relative
intensity): 459 (M+H+,100). |
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EXAMPLE 50c
3-{(1, 4-c1s)-4-[4-(6-Methoxy-qmnolm-tl-yl)-plperazm- -yl]-
_ _ cyclohexyl} lH-mdole-S-carbomtnle _

- This compbun_'d_was- brepare_d in the sa_me_manner as in Example 50a replacing 4- -
(S-ﬂudro- -HQ Jindolyl)—cyclohexaﬁo'ne'with 3- (4—oxo-éyclohexyl) 1H-indole-5- - . |
carbomtnle to afford 00]6g of a whlte solid. mp 271-272°C; MS (ES) m/z (relanve
mtensny) 466 (M+H+ 100). '

- EXAMPLE 504 .
3-{(1 4-trans)-4-[4-(6-Methoxy~qmnohn-4-yl)-p1perazm-l-yl]-
_ cyclohexyl}-IH-mdole-S-carbonitnle '
The trans isomer of the compound of Example 50c was. 1solated at the same time
as the cis isomer as an-off whlte solid (0 014g) mp 288-292°C MS (ES) m/z (relatlve
intensity): 466 (M+H+,100)

 EXAMPLESIla
(cls)-3-{4-[4-(6-methoxy-z-methquumolm-s-yl)plperazm- -yl]cyclohexyl}-l-
: methyl-IH-mdole-S-carbomtnle :
To a rhixtur'e' of 4—(6-methoxy72—methquumohn—_8-yl)piperazine (300 mg,
' 1.16 mmol), 3-(1-methyl-1H-indole-5-carbonitrile)cyclohexane-4-one (440 mg, 1.75
mmol), and sodium tri'acetoxybor'ohydride (495 mg, 2.34 mmol) in 5 mL of
anhydrous THF was added 70 uL (73 mg, 1.22 mmol) glacial acetic acid. The
resulting mixture was stirred at ambient temp'e_l*atﬁré'ilnder N, for 24 hours. The
reaction was treated with saturated aqueous sodium 'bic'a'r'bo,nate (50 mL), and
aqueous mixture was extracted with CH;CL2 (3 x 50 mL). The organic.layers were
combined, dried over anhydrous Na,SO,, filtered, and concentrated in 'yabuo. Flash
' chromatography on 4 x 15 cm Sio, (gradient elution, 50% EtOAc/hex to 100%
EtOAc then 5% MeOH/EtOAc) afforded still impure title compound. A second
chromatography using the same eluent on 2 x 20 cm SiO, afforded 190 mg (33%) of
clean product and 140 mg of still impure product. Recrystallization of the clean
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product from EtOAc/hexane afforded 100 mg (17%) of the title compound: mp 201-
203°C |

~ Elemental analysis for C,/H,,N,0+0.1 CH,0,

~ Calc’d: C,75.06; H, 7.18; N, 13.94
Found:  C,75.00;7.32;N, 13.83
EXAMPLE 51b

(cis)-3-{4-[4-(6-methoxy-3-methylquinolin-8-yl)piperazin-1-yl]cyclohexyl}-1-
methyl-1H-indole-5-carbonitrile

To a mixture of 4-(6-methoxy-3-methylquinolin-8-yl)piperazine (210 mg,
0.82 mmol), 3-(1-methyl-1H-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 pL. (68 mg, 0.96 mmol) glacial acetic acid. The
resulting mixture was stirred at ambient temperature under N, for 24 hours. The
reaction was treated with saturated aqueous sodium bicarbonate (50 mL), and the
aqueous mixture was extracted with CH,CL, (3 x 50 mL). The :organic layers were
combined, dried over anhydrous Na,SO,, filtered, and concentrated in vacuo. Flash
chromatography on 2 x 20 cm SiO,. (5% MeOH/EtOAc) Afforded the title -
compound, which was slightly impure. Recrystallization from EtOAc/hexane
afforded 0.26 g (64%) of the title compound: mp 190-191.5°C
Elemental analysis for C, H,,N,O.

Calc’d: C,7543; H, 7.15; N, 14.19
Found: C, 75.13; 7.25: N, 14.01
EXAMPLE 51¢

(cls)-3-{4-[4-(6-methoxy—4—methquulnolln-s-yl)plperazm- -yljcyclohexyl}-1-
methy!-lH-mdole-S—carbomtnle

To a mixture of 4-(6-methoxy-4-methylquinolin-8-yl)piperazine (0.2 g, 0.78

mmol), 3-(1-methyl-1H-indole-5-carbonitrile)cyclohexane-4-one (0.215 g, 0.85

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

'dichloromethan_e (60 ml), washed with 1N aque(_)us sodium hydr_oxide j(2ix 50 mL),

water (50 mL), and brine (50 mL). " The organic layer was dried over enhydfous

sodium sulfate, filtered and concentrated to ) give'--0.43 g of crude product “Flash -

chromatograj)hy on 50 g of silica gel (5% methénol/éthyl' acetate) afforded 0.15g
(40%) of the title compound Recrystalhzatmn from ‘ethyl .acetate/hexane yxe]ded

0.085¢ (23%) of pure product:- mp 210-212°C
- Elemental analysis for,Ca,H,sN,O 025H0

Calcd:  C,74.74;H,7.18; N, 14.06 -
- Found: C,74.82;H,7.1%; N, 14.11
- EXAMPLES51d

(trans)-3-{4-[4-(6-methoxy-4-methquumolm-8-yl)plperazm-l-yl] cyclohexyl}-l-
methyl-lH-mdole—S-carbonltnle

The trans 1somer was 1solated at the same time as the cis isomer in 16% yield ~

(0.062 g). Trituration with ethyl acetate/hexane afforded 0.058 g (15%) of pure title

compound: mp 230-232°C.
Elemental analysis for C, H,;N;0+0.5 H,O -

Calc’d: _ C7407H722N1393
Found: C;74.12; H, 7.10; N, 13.95
EXAMPLE 52a

(cls)-3-{4-l4-(6-methoxy-5-methqumnolm-s-yl)pnperazm- -yl]cyclohexyl}-l- .
methyl-lH-mdole—S-carbomtnle
~ The above compound was prepared utilizing the same method as that used for -
the pfeparation of (cis)-3- {4—[4—(6-mefho'xy-4-methylquinolin-8-yl)piperazin- -'ylj-"
cyclohexyl}- 1-methyl-lH—mdole-S-carbomtnle to give 0.25 g of the title compound.

.Recrystalhzatlon ﬁom ethyl acetate afforded 0.125 g (20%) of pure product mp 227-
-228°C.

Elementdl analys:s for CyHy,N; 0-0 25 H 0
C_alc d: C, 7474 H, 718 N, 14.06
Found: C, 74.61;H,7.20; N, 13.71
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- EXAMPLE 52b
(trans)-3-{4-[4-(6-methoxy-5-methylquinolin-8-yl)piperazin-1-yljcyclohexyl}-1-
) methyl-1H-indole-5-carbonitrile

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-

213°C. o
- Elemental analysis for C,H,;N0+0.25 H,0
' Calc’d: C,75.43;H, 7.15; N, 14.19
Found: C,75.09; H, 7.10; N, 13.96
~ EXAMPLE 52c

(cis)-5-chloro-8-{4-[-(5-fluoro-1-methyl-1H-indol-3-yl)cyclohexyl]piperazin-1-
' yl}-6-methoxyquinoline :
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 }-1-methyl- 1H-indole-5-carbonitrile to give 0.13 g of the title compound.
T;ituration. from ethyl acetate afforded 0.120 g (29%) of pure product.
Elemental analysis for C,;H,,CIFN,O

Calc’d: C, 68.70;: H, 6.36; N, 11.05
Found: C, 68.45; H, 6.24; N, 10.89
EXAMPLE 52d

(trans)-5-chloro-8-{4-[-(5-fluoro-1-methyl-1H-indol-3-yl)cyclohexyl] piperazin-1-
yi}-6-methoxyquinoline
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 C,;H,,CIFN,O
. cacd: C, 68.70; H, 6.36; N, 11.05
Found: C,68.44; H, 6.32; N, 11.02
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' EXAMPLE 52¢
(cls)-3-{4—[4-(5-chloro-6-methoxyqumolm-s-yl)plperazm-l-yl]cyclohexyl} -1--
_ methyl-lH-mdole-S—carbomtnle
The above compound was prepared _utlhzmg the same method as that used for
the preparatibn of (cis)-3- {4—[4-(6-methoxy—4-methy1quiholin-8-y1)ijiperézin- 1-yl}-
cyclohexyl }-1-methyl-1H-indole-5-carbonitrile to give 0.1 g (24%) ot title

'compound Recrystallizion from ethyl acetate afforded 0.080 g (20%) of ‘pure |

product mp 231 -231°C. -
Elemental analysns for C,,,HnCl'NsO-O.ZS'HzO-

Calc’d: C, 69.48; H, 6.32; N, 13.50
Found:  C,69.49;H,631;N,13.29 .
EXAMPLE 52f

' (trans)-3-{4-[4-(5-chloro-6-methoxyqumohn-8-yl)p1perazn-l-yl]cyclohexyl)-l-

methyl-lH-mdole-S-carbomtnle

The trans isomer was isolated in 22% yield (0.095 g) at the same ﬁme as the -

cis compound. Trituration from ethyl acetate afforded 0.070 g (17%) of pure -
product: mp 215- 216°C '
Elemental analysis for C,;H,,CIN,0+0.25 H,0

Calc’d: C, 69.48; H,6.32; N, 13.50 -
Found: C, 69.36; H, 6.28; N, 13.27
EXAMPLE 53a

4-{4-[(1 4-c1s)-4-(1H-mdol-3-yl)cyclohexyl]plperazm-l-yl}-Z-(trlﬂuoromethyl)-
1H- benznmldazole ' '

" Toa solution. ot‘4—piperazm-1-yl-2—'tr1ﬂuoromethyl_-IH-benzoimidézole' (400

mg, 1.48 mmol), 4-(1H-3-indolyl)-cyclohexanone (315 mg, 1.48 mtnol), and sodium

triacetoxyborohydride (470 mg, 2.22 mmol) in dichloroethane (30 mL) was added
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 CH,CL, (2 x 100
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mL) and 50% EtOAc/MeOH (3 x 100 mL). The organic fractions were combined, |
dried over NaSO,, 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.
Elemental analysis for C,JH,F,N,»HCI*H,O

Calc’d: C,59.82; H,599; N, 1342
Found: C, 60.18; H, 5.84; N, 13.29
EXAMPLE 53b

4-{4-[(1,4-trans)—4-(1H-indol-3-yl)cyclohe1§yl]piperazin-l-yl}-z-(triﬂuoromethyl)o
1H-benzimidazole

The trans isomer was isolated at the same time affording 180 mg (9%) as a

beige solid. The HCI salt was generated from EtOAc yielding a white solid: mp

- decomposes above 200°C.
15

Elemental analysis for C,H,,F,N,+HCl+0.75H,0

Calc’d: C, 60.34; H, 5.94; N, 13.53
Found: C,60.37; H, 5.68; N, 13.43
EXAMPLE 54a

4-{4-[(1,4-cis)-4-(1H-ind ol-3-yl)cyclohexyl]piperazin-1-yl }-1H-benzimidazole

This compound was prepared as described for la replacing 4-piperazin-1-yl-
2-trifluoromethyl-1H-benzoimidazole with 4-piperazin-1-yl-1H-benzoimidazole (510
mg, 2.5 mmol) to afford 350 mg (34%) of the title compound as a yellow foam which
was triturated with ELO to give a white solid: mp 217-219°C. |
Elemental analysis for C,;H,N,

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
4-{4-[(1, 4-trans)-4-(1H-mdol-3-yl)cyclohexyl]plperazm-l-yl)-lH-benzlmldazole

The trans isomer was isolated at the same ume.affordmg 200 mg (20%) as a
white solid. .The.HCl salt was generated frem 'Et,O/EtOH_to’ give a white solid: mp
decomposes above 215°C. | -
Elemental analysis for C,;H, )N, 2HC1°H 0]

Calcd:  C,61.22;H,6.78;N, 14.28

Found:  C,61.24;H,697;N,14.09

EXAMPLE 55a
4-(4-[(1 4-c1s)-4-(1H-mdol-3-yl)cyclohexyl]plperazm-l-yl}-2-methyl-lH-
benzimidazole '

This compound was prepared. as described for Example 53a replacing 4- -

piperazin-1-yl-2-trifluoromethyl-1H-benzoimidazole with 4-piperazin-1-yl-:2-methyl- -
1H-benzoimidazole (340 mg, 1.57 mmol) to afford 350 mg (54%) of the tile ©

compound as a white foam. The HCl salt was generated from EtOAc to give.a white -

solid: mp decomposes above 190°C.
Elemental analysis for C,;H, N»2HCI*H,O

Calc’d: C, 61.90; H, 6.99; N, 13.88
Found: ~ C,62.26;H,7.18;N,13.46
EXAMPLE 55b

- 4-{4-[(2 4-trans)-4-(1H-mdol-3-yl)cyclohexyl]plperazm- -y]}-z-methyl-IH-

benzimidazole

white solid. The HCl salt was generated from EtOH/Et,O to give a white sohd mp '
decomposes above 220°C '
Elemental Analysis for C,;H,)N;s2HCl1.5H,0

Calc’d: C, 60.81; H, 7.07; N, 13.64

Found: C, 60.84; H, 7.04; N, 13.31

The trans isomer was isolated at the same time affording 110 mg (17%) as-a - :
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EXAMPLE 56
3-{4-[(1,4-cis)-4-(6-methoxyquinolin-5-yl)piperazin-1-yljcyclohexyl}-1H-indole-
_ S-carbonitrile | _
To an oven-dried 100 mL flask under N, atmosphere was added 5-bromo-6-
methoxyquinoline (3 g, 12.6 mmol), piperazine (6.5 g. 75.6 mmol), Pd(dba), (570

mg, 5 mol%), P(t+-Bu), (0.628 mL, 5 mol%) and sodium t-bgtdxide (1.82 g, 18.9

mmol). 50 mL dry o-xylene was a_dded_ and the reaction mixture stirred and heated at
120 °C for 3 hours, then at room temperature overnight. The reaction mixture was
poured into H,O (100 mL) and extracted into EtOAc (3 x 100 mL). The organic

fractions were combined, dried over Na,SO,, concentrated and purified by column

'chromatography (10% MeOH/CH,CL+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) . -

Td a solution of 6-methoxy-5-piperazin-1-yl-quinoline (220 mg, 0.9 mmol),
4(5-cyano-1H—3-indolyl)-cyclohexanone (215 mg, 0.9 mmol), and sodium
tr_iacetoxyborohydride (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
reaction was quenched with 2.5 M NaOH (20 mL) and H,O (150 mL) then extracted
in CH,CL, (2 x 100 mL) and 5% MeOH/EtOAc (3 x 100 mL). The organic fractions

_ were combined, dried over Na,SO,, 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.
Elemental analyss for C,JH, N,»3HCI*H,0 |

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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_ EXAMPLE 57

2-{4-(1 4-trans)-[4-(6-Bromoqumolm-8-yl)plperazm-l-yl]cyclohexyl} l-methyl- .
| 1H-indole-5-carbonitrile

 To-a solution of 6-br'omo—8-pipe’razin-l-yl—qumoline‘ (i g, 3. 4'. mmei), 4-(5-

'cyano-]-methyl-lH 3-1ndoly1)-cyclohexanone (857 mg, 3.4 mmol), and sodium
| trlacetoxyborohydnde (1 .08 g, 5.1 mmol) in_ dichloroethane (40 mL) was. added .

acetic ac1d (0 40 mL, 6.8 mmol) and stirred overmght at room temperature “The

reaction was quenched with 2.5 M_NaOH (20 mL) and H,0 (150 mL) then extracted <
in CH,C], (2 x 100 mL) and 5% MeQ}I/EtOAc (3 x 100 mL). The otganic fractions -
were combined, dried over Na,SO,, ‘concentrated, 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,,H,oBrN *HCl1+0.75H,0

Calc’d: C, 60.21; H, 5.66; N, 12.11
- Found: - C,60.17;H,5.44; N, 11.99
EXAMPLE 58a
(Cls)-6-bromo-8-(4-[4-(5-ﬂuoro-l-methyl-lH-mdol-3-yl)cyclohexyl]plperazm-l- .
yl}quinoline

To a solution of 6-bromo-8-p1perazm- -yl-qumolme (610 mg, 2.09 mmol), 4- _'

(5-fluoro-1 -methyl-lH-mdol 3-yl.)-cyclohexanone (510 mg, 2.09 mmol), and sodium

'triacetexybofohydride (660 mg, 3.14 mmol) in dichloroethane (40 mL) was added
acetic acid (0.24 mL, 4.18 mmol) and stirred overnight at room .temperat'd're. - The .

reaction was. quenched with 1 M NaOH (50 mL) and H,0 (100 mL) then extracted in -
CH,CI, (100 mL) and EtOAc (100 mL).” The organic fractions were combined, dried

over Na,SO,, concentrated, filtered and 'chromategr'aphed (5% MeOH/EtOAc). The -
majority of the cis compound prec1p1tated out  of 5% MeOI-I/EtOAc before
application to the column and was purified by filtration atfording 510 mg. (47%) of

~ the cis isomer as a pale yellow solid: mp 215-217°C.
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Elemental analysis for C,;H, ,BrFN, ¢0.5H,0

Calc’d: C, 60.21; H, 5.66; N, 12.11
Found: . C,60.17; H,5.44; N, 11.99
5 ' EXAMPLE 58b
(Trans)-6-bromo-8-{4-[4-(5-fluoro-l-methyl-1H-mdol-3-yl)cyclohexyl]pxperazm—
1-yl}quinoline

The trans isomer was isolated by chromatography affording 210 mg (19%) as
a pale yellow foam. The HCI salt was generated from EtOAc to give a gray solid:
10  mp decomposes above 225°C. '
Elemental analysis for CuHsoBfFN4-HCI-O.5H,O

Calc’d: C, 59.32; H, 5.69; N, 9.88
 Found: C, 59.36; H, 5.47; N, 9.79
15 _ _ EXAMPLE 59a

3—{‘4-(1,4.-c'is)-4-(6-ethoxyquinolin-8-yl)piperazine—l-yl]cyclohexyl}-l-methyl-lH—
indole-S-carbonitrile
To a solution of 6-ethoxy-8-piperazin-1-yl-quinoline (500 mg, 1.95 mmol), 4-
(5-cyano-1-methyl- 1H-indol-3-yl)-cyclobhexanone (490 mg, 1.95 mmol), and sodium
20 triacetdxyborohydride (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 queﬁched .with 'l. M NaOH (100 mL) and H,0 (50 mL) then extracted in
CH,Cl, (50 mL) and 5% MeOH/EtOAc (2 x 100 mL). The organic fractions were
comhined; dried over Na,SO,, 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 C3;H3;sNsOe1.25H,0
30 Calc’d: C,72.14;H, 7.32; N, 13.57
Found: C,72.23; H, 7.06; N, 13.35
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_ _ EXAMPLE 50b
3-{4-(1, 4-trans)-4—(6-ethoxyqumolm-s—yl)plperazme-l-yl]cyclohexyl}- -methyl-
: 1H-1ndole-5-carbomtnle

The trans isomer was 1solated at the same time by chromatography affordmg

'210 mg (22%) as a yellow foam which was tnturated with Et,O to afford a pale |

yellow solid: mp 225-228°C.

.~ Elemental Analysis for C;H;sNsOsH;0 -

Calc’d: —  'C,72.77:H, 7.29;N, 13.69
Found:  C,72.79;H,7.07;N, 13.41
~ EXAMPLE 60

_ 3-[4-(4-{6-[benzyl(methyl)amiho]quinolin-s#yi}'piperazin-l-yl)cycldhexyl]-l---
niethyl-lHllndole-S-carbOnitrde N

To an oven-dried 10 mL round bottom flask under a N, atmosphere was. -

added Cs,CO, (173 mg, 0.53 mmol), BINAP (15 mg, 3 mol %), Pd(OAc)3 (5 mg, 3 :

mol %) and 2-{4-(1,4-trans)-[4-(6- bromoqumolm-S-yl)plperazm- -yljcyclohexyl}-1-.
‘'methyl-1H-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:
mixtare was heated at 100 °C ovem:ght The cooled reacnon mixture was diluted

with Et,0 (15 mL), filtered to remove solids, and concentrated The resultmg 011 was .

. purified by column chromatography (S%MeOH/EtOAc + NHJOH) 10 glve 60 mg of
‘the title compound as a brown solid. The HCI salt was generated from EtOAc/Et,O:

affording an orange solid: mp decomposes above 90°C
Elemental analysis for C,,H,ON,3HCI
Calc’d: G, 65.53;H, 639N, 1239
Found: C, 65.36; H, 6.71; N, 12.39
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, EXAMPLE 61a
1-Methyl-3-[(1,4-cis)-4-(4-quinolin-5-ylpiperazin-1-yl)cyclohexyl]-1H-indole-5-
_ carbonitrile
~ To a solution of 5-piperazin-1-yl-quinoline (300 mg, 1.4 mmol), 4-(5-cyano-
l-methyi—1H—indol-3—y])—cyclohexano’ne (350 mg, 14 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 rooh temperature. The
reaction was quenched with 1 M NaOH (25 mL) and H,O (100 mL) then extracted
into CH,CL (100 mL) and EtOAc (2 x 100 mL). The organic fractions were
combined, dried over Na,SO,, concentrated, filtered and chromatographed (5%
MeOH/EtOACc) 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 C,;H, NsHCl*0.5H,0

Calc’d: C,70.36; H, 6.72; N, 14.15
Found: - C,70.43;H, 6.57; N, 13.83
: EXAMPLE 61b
1-Methyl-3-[(1,4-trans)-4-(4-quinolin-5-ylpiperazin-1-yl)cyclohexyl]-1H-indole-
5-carbonitrile

The trans isomer was isolated at the same time affording 140 mg (22%) as a
pale yellow solid: mp discolors above 200°C.
Elemental analysis for C,oH3;Ns*0.5H,0

Calc’d: C, 75.95;H, 7.03; N, 15.27
Found: C,75.82; H, 6.72; N, 15.09
EXAMPLE 62a

3-{(1,4-cis)-4-[4-(6-methoxy-1,2,3,4-tetrahydroquinolin-8-yl)piperazin-1-
yljcyclohexyl}-1-methyl-1H-indole-5-carbonitrile |
To a-solution of 6-methoxy-5-piperazin-1-yl-1,2,3,4-tetrahydroquinoline (300
mg, 1.2 mmol), 4-(5-cyano-1-methyl-1H-indol-3-yl)-cyclohexanone (306 mg, 1.2
mmol), and sodium triacetoxyborohydride (254 mg, 1.8 mmol) in dichlotoethane (50
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xﬁL) was added acetic acid (0:15 mL, 2.4 mmol) and stirred overhig‘h_t' at room
temperature. The reaction was quenched with 1 M NaOH (50 mL) and H,0 (50 mL)
then extracted in CH,C], (100 mL) and EtOAc (2 x 100 mL). The organic fractions

were combined, dried over Na,SO,, concentrated, filtered and chromatographed twice'

(5% MeOH/EtOAC) affording 140 mg (24%) of the cis isomer as a white foam. The

HCl sa]t was generated from’ EtOAc 0 glve a white solid: mp decomposes above
170°C. : . o '
~ Elemental analys1s for C,oHa,N OsHCIPH,O0
Calc’d: C, 66.96; H, 7.49; N, 13.01

Found: C, 66.71: H, 7.28: N, 12.50
EXAMPLE 62b

3—{(1 4-trans)-4-[4-(6-methoxy-1 2,3, 4-tetrahydroqumohn-s-yl)plperazm-l-
' yllcyclohexyl}-1-methyl-1H-indole-5-carbonitrile
The trans isomer was isolated at the same time affording 80 mg (22%) as a~
white foani. The HCI salt was generated from EtOAc affording a white solid: mp
decomposes above 225°C. o | ’
Elemental analysis for C3oHz;NsOsHCI+0.5H;0

Calc’d; C, 68.10; H, 7.43; N, 13.24
Found: ~ C,68.17;H,7.30; N, 13.17
EXAMPLE 63a

1-Methyl-3-[(1 4-cis)-4-(4-[1, 6]naphthynd1ne-8-ylp1perazm-1-yl)cyclohexyl]-lH- 3
indole-5-carbonitrile

To a solution of 8-piperazin- ]-yl-naphthyndme (470 mg, 2.19 mmol), 4-(5- ~
cyano-]-methyl- H-indol- 3-y1)-cyclohexanone (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 mr_hol) and stirred overnight at room temperature, The
reaction was quenched with 1 M NélOI__-I (40 mL) and H,O (20 mL) then extracted in
CH,C], (50 mL) and EtOAc (2 x 100 mL). The organic fractions were combined,
dried over Na,SO,, 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 C,;H, N~0.5H,0

Calc’d: C,73.90; H, 6.76; N, 18.47
Found: C,73.90; H, 6.76; N, 18.61
EXAMPLE 63b

1-Methyl-3-[(1 4-trans)-4-(4-[1 6]naphthyndme-s-yl-plperazm-l-yl)cyclohexyl]-
. 1H-indole-5-carbonitrile
The trans isomer was isolated at the same time affording 120 mg (12%) as a
pale yellow solid: mp decomposes above 195°C. '
Elemental analysis for C3pH37NsO*0.5H,0

Calc’d: C, 73.90; H, 6.76; N, 18.47
Found: C,73.87; H, 6.75; N, 18.66
EXAMPLE 64

1-Methyl-3-((1,4-cis)-4-{4-[ 6-(methylamino)quinolin-8-yl}piperazin-1- |
yl)cyclohexyl)-1H-indole-5-carbonitrile

- To a solution of 6-(methylamino)-8-piperazin-1-yl-quinoline (100 mg, 0.43
mmol), 4-(5-cyano-1-methyl-1H-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,O (50 mL)
then extracted in CH,CL, (100 mL) and EtOAc (2 x 100 mL). The organic fractions

were combined, dried over Na,SO,, concentrated, filtered and chromatographed (10% |

- MeOH/E1OAc) affording 60 mg (30%) of the cis isomer as a gold oil. The HCI salt
was generated from EtOAc affording a yellow solid: mp decomposes above 170°C.:
Elemental analysis for C,;H NeHCI*H,0 _

Calc’d: C, 67.59; H, 7.00; N, 15.76
Found: C, 67.58; H, 6.86; N, 15.65
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EXAMPLE 65a
(Cls)-3-{4-[4-(7-methoxqunoxalm-5-yl)p1perazm- -yl]cyclohexyl}- -methyl-
1H-indole-5-carbonitrile

To a solutlon of 7-methoxy-5-p1perazm- -yl-qumoxalme (160 mg, 0. 66 '

5 mmol), 4-(5-cyano-1-methyl 1H-indol- -3-y)- cyclohexanone (170 mg, 0.66 mmo])
- and sodium tnacetoxyborohydnde {210 mg, 0.98 mmol) in dlchloroethane (30 mL)= |
- was added acetic acid (0.1 mL, 1 3 mmol) and stirred overnight at room temperature
'I‘he reaction was quenched w1th 1M NaOH (100 mL) then ‘extracted in CH Cl, (75
:j | mL) and EtOAc (100 mL).. The orgamc fractions were combined, dned over NaZSO4, d
10 concentrated filtered and-chromatographed (5% MeOH/EtOAc) affording 120 mg ’
(38%) of the cis isomer as a bright yellow solid: mp 226-229°C. )
Elemental analysis for Cz,H,,N O*H,O o
| Calc’d: C,69.86;H, 6.87; N, 16.85

Found: C,69.94;H, 6.71; N, 16.60
15 |
- EXAMPLE 65b

(Trans)-3-{4-[4-(7-methoxyqumoxalm-s-yl)plperazm-l-yl]cyclohexyl}-l-methyl-
1H-indole-5-carbonitrile

_The trans isomer was 1solated at the same time aﬁ‘ordmg 80 mg (12%) as a yellow

20 - solid: mp 230-233°C. .

 Elemental analysis for C,,HSzN O #0.5H,0

Calc’d: C7l 14H679N1716
Found:_ - C,71.29; H, 6.69; , 17.16
25 | | R EXAMPLE66a |

(Cis)-3-{4-[4-(6-methoxy|1 7]naphthyrldm-s-yl)plperazm-l-yl]cyclohexyl}-l-
- - methyl-1H-indole-5-carbonitrile ' '
- To a Solution of 6-methoxy-8-piperazin-1 -y]-_[l,7]naphthyridine_ (250 Ihg,
1.02 mmol), 4-(5-cyano—l-methyl-1H-indol-3-5zl)—cycloheXanone (260' mg, 1.02
30 mmol), 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
CHLCL, (1 x 50 mL) and EtOAc (75 mL). The organic fractions were combined, .
dried over Na,SO,, concentrated, filtered and chromatographed (5% MeOH/EtOAc + -
NH,OH) affording 160 mg (33%) of the cis isomer as a yellow foam. The HCI salt -
was generated form EtOAc affording a pale yellow solid: mp 235-238°C.
Elemental analysis for C,,H,,N,OsHCI*H,0

Calc’d: C,65.10; H, 6.59; N, 15.71
Found: C, 65.09;H, 6.77; N, 15.60
EXAMPLE 66b

(Cis)-3-{4-[4-(6-methoxy[1,7]naphthyridin-8-yl)piperazin-1-yl]cyclohexyl}-1-
methyl-1H-indole-S-carbonitrile

The trans isomer was isolated at the same time affording 90 mg (18%) as a yellow -

foam. The HCI salt was generated from EtOAc affording a pale yellow solid: mp -

230-233°C. |

Elemental analysis for C,H,,N . O-HCl*0.5H,0

Calc'd: C, 66.21; H, 6.51; N, 15.97
Found: C, 66.26; H, 6.37: N, 15.91
EXAMPLE 67a

3-{(1,4~cis)4-[4-(2-Ox0-2,3-dihydro-1H-benzimidoazol-4-yl)-piperazin-1-yl}-
cyclohexyl}-1H-indole-5-carbonitrile

To a solution of 4-piperazin-1-yl-1,3-dihydro-benzoimidazol-2-one (400 mg,
1.8 mmol), 4-(5—c'yano-lH-'indol-3-yl)-cyc]ohexanone (430 mg, 1.8 mmol), and
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 romﬁ femperature.
The reaction was quenched with 2.5 M NaOH (100 inL) then extracted in
MeOH/CH,CI, (2 x 100 mL). The organic fractions were combined, dried over
Na,SO,, concentrated, filtered and chromatographed two times (10% MeOH/EtOAc)
affording 185 mg (23%) of the 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 C,JFL,N,0sHCls1.5H,0

Calc’d:  C,61.96;H, 6.40; N, 16.67
Found: . C,61.97;H,6.26;N, 16.28
EXAMPLE 6T -

3-{(1 4-trans)4-[4-(2-0xo-2 3-dlhydro-lH-benznmldoazol-4-y|)-p1perazm-l-yl]-
cyclohexyl}-lH-mdole-S-carbonltrnle

The trans isomer was isolated at the same time aff'ordmg 90 mg (18%) asa

white solid. The HCI salt was generated from EtOAc affordmg a white solid:

mp decomposes above 265°C.

.Elemental analysis for C,JH,,N,OsHCl*1.5H,0 -

Calc’d: C, 61.96; H, 6.40; N, 16.67
. Found: . C,61.98; H, 6.25; N, 16.38
EXAMPLE 68a

3-[cis-4-[4-(6-Methoxy-1H-dinole-4-yl)-1-_p'iperazinyl] :
cyclohexyl]1H-indole-5-carbonitrile
A solution of 4-(5-cyano-1-methyl-3-indolyl)-cyclohexanone (0.43 g, 1.8
mmol), 6-méthoxy-4-piperazin-l-yl-IH-indole (0.4 g, 1.8 mmol), sodium triacetoxy- -
borohydride (0.77 g, 2.7 mmol) and acetic acid (0.21 mlL, 3.6 mmo}) in 1,2- -

: dichlorbeﬂxane (20 mL) was allowed to stir at:room temperature overnight. The

reaction was quenched with 1 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.

Chromatogi'aphy (5% methanol/ethyl acetate) afforded 0.38 g (48%) of the title
compound as a white solid: mp 182-185°C..

- The HCl salt was prepared in ethyl acetate: mp.225-226 °C.

Elemental analysis for C,;H, N,0°2HCl+0.25H,00.40C H,0,
Calc’d: C, 62.79; H, 6.53; N, 12.37 '
Found: C, 62.28; H, 6.44; N, 12.97
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EXAMPLE 68b
3-[trans-4-[4-(6-Methoxy-1H-indole-4-yl)-1-piperazinyl]
| cyclohexyl]1H-indole-5-carbonitrile
The trans compound was isolated at same time as the cis isomer in 33% yield
(0.26 g) as a white solid: mp 157-160 °C. The HCI salt was prepared in ethyl
acetate: mp > 210 °C. '
Elemental analysis for C,;H, N,O*HC]*1.5H,0

Calc’d: C, 64.82; H, 6.58; N, 13.94
Found: C,65.04; H, 6.82; N, 13.54
EXAMPLE 6Y

5.Fluoro-3-{4-[4-(6-methoxy-naphthalen-2-yl)-
piperazin-1-yl)-cyclohexyl}-1H-indole

To 400 mg (1.66 mmol) of 1-(6-methoxy-naphthalen-2-yl)-piperazine in 40 -
mL of CH,C], and 100 mg of glacial HOAc at 23 °C was added 384 mg (1.66 mmol)
of 4-(5-fluoro-1H-indol-3-yl)-cyclohex-3-enone followed by 216 mg, (1.89 mmol) of
Na(OAc),BH. After stirring at 23 °C for 12 hours, the reaction mixture was
transferred to a separatory funnel and partitioned between water and CH,CL,. The
organics were washed with brine, dried over MgSO,, and chromatographed on silica
gel eluting with 20:1 EtOAc:2 M NH, in MeOH. The product fractions were pooled,
stripped, and treated with 115 mg (1.3 mmol) of (CO,H), 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) m/z 458 (MH)".
Elemental Analysis for C,;H,,FN,O

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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EXAMPLE 70a
3-[4-[(Czs)-4-(6-[1 3]d10xolan-2-yl-qumolm-s-yl)-plperazm-l-yl]-
cyclohexyl-1H-mdole-5-carbomtnle
6-[1 3]D10xolan-2-y1 8-p1perazmyl-qumohne 1.36 g (4.8 mmol) was
combined with: 1-methyl-3-(4-0xo0-cyclohexyl)-1 1H-indole-5-carbonitrile, 1.53 g (72
mmol), 0.43 g (7.2 mmol) CH,CO.H, and 100 mL CH,CI, by the process described -
:fo_r Example 1. The crude was chromatographed' on silica gel iﬁ a gradient of CH,Cl,
to 10:1 CHCIL:MeOH, and the cis compound was isolated, (R=0.39, 10:1
CH,C1,:MeOH).. The product fractions wéré pooled, stripped, and treated with 0.09 °
g (1 0 mmol) (CO ,H), in absolute EtOH to give 1. 0 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: o
+ 105°C; MS (ES) m/z 522 (MH)"
Elemental Analysis for C,H,N.O,
Calc’d._ » C,73.68; H, 6.76, N, 13. 43
Found: | C, 73.67; H, 6.82; N, 13.23.

EXAMPLE 70b
3-[4-[(Trans)-4-(6-[1 3]dloxolan-2-yl-qumolm-s-yl)-plperann-l-yl]-
cyclohexyl-1H-indole-5-carbonitrile
The trans compound was also obtained, (R=0.24, 10:1 CH,Cl,:;MeOH). The

: product' fractions were pooled, stripped, and. treated with 0.07 g (0.8 nimol) of

(CO,H), in absolute EtOH to g1ve 0. 80 g (1.5 mmol, a 31% yleld) mp: 160°C; MS ES o
m/z 522 (MH) ' ' '

'Elemental Analysis for C,,H,,N,O,
Calc’d.: C, 73.68; H, 6.76, N, 13. 43
Found: C. 67.05; H, 6.27; N, 12.03.
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EXAMPLE 71
8-[4-[(Cis)-4-(5-Cyano-1-methy)-1H-indole-3-yl)-cyclohexyl]-
piperazin-1-yl]-6-quinolinecarbaldehyde
_ To 920 mg (1.8 mmol) of 3-’[4-[(cis)-4—(6-[l,3]dioxolan-z-yl—quinolin-8~Yl)—
piperazinyljcyclohexyl-1H-indole-5-carbonitrile in 7 mL'of THF and 14 mL of
glacial HOAc at 23 °C was added 0.8 ml of 6N HCl. The reaction 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 CH,Cl, and
washed with brine, dried over MgSO,, and chromatographed on silica gel eluting
With 10:1 CH,CL,:MeOH. ). The product fractions were pooled, stripped, and treated
with 147 mg (1.6 mmol) (CO,H), 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-

174°C; MS (ES) m/z 478 (MBH)".
Elemental Analysis for C,;H, N.O - _
Calc’d.: C,75.44; H, 6.54, N, 14.66.

Found: C, 73.27; H, 6.66; N, 13.98
EXAMPLE 72

8-[4-[(Trans)-4-(S-Cyano-1-methyl-1H-indole-3-yl)-cyclohexyl]-piperazin-1-yl}-

6-quinolinecarbaldehyde

The trans compound was obtained by the process described for Example 4 by

_ combi_ping .750 mg (1.4 mmol) 3-[4-[(trans)-4-(6-[1,3]dioxolan-2-yl-quinolin-8-yl)-

piperazinyl]cyclohexyl-1H-indole-5-carbonitrile, .6 ml 6N HCl, 7 ml THF, 7 ml
glacial HOAc. The product fractions were pooled, striped, and treated with 85 mg
(0.9 mmol) (CO,H), in absolute EtOH to give 450 mg (.76 mmol, a 42% yield) Mp:
201-203°C; MS (ES m/z 478 (MH)".
Elemental Analysis for C,;H,,N,O _

Calc’d.: C,75.44; H, 6.54, N, 14.66.

Found: C, 72.10; H, 6.80; N, 12.64.
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EXAMPLE 73
8-[4-[(Cts)-4-(5-cyano-l-methyl lH-mdole-S-yl)cyclohexyl]—l-
_ plperazinyl] 6-qmnolmecarboxyltc acld
To 750 mg (1.6 mmol) of 8- [4_[(Cts)-4-(5-cyano- -methyl-lH-mdole-3—

yDcyclohexyl]- l-ptperazmyl] 6—qutnolmecarbaldehyde in 60 mL of ~BuOH a:nd 8
" mL of CI-I,CHC(CH,)2 at 23°C was added a solution of 1. 3 mg (14.4 mmol) NaClO,, '

13 ¢ (10. 8 mmol) NaH,PO in 3 ml water After sttrrtng at 23°C for 12 hours, the

" volatiles were removed by rotary evaporatton The reactton mtxture was transferred '

toa separatory funnel and parttttoned between water and CH Cl The orgamcs were’
washed with bnne dried over MsSO4, and chromatographed on silica gel eluting with
20:1 -CH,Cl,:MeOH containing 5% glacial HOAc. The product fractions ‘were
pooled, stripped, and treated with 75 mg (0.83 mm'ot) of '(CO H), in absolute EtOH to -

- give 390 mg (0.6 mmol, a 38% yield) of the oxalate salt of the title compound as a

tan crystalline solid. mp: 230°C MS (ES). m/z 494 (MH)".
Elemental Analysis for C,;H, N,O,

Calc’'d: - C,73.00;H, 6.33, N, 14.19..
Found: C, 50.91; H, 4.92; N, 7.70
EXAMPLE74

' 8-[4-[(Trans)-4-(5-cyano-1-methyl 1H-mdole-3-yl)cyclohexyl]-1-plperazmyl]-ﬁ-

- qmnohnecarboxyhc acid

‘The trans was obtained by the process descnbed for Example 73 by

~combining .30 g (.60 mmol) 8- [4—[(Tran.s')-4-(5-cyano-1-methyl-lH—mdole—3-

yl)cyclohexyl] 1-p1perazmyl] 6-qu1nolmecarbaldehyde 48 g (5. 5 mmol) NaClOz,'
48 g (4.1mmol) NaHzPO,, 24 mL BuOH, 3 mLCH,CHC(CH,)z, and 6 ml water.
The product fractions were pooled, striped, attd treated w'ith: 54 mg (0.60 mmol) of -
(CO,H), in absolute EtOH to give 97mg ( 16 mmol a 10% yteld) mp: 275°C MS
(ES) m/z: 494 (MH)".
Elemental Analysis for C,,H, N,O

Calc’d.: C, 75.44; H, 6.54, N, 14.66.

Found: -G, 50.42; H, 4.66; N, 8.82.
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EXAMPLE 75
Methyl 8-[4-[(Cis)-4-(5-cyano-1-methyl-1H-indol-3-yl)cyclohexyl}-1-
_ piperazinyl}-6-quinolinecarboxylate
To 50 mg (0.1 mmol) of 8-[4-[(Cis)-4-(5-cyano-1-methyl-1H-indole-3-
ylh)cyclohexyl]-1-piperazinyl}-6-quinolinecarboxylic acid in 1 mL of MeOH and 3
mL of CH,CH, at 23°C was added 0.9 mL (.39 mmol) of a 10% solution of
(CH,),SiCHN, in hexanes. After stirring at 23°C for 12 hours, the volatiles were
removed by rotary eﬁaporation. The crude product was chromatographed on silica
gel eluting with 20:1 CH,CL,:MeOH. The product fractions were pooled, stripped,
and treated with 5 mg (0.05 mmol) of (CO,H), 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) m/z: 599 (MH)". '
Elemental Analysis for C, H,,N.O, _
Calc’d.: - C,66.28; H, 590, N, 11.71.

Found: C,61.49; H, 5.85; N, 10.35.
EXAMPLE 76a

3-[4-[(_Cis)-4-('_7-mefhoxy-8-quinolinyl)-l-piperazinyl]cyclohexyl]-l-methyl-lH-
indole-5-carbonitrile

7-Methoxy-8-(1-piperazinyl)quinoline 400 mg (1.6 mmol) was combined
with 404 mg (1.6 mmol) of 1-methyl-3-(4-oxo-cyclohexyl)-1H-indole-S-carbonirile,
510 mg (2.4 mmol) of Na(OAc),BH, 143 mg (2.4 mmol) of glacial HOAc, in 30 mL
CH,Cl, by the process described for Example 69. The crude was chromatographed
on silica gel eluting with 20:1_. CH,CL:MeOH, the cis compound was isolated
(R=0.34, 10:1 EtOAc:MeOH). The product fractions were pooled, stripped, and
treated with 27 mg (0.30 mmol) of (CO,H), 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 (MH)". -
Elemental Analysis for C, H,,N,O

Calc’d.: C,6743;H,6.19,N, 12.29.

Found: C,65.38; H, 6.34; N, 11.83,



10

15

25

WO 00/40554 - _ . PCT/US00/00223

- 138 -

EXAMPLE 76b
3-[4-[(Trans)-4-(7-methoxy-8-qumolmyl)- -plperazmyl]cyclohexyl]-l-methyl- -
- 1H-mdole-5-carbon|tnle |
. The trans compound was - obtained at ‘the same time (R=0.17, 10:1
BtOAc MeOH) The product fracnons were pooled stripped, and treated with 12 mg
(0.13 mmol) of (CO. H)2 in absolute EtOH to give 80 mg (.17 mmol, an 11% yleld)
mp: 144-148°C MS (ES) m/z: 480 (MH) ' .

. Elemental Analysis fot C,,,H,,N,O :

Calc'd:  C,67.43;H,6.19,N, 12.29,
Found: C,64.17;H,637; N, 11.68.

EXAMPLE 77a
8-[4-[(C:s)-4-(5-cyano-1-methyl-1H-mdol-3-yl)cyc|ohexyl]-l-plperazmyl]-N,N-
dlmethyl-ﬁ-qmnolmcarboxalmde '

N,N-dimethy}-8-(1-piperazinyl)-6-quinolinecarboxamide 300 mg (1.1 mmol) :

was combined with 267 mg (1.1 mmol) of 1-methyl-3-(4-oxo-cycloheXyl)-lH—_ .

indole-5-carbonirile, 339 mg (1.6 mmol) of Na(OAc),BH, 96 mg (1.6 miol) of

| glacial HOAc in 20 mL CH,CL, by the process described for Example 69.  The crude
20

product was chromatographed ‘on silica gel with a "gradiént of EtOAc to 10:1

EtOAc:MeOH, and the cis c_bmpqund was isolated (R=0.43,.10:1 EtOAc:2 M NI-I3 in *+

MeOH). The product fractions were pooled, striped, and treated with 35 mg 039 -

- mmol) of (CO,H), 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 crystallme solid. mp: 163 165°C

MS (ES) m/z: 521 (MHY".
Elemental Analysis for C,,H,N,O
Calcd: G, 66.83;H,6.27,N, 13.75.
Found: = C,59.62;H,6.15; N, 11.33,
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'EXAMPLE 77b

: 8-[4[(1‘mns)-44(5-cyano-1-methyl-lH-indol-3-yl)cyclohexyl]-l_-piperazihyl]-N,N-

dimethyl-6-quinolincarboxamide

The trans compound was obtained at the same.-time, (R=0.33, 10:1

EtOAc:2M NH, in MeOH). The product fractions were pooled, striped, and treated

with 15 mg (0.17 mmol) of (CO,H), in absolute EtOH to give 80 mg (0.15 mmol, a
14% yield) mp: 160-163°C; MS (ES) m/z: 521 (MH)".
Elemental Analysis for C,,H,,N,O

Calc’d.: C, 66.83; H, 6.27, N, 13.75.
Found: C,62.7; H, 6.52; N, 12.33.
EXAMPLE 78

6-Methoxy-8-{cis-4-[4-(1H-pyrrolo[2,3-b]pyridin-3-yl)cyclohexyl]-1-
. piperazinyl}quinoline
To a stirred solution of 195 mg (0.80 mmol) of 6-methoxy-8-(1-

_ pipe_razinyl)quinoline in 10 mL of 1,2-dichloroethane 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 CH,Cl/ MeOH
(10:1). After stirring at 23 °C for 64 hours, the reaction was quenched with 10 mL of
1N Né.OH, and extracted with CH,Cl, (2 x 25 mL). The aqueous layer was adjusted
to pH 10 with AcOH, and further extracted with CH,Cl, (2 X 75 mL). The combined
organic layers were washed with bnne (2 x 75 mL), dried over MgSO,, filtered, and
evaporated to a tan solid.

The crude product was purified by flash chromatography on silica gel using a
gradient elution of CH,Cl/ MeOH (40:1 1o 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 preclpltated out of solution. -
Diethyl ether (5 mL) was added to the suspenswn and cooled to 0°C to. further

| crystallize the product. The preclpltated solid was collected and washed with ether to
- afford 79.5 mg (15 mmol, a 71% yleld) of the oxalate salt. mp 216-220°C; MS (ES) .
m/fz: 442. 3 (MH)*, 221.6 (M/2+ H)".

Elemental Analys1s For C,,H,,N,O,

- Cale’d.: C6548H625N1317
- Found: = C, 62.66; H, 5.95;N, 11.67.
EXAMPLE 79 '
6-Methoxy-8-(cls-4-[4-(1-methyl 1H-pyrrolo[2 3-b]pyndm-3-yl)cyclohexyl]-l-
piperazinyl}quinoline

The title compound was prepared by the procedure descnbed in Example 78

using 4-(1-methyl-1H-pyrrolof2, 3-b]pyndm—3—yl)-cyclohexanone (204.7 mg, 0.89

mmol) in place of 4-(1H-pyrrolo[2, 3-b]pynd1n-3-yl)cyclohexanone Yield: 30%
(108 5 mg, 0.24 mmol); viscous yellow oil. ' '

The oxalate salt was prepared in the manner previously described in Example
78 ‘using 108.5 mg (0.24 mmol) of the title compound. Yield: 30% (39. 2 mg, 0072
mmol). mp: 105-110°C; MS (ES) m/z: 456.3 (MH) 228.8 (MIZ + H)".

Elemental Analysis for C,,,H,SNS

Caled: G, 66.00;H, 6.46; N, 12.83.
Found: C, 58.43; H, 6.31; N, 10.57.
| EXAMPLE 80 |
8-{Cis-4-[4-(6-'ﬂuoro-_1H-inddl-3-yl)cyclohexyl]-1-piperazinyl}-6-
methoxyquinoline

The title compound was prepared by the procedure described in Example 78

| using 4-(6-fluoro-1H-indol-3-yl)-cyclohexanone (401 mg, 1.87 mmol) in place of 4-
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(1H-pyrrolof2,3-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
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 (MH)", 230.1 (Ml2+ H)
Elemental Analysis for C, H,,FN,O, - _

Calc’d.: C, 65.64; H, 6.06; N, 10.21,

Found: C, 65.16; H, 6.40; N, 9.86.
EXAMPLE 81
8-{Cis-4-[4-(6-fluoro-1-methyl-1H-indol-3-yl)cyclohexyl}-1-piperazinyl}-6-
methoxyquinoline

The title compound was prepared by the procedure described in Example 78
using 4-(6-ﬂuox_'o-1-methyl—1H-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

- 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 (MH)".
Elemental Analysis for C, H,,FN,O,

Calc’d:  C,66.14: H, 6.27: N, 9.95.
Found: C, 66.26; H, 6.16; N, 7.49.
EXAMPLE 82

6-Methoxy-8-(4-{(cis)-4-[5-(trifluoromethyl)-1H-indol-3-yl]cyclohexyl}-1-
piperazinyl)quinoline
The title compound was prepared by the procedure described in Example 78
using cyclohexanone 4-(5-trifluoromethyl-1H-indol-3-yl)-cyclohexanone (271.5 mg,
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0.97 mmol) in place of 4-(1H-pyrrolo[2,3-b]pyridin-3-yl)cyclohexanone. Yield: 12%

(57 mg, 0.12 mmol); off-white solid.

The oxalate salt was prepared in the manner prewously descnbed in Example

- 78 usmg 25.6 mg (0.050 mmol) of the tltle compound Yleld 67% (20 mg, 0.033 -

mmol). mp: 143 147°C; MS (ES) m/z: 509.4 (MH)
Elemental Analys1s for C, H,,F,N,O;

Calc’d.: C6217H555N935
Found: C, 57.55; H, 5.84; N, 8.63.
EXAMPLE 83a

(c_is)-ﬁ-methoxy-s-(4-{4-[1-methy1-s:(ﬁiﬂuoromethy|)'-_1H-indol-3-
' 'yl]cyclohexyl }pipérazinyl)quinoline
The title compound was prepared by the procedure described in Example 78

using 4-(l-methyl-S-tnﬂuoromethyl-1H-mdol-3-yl) cyclohexanone (750 3 mg, '2:54

mmol) in place of 4-(1H-pyrrolo [2,3-b]pyndm-3-y_])cyclohexanone. Flash chroma-
~ tography was performed using a gradient elution of ethyl acetate/ MeOH (40:1 to 10:1

to 4:1) in place of CH,Cl,/ MeOH; Rf"‘ 0.36. Yxeld 12% (162.1 mg, 0. 30 mmol) tan”

solid.

The oxalate salt was prepared in the manner previously described in‘ :Exam'ple
78 using 93.5 mg (0.18 mmol) of the title compound Yield: 29% (31 4 mg, 0.051
mmol). mp: 101-104°C; MS (ES) m/z: 523 2 (MH)".
Elemental Analysis for C,H,F,N,O,
Calc’d.: C, 62.70; H, 5.76; N, 9.14.
‘Found:  C,5543;H, 621; N, 7.75.
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| 'EXAMPLE 83b
(Trans)-6-methoxy-8-(4-{4-[1-methyl-5-(trifluoromethyl)-1H-indol-3-
' yllcyclohexyl}piperazinyl)quinoline |
- The trans compound (R, = 0.26) was isolated at the same time as the cis
isomer 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 (MH)".

Elemental Analysis for C,;H,F,N,O,

Calc’d.: C, 62.70; H, 5.76; N, 9.14,
Found: C, 59.47; H, 5.80; N, 7.93..
EXAMPLE 84

3-{(Cis)-4-[4-(6-methoxy-s-quinolinyl)-l-piperazinyl]cyclohexyl}-l-methyl-lH-
carbonitrile -

The title compound was prepared in a similar manner described in Example
781 using 1-methyl-3-(4-oxo-cyclohexyl)- 1H-indole-6-carbonitrile (164 mg, 0.69
mmol) in - place of 4—(1H—pyrrolo[2,3—b]pyridin-3-§l)cyc_lohexanone. Flash
chromotography was performed using a gradient elution of ethyl acetate/ MeOH
(40:1 10 10:1 to 4:1) in place of CH,CL/ 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.
Yield: 56% (53.4 mg, 0.094 mmol). mp: 111-114°C; MS (ES) m/z: 480.2 (MH)",

. 240.7 (M/2 + H)".
Elemental Analysis for C,;H,,N.O,
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 85
' 3-{4-[4-(6-Methoxy-8-qmnolmyl)- -plperazmyl]cyclohexyl)-1H-mdole-6-. :
- carbonitrile a
The title compound was prepared by the proc'edure described in Example 78
us1ng 3- (4-oxo-cyclohexyl) 1H—mdole-6-carbomtnle (404 8 mg, 1. 7 mmol) in place
of 4-(1H—pyrrolo[2 3-b]pyndm-S-yl)cyclohexanone Flash chromotography was

'performed using a gradient elution of ethyl acetate/ MeOH (40:1 to 10:1 to 4 1)in

- place of CH CIJ MeOH Yield: 63% (493.7 mg, 1.06 mmol), tan solid.

10
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* The oxalate salt was prepared in the manner previousl)} 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: 242-244f’c; MS (ES) m/z: 466.2 (MHY'".
Elemental Analysis for C,,H,,N,O, _ :

Calc’d.:  C,66.97; H, 5.98; N, 12.60.

Found:  C, 67.56; H, 6.09; N, 13.15.

EXAMPLE 86a
8-{4-[(1 4-cis)-4-(5-Fluoro-1 -methyl-lH-mdol-3-yl)-cyclohexyl]-
' piperazin-1-'yl}-6-methoxy-quinoline
~ To a solution of 0.270 g of 6-Methoxy, 8-piperazino-quinoliné in 20 mL ‘of
CHCl, was added 0.245g of 4-(5-fluoro-1-methyl-1H-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 1IN NaOH, -

and the product was extracted with CH,CL. 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 acetate/hekanes, 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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EXAMPLE 86b
 8-{4-[(1,4-trans)-4-(5-Fluoro-1-methyl-1H-indol-3-y})-cyclohexyl)-
piperazin-1-'yl}-6-methoxy-quinoline
The trans isomer was isolated at the same time as the cis isomer as an off
white solid (0.013020 g).mp 198-200°C. MS (ES) m/z (relative intensity): 473
(M'+H, 100). '

EXAMPLE 87a
8-{4-[4-((1,4-cis)-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
CH,Cl,, was added 0.335g of 4-(1-H-3-indolyl)-cyclohexanone followed by 0.840 g
of sodium triacetoxyborohydride and 0.2 mL acetic acid. The reaction was stirred at -
room temperature overnight. It was quenched with 1N NaOH, and the product was
extracted with CH,Cl,. The organic phase was washed with water and dried over -

magnesium sulfate. The product was filtered through 125 mL of silica gel using 50%

- ethyl acetate/hexanes, 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 (M"+H, 100). '

. EXAMPLE 87b
8-{4-[4-((1,4-trans)-1H-Indol-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
white solid (0.023 g).mp 118-122°C. MS (ES) m/z (relative intensity): 441 (M'+H,
100).
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EXAMPLE 88a
3 {(1 4-c1s)-4-[4-(6-Methoxy-qmnolin-s-yl)-piperazm- -yl}-
cyclohexyl}-l-methyl -1H-indole-5-carbonitrile

_ To a'solution of 0.243 g of 6-Methoxy, 8-p1perazmo-qumohne in 10 mL of

5 CHCL, was added 0. 252g of 3- (4-oxo-cyclohexyl)- -methyl lH-mdole-S-carbo-
nitrile followed by 0.527 g of sodmm triacetoxyborohydride and 0.2 mL acetic acid. -

. The reacuon was stirred at room temperature overnight. It was quenched with IN
NaOH, and the product was extracted with CH,Cl,. The organic phase was washed
with water and dried over magnesmm sulfate The product was filtered through 100

10 mL of silica gel using 50% ethyl acetate/hexanes, 75% ethyl acetate/hexanes, and
fii;ally 100% ethyl acetate to give 0.085 g of the desired product: mp 239-240°C;
MS (ES) m/z (relative -intensity):-4so_(M*+H, 100). | - |

_ : EXAMPLE 88b
15 3-{(1, 4-trans)-4-[4-(6-Methoxy-qulnolm-s-yl)-plperazm-l-yl]-
' cyclohexyl}-1-methyl-1H-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 mtenslty) 480 (M*+H
-100).
20
EXAMPLE 89a
6-Methoxy-8-{4(l 4-c|s)-[4-(1-methyl 1H-mdol-3-yl)-
* cyclohexylj-piperazin-1-' yl)-qumolme
To a solution of 0. 243 gof 6~Methoxy, 8-piperazino- qumohne in 10 mL' of
25 CH\Cl,, was added 0.250g of 4-(l-methyl-1-H-3-1ndolyl)-cyclohexanone followed by
0.527 g of sodium triacetoxyborohydride and 0.2 mL acetic ac1d The reaction was
stirred at room temperature ovemxght It was quenched with IN NaOH, and the -
pioduc_t was extracted with CH,Cl,. The orgamc phase was washed w1th water and
dried over thagnesium 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).

| _ _ - EXAMPLE 8%
5 6-Methoxy-8-{4-(1,4-trans)[4-(1-methy}-1H-indol-3-yl)-
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 (M'+H,
- 100). '
10
EXAMPLE 90a .
8-{4-(1,4-cis)[4-(5-Fluoro-1-methyl-1H-indol-3-yl)-
cyclohexyl]-piperazin-l-'yl}-6-mc_athyl-quinoline
To a solution of 0.275 g of 6-Methyl, 8-piperazino-quinoline in 10 mL of
15 CH(Cl, 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
~ Teaction was stirred at room temperature overnight. It was quenched with 1IN NaOH,
~and the product was extracted with. CH,Cl,. The organic phase was washed with
water and dried over magnesium sulfate. The product was filtered through 75 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 (M"+H, 100). '

| _ _ EXAMPLE 90b
25 - 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 (M"+H,
100). -
30
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EXAMPLE 91a
8-{(1,4~cis)-4-[4-( 5-cyano-1H-indol-3-yl)-cyclohexyl]-
- piperazin-1-y1}-6-methyl-qui1ioline
To a solution of 0. 300 g of 6-Methyl 8-piperazino-quinoline in 10 mL’ of
CH,Clz, was added 0. 280g of 4~(1-H-3-mdolyl) cyclohexanone followed by O. 700 g.'
of sodium tnacetoxyborohydndg 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 CHzCl, The organic phase was washed with water and dried over |

magnesium sulfate. The product was filtered through 100 mL of silica gel using 50% B
ethyl _acetate/hexanas, 75% ethyl acetate/hexanes, and fmally 100% ethyl acetate ‘to
give 0.125 g ‘of the desired product: mp - 132-135°C; MS (ES) m/z (relative
intensity): 425 (M"+H, 100). SRR - | o

.  EXAMPLE91b
8-{(1,4-cis)-4-[4;.(5-cyano-lH-indol'-3-yl)-'c_yclohexyl]é- '
- piperazin-1-yl}-6- methyl-duinoline | :
To a solution of 0.275 g of 6-Methyl, 8-piperazino-quinoline in 10 mL of

CH,ClL, was added 0315g of 3-(4-oxo-cyclohexyl)-1H-indole-5-carbonitrile

followed by 0.639 g of 'sodium triacetoxyborohydride and 0.2 mL acdtié acid. The

reaction was stirred at room temperature overnight. It was quenched with IN NaOH,

~and the product was extracted with CH,Cl,, The organic phase was 'Washgd'witr‘x-

water and dried over magnesium sulfate.- The product was filtered through 100 mL

of silica gel using 50% éthyl acetate/hexanes, 75% ethyl acetate/hexanes, and finally

- 100% ethy] acetate to give 0.175 g of the desired product mp 142-147°C; MS (ES)

m/z (relative intensity): 450 (M"+H, 100)

EXAMPLE 92
8-{(1 4-ms)-4-[4-(1-ethyl-S-Fluoro-1H-lndol-S-yl)-cyclohexyl]-
piperazin-1-yl}-6-methoxy-quinoline
To a solution of 0.400 g of 6-Methoxy, 8-piperazino-quinoline in 20 mL of
CH/Cl,, was added 0.300 g of 4-(5-ﬂuoro-l-ethyl-3-indolyl)-cycldhexanohe followed
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by 0.651 g of sodium triacetoxyborohjrdride and 0.4 mL acetic acid. The reaction
was stirred at room temperature overnight. It was quenched with 1IN NaOH, and the
product was extracted with CHLCl,. 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 0.041 g of the desired product: mp 203-205°C; MS (ES) m/z (relative
intensity): 487 (M'+H, 100). |

o 'EXAMPLE 93a
8-{(1,4-cis)-4-[4-(5-methoxy-1-methyl-1H-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
CH/Cl,, was added 0.565g of 4-(5-methoxy-1-methyl-3-indolyl)-cyclohexanone
followed by 1.1 g of sodium triacetoxyborohydride and 0.4 mL acetic atid. The
reaction was stirred at room temperature overnight. It was quenched with 1N -NaOH,
and the product was extracted with CH,Cl,. The organic phase was washed with
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)
m/z (relative intensity): 485 (M'+H, 100).

_ EXAMPLE 93b
8-{(1,4-trans)-4-[4-(5-methoxy-1H-indol-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
white solid (0.039 g).mp 185-186°C. MS (ES) m/z (relative intensity): 485 (M'+H,

-100).
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EXAMPLE 94a°
3-{(1 4-c1s)-4-[4-(6-1sopropoxy-qumolm-s-yl)-plperazm-l-yl]-
- cyclohexyl}- -methyl -1H-indolé-5-carbonitrile
To a solution of 0.350 g of 6-Isopropoxy, 8-p1perazmo—qumolme in 10 mL of |
CHZCIZ, - was added 0.356g ~of  3- (4-oxo-cyclohexyl)-l-methyl-lH-mdole-S-
5éarbonitrile followed by .0.40'5 g of sodium t'riaceto'xyborol_iydride'-'and 0.08 mL

acetic acid. The reaction was stirred at room temperature overnight. It was quenched -

with 1N NaOH, and the product was extracted with CH,CL,. The organic phase was
washed w‘ith'water. and dried over magnesium sulfate. The product was _fi_lte'i'ed
through 100 mL of silica gel using 50% ethyl acetate/hexanes, 75% octhyl
acetate/hexanes, and fmally 100% ethyl acetate to give 0.141 g of the des1red

' product mp 223 -226°C MS (ES) m/z (relanve 1ntens1ty) ‘508 (M'+H, 100).

EXAMPLE 94b '
- 3-{(Q, 4-trans)-4-[4-(6-1sopropoxy-qmnol|n-8-yl)-p1perazm-l-yl]-
cyclohexyl}- -methyl-lH-mdole-S-carbomtnle '

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 mtensuy) 508 (M'+H,
100).

EXAMPLE 95a |
3-{Q, 4-cis)-4-[4-(6-f|uoro-quinblin-s-yl)-piperazin-I-‘-yl]-
cyclohexyl)-1 -methyl-lH-mdoIe-S-carbomtnle
To a solution of 0.300 g of 6-Fluoro, 8-piperazino-quinoline in 10 mL of

CH,Cl,; was “added 0.411 g of 3-(4.—oxo-cyclohexyl)- -methyl-1H-indole-5-

carbonitrile followed by 0.359 g of sodium triacetoxyborohydride and 0.1 mL acetic
acid. The reaction was stirred at room_temperaiure ovemight. It was quenched with
IN NaOH, and the product was extracted with CHZCIZ. 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% ethjrl
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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 (M'+H, 100). |

. 'EXAMPLE 95b
3-{(1,4-trans)-4-[4-(6-fluoro-quinolin-8-yl)-piperazin-1-yl]-
cyclohexyl)-_l-me_thyFIH-indole-S-carbonitrile '
The trans isomer was isolated at the same time as the cis isomer as an off
white solid (0.039 g).mp 214 - 216°C. MS (ES) m/z (relative intensity): 468 (M’+H, |

-100).

| . EXAMPLE 96a
3-{(1,4-cis)-4-[4-(6-trifluoromethoxy-quinolin-8-yl)-piperazin-1-yl]-
cyclohexyl}-1-methyl-1H-indole-5-carbonitrile

To a solution of 0.297 g of 6-Trifluoromethoxy, 8-piperazino-quinoline in 10

- mL of DCE was added 0.272 g of 3-(4-oxo-cyclohexyl)-1-methyl-1H-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

IN NaOH, and the product was extracted with CH,CL,. - 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 0.166 g of the desired
product: mp 206°C; MS (ES) m/z (relative intensity): 534 (M"+H, 100).

EXAMPLE 96b
3-{(1,4-trans)-4-[4-(6-triﬂuoromethbxy-quinolin-s-yl)-piperazin-1a-yl]-
cyclohexyl}-1-methyl-1H-indole-5-carbonitrile
The trans isomer was isolated at the same time as the cis isomer as an off
white solid (0.064 g).mp 170°C. MS (ES) m/z (relative intensity): 534 (M™+H, 100).
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EXAMPLE 97a
3-{(1,4-cis)-4-[4-(S-methoxy-quinolin-8-yl)-piperazin-1-yl]-
_ cyclohexyl)- -'methyl-lH-indole-S-carbonitrile
To a solution of O. 500 g of 5—Meth0xy, 8-piperazino-quinoline in 10 mL of

DCE, was added 0.544 g of 3 (4-oxo-cyclohexyl) 1-methyl—IH-mdole-S-carbomtnle o

followed by 0. 633 g of sodlum trracetoxyborohydnde and 0. 2 mL acetic acid. The .

. _reaction was stu'red at room temperature overnight. It was quenched with IN NaOH, -
_and the product was extracted with: CH,Cl The organic Pphase was washed with
| water and dned over magnesium sulfate. The product was filtered through 100 mL -

of srhca 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) m/z

(relative intensity): 480 (M" +H, 100).

_ o , ‘EXAMPLE 97b ©
3-'{(1,4-trans)-4-‘[4-(S-methoxy-quinOIin-s-yI)lpiperazin-layl]-
~cyclohexyl)-1-methy}-1H-indole-5-carbonitrile |
The 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 iutenSity): 480 (M'+H, 100).

: EXAMPLE 98a
8-{(1 4-cis)- 4-[4-(5-Fluoro-IH-mdol-3-yl)-cyclohexyl]-
plperazm-l-yl}-ﬁ-Fluoro-qumolme '
To a solution of 0.300 g of 6-Fluoro, 8-piperazino-quinoline in 10 mL of
DCE, was added 0.411g of 4-(5-fluoro-1-methyl-3-indolyl)-cyclohexanone followed
by 0.349 g of sodium triacetoxyborohydride and 0.1 ‘mL acetic acid. The reaction”
was stirred at room temperature ovemi'ght It was quenched with 1IN NaOH and the -
product was extracted with CH,CL, The organic phase was washed thh 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 0.190 g of the desired product: mp 194.5°C; MS (ES) m/z (relative
intensity): 461 (M'+H, 100).
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EXAMPLE 98b
8-{(1,4-trans)-4-[4-(5-Fluoro-1H-indol-3-yl)-cyclohexyl}-
piperazin-1-yl}-6-Fluoro-quinoline
The trans isomer was isolated at the same time as the cis isomer as an off
white solid (0.062 g).mp 171°C. MS (ES) m/z (relative intensity): 461 (M'+H, 100).

EXAMPLE 99a
3-{(1,4-cis)-4-[4-(6-Benzyloxy-quinolin-8-yl)-piperazin-1-yl}-
cyclohexyl}-1-methyl-1H-indole-5S-carbonitrile

To a solution of 0.300 g of 6-Benzyloxy, 8-piperazino-quinoline in 10 mL of
DCE, was added 0.252 g of 3-(4-oxo-cyclohexyl)-1-methyl-1H-indole-5-carbonitrile
followed by 0.297 g of sodium triacetoxyborohyd;ide and 0.1 mL acetic acid. The
reaction was stirred at room temperature overnight. It was quenched with 1N NaOH, -
and the product was extracted with CH,Cl,. 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). ’

_EXAMPLE 9%
3-{(1,4-trans)-4-[4-(6-Benzyloxy-quinolin-8-yl)-piperazin-1-yl}-
cyclohexyl}-1-methyl-1H-indole-5-carbonitrile

The trans isomer was isolated at the same time as the cis isomer as an off
white solid (0.083 g).mp 118.5°C. MS (ES) m/z (relative intensity): 556 (M'+H,
100).
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N EXAMPLE 100
- 3-{(1 4-cls)-4-[4-(6-Hydroxy-qumolm-s-yl)-plperazm-1-yl]-
. cyclohexyl}-1-methyl-1H-indole-5-carbonitrile
A solution of .100 g-of 3-{(1,4-cis)-4-{4-(6-Benzyloxy-quinolin-8-yl)

. piperazin-1-yl}-cyclohexyl }-1-methyl- 1H-indole-5-carbonitrile in THF is added to a

suspensio'n'of 0. 015 gr 10 % Pd/C in MeOH and 'hydrogenatéd for % hour. Filtered
and the solvent was evaporated to glve 0.045° g of the desired product. mp 144°C '
MS (ES) m/z (relauve mtensny) 466 (M+H 100). '

|  EXAMPLE 101
 3+{(1,4-cis)4-[4-(6-fluoro-8-quinolinyl)-1-piperazinyl]-
cyclohexyl)-1-methyl-1H-indole-5-' carboxamide
To a_ solution of .100 g of 6-ﬂuoro-8-(4-[4-(5-ﬂuoro-1-methyl—1H—1ndol-3-_

,_yl)cyclohexyl] 1- plperazmyl}qumohne in 5 ml ( THF: MeOH ), 1 ml of 5N NaOH
was added followed by 2 ml 30 % H,0,. The mixture was stirred at ROOM

TEMPERATURE for 24 hours. Wate was added and the product was filtered to give

_ 0035 g of the desired product. mp 289°C MS (ES) m/z (relatlve mtensny) 486
(M'+H, 100). : S

-EXAMPLE 102a
34, 4-c1s)-4-[4-(5-trlfluoromethyl-qmnolm-s-yl)-plperaun- -yl}-

cyclohexyl}-1-methyl-1H-indole-5-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- 1H-indole-5-
carbonitrile followed by 0.287 g of so.diﬁm triacetoxyborohydride and 0.2 mL':aCe'tic'
acid. ‘The reaction was stirred at room temperature overnight. It was quenched with
IN NaQH, and the product was extracted with CH,Cl, The organic’ phase was
washed with water and dried ovef 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 0.057 g of ‘the desired

product: mp 231°C; MS (ES) m/z (relative intensity): 518 (M'+H, 100). -
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EXAMPLE 102b
3-{(1,4-trans)-4-[4-(5-trifluoromethyl-quinolin-8-yl)-piperazin-1-yl]-
| cyclohexyl}_-1-methyl;lH-indole-s-carbonitrile
Thé trans isomer was isolated at the same time as the cis isomer as an off
white solid (0.044 g).mp 194-197°C. MS (ES) m/z (relative intensity): 518 (M'+H,
100). '

EXAMPLE 103a
3-{(1,4-cis)-4-[4-(6-chloro-quinolin-8-yl)-piperazin-1-yl]-
cyclohexyl}-1-methyl-1H-indole-5-carbonitrile

To a solution of 0.300 g of 6-Chloro, 8-piperazino-quinoline in 10 mL of
DCE, was added 0.305 g of 3-(4-oxo-cyclohexyl)-1-methyl-1H-indole-5-carbonitrile
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 1N NaOH,
and the product was extrdcted with CH,Cl,. 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% ethy] acetate to give 0.057 g of the desired product: mp 222°C; MS (ES) m/z
(relative intensity): 485 (M"+H, 100).

EXAMPLE 103b
3-{(1,4-trans)-4-[4-(6-chloro-quinolin-8-yl)-piperazin-1-yl}-
cyclohexyl}-1-methyl-1H-indole-5-carbonitrile
The trans isomer was isolated at the same time as the cis isomer as an off
white solid (0.044 g).mp 229°C. MS (ES) m/z (relative intensity): 485 (M'+H, 100).
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EXAMPLE 104a
8-{(1,4-cis)-4-[4-(5-Fluoro-1-methyl-1H-indol-3-yl)-
cyclohexyl]-piperazin-'Ile}'-6-' chiord-quinoline

To a solution of 0. 247 g of 6- -Chloro, 8-p1perazmo-qumolme in 10 mL of
DCE, was added 0. 245 gof 4»(5 fluoro-1 —methyl-3-1ndolyl)-cyclohexanone followed

" by 0.274 g of sodium tnace;oxyborohydnde and 0.2 mL acetic ac_:d. The reaction

- was stirred at rooin temperature overnight. It was_quenche_d with 1N NaOH, and the

product was extracted with CH,Cl,. 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% e_thyl acetaté/hexanes, z_md finally 100% ethyl

_acetate to give 0.070 g of the desired j)roduct: mp 219°C; MS (ES) m/z (relative‘“

intensity): 478 (M'+H, 100).

. EXAMPLE 104b |
8-{(1,4-trans)-4-[4-(5-Fluoro-1-methyl- 1H-indol-3-y1)-
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 (M'+H, 100).

EXAMPLE 105a
3-{(1,4-Cis)-4-[4-(5-chloro-8-quinolinyl)-1-piperazinyl}-
cyclohexyl}-1-methyl-1H-indole-5- ‘carbonitrile
To a solution of 0.250 g of 5-Chloro, 8-piperazino-quinoline in 10 mL of
DCE, was added 0.260 g of 3- (4-om'cy'cmhexy1)‘- -methyl- -1H-indole-5-carbonitrile
followed by 0.274 g of sodium tnacetoxyborohydnde and 0.2 mL acetic acid. The

reaction was stirred at room temperature overnight. It was quenched with IN NaOH o

and the product was extracted with CH,Cl,. The orgamc phase was washed with
water and dried over magnesium sulfate. The product was filtered through 100 mL
of silica gel usmg 50% ethyl acetate/hexanes, 75% ethyl acetate/hexanes, and finally
100% ethyl acetate to give 0.080 g of the desired product: mp 243-248°C; MS (ES)
m/z (relauve intensity): 485 (M"+H, 100). '
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EXAMPLE 105b
3-{(1,4-trans)-4-[4-(5-chloro-8-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

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-Fluore-1-methyl-1H-indol-3-yl)-cyclohexyl}-
' - piperazin-1-yl}-5- chloro-quinoline '
To a solution of 0.250 g of 5-Chloro, 8-piperazino-quinoline in 10 mL of

DCE, was added 0.224 g of 4-(5-fluoro-1-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 1IN NaOH, and the
product was extracted with CH,ClL,. The organic phase was washed with water and
dried over magnesium sulfate. The product was filtered throﬁgh 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
intensity): 478 (M'+H, 100).

- | EXAMPLE 106b
8-{(1,4-trans)-4-[4-(5-Fluoro-1-methyl-1H-indol-3-yl)-cyclohexyl]-
piperazin-1-yl}-5- chloro-quinoline
. 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 (M'+H, 100).
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EXAMPLE 107a
8-{(1 4~c1s)-4-[4-(6-Fluoro-l-methyl-1H-mdol-3-yl)-cyclohexyl]-
plperazm-l-yl}-s- chloro-qumolme '

- To a solution. of 0. 250 g of 5- Chloro, 8-p1perazmo-qu1noline in 10 mL of -

DCE was added 0.250 g of 4-(6—ﬂuoro- -methyl-3-1ndolyl)-cyclohexanone followed - -
- by 0 274 g of sodium tnacetoxyborohydnde and 0.2 mL acetlc acid. The reaction

was stirred at room temperature overnight. It was quenched with IN NaOH, and the

 product was extracted with CH,CL,. The organic phase was washed with water and

driéd_ over magnesium sulfate. The product was filtered through 100 mL of silica gel . -
using 50% ethyl acetate/hexénes, :75% ethyl acetate/hexanes, and finally 100% ethyl
acetate to give 0. 030 g of the des1red product mp 107-110°C; MS (ES) m/z (relative
intensity): 478 (M"+H, 100). '

* EXAMPLE 107b
8-{(1 4-trans)-4-[4-(6-Fluoro-1-methyl-1H-mdol-3-yl)-
cyclohexyl]-plperazm-l-yl}-5-chloro-qumolme '
The trans-i_éomei' was isolated at the éar’ne time as the ¢is isomer as an off
white solid (0.014 g).mp 228°C. MS (ES) m/z (relative intensity): 478 (M'+H, 100).

'EXAMPLE 108a
8-{(1,4-cis)-4-[4-(5-benzyloxy-1-methyl-1H-indol-3-yl)-
cyclohexyl]-piperazin'-l-'yl}-(_i-methoxy-quinoline _
~To a solution of 0.650 g of ,6-Meth6xy,--8;piperazino'-qﬁinoline' in 15 mL of
DCE, was added 0959 g of 4-(5-benzy10xyfl'-meihyl-3-indolyl)fcyc':lohéxanoﬁe
followed by 0.790 g of sodium triacetoXybdrohydride- and 0.5 mL acetii: acid. The-
reaction was stirred at room temperature overnight. It was quenched with 1N NaOH, -
and the product was extracted with CH,Cl,. - 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 0.175 g of the desired product: mp 168°C; MS (ES) m/z
(relative intensity): 561 (M'+H, 100). |
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_ EXAMPLE 108b |
8-{(1,4-trans)-4-[4-(5-benzyloxy-1-methyl-1H-indol-3-yl)-cyclohexyl]-piperazin-
1-y1}-6-methoxy-quineline

. The trans isomer was isolated at the same time as the cis isomer as an off

- 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-fluoro -1-methyl-1H-indol-3-yl)-cyclohexyl]-
piperazin-1-yl}-S-fluoro-quinoline
~ To a solution of 0.231 g of 5-Fluoro, 8-piperazino-quinoline in 10 mL of
DCE, was added 0.245 g of 4-(6-fluoro-1-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 1N NaOH, and the
product was extracted with CH,Cl,. 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 0.030 g of the desired product: - mp 112-115 °C; MS (ES) m/z

(relative intensity): 461 (M"+H, 100).

.EXAMPLE 109
8-{(1,4-trans)-4-[4-(6-fluoro -1-methyl-1H-indol-3-yl)-
cyclohexyl}-piperazin-1-yl}-5-fluoro-quinoline
The trans isomer was isolated at the same time as the cis isomer as an off
white solid (0.010 g). MS (ES) m/z (relative intensity): 461 (M"+H, 100).

EXAMPLE 110
3-{(1,4-cis)-4-[4-(6-methoxy-8-quinolinyl)-1-piperazinyl]-
cyclohexyl}-1-methyl-1H-indol-5-0l

A solution of .120 g of 8-{(1,4-cis)-4-[4-(5-benzyloxy-1-methyl-1H-indol-3-
yD-cyclohexyl]-piperazin-1-yl }-6-methoxy-quinoline in 10 ml THF is added to a
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suspens:on of 0.100. g 10 % Pd/C in MeOH and hydrogenated for 1 hour. Flltered S

and the solvent was evaporated to glve 0.036 g of the desired product. mp 250°C

. MS (ES) m/z (relative 1ntens1ty) 471 (M"+H 100).

EXAMPLE'llla' _
8-{(1, 4-c1s)-4-[4-(5-fluoro -l-methyl-lH-nndol-S-yl)-cyclohexyl]-
pnperazm-l-yl}-S-quoro-qumolme

.To a solution of 0.200 g of 5-Fluoro, 8-piperazino-quinoline in 10 mL of -

| _' DCE ‘was added 0.245 g of 4-(5- ﬂuoro- -methyl 3-1ndolyl)-cyclohexanone followed - - -
by 0.274 g of ' sodium tnacetoxyborohydnde and 0.1 mL acetic acid. The reactlon"

was stifred at room témpera;ureovemi_ght. It was quenched with 1 N NaOH, and the
product was extracted with- CH,CL,. " The organic phase was washed with water and -

- dried over magnesmm 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 0.040 g of the desired product: mp 199 202°C MS (ES) m/z (relatnve- o
intensity): 461 (M'+H, 100).

EXAMPLE 111b
8-{(1 4-trans)-4-[4-(5—ﬂuoro -l-methyl-1H-mdol-3-yl)-cyclohexyl]-
_ plperazm-l-yl} S-fluoro-quinoline
The trans isomer was 1solated at the same time as the cis isomer as an off
white solid (0. 021 g) mp 197°C; MS (ES) m/z (relative mtensny) 461 (M’+H 100)

EXAMPLE 112a _
8-Chloro-7-{(1 4-c1s)-4-[4-(5-ﬂuoro-1-methyl-1H-mdol-3-yl)-
cyclohexyl] ~-1-'piperazinyl}quinoline
To a solution of 0.247 g of :8-Chloro, 7—piperazino-quinolihe in 10 mL of -
DCE, was added 0.245 g of 4-(5-ﬂuoro-1-rriethyl-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 1N NaOH, and the

product was extracted with CH,CL,. The organic 'phase was washed with water and
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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 (M*+H, 100). |

EXAMPLE 112b _
8-Chloro-7-{(1,4-trans)-4-[4-(5-fluoro-1-methyl-1H-indol-3-yl)cyclohexyl]-1-
| 'piperazinyl}quinoline
~ The trans isomer was isolated at the same time as the cis isomer as an off
white solid (0.025 g). mp 181-182°C; MS (ES) m/z (relative intensity): 478 (M"+H,
100). ’

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 1N NaOH,
and the product was extracted with CH,Cl,. 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 acetéte/_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-{(1,4-trans)-4-[4-(8-chloro-7-quinolinyl)-1-piperazinyl]-
cyclohexyl}-1-methyl-1H-indole-5-'carbonitrile

. The trans jsomer was isolated at the same time as the cis isomer as an off
white solid (0.015 g). mp 233-237°C; MS (ES) m/z (relative intensity): 485 (M'+H,
100).
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; '~ EXAMPLE 1142
3-{(1,4-¢is)-4-{4-(4-fluoro-quinolin-8-yl)-piperazin-1-yl]-
| cyclohexyl}-IH-mdole-S-carbomtnle '

o To a so]unon of 0.310 g (1 34 mmol) of 4—ﬂuoro-8-p1perazmo-qu1nolme in 50
mL of CH .Cl,, was added 0. 319 g (1.34 mmol) of 3- (4~oxo—cyclohexyl) -1H-indole-
5—carbon_1tr11e followed by 0.402 g (1.5 eq) of “sodium triacetoxyborohydride and
0.076 mL acetic acid. The reac':tion_Was, stirred at room temperature OVemight.. It
was quenched with 1 N NaOH,_ahd ihe- product was extracted with ether. The organic

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

~ EXAMPLE 114b
3-{(1 4-trans) 4-[4-(4-ﬂuoro-qmnolm-s-yl)-plperazm-l-yl]-
" cyclohexyl}-1H-indole-5-carbonitrile

The trans is’ome‘r (0.065 g) was isolated at the same time as the cis cdmpoﬁnd :

as an off-white solid: mp- 144-152 °C. 'MS (ES) m/z’ (relatlve 1ntenslty) 454.4

(M"+H lOO)

The actwlty of the present compounds is demonstrated by the following

_ standard pharmacologlcal test procedures

~ The PCR cloning of the human 5-HT,, receptor subtype from a hunian
genomic library has been 'describ'e’d preViously Chanda et al., Mol. Pharmacol.,
43:516 (1993). A stable Chinese hamster ov_élry cell line expressing the human 5-HT,,
receptor subtype (5-HT,,.CHO cells) was employed throughout this study. Cells were
maintained in DMEM supplemented with 10% foetal calf serum, non-essential amino

“acids and penicillin/ streptomycin.
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Cells were grown to 95-100% confluency as a monolayer before membranes o
were harvested for binding studies. Cells were gently scraped from the culture pl'atés,
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 '

~placed at -80°C. On the day of assay, the cells were thawed on ice, and resuspended
in buffer. Studies were conducted using [’H]8-OH-DPAT as the radioligand. The
binding assay was performed in 96 well microtiter plates in a final total volume of
250 pL. of buffer. Competition exben‘ments- were performed by using 7

~ concentrations of unlabelled drug and a final ligand concentration .of 1.5 aM . Non-
spéciﬂc binding was determined ih the presence of 10 uM SHT. Saturation dnalysis
was conducted by using ["H]8-OH-DPAT at concentrations ranging from 0.3-30 nM.
Following a 30 minute incubation at room temperature, the reabtion 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
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 transi)orter.
Briefly, fronté] cortical memb‘fanes prepared from male Sprague-Dawley rats were
incubated with *H-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
corice_ntration of fluoxetine (10 uM) 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
radioactivity was quantitated using a Wallac 1205 Beta Plate® counter. Nonlinear
regression analysis was used to determine IC,, values which were converted to Ki
values using the method of Cheng and Prusoff, Biochem. Pharmacol., 22:3099
(1973); Ki = IC50/((Radioligand conc.)/(1 + KD)). '
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The [“S}-GTPYS binding assay was similar to that used by Lazareno and
Birdsall, Br. J. Pharmacol. 109'1120 (1993). Briefly, 5 HT,, cloned receptor

" membrane fragments (as used for 5- -HT,, receptor bmdmg assays) were stored at

-70°C until needed When needed membranes were raprdly thawed centnfuged at

-' _40 000 x g for 10 minutes and resuspended at4°C for 10 minutes m assay ‘buffer (25 .
‘mM HEPES, 3 mM MgClz, 100 mM NaCl, 1 mM EDTA, 10 uM GDP, 500 mM

DTT, pH 8.0). These membranes were then incubated for 30 minutes at 30°C with

_[”S]GTPgS (1 nM) in the presence of vehicle, test compound (dne 10 eight

concentrations), or excess 8-OH-DPAT to define maximum agonist response. Al
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
[’-’S]G’I‘PgS Agonists produce an increase in the amount of [“SJGTPgS bound
whereas antagonists produce no 1ncrease in bmdmg . Bound radioactivity was . -

-"counted and analyzed as above,

The following assays were performed by incubating the cells with DMEM

‘containing 25 mM HEPES, 5 mM theophylline and 10 pM pargyline_for a period.of -

20 minutes at 37°C.  Functional activity was assessed by treating the cells with
forskolin (1 uM final cdncentration) ‘followed irnmediately by test compound (6 -
concentrations)'for an additional 10 minutes at 37°C. In separate eXperiments, 6

concentrations of antagonist were preincubated for 20 minutes prior to the addition of

10 nM 8-OH-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),

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-HT,, ST . GTPYS ED50 cAMP ED50

No. (Ki, nM)  (K,, nM,) ($EMax) (EMax)
la 32.0 38.0 327 (0%) 631 (0%)
1b 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 4.62 110.07 42.6 (51%) 155 (0%)
4a 33.5 12.7 278 (0%) 580 (0%)
db 5.45 35% 85 (7.5%)
5a 0% 34%

5b 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%)
8b 2.87 0% 38.6 (32%) 8.9 (77%)
9a 87.1 4%

9b 13.0 12% |
10a 15.81 18% 0% 209 (0%)
10b 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

15b 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,,. ST _ GTPYS ED50 = CAMP ED50
~ No. (Ki, nM) (K,, nM,) (%EMax) {EMax) .
19a - 2644 5.72 S .
19  26.2 . 24% 418(74%) 14.9(92%)
20a 631.2 29% o
- 20b 14.9 0% 35.5 (33%) 3.05 (75.5%)
21 110.4 11% SN
. 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% o
25a 67.7 63.0 9% 16.0(0%)
25b 9.66 58.0 24 (46%) o
" 26a 59.1 4.1 . 3960(18%) 59.6(0%)
26b 8.5 23.0 15 (39%) I
27a 69.7 8.6 139 (20%) 212 (0%)
276 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%) a
.30 24.5 1.25 ' 29.5(95%)
31a 142.2 13 o
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 coinpounds of the present
invention are active towards SHT1A receptors and generally elevate serotonin levels
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
carriers can include one or more substances which may also act as flavoring agents,
lubricants, solubilizers, suspending agents, fillers, glidants, comj:oression 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
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 invénti_o_n. Particularly suitable solid catriers include, for
example, calcium phosphate, magnesium stearate, talc, sugars, lactose, dextrin,
starch, gelatin, cellulose, méthyl ceilulose, sodium carboxymethyl cellulose,
polyvinylpyrrolidone, low melting waxes a_nd' ion exchange resins. |

Liquid carriers may be used in preparing solutions, suspensions, emulsions,
syrups and elixirs of the compoimds of this invention. - The compounds of this
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, er_nulsi_fiei‘s, buffers, preservatives, sweeteners,
flavoring agents, suspending agents, thickening agents, colors, viscosity' regulators,
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 (inclnding monohydric alcohols and polyhydric alcohols, e.g., glycols) and
their derivatives and oils (e.g., fractionated coconut oil and arachis oil). For
parenteral administration, the carrier can also be an oily ester such as ethyl oleate and
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isopropyl myristate.  Sterile liquid carriers are used in sterile quurd form
composrtrons for parenteral admrmstrauon ' '

quurd pharmaceuncal composruons whrch are sterile solutions or
suspensions can be utilized by, for example, mtramnscular 1ntrapentoneal or
subcutaneous m_te_ctton - Sterile solutions can-also be administered intravenously.
Compositions for oral administration may be either liquid or solid compdsition form.

" Preferably, the pharmaceutrcal composrtrons contarmng the compounds of

- this mventron are in unit dosage form, e. g tablets or capsules In such form, the
composmons may be sub- d1v1ded in unit doses contamlng appropnate quantities of
the present compounds. The unit dosage forms can be packaged composmons for
example, packeted powders, vials, ampoules, prefrlled syrmges or sachets contammg

liquids. Alternatively, the unit dosage form can be, for example, a capsule or tablet.

itself, or it can be the approprtate number of any such compos_rtrons m_packa_ge form. -

The therapeutrcally effective amount of the compounds of this invention that'
is administered and the dosage regimen depends ona variety of factors, including the
werght age, sex, and medical condition of the subject the severity of the disease, the
route and frequency of admrmstratton and the specific compound employed and
thus may vary widely. However, it is beheved that the pharmaceutrcal composmons
‘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 1 and about 100 mg. Projected daily dosages of active compound are -

about 0.01 to about 100 mg/kg body wetght The daily dose can be convemently
admrmstered two to tour times per day - '

The present invention m_ay be embodied in other specific forms without

 departing from the spirit and essential attributes thereof and accordingly, reference

should be made to the appended cl¢ums, rather than to the foregomg specrfrcanon,
1nd1cat1ng the scope of the mventron :
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cLams: O YO A

1. A compound of the formula:
. R, R,
' R
NN Y/ \N RN
1
v N\ Z 7z
X;=X3 Rj ﬂ
\\
Rg
()]
wherein;

R, R, R, and R, are each, independently, hydrogen, or a substituent selected from -
halogen, CF,, alkyl, alkoxy, MeSO,, amino or arr;inocarbonyl ( each optionally
substituted by one or two groups selected from alkyl and benzyl) carboxy, or -
alkoxycarbonyl ; or two adjacent of R, and R, together can form a 5-7 membered
carbocyclic or heterocyclic ring which is optionally substituted by a substituent
defined above;

R, is hydrogen, halogen, or alkyl;

R, is hydrogen, alkyl, alkylaryl, or aryl;

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

X,. X, and X, are each carbon or one of X,, X, or X, may be nitrogen;

Y is CH or nitrogen; and

Z is carbon or nitrogen;

ora -phannaceutit:ally_acceptable salt thereof.

2. A compound as m claim 1, wherein:
R, R, Rz 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 Rep
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3. A compound as claimed in claim 1 or claim 2, wherein Ry is hydrogen
or halogen.
4. A compound as in any one of clalms 1 to 3 wherem Rs is hydrogen
alkyl or alkylaryl |
_ 5. A compound as in any one of claims 1 to 6 wherein R6 is hydrogen,
~ halogen, CN or alkoxy. | |
6. A compound as claimed in any one of claim 1 to 5 wherein X, X, X,,
Y and Z are each carbon,.
7. A compoqod of claim 1 which is selected from the following:

3-[cis-4-[4-(1H-Indol-4-y])- 1-piperazinyl]cyclohexyl}-1H-indole;

3—[trans-4Q[4-(1H—indol-4—y1)-1-piperazinyl]cyclohexyl]élH-indole;
4-f-'luoro-3-[cis—4-[4¥(leinool-Lyl)-1-pip.erazinyl]oyclohexyl]-'lH-.indol'o;' :
4;l=%luoro-3-[trans-4-[4;(IH-in'doll-;l-yl)_-l-piperazinyl]éjclohoxyl]—iHfir.ldole;'-_ |
S;Fluoro-3-[cis-4;[4~(1H-indol-4fyl)-I-piporazinyl]cyclohoxyl]-1H-inddle;. :
S-Fluoro-.;i-[trans44—[4-( 1 H.-indol-4—y1.)- 1-piperazinyl] cyclohexyi]-lH-indole;
6-Fluoro-3-[cis-4—[4-_(1H-indol-4-yl)'-_1-pipo.roz_inyl]cyclohexyl]-IH-indoIé;

6—F1uoro-3-[trans-’4—[4-(lH—indol-4-yl)-'1 -piperazihyl]cyclohexyl]élH-indole; N

5-Bromo-3-[cis-4-[4-(1H-indol-4-y])-1-piperazinyl]cyclohexyl]-1H-indole;

This Sheet Has Been Repla@d
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5-Bromo-3-[trans-4-[4-(1H-indol-4-yl)-1-piperazinyljcyclohexyl}- 1H-indole;
5—Ch10ro-3-[cis-4-[4~(1H—ind0]-4~y1)-1-piperazinyl]cyclohexy]]-IH-indole;' |
5-Chloro-3-[trans-4—[4—(1H—indol-4-y1)-l-piperazinyl]cyclohexy}]-lH—indole; |

3-{4-[(1,4-cis)-4-(1H-indol-4-y])-piperazinyl-1-yl]cyclohexyl }-1H-indole-5-
carbonitrile; '

3-{4-[(1,4-trans)-4-(1H-indol-4-yl)-piperazinyl- 1-yljcyclohexyl }- 1H-indole-5-

carbonitrile;
5-Methoxy-3—[cis-4-[4-(1H—indol-4wyl)-1-pipe'razinyl]cyclohexyl]—IH-indole; '
5-Methoxy-3-{trans-4-[4-(1H-indol-4-y1)- 1-piperazinyljcyclohexyl}- 1H-indole;
3-[cis-4-[4-(1H-Indol-4-yI)-1-piperazinyl]cyclohexyl]-2-methyl- 1H-indole;
3-[&ans;4-[4-(1H—Indol-4—yl)-1-piperazinyl]éYcloheJ;yl]-2-methyl-1H-indole;

3-{(1,4-cis)-4-[4-1H-Indole-4-yl)-piperazin-1-yl}-cyclohexyl }-1H-pyrrolo[2,3-b]-
pyridine;

3-{(1,4-trans)-4-[4-(1H-Indol-4-yl)-piperazin-1-yl}-cyclohexyl } - 1H—pyrr010[2 3- b]-
pyridine; -

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

This Sheet Has Been Re eplaced
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3- {(1 4-c1s)-4-[4-(1H-1ndol 4-yl) plperazm- -y]]cyclohexyl} l—methyl—lH—mdole-S—

carbonitrile;

3-{(1 4—trans)-4-[4-(1H-1ndol-4-yl)-p1perazm— -yl]cyclohexyl} l-methyl—ll-l-mdole- -
: 5-carbon1tnle

_1-Ethyl-3 {(1,4-cis)- 4-[4-(1H-1ndole-4-yl) p1perazm- -yl]-cyclohexyl} 1H-1ndole—5- o

carbomtrlle

3-{Q1 4-c1s)-4»-[4-(1H-mdol-4-yl)-p1perazm— -y]]-cyclohexyl} l-propyl lH—mdole-S- .
’carbomtnle 3 : '

3 {1 4—-trans)-4~[4~(1H-mdol-4—y1)—p1perazm-4-y1]-cyclohexyl} l—propyl- H—mdolb-
- S-carbonitrile; + C

3-{(1,4-cis)-4-[4-(1H-indol-4-yl)-piperazin-1 -y@]-cybloheXyl }-1 -is0propyl-1H-
indole-5-carbonitrile;

3-{C1 4—trans)-4-[4—(1H—1ndol-4-yl)-p1perazm- -yl]cyclohexyl} 1-1sopropyl-lH-

mdole—S-carbomtnle,

- 1- Benzyl-3-{(1 4-cxs)-4-[4-(lH-mdol 4-y1)-p1perazm— -yl]-cyclohexyl} lH—mdole—S-

carbomtnle,

1-Benzy1—3 {(1,4-trans)-4-[4-(1H-indole-4-yl)-piperazin-1 -yl]cyclohexyl} 1H-

mdole-S 5-carbon1tnle,

1- Methyl~3 {(1,4-cis)-4-[4-(1-methyl-1H-indol-4-y])- pxperazme- -yl]-cyclohexyl}
1H-indole-5-carbonitrile;

5-Fluoro-3-{(cis)-4-[4-(2-methoxy-phenyl)-piperazin-1 -ylJ-cyclohexyl }-lH-indole;

Thxs Sheet Has Been Rep: laced
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5-Fluoro-3-{(1,4-cis)-4-[4-(2-methoxy-phenyl)-piperidin-1-yl}-cyclohexyl } - 1H-

indole;

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

indole;

5-methoxy-3-{(1,4-cis)-4-[4-(2-methoxy-phenyl)-piperazin-1-yl}-cyclohexyl }-1H-

indole;
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5-Methoxy-3-{(1,4-trans)-4-[4-(2-methoxy-phenyl)- piperazin-1-yl}-cyclohexyl}-1H-

indole;

3-{(1,4-cis)-4-[4-(2-methoxy-pheny])-piperazin- 1-yl]-cyclohexyl }-1H-pyrrolo[ 2,3~

b]piperidin.

5-Fluoro-3-{(cis)-4-[4-(5-fluoro-2-methoxy-phenyl)-piperazin-1 -yll-cyclohexyl}-1H-

indole;

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

~ 1H-indole;

3-{(1,4-cis)-4-[4[(2,3-Dihydro-benzo[ 1,4]dioxin-5-y})-piperazin-1 -ylJ-cyclohexyl}-

4-fluoro-1H-indole;

3-{(1,4~cis)-4-[4-(2,3-Dihydro-benzo[ 1 4]d10xm-5-y1)-p1perazm- -yl]-cyc]ohexyl}—

4-fluoro-1H-indole;

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

cyclohexyl }-5-fluoro-1H-indole;

\\
This Sheet Hag
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3-{(1,4-trans)-4-[4-(2, 3-D1hydro-benzo[1 4]d10x1n—5-yl) p1perazm- -yl]- -
cyclohexyl} S- ﬂuoro-lH—mdole, B

3-{1 4-c1s)—4-[4-(2 3-D1hydro-benzo[l 4]d10x1n-5-yl)-p1perazm— -yl]-cyc]ohexyl}- E

6-ﬂuoro-]H—1ndole

- 3-{(1 4-trans)—4-[4—(2 3- D1hydro-benzo[1 4]dxoxm-5-yl)-p1perazm-1 yl]-
_cyclohexyl} 6-ﬂuoro—]H—mdole,

3. {1 4~cxs)—4—[4—(2 3-D1hydro-benzo[l 4]d10xm-5-yl] cyclohexyl} 1H-mdole-5-

carbonitrile;

3-{(1,4-cis)- 4-[4-(2 3-Dihydro-benzo[1 4]d10x1n-5-yl)-p1perazm— -yl]-cyclohexy]}-
1H-1nd01e-5-carbon1u'11e,

cyclohexyl}-1H-indole-5-carbonitrile;

8-{4-[(1 ,4-cis)-4;(5-Fluor§- 1H-indol-3-yl)-cyclohexyl}-piperazin-1-yl}quinoline;
8-{4—[(1,4-tran$)-4~(5-Fluoro-1H_-ind01-3;yl)-cyc10hexyl]-piperazin-l-yl}-q'uinoline;' |

8-{4-(1 4-c1s)-444-(5 Flnoro-l-methyl 1H-1ndol 3—y1)-cyclohexyl]-plperazm- -yl}-- )

| qumolme
25

3-[(1,4-cis)-4-(4-Quinolin-8-yl-piperazin-1 -yl)-cyCldhexyl]Q 1H-indole-5-carbonitrile;

3- [(1 4-trans)-4-(4-Qu1nohn 8~yl-p1perazm l-yl)-cyclohexyl] -1H-indole-5-
carbonitrile;
et Has Been Replaced
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1-Methyl-3-[(1,4-cis)-4-(4-quinolin-8-yl-piperazin-1 -yl)-cyclohexyl]—'lH—indolé-s-

carbonitrile;

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

indole;

5-Fluoro-3-{(1 ,4-trans)—4-[4—(6—ﬂuoro-chroman-S-yl)—piperazin; 1-ylj-cyclohexyl}-
1H-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- d1hydro—benzofuran-7-yl)—plperazm- -yl}-
cyclohexyl}-1H-indole; '

3-{(1,4-cis)-4-{4-(5-Fluoro-2,3-dihydro-benzofuran-7-yl)-piperazin-1-yl}- )
cyclohexyl}-1H-indole-5-carbonitrile;

3-{(1,4-trans)-4-[4-(5-Fluoro-2,3-dihydro-benzofuran-7-yl)-piperazin-1-yl}-
cyclohexyl}-1H-indole-5-carbonitrile;

3-{(1,4-trans)-4-[4-(5-Fluoro-2,3- d1hydro—benzofuran—7-y1) piperazin- lyl]-
cyclohexyl}- l-methyl-lH—mdole—S-carbomtrﬂe,

3-[( 1,4-cis)-4-[4-(Benzofuran-7-yl-piperazin-1-yl)-cyclohexyl}-1H-indole-5-

carbonitrile;

' 3—[(1',4—trans)-4-[4-(Bénzofuran—7~y1—piperazin—l-yl)-cyclohexyl]-1H—indole-5-

carbonitrile;

S-Fluoro-3-{4-{4-(2-methoxy-phenyl)-piperazin-1-yllcyclohex-1-enyl }-1H-indole;
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3-{4-[4-(1H-1ndol-4-y1)-piperaz"in-1¥y1]-cy¢1dhex;1-enyl)-1H-indole-5-carbonitri1e;
| 5-Fluoro-3-(cis-4-[4-(1H-indol-4—y1)piperaZinyl]—cyclohekyl}-l-methyl-lH-indole;

- 3- {(1 4-c1s) 4-[4-(6—Methoxy—qumolm-8-y1) p1perazm- -yl]-cyclohexyl) 1H-indole- -

5—carbon1tnle
ora phér_maceutically acceptable salt thereof.

8. A phannaceutxcal composmon comprising a compound of the formula
@) as cla1med in any one of claims 1 to 7 or a pharmaceutmdlly acceptable salt

‘thereof and a pharmaceutmally acceptable carrier.

9. A method for treating- depression in a patient in need thereof
comprising administering to said patient an antidepressant effective amount of a“*
compound of the formula (I) as claimed in any one of claims 1 to 7 or a*

pharmaceutically acceptable salt thereof.

10. A process for preparing a compouhd of formula (I) as defined in claim
1 which comprises one of the following: o '

a) reacting a compound of formula

R,

Ry '. ﬁ‘ R,
| X— / "\
Xz"'""x3 R3 (1)

\

wherein R, R,,. Y and X, are as defined above, with a cbmpound of formula (IV):
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av)
wherein Z, R, R; and R, are as defined above;
o o

b) reducing a compound of formula :

V)
wherein the variables are as defined above to give a compound of formula (T);
or
c) acidifying a basic compound of formula I with a pharmaceutically acceptable
acid to give a pharmaceutically acceptable salt;
or ' '
d) separating a mixture of cis ahd trans isomers ot_' a compound of formula (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;
or

f) 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 th_e site. _
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