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wherem

A is (CRP®R'),, q being 2 to 4, or D(CRR™),, D being O or S and r
being 0 to 3,

"Bis O. CRPPR!® NR'7, S or S(O), where bis 1 or 2, or RI3=R'"

R R4 R 1" R ! and R ' are independently H or Ci alkyl

Processes -for the preparation. Pharmaceutical compositions containing them and
their use as medicaments for the treatment of CNS disorders
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TETRACYCLIC SPIRO COMPOUNDS, PROCESS FOR THEIR PREPARATION AND
THEIR USE AS 5HT1D RECEPTOR ANTAGONISTS

The present invention relates 1o novel piperidine derivatives, processes for their
preparation, and pharmaceudcal composidons containing them.

EPA 0533 266/7/8 disclose a series of benzanilide derivadves which are said to
possess SHT 1 receptor antagonist acvity. These compounds are said to be of use in the
reamnent of various CNS disorders.

A smucturally distinct class of compounds have now been discovered and have

" been found to exhibit SHT 1 antagonist acdviry. In a first aspect, the present invendon

therefore provides a compound of formula (I) or a salt or N-oxide thereof:

l;‘2
R1 | RJ .
. NR‘
N o |
S N (CH,)

I m
( A 5 (CR°R®),
M
in which

R! is hydrogen, halogen, C1-galkyl, C3_gcycloalkyl, COCy_galkyl, Ci_galkoxy, hydroxy,
hydroxyC}_galkyl, hydroxyCj_galkoxy, Cj.galkoxyCj.galkoxy, acyl, nitro,
wifluoromethyl, cyano, SR, SORY, SOR?, SO,NR10R11, CO-R10, NR10SO,R!1,
CONRI0R!L, cONRIOR1I, CONRO(CHy), COR1L, (CHp)pNRIO0R11
(CH2)pCONR1IOR1, (CH3) NR10COR 1], (CH2)pCO,Cy .- galkyl, CO2(CH3),OR10,

. CONHNR10R11 NRIORIL, NRiocooRll NR10CO(CH,) NR10R 1T,

NR10CONR10R11, CR1I0=NOR!!, CNR10=NOR!1, where R9 R10and R11 are
independently hydrogen or Ci-galkyland pis 110 4; or Rlisan opuonally substituted 5

to 7-membered hctcrocyclic ting containing 1 to 4 heteroatoms selected from oxygen,

nirogen or sulphur; ' -

"RZand R3 are mdcpcndcntly hydrogen, ha.logcn, C1 6alkyl C3_gcycloalkyl,
~ C3.gcycloalkenyl, C1_5alkoxy, hydroxyC 1-6alkyl, Cy_6alkylOCj.galkyl, acyl, aryl,
- acyloxy, hydroxy, nirro, rifluoromethyl, cyano, CO;_;_RIO, CONRIOR11 NRIORI! where

R10and R11 are independently hydrogen or Cj.galkyl;

R4 is hydrogcn or C1 calkyl; ’

RS and R6 are independently hydrogen or Cy. Galkyl

Ais (CR 13R14)q where qis 2,3 or4 and R13 and R14 are independently hydrogen or
Cj-galkylor A is (CR13R14).-D where ris 0, 1, 2 or 3 and D is oxygen, sulphur or
CR13=CRr14. :

B is oxygen, CP.15R16 or NR17 where R15, R16 and R17 are independenrly hydrogen or
Cj.-galkyl or B is S(0), where bis 0, 1 or 2;

-1-
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mis 1,2 or 3; and
nisl,2or3.

or branched.

Suitably, R1j is hydrogen, halogen, C;_galkyl, C3 geycloalkyl, COCy_galkyl,
C;.galkoxy, hydroxy, hydroxyCj.gealkyl, hydroxyCj. galkoxy, C;_galkoxyCj_galkoxy,
acyl, nirro, wifluoromethyi, cyano, SRY, SOR9 SO‘)R9 SO-;NRIOR11 CO’)RIO
NR10sO,R11, CONRIORIY, CO,NRI0R11, CONRI0(CH,),CO2R11,
(CH2)pNR10R1L, (CH),CONRIOR 1L, (CHy),, NRIOCORU (CH2)pCO2C1-galkyl,
COv(CHz)pORIO CONHNRIORU NRIORII NR10CO35R11,

NR10CO(CHg)pNR 10R1], NR10CONRI0R11, cRI0=NOR1], CNR10=N0R11 where -

R9 R10 and R“ are mdcpcndcmlv hydrogen or Cj_galkyl and pis 1 t0 4. Preferred
groups include cyano, COCj.galkyl, CR10=NOR11, (CHz)pNRIOCORl 1, co,R10,
NR10sO,R11, SO,NR10R1], CONR1OR1I, CONHNRIOR!!, NR10CO5R1!,

‘NRIOCONR10R1!, CONHNR10R11 or SORY. Preferably alkyl groups, including R10 -

and R11, are methyl and ethyl. o
Wrhen Rl isa 5 to 7-membered hctcrocychc ring conmining 1 to 3 hctcroatoms '
sclected from oxygen, mx:rogcn or sulphur suitable hctcroc;ychc rngs mcludc thxcnyl,

furyl, pyrrolyl, mazolyl, diazolyl, imidazolyl, oxazolyl, thiazolyl, oxadiazolyl,

isothiazolyl, isoxazplyl, thiadiazolyl, pyridyl, pyrimidyl and pyrazinyl. The heterocyclic
rings can be linked to the remainder of the molecule via é carbon atom or, when present, a
nitrogen atom. Suitable substituents for these rings include R?' and R3 groups as defined
above. Preferably. R1 is opuonally substtuted triazolyl, thiazoly/f isoxazolyl pyrazinyl or

‘.oxadxazolyl Most preferably Rlis optionally subsmutcd oxadiazolyl. Preferred

substituents for such oxadiazolyl groups include Ci- 6alkyl such as methyl or cthyl, and
NR10R11 a5 defined above, preferably where R10 and R“ are Cy. 5alkyl Most

~ preferably Rl is a 5-methyl- 1.2 4-oxadiazol- -3-yl group ora5- mcthyl 173, 4—oxad1azol 2-yl'
* group: : - :

Sultably R2 and R3 are mdcpcndcndy hydrogcn halogcn C1 631ky1

Suxtably R4 is hydrogen or C1-galkyl. Prcfcrably R4is hydrogen, methyl or cthyl
most prcfcrably R4 is methyl. Preferably mis 2 forming a spu'o-pxpcndmc Ting,

Suirably RS and R6 are independently hydrogcn or C1 galkyl. Preferably RS and
RO are both hydrogen.

Cj-galkyl groups, whether alone or as part of another group, may be smaight chain

AP/P/ 9770100 6'

:>>JVC3 gcycloalkyl, C3 6cycloalkcny1 Cj:galkoxy, hydmxyC1 salkyl, Cy. 6alkylOCy. Galkyl.*’,"-

. acyl, aryl, acyloxy, hydmxy, nirro,: xnfluoromcthyl cyano COzR10 CONRIOR11 R
. NRIOR11 where R10. and R are independently hydrogen or Cy.galkyl. Preferably R2 is

~hydrogen or Cj.galkyl, in partcular methyl. Prcfcrably R3is hydrogen.
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Suitably A is (CR13R14)g where qis 2.3 or 4 and R13 and R14 are
independently hydrogen or C;_galkyl or A is (CR13R14)r-D whereris0,1,20or3and D
is oxygen, sulphur or CR13=CR14. Preferably A is (CH2) or (CHa)3.

Suitably B is oxygen, CR15R16 or NR17 where R15, R16 and R17 are
independently hydrogen or Cj_galkyl or B is S(O), where bis 0, 1 or 2. Preferably B is
oxygen or suiphur. most preferably B is oxygen.

Suitably nis 1, 2 or 3, preferably nisl.

Parncularly preferred compounds of the invendon include:
1'-McLhyl-5-(2'-mcmy1—4'-(5-mcthy1-1.2,4—oxadjazol-3-yl)biphcnj'l-4-carbonyl)-2.3.6.7-
terrahydrospiro{furo[2,3-f]Jindole-3,4"-piperidine],
2,3,5,6,7,8-Hexahydro-1 -methyl-5-(2'-methyl4'-(5-methyl-1,2,4-oxadiazol-3-
yDbiphenyl-4-carbonyl)spiro[furo[ 2,3-g]quinoline-3,4"-piperidine],
5-(2'-Methyl-4'-(5-methyl-1.2,4-oxadiazol-3-yl)biphenyl-4-carbonyl)-2,3.6,7-
terahydrospiro[furo(2,3- -flindole-3,4"-piperidine],
I'-Ethyl-5-(2'-methyl-4'-(5-methyl-1.2.4-oxadiazol-3- yl)blphcnyl-4-camonyl) 2,3,6,7-
terahydrospiro[furo{2,3-f]indole-3,4'-piperidine], -
1'-Methyl-5- (2'-mcr.hyl-4'-(5-rncthyl-1,3,4—oxadxazol-2-yl)biphcnyl44—carbonyl)-2,3,6,7-
terahydrospiro[furo[2,3-f]indole-3,4'-piperidine],
5-(4'-(5-Dimethylamino-1 +2,4-oxadiazol-3-yl)-2'-methylbiphenyl-4-carbonyl)-1 -methyl-
2,3,6.7-tewahydrospiro[furo{2, 3-flindole-3 4"piperidine],
I'-Methyl-3-[4'-(5-methyl-1,2,4-oxadiazol-3- -yDbiphenyl-4-carbonyl]-2,3, 6 7-
terahydrospiro{furo[2,3-f]indole-3,4'-piperidine],
2.3-Dihydro-1 -mcthyl-S-(Z‘-mcthyl-4'~(5~mcr.hy1-1,2,4-oxadiazol-3-yl)biphcnyl—4-

-carbonyl)spirof furo[2,3-f]indole-3,4"-piperidine],

5-{4'-Cyano—2'—mcthylbiphcnyl%:g_qrbonyl}-1'-mcthyl-2,3,6,7-tcu‘ahydrospiro[furo[z,?;-
flindole-3,4'-piperidine], -

5-(4'-Aceryl-2'- mcthylbxphcnyl-4—carbonyl)- -methyl-2.3,6.7- tctrahydrosplro[fum[Z 3-
flindole-3,4"-piperidine],

5-(4'-(1- (Mcrhoxyarnmo)cthy]) 2 -mcLhylbxphcnyl 4-carbony1) 1 -mcthyl 2,3,6,7-
tcu'ahydrospu'o[furo[2,3 ~flindole- -3,4'-piperidine], ’

' 5-(4'-Accramidomethyl-2'-methylbiphenyl-4-carbonyl)- 1 -methyl-2,3,6,7-

tetrahydrospiro|furo[2,3-f}indole-3,4"-piperidine],

-3.5.6,7.8,9-H:xahydro-1'—mcthyl-5-(2'—mcthyl-4'-(5-mcthyl— 1,2,4-oxadiazol-3-

yI)biphcnylA—carbonyI)spiro[ZH-furo[2.3-h]bcnzachinc-3,4'—pipcridinc],
I'-Methyl-5-(2'-methyl-4'~(3-methyl-1 ,2,4-oxadiazol-5-yl)biphenyl-4-carbonyl)-2,3,6,7-
temrahydrospiro[furo(2,3-flindole-3,4"-piperidine],

I'-Methyl-5-(2"-methyl-4'~( 1,3,4-oxadiazol-2-yl)biphenyl-4-carbonyl)-2,3,6,7-
tetrahydrospiro{furo[2,3-f]indole-3.4'-piperidine,

AP/P/ 97 / 0 1 006
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5-[4'-(5-Ethyl-1,3,4-oxadiazol-2-yl)-2'-methylbiphenyl-4-carbonyl)-1'-methyl-2,3,6,7-
tr;u‘ahydrospiro[fum[.'l,}f]indolc— 3,4'-piperidine],
5-[2"-Methyl-4'-(5-methyl-1,3,4-0xadiazol-2-yl)biphenyl-4-carbonyl}-2,3,6,7-
tetrahydrospiro[furo{2,3-f]indole-3,4'-piperidine],
2.3-Dihydro-1'-methyl-5-(2"-methyl-4'-(5-methyl-1,3,4-oxadiazol-2-yl)biphenyl-4-
carbonyl)spiro[furo[2,3-f]indolc-3,4'-pipcridinc],
5-(2,2"-Dimethyl-4'-(5-methyl-1,3,4-oxadiazol-2-yl)biphenyl-4-carbonyl)- 1'-methyl-
2.3,6.7-terrahydrospiro[furo[2.3-f]indole-3 4'-piperidine),

'5-(2,3"-Dimethyl-4'-(5-methyl-1,3,4-oxadiazol-2-yl)biphenyl-4-carbonyl)- 1 '-methyl-

2,3.6,7-tetrahydrospiro[furo{2,3-f]indole-3,4'-piperidine],
1'-Methyl-5-(2'-methyl-4'-(4-methylthiazol-2-yl)biphenyl-4-carbonyl)-2,3,6,7-

terrahydrospiro[furo{2,3-f]indole-3,4'-piperidine],

5-(4'-Methoxycarbonyl-2'-methylbiphenyl-4-carbonyl)-1 -mcthyl -2,3,6,7-

‘tetrahydrospiro{furo{2,3-f]indole-3,4'-piperidine],

5-(5'-Methoxycarbonyl-2'-methylbiphenyl-4-carbonyl)-1'-methyl-2,3,6,7-
terrahvdrospiro[furo[2,3-f]indole-3,4"-piperidine],
5-[4'-(Methanesulphonamino)-2'-methylbiphenyl-4-carbonyl}-1 -mc:hyl -2,3, 6 7-
terahydrospiro[furo[2,3-f]indole-3,4"-piperidine], |
5-(4"-Hydrazinocarbonyl-2' -methylbiphenyl-4-carbonyl)- 1'-methyl-2,3,6,7-
terahydrospiro[furo{2,3-fjindole-3,4'-piperidine], |
1'-Ethyl-5-(2'-methyl-4'-(5-methyl-1 .3,4-oxadiazol- 2-y1)bxphcnyl-4-carbonyl) 2,3, 6 7-
tctrahydrosplro[fum[Z 3-flindole-3,4'-piperidine],
I'-Methyl-5-(2-methyl-5'-(5-methyl-1,3,4-0xadiazol- 2-y1)bxphcny1—4—carbonyl) -2,3,6,7-
rerahydrospiro{furo{2,3- flindole-3,4'"- -piperidine],

-(4' Ca:boxanndo—Z'—mcLhylbxphcnyl-4 -carbonyl)-1'-methyl-2,3,6, 7-

| terahydrospiro[ furo{2,3-f]indole-3,4"-piperidine],
- 5-(4'-Acetamido-2'-methylbiphenyl-4-carbonyi)- l'-mcmy1-2,3,6,7-
: tcu'ahydmspxro[furo{l 3-flindole-3,4'-piperidine],

2.3,5,6,7,8-Hexahydro-1'-methyl-5- @ -methyl-4'- (S—mcthyl 1,3, 4—oxad1azol 2—

yI)bxphcnyl-4-camonyl)sp1ro{fum[2 3- g]qumohnc-B 4'-piperidine], , :

2,3,5,6,7,8- chahydro—S -(4- mcdlancsulphonammo-z -mcthylbxphcnyl-4-carbonyl)—1 Lo
. mcthylsplro{furo[z 3-g]qumohnc-3 4 -pxpcndmc] : ~ =

- -Methyl-5-[2"-methyl-4'-(5- -methyl-1,2 4-oxa£hazol 3-y1)bxphcnyl-4-carbonyl] -2, 3 6.7-

tctrahydrosplro[mmphcno[l 3-f]indole-3,4'-piperidine],

1,2.3 5,6,7-Hexahydro-1'-methyl-1-(2"-methyl-4'-(5-methyl-1,3 +4-oxadiazol- 2-v
yI)bxphcnyl—4—carbony1)sp1ro{mdcno[5 6-b]pyrrole-7,4'-piperidine],
5-[4'-(N-methanesulphonyl-N-methylamino)-2' -mcmylbxphcny1-4—carbonyl]-1'— methyl-
2,3,6.7-tctrahydmsp'iro[furo[2.3-ﬂindolc-3,4‘-pipcridinc],

AP/P/ 97701006
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5-[4'-(Dimethylaminosulphonyl)biphenyl-4-carbonyl}-1 '—mcthyl-2.3,6,7'-
terrahydrospiro[furo[2,3-f]indole-3,4"-piperidine],
5-[4'-(Methanesulphonyl)biphenyl-4-carbonyl]-1'-methyl-2,3,6,7-temrahydrospiro[furo[2,3-
flindole-3,4"-piperidine],
5-[4'-(N,N-Dimethylcarbamoylamino)-2'-methylbiphenyl-4-carbonyl]-1'-methyl-2,3,6,7-
terrahydrospiro[furo(2,3-f]indole-3,4'-piperidine],

5-[4’-(Ethoxycarbonylamino)-2'-methylbiphenyl-4-carbonyi}-1'- rncr.hyl -2,3,6,7-
terrahydrospiro{furo{2,3-f}indole-3,4'-piperidine],

5-{4'-(4,5-Dimethyl- 1,2,4-wiazol-3-yl)-2'-methylbiphenyl-4-carbonyl}-1'-methyl-2,3,6,7-
terrahydrospiro{furo[2,3-f]indole-3,4'-piperidine],
1'-Methyl-6-[2"-methyl-4'-(5-methyl-1 .3,4—oxad§azol-2-yl)biphcnyl-4-carbonyl]-2.3,7,8-
tewrahydrospiro[4H-pyrano[2,3-fJindole-4,4'-piperidine],
1'-Mcthyl-5-(2'-mcthyl-4'-(5-rncthyl-1,3,4-thiadiazol-2-)_']) biphenyl-4-carbonyl)-2,3,6,7-
terrahydrospirof furo[2,3-f]indole-3,4"-piperidine],
5-(2'-Methyl-4'-(5-methyl-1,3,4-0oxadiazol-2-yl)biphenyl-4-carbonyl)- l'-n~propyl 2,3,6,7-
terahydrospiroffuro[2,3-f]indole-3 4-p1pcndmc]

- I'-Methyl-5-(2-methyl-4'-(5-methyloxazol-2-yl)biphenyl-4-carbonyl)-2,3,6,7-

terrahydrospiro(furo[2,3-f]indole-3,4™-piperidine],

I'-Methyl-5-(2'-methyl-4'- (3-mcthyhsoxazol 5-y])b1phcny1—4-carbony1) 2,3,6,7-
terahydrospiro[furo{2,3-f]indole-3, 4 "-piperidine],
I'-Methyl-5-(2'-methyl-4'-(5-methylisoxazol- 3-y1)b1phcny1 4-carbonyl)-2,3,6,7-
tetrahydrospiro[furo[2,3-fJindole-3 ,4'-piperidine], :

23 »,6,7,8-Hexahydro-1'-methyl-5-(4'-(5-dimethylamino-1,2,4-oxadiazol-3-y1)-2'-

methylbiphenyl-4-carbonyl)spiro{furo[2,3-g]quinoline-3 4'-pipcr1dinc]
2,3,5,6.7,8-Hexahydro-1'-methyl-5-(4'-(5-ethyl-1,3 4—oxadxazol -2-yD)- 2'-mcthy1b1phcnyl-
4-carbony1)sp1ro[furo[2 3-glquinoline-3,4'-piperidine],

- 2,3,5,6,7.8 chahvdro-l "-methyl-5-(4'-methoxycarbonyl-2'- mcthylbxphcnyl-4-

carbonyl)spiro [furo[ .3-glquinoline-3,4'-piperidine],

235,67 S-chahydro-l ‘-methyl-5-(4" -hydrazmocarbonyl 2 —mcthylbxphcnyl-4-
k carbonyl)spiroffuro[2,3-g]quinoline-3 ,4'-piperidine],

23,5,6,7.8- -Hexahydro-1"-methyl-5-(2"-methyl-4'-(1,3, 4-oxad1azol 2-y1)b1phcnyl-4—
"carbonyl)spu'o[ﬁn-o[z 3-glquinoline-3,4'-piperidine],

1'-Methyl-5-(2"-methyl-4"-pyrazinylbiphenyl-4-carbonyl)-2,3,6,7-terahydrospirof furo[2,3-
flindole-3,4'-piperidine],

1'-Methyl-5-[2"-methyl-4'-(5-methyl-1 .2,4-oxadiazolyl-3-yl)biphenyl-4-carbonyl]- 1-oxo-
2,3,6,7-tetrahydrospiro[thiopheno(2,3-flindole-3,4'-piperidine],

1 '-Ethyl:5-[2'-mcd1yl-4'-(5—mcr.hyl- 1,3,4-oxadiazol-2-yl)biphenyl-4-carbonyi}-2,3,6,7-
tetrahydrospiro[furo[2,3-f]indéle-3,4'-piperidine],

AP/P/97/01006
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1'-Methyl-5-[2"-methyl-4'-(1-methylimidazol-2-yl)biphenyl-4-carbonyl]-2,3,6,7-
tetrahydrospiro[furo[2.3-f]indole-3,4'-piperidine], »
1'-Methyl-5-[2'-methyl-4'-(1-methylimidazol-5-yl)biphenyl-4-carbonyl]-2,3,6,7-
terrahydrospiro[furo(2,3-f]indole-3,4'-piperidine], »
5-[4'-(5-Hydroxymethyl-1,2,4-oxadiazo}l-3-yl)-2'-methylbiphenyl-4-carbonyl]- 1'-methyl-
2.3,6,7-tetrahydrospiro[furo[2,3-fjindole- 3,4 -piperidine],
1'-Methyl-5-(2"-methyl-4'-(5-methyl-1,2 4-oxadiazol-3-yl)biphenyl-4-carbonyl)-1'-oxo- )
2,3,6,7-temrahydrospiro[ fura(2.3-f]indole-3,4'-piperidine],

1 '-Mbthyl-S-[Z’-mcmyl-4'—( 1,2,4-miazin-3-yl)biphenyl-4carbonyl]-2,3,6,7-
terrahydrospiro{furo[2,3-f]jindole-3,4 - piperidine],

2.3,6;7,8,9-chahydm- I'-methyl-6-(2'-methyl-4'-(5-methyl -1,3,4-oxadiazol-2-
yDbiphenyl-4-carbonyl)spiro[4H-pyrano(2,3-g]quinoline-4,4' piperidine],

1 '-Eth)}1-5?(2'-mcthyl—4'—(5-mcthyi- 1,3,4-oxadiazol-2-yl)biphenyl-4-carbonyl)- 1'-oxo-
2.3,6,7-terahydrospiro{furo[2,3-f]indole-3,4"-piperidine],

- I'-Ethyl-5-[4"-(5-methyl-1,3,4-0xadiazol-2-yl)biphenyl-4-carbonyl}-2,3, 6 -

temrahydrospiro|furo[2,3-f]indole-3,4"- piperidine],
1'-Ethyl-5-(4'-hydrazinocarbonyl- 2-mcthylb1phcnyl-4—carbonyl) 2 .3,8,7-

, tctrahvdrosplro[fum{Z.B flindole-3,4'-piperidine],

5-[4'- (Acctylhydramnocarbonyl) 2' -mcthylbxphcnyl-4-carbony1] 1 -cthyl 2,3,6,7-
terahydrospirofuro[2,3- ﬂmdolc 3,4'-piperidine],

5-[4'-(5- Mcthoxymcﬂuyl—l,ZA-oxadmzoi 3-yI)-2'-methylbiphenyl-4-carbonyl]-1'-methyl-
2,3,6,7-terahydrospiro{furo[2,3-fJindole-3,4"-piperidine],

-5-[4'-(4, 5-Dihydrooxazol-2-yl)-2'—mcﬂ1ylbiphcnyl-4-cé.rbonyl]- 1 '¥mcthyl-2,3;6.7¥
.‘tcu'ahydrosptro[fum[Z 3-flindole-3,4"-piperidine],

5-[4-(2-(N, N-Dlmcmylarmno)accramxdo)-z -mcthylbxphcnyl—4—carbonyl] l-rncthyl-
2.3,6,7-terahydrospirof furo(2,3- ﬂ1nd01c~3 4'—p1pcr1dmc]

5- [4- -(Ethoxycarbonylamino)-2' -mcthylb1phcnyl-4~ca.rbonyl] I'-—ét.hyl 2,3,6,7-

terahydrospiro{furo[2,3-f]indole-3,4"-piperidine],

5-14 (Acctylhydrazmoca.rbonyl) 2! -mcﬂ1y1bxphcnyl-4—carbonyl] l —mcthyl 2 3,6,7-
tczrahydmspxro[furo{Z 3- ﬂmdolc 3 4' -plpcndmc] CL »
5-(4'-(5-methylfuran-2-yl1)-2' -mcthylbxphcny]-4-carbonyl) 1 -mcthyl-2 3 6 7- :

' terahydrospiro[furo[2,3-flindole-3,4'-piperidine],

or phamzaccuncally acceptable salts thcrcof

Preferred salts of the compounds of formula (I) are pharmaccuucally acccptablc
salts. These include acid addidon salts such as hydrochlorides, hydrobromides,
phosphaics, acerates, fumaratcﬁ, maleates, warmates, cimrates, oxalates, mcthancsulphonatcs
and p-toluenesulphonates. |
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Certain compounds of formula (I) are capable of existng in stereoisomeric forms.
It will be understood that the inventon encompasses all geomeric and optcal isomers of
the compounds of formula (I) and the mixtwres thereof mcludmg racemates. Tautomers
and mixtures thereof also form an aspect of the i invendon.

In a further aspect the present inventon provides a process for the preparaton of a
compound of formula (T) which comprises.

(a) reacuon of a compound of formula (II):

2
1 R 3

- O

(In

in which R1 R2 and R3 are as defined in formula (I) and L is a Icavmv group
with a compound of formula (TI1I):

NR*
/

<N ] = (CH2)m e
_(CR°R® -
= B ( In |

(11D

wherein R4, R, RO A, B, mand n are as defined in formula (I) and opdonally thereafter

in any order:

* converung a compouhd of formula (1) into another compound of formula () e

+ forming a pharmaceutcally accéptablc salt.
Suitablc acuvated carboxylic acid derivarves of formula (II) include acyl halides
and acid anhvdndcs Activated compounds of formula (II) can also be prepared by

the group L is halo, pardcularly chloro.

A compound of formulae (II) and (IO) are typically reacted together in an inert
organic solvent éuch as DMF, THF or dichloromethane at ambient or elevated temperarure
in the presence of a base such as an alkali metal hydroxide, triethylamine or pyridine.

Intermediate compounds of formulace (II) can be prepared using standard
procedures such as those outlined in EPA 533266/7/8. Cerain intermediate compounds of
formula (IIT) are novel and form a further aspect of the inventon.

AP/P/97/01006
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Alternanvely L 1s an ester forming group such that the resuldng esters of formula
() can be reacted with compounds of formula (III) in the presence of an organo-
aluminium reagent such as mimethylaluminium. Such a rcacdon is rypically carried out in
the pn:scncc of an inert solvant such as toluene.

It will be appreciated to those skilled in the art that it may be necessary to protect
certain reacuve subsdtuents during some of the above procedures. Standard protecton
and deprotecton techniques can be used. For example, primary amines can be protected
as phthalumdc, benzyl, benzyloxycarbony! or wiryl derivatives. These groups can be
removed by conventonal procedures well known in the art.

Carboxylic acid groups can be protected as esters. Aldchydc orkerone groups can
be protected as acetals, kerals, thioacetals or thioketals. Deprotection is achieved using
standard condidons.

SHT1p Antagonists, and in partcular the compounds of the present inventon, are

expected to be of use in the reatment of CNS disorders such as mood disorders, including

depression, seasonal effective disorder and dysthymia; anxiery disorders, including
generalised anxiety, panic disorder, agoraphobia, social phobia, obsessive compulswc‘
disorder and post-mumaﬁc stress disorder; memory disorders, incipding dcmcnda;,
amnestic disorders and a ge-associated memory impairment; and disorders of caﬁng
behaviours, includin g anorexia nervosa and bulimia nervosa. Other CNS disorders include
moror-disorders such as Parkinson's disease, dementa in Parkinson's disease, neuroleptic-
induced Parkinsonism and tardive dyskinesias, as well as other pSychiar:ic disorders.
S5HT1p Ama;gonists, and in parricular compounds of the present invention, may
also be of use in the treamment of endocrine disorders such as hypér;ﬁrolacn’nacmia, in the
meatment of vasospasm (particularly in the cerebral vasculature) and hypcncnsmn as well

-as disorders in the gasmointestinal tract where changes in monhry and secretion are

involved. They may also be of use in the weatment of sexual dysfuncdon and
hypothermia. '

physmlogmally acceptable salt or solvate thereof for use in thcrapy
The prcscm invendon also provides a compound of gcncral formula (1) or a

‘phys:ologxcally acccptablc salt or solvatc thcrcof for use in the u'cauncnt of thc L |

aforementioned disorders.

In another aspect the invendon provides the use of a compound of general formnla
(1) or a pharmaceutically acceptable salt or solvate thereof for the manufacture of a
medicament for the reatment of the aforementioned disorders.

Ina further aspect the invention provides a method of treating the aforcmcnuoncd
disorders which comprises administering an effective amount to a parent in need of such

Therefore, the present invention provxdcs a compound of gcncral formula (I) or a B

AP/P/97/01006



10

15

20

AP . 00757

mreamment of a compound of general formula (I) or a pharmaceutically accepiable salt or
solvate thereof.

In pardcular the invention provides a compound of general formula (I) or a
physiologically acceptable salt or solvate thereof for use in the weatment or prophylaxis of
depression.

It will be appreciated by those skilled in the art that the compounds according to
the invention may advantageously be used in conjuhction with one or more other
Lhcra'pcun'c agents, for instance, different antdepressant agents.

The present invention also provides a pharmaceutcal compositon, which
comprises a compound of formula (I) or a pharmaceurically acceptable salt thereof, and a
pharmaceutcally acceptable carrier.

A pharmaceutical composition of the invendon, which may be prepared by
admixmre, suitably at ambient temperature and atmospheric pressure. is usually adapted
for oral, parenteral or rectal administration and, as such, may be in the form of wablets,
capsules, oral liquid prcpamtioﬁk. powders, granules, lozenges, reconsdmutable powders,
injectable or infusible solutions or suspensions or suppositories. Orally adminismable
compositions are generally preferred.

Tablets and capsules for oral administraton may be in unit dose form, and may
contain conventonal excipients, such as binding agents, fillers, tablerting lubricants,
disintegrants and acceptable wetting agents. The tablets may be coated according to
meihods well known in normal pharmaceurical pracce.

' Oral liquid prcparatidns may be in the form of, for cxarhplc, aqueous or oily

suspension, soludons, emulsions, syrups or elixirs, or may be in the form of a dry product
for reconstitution with water or other suitable vehicle before use. Such liquid preparadons ‘

" may contain conventional addmvcs such as suspending agents, emulsifying agents,

non-aqueous vehicles (which may include edible oils), preservatives, and, if dcsu'cd
conventional flavourings or colorants.

For parenteral administration, fluid unit dosage forms are prepared uuhsmg a

- compound of the inventon or pharmaceutically acceptable salt thereof and a sterile

30

35

-vehicle. The compound, depending on the vehicle and concenrradon used, can be either
; suspcndcd or dlssolvcd in the vehicle. In preparing solutons, the compound can be

dlSSOlVCd for injection and filter- sterilised before filling into a suitable vial or ampoule and
scaling. Advamagcously, adjuvants such as a local anaesthetic, preservadves and
buffering agents are dissolved in the vehicle. To enhance the stability, the composidon

‘can be frozen after filling into the vial and the water removed under vacuum. Parenteral

suspcn'sions arc prepared in substantially the same manner, except that the compound is
suspended in the vehicle instead of being dissolved, and sterilisation cannot be
accomplished by filtration. The compound can be sterilised by exposure to cthylene oxide

-9.‘
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before suspension in a sterile vehicle. Advantageously, a surfacrant or wetting agent is
included in the corpposidon to facilitate uniform dismibuton of the compound.

The compositon may contain from 0.1% to 99% by weight, preferably from 10 1o
60% by weight, of the acdve material, depending on the method of adminismation.

The dose of the compound used in the reament of the aforementioned disorders
will vary in the usual way with the seriousness of the disorders, the weight of the sufferer,
and other similar factors. However, as a general guide suitable unit doses may bc‘0.0S 10
1000 mg, more suitably 1.0.to 200 mg, and such unit doses may be administered more
than once a day, for example two or three a day. Such therapy may extend for a2 number
of weeks or months.

The following Examples illustrate the preparaton of compounds of the invention.

-10 -
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Description 1
4-(Hydroxymethyl)-l-meth_vl-1,2.3,6-tetrahydr0pyridi_ne

To a soludon of cthvl 1-methyl-1,2,3,6-tewrahydro-4-pyridinecarboxylate (10.0 ml, 0.061
mole) in THF (200 ml) was added, maintaining temperamure below 25° C, lithium
aluminium hydride (2.76g, 0.073 mole). Afier stirring for a further 15 min, water (2.75
ml), 10% NaOH (4 ml) and water (4 ml) were successively added, and the mixture was
filtered. The filtrate was dried (Na;SOy) and evaporated in vacuo to give the dtle
compound as an amber oil (6.30g, 81%), which solidified on standing.

'H NMR (200 MHz, CDCl3) &(ppm): 5.63 (m, 1H), 4.01 (s, 2H), 2.94 (m, 2H), 2.55 (s
2H), 2.35 (s, 3H), 2.20 (m. 2H)

Description 2
4-(2-Iodophenox_vmeth_vl)-1-meth_vl-1,2,3,6-tetrahydmpyridine :

4-(Hydroxymethyl)-1-methyl-1,2,3 6-tetraisdropyridine (D1, 5.63g, 0.044 mol), 2-

-iodophenol (7.80g, 0.035 mol) and wiphenylphosphine (11.61g, 0.044 mol) were stirred in

dry THF (200 ml) under Ar as diethyl azodicarboxylate (7.0 ml, 0.044 mol) was added
portionwise. The solution was strred for 1h, concentrated, diluted with ethyl acetate, and

extracted with dil. HCl. The exmact was basified (sat. KoCO3 soluton) and exmacted with .

cthyl acerate. This organic exwact was dried (Na;SQO4) and evaporated 1o give a brown
oil. Purificadon by chromatography on silica gel, eludng with 0-10%
methanol/chicroform (gradient) gave the title compound }(7 .65g, 65%) as an amber oil.

1H NMR (200 MHz, CDC13) &(ppm): 7.76 (dd, 1H), 7.27 (m, 1H), 6.81 (dd, 1H), 6.68

(td 1H), 5.84 (m, 1H), 4.47 (s, 2H), 2.99 (m, 2H), 2.58 (1, 2H), 2.4-2.25 (m, 5H).

.~ Description 3
30

2,3-Dihydro-1'-methylspiro[ benzofuran-3,4'-piperidiné]

4—(2-Iodophcnoxymcthyl) 1- mcthyl 1.2,3,6~terahydropyridine (D2, 8.72g, 0.026 mol) and
"AIBN (0. 20g, 0.0012 mol) were stirred at reflux under Ar in benzene (500 ml) as

tributyltn hydride (14.3 ml, 0.053 mol) was added dropwise in benzene (100 ml) over 1 h.
The mixture was stirred at reflux for a further 4.5 h, cooled and cvaporated. The residue
was dissolved in ethyl acetare, and extracted with dil. HCL. The exmact was basified (sat.
K»COj7 solution) and extracted with cthyl acetate. This organic exmact was dried
(Na3S04) and evaporated to give a brown solid, which was chromatographed on silica

-11.-
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gel, cludng with 0-8% methanol/chloroform (gradient) to give the dile compound (3.86g,
69%) as a light yellow solid.

1H NMR (250 MHz, CDCl3) S(ppm): 7.15 (m, 2H), 6.88 (1, 1H), 6.79 (d, 1H), 4.35 (s,
2H), 2.87 (m, 2H), 2.33 (s, 3H), 2.02 (m, 4H), 1.78 (m. 2H)

Description 4
2,3-Dihydro-l'-methyI-S-hitrospiro[benzofuran-3,4'-p§peridine]

2.3-Dihydro-1'-methylspiro{benzofuran-3,4'-piperidine] (D3, 2.72g, 0.013 mol) was
dissolved in acenc anhydride (40 ml) and stirred, standing in a cold water bath, as copper
nirate trihydrate (4.30g, 0.018 mol) was added pordonwise over 1h. The mixrure was
stirred for 16 h, poured into Na»yCO3 solution, treated with excess ammonia solution, and
exrracted with ethyl acetate. The exmact was dried (N2>S0Oy4) and evaporated to give a
brown oil, which was purified by chromatography on silica gel, eluting with 0-5%
methanol/dichloromethane (gradient), to give the ttle compound ( 1 63g,79%) as a
yellow-brown solid.

'H NMR (200 MHz, CDCl3) 8(ppm): 8.11 (dd, 1H), 8.03 (d, 1H), 6.83 (d, 1H), 4.53 (s,
2H),-2.91 (m, 2H), 2.34 (s, 3H), 2.02 (m, 4H), 1.81 (m, 2H).

Description 5
5-Amino-23- dxhvdro—1'-methvlspxro[benzofuran 3 4'-pxpendme]

2.3-Dihydro- 1'-methyl-5-nitrospiro| benzofuran-3 4'-pipcridjnc] (D4 0:98g, 4.0 mmol)
was hydrogenated over 10% palladium on charcoal (0.18g)'i m cthanol (50 ml) for 6 h.

-Catalyst was filtered off onto kieselguhr, and the filrate was cvaporatcd and -

chromatographcd on silica gel, cluung with 0-25% mcthanol/chloroform (gradlcm) o
gwc thc dtle cornpound (0. 52g, 60%) as a cream solid. :

-12-
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Description 6
6-(Cyanomethyl)-2 3-dihvdro-1 '-methyl-S-nitrospiro[benzofuran-3,4'-piperidine]

2,3-Dihydro~1'-mcth_vl—S-nitmspiro[bcnzofuran-?:,4'-pipcridinc] (D4, 0.70g, 2.8mmol) and
4-chlorophenoxyaceronitrile (0.90g, 5.4mmol) were dissolved in dry DMF ( 15ml) and
added 10 potassium t-butoxide (1.60g, 14.3mmol). The mixrure was sdrred under Ar for
6h, diluted with water (150ml), acidified (5M HCI) and washed with ethyl acerate. It was
then basified (samurated K2CO3 solution) and exmracted with ethyl acetate. This exmact
was dried (N23S0O4) and evaporated to give the title compound (0.35g, 43%) sdll
containing some spirocyclic staring material (ca 30%, NMR).

IH NMR (200MHz, CDCl3) 8(ppm): 8.05 (s, 1H), 7.07 (s, 1H), 4.56 (s, 2H), 4.19 (s, 2H),
2.9 (m. 2H), 2.34 (s, 3H). 2.1-1.7 (m. 6H).

Description 7
2.3-Dihydro-1"-methylspiro[furo[2,3-fJindole-3,4 -piperidine]

6-(Cyanomethyl)-2,3- mhydro—l -mcthyl S-nimospiro[benzofuran-3, 4 -piperidine] (D6,
0.35g, 1.2mmol) was hyd.rogcnatcd at 50psiH> over 10% palladium on charcoal (0. 30g) in
a mixture of ethanol (18ml), water (2ml) and acerc acid (0.15mil) for 24h. Catalyst was,
filtered off onto kieselguhr, and-the filrate was evaporated to dryness. Chromatography
on silica gel, cluting with 0-12% methanol/chloroform (gradient) gave the title compound
(0.020g, 10%) as a pale orange solid.

'H NMR (250MHz, CDCl3) &(ppm): 8.70 (b, 1H), 7.18 (m, 2H), 6.99 (s, 1H), 6.43 (m,
1H), 4.40 (s, 2H), 3.05 (m, 2H), 2.46 (s, 3H), 2.3-1.7 (m, 6H).

‘Description 8

1'_-Me:hyx-z,s,s,‘7-tetr_ahydrospiro[fum[z,s-nindole-3,4'-piperidine]

2, 3 D1hydro—1 -mcthylspxro{fum[Z 3- fjmdolc 3 4-pxpcndmc] (D7, 0. 056g, 0. 23mmol)

was stirred in acedc acid (Sml) as sodium cyanoborohydride (0. 044g, 0.70mmol) was

added poruonwxsc over 10min. The solution was strred for 2h, diluted with water (20ml),
basified with saturated K2CO3 solution, and exmracted with ethyl acetate. The extract was
dried (Na3SO4) and evaporated 1o give the title compound (0.030g, 53%) as a white solid.

1H NMR (200MHz, CDCl3) &ppm): 6.61 (s, 1H), 6.46 (s, 1H), 4.31 (s, 2H), 3.53 (t, ZH)
296 (t, 2H), 2.9 (m, 3H), 2.33 (s, 3H), 1.99 (m, 4H), 1.74 (m, 2H).

-13-
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Description 8 - alternative preparation
1'-Methyl-2,3,6,7-tetrahydrospiro(furo[2,3-flindole-3 4'-p1pendme]

{(a) A strred .Suspcnsion of powdered 1-acetyl-6-bromo-2,3-dihydro- 1H-indol-5-0l
(Temahedron, 1973, 29 (8), 1115) (19g, 0.074 mole) in dry THF (1700 ml) at room temp.
under argon was treated with triphenylphosphine (19.6g, 0.075 mole) and. 1-methyl-

1.2,3,6-temahydropyridine-4-methanol (J. Med. Chem., 1988, 31, 545) (9.5g, 0.075 mole),

followed by the dropwise additon over 15 mins. of a soludon of diethyl azodicarboxylate
(11.8 ml, 0.075 mole) in THF (40 ml). A mild exotherm occured.and the insoluble
material dissolved. The soludon was warmed at 32°C for 1 hour, then concentrated in
vacuo 1o approx. 500 ml volume. The solid which had formed was filtered off and dried
affording 16.1g of beige solid. The filrrate was concentrated in vacuo and the residue

- reated with ethyl acetate (700 ml) and 1M HCI acid (500 ml), shaken well and the acid

layer scparated. This was washed with ethyl acezate, then basified with 40% NaOH and
exrracted with ethyl acetate, followed by chloroform. The combined extracts were dried
(N2.SO,) and concentrated in vacuo to leave a'yellow solid, which was recrystallised from
ethyl acetate (3.8g) giving a total yield of 19.9g (._721%) of 1-aceryl-6-bromo-2,3-dihydro-
5-(1-methyl-1,2,3,6-temrahydropyridin-4-ylmethoxy)-1H-indole.

'H NMR (250 MHz, CDCL)) & (ppm): 8.42 (s, 1H), 6.72 (s, 1H), 5.80 (br s, 1H), 4.41 (s,
2H), 4.04 (v, 2H), 3.12 (1, 2H), 2.97 (brs, 2H), 2.58 (1, 2H), 2.38 (s, 3H), 2.28 (br s, 2H),
2.18 (s, 3H).

~ b) A stirred suspcnsion of the product from (a) (20.8g, 0.057 mole) in benzene (1500 ml)

was meated with AIBN (400 mg) and heated to 75°C under argon, then treated dropwise
over 0.5h wnh a solution of mibutyldn hydndc (23 ml, 0.085 rnolc) in bcnzcnc (200 mi).

;. The mixmure was heated under reflux for 6 hours, then concenrrated in vacuo. The rcsmuc

was treated with ZM HCI acid (900 ml) and cthyl acetate (600 ml), then shaken well and
the acid laycr scparatcd ‘washed with ethyl acctatc and then ba51ﬁcd with 40% NaOH
solunon keeping the temp. below 20°C A whnc pr:cxpzr.atc was formed which was -
ﬁltcrcd off, washcd with watcr and dncd to afford 14.8g (91%) of S-acctyl -1 -mcthyl- '
2,3, 6 7- tctmhydrospxro[furo[l 3- ﬂmdolc 34 -pxpcndmc]

HNMR (250MHz,CDCL_,)5(ppm) 8.11 (s 1H), 660(5 lH) 4.36 (s, 2H), 4.03 (t

2H), 3.10 (1, 2H), 2.92-2.78 (m, 2H), 230(5 3H), 2.18 (s, 3H), 215190(m 4H), 1.80-
163(rrr ZH)

-14 -
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c) A strmred soluton of the product from (b) (14.5g, 0.051 mole) in a mixwure of 3M HC]
(250 ml) and ethanol (100 ml) was heated under reflux under ‘argon for 2 hours followed
by 16 hours at room temp. The ethanol was removed by concentration in vacuo and the
remaining solution cooled in an ice bath and basified to pH 12 by addidon of 40% NaOH
soludon. The white precipitate which formed was filtered off, washed with water and
dried 1o afford 6.0g of the due compound. The filtrate was éxrracted with ethyl acetate,
followed by chloroform. The combined exmract was dried (Na_.SO,) and concenrrated in
vacuo leaving a beige solid (6.2g) and affording a toral of 12.2g (99%) of title compound

(D8).

Description 9 _
Spiro{2,3-dihydro-1 '-methylfuro[Z,B-g]quinoline-3,4'-piperidine] :

Spiro[5-amino-2,3-dihydro- 1 ~mczhy1 1-benzofuran-3 4-p1pcndmc] (D5, 0.316g,
1.45mmol), glycerol (0.20g, 2.2mmol) and iodine (0.008g, 0.03mmol) were stirred as
conc. sulphuric acid (0. 23rnl) was added. The dark mixture was then sdrred at 180°C for
1h, cooled, and pamtxoncd between ethyl acetate and 10% sodium hydroxide soludon.
After separation, the organic porton was dried (NapS0y) and evaporated to give the dtle
compound (0.182g, 49%) as a brown gum.

'H NMR (250MHz, CDCl3) 8(ppm): 8.62 (dd, 1H); 7.90 (d, 1H), 7.77 (s, 1H), 7.21 (dd.
1H), 6.95 (s, 1H), 4.39 (s, 2H), 2.72 (m, 2H), 2.28 (s, 3H), 2.04 (m, 4H), 1.78 (m, 2H),

Description 10
Spiro[2,3,5,6,7,8-hexahydro-1'-methylf uro(2,3-glquinoline-3,4 -piperidine]

Spiro[2.3-dihydro-1'-methylfuro[2,3-g]quinoline-3,4 -piperidine] (D9, 0.182g; 0.72mmol)

- and pladnum dioxide (0.077g, 0.34mmol) were hydrogenated at 50psiH> in ethanol
, .;{25ml) for 72h. Catalyst was ﬁltcrcd off onto kieselguhr, and the filtrate was evaporated
: b»to glvc the dtle compound (0. 15 1g, 81%) asa brown gum

haale < S,

1H NMR (2OOMHL CDCl3) 5(pprh): 6.44 (s, 1H), 6.32 (s, 1H), 4.26 (s, 2H), 3.7-3.1 (b,
1H), 3.24 (1, 2H), 2.82 (m, 2H), 2.73 (1, 2H), 2.31 (s, 3H), 1.94 (m, 6H), 1.73 (m, 2H)

Description 11
2'-Methyl~4'-(5-methyl-1,3,4-0xadiazol-2-yl)biphehyl#-carboxylic acid

A strred solution of 2-(4-bromo-3-methylphenyl)-5-methyl-1,3 4-oxadiazole (EP
0533268 A1) (0.21g, 0.0008 mole) in a mixture of DME (10 ml) and water (30 ml) under

-15~-
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argon was treated with 4-boronobenzoic acid (0.14g, 0.0008 mole), sodium carbonate
(0.39g. 0.0037 mole) and tetrakis (wiphenylphosphine)palladium (0) (16 mg), then heated
under reflux for 4 hours. The mixture was acidified with 1M hydrochloric acid and
exmracted with ethyl acetate. The exmact was dried (Na»SOy4) and concenmrated in vacuo
to leave the title compound as a white solid (0.19g, 78%).

IH NMR (250 MHz, CDCl3 + dDMSO) 8(ppm): 8.02 (d, 2H), 7.86 (s, 1H), 7.80 (br d,
1H), 7.32 (d, 2H), 7.27 (d, 1H), 2.54 (s, 3H), 2.26 (s, 3H)

Description 12

4-Bromo-3-methyvlbenzamide oxime

Methanol (20 mi) at 5° C was weated portonwise over 5 min. with stirring with potassium
t-butoxide (1.68g, 0.015 mole), then after a further 5 mins the solution was treated with

hydroxylamine hydrochloride (1.11g, 0.016 mole). The resulting mixture was allowed to

warm 10 room temperature, stirred for 1 h, then eated with a solution of 4-bromo-3-
methyibenzonirrile (Z.Og. 0.010 mole) in methanol (10 mi) and heated under reflux for 3
h. The mixwre was allowed to cool, then filtered through kieselguhr and the filtrate
concenwrated in vacuo to afford the ttle compound as a white solid (1.56g, 100%).

- IH NMR (250 MHz, d®DMSO0) & (ppm): 7.67 (d, 1H), 7.56 (d, 1H), 7.42 (dd, 1H), 5.85

(brs, 2H), 2.35 (s, 3H).

Description 13

. 2-{(4-Bromo-3-methylphenyl)-5-(dimethylamino)-1,2,4-oxadiazole

'~ 4-Bromo-3-methylbenzamide oxime (D12, 1.5g, 0.0065 mole) was added portionwise

over 10 min with stirring to trichloroaceric anhydride (18 ml) at 10° C under argon The »
reaction Imxtun: was allowed to warm up to room temperature and str for 4 h, then added
slowly to a well strred mixmure of cxccss aqucous sodium bicarbonate sohmon and cthyl

- acerate at ice bath temperature. thn cffcrvcsccncc had ceased, thc cthyl acczatc Iaycr

© 7 was scparatcd, dncd (NasS0Oy4) and concentrated in vacuo 1o leave thc 5— .

35

mchlommcthyloxadxazolc as a pale yellow solid. This was reated with a 33% solution of
dzmcthvlammc in IMS (25 ml) and heated undcr reflux for 18 h then conccmratcd in .
vacuo. The residue was weated with 10% NaoCO3 solunon (20 ml) and cxrraczed wnh
ethyl acetate (2 x 30 ml). The combmcd exmract was dried (N a7S0y), conccnu'axcd in
vacuo and the residue chromatographed on silica gel eluting with 1:1 ether/60-80 petrol to
afford the title compound as a white solid (1.14g, 62%).
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IH NMR (250 MHz. CDCl2) & (ppm): 7.88 (d, 1H), 7.69 (dd. IH) 7.58 (d, 1H), 320 (s,
6H), 2.44 (s, 3H).

Description 14
2'-Methyl-4'--(5-6imeth_vlamino-1,2,4-oxadiazol-B-yI)biphenyl-4-carbox_vlic acid

The dde compound was prepared from 2-(4-bromo-3-methylphenyl)-5-(dimethylamino)-
1,2,4-oxadiazole (D13) using a similar procedure to Description 11 (64%) as a white solid.

1}-1 NMR (250 MHz, déDMSO0) & (ppm): 13.1 (br s, 1H), 8.03 (d, 2H), 7.85 (s, 1H), 7.80

© (d, 1H), 7.52 (d, 2H), 7.37 (d, 1H), 3.15 (s, 6H), 2.30 (s, 3H).

Description 15
4'-(5-Methyl-1,2,4-0xadiazol-3-yl)biphenyi-4-carboxylic acid

The tde compound was prepared from 1-bromo-4-(5-methyl- 1,2 4-oxadiazol-3-
yl)benzene [EP 0533268A1] (0.58g) and 4-boronobenzoic acid (0.4 g) as described in
Descripuon 11 as a white solid (0.64g, 97%).

IH NMR (250 MHz, d5DMSO) & (ppm): 12.8-13.3 (br s, 1H), 7.8-8.2 (m, 8H), 2.7 (s,
3H).

Description 16
4'-Cyano-2'-methylbiphenyl-4-carboxylic acid

4-bromo-3-methylbenzonimile (5g, 0.026 mbl) was suspended in 1,2-dimethoxyethane
(100 ml) and meated wuh 4-boronobenzoic acid (4 2g, 0.026 mol) followed by a solution
of sodium carbonate (11. 65g 0.11 mmol) in water (100 ml). The mixrure was flushed
with argon and tetrakis(miphenylphosphine)palladium (0) (0.55g) was added. The reaction
mixrure was then heated to reflux with strring. After 24h, the 1.2~dimethoxyethane was
removed by evaporation under reduced pressure and the aqueous residue was washed with
cthyl acetate. The aqueous layer was then acidified to pH1 and the resultant solid was
filtered off and was dried in vacuo to give the title compound as a white solid (4.16g,
69%).

1H NMR (250 MHz, dSDMSO) 5 (ppm): 8.02 (d, 2H), 7.82 (s, 1H), 7.40 (dd, 1H), 7.52-
7.40 (m, 4H), 2.28 (s, 3H)
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Description 17
N-Methoxy-N-meth vi-4-bromo-3-methylbenzamide

A sdrred suspension of 4-bromo-3-methylbenzoic acid (5.0g, 0.023 mole) in thionyl
chloride (20 ml) was heated under reflux for 2 hours, then concenrrated in vacuo. The
residual acid chloride was dissolved in dichloromethane (100 mi) and added dropwise over
10 minutes to a strred soluton of N,O-dimethylhydroxylamine hydrochloride (2.4g, 0.025
mole) and pyridine (5.6 ml, 0.06% molc)-in dichloromethane (150 ml) and acetonimile (20
ml) at -20° C. The reaction mixture was allowed to warm 1o room temperature over 3

“hours then weated with 10% Na»CO3 solution and extracted with dichloromethane. The

extract was dried (Na»SOy4) and concentrated in vacuo to afford the dtle compound as a
pale yellow oil (5.9g, 100%).

1H NMR (200 MHz, CDCl3) 8 (ppm): 7.60-7.50 (tm, 2H), 7.37 (dd, 1H), 3.54 (s, 3H),
3.35 (s. 3H), 2.42 (s, 3H)

Description 18
4-Bromo-3-methylacetophenone

A solution of N-methoxy-N-methyl-4-bromo-3-methylbenzamide (D17) ( 1.50g, 0.0057
mole) in dry ether (30 ml) was added dropwise over 10 minutes to a stirred solution of
methylmagnesiumn iodide (0.0075 mole) in dry ether (15 ml) under argon. The mixture
was then heated under reflux for 1 hour, allowed to cool and poured into well strred 1M

 HCI (50 ml). The mixture was exmacted with ethyl acetate and the extract washed with

10% NaCO3 solution, dried (Na3SO4) and concentrated in vacuo to afford the title
compound as a pale yellow oil (1.14g, 94%).

TH NMR (250 MHz, CDCl3) & (ppm): 7.81 (s, 1H), 7.62 (s, 2H), 2.57 (s, 3H), 2.45 (s,
3H) | | '

- 'Description 19

4'-Acetyl 2'-methvlblphenyl-4-carboxvhc acid

'Thc udc compound was prepared from 4- bromo—3 mcthylacctophcnonc (D18) usmg a

proccdurc similar to Descripdon 11 (80%).

1H_ NMR (250 MHz, CDCl3) & (ppm): 8.13 (d, 2H), 7.88 (d, 1H), 7.84 (d, 1H), 7.40 (d,
2H), 7.34 (d, 1H), 2.65 (s, 3H), 2.34 (s, 3H).
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Description 20
4'-Acetamidomethyl-2'-methylbiphenyl-4-carboxylic acid

4-Bromo-3-methylbenzylamine (EP 532266) (7.36g, 0.037 mol) was dissolved in 1,2-
dimethoxyethane (DME) (180 ml), with strring, and was treated with 4-boronobenzoic
acid (6.14g, 0.037 mol), followed by a soludon of sodium carbonate (17.65g, 0.167 mol)
in water (180 ml). The reaction mixrure was then flushed with argon and temrakis
(wiphenylphosphine)palladium (O) (1.00g) was added. The reaction mixture was then
heated 10 reflux under argon. After 16h, the reaction mixture was allowed to cool and the
DME was removed by evaporation under reduced pressure. The aqueous residue was then
diluted with water (~200 ml) and washed with EtOAc (2x150 ml). The aqueous layer was
then mreated with acetic anhydride (6.98 ml, 0.074 mol) and strred for 1h at room
temperature.  The resultng pale brown soludon was filtered through kieselguhr to give a
pale vellow solution, which was acidified to pHS5 using conc. HCl 1o give an off white
precipitate. This was filtered off, washed with water and dried in vacuo to give the ttle

IH NMR (200 MHz, d®DMSO) & (ppm): 8.45 (1, 1H), 7.95 (d, 2H), 7.32 (d, 2H), 7.15
(m, 3H), 4.28 (d, 2H), 2.20 (s, 3H), 1.90 (s, 3H)

Description 21

Thionyl chloride (0.119ml, 1.63 mmol) was added dropwise to MeOH (5 mil) at 0° C,
followed by a solution of 4-acetamidomethyl-2'-methylbiphenyl-4-carboxylic acid (D20)
(0.345g, 1.22 mmol) in MeOH (10 ml). The mixmre was heated under reflux-for 1.5 hr
and the solvent removed in vacuo. The residue was dissolved in CH>Cl5 (30 ml) and
washed with aq. NayCO3 followed by water. The organic exmact was dried (N27S04)
and concentrated in vacuo to give a colourless oil, which was purified by column
chromatography on silica gel eluting with EtOAc to give a colourless oil that crystallised

on standing (0.242g, 68%).

1H NMR (200 MHz, CDCl3) & (ppm): 8.1 (d, 2H), 7.38 (d, 2H), 7.23-7.14 (m, 3H), 5.90-
5.80 (bs, 1H), 4.45 (d, 2H), 3.90 (s, 3H), 2.28 (s, 3H), 2.05 (s, 3H).

Description 22
7-Methoxy-2,3,4,5-tetrahydro-1H-benzazepine

-IQ-
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6-Methoxytetralone (6.86g, 39 mmol), hydroxylamine hydrochloride (8.15g, 117 mmol)
and sodium acctatc.u'ihydmrc (25g, 184 mmol) were sarred at reflux in 2 mixmure of
ethanol (200 ml) and water (50 ml) for 45 min, concentrated in vacuo, and diluted wnh
water (200 ml). The white solid (6-methoxytemalone oxime, 7. 44g) was collected and
dried. A pomort of this (6.31g, 33 mmol) was sdrred in dry THF (150 ml) under argon as
lithium aluminium hydride (1.80g, 47 mmol) was added pordonwise. This mixmure was
stirred at reflux for 3h, cooled, and treated successively with water (1.5 ml), 10% NaOH
(1.5 ml) and water (4.5 ml).” The solids were filtered off, and the filtrate was evaporated to
give an amber oil. This was chromatographed on silica, eluting with cthyl acetate, giving
the dtle compound (2.96g, 50%).

1H NMR (250 MHz, CDCl3) 6 (ppm): 6.78 (m, 2H), 6.60 (dd, 1H), 3.75 (s, 3H), 3.3 (v
broad. 1H), 2.98 (t, 2H), 2.74 (1, 2H), 1.80 (m, 2H), 1.63 (m, 2H).

Description 23
7-Acetoxy-1-acetyl-2.3,4,5-tetrahydro-1H-benzazepine

7-Methoxy-2.3,4,5-tetrahydro- 1H-benzazepine (D22, 2.96g, 17 mmol) was srirred at
reflux in 48% HBr for 16 h, cooled and evaporated to dryness, giving a brown solid. This
material was stirred 1 in dichloromethane (200 ml) as wiethylamine (9.4 mi, 68 mmol) and
acetyl chloride (3.6 rnl, 51 mmol) were added. The soluton was stirred for 1h, washed
with dilute HCI, dried (N23S04) and evaporated 1o give an oil. This was
chromatographed on silica, eluting with 0-50% ethyl acerate/ dichloromethane, giving the

title compound (3.88g, 94%) as an amber syrup which crystallised on standing.

IH NMR (250 MHz, CDCl3) & (ppm): 7.14 (d, 1H), 7.0 (m, 2H), 4.69 (dt, 1H), 2.85-2.55
(m, 3H), 2.31 (s, 3H), 2.10-1.75 (m, 3H), 1.88 (s, 3H), 1.44 (m, 1H)

Description 24-

1-Acetyl-7-hydroxy-2,3,4,5-tetrahydro-1H-benzazepine

7-Acetoxy-1-acetyl-2,3,4,5-terahydro- 1H-benzazepine (D23, 3.88g, 16 mmol) was stirred
in ethanol (40 ml) as NaOH (1.26g, 32 mmol) was added in water (5 ml‘). After strming
for 30 min, the mixture was diluted with water (500 ml), and acidified with SM HCL The
tan precipitate was filtered off and dried, yielding 2.02g (63%) of the title compound. A
further 0.80g (25%) of this material was isolated by dichloromethane extracton of the
filrate. -
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1H NMR (250 MHz, CDCl3) & (ppm): 6.98 (d, 1H), 6.83 (bs, 1H), 6.75 (m, ._H) 4.67 (dt,
1H), 2.8-2.5 (m, 3H), 2.05-1.7 (m, 3H), 1.89 (s, 3H), 1.42 (m, 1H)

Description 25
1-Acetyl-&bromo—?-hydroxy-Z,BA,S-tetrahydro—lH-benmzepine

1-Aceryl-7-hydroxy-2,3,4.5-terahydro-1H-benzazepine (D24, 2.81 g, 14 mmol) was
strred in glacial AcOH (50 ml) as N-bromosuccinimide (2.69g, 15 mmol) was added
portonwise over 20 min. The mixture was stirred for 30 min, diluted with ethyl acetate
(500 ml), washed with water, K7CO3 soludon and brine, dried (Na3SOy4) and evaporated
to give a tan solid, shown by NMR and TLC to be a mixmre of dibromo and mono-bromo
isomers. Chromatography on silica, eluting with 0-25% ethyl acctatc/ dichloromethane,
yiclded pure title compound (1.22g, 31%) as a cream solid.

'H NMR (250 MHz, d®DMSQ) 8 (ppm): 7:43 (s, 1H), 6.84 (s, 1H), 4.43 (dt, 1H), 2.6-2.4
(m. 3H), 1.90 (m, 1H), 1.73 (s, 3H), 1.68 (m, 2H), 1.28 (m, 1H)

Descnpnon 26
1-Acetyl-8-bromo-7- (l-methvl 1,2.3,6- tetrahydro-4-pyndyl)methoxy -23,4,5-
tetrahydro-1H- benmzepme

The dtle compound was prepared from 1-acetyl-8-bromo-7-hydroxy-2,3,4,5-tetrahydro-
1H-benzazepine (D25) and 4-(hydroxymcthyl)-1-mcthyl-ll,;,s-tcnahydropyﬁdinc 1)

- following the procedure of Description 2.

1H NMR (250 MHz, CDCl3) & (ppm): 7.32 (s, 1H), 6.76 (s 1H), 5.85 (m, IH), 4.65 (dt,
1H), 4.51 (s, 2H), 3.02 (m, 2H), 2.8- '75(m 3H), 240(5 3H) 2.33 (m, ZH) 1.89 (s, 3H),
2.05-1.7 (m, 3H) 1.38 (m, 1H)

Description 27
S-Acetyl-3,5,6,7,8,9-hexahydro-1 '-methylspiro[2H-furo[2,3-h]ben;azepine-3,4'-
piperidine]

The dtle compound was prepared from 1-accryl—8-bromo—7-(1-mcthyl-1,2.3,6-tcn'ahydro-
4-pyridyl)methoxy-2,3,4,5-terahydro- 1H-benzazepine (D26) following the procedure of

- Descripdon 3.
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1H NMR (200 MHz. CDCl3) & (ppm): 6.84 (s, 1H), 6.64 (s, 1H), 4.65 (dt. 1H), 4.39
(ABq, 2H), 2.84 (m. 2H), 2.64 (m.3H). 2.33 (s, 3H), 1.83 (s, 3H), 2.1-1.7 (m, SH). 1.40
(m, 1H) '

Description 28
3,5,6,7,8,9-Hexahydro-1 '-methylspiro[2H-furo[2,3-h]benmmpine-3,4'-piperidine]

5-Aceryl-3,5,6,7.8,9-hexahydro- 1'-methylspiro [2H-furo[2,3-h]benzazepine-3,4'-
piperidine] (D27, 0.25g, 0.82 mmol) was stirred at reflux under Ar in c. HCI (15 ml) for 4
days. It was then evaporated to dryness, dissolved in dichloromethane, washed with
K2CO3 solutdon, dried (Na3S04) and evaporated to give the title compound (0.203g) as a
brown gum, still containing ca. 15% of amide (NMR). Chromatography 6n silica, cluring
with 0-15% methanol in dichloromethane, give purer marerial (0.107g, 49%)

1H NMR (250 MHz, CDCl3) 6 (ppm): 6.58 (s, 1H), 6.51 (s, 1H), 4.30 (s, 2H), 3.5 (b, 1H),

2.99 (1, ZH), 2.82 (m, 2H), 2.70 (m, 2H), 2.31 (s, 3H), 1.98 (m, 4H), 1.74 (m, 4H), 1.59
(m, 2H). ' )

Description 29
2'_-Methyl-4'-(3-methyl-1,2,4-oxadiazol-5-yi)biphenyl-4-carboxylic acid

A surred soludon of 5-(4-bromo-3-mcthylphcnyl)-3-mcthyl-1,2,4—oxadiazolc (EP
0533268 A1) (0.65g, 0.0026 mole) in a mixwre of DME (30 ml) and water (30 ml) under
argon was weated with 4-boronobenzoic acid (0.43g, 0.0026 mole), sodium carbonate

(1.16g, 0.011 mole) and tetrakis (m'phcnylphos;:hinc)pa]ladiurn(O) (40 mg), then heated

under reflux for 4 hours. The mixture was acidified with 1M hydrochloric acid and
exmacted with ethyl acetate. The exmact was dried (Na,SO,) and concenmated. in vacuo 10
leave the dtle compound as a white solid (0.61g, 80%).

'H NMR (250 MHz, d'DMSO) & (ppm): 8.12-7.95 (m, 4H), 7.60-7.45 (m, 3H), 2.44 (s,
3H), 2.35 (s, 3H).

Description 30
4-Bromo-3-methylbenzoic hydrazide

The dtle compound was prepared from methyl 4-bromo-3-methylbenzoate using a similar
procedure to Description 35, as a white solid (69%).
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'H NMR (200MHz, CDCl, + d'DMSO) & (ppm): 9.05 (br s, 1H), 7.75 (d. 1H), 7.58 (d,
1H), 7.50 (dd, 1H), 4.10 (br s, 2H), 2.42 (s, 3H)

Description 31
2-(4-Bromo-3-methylphenyl)-5-ethyl-1,3,4-oxadiazole

The dtle compound was afforded as a beige crystalline solid (1.65 g) as per method of
Descripdon 35, using 4-bromo-3-methylbenzoic hydrazide (D31) (1.30g) and wiethyl
orthopropionate (13.0 mi).

'"H NMR (200 MHz, CDCL) 6 (ppm): 7.91 (s, 1H), 7.68 (m, 2H), 2.96 (q; 2H), 2.49 (s,
3H), 1.45 (1, 3H). :

Description 32
4‘-(5-Ethyl-l,3,4-oxadiazol-2-yl)-2'-methylbiphenyl-4-carboxylic acid

The ute compound was afforded as a white solid (82%) as per method of Descripdon 11
from 2-(4-bromo-3-methylphenyl)-5-ethyl-1,3,4-oxadiazole (D31).

'H NMR (400MHz, dDMSO0) & (ppm): 12.98 (s, 1H), 8.00 (d, 2H), 7.89 (s, 1H), 7.82 (d
1H), 7.48 (d, 2H), 7.38 (d, 1H), 2.90 (g, 2H), 2.28 (s, 3H), 1.29 (1, 3H).

-23.
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Description 33
4-Borono-3-methylbenzoic acid

A stirred soludon of 4-bromo-3-methylbenzoic acid (5.0g, 0.02 mole) in dry THF (250
ml) at -78°C under argon was mreated with 1.6M n-buryllithium in hexane (36.3 ml, 0.05
mole). The mixmre changed from a clear soludon 10 an orange suspension. This was
strred at -78°C for 0.25h, then meated with miisopropyl borate (13.4 ml, 0:05 mole) and
stirred at -78°C for a further 1h. The mixture was allowed to warm 10 room temp. and stir
for 19h, then meated with water (25 ml) and concenmated in vacuo. The residue was
chromatographed on silica gel eluting with 10% methanol/ dichloromethane to afford the

ttle compound as a white solid (2.63g, 67%).
'H NMR (200 MHz, d'DMSO0) 8 (ppm): 7.72-7.63 (m, 2H), 7.50 (d. 1H), 2.43 (s, 3H).

ljscription 34
2.2'-Dimethyl-4'-(5-methyl-1.3,4-0xadiazol-2-yl)biphenyl-4-carboxylic acid

The dde compound was prepared from 2-(4-bromo-3-methylphenyl)-5-methyl-1,3,4-
oxadiazole (EP 0533268 A1) and 4-borono-3-methylbenzoic acid (D33) using a similar
procedure to Descripton 11 as a white solid (31%).

'"H NMR (250MHz, CDCl,) o (ppm): 8.10-7.97 (m, 3H), 7.92 (dd, 1H), 7.24 (d, 2H), 2.66
(s, 3H), 2.13 (s, 6H).

" Description 35
2-(4-Bromo-2-methylphenyl)-5-methyl-1,3,4-o0xadiazole

A stirred solution of methyl 4-bromo-2-methylbenzoate (0.9g, 3.9 mmole) in methanol (10
ml) was reated with hydrazine hydrate (1.0 ml, 21 mmole) and heated under reflux for 66
h. The solution was concenmated in vacuo to leave the hydrazide as a white solid. This
was mreated with m'ér.hyl orthoacerate (10 ml) and heated under reflux under argon for 4h,
then concentrated in vacuo. The residue was chromatographed on silica gel elutdng with
1:1 ether/60-80 pemol to afford the due compound as a white solid (0.77g, 78%).

'H NMR (250 MHz, CDCL) 8 (ppm): 7.76 (d, 1H), 7.51 (s, 1H), 7.45 (dd, 1H), 2.68 (s,
3H), 2.62 (s, 3H). '
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Description 36 _
2.3'-Dimethyl-4'-(5-methyl-1,3,4-0xadiazol-2-yl)biphenyl-4-carboxylic acid

The dtle compound was prepared from 2-(4-bromo-2-methylphenyl)-5-methyl-1,3,4-
oxadiazole (D35) and 4-borono-3-methylbenzoic acid (D33) using a similar procedure 1o

Descripdon 11 as a white solid (24%).

'H NMR (250 MHz, CDCl, + d‘DMSO)  (ppm): 7.95-7.80 (m, 3H), 7.30-7.20 (m, 3H),
2.68 (s, 3H), 2.59 (s, 3H), 2.26 (s, 3H).

Description 37
4-Bromo-3-methyl benzamide

4-Bromo-3-methylbenzoic acid (19g, 0.088 mole) was dissolved in dichloromethane (200
ml) and weated with oxalyl chloride (12 ml, 0.013 mole), followed by DMF (3 drops). The
reacton muixture was strred for 18 h at room temperature, after which the solvent was
removed in vacuo. The acid chloride was added dropwise to 0.88 ammonia solution (250
mil) with surring. The resuldng solid was filtered off, washed with ether and dried to
afford the dtle compound (18.03g, 96%).

'H NMR (200 MHz, d'DMSO0) 3 (ppm): 8.02 (s, 1H), 7.88 (s, 1H). 7.69-7.61 (m, 2H),
7.44 (s, 1H), 2.40 (s, 3H) ~

Description 38
4-Bromo-3-methylthiobenzamide

4-Bromo-3-methylbenzamide (D37, 1.0g, 0.0047 mole) was dissolved in THF (50 ml),
reated with Lawessons reagent (0.95g, 0.0024 mole) and stirred under argon for 4h. The
solvent was removed in vacuo and the residue purified by flash chromatography on silica
gel eludng with 10% EtOH/CHC], to afford the ttle compound as a yellow solid (0.87g,
80%).

‘H NMR (200 MHz, CDCL) & (ppm): 7.78 (s, 1H), 7.72 (br s, 1H), 7.63-7.45 (m, 2H),
7.19 (br s, 1H), 2.45 (s, 3H).
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Description 39
2-(4-Bromo-3-methyiphenyl)-4-methylthiazole

4-Bromo-3-methylthiobenzamide (D38, 0.87g, 0.0038 mole) was dissolved in ethanol (60
ml) and meated with chloroacetone (0.39 ml. 0.0049 mole). The reacton mixture was
heated ux;;dcr reflux for 5 h, then more chloroacetone (0.39 mi, 0.0049 mole) was added
and the mixture heated under reflux for a further 3 h. After cooling to room temperamure,
the solvent was removed in vacuo to leave the title compound as a pale oil (1.00g, 98%).

'H NMR (200 MHz, CDCl,) 6 (ppm): 8.20 (d, 1H), 7.95 (dd, 1H), 7.69 (d, 1H), 7.22 (s,
1H), 2.76 (s, 3H), 2.50 (s, 3H).

Description 40 .
2'-Methyvl-4'-(4-methylthiazol-2-yl)biphenyl-4-carboxylic acid

The tde compouhd was prepared from 2-(4-bmmo-3-mcthylphcnyl)-4-mcthyIr.hiazolc
(D39, 1.00g, 0.0037 mole) using the method of Description 11 (0.77g, 67%).

'"H NMR (200 MHz, d°DMSO0) & (ppm): 8.03 (d, 2H), 7.89 (s, 1H), 7.82 (dd, 1H), 7.52 (d,
2H); 7.40-7.22 (m, 2H), 2.46 (s, 3H), 2.32 (s, 3H).

Description 41
4'-Methoxycarbonyl-2'-methylbiphenyl-4-carboxylic acid

A stirred soludon of methyl 4-bromo-3-methylbenzoate (EP 0533268 Al) (1.0g, 0.0044
mole) in dry DMF (10 ml) under argon was meated with 4-boronobenzoic acid (0.73g,
0.0044 mole) and temakis (miphenylphosphine) paliadium(0) (80 mg), followed by
micthylamine (1.8 mi, 0.016 mole). the mixture was heated at 100°C for 18 houn;,‘thcn
concentrated in vacuo. The residue was treated with ethyl acetate and extracted with 10%
NaHCQO, solution. The basic exmact was acidified with dil. HCl and extracied with ethyl
acetate. The extract was dried (N2_.SO,) and concentrated in vacuo to afford the title
compound as a white solid (0.46g, 39%). -

'H NMR (250 MHz. dDMSO) & (ppm): 13.1 (brs, 1H), 8.04 (d, 2H), 7.93 (s, 1H), 7.87
(d, 1H), 7.51 (d, 2H), 7.38 (d, 1H), 3.87 (s, 3H), 2.30 (s, 3H).
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Description 42
5'-Methoxycarbonyl-2'-methylbiphenyl-4-carboxylic acid

A stirred soluton of methyl 3-bromo-4-methylbenzoate (2.6g, 0.011 mole) in dry DMF
(20 ml) under argon was weated with 4-boronobenzoic acid (1.85g,0.011 mole) and
terakis (uiphc‘nylphosphinc) palladium(0) (400 mg), followed by miethylamine (4.68ml,
0.046 mole). The mixture was heated at 100°C for 18 hours, then concenrrated in vacuo.
The residue was weated with ethyl acerare and extmracied with 10% NaHCQ, solution. The
basic exmact was acidified with dil. HCI and exmracted with ethyl acetate. The exmact was
dried (Na.SO,) and concentrated in vacuo to afford the dtle compound as a light orange
solid (2.12g, 85%).

'H NMR (250 MHz, d'DMSO0) 8 (ppm): 13.1 (br's, 1H), 8.09-8.00 (m; 2H), 7.92-7.75 (m,
2H), 7.68-7.43 (m, 3H), 3.88 (s, 3H), 2.30 (s, 3H)

Description 43
N-{4-Bromo-3-methylphenyl}-methanesulphonamide

To a strred solution of 4-bromo-3-methylaniline (3.32g, 17.8 mmol) in dry
dichloromethane (150 ml) was added uic;hylamihc (4.96 ml, 35.6 mmol), followed by
rﬁcthancsulphonyi chloride (1.52 ml, 19.6 mmol). The complete reaction mixture was
strred at room temperature under Ar for 18 hours. The mixture was then washed with
water, saturated potassium carbonate solution, and finally brine. The organic layer was
dried (N2,SO,) and concenrrated in vacuo 1o afford a creamy orange solid. This was
dissolved in dichloromethane and shaken with 10% sodium hydroxide soludon. The
agueous layer was separated and acidified to pH6 using concenmated hydrochloric acid.
This solutdon was then extracted using chloroform. The combined organic layérs were
dried (N2,SO,) and concenmated in vacuo 1o afford the title compound as a whrie solid
(1.35 g, 30%).

'H NMR (250 MHz, CDCL) & (ppm): 7.60-6.50 (vb, 1H), 7.61 (d, 1H), 7.50 (d, 1H), 6.95
(dd, 1H), 3.12 (s, 3H), 2.40 (s, 3H)
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~ Description 44

4'-(Methanesulphonamino)-2'-methylbiphenyl-4-carboxyvlic acid

The tde compound (44%) was afforded as a white solid as per method of Descripdon 11
from N-[4-bromo-3-methylphenyl]-methanesulphonamide (D43).

‘H NMR (200 MHz, d'DMSO) & (ppm): 13.0 (b, 1H), 9.80 (s, 1H), 7.98 (d, 2H), 7.43 (d,
2H), 7.15 (m, 3H), 3.00 (s, 3H), 2.20 (s, 3H) .

Description 45 v
2'-Methyl-s'-(S-methyl-1,3,4—oxadiazol-2-yl)biphenyl-4-carboxylic acid

The ttle compound was prepared from methyl 3-bromo-4-methylbenzoate following
similar procedures to those in Descriptons 35 and 11 as a beige solid.

'H NMR (200 MHz, d"DMSO) & (ppm): 11.70 (s, 1H), 8.10-7.50 (m, 7H), 2.30 (s, 3H),
1.90 (s, 3H).

Description 46
N-{4-Bromo-3-methylphenyl]j-acetamide _

A strred solution of .4-bmmo-3-mcthy1anilinc (3.0g, 0.016 mole) and triethylamine (4.5
ml, 0.032 mole) in dichloromethane (30 ml) at 0° C was weated with acetyl chloride (1.2
mi, 0.017 mole) and allowed to warm to room temperature over 1h. The mixture was
washed with watcr.' then SM HCl acid and dried (N2,SO,), then concenrrated in vacuo to
afford the title compound as a pale yellow solid (3.07g, 83%).

'H NMR (200 MHz, CDCL) & (ppm): 7.50-7.35 (m, 2H), 7.19 (dd, 1H), 2.36 (s, 3H), 2.16
(s, 3H). :

Description 47
-4'-Acetamido-2'-methylbiphenyl-4-carboxylic acid

The utle compound was prepared from N-[4-bromo-3-methylphenyl]-acetamide (D46)
using a similar procedure to Description 11 as a white solid (66%).

'H NMK (200 MHz, dDMSO) & (ppm): 12.8 (brs, 1H), 9.98 (s, 1H), 7.98 (d, 2H), 7.55-
7.40 (m, 4H), 7.16 (d, 1H), 2.20 (s, 3H), 2.05 (s, 3H)
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Description 48
Bis-(2,3-dihydro-6-iodo-1H-indol-5-yl) disulphide

A strred suspcn‘sio.n of 2.3-dihydro-6-iodo-1H-indole (0.600g, 2.45 mmol) (Heterocycles
1987 26(11) 2817) in methanol (10 ml) under argon, was weated with potassium
thiocyanate (0.467g, 4.90 mmol) with strring at 0° C. A solugon of bromine (0.138 ml,
2.69 mmol) in methanol (5 ml) was then added slowly. After 16 hours the reactdon
mixture was evaporated under reduced pressure. The residuc was partinoned berween
dichloromethane and potassium carbonate solution and the agueous layer was exmracted
with dichloromethane. The combined organic layers were then dried (Na_SO,) and
evaporated under reduced pressure to give a brown solid which was suspended in a

* mixture of 880 ammonia soluton (18 ml) and dioxan (12 ml) and was heated to gentle

reflux in air. After 24h, the reaction mixrure was allowed to cool and was partitoned
berween dichloromethane and water. The agueous layer was then exmacted with
dichloromethane (1X) and the combined organic layers were dried (Na,SO,) and
cvaporated under reduced pressure to give the dtle compound as an orange oil which was
dried in vacuo (0.410g, 61%).

'H NMR (200 MHz, CDCL) &: 7.42 (s, 1H), 7.30 (s, 1H), 7.07 (s, 1H), 7.05 (s, 1H), 3.62
(1, 2H), 3.55 (, 2H), 3.05 (1, 2H), 2.95 (1, 2H).

Description 49 -
1-Acetyl-2,3-dihydro-6-iodo-1H-indol-5-thiol

Bis-(2,3-dihydro-6-iodo- 1H-indol-5-yl) disulphide (D48) (0.408g, 0.73% mmol) was
suspended in dichloromethane (30 mi) and was reated with miethylamine (0.226 ml, 1.62
mmol) at 0°C, followed by aceric anhydride (0.153 ml.v 1.62 mmol) with stin:ing under
argon. After 24h the reaction mixture was washed with water (2X). The organic layer
was then dried (Na,SO,) and was evaporated under reduced pressure to give an orange oil
that was dried in vacuo (0.40g). The oil was then redissolved in a mixrure of dioxan (20
ml) and water (4 mly and riphenylphosphine (0.250g, 0.953 mmol) was added, followed
by conc. HCI (1 drop). The mixture was flushed with argon, and then heated 1o reflux
with stirring. After 2.5 hours, the reaction mixmre was allowed to cool and was
partitioned berween 2% sodium hydroxide (20 ml) and dichloromethane (30 ml). The
organic layer was then washed with 2% sodium hydroxide (10 ml) and the combined
aqueous Jayers were acidified to pHS5 using conc. HCl. The resultant suspension was then
exmracted with dichloromethane (3 x 15 ml). The combined exmracts were then dried
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(Na.SO,) and evaporated under reduced pressure 1o give the title compound as 2 yellow
solid which was dried in vacuo (0.354g, 75%).

'H NMR (200 MHz, CDCl,) &: 8.63 (s, 1H), 7.20 (s, 1H), 4.05 (1, 2H), 3.12 (1, 2H), 2.20
(s, 3H).

Description 50
1-Acetyl-2,3-dihydro-6-iodo-5-(pyridin-4-yimethylthio)-1H-indole

1-Aceryl-2,3-dihydro-6-iodo-1H-indol-5-thiol (D49) (0.346g, 1.08 mmol) in dry DMF (5
mi) was treated with potassium carbonate (0.374g, 3.71 mmol) followed by picolyl
chloride hydrochlenide (0.186g, 1.13 mmol). After 65h stirring at room temp. the reacdon
mixture was evaporated under reduced pressure and was parttioned between
dichloromethane and water. The aqueous layer was then exmracted with dichloromethane

and the combined organic layers were then dried (Na,SO,) and evaporated under reduced

pressure to give the title compound as a pale brown solid which was dried in vacuo
(0.392g, 89%).

'H NMR (200 MHz, CDCL) &: 8.72 (s, 1H), 8.48 (d, 2H), 7.12 (d, 2H), 6.97 (s, 1H), 4.05
(t, 2H), 3.95 (s, 2H), 3.03 (, 2H), 2.21 (s, 3H).

Description 51 . ‘
1-Acetyl-2,3-dihydro-6-iodo-5-[(1-methyl-1,2,3,6-tetrahydropyridin-4-yl)methylthio]-
1H-indole

1-Acetyl-2,3-dihydro-6-iodo-5-(pyridin-4-ylmethylthio)- 1H-indole (D50) (0.390g, 0.951
mmol) was dissolved in dry DMF (5 ml) and was treated with methyl iodide (0.089 ml,
1.430 mmol) with strring. After 24 hours the reaction mixture was evaporated under
reduced prcssurc and was triturated with ethyl acetate (<20 ml). The resultant brown solid

' was then filtered off, washed with diethyl ether and dried in vacuo (0.513g). The solid |
‘was then redissolved in a mixture of ethanol (20 ml) and water (10 ml) and was cooled to

0° C. Sodium borohydride (0.069g, 1.824 mmol) was then added. After 0.5 h a further
amount of sodium borohydride (0.035g, 0.912 mmol) was added . The reaction mixture
was then allowed to warm to room temperature. After 1.5 hours the reaction mixmure was
ueated with sodium bicarbonate solution (~ 15 ml) and was parttoned between
dichloromethane and water. The aqueous layer was then exmacted with dichloromethane
(1X) an_a the combined organic layers were dried (Na,SO,) and evaporated under reduced
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pressure 10 give a yellow solid which was purified by silica-gel chromatography (5%
MeOH/CH.CL, as eluant) 1o give the dtle compound as an off white solid (0.208g. 53%).

'H NMR (200 MHz, CDCL) &: 8.70 (s, 1H), 7.12 (s, 1H), 5.48 (s, 1H), 4.08 (1, 2H), 3.45
(s. 2H), 3.12 (t. 2H), 2.89 (s, 2H), 2.55 (1, 2H), 2.30 (s. 5H), 2.20 (s, 3H)

Description 52
5-Acetyl-1 '-methyl-2.3,6,7-tetrah_vdrospiro[thiopheno[Z,B-ﬂin dole-3,4'-piperidine]

A solution of mibutyldn hydride (0.251 ml, 0.934 mmol) in benzene (10 ml) was added
dropwise over 30 minutes to a strred solution of 1-acctyl—2,3-djhydro-6-iodo-5—[ (1-
mcrhyl-1.2,3.6-tcrrahydropyﬁdin-4—yl)rncthylr.hio]-lH-indolc (D51) (0-200g, 0.467 mmol)
and AIBN (5 mg) in benzene (20 ml) under argon art reflux. Reflux was conunued for a

further 0.75 h. The reaction mixture was then allowed 1o cool. Ethyl acetate (10 ml) was

then added and the mixture washed with 2.5M HCI (3 x 10 ml). The combined aqueous
washings were then basified with solid potassium carbonate and the resultant suspension
was exmacted with dichloromethane (3 x 15 ml). The combined Organic exmracts were then
dried (Na,SO,) and evaporated under reduced pressure 1o give a pale yellow solid which
was dried in vacuo (0.127g). The solid was purified by prep. TLC (15% MeOH/CH,CL, as
eluant) to give the dtle compound as a cream solid (0.047g, 33%).

'H NMR (250 MHz, CDCly) 6: 8.12 (s, 1H), 6.98 (s, 1H), 4.05 (1, 2H), 3.30 (s, 2H), 3.12
(t, 2H), 2.89 (m, 2H), 2.38 (s, 3H), 2.30 (m, 2H), 2.20 (s, 3H), 2.05 (m, 2H), 1.85 (m,
2H).

Description 53
1'-Methyl-2,3,6,7-tetrahydrospiro[thiopheno[Z,B-ﬂindole-3,4'-piperidine] :

S-Acctyl-l'—rncthyl-2,3,6,7-tcnahydrospiro[Lhiophcno[Z.B-ﬂindolc-3,4'-pipcridinc] (D52)
(0.047g, 0.156 mmol) was dissolved in a mixture of ethanol (2 ml) and 5M HCI (4 ml) and
was heated to reflux with stirring under argon. After 3 h, the reaction mixmre was =
allowed to cool, was diluted with water (10 ml) and was basified using solid potassium
carbonate. The resulting suspension (pH9) was then cxmacted with dichloromethane (3x
10 ml) and the combined extracts were dried (Na,SO,) and evaporated under reduced
pressure to give the title compound as an off white solid, which was dried in vacuo
(0.029g, 71%).
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'H NMR (250 MHz, CDCL) &: 7.29 (s, 1H), 6.50 (s, 1H), 3.53 (t, 2H), 3.28 (s 2H), 2.95
(1, 2H), 2.82 (m, 2H), 2.31 (s, 3H), 2.10 (m, 2H), 1.87 (m, 4H).

Description 54
Methyl 4'-[(N-methanesulphonyl-N-methyl)amino]-2'-methylbiphenyl-4-carboxylate

4’-(Methanesulphonamino)-2'-methylbiphenyl-4-carboxylic acid (D44, 0.29g, 0.94 mmol),
anhydrous IQ.CO3 (0.40g, 2.9 mmol) and iodomethane (0.18 ml, 2.9 mmol) were strred in
dry DMF (5 mi) for 16 h. The mixture was diluted with ethyl acetate, washed with water
and brine, dried (Na.SO,) and evaporared to give the dtle compound (0.32g, quanritative)
as a brown oil, containing residual solvent (NMR).

"H NMR (250 MHz, CDCL,) 6 (ppm): 8.10 (d, 2H), 7.38 (d, 2H), 7.27 (m, 3H), 3.96 (s,
3H), 3.37 (s, 3H), 2.91 (s, 3H) .28 (s, 3H).

Description 55
4-Bromo-N,N-dimethyibenzenesulphonamide

4-Bromobénzcncsulphonyl chloride (4.48g, 18 mmol) was strred in dichloromethane, and
dimcthylammc (40% aqueous soluton, 10 ml) was added portonwise. The mixmure was
stirred for 2h, washcd with dilute hydrochloric acid, dried (N2,SO,) and cvaporatcd to give
the title compound (4.38g, 94%) as a white solid.

'H NMR (250 MHz, CDCL) & (ppm): 7.67 (Abqg, 4H), 2.72 (s, 6H).

Description 56
4'- (Dnmethylammosulphonvl)bxphenyl-4-carboxyhc acxd

This was prepared from 4-bromo-N,N-dimethylbenzenesulphonamide (D55) following the
procedure of Description 11. This gave the title compound as a white solid (85%).

'H NMR (200 MHz, d'DMSO) & (ppm): 8.08 (d, 2H), 8.02 (d, 2H), 7.90 (d, 2H), 7.86 (d,
2H), 2.66 (s, 6H).

Description 57
4'-(Methanesulphonyl)biphenyl-4-carboxylic acid
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This was prepared from 4-bromophenyl methyl sulphone, following the procedure of
Descripdon 11. This gave the due compound (72%) as a white solid.

'H NMR (250 MHz, d'DMSO) 8 (ppm): 8.05 (m, 6H), 7.88 (d. 2H), 3.28 (s, 3H).

Description 58
N'-(4-Bromo-3-methylphenyl)-N,N-dimethvlurea

4-Bromo-3-mecthylaniline (5.00g, 27 mmol), tricthylamine (3.9 ml, 28 mmol), 4-
(dimethylamino)pyridine (0.5g, 4 mmol) and dimethylcarbamyl chloride (2.6 ml. 28
mmol) were mixed in dichloromethane (100 ml), and left 1o stand for 2 weeks. The
solutdon was then washed with dilute hydrochloric acid, dried (Na,SO,) and evaporated to
give a solid. This was triturated with ether, and the solid was filiered off and dried,
affording the ttle compound (2.51 g, 36%) as an off-white solid.

'HNMR (250 MHz, CDCI ;)0 (pprn) 7.40 (d. 1H), 7.35 (d, 1H), 7.07 (dd 1H), 6.78 (bs,
1H), 3.02 (s 6H), 2.36 (s, 3H).

Description 59
4'-(N,N-Dimethylcarbamoylamino)-2'-methylbiphenyl-4-carboxylic acid

This was prepared from N'-(4-bromo-3-methyiphenyl)-N,N-dimethylurea (D58),
following the procedure of Descripdon 11. This gave the title compound as a salmon-
coloured solid (90%).

'H NMR (250 MHz, d'DMSO) & (ppm): 8.34 (s, 1H), 7.98 (d, 2H), 7.45 (m, 4H), 7.10 (d,
1H), 2.93 (s, 6H), 2.22 (s, 3H).

Description 60
Ethyl N-(4-bromo-3-methylphenyi)carbamate

4-Bromo-3-methylaniline (5.00g, 27 mmol) and wiethylamine (4.5 ml, 32 mmol) were
strred in dichloromethane (200 mi) as ethyl chloroformate (3.1 ml, 32 mmol) was added
dropwise. The mixmre was strred for 2h, when water was added. After strring for a
further 15 min, the white precipitate was filtered off, and the filmrare was separated. The
organic portion was dried (Na,S0,) and evaporated to give the ttle compound (2.57g, ‘
37%) as an orange-brown oil.
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'H NMR (250 MHz, CDCL) & (ppm): 7.42 (d, 1H), 7.30 (d, 1H), 7.09 (dd, 1H), 6.60 (b s,
1H), 4.23 (q, 2H), 2.36 (s, 3H), 1.32 (1, 3H).

Description 61
4'-(Ethoxycarbonylamino)-2'-methylbiphenyl-4-carboxylic acid

This was prepared from ethyl N-(4-bromo-3-methylphenyl)carbamate (D60), following
the procedure of Description 11. This gave the ttle compound, after recrystallisadon from
ethyl acetate/pemoleum ether (bp.60-80°C), as a white powder (63%).

'H NMR (200 MHz, d'DMSO) 8 (ppm): 9.70 (s, 1H), 7.98 (d, 2H), 7.4 (m, 4H), 7.16 (d,
1H), 4.14 (g, 2H), 2.22 (s, 3H), 1.26 (1, 3H)

Description. 62
3-(4-Bromo-3-methyiphenyl)-5-methyl-1,2,4-triazole

4-Bromo-3-methylbenzoic hydrazide (D30, 3.06g, 13 mmol), ethyl acetirnidate
hydrochloride (2.48g, 20 mmol) and triethylamine (5.6 ml, 40 mmol) were strred at reflux
under Ar for 24h, and then evaporated to dryness. The residue was chromatographed on
silica gel, eluung with dichloromethane/ethanol/ammonia (300:8:1). This gave the title
compound (1.95g, 58%) as a white solid.

*H NMR (200 MHz, CDCL/dDMSO) § (ppm): 7.63 (s, 1H), 7.41 (d, 1H), 7.22 (d, 1H),
2.15 (s, 3H), 2.10 (s, 3H). ,

Description 63 _
3-(4-Bromo-3-methylphenyl)-4.5-dimethyl-1,2,4-triazole

3-(4-Bromo—3-rhcthy1phcny1)-5-rncthy1-1,2,4-m'azolc (D62, 0.60g, 2.4 mmol) was strred
under Ar in dry DMF (6 ml) as sodium hydride (80% dispersion, 0.21g, 7.2 mmol) was
added. After stirring for 30 min, iodomethane (0.3 ml, 4.8 mmol) was added. This
mixture was stirred for 1h, and treated with water (30 ml), giving a beige prccipiiatc. This
was filiered off and dried, giving the title compound (0.49g, 77%) as a beige solid.

'H NMR (250 MHz, d°DMSO0) § (ppm): 7.92 (s, 1H), 7.65 (m, 2H), 3.80 (s, 3H), 2.44 (s,
3H), 2.39 (s, 3H).

Description 64
4'-(4 ,5-Dimethyl-1,2,4-triazol-3-yl)-2'-methylbiphenyl—4-carboxylic acid
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This was prepared from 3—(4-bromo—3-mcthylp'ncnyl)—4,5-d.irncr.hy1-1,2,4—m'azblc (D63),
following the procedure of Description 11. This gave the title compound (53%) as a white

solid.

'H NMR (200 MHz, d'DMSO) & (ppm): 13.0 (v b, 1H), 8.02 (d, 2H), 7.93 (s, 1H), 7.87 (d,

1H), 7.53 (d, 2H), 7.30 (d, 1H), 3.84 (s, 3H), 2.46 (s, 3H), 2.30 (s, 3H).

Description 65
2-(4-Pyridyl)ethanol

This was prepared from ethyl 4-pyridylacerate, following the proccdurc of Descripton 1.
This gave the dtle compound (95%) as a yellow oil.

'H NMR (200 MHz, CDCl )0 (pprn) 8.43 (d, 2H), 7.17 (d, 2H), 3.90 (1, 2H), 3.0 (b, 1H),
2.86 (1, 2H).

Description 66
1-Acetyl-6-bromo-2,3-dih ydro-5-[2-(4-pyridyl)ethoxy]-1H-indole

This was prepared from 1-acetyl-6-bromo-2,3- -dihydro-1H-indol-5-ol (Terahedron 1973,
29 (8), 1115) and 2-(4-pyridyl)ethanol (D65), following the procedure of Description 8a.
This gave the title compound (84%), as a yellow solid.

'H NMR (200 MHz, CDCL) 3 (ppm): 8.54 (d, 2H), 8.45 (s, 1H), 7.25 (d, 2H),6.70 (s, 1H),

4.19 (1, ZH), 4.05 (1, 2H), 3.12 (m, 4H), 2.19 (s, 3H).

Description 67
1-Acetyl-6-bromo-2,3-dihydro-5-[2-(4-pyridyl)ethoxy}-lH-indole methiodide

1-Aceryl-6-bromo-2,3-dihydro-5-[2- -(4-pyridyl)ethoxy]-1H-indole (D66) (3.15g, 8.7
mmol) and iodomethane (1.1 mi, 17.7 mmol) were mixed in dry DMF (30 ml) and left to
srand for 16 h. The suspension was then diluted with ethyl acerate (300 ml), and the solid
was collected and dried, affording the title compound (2.78g. 63%) as a yellow powder.

'HNMR. (ZOOMHZ d‘DMSO)ﬁ(ppm) 8.93 (d, 2H), 8.19 (s, 1H), 8.14 (d, 2H), 7.13 (s,
1H), 4.38°(1, 2H), 4.31 (s, 3H), 4.10 (t, 2H), 3.37 (t, 2H), 3.12 (t, 2H), 2.15 (s, 3H).
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Description 68
1-Acetyl-6-bromo-2.3-dihydro-5-[2-(1-methyl-1,2,3,6-tetrahydro-4-pyridyl)ethoxy]-
1H-indole

1-Acetyl-6-bromo-2.3-dihydro-5-[2-(4-pyridyl)ethoxy}-1H-indole methiodide (D67)
(2.78g, 5.5 mmol) was dissolved in ethanol (40 ml) and water (40 ml), cooled in ice, and
wreated with stirring with sodium borohydride (0.31g, 8.2 mmol) pordonwise over 1h. The
mixture was then basified with sodium hydroxide soludon, diluted with water (100 ml),
and extracted with chloroform. The extract was dried (Na;SO,) and evaporated 1o yicld
the tile compound (1.95g, 96%) as a brown solid.

'H NMR (200 MHz, CDCL) & (ppm):8.43 (s, 1H), 6.72 (s, 1H), 5.53 (m, 1H), 4.05 (m,
4H), 3.14 (1, 2H), 2.92 (m, 2H), 2.55 (m, 4H), 2.35 (s, 3H), 2.25 (m. 2H), 2.20 (s, 3H).

Description 69
6-Acetyl-1'-methyl-2,3,7,8-tetrahydrospiro[4H-pyrano(2 3-flindole-4,4'-piperidine]

This was prepared from 1-acetyl-6-bromo-2,3-dihydro-5-[2-(1-methyl-1,2,3,6-terahydro-
4-pyridyl)ethoxy]- 1H-indole (D68), following the procedure of Description 8b. This gave,

after extensive purification, the title compound as a brown oil.

'H NMR (200 MHz, CDCL) & (ppm): 7.96 (s, 1H), 6.86.(s, 1H), 4.40 (dt, 1H), 4.07 (1,
2H), 3.6 (m, 3H), 3.17 (t, 2H), 3.0 (m, 1H), 2.80 (s, 3H), 2.7 (m, 2H), 2.23 (s, 3H), 1.95
(m, 5H).

Description 70
1'-Methyl-2,3,7,8-tetrahydrospiro[4H-p yrano[2,3-flindole-4,4'-piperidine}

This was prepared from 6-aceryl-1'-methyl-2,3,7,8-terahydrospiro[4H-pyrano[2,3-
flindole-4,4"-piperidine] (D69), following the procedure of Description 8c. This gave the
title compound (70%) as a brown oil.

'H NMR (250 MHz, CDCL) & (ppm): 6.79 (s, 1H), 6.48 (s, 1H), 4.30 (dt, 1H), 3.55 (m,
3H), 3.11 (m, 1H), 2.99 (t, 2H), 2.89 (m, 1H), 2.37 (s, 3H), 2.2 (m, 2H), 1.7-2.0 (m, 4H),
1.57 (m, 1H), 1.34 (m, 1H), 0.85 (m, 1H).

Description 71 ‘
N'-Acetyl 4-bromo-3-methylbenzoic hydrazide
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4-Bromo-3-methylbenzoic hydrazide (D30, 7.5g) was suspended in acetic anhydride (7
ml) giving mise 10 an.cxothermic reactdon. The reaction mixture was cooled to room
temperarure and the product collected. The solid was washed with ethanol and diethyl
cther to afford the ttle compound as a white powder (5.5g).

'H NMR (250 MHz.dDMSO) § (ppm): 7.89 (d, 1H), 7.79 (d, 1H), 7.68 (dd, 1H), 3.36 (s,

3H), 2.45 (s, 3H).

Description 72
2-(4-Bromo-3-methylphenyl)-5-methyi-1,3,4-thiadiazole

N'-aceryl-4-bromo-3-methylbenzoic hydrazide (D71, 3g) was converted to the crude dtle
compound (1.6g) according to the literature method (P.B. Rasmussen ez al, Bull. Soc.
Chim. Fr., 1985, 62-65).

Description 73
2'-Methyl-4'-(5-methyl-1,3,4-thiadiazol-2-yl)biphenyl -4-carboxylic acid

The due compound was prcparcd from 2-(4-bromos3-methylphenyl)-5- -methyl-1,3,4-
thiadiazole (D72) using the general procedure of Description 11. This was used in the
next step without purificaton.

Description 74
N-[2-(1,3-Dioxolan-2-yl)propyl}-4-bromo—3-methylbenzamide

A surred suspension of 4-bromo-3-methylbenzoic acid (2.15g, 10 mmol) in thionyl
chloride (15 ml) was heated under reflux for 1 hour, then concentrated in vacuo to leave
the acid chloride as a red oil. This was dissolved in dichloromethane (20 ml).and added
dropwise to a stirred solution of 2-(1,3-dioxalan-2-yl)propylamine (J. Org. Cherm., 1972,
37, 221) (2.34g, 20 mmole) and tricthylamine (2.8 ml, 20 mmole) in a mixture of
dichloromethane (150 ml) and dry THF (50 ml) at 0°C under argon. The mixture was
allowed 10 warm to room temp. and str for 18 hours, then concentated in vacuo. The

- residue was dissolved in dichloromethane, washed with 1M HC], then dilute K,CO,

solution and water, then dried (N2,SO,) and concentrated in vacuo to afford the title
compound-as a yellow solid (2.8g, 89%).

'H NMR (250 MHz, CDCL) & (ppm): 7.67 (d 1H), 7.60 (d, 1H), 7.42 (dd, 1H), 6.32 (br 1,
1H), 4.06-3.96 (m, 4H), 3.61 (d, 2H), 2.45 (s, 3H), 1.39 (s, 3H).

- 37 -,

AP/B/97/061006



10

15

20

25

AP . 00757

Description 75
2-(4-Bromo-3-methylphenyl)-5-methyloxazole

N-[2-(1,3-Dioxolan-2-yl)propyl}-4-bromo-3-methylbenzamide (D74, 2.8g, 8.9 mmole)
was added p.om'on‘wisc over 5 minutes to well stirred polyph.osphoric acid (50g) at 120°C
under argon, then heated at 160°C for 35 minutes. The reaction mixmre was allowed to
cool, then teated with water (200 ml) and stirred well 1o dissolve the glassy mass. The
mixture was exmacted with ethyl acetate and the exmract washed with 10% Na,CO, solution
and water, then dried (N2.SO,) and concentrated in vacuo. The residue was
chromatographed on silica gel eluting with 1:1 ether/60-80 petrol to afford the ttle
compound as a pale yellow solid (2.0g, 89%).

'H NMR (250 MHz, CDCL,) & (ppm): 7.87 (s, 1H), 7.66 (dd, 1H), 7.58 (d, 1H), 6.82 (s,
1H). 2.45 (s, 3H), 2.38 (s, 3H).

Description 76
2'-Methyl-4'-(5-methyloxazol-2-yl)biphenyl-4-carboxylic acid

The ttle compound was prepared from 2-(4-bromo-3-methyiphenyl)-5-methyloxazole
(D75) using a similar procedure to Description 11 as a white solid (86%).

'H NMR (250 MHz, d'DMS0) § (ppm): 8.02 (d, 2H), 7.88 (s, 1H), 7.83 (d, 1H), 7.51 (4,
2H), 7.38 (d, 1H), 7.02 (s, 1H), 2.40 (s, 3H), 2.31 (s, 3H).
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Description 77
(4-B romo-3-methylphenyl)butane-1.3-dione

A soludon of 4-bromo-3-methylacetophenone (D18) (2g, 0.0093 mol) in dry toluene (28
ml) was reated under argon with sodium hydride (80% dispersion in mineral oil) (0.28g,
0.0093 mol) and ethyl acetate (1.37 mis, 0.014 mol), followed by one drop of ethanol. The
mixture was heated to reflux with sdrmring for 1 hour then cooled. Brine was added and the
mixrure was exmacted into ethyl acetate, the organic phase was dried (Na.SO,) and
concentrated in vacuo, and the residual crude mixture was purified by chromatography on
silica gel, elutng with dichloromethane and methanol, to afford the dde compound as a
yellow solid (623 mg, 26%).

'H NMR (enol form) (200 MHz, CDCL,) & (ppm): 16.1 (s, 1H), 7.75 (s, 1H), 7.6 (d, 1H),
7.52 (d, 1H), 6.15 (s, 1H), 2.45 (s, 3H), 2.2 (s, 3H).

Description 78
5.(4-Bromo-3-methylphenyl)-3-methylisoxazole

A soludon of 1-(4-bromo-3-methylphenyl)butane-1,3-dione (D77) (615 mg; 0.0024 mol)
in ethanol (15 ml) was reated with hydroxylamine hydrochloride (170 mg; 0.0024 mol)
and potassium carbonate (336 mg; 0.0024 mol), and the mixmre heated ar reflux for 2.5
hours, then overnight at room temperature. The solvent was evaporated under reduced
pressure and the residue partidoned berween water and ethyl acetate. The organic phase
was dried (Na,SO,) and concentrated in vacuo to leave the crude isoxazole, which was
purified by chromatography on silica gel, eluting with pentane, 60-80 petroleumn-ether and
ethyl acetate, to afford the title compound as a yellow crystalline material (477mg, 78%).

'H NMR (250 MHz, CDCl,) & (ppm): 7.65-7.56 (m, 2H), 7.4 (d, 1H), 6.35 (s, 1H), 2.45
(s, 3H), 2.35 (s, 3H).

Description 79
2'-Methyl-4'-(3-methylisoxazol-5-yl)biphenyl-4-carboxylic acid

The title compound was prepared from 5-(4-bromo-3-methylphenyl)-3-methylisoxazole
(D78) using a similar procedure to Descripdon 11 (48%) as a yellow solid.

'H NMR (200 MHz, CDCL) & (ppm): 8.04-7.9 (m, 2H), 7.78 (s, 1H), 7.7 (d, 1H), 7.4-7.2
(m, 3H), 6.9 (s, 1H), 2.4-2.2 (m, 6H).

-39 -

AP/P/97/0100§



10

15

20

25

30

35

AP 00757

Description 80
4-Bromo-3-methvibenzaldehyde

A soludon of N-methoxy-N-methyl-4-bromo-3-methylbenzamide (D17) (12g; 0.046 mol)
in dry tctr:ihydrofuran (120 ml) under argon, at -78°C was treated dropwise over 15
minutes with diisobutylaluminium hydride (1.5m in toluene) (46 ml; 0.069 mol). After a
further 15 minutes the reacdon mixwre was added to 5N HCI (100 ml) and exmracted into
diethyl ether. The organic phase was dried (Na,SO,) and evaporated under reduced
pressure to give the tile compound as a red oil (8.98g, 97%).

'H NMR (200 MHz, CDCl,) & (ppm): 9.95 (s, 1H), 7.76-7.65 (m, 2H), 7.55 (d, 1H), 2.48
(s, 3H) '

Description 81
4-Bromo-3-methylbenzaldehyde oxime

A solution of 4-bromo-3-methylbenzaldehyde (D80) (1g; 0.005 mol) in methanol (20 mi)
was rreated with hydroxylamine hydrochloride (700 mg, 0.01 mol) and the mixture stood
at room temperature over 2 weekend. The solvent was evaporated under reduced pressure
and the residual solid was parttioned between sarurated K, CO, solution and ethyl acetate.
The organic phase was dried (Na,SQ,), concenrrated in vacuo and the residue purified by
chromatography on silica gel eluting with 60-80 pemroleum-ether and ethyl acetate, to

-afford the ttle compound as a pale pink powder (693 mg, 20%).

'HNMR (200 MHz, CDCL) 8 (ppm): 9.15 (br s, 1H), 7.8 (s, 1H), 7.67 (d, 1H), 7.59 (d,
1H), 7.32 (s, 1H), 2.43 (s, 3H).

Description 82
3-(4-Bromo-3-methylphenyl)-5-methylisoxazole

A solution of 4-bromo-3-methylbenzaldehyde oxime (D81) (2.68g, 0.0125 mol) in dry
dimethylformamide (30 ml) was mreated over 15 minutes with N-bromosuccinimide (636
mg, 0.00357 mol), and reacdon mixrure strred for 2.5 hours, then cooled to -15°C. 2-
Chloropropene (3.45 ml, 0.0405 mol) was added in a sin‘glc porton, followed by dropwise
addidon of tricthylamine (1.35 ml, 0.0097 mol) in dry dimethylformamide (10 mi) over
0.5 hours maintaining the temp. at -10°C. The mixrure was stirred at 0°C for 1 hour, then
strred at room temperarure overnight. The solvent was evaporated under reduced pressure

AP/P/97/01006
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and the residuc partiioned berween K, CO, solution and chloroform. The organic phase
was dried (Na.SO,) and evaporated under reduced pressure and the residue purified by
chromartography on silica gel elutng with 60-80 perroleum-ether and ethyl acerate, 10
afford the utle compound (246 mg, 8%).

HNMR(ZOOMI—L.,CDCL))S(ppm) 7.68 (s, 1H), 76(d 1H), 7.43 (d, 1H), 6.26 (s, 1H),

© 2.48.(s, 3H), 2.45 (s, 3H).

Description 83
2'-Methyl-4'-(5-methylisoxazol-3-yl)biphenyl-4-carboxylic acid

' The dtle compound was prepared from 3-(4-brbmo—35mcthylphcnyl)—S-mcthylisoxaz,olc
. (D82) using a similar procedure to Descripdon 11 (57%).

'H NMR (250 MHz, d'DMS0) & (ppm): 13.05 (brs, 1H), 8.04 (d, 2H), 7.82 (s, 1H), 7 75
(d, 1H). 7.52 (d, 2H), 7.36 (d, 1H), 6.81 (s, 1H), 2.49 (s, JH) 2.3 (s, 3H).

- Description 84

(4_—Bromo—3-methylphenyl) pyrazine

A strred soludon of djisopropylaminc~(2.44 mi, 0.01‘8 mol) in dry THF (40 ml) under
argon was treated with n-buryllithium (1.6M) (10.1 ml, 0.016 mol) at -60°C. After 15
minutes the resultant mixmre was treated with mcthyl phenyl sulphoxide (1.68g, 0.014

- mo]) in dry THF (15 ml). Aftcr a funhcr 15 rnmutcs a soluuon of N-methyl-N-methoxy-'
’4 bromo-3- mclhyl bcnza.rmdc (Dl7) (3 OO 0. 017 rnol) in cuy THE (30 ml) was added
:aropmsc and’ r_hc rcacuon n’uxturr: was allowcd 10 warrn to room tcrnpcrarurc: ovcr 2h and

‘was left snmng at roorn tcmp for. 18h bcforc 1@% sodlum carbonate solutior (50 rn])

- was addcd ‘The reacton rmxmrc was then conccnn'atcd m vacuo and the residiie was

30

35

pamuoncd berween water and - dxchloromcthzmc Thc aqucous layer was then extracted
with dichloromethane (1X) and the combined orgamc layers were dried (Na,50,) and
cvaporated under reduced pressure to give an orange oil which was dried in vacuo (3.60g).
The oil was then redissolved in dichloromethane (70 ml) and was cooled to 0°C under
argon. Trifluoroacedc acid (0.960 ml, 0.013 mol) was then added, followed by
mifluoroacedc anhydride (3.53 ml, 0.025 mol). After 30 minutes, the reaction mixture was
cvaporated under reduced pressure to give an orange oil. A solurion of sodium hydrogen
carbonate (3.70g, 0.044 mol) in water (75 ml) was then added, followed by ethanol (250
ml). Ethylene diamine (0.840 ml, 0.013 mol) was then added to the resultant stimed

suspension. After 18 h, the reaction mixture was concenmated in vacuo and the residue

-41-

A-P7~‘~,' 97/01006



e,

10

iogs

20

25

30

35

’Me‘th)}l 2'-methyl—4'-pyx*azinylbiphénﬂ#_—cérboxylate

AP. 00757

was parnnoned berween dichloromethane and water. The agueous layer was then
exmracted with dichloromethane, and the combined organic layers were dried (Na.SO,) and
evaporated under reduced pressure 1o give a dark red oil, which was dried in vaﬁuo
(3.65g). The oil was then redissolved in cthanol (80 ml) and was reated with potassium
hydroxide (0.703g, 0.013 mol). The resultant solution was then heated to reflux. After

24h, the reacton mixrure was allowed to cool and was evaporated under reduced pressure

to give a dark oil, which was parddoned berween dichloromethane and water. The organic
layer was then dried (Na.SO,) and evaporated under reduced pressure 10 give a dark brown

oil, which was purified by silica-gel chromatography (20% Et,O/pentanc as eluant) 10 give
the title compound as a palc yellow solid (0.583g, 21%).

'H NMR (200 MHz, CDCL,) & (ppm): 9.00 (s, 1H), 8.62 (d. 1H), 8.51 (d, 1H), 7.90 (s,
1H), 7.70 (s, 2H), 2.50 (s, 3H). ' i

Description 85 o LT | o
2'-Methyl-4'-pyrazinylbiphenyi-4-carboxvlic acid .

(4-Brdmo—3-mcthy1phcn'yl)vpy'razinc (D84, 0.300g, 1.21 mmol) was converted 1o give the
title compound (0.279g, 88%) as a white solid, according 1o the method described in

Descripdon 11.

'H NMR (250 MHz, CD,SOCD,) & (ppm): 9.30 (d, 1H), 8.72 (d, 1H), 8.62 (d, 1H), 8.12

(s, 1H), 8.05 (m, 3H), 7.52 (d, 2H), 7.41 (d, 1H), 2.31 (s, 3H)

‘Description 86

Thionyl chioride (0.076 ml, 1.043 mmol) was added to methanol (7 ml) at 0°C. After 15

' minutes, 2'-methyl-4'-pyrazinylbiphenyl-4-carboxylic acid (D85, 0.216g, 0.745 mmol)

was added and the mixture was heated to reflux. After 5 h, the reaction mixture was
allowed to cool and was left at room tcmpcfaturc overnight. The reacton mixrure was
then evaporated under reduced pressure and the residue was pardtoned berween
dichloromethane (25 mi) and 10% sodium carbonate solutdon (20 ml). The aqueous layer

* was then exmracted with dichloromethane (1 x 10 ml), and the combined organic layers

were then dried (N2,5S0,) and evaporated under reduced pressure to give the fitle
compound as a yellow/brown solid (0.146g, 65%).

-42-
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'H NMR (250 MHz, CDCL) & (ppm): 9.10 (s. 1H), 8.68 (t, 1H), 8.52 (d, 1H), 8.13 (d,
2H), 8.00 (s, 1H), 7.90 (dd, 1H), 7.45 (d, 2H), 7.40 (d, 1H), 3.98 (s, 3H), 2.38 (s. 3H).

Description 8'_7

‘Methyl 4lbromo-3-methy!beniimidate hy;v(hiﬂl-‘oohlori_d‘ev ,

'4—Bromo—3 mcthylbcnzommlc (15 Og, 76 5 mmol) was dlSSO]VCd in dry mcthanol (3.1 ml,

76.5 mmol) and dry diethyl ether (108 ml), cooled to 0-5°, then saturated with HCI (g).

10 So:rcd for 18 hours at room temperamure and the solid collected by ﬁhrauon then dncd in
vacuo 10 ylcld the mlc compound as white needle- hkc crysrais (19 3z, 95%) :

- H NMR (250 MHJ_, CDCI ) 8 (ppm) 17 7 (s IH) 12 O (s IH) 8 35 (d lH) 8;0548 OO :

(rn 1H). 7. 70 (d lH) 4. 55 (s 3H) 50 (s, 3H) |

Descnptlon 88

2 (4 Brom0—3 methvlphenvl)xmxdazole

Methyl 4-bromo-3- mcLhylbcnzxrmdarc hydrochlondc (D87, 5. Ow 21.9 rnmol) was
20  dissolved in methanol (30 ml) and srirred during the addidon of a soludon of 2-
: armnoaccta]dchydc dimethyl aceral (2.4 ml; 21 9 mmol) in mcthano 1(10 ml) over 30
) mmutcs Somng was contmucd for 36 hours a.nd evar

*ﬁ¢#v97/010065

fcsxduc was punﬁcd by ﬂes,h sﬂlca gcl chromatog'raphy cluung wuh 1% McOH/CHClj 10
yield the ttle compound as a whnc solid (1.55g: 44%) ' i

30 'H NMR (250 MHz, CDCI ,) 8(ppm): 7.70 (d, lH) 7 55 7.45 (rn 2H), 7. 15 (s, 2H), 2. 35
- (s, 3H).
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Description 89
2-(4-Bromo-3-methylphenyl)-1-methylimidazole

2-(4-Bromo-3-methyiphenyl)imidazole (D88, 900 mg; 3.8 mmol) was dissolved in dry
THF (30 ml) under argon and weated with sodium hydride (114 mg of an 80% dispersion
in mineral oil; 3l.8 mmol). After surmng for 30 minutes, iodomethane (237 ul; 3.8 mmol)
was added and strring contnued for 18 hours. Evaporated in vacuo, the residue
parntoned berween water and CHCL,, the organic phase then dried over Na,SO,, filtered
and cvaporated in vacuo. The residue was purified by flash silica gel chromatography
using CHCL as cluant 1o yield the dile compound as a clear, colourless gum (600 mg;
63%).

e 'H NMR (200 MHZ CDCL) 6 (pprn) 7 60—7 50 (m, ZH) 7.30-7. '70 (m 1H), 7.10 (s; IH)
L 695(.1W),3T5G, 3H), 245 (5, 3
— 15 e

.i;; . . L . X -

Descnpt:on 90

2 -Methyl-4'- (l-methvhmxdazo! 2- vl)bxphenyl-4-carboxvhc acxd

2-(4-ern043-mcthylphcnyl)—llmcmylimida.zol-g (D89, 600 mg, 2.39 mmol) was

dissolved in dimcthoxyethane (15 ml) and H,O (15 ml) and weated with 4-boronobenzoic

acid (397 mg, 2.39 mmol), sodium carbonate (1.01g, 9.56 mmolj, terakis
(u'iphcnylphosphinc)palladium (O) (60 mg) and heated at reflux for 36 hours. The

dlmcr_hoxycLhanc was removed in vacuo, the agueous residue treated with 10% Na.CO,
- ""'(approx 10 rnl) and wa_shcd with cthvl acctatc The agueous phase was acidified with 5N
250w

HCl and the sohd that formed collccxcd by filration and dried in vacuo 1o y1c1d the dtle
C‘Dmpound as an off—whuc solid (620 mg 89%).

'H NMR (250 MHz, d'DMSO) o (ppm) 8 10-8.00 (m, 3H), 7.95-7. 75 (m 3H) 7.65-7. 50
(m, 3H), 4.00 (s, 3H) 2.35(s,3H)

Description 91
(4-Bromo-3-methylbenzylidene)methylamine

" 4-Bromo-3-methylbenzaldehyde (D80, 3.7g, 18.6 mmol) was weated with methylamine in

cthanol (33%, 100 ml) followed by 4A molecular sieves and solid potassium carbonate
(approx’4g) and the mixnure stirred for 72 hours. Solvent was removed in vacuo, the
residuc suspended in chloroform, and the solid removed by filradon. The filoate was
evaporated in vacuo to yield the rtle compound as a red liquid (3.15g, 80%).
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'panmoncd berween brine and chloroforrn €] nmcs) and the orgamcs combmcd and dncd
" over Na.SO 'I'hc organics were ﬁhcrcd and cvaporatcd in vacuo then the rc51duc punﬁcd :
" by ﬂash sxhca gcl chromatography (wu_h chloroform as cluant) 10 y1c1d the ndc compound :

as an orangc gurn (1.52g, 60%)

B DME (50 ml) and water (50 ml), thcn U‘catcd wnh 4—boronobcnzo1c ac1d (1. Og, 6.1 rnmol)
‘ sodmm carbonatc Q. 57g, 24.2 mmol) and tctrakls(mphcny hosphmc)palladmm (O) (10'0

AP . 00757

'H NMR (250 MHz, CDCL) & (ppm): 8.20 (s, 1H), 7.65-7.55 (m, 2H), 7.40-7.30 (m, lH)
3.50 (s, 3H), 2.45 (s, 3H).

Description 92
5-(4- Bromo—3-methylphenyl) l-methylxmxdamle

(4-Bro'mo—3~mcmylbonzvlidcnc)mémyiéﬁliné (D91, 2.15g, 10.1 mmol) was dissolved in
dry DM.E (30 ml) and methanol (70 ml) containing tosylmcthyhsocyamdc (3.0g; 15.4
mmol) and this soluuon was treated with potassmm carbonatc (2. 8g 20.3 mmol). The

wholc wa_s heared art reflux for 48 hours; co-olcd and cvaporated in vacua The residue was

'H N‘M{R (250 'MHz, CDCL) & (ppm): 7.60 (d, 1H), 7.50 (s, 1H), 7.25 (s, 1H), 7.1,0,-7’.00 '
(m, 2H), 3.65 (s, 3H), 2.45 (s, 3H). '

Description 93
2'-Met§yl_—4'5(1-meth_vlimidazol-S-yl)biphenyl-4-carboxylic acjd

5- (4 Bromo 3- mcthlphcnvI) 1 rncthvhxmdazolc (D92 1. 5 6 1 _n_unol) was dxssolvcd in

AF'/P/ 97 /0 1006

mg) Thc rmxturc was heared at n:ﬂux (48 hours) coolod__: ;d Lhc DME rcmovcd m o
vacuo. Thc aqucous residue was u'catcd thh 10% N%CO (approx 30 ml),. thcn washcd
with ethyl acetate. The agueous phase was aczdlﬁcd with- 5N HCl and the sohd that -
precipitated was collected by filmadon. This solid was dncd invacuo 10 yield the mlc
compound as a white solid (600 mg, 34%). ; o

'H NMR (250 MHz, dDMSO) & (ppm): 9.20 (s, 1H), 8.05 (d, 2H), 7.85 (s, 1H), 7.60-7.40
(m, 5H), 3.90 (s, 3H), 2.30 (s, 3H).
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Description 94
Methyl 4'-(5-hydroxymethyl-1,2,4-oxadiazol-3-yl)biphenyi-4-carboxylate

3-(4-Bromo-3-mcthylphenyl)-1,2,4-oxadiazol-5-ylmethanol (EP 0533268A1) (1.0g, 3.7
mmol) was reacted with 4-boronobenzoic acid using similar condidons to Descripnon 11

to afford 4'-(5-hydroxymethyl-1.2,4-oxadiazol-3-yl)biphenyl-4-carboxylic acid. This was

: dissolvqgi in methanol (70 ml), weated with conc. sulphuric acid (2 ml) and heated under

reflux for 4 hours. The solunon was concenmrated in vacuo and the residue basified with
10% Na,CO, soluton and exmracied with cthyl acetate. The exmact was dried (N2.SO,)
and concenmated in vacuo to afford the nde compound (0.76g, 68%).

| '"H NMR (250 MHz, CDC]j)S(ppm) 8.12 (d, 2H), 804(5 1H), 7.96 (d, 1H), 7.42 (d,

 2H),7.35(d, 1H), 5.00 (s, 2H), 3.96 (s, 3H), 3.0 (brs, 1H), 2.33 (5, 3H).

s
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Daéription 95 . . )
Methyl 4'-[5-(t- butvldxmethvlsﬂvloxv) 1,2.4- oxadxazol -3-yl}- 2'-methylbxphenvl—4-

carboxylate ’

A sorred soludon of mbLhy] 4'-(5-hydroxymethyl-1,2,4-oxadiazol-3-yl)biphenyl-4-
carboxylate (D94, 0.51g, 1.8 mmole) in dichloromethane (30 ml) was treated with
micthylamine (0.50 ml, 3.6 mmole), followed by a soluton of t- Buryldimcthylsilyl
chlomnde (0.29g, 1. 8 mmol e) in chchlorompthanc (5 ml), and 4—c11mcthy]armnopyndmc (29

mg) The solugon was left atroom temp. for 14 h then addmonal t-burylcumcmylsﬂyl o
- “‘chlonide (0.11g, 0.7 mmo c) and mcthylammc (0.20 ml) were added and reacton left at
room temp. for 4 days. The soludon was washed rapldly with 0.5M HCl acid, then 10%

Na,CO ‘soluton, dried (NagSO ) and concentrated in vacuo. The residue was
chromatographed on silica gel eludng with 10% ether/60-80 perol 1o afford the dtle
compound as a white solid (0. 61g, 78%). '

Description 96
4-Bromo-3-methylphenylamidrazone

Methy! 4-bromo-3-methylbenzimidate hydrochloride (D87, 24.6g, 0.093 mole) was

. partitioned between ether (150 mi) and aqueous sodium hydroxide (5%, 160 ml). The

organic layer was washed with water, dried (Na,SO,) and concentrated in vacuo. To the
residuc was added hydrazine hydrate (4.51 ml, 0.093 molc) in ether (15 ml) and ethanol
(75 ml)” The solvent was concentrated in vacuo 1o afford the dtle compound as a solid
(6g, 28%).

AP/‘P/ 9770100 "6-
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'H NMR (250 MHz, dDMSO+D,0) & (ppm): 8.05 (d, IH) 7.75 (dd. 1H), 7 60 (d, lH)

- 2.40 (s, 3H).

Descn'pt'i.on 97'

3-(4-}3ro_fno—3-methylphenyl)-1,7_.,4-triazine

Aqucous glvoxal (14 ml) was heated to 80°C and added to a suspcnsmn of 4- bromo—3-
mcmvlphcnvlanudmzonc (D96, 10g, 0.044 mole) in water (50 ml). The mixmure was
heated at 70°C for 15 min, cooled and filtered. The solid was suspcndcd in mcthanol and
stirred at amblcm temperatire for 72 hours Thc muxture was filiered Ihrouzh kieselguhr

'and I_hc ﬁltratc conccntratcd in vacuo. Thc residue was chrornatographcd on silica gcl
b c]uuna wnh 10% crhanol/chlomform 1o give thc m]c compound asa ycllow solid (2 36‘7 L
:‘_‘.1,27%) " .* : o . ) .

H NMR (250 MHZ, CDCL,) 3 (ppm) 9. .7.0 (d IH) 8. 70 (d IH) 8 45 (d IH) 8 '70 (d
. 1H), 7:70 (d, lH) 2.50 (s, 3H).

Descri;jtion 98 ,
2'-,Methy!——i'-(1.,2,4-triazin-3-yl)biphenyl-4-carboxylic aci;j

3- (4 Bmmo—B mcmylphcnyl) 1, 7 4 tnazmc (Dg-; 1g, 0. 004 molc) was Convf'”":'

',HNMR (250 MHz, d‘DMSO)é(ppm) 13.1(br's, IH) 940 (d lH) 895 (d 'IH) 545
(s, IH) 8.35 (ad. 1H), 8.05 (@, 2H), 755 (d, 2H), 7.50 (¢, lH) 2.40 (s, 3H). '

DScriptiqn 99
47(2-(2-Iodophenoxy)ethyl)pyridine _

A surred soluton of 2-iodophenol (8.8g, 0.040 mole), tnphcnylphosohmc (10. Sg. 0.040
mole) and 2-(4-pyridyl)ethanol (D65, 5.5g, 0.045 mole) in THF (200 ml) at 0°C under
argon was wreated with a solution of diethyl azodicarboxylate (6.3 ml, 0.040 mole) in THF
(30 ml). The soludon was allowed to Wwarm to room temp. and strred for 4 h, then
concentrated in vacuo and the residue weated with 10% Na,CO, solution (80 ml) and
exmacted with ethyl acetate (2 x 80 ml). The combined organic was extracted with 1M
HCl acu_& (150 ml), then the acid extract basified by addidon of potassium carbonate and
exmracted with ethyl acetate (2 x 100 ml). The combined extract was dried (N2,SO,) and

- 47 -
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concentrated in vacuo to leave a brown oil, which was chromatographed on silica gel
cludng with 0 to 15% ethyl acerate/ether to afford the title compound as a colourless oil

 (9.3g, 72%).

'H NMR (250 MHz, CDCL) & (ppm): 8.58-8.51 (m, 2H), 7.76 (dd. 1H), 7.40-7.22 (m.

IBH), 6.82-6.68 (m, 2H), 4.23 (t, 2H), 3.15 (1, 2H).

Description 100

~4-(2-(2-Iodophenoxy)ethyl)-l-meth_vl-1,2,3,6-tetrahydr0pyridine

A solutdion of 4-(2-(2-iodophenoxy)ethyl)pyridine (D99, 8.28g, 0.025 mole) in acetone
o (220 rnl) was treated with 1odorncr_hanc (3.7 ml, 0. 059 mole) and kcpt at Toom temperarure
' for 24 h. Lhcn conccnuarcd in vacuo 1o leave the quaternary salt as a ycllow oil. This was

e dlssolvcd m a mxxrurc of cr.hanol (50 ml) and water (50 ml) coolcd to 0°C undcr argon

30

35

v 15 and trcatcd pomcmwxsc over I h with. sodmrn borohydndc ( 1 33g 0. 035 molc) The -

‘reaction rmxrurc was kepr at O°C for a further 1 h, then meated with 10% NaOH solution
. (50 ml), diluted with water (120 ml) and exmacted with ethyl acerate (2 x 200 ml). The

combined exmact was dried (Na_SO,), concenmated in vacuo to leave an orange oil, which
was chromatographed on silica gel eluting with 0 - 10% methanol/chloroform to afford the

title compound as a yellow oil (6.19g, 72%).

 HNMR (250 MHz, CDCL) & (ppm): 7.76 (dd, 1H), 7.8 (dt, 1H), 6.79 (dd, 1H), 6.70 (dt,
1H), 557(m 1H), 4.09 (1. 2H), 30079O(m 2H), 2.65-2.48 (m, 4H), 2.36 (5, 3H), 2.32-

2.20 (m ZH)

: Dascrxptxon 101
o 2,3- thvdro—l'-methvlspxro[4H benzopyran-4, 4'-pxpendme]

A sn'rrcd soludon of 4—(2-(2-iodophcnoxy)cthyl)-1-rncLhyl—1.2,3,6—1ctrahydropyridinc
(D100, 6.3g, 0.018 mole) and AIBN (50 mg) in benzene (700 ml) was heated to rcfhix
under argon, then meated dropwisc over 1 h with a soluton of mibutyltn hydride (9.7 ml,
0.036 mole) in benzene (100 mi). The reacton mixture was heated under reflux for a
‘further 3 h after completdng the -addidon, then more tibutyltin hydride (3.8 ml, 0.014
mole) and AIBN (30 mg) were added and heanng under reflux was condnued for 4 h. The
reacton mixmre was allowed to cool, then concentrated in vacuo and the residue reated
with 2M HCI acid (150 ml), washed with ethyl acetate (100 ml), basified with potassium
carbonate and extracted with ethyl acetate (2 x 100 ml). The combined extract was dried
(N2.SO,) and concentrated in vacuo 10 leave a yellow oil, which was chromatographed on

- 48 -
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silica gel eluong with 0 1o 2% mecthanol/chloroform to afford the ritle compound (2.3g of

approx. 86% purity. 51%).

'H NMR (250 MHz: CDCL) & (ppm): 7.38 (dd, 1H), 7.08 (dt. 1H), 6.90 (d1, 1H), 6.79 (dd,
1H), 4.18-4.10 (m, 2H), 2.83-2.70 (m. 2H), 2.45-2.25 (m, 4H), 2.35 (s, 3H), 2.05-1.95 (m,

2H), 1.70-1.55 (m, 2H). , S

. 'Dﬁcnptlon 102 ' ' : o

10

",3 Dihydro-1'-ethoxycarbonylspiro[4H- benzopyran-4 4'- plperxdme]

'A stm'cd soluuon of 2,3-dihydro-1* mcLhylsp1r®[4H bcnzopymn—4 4 plpcnchnc] (D101,

1 Og 0. 0046 mole) and dnsopropylcthylammc (1 2 mi, Q. 0070 molc) in dlchlorocthanc (20

- mI) was n'catcd with 1- chlorocthyl chloroformatc (O 64 rn] 0 0060 molc) and kcpt ar mom

15° e
rt:acnon mixmre was conccntratcd in vacuo 1o leave a beige sohd wh1cn was chssolvcd m ;

20

25

30

35

mp.’~ for 1 h followcd by 20 mms at rcﬂux ;Thc soluA on was then concer
catcd undcr rcﬁux for 2h.:

d thé rcszduc trcatcd wnh mcthanol (20 rnl)

dichlioromethane (50 ml) and THF (10 rnl) and eated with tncthylarmnc (0. 84 rnl 0 0060
mole).followed by ethyl chloroformate (0.44 ml, 0.0046 mole). The soluton was stirred
at room temperature for 2 h, then meated with 10% Na,CO, solution (20 mi) and cxtrattcd
With dichloromctham: (2 x 40 ml). The combined exmact was dﬁt:d (Na,SO,) and

conccnmtcd in vacuo. The residue was chromatographed on sﬂxca gcl clutmg with 1:1

s cLhcr/éO 80 pc:trol to afford the atle compound asa ycllow 011 (1. 30 100%) N ;

H NMR (250 NLHZ. CDCl ) o (ppm) 7 25 (dd IH) 7 10 (dt IH) 6 90 (dt lH) 6 80 (dd

IH) 425400(m 6H), 298 (brt ZH) 210192 (m 4H) 170—1 53 (m 2H) 128 (t

Descnptlon 103 ; , [ ; s
2.3 thvdro—l'-ethoxvcarbonv] 6-and 8- mtrospxro[4H benzopyran 4 4 pxpendme]

A surred solunon of 2,3-dihydro-1 '-cthoxycarbonylspiro[4H;bcr;iopyran—4,4'-pipcﬁdinc]
(DIOZ. 1.3g, 0.0046 mole) in acedc anhydride (30 mi) at 0°C under argon was mreated
portdonwise over 15 minutes with copper (II) nitrate hemipentahydrate (‘1..16g, 0.0050
mole). The reaction mixture was kept at 0°C for a total of 1.5h, then allowed to warm 1o
room temiperature over 0.5h. The mixmure was poured into water/ice (300 ml) and basified
by careful additon of potassium carbonate, then exmacted with ethyl acetate (2 x 100 ml).

The combined exmact was dried (Na_SQ,) and concentrated in vacuo to afford an orange

- 49 -
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oil (1.5g. 100%), which was approximately 2 1:1 mixmure of 6- and 8-niwo isomers. This

was used without purificaton.

'HNMR (250 MHz, CDCL) & (ppm): 8.24 (d, 1H 6-isomer), 8.00 (dd, 1H 6-isomer), 7.64

(dd, 1H 8- isorncr) 7.52 (dd, 1B 8-isomer), 6.98 (t, 1H 8-isomer), 6.50 (d, 1H 6-isomer),
4.35-4.05 (m, GH) 3.00 (br t, 2H), 2.25-1.95 (m, 4H), 1.75-1.60 (m, 2H), 1.35-1.22 (m,

3H).

Description 104 -
6-Amino-2,3-dihydro-1'-ethoxycarbonyispiro[4H-benzopyran-4,4'-piperidine]

A solunon of 2,3- chhydro—l cthoxycarbonyl -6 and 8- nm'ospm)[éiH benzopyran-4,4'-

pxpcndmc] (D103, 1 5g, 0. 0046 mole) in ethanol (100 ml) was hydrogenated over 10%

Pd-C (300 mg) at azmosphcnc temperature and pressure untl uptake of hydrogen ceased.

Thc catalvsr was removed by, ﬁlu-auon thmugh bcsclguhr and the filtrate concenmrated in :

gel eluting with ether to afford the 6-amino compound as thc lower 1f component (420 mg,

- 32%).

e -

'H NMR (250 MHz, CDCL) & (ppm): 6.66 (d, 1H), 6.60 (d, 1H), 6.50 (dd, 1H), 4.25-4.00
(m, 4H), 4.17 (q, 2H), 3.45 (br s, 2H), 2.98 (br t, 2H), 2.08-1.88 (m, 4H), 1.70-1.55 (m,
2H), 1.30 (1, 3H). : _

‘;'A"‘_Descnptxon 105 ,
6 Ammo—2,3 dxhydro—l‘ methvlspxro[4H benzopyran—4 4'- pxpendme]

A surrcd suspcnsi’on"éf lithium aluminium hv’dn'dc (76 rng 0.0020 mole) in THF (15 ml)

-at 0°C under argon was weated with a solution of 6-amino-2,3-dihydro-1"-
cLhoxycarbonyIspxro[4H benzopyran-4,4'-piperidine] (D104, 300 mg, 0.0010 mole) in

THF (5 ml). The reacdon mixture was allowed 1o warm to room temp. and stir for 1.5 h,
then treated with more lithinm aluminium hydride.(38 mg, 0.0010 mole) suspended in
THF (5 ml). The mixture was heated under reflux for 0.75 h, then cooled in an ice bath
and treated with warer (0.10 mil), 10% NaOH solution (0.10 ml) and water (0.30 ml). ‘The

resulting mixture was filtered through kieselguhr and the filtrate concentrated in vacuo to

afford the ttle compound as a yellow oil (200 mg, 84%).

AP%V97/01006,
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'H NMR (200 MHz, CDCl,) & (ppm): 6.73 (d, 1H), 6.65 (d, 1H), 6.48 (dd, 1H), 4.10-4.00
(m, 2H), 3.3 (br s, 2H), 2.85-2.70 (m. 2H), 2.35 (s, 3H), 2.30-1.90 (m, 6H), 1.75-1.53 (m,

2H).

Description 106
2,3-Dihydro-1'-methyispiro[4H-pyrano[2,3- g]qumolme—4 4' piperidine}

A strred suspension of 6-amino-2,3-dihydro-1'-methylspiro{4H-benzopyran-

4.4 plpCﬂdlnc] (D105, 330 mg, 0.0014 rnole) in glycol (1 ml) at room temperamre was
treated with a catalytc amount of iodine (7 mg) and conccntratcd sulphuric acid (0.5 mi).

-~ An cxothc:rm]c reacuon took placc which was well controlled and rcqulrcd no cooling.

Thc rcacuon mixmre was then heated to 175°C for 2 hrs and allowed to cool to 10'O°C

before watcr (20 ml) was addcd ’I‘hc rmxmrc was baSIﬁcd thh 5M sodlum hvdroxxdc : ‘
and then cxu'acu:d with cthyl acczatc 3 x 100 mi). Thc combmcd cxm'acrs wcrc dncd " :
(N;LSO ). and concenuated in vacuo Thc rcsxduc was punﬁcd by chromatogmphy on ‘ o

whnc sohd (150 mg, 39%).
'"H NMR (200 MHz, CDC),) & (ppm): 8.73 (dd, 1H), 8.16 (s, 1H), 7.98 (d, 1H), 7.28 (dd,
1H), 7.16 (s, 1H), 4.26 (dd, 2H), 2.83 (br dd, 2H), 2.38 (s, 3H), 2.35-2.15 (m, 6H), 1.79

(br d, 2H).

Descnptlon 107 ,

QA%P/P/ 97 /0 1’0 06

A solution of 2,3- dthG.I'O—I mcthylsplro[clH pyrano[Z 3 g]qumohnc 4 4 plpcndmc] :
(D106 150 mg, O 0006 molc) mn cthanol (50ml) and glamal accmc ac1d (2 ml) was

‘ hydrogcnatcd over PtO, (35 mg) at 50 psi for 2 days The catalyst was rcmovcd by

filraton through bcsclguhr and the filrate conccnu'atcd invacuo. 'I‘nc rcsujuc was
purified by chromatography on silica gel eluting with »30% MeOH/dichloromethane with -
1% ammonia solution to afford the title compound (150 mg, 99%).

'H NMR‘(?_OO MHz, CD,OD) & (ppm): 6.59 (s, 1H), 6.41 (s, 1H).l4.05 (dd, 2H), 3.45-3.15
(m, 6H), 2.91 (s, 3H), 2.69 (1, 2H), 2.37 (id, 2H), 2.05 (dd, 2H), 2.00-1.79 (m, 4H).
Description 108

1-Ethyl-1,2,3,6-tetrahydropyridine-4-methanol

-51-



10

AP . 00757

The ude compound was prepared from 4-pyridylcarbinol and iodoethane following a
similar procedure 1o that described for the 1-methyl analogue in J. Med. Chem., 1988 31,

545 (92%).

-

'H NMR (200 MHz, CDCL) & (ppm): 5.63 (m, 1H), 4.00 (s, 2H), 3.14 (brs, 1H), 2.97 (m,

2H), 2.58 (1, 2H), 2.50 (g, 2H), 2.18 (m, 2H), 1.13 (1, 3H).

Description 109
1'-Ethyl-2,3,6,7-tetr_‘ahydros;5iro[furo[2,3-ﬂindole~3,4'-piperidine}

This was prepared from 1-acetyl-6-bromo-2,3-dihydro-1H-indol-5-01 (Terrahedron, 1973,
+ 29 (8), 1115) and 1-ethyl-1.2 3 .6-terrahydropyridine-4-methanol (D108), following the

-+ procedure of Descripdon 8 (altcmanvc preparation), sieps a), b), and c). This gave the

25,

20

25

35

title compound (overall yxcld 45 %) as 4 fine grey powder.

'H NMR (200 MHz, CDCL) 5 (ppm) 1 6.61 (s 1H), 6.48 (s, lH) 4.32 (s, 2H), 3.53 (L
2H), 2.96 (m 4H), 2.45 (q, ZH) 1.98 (m, 4H) 1.73 (m, 2H), 1.12 (t 3H).

Description 110
2-(4- Bromophenyl)-5-methyl-1,3,4-oxadiazole

. The dde compound was prepared from 4-bromobenzoic hydrazide and miethyl

orthoacerate following a simnilar procedure to that of Description 35, to afford fine white

crystals (77%).

'H NMR (250 MHz, CDCL) & (ppm): 7.92 (d, 2H), 7.67 (d, 2H), 2.63 (s, 3H).

" Description 111

4'-(5-Methyl-1;3,4-oxadiazol-2-yl)biphenyl-4-carboxylic acid

The ttle compound was prepared from a strred soludon of 2-(4-bromophenyl)-5-methyl-
1,3,4-oxadiazole (D110) and 4-boronobenzoic acid using a similar procedure to
Description 11, as a white cryszallinc solid (68%).

'H NMR (250 MHz, d‘DMSO)a(ppm) 8.10 (d, 2H), 8.06 (d, 2H), 7.98 (d, 2H), 7.89 (d,
2H), 2.62 (s, 3H).

Description 112

-52-
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4'-(5-Methoxymethyvl- 1,2,4-oxadiazol-3-yl)-2'-meth_vlbiphen_vl-4-carboxylic acid

The atle compound was prepared from 3-(4-bromo-3-methviphenyl ) 5- mcthoxvmcthyl-
1.2,4-oxadiazole (EP 0533268A1) using a similar proccdurc 10 Dcscnpnon 11, as an off :
whnc sohd (49%).

'H NMR (250 MHz, dDMS0) 5(ppm> 13.06 (brs, IH) 8.10-7.98 (m 3H) 7.94 (dd,
1H), 7.55 (d; 2H) 7.45 (d, 1H), 4.87 (s, 2H) 3.45 (s, 3H), 2.34 (s, 3H).

Descnpnon 113

4' (4,5-D|hydrooxazol 2- yl) 2'-methvlbxphenyl—4-carboxvhc acid

e Thls was prcpa.rtd frorn 2 (4—brorno—3 mcthy]phcnyl) 4 5 dlhydrooxazolc (WO94/15920—
: A._Al) usmg thc proccdurc of Dcscnpoon l 1 T}us gavc Lhc udc compound (85%) as a whnc '

: H NMR (250 MHZ. dbDMSO) 5 (pprn) 8.02 (4, 2H), 7.7-7.9 (m 2H) 7. 52 (d ZH) 7.36

(d, IH) 4.49 (1, 2H), 4.01 (t 2H), 2.29 (s, 3H).

Description 114 . }
Methyl 4’~(4,S-dihydrooxazol-z-yl)-Z';methylbi»phen v!-_de-czrboxviate-i

5 4 (4 5 Dlhydrooxazol _--yl) -2'- mct_'rlylbxphcnyl—4—carboxv11c ac1d ('D] 13) (0. 92g 3 3. ‘
: mmol) was sum:d undcr Ar in dry DIVLF (20 ml) and sodlum hydndc (80% n rmncral 011,'_ ,

O ng 5. O mmol) was aodcd Thzs rmxturc was sm'rcd for 307 mm and tht:n trc:arcd wnh

v_nlodomcthanc (O 22 ml, 3. 5 mmol) Aftcr a furthcr 15 min, the mlxrurc was dllutcd wuh ;

: :cr.hyl acctatc (20'0 rnl) Washcd wn:h water and bnnc dncd (NLSO ) and Cvaporatcd Thc "

‘ "crudc product was punﬁcd by. chromatooraphy on. sﬂxca gcl cluong thh O 2%

mcma.no]/dlchloromcthanc This gavc the atle compound (0. 15g 15%) as a white solid.

'H NMR (ZSOMHZ, CDCL) & (ppm): 8.10 (d, 2H), 7.89 (s, 1H), 7.82 (4, 1H), 7.41 (d
2H), 7.27 (d, 1H), 4.47 (1, 2H) 4.08 (1, 2H), 3.94 (s, 3H), 2.30 (s, 3H).

Description 115
4'-Amino—-2'-methy]biphenyl-4-carboxylic acid

This compound was prepared from 4-bromo-3-methylaniline, following the procedure of
Descripdon 11. This gave the title compound (91%) as a mauve powder.

-53.
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'H NMR (250 MHz, d'DMSO) 6 (ppm): 7.93 (d, 2H), 7.39 (d, 2H), 6.93 (d. 1H). 6.50 (m,

2H), 2.16 (s, 3H).

Description 116
4'-(2-Chloroacetamido)-2'-methylbiphenyi-4-carboxylic acid

4'-Amino-2'-methylbiphenyl-4:carboxylic acid (D115, 2.45g, 10.8 mmol) and

u—icthyla_minc (3.8 ml, 27.3 mmol) were sarred in dichloromethane (50 ml) as chloroaceryl

chloride (1.05 ml, 13.2 mmol) was added dropwise. This mixrmure was surred for 3 h,

 when water (20 rrﬂ) was added. After vigorous stirring for 15 min and basificaton with

potassium carbonate §oluu'on, the mixrure was separated. The agueous poradon was
washéd with dichloromethane, and acidified with conc. hydrochloi'ic acid. The

: prcmplmcd solid was filtered off and dried, gwmg the tte compound (1.33g, 40%) as a

grey powdcr

'H NMR (250 MHz, d'DMSO) 5 (ppmy): 13.0 (vb), 10.38 (s, 1H), 8.00 (d, 2H), 7.55 (m,
2H), 7.46 (d, 2H), 7.21 (d, 1H), 4.27 (s, 2H), 2.23 (s, 3H).

. Description 117
5-(4-Bromo-3-methylphenyl)-2-furaldehyde

Using a method similar 1o that of Davis and Lougheed (J. Her. Chern. 1976, 4(1), 153-4),
'4»-b1bmo—3—"rhcthylanilinc (20g, 0.107 mol) was converted to the dile compound as an

'orangc‘ powder (2.93g, 10%).

HNMR (ZOOMHZ,CDCIQ S(pprn) 964 (s, IH) 7.7 (s, lH) 7.6 (d, 1H) 7.48 (d 1H),
7.3 (d, 1H), 682(d 1H), 2.45 (s, 3H).

AP/P/97/01006
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~ acid (EP 0533268A1) (36 mg, 0.12 /i
. under argon for 20 minutes, then concentrated in vacuo to lcavc the acid ch}ondc asa ‘

‘ ycl]ow sohd This was dissolved in dxchloromcthanc (2 m]) and added. 10 a sum:d soludon

' of 1'-methyl-2,3,6,7- tcmhydrospxro[furo[?. 3- ﬂmdolc 3,4 plpcndmc] (D8 30 mg, 0.12

mmol) and tncthylaxmnc (0.06ml, 0. 43 mmol) in dichloromethane (2 mi) and kept at room
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Description 118
5-(4-B r0m0—3-methy]phenyl)-Z-methylfuran

Using a method similar to that of Oleinik er al (Khirn-Farm. Zh., 1971 5(7) 19-22), 5-(4-

bmmo—3-mcr.hylphcny1-2-fumldchydc (D117) (1.5g, 5.66 mmol) was converted 1o the title -

cbmpound as a yellow powder (1.12g, 79%).

'H NMR (200 MHz, CDCL) 5 (ppm): 755 7.41 (m, '7H) 7.29 (d, 1H), 6.5 (d, 1H), 6.06
(m 1H), 24(5 3H) 2.35 (s, 3H).

-

Dacnpu on 119

: 2 -Methyl-4'-(5- methvlfuran 2- yl)bxphenvl-4-carboxlec acid

5- (4 Bromo—3 mcr.hvlpncnyl) 2- mcthvlfuran ('D118) (600 mt,, 2. 39 mmol) and 4-
boronobcnzmc acxd (397 mg, 2.39 mmol) wcrc convcncd to thc udc compound usmg |
mcr_hod snmlar to Lhat of Dcscnpnon 11, as a palc ycllow sohd (207 mg, 30%)

'H NMR (200 MHz, d‘DMSO) & (ppm) 13.0 (brs, 1H), 8 0 (d 2H), 7 65 7. 44 (m, 4H),
7.25 (d, 1H), 6.86 (d 1H), 6.2 (d, 1H), 2.35 (s, 3H) 228 (s, 3H).

Example 1
1 Methyl 5- (2' meth»l-4' (5- methyl 1.2,4- oxadxazol 3-yl)bxpheml—4-carbonyl)-

g ",3 6 7-tetrahydrospxro[furo[2,3 f]mdole 3, 4 pxpendme]

e

A snm:d solunon of2 methyl-4" (5- mcthy] 1 2 4-oxadmzol 3 yI)b1phcny1-4—carboxyhc-

v?'ol) in thlonyl chlondc (3 mi) v

temperature for 3 days. The mixture ‘was washed with aq K7CO3 soludon and brine, then-
dried (Na3504) and concentrated in vacuo. The residue was chromatographcd on silica
gel elutng with 0 to 11% methanol/dichloromethane to afford the dtle compound as a

" colourless gum (19 mg, 30%). This was converted to its oxalate (mp 232°C) and

hydrochloride (mp >250°C) salts.

-55-
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1H NMR (oxalate salt) (400 MHz. dSDMSO) &(ppm): 7.95-7.85 (m. 3H), 7.62 (d, 2H),
7.47 (d. 2H), 7.39 (d, 1H), 6.72 (s, 1H), 4.44 (s, 2H), 4.01 (1, 2H), 2.99 (1, 2H), 2.90 (m),
2.66 (m), 2.64 (s, 3H), 2.31 (s. 3H), 2.02 (m. 2H), 1.84 (m, 2H)

Example 2
2,3,5,6,7,8- Hexahydro-1 -methvl 5-2' methvl—4 (S-methvl 1,2,4- oxzdxazol 3-

yl)biphenyl-4-carbonyl)spiro[furo[2,3-g]quinoline-3, 4'- -piperidine]

The dde compound was prepared from 2,3,5,6,7,8-hexahydro-1 '-mcr.hylspiro[fum[Z,B-
g]quinolinc—3,4'-pipcridinc] (D10), using a procedure similar to that of Example 1, in 87%
ﬁcld. The oxalate salt was precipitated from acetone by addidon of cther, as a white

powder. -

1H NMR (oxalate salt) (250MHz, dﬁDMSO) 5(ppm) 7.9 (m, 2H), 7.3 (m. 5H) 6.68 (s,
1HY, 6.5 (b, 1H), 4.34 (s, 2H), 3.80 (m, 2H), 3.12 (m, ZH) 2.9-2.6 (m, 12H), 229 (5, 38,
197 (. 2H), l60(rn 4H).

Example 3 k
5-(2'-Methyl-4'-(5-methyl-1,2,4-oxadiazol-3-yl)biphenyl-4-carbonyl)-2,3,6,7-
tetrahydrospiro[furo[2,3-fJindole-3,4'-piperidine]

A strred solugon of 1'-mct_hyl-ﬁ—(z'-rncr.hyl—4'—(5—mcthyl_-1,2,4-oxadiazol~3-y1)biphcnyl—4—-
cazijnyl)-Z,B,GJ-;ctmhydrospiro[furo[2,3—ﬂindolc—3,4'-pipcridin'c] (E1, 350 mg, 0.67
mmole) in 1,2-dichloroethane (15 ml) under argon was treated with diisopropylethylamine

- (0. 14 ml, 0.80 mmole) and 1-chloroethyl chloroformate (0.09ml, 0.80 mmolc). The

mixture was stirred at room t‘.rnpcraturc for 2 h followed by 1h at rcﬂux tcmpcrarurc

Additonal diisopropylethylamine (0. 10 ml 0.57. mmolc) and 1- chlorocthyl chloroformate -

(0. 06 ml, 0.53 mmole) was added and reactdon maintained at reflux for a funhcr 1h. The

solution was concentrated in vacuo and the residue weated with methanol (20 ml) and

heated under reflux for 1 h. The soludon was concenmated in vacuo and the residue
treated with conc. K2CO3 soluton (25 ml) and chloroform (25 ml), shaken well and the
chloroform solution separated, dried (NagSO4) and concentrated in vacup to afford the
title compound as a beige solid (340 mg, 100%). The hydrochloride salt was prepared
from acctone/ether as a white solid mp 203-210° C.

1H NMR (free base) (250 MHz, CDCl3) & (ppm): 8.12 (br s, 1H - low imcéran'on), 8.00
(s, 1H), 7395 (d, 1H), 7.62 (d, 2H), 7.43 (d, 2H), 7.35 (d, 1H), 6.68 (s, 1H), 4.45 (brs,

- 56 -

APR/B/ 87701006



10

15

20

30

35

AP 00757

2H), 4.30-3.95 (br m, 4H), 3.40-3.15 (br, 2H), 3.08 (1, 2H), 2.90-2.72 (br, '7H) 2.68 (s,
3H), 2.35 (s, 3H), 2.15-1.95 (br, 2H), 1.90-1.70 (br, 3H).

Example 4

-1'-Ethyl-5- (2'-methvl 4'-(5-methyl-1,2,4-oxadiazol-3- vl)bxphenvl—-’i -carbonyl)- 2,3,6,7-

tetrahvdrospxro[furo[z,B flindole-3,4'-piperidine]

A su’md soludon of 5-(2'-methyl-4'-(5- mc:hyl 1,2,4-oxadiazol-3-yl)biphenyl-4- -carbonyl)-
2.3.6,7- [cn-ahydrospxro[furoP 3- fjlndolc 3,4"-piperidine] (E3, 100 mg, 0.20 mmole) in
glacial accuc acid (2 ml) at room lemperarure under argon was carefully trcatcd with
sodium borohydride pellets (50 mg, 1.3 rnmolc) and sdrred for 24 h. Addmona.l sodmm

- borohydride pellets were added (50 mg, 1.3 mmolc) and rtacuon mixture strred arroom -

tcmpcraturc for a further 72 h. Thc reaction mixture was then reated wuh water (20 ml)
baSIﬁcd with 10% NaOH soluuon (20 ml) and cxzmcxcd with dxchloromcrhanc -Thc ‘

extact was dried (Na-;SO4) conccmratcd invacuo and the rc51duc chmmatogmphcd on . -
silica gel eluting with 3% McOH/CHCIg, Crystalhsauon of thc product from cthyl

acctatc/éO 80 perrol afforded the title compound as a white solid (55 mg, 52%) mp 202-
204° C. -

Iy NMR'(ZSO MHz, CDCI3) 8 (ppm): 817 (brs, 1H - low integration), 8.00 (s, 1H), 7.95
(d, 1H), 762 (d, 2H), 7.42 (d. 2H), 7.36 (d, 1H), 6.67 (s, 1H), 4.40 (br s, 2H), 4. IO(brs
2H), 3: 07 (t, 2H), 3.10-2.80 (br m, 2H), 268 (s, BH) 255 2. 30 (brm 2H), 2 35 (s 3H)
2’75150(brm6H) llO(brL,SH) : : »

7 Example 5 i : : S
_‘1 Methyl 5-(2'- 'methyl-4' (3 -methyl- 1,3 4 oxadxazol 2-yl)bxphenvl-4-carb0nyl)
: 2,3,6 7- tetrahvdrospxro{furo[ZJ ﬂmdole-3 4'-pxpendme] :

The title compound was prcparcd from 1 -methyl-2,3.6,7- tctrahydmspuo[furo(z 3=

flindole- 3,4'-piperidine] (D8) and 2'-methyl-4'-(5- -methyl-1,3,4-oxadiazol- 2-y1)b1phcny1- ey

4—ca:boxyhc acid (D11) using a procedure similar to that of Example 1 (23%). This was
converted 1o the oxalate salt which precipitated from acetone/ether as a white solid (mp
232-235°C), and hydrochloride salt (mp >250°C).

IH NMR (oxalate salt) (250 MHz, d6DMSO) d (ppmy): 7.98-7.80 (m, 3H), 7.72-7.65 (m,
2H), 7.58-7.49 (m, 3H), 6.80 (s, 1H), 4.51 (s, 2H), 4.11-4.04 (m, 4H), 3.09-3.01 (m, 2H),
2.85-2.78«(m, 4H), 2.61 (s, 3H), 2.61-2.55 (o, 2H), 2.50 (s, 3H), 2.38 (s, 3H)

Exampie 6

-57-
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5-(4'-(5-Dimethylamino-1,2,4-oxadiazol-3-yl)-2'-methylbiphenyl-d4-carbonyl})-1'-
methyl-2.3,6,7-tetrahydrospiro{furo{2,3-fJindole-3,4'-piperidine]

The ttle compound was prepared from 1'-methyl-2.3,6,7-tetrahydrospiro [furo{2,3-
flindole-3,4'-piperidine] (D8) and 4'-(5-dimethylarnino-1,2,4-oxadiazol-3-y])-2'-
methylbiphenyl-4-carboxylic acid (D14) using a procedure similar to that of Example 1
(18%). This was converted to the oxalate salt, which precipitated from acetone/ether as a

white solid.

1H NMR (free base) (200 MHz, CDCl3) 6 (ppm): 8.15 (br s, 1H), 7.96-7.84 (m, 2H),
7.62 (d, 2H), 7.42 (d, 2H), 7.32 (d, 1H), 6.69 (s, 1H), 4.40 (br s, 2H), 4.20-4.00 (br m,
2H), 3.24 (s, 6H), 3.08 (¢, 2H), 2.97-2.77 (br m, 2H), 2.34 (s, 6H), 2.18-1.59 (br m, 6H)

Example 7
1'-Methyl-5-[4'-(5-methyl-1.2,4-oxadiazol- 3- yl)blphenyl-4-carbonyl] 23,6,7-

tetrahvdrospxro[furo[Z,B f]mdole-B 4'. pxpendme]

The title compound was prepared from 1'-methyl-2,3,6,7-temrahydrospiro [furo[2,3-

" flindole-3,4'-piperidine] (D8) and 4’-(5-methyl-1,2,4-oxadiazol-3-yl)biphenyl-4-

carboxylic acid (D15), using a procedure similar to that of Example 1 (57%).

1H NMR (250 MHz, CDCl3) & (ppm): 8.17 (d, 3H), 7.79-7.62 (m, 6H), 6.67 (s, 1H), 4.40

(br s, 2H), 4.15-4.00 (br m, 2H), 3.08 (1, 2H), 3.00-2.80 (br m, 2H), 2.70 (s, 3H), 2.48-
1.45 (br m, 9H) ' ‘

Example 8
2,3-Dihydro-1'-methyl-5- (2'-methvl-4' (S-methyl 1,2,4-oxadiazol- 3-yl)bxphenyl-4-
carbonyl)spxro[furo[Z,B-f]mdole-3,4’-pxpendme] :

A sarred suspension of 2'-methyl-4'-(5-methyl-1,2,4-oxadiazol-3-yl)biphenyl-4-carboxylic
acid (EP 0533268A1) (315 mg, 1.1 mmole) in thionyl chloride (10 ml) was heated under
reflux for 0.5 h, then concenmated in vacuo to leave the acid chloride as a yellow solid. A
strred soluton of 2_,3-dihydro—l'-mcthylspiro[furo[Z,B—f}indolc-3,4’-pipcridinc] D7, 260

' mg, 1.1 mmole) in dry THF (10 mi) at room’tcmpcramrc under argon was treated with

potassium t-butoxide (125 mg, 1.1 mmole) and strred for 0.25 h, then treated with a
soludon of the above acid chloride (1.1 mmole) in dry THF (5 ml). The mixmure was
stirred at room temperarure for 2 h, then concenmated in vacuo and the residue treated with

10% Na>CO3 soluton and exmacted with ethyl acctate. The exmract was dried (Na3S04),

-58-
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concenmated in vacuo and the residue chromatographed on silica gel elitng with 3%
MeOH/CHCI3. The pale yellow oil obrained was further purified by preparadve TLC on a
silica gel plate eludng with 10% MeOH/CHCl3 to afford the ttle compound (80 mg, |
14%), which crystallised from ether mp 196-198° C.

IH NMR (250 MHz, CDCl3) & (ppm) 8.33 (s, 1H), 8.03 (s, 1H), 7 98 (d 1H), 7.80 (d,
2H), 7.50 (d, 2H), 7.38 (d, 1H), 7.29 (d, 1H), 6.96 (s, 1H), 6.54 (d, 1H), 4.46 (s, 2H),
300787(m 2H),2.70 (s, 3H), 2.38 (s, 3H) 2.36 (s, 3H), 2.25-1.97 (m, 4H), 1.90-1.78
(m, 2H)

RS-

Exampie 9.
5-[4'- Cyano—Z'-methVbephenvl-«’t-carbonyl] 1'-methyl- ",3 6,7-
tetrahydrospxro[furo[",B flindole-3,4'- p‘xpendme]

A stirred suspension of 4'cyano-2-iéthiyIbiphenyl-4-carboxylic acid (D16) (0.3g. 1.3
mmolc) in dichloromethane (10 mi) at room temperarure undcr argon was meated with
oxalvl chloride (0.12 ml, 1.43. mrnolc) followcd by DMF (l drop) ‘The mixture was
sdrred for 2h, then concenmated in vacuo 10 leave the ac:1d chloride as a ua.lc ycllow solid.
This was dissolved in dry THF (8 ml) and added 10 a stirred solution of 1 —mcthyl -2,3,6,7-
tcm*ahydmspu’o[furo[z 3- f]mdole 3,4’-piperidine] (D8) (0.3g, 1.3 mmole) and
mcthylarmnc (0.35 ml, 2.6 mmole).in d.ry THF (10ml)at 5° C under argon. The reaction
mixmure was allowed to Wart 0 T00m tcmpcraturc and then concentrated in vacuo ‘The
rc51duc was takcn up in 10% NaCO3. solution (20 ml) and cxtractcd with ELOAC (2 x 30
ml) Thc combined cxtract was dried (NaaS Og4) concenmated m vacuo and Lhc residue
chromatographcd on silica gel elutng wnh l% mcthanol/dlchloromcthanc 10. gwc Lhc mlc
compound (O Zg 34%) as a white sohd k s ' :

 IHNMR (250 MHz, CDCl3) & (ppm) 8.14 (br s, 1H- Iow mtcgrcmon) 7 68 7 52 (rn

4H), 7.39-7.32 (m 3H), 6.68 (s, 1H), 4.40 (br s, 2H), 4.18-3.99 (br m, ZH) 308 (L 2H),
794279(brrn 2H), 2.31 (s, 6H), 2.12- 1. 71 (br m, 6H)

-59.
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Example 10
5-(4'-Acetyl-2'- metmlbxphenvl 4-carbonyl)-1'-methyl-2.3,6,7-

tetrahydrospiro[furo{2,3-fjindole-3,4' -plperxdme]

The ttle compound was prepared from 1'-methyl-2,3,6,7-1eirahydrospiro[furo[2,3-
flindole-3,4"-pipénidine] (D8) and 4'-accryl—.?'—mcthylb_iphcnyl—4—carboxy1ic acid (D19)
using a procedure similar to that of Example 1 (35%).

1H NMR (250 MHz, CDCl3) 8 (ppm): 8.13 (br s, 1H-low intcgmtion) 7.92-7.80 (m, 2H),
7.62 (d, 2H), 7.42-7.28 (m, 3H) 6.68 (s, 1H), 4.40 (s, 2H) 4.20-4.00 (m, 2H), 3.08 (1,
2H), 2.97-2.80 (m 25, 260 (s, 3H), 2.45-1.54 (m, 12H)

T -

Example 11

5-(4'-(1- (Methoxvammo)ethvl) 2'-methvlbxphenvl-—#-carbonyl)-1'-fnethyl 2.3,6,7-
- tetrahydrosp!ro[furo[Z,B flindole-3, 4'-pxpendme]

Methoxylamine hydrochlon'dc (0.06g, 0.7 mmol) was added to a sdrred soludon of
potassium t-butoxi:ic (0.06g, 0.5 mmol) iri methanol (10 ml) under ai’gbn. After 20
minuies at Toom temperature, the solution was weated with a solution of- 5-(4"-aceryl-2'-
methylbiphenyl-4-carbonyl)-1'-methyl-2,3,6,7-terahydrospiro[furo[2,3-f}indole-3,4'-

“piperidine] (E10, 0.16g, 0.3 mmole) in methanol (10 ml) and stirred at room temperarure

for 18 hours, followed by 1 hour hearng under reflux. The soluton was allowed to cool,

' eared with-10% NayCO3 solution (40 ml) and exwracted with ethyl acetate. The extract
was dried (NapS0O4) and concenmrated in vacuo 10 afford the ttle compound as a yellow

sohd (0. 16g, 94%).

1HNM.R (250 MHz, C’DC13) ) (ppm); 8.12 (br s, 1H-low integratdon), 7.62-7.48 (m, 4H),
. 7.40 (4, 2H), 725 (d, IH), 6.69 (s, 1H), 4.40 (s, 2H), 4.18-4.04 (m, 2H), 4.03 (s, 3H), 3.07

(t. 2H), 2.94-2.89 (m, 2H), 2.31 (s, 6H), 2.26 (s, 3H), 2.13-1.52 (m, 6H)

Example 12
5- (4'-Acemmxdomethyl-z‘-methylblphenyl-4 carbonyi)- -1'-methyl-2,3,6,7-
tetrahydrospiro[furo[2,3-f]lindole-3,4'-piperidine]

A sdrred soluton of 1-methyl-2,3,6,7-tetrahydrospiro{furo[2,3-f]indole-3,4'-piperidine]
(D8, 85 mg, 0.35 mmole) in toluene (10 ml) at room temperature under argon was meated
with 2M-rimethylaluminium in hexane (0.74 ml, 1.5 mmole). The mixture was stirred for
0.75 h, then treated with a soludon of methyl 4-acetamidomethyl-2'-methylbiphenyl-4-

AP/P/97/01006
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carboxylate (D21, 120 mg, 0.40 mmole) in toluene (5 ml) and heated at 90° C for 2 h.
The soluton was allowed to cool. then poured carcfully into a sdrred slurry of silica ge]
(10 g) in dichloromethane (30 ml) and strring continued undl the cffervescence had
ceased. The silica gel slurry was then packed into a chromatography column and eluted
with 0-10% MeOH/CH»Cl5 to afford the ttle compound (85mg, 48%). This was
converted to the oxalate salt, which crystallised from acetone.

g NMR (free base) (250 MHz, CDCl3) 6 (ppm): 8.13 (brs, AIH-]ow integraton), 7.58
(d, 2H), 7.35 (d, 2H), 7.25-7.13 (m, 3H), 6.67 (s, 1H), 5.95 (brt, 1H), 4.46 (d, 2H), 4.38
(br s, 2H), 4.20-4.00 (br, 2H), 3.05 (t, 2H), 2.95-2.75 (br, 2H), 2.31 (s, 3H), 2.27 (s, 3H),

2.20-1.50 (br m, 6H), 2.05 (s, 3H).

Examp‘le 13
3,5,6,7,8,9-Hexahydro-1'-methyl-5- (2'-methyl-4' (S-methyl 1,2,4- oxadxazol -3-
yl)bxphenvl-4 carbonyl)splro[ZH furo[",J -h]benzazepine-3,4'- -piperidine]

The tde compound was prepared frorn 3,56, 7 8.5- hcxahvdro—l rncnhylspu'o[ZH furo[2 3.
h]benzazepine-3,4'-piperidine] (D28), using a procedure similar to that of Example 1. The

oxalate salt was prccml:atcd from acetone by addmon of ether, as a whm: solid.

1H NMR (oxalate salt) (250 MHz, d6DMS0) & (ppm): 7.9 (m, 2H), 7.4-7.2 (m, SH) 6.72

(s, 1H), 6.61 (b, 1H), 4.73 (d, 1H), 442and428 (ABg; ZH) 3.31 (m, 1H), 3:1- 27(m
- 6H) 2.69 (s, 3H), 2.67 (s, 3H), 220(5 3H) 2.3- 17(m SH) 1517(m 3H)

,Example 14

I Methvl 5- (2'—inethyi~4' (3 methvl 1,2,4 oxadxazol-S vl)bxphenvl-d,-carbonyf)

’."'2,3 6,7- tetrahvdrospxro{furo[Z,B f}mdole-3 4' -plpendme]

The dtle compound was prcparcd from I'- mcthyl -2,3,6,7- tctrahvdrospuo [furo[Z 3-

f]indole-3,4'-piperidine] (D8§) and 2'- -methyl<4'-(3- rncthyl 1,2,4-oxadiazol- -3-yl)biphenyl-4-
carboxylic acid (D29) using a similar ‘procedure to Example 1. This was converted 1o its
oxalate salt, which was obtained as a ycllow solid (3%).

'H NMR (free base) (200 MHz, CDCL) 6 (ppm): 8.15 (brs, 1H-low integration), 8.06 (s,
1H), 8.00 (d, 1H), 7.62 (d, 2H), 7.48-7.33 (m, 3H), 6.66 (s, 1H), 4.40 (br s, 2H), 4. 10 (br,
2H), 306(L2H) 2.85 (br, 2H), 2.50 (s, 3H), 2.36 (s, 3H), 2.30 (brs, 3H), 2.15-1.70 (m,
6H).

-61 -
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Example 15

. 1'-Methyl-5-(2'-methyl-4'-(1,3,4-oxadiazol-2- yl)bxphenvl-4 carbonyl) 2,3,6,7-

tetrahydrospiro[furo(2,3-flindole-3.4'-piperidine

A strred suspension of 5-(4'-hydrazinocarbony1-2'—mcthylbiphcnyl—4—carbonyl)—1'-mcthyl-
2,3,6,7-temrahydrospiro[furo{2,3-f]indole-3,4'-piperidine] (E25) (150 mg, 0.3 mmol) in
wicthyl orthoformate (10 ml) was heated at reflux for 2 h. The mixture cooled,
concentrated in vacuo and chromatographed on silica gel, eluting with methanol and
chloroform to give the ntle coi'npou'nd as a white foam (24 mg, 16%). This was converted
to its oxalate salt which was obrained as a white solid (mp 242-244°C) and hydrochlondc
salt (mp 298-302° C)

et SO

'H NMR (free base) (200 MHz, CDC,) 5 (ppm): 8.5 (s, 1H), 8.25-7.92 (m, 3H), 7.70-
7.57 (m, 2H), 7.50-7.35 (m, 3H), 6.68 (s, 1H), 4.38 (br s, 2H), 4.20-4.00 (br m, 2H), 3.08
(1, 2H), 2.97-2.70 (m, 2H), 2.38 (s, 3H), 2.31+(s, 3H), 2.20-1.50 (m, 6H) -

Example 16
5-{4'-(5-Ethyl-1,3,4-0xadiazol-2-yl)-2'-methylbiphenyl-4-carbon yl]-1'-meth yl-2,3;6,7—
tetrahydrospiro[furo[2,3-flindole-3,4'-piperidine]

The dtle compoundr was afforded as a white solid (54%) from 4'-(5-ethyl-1,3,4-oxadiazol-

: 2-y1)-2'~mcthylbiphchy1—4'-carboxylicAacid (D32) and 1'-methyl-2,3,6,7-

tetrahydrospiro[furo[2,3-f]indole-3,4"-piperidine] (D8) as per method of Example 1. This
was converted to its oxalare salt.

'H NMR (oxalate salt) (400 MHz, d°DMS0) § (ppm): 7.95 (m, 2H), 7.90 (d, 1H), 7.66
(m, 2H), 7.51 (m, 3H), 6.78 (s, 1H), 4.50 (s, 2H), 4.05 (tv,' 2H), 3.40 (b, 2H), 3.00 (m, 6H),
2.77 (s, 3H); 2.38 (s, 3H), 2.10 (b, 2H), 1.87 (b, 2H), 1.34 (1, 3H).

Example 17
5-[2'-Methyi-4'-(S-methyl-l,3,4-oxadiazol-Z-yl)biphenyl-4-carbonyl]—2,3,6,7-
tetrahydrospiro{furo[2,3-fJindole-3,4'-piperidine]

-The title compound was prepared from I'-methyl-5-[2"-methyl-4'-(5-methyl-1,3,4-

oxadiazol-2-yl)biphenyl-4-carbonyl]-2,3,6,7-tetrahydrospiro [furo[2,3-f]indole-3,4'-
piperidine] (ES) following a similar procedure to Example 3 (100%). This was converted
to the oxalate salt, which precipitated from acetone/ether as a pale yellow solid.

-62-
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Example 20
5.(2,3'-Dimethyl-4'-(5-methyi-1,3,4-oxadiazol-2-yl)biphenyi-4-carbonyl)-1'-methyl- .

2,3,6,7-tetrahydrospi ro[furo[2,3-ﬂindole-3,4‘-piperidine]

The dtle compound was prepared from 1'-methyl-2,3,6,7-terahydrospiro [furo(2,3-
ﬂmdolc -3,4' plpcnamc] (D8) and 2,3'-dimethyl-4'-(5-methyl-1,3,4-oxadiazol-2-

~ yD)biphenyl- 4-carboxyhc acid (D36) using.a similar pmccdurc 1o Example 1 (31%). Thxs

was converted to its oxalare salt and crystallised from acctonc/mcthanol as a pale yellow
solid mp. 193-195°C.

'H NMR (free base) (250 MHz, CDCL) & (ppm): 8.14 (br s, 1H), 7.97 (d, 1H), 7.48 (s,
1H), 7.42 (d, 1H), 7.37-7.25 (m, 3H), 6.67 (s, 1H), 4.40 (br s, 2H), 4.08 (br s, 2H), 3. 06'<t :

2H), 2.87 (br, 2H), 2.77 (s, 3H), 2.65 (s 3H), 232(5 6H), 220190(m 4H), 1.85- 160
(m, 2H). :
15

Example 21
1'-Methyl-5-(2'-methyl-4'-(4-methyithiazol-2- yl)bxphenyl-4-carbonyl) 2,3,6,7-

tetrahydrosplro[furo[Z,S -flindole-3,4'- plpendme]

The title compound was prcparcd from 2'-rncthyl—4'-(4¥mcthylmiazol-Z-yl)biphényl—4»
carboxylic acid (D40) and 1'-methyl-2,3,6,7-temahydrospiro [furo[2 .3-f]lindole-3,4"-

piperidine] (D8), following the proccdurc of Example 1.. The oxalate salt crystalhscd from

‘acetone as a buff powdcr

'HNMR (oxa]atc salt) (250 M}Iz d‘DMSO)B(ppm) 7 8- 80(m 3H),7.67 , 2H) 752, '

(d, 2H), 7.40 (m. 1H), 7.38 (s, IH) 6.78 (s, 1H); 4.51 (s, 2H):4.06 (1, 2H), 3.40 (m, 2H

AP/P/ 97/0100 5

©3.04 (1, 2H), 3.0 (m, 2H), 2.77 (s, 3H), 2.44 s, 31, 237 s, 3H) 2.1 (m, ZH) 9Gm, i

30

35

ZH) .

Example 22 .
5-(4'-Methoxycﬁrbonyl-l‘-methylbiphenyl-4-carbonyl)—1'-methyl-2,3,6,7-
tetrahydrospiro[furo[2,3-fJlindole-3,4'-piperidine]

The ttle compound was prepared from 1'-methyl-2,3,6,7-tetrahydrospiro [furo(2,3-
flindole-3,4'-piperidine] (D8) and 4'-methoxycarbonyl-2'-methyl biphcnyl-4-carboxy1ic
acid (D41) using a procedure similar to that of Example 1 (76%).
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'"H NMR (200 MHz, CDCL) & (ppm): 8.12 (brs, 1H- low intcgrarion), 7.99 (s, 1H), 7.91
(d, 1H), 7.61 (d, 2H), 7.39 (d, 2H), 7.31 (d, 1H), 6.68 (s, 1H), 4.40 (s, 2H), 4.10 (b, 2H),
3.95 (s, 3H), 3.08 (1, 2H), 2.90 (br s, 2H), 2.34 (s, 6H), 2.20-1.65 (m, 6H)

Example 23
5-(5’ -Methoxvcarbonyl 2'-methylbxphenvl-4 -carbonyl)- 1'-methvi 2,3,6,7-

tetrahydrospiro[furo[2,3-flindole-3,4'-piperidine]

The dtle compound was prepared from 1'-methyl-2,3,6,7- -temrahydrospiro [furo[2,3-
flindole- -3,4'-piperidine] (D8) and 5' -methoxycarbonyl-2' -methylbiphenyl- -4-carboxylic
acid (D42) using a similar procedure 1o Example 1 (51%).

"HNMR (250 MHz, CDCL) & (ppm): 8.12 (br s, 1H - low integration), 7.98-7.89 (m.
- 2H), 7.62 (d, 2H), 7.41-7.28 (m, 3H), 6.63 (s, 1H), 4.38 (br s, 2H), 4.09 (br s, 2H), 3.90
“(s. 3H). 3.09 (1, 2H), 2.90 (br s, 2H), 232 (s, 6H), 2.20-1.62 (m, 6H).

Example 24
5-[4'-(Methanesulphonamino)-2'-methylbiphen yl-4-carbonyl}-1'-methyl-2,3,6,7-
tetrahydrospiro[furo[2,3-fJindole-3,4'-piperidine]

The dtle compound was afforded as a white solid (38%) from 4'-(methane sulphonarnino)-
2'- mcthylbxphcnyl—4—carboxy11c acid (D44) as per method of Examplc 1 and converted to

- 1S oxalatc salt.

'H NMR (oxalate salt) (250 M}Iz dDMS0) & _(ppm): 9. 82 (b, 1H), 7.96 (b, 1H), 7.65 (d

2H), 7.45 (4, 2H), 7. 20 (m, 3H), 6.78 (s, 1H), 4.50 (s, 2H), 4.15 (1, 2H), 3.39 (m, 2H),

:3.05 (m; 4H), 2.78 (s, 3H), 2.40-2.00 (b, 2H), 2.27 (s, 3H), 2.10 (s, 3H), 1.89 (m., 2H).

Example 25 )
5-(4'-Hydrazinocarbonyl-z'-methylbiphenyl-4-carbonyl)-1'-methyl-2,3,6,7-
tetrah_vdrospiro[furo[Z,B-f'jindole-3,4'-piperidine]

A soludon of 5-(4"-methoxycarbonyl-2'- -methylbiphenyl-4-carbonyl)- 1'-methyl-2,3,6,7-
terrahydrospiro[furo[2,3-f]indole-3,4"-piperidine] (E22, 0. 75g, 1.5 mmole) in methanol
(25 ml) was weated with hydrazine monohydrate (1.05 ml) and heated under reflux for 18
h. Thc.rcacdon mixture was allowed to cool, then poured into water (50 ml) and the solid
which precipitated out was filtered off and dried (0.61 g, 81%). A 50 mg porton was -

- 65 -
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purified by preparadve TLC on silica gel elunng with 20% methanol/chloroform to afford
the title compound as a white solid mp. 130-135°C.

'H NMR (250 MHz, CDCL, + CD,0D) & (ppm): 8.11 (brs, 1H), 7.75 (s, 1H), 7.67 (dd,
1H) 7.62 (d, 2H), 7.42 (d, 2H), 7.31 (d, 1H), 6.70 (s, 1H), 4.40 (br s, 2H), 4,12 (br t, 2H),
3.10 (1, 2H), 2.94 (br, 2H), 2.38 (br s, 3H), 2.33 (s, 3H), 2.30-2.00 (m, 4H), 1.90-1.70 (m,
2H). '

* Example 26
1'-Ethyl-5- [2‘-methy1 4' (5-methyl- 1,3,4 oxadxazol 2-yl)biphenyl-4- carbonyl] -2.3,6,7-
“tetrahydrospiro[furo[2,3-f]Jindole-3, 4'-plpendme] '

‘A sarred suspcnsmn of 2' —mcr.hvl—4 (5 mcthyl 1 3 4-oxadlazol 2—yl)b1phcnyl—4~carboxyhc
ac:d (Dll 0.53g, 1. 8 mmole) in thonyl chlondc (8 mi) was hcatcd at about 45°C for 30 :
minutes, Lhcn conccntratcd in vacuo. Thc ycllow sohd was dlssolvcd in TH:F (10 o
E fmi)/dichloromcthanc (5 rnl) and addcd [O a surrcd soluuon of 1 —cthyl -2.3.6, 7- o

- tctrahvdmspuo[furo[Z 3- ﬂmdolc 3, 4-p1pcndmc] (D109,0.46¢g, 1.8 mmolc) and

20

30

35

mcthy]armnc (0.50 ml, 3.6 mmole) in THF (15 ml) at 5°C under argon. Thc solunon was
stirred at room temp. for 2 h, then concentrated in vacuo. The residue was weated with
10% Na,CO, solution and éxmracted with ethyl acetate. The exmract was dried (Na,SO,),
concenmated in vacuo and the residue chromatographed on silica gel eluting with 3%
methanol/chloroform and the yellow oil obrained passed through a short basic alumina
column elutung with ethyl acerate to afford the mlc compound as a beige foam (0. 62g

. 68%). This was converted 1o its hyd.rochlondc (mp 269- 273 C) and mcsyla{c (rnp 275-
279°C) salts R

'H NMR (free basc) (250 MHZ, CDClj) 5 (pprn) 8:18: (br S, IH low xmcgranon) 7 98 (cl :
'1H), 7.91 (dd, 1H), 7.63 (d, 2H) 742 (d 2H), 7: 37 (d 1H), 6.66 (s 1H), 4.40 (brs ZH)

4.10 (br m, 2H), 3.08 (1, 2H), 3.05-2.90 (br m, 2H), 2.65 (s, 3H), 2.55-2.35 (br m, 2H),
2.36 (s, 3H), 2.20-1.50 (m, 6H), 1.13 (br t, 3H).

Example 27 ; : . .
1'-Methyl-5-(2'-methyl-5'-(5-methyl-1,3,4-oxadiazol-2-yl)biphenyl-4-carbonyl)-
2,3,6,7-tetrahydrospiro[furo[2,3-flindole-3,4'-piperidine]

The dde compound was prepared from 2'-methyl-5'-(5-methyl-1,3,4-oxadiazol-2-
yDbiphenyl-4-carboxylic acid (D45) and 1'-methyl-2,3,6,7-tetrahydrospiro[furo[2,3-

AP/ 97 /0 00 5 -
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flindole-3,4'-piperidine] (D8) using a similar procedure to Example 1 as a brown oil
(10%). This was converied 1o its oxalate salt which was obrtained as a white solid.

'H NMR (oxalate salt) (400 MHz, d'DMSO)8 (ppmy): 7.98 (brs, 1H), 7.91 (d, 1H), 7.80
(s, 1H), 7.68 (m, 2H), 7.58 (d, 1H), 7.54 (d, 2H), 6.77 (s, 1H), 4.50 (s, 2H), 4.07 (br ¢,
2H), 3.50-3.35 (br, 2H), 3.10-2.95 (m, 4H), 2.78 (s, 3H), 2.58 (s, 3H), 2.35 (s, 3H), 2.20-

. 2.00 (m, 2H), 1.97-1.84 (m, 2H). -

Example 28
5-(4' Carboxanndo-l’-methylbxphenvl-4-carbonyl) I'-methyl- 2,3 6,7- .
tetrahvdrospxro[furo[Z,B flindole-3, 4'-pxpendme]

A 's'uspcnsion of 5—(.4‘-cyano—2'—mc:hy1biphcnyl—4-carbonyl)-]'—mcxhyl-—l,3,6,7- '
: tczrahydrospiro[furo[Z 3-flindole-3,4'-piperidine] (E9) (130 mg, 0.28 mmol) in methanol '
(5 'ml) was trcat::d with 30% hydrogen peroxide (0.1 ml) and 20% socnum hydroxide -

# —»'J‘SOIUUOH (0.08 ml) and surred at room temperature for 1.5 h. Sodium metabisulphite (60

20

25

35

-mg) was added, the mixture was concenmated in vacuo and the residue was pardtoned

between water and ethyl acetate. The organic phase was dried (Na_SO,) and concenmated
in vacuo and the resultant solid chromatographed on silica gel eluting with methanol and

chloroform, to give the title compound as a white solid (50 mg, 37%).

'H NMR (400 MHz, CDCL) & (ppm): 7.75 (s, 1H), 7.65 (d, 1H), 7.60 (d, 2H), 7.4-7.35
(m, 2H), 7.3 (d, 1H), 6.64 (s, 1H), 5.8 (br s, 2H), 4.35 (s, 2H), 4.1 (¢, 2H), 3.05 (1, 2H),

. 2.88-2.74 (m, 2H), 2.36-2.26 (m, 6H), 2.11-2.0 (m, 2H), 1.78-1.65 (m, 4H). (one

am_rnanc proton not observed)

~ Example 29 |

' 5-(4'-Acetamido—Z‘-methylbiphenyl-d-carbonyl)-l'-methyl—2,3,6,7-
S '-tetrahydrospiro{furo[Z,B-f}indole-3,4‘-piperi‘dine]

- 30

The ttle compound was prcparc'd’ from 4'-acetamido-2'-methylbiphenyl<4-carboxylic acid
(D47) and 1'-methyl-2,3,6,7-terrahydrospiro{furo[2,3-flindole-3,4"-piperidine] (D8)
following a sirnilar procedure to Example 1 using oxalyl chloride in place of thionyl
chloride, as a yellow 0il (43%). This was converted to its oxalate salt which crystallised
as a white solid from acetone.

'H NMR: (oxalate salt) (400 MHz, d'DMSO) & (ppm): 10.00 (s, 1H), 7.95 (br s, 1H), 7.62
(d, 2H), 7.55-7.50 (m, 2H), 7.43 (d, 2H), 7.19 (d, 1H), 6.77 (s, 1H), 4.50 (s, 2H), 4.05 (¢,

- 67 -
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2H), 3.40 (br, 2H), 3.08-2.93 (m, 4H), 2.75 (br s, 3H), 2.25 (s, 3H), 2.17-2.00 (m, 2H),
2.06 (s, 3H), 1.94-1.80 (m. 2H) |

Example 30 |
2,35,6,7,8-Hexahydro-1 '-methyl-S-(Z'-methyl-4'-(S-methyl-1,3,4-oxadiazol-2-
yl)biphenyl~4-carbonyl)spiro[furo[2,3~g]quinol’ine-3,4'-piperidine]

The dtle compound was prepared from 2'- mcthyl 4'-(5-methyl-1 3 4-oxadla.zol 2-
yl)biphenyl-4-carboxylic acid (D11) and 2 3.5,6, 7 8- hcxahydro—l -methylspiro[furo[2,3-
glquinoline-3, 4 -piperidine] (DlO) using a similar procedure to Examplc 1 as a white solid

(62%). This was converted 1o its cxalate salt Wthh was obtained as a white solid (mp 187-

© 188° C) and hydrochloride salt (rnp 176-180°C).

'HNMR (frcc base) (200 MHz. CDCI)S(ppm) 7.94 (s, IH) 7.85(d, 1H), 7473(m
 2H);7.28-7.14 (m, 3H), 6.6 (s=:1H), 6.35 (br 5, 1H), 4.26 (s, 2H) 3.94 (1 2H), 278 (1, "
2H), 2.71: 2.5 (m, SH), 236 3H), 2 25(5 3H) 2.14- 175(m 4H) 161 141(m 4H)

Example 31 7 ,
2,3,5,6 7, 8- Hexahydro-5- (4'-methanesu!phonammo—2'-methvlbxphenvi-4—carbonyl)-
1'-methylspxro[furo[2,3 -glquinoline-3 s4'-piperidine]

The dde compound was prepared from 4'- (mcthéncsulphonamino) 2' -methylbiphenyl-4-
carboxyhc acid (D44) and 2,3,5,6,7,8- -hexahydro-1'- mcLhylsplro[furo[Z 3- v]qumolmc 3,4-

*plpcndmc} (DIO) using a similar procedure 1o Exa.rnplc 1 as a white sohd (46%) This

‘was converted to its oxalate salt which was obtamcd as a white powdcr mp 165- 170°C

'H NMR (frcc base) (200 MHz, CDCI )8 (ppm) 7. 3&7 29 (m, 2H), 7.2-7. 0 (m, SH) 6.6
- (s, 1H), 6.37 (brs, 1H), 4.25 (s, 2H), 3.92 (t, 2H), 3.03 (s, 3H), 2.77 (1, 2H), 2.7- 2.55 (m,

A;P/P/ 07101006

2H), 2.25 (s 3H) 2.2 (s, 3H) 2 12-1.78 (m, 4H) 1 57 1.41 (m, 4H) (onc aromanc proton ;

not observed)

Example 32 :

1'-Methyl-5 [2'-methyl—4' (5-methyl-1,2,4 -oxadxazol-3-yl)bxphenyl-4-carbonyl]—
2,3,6,7-tetrahydrospiro[thiopheno[2,3- -flindole-3,4'-piperidine] i
I'-Methyl-2,3,6,7- -terahydrospiro[thiopheno{2,3-f]indole-3 ,4-piperidine] (D53) (0.029g,
0.112 mmol) was transformed to give the title compound as a pale yellow oil (0.055g,
93%j) according 1o the method of Example 1.
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"H NMR (200 MHz, CDCL,) & (ppm): 8.00 (m, 3H), 7.62 (m, 2H), 7.40 (m. 3H), 7.05 (s,
1H), 4.12 (m. 2H), 3.30 (s, 2H), 3.08 (1, 2H), 2.85 (br s, 2H), 2.30 (s, 3H), 2.35 (s, 6H),
2.20 (brs, 4H), 1.85 (br s, 2H)

Example 33 _
1,;7_,3,5,6,7-H‘exahydro-1‘-methyl-l-(2'-methyl-4'-(5-methyl-1,3,4-oxadiazol-2-
y])biphenyl-4-czrbonyl)spiro[indeno[S,G—b]pyrrole-?,d'-pipen’dine]

12,3, 5 6.7-Hexahydro-1 —mcLhylspu-o[mdcno[S 6-b]pyrrole-7,4"-piperidine] is prepared
from 1- accryl .3-dihydro-1H-indole-5-carboxaldehyde using a similar procedure to that
described for compound 11 in Arch. Pharm. (Weinheim) 1991, 323, 35 and then converted
to the dtle compound using a similar procedure to Example 1.

Example 34 -
5-[4'- ((N-Methanesulphonvl-N-methyl)ammo)-?.'-methvlbxphenyl~4—carbonyl] 1.

methvl-2.3,6,7- tetrahvdrospxro[furo[Z,B flindole-3 4'-pxpendme]

This was prepared from methyl 4'- [(N-mcrhancsulphonyl N- mcthyl)a.rmno} 2'-
methylbiphenyl-4-carboxylare (D54) following the procedure of Example 12. This gave
the dtle compound as a white foam, which was converted into its oxalate salt, a light grey

powder.

'H NMR (oxalate salt) (250 MHz, d’DMSO0) & (ppm): 7.97 (bs, 1H), 7.67 (d, 2H), 7.48 (d,
2H), 7.40 (s, 1H), 7.32 (m, 2H), 6.79 (s, 1H), 4.52 (s, 2H), 4.07 (1, 2H), 3.39 (m, 2H),
3.28 (s, SH), 3.0 (m, 7H), 2.77 (s, 3H), 2.30 (s, 3H), 2.1 (m, 2H), 1.9 (m, 2H).

Example 35

5-[4'- (Dxmethvlammosulphonvl)bxphenvi-4-carbonyl] -1'-methyl-2,3,6,7-
tetrahydrospiro[furo[2,3- -flindole-3,4'-piperidine]

This was prepared from 4'-(dimethylaminosulphonyl)biphenyl-4-carboxylic acid (D56)
following the procedure of Example 1. This gave the drle compound (88%) as a yellowish
foam, which was triturated in acetone to give a white powder.

'H NMR (250 MHz, d'DMSO) & (ppm): 8.0 (m, 3H), 7.86 (m, 4H), 7.7 (m, 2H), 6.72 (s,

1H), 4.86 (s, 2H), 4.02 (t, 2H), 3.00 (1, 2H), 2.74 (b, 2H), 2.64 (s, 6H), 2.19 (s, 3H), 1.9
(m, 4H),71.65 (m, 2H).
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Example 36
5-[4'-(Methanesulphonyl)biphenyl-4-carbonyl}-1'-methyl- 2,3 6,7-
tetrahydrospiro[furo[2,3-flindole-3,4'-piperidine]

This was prepared from 4'-(methanesulphonyl)biphenyl-4-carboxylic acid (D57),
following the procedure of Example 1. This gave the title compound (73%) as a pale

yellow foam, which was triturated with acetone/ether 1o give a white powder.

'H NMR (250 MHz, dDMSO) § (ppm): 8.02 (m, 5H), 7.87 (d, 2H), 7.72 (d, 2H), 6.71 G,
1H), 4.37 (s, 2H), 4.03 (1, 2H), 3.28 (s, 3H), 3.01 (¢, 2H), 2.75 (m. 2H), 220(5 3H), 1.9

(m, 4H) 1.65 (m, 2H).

Example 37
5-[4'-(N, N-Dxmethylcarbamovlammo) 2'-methvlbxphenyl~4-carbonyl] —-m‘ethyl_-
",3 6 7- tetr‘a_‘hy_dxjpsplro[furo[2,3 ﬂmdple-B 4'-plpendme]

ThlS was prcpan:d from 4 -(N,N- dxmcthylcaroamoyiarmno) 2'- mcthylb1phcny]-4—
carboxyhc acid (D59), followin g the proccdurc of Example 9, but using dichloromethane
as'solvent throughout. This gave the tile compound (35%) as a glass, which was

converted to its oxalate salt, a cream solid.

'H NMR (oxalate salt) (250 MHz, d'DMSO) & (ppm): 8.32 (s, 1H), 7.95 (b s, 1H), 7.61 (d,

2H), 7.45 (m, lﬂtH)7 7:12 (d, 1H), 6.77 (s, 1H), 4.46 (s, 2H), 4.05 (¢, 2H), 3.3 (b, 2H), 3.1-

-~ 2.9(m, 4H),fz-9_3 (s, 6H), 2.69 (s, 3H), 2.23 (s, 3H), 2.05 (m, 2H), 1.85 (m, 2H).

-'Example 38 -

5- 4 (Ethoxvcarbon}lammo) 2'-methylbxphenvl—4—carbonyl] 1'-methyl 2,3 6 7-
tetrahvdrosplro[furo[lﬁ f]mdole-B 4'-p1pendme]

This was prcparcd from -4'-(cthoxycarbdnvylamino)-2"—mcthy1biphcny}-4~carboxy1ic acid
(D61), following the procedure of Example 9. This gave the title compound (75%) asa
light yellow foam, which was converted to its hydrochloride salt, a white powder.

*H NMR (HCI salt) (200 MHz, d°DMSO0) & (ppm): 10.5 (b, 1H), 9.70 (s, 1H), 8.94 (b's,
1H), 7.62 (d, 2H), 7.43 (m, 4H), 7.18 (d, 1H), 6.78 (s, 1H), 4.51 (s, 2H), 4.14 (g, 2H),
4.07 (t, 2H), 3.4 (m, 2H), 3.1 (m, 4H), 2.78 (s, 3H), 2.24 (s, 3H), 2.2 (m, 2H), 1.9 (m,
2H), 1.26 (¢, 3H)
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Example 39 »
5-[4'-(4,5-Dimeth_vl-1,2,4-triazol-3-yl)-2'-methylbiphenyl—4-carbonyl]-] -methyl-
2,3,6,7—tetrahydrospiro[furo[2.,3-i'jindo!e-3,4'-piperidine]

This was prepared from 4'-(4,5-dimethyl-1,2,4-triazol-3-yl)-2" -mcr.hylblphcnvl-zi-
carboxylic acid (D64), followmg the procedure of Example 9. This gave the title
compound (27%) as a white solid.

'H NMR (200 MHz CDCL) 6 (ppm): 8.13 (b, 1H), 8.00 (s, 1H), 7.93 (d, 1H), 7.61 (d,
2H), 7.42 (d, 2H), 7.29 (d, 1H), 6.66 (s, 1H), 4.38 (s, 2H), 4.11 (b, 2H), 3.87 (s, 3H), 3.07
(1, 2H), 2.85 (m, 2H), 2.52 (s, 3H), 2.36 (s, 3H), 2.32 (s, 3H), 2.05 (m, 4H), 1.85 (m, 2H).

Example 40
1'—Methyl-6-[2'-methyl—4'-(S-meth_vl-1,3,4-oxadi:_azol—2-yl)biphenyl—4-carbonyl]-
2,3,7,8-tetrahydi'ospiro [4H-pyrano[2,3-!'Jindole-4,4'-piperidine]

This was prepared from 1'-methyl-2.3,7,8-temwahydrospiro[4H-pyrano[2,3-findole-4.4"
piperidine] (D70), following the procedure of Example 5. This gave the dtle compound

(27%), which was converted to the oxalate salt, a white solid.

"H NMR (oxalate salt) (400 MHz, dDMSO) & (ppm): 7.96 (m, 2H), 7.89 (d, 1H), 7.69 (d,

2H), 7.54 (4, 2H), 7.48 (d, 1H), 6.94 (s, 1H), 4.32 (m, 1H), 4.07 (1, 2H), 3.65 (m, 2H),

3.38 (m, 2H), 3.06 (1, 2H), 3.0-3.2 (m, 2H), 2.85 (s, 3H) 2.61 (s, 3H), 2.38 (s, 3H), 1.92
(m, 2H), 1.5-1.75 (m, 3H)

Example 41

1'-Methyl-5-(2'-methyl-4'-(5- methvl 1,3,4-thiadiazol-2-yl) biphenyi-4- carbonyl)

2,3,6,7- tetrahydrospxro[furo[Z,B flindole-3 4'-p1pendme]

Crude 2'—rncthyl-4'—(5-mcthyl—1.3,4—thiadiazol—?.—yl)biphcnyl—4—carboxylic acid (D73, 500
mg) and 1'-mcr.hy]-2,3,6,7-tcuahydrospim[furo[2,3-ﬂindolc-3,4‘-pipcﬁdinc] (D8) afforded
the dtle compound according to the general method of Example 1. Prcpérativc HPLC
afforded 10 mg of pure compound.

'H NMR (400 MHz, CD,OD) 6 (ppm): 8.02 (brs, 1H), 7.91 (s, 1H), 7.85 (d, 1H), 7.69 (d,

2H), 7.52 (d. 2H), 7.41 (d, 1H), 6.76 (s, 1H), 4.56 (s, 2H), 4.18 (t, 2H), 3.62-3.51 (m, 2H),
3.21-3.05 (m, 4H), 2.94 (s, 3H), 2.83 (s, 3H), 2.38 (s, 3H), 2.29-2.00 (m, 4H).
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Example 42
5-(2'-Methyl-4'-(S-methyl-1.3,4-oxadiazol-2-yl)biphenyl-4-carbonyi)-1‘-n- propvl-
2,3,6,7-tetrahydrospiro[furo(2,3-f]indole-3,4'-piperidine]

1- Bromopropanc (0.07 ml, 0.80 mmole) and sodium carbonate (226mg, 2.13 mmole) were
added 10 a stu'rcd solution of 5-(2'-methyl-4'-(5-methyl-1,3,4-oxadiazol-2- -yl)biphenyl-4-
carbonyl)-2,3,6,7-terahydrospiro{furo[2,3-f]indole-3,4' -piperidine] (E3, 270mg, 0.53
mmiole) in ethanol (10 ml). This mixture was heated under reflux for 31 hours. The
rcaéﬁdn mixture was concentrated in vacuo and the residue reated with water (15 ml) and
exrracted with chloroform. The organic exract was dried (N2.SO,), concentrated in vacuo
and the residue chromatographed on silica gel eluting with O -6% methanol/chloroform to
afford the dtle compound as a yellow gum (194mg, 67%). This was converted 1o its
hydrochlondc salt and aystalhscd from ether m.p. 263- 766°C '

H NMR (frcc: basc) (250 MHL CDCl,) ) (ppm) 8. 15 (br Sy IH low mtcgmnon) 7.99

J (s, lH) 791 (dd, 1H), 7.64 (d, 2H), 7.42 (d, 2H), 7.37 (d, IH) 667 (s, 1H), 440(brs

2H) 4 10 (brs, 2H), 3. 07 (, ZH) 94 (brs;2H), 2. 66 (s, 3H) .37 (s, 3H), 2.33 (brt,
2H), 2.22-1.38 (brrn 8H), 0.92 (t, 3H). : ' L

Example.43
1'-Methyl-5-(2'-methyl-4'-(5-methyldxazol-2-yl)biphenyl-4-carbonyl)-2,3,6,7-
tetrahydrospiro[fur0[2,3-f']i'ndole-3,4_‘-piperidine]

H’Ihc mlc cornpound was prcparcd from 2 mcthy]-4 -(5-methyloxazol-2- yl)bxphcnyl—4—

carboxyhc acid (D76) and 2,3,6,7- tcmhydmsplro{furo[Z 3- ﬂmdolc 3.4 -plpcndmc] (D8)

vfollomng the proccdurc of Examplc 1 (58%) “This was convcncd 1o 1ts oxalazc salt and

crystalhsc:d from acctonc/rncnhanol as a whnc sohd m.p. 230 233°C

H NMR (frcc basc) (250 MHz, CDCI 3. 5 (ppm): 8.14. (br S, lH low mtcgraucm) 7 95 (s A
1H), 7.87 (d, 1H), 7.61 (d 2H), 7.41 (d,2H), 7.32 (d, 1H), 685 (s, 1H), 6.66 (s; IH) 437

(br s, 2H), 4.10.(br m, 2H), 3.06 (t, ZH) 285 (brs, ZH) 2.42 (s, 3H), 2.35 (s, 3H) 231
(br s, 3H), 2.20-1.50 (m, 6H).
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" Example 44

1 '-Methyl-S-(Z'-merhyl—4'-(3-me£hylisoxazol-5-yl)biphenyl-4-ca rbonyl)-2.3,6,7-
tetrahydrospiro[furo(2,3-f]indole-3,4'-piperidine]

The dtle compound was prepared from 1'-rncthyl—Z,B,6,7-tcu"z;hydrospiro [furo[2.3-
flindole-3,4"-piperidine] (D8) and 2'-rncthyl-4'—(3-m¢thylisoxazol—5-y1)biphcnyl-4-

carboxylic acid (D79) using a procedure simnilar to that of Example 1 (58%) m.p. 224-5°C.

'H NMR (250 MHz, CDCL) § (ppm): 8.15 (br s, 1H), 7.72-7.55 (m, 4H), 7.45-7.24 (m,
3H), 6.67 (s, 1H), 6.4 (s, 1H), 4.38 (s, 2H), 4.20-4.0 (m, 2H), 3.07 (1, 2H), 2.95-2.71 (m,
2H), 2.37 (s, 3H), 2.32 (s, 6H), 2.2-1.5 (m, 6H).

Exam'plé 45 -
1'-Methyl-5-(2'-methyl-4'-(5- methvhsoxazol 3-yl)bxphenvl 4-czrbonvl) 2,3,6,7-
tetrahvdrospxro{furo[Z,B flindole-3,4'-piperidine]

The ute compound was prepared from l'-mczhyl-2,3.6,7-tcu'ahydrbspiro[furo[2.3-
ﬂindolc-3,4'7pipcridinc] (D8) and 2'-mcthy]-4'-(5-mcxhylisoxazol‘-B-yI)biphcnyl-4—
carboxylic acid (D83) using a procedure simnilar to that of Example 1 (75%) m.p. 197-9°C.

'H NMR (200 MHz, CDCL) & (ppm): 8.15 (br s, 1H), 7.78-7.55 (m, 4H), 7.45.7.2 (m.
- 3H), 6.65 (s, 1H), 6.32 (5, 1H), 439 (5, 2H), 4.2-4.0 (m, 2H), 3.07 (1, 2H), 2.95-2.7 (m,
© 2H), 2.49 (s, 3H), 23(3 6H) 2.2-1.55 (m, 6H).

- Example 46
. ‘2,3,5 6,7 &Hexahvdro—l'-methyl 5-(4'-(5- dxmethylammo—l,z 4-oxadiazol-3-yl)-2'-

methv]bxphenvl-4-carbon yl)spiro[furo[2,3- g]qumohne-3 4'-pnperxdme]

The title compound was prepared from 4'- -(5-dimethylamino-1,2,4-oxadiazol- -3-yD- 2-
mcmylblphcnyl—dr-carboxth acid (D14) and 2 .3.5,6,7,8-hexahydro-1'- _
methyispiro[furo(2,3-glquinoline-3,4"-piperidine] (D10) using a procedure similar to that
of Ei:amplc 1 (26%). This was converted to the hydrochloride salt. Mp 118-120°C.

'H NMR (free base) (200 MHz, ‘CDC11) & (ppm): 7.9 (s, 1H), 7.82 (d, 1H), 7.4-7.11 (m,
5H), 6.6 (s, 1H), 6.35 (br s, 1H), 4.25 (s, 2H), 3.94 (1, 2H), 3.2 (s, 6H), 2.77 (1, 2H), 2.7-
2.56 (m, QH), 2.27 (s, 3H), 2.22 (s, 3H), 2.12-1.69 (m, 4H), 1.55-1.41 (m, 4H).
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Example 47
2.3.5,6,7,8-Hexahydro-1'-methyvl-5-(4'-(5-ethyl-1,3,4-oxadiazol-2-y1)-2'-
methylbiphenyl-4-carbonyl)spiro[furo{2,3-g]quinoline-3,4'-piperidine]

The ”tinlc compound was prepared from 4'-(5-ethyl-1,3,4-oxadiazol-2-yl)-2'-
methylbiphenyl-4-carboxylic acid (D32) and 2,3,5,6,7,8-hexahydro-1'-

methylspiro[furo{2, 3—g]quinolinc-3 4'-pipenidine] (D10) using a procedure similar to that -

of Example 1 (19%). This was convcncd to its hydrochloride salt, as a white solid. M.p.
241-3°C. ’

'H NMR (free base) (200 MHz, CDCL) & (ppm): 7.94 (s, 1H), 7.85 (d, 1H), 7.4-7.11 (m,
SH), 6.59 (s, 1H), 6.36 (br s, 1H), 4.26 (s, 2H), 3.95 (1, 2H), 2.98 (q, 2H), 2.78 (1, 2H),
2.71-2.58 (m, 2H), 2.3 (s, 3H), 2.25 (S 3H), 2.14-1.61 (rn. 4H), 71.58-1.35 (m, 7H).

Example 48
2,3,5,6 7,8-Hexahydro-1'-methyl- 5- (4‘—methoxycarbonvl 2'-methylbxphenyl-4-

' carbonvl)spxro {furo{2,3- ,,]qumohne-S 4'-piperidine]

The tde compound was prepared from 2,3,5,6,7,8-hexahydro-1'-methylspiro[ furo[2,3-
g]quinoline-3,4'-pipenidine] (D10) and 4'-methoxycarbonyl-2'-methylbiphenyl-4-
carboxylic acid (D41) using a procedure similar to that of Example 1 (46%).

HNMR (200 MHz, CDCL) & (ppm): 7.93 (s, 1H), 7.87 (d 1H), 7.35 (d, 2H), 7.24-7.L
(m 3H), 6.6 (s, 1H), 6.35 (b s, 1H), 4.26 (s, 2H), 40385(m SH) 2.79 (1,2H), 27 2:55

- (m, 2H) 2.3-2.2 (m, 6H), 215199(m 2H), 1.97-1.65 (m, ZH) 15814(m 4H)

o Emmple 49 . -
- 2,3,5,6,7,8- Hexahvdro-l'-methyl-s (4' hvdrazmocarbonyl 2'-methylb1phenyi-4-

carbonyl)splro[furo{Z,B g]qumolme 3,4'- pxpendme}

The dtle compound was prepared from 2,3,5,6,7,8-hexahydro-1'-methyl-5-(4'-
mcr.hoxycarbbnyl-2'-mcthy1biphchyl-4—carbbnyl)spiro[furo[2,3-g}quin91inc—3,4'-
piperidine] (E48) and hydrazine monohydrate, using a procedure similar to that of
Example 25 (90%).

'H NMR. (200 MHz, CDCL) & (ppm): 7.7-7.5 (m, 3H), 7.35 (d, 2H), 7.25-7.1 (m, 3H), 6.6

(s, _1H),‘6.35 (brs, 1H), 4.25 (s, 2H), 4.1 (br s, 2H), 3.95 (1, 2H), 2.78 (¢, 2H), 2.7-2.52 (m,
2H), 2.3-2.19 (m, 6H), 2.14-1.7 (m, 4H), 1.57-1.4 (m, 4H).
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Example 50
2,3,5,6,7,8-Hexahydro-1 ‘-meth_vl-S-(2'-methyl-4‘-(1,3,4-oxadiazol-2-yl)biphenyl-4-

- . carbonyl)spiro[furo[2,3-gjquinoline-3,4'-piperidine]

A suspension of 2,3,5,6,7,8-hexahydro-1 -methyl-5-(4"-hydrazinocarbonyl-2'-
methylbiphenyl-4-carbonyl)spiro{furo{2,3-g]quinoline-3 ,4'-piperidine] (E49) (794 rng) in
wricthylorthoformate (25 ml) was heated at reflux overnight. The mixture was

concentrated in vacuo and the residue refluxed overnight in xylene (40 ml) 1o complete

- cyclisaton. The xylene was evaporated under reduced pressure and the residue purified

by chromatography on silica gel, eluting with chloroform and methanol, to afford the title
compound (470 mg, 58%). The hydrochloride salt precipitated from acetone as a white
solid.

'"H NMR (frcc base) (200 MHz, CDCl,) & (ppm): 8.49 (s, 1H), 8.0 (s, 1H), 7.92 (d, 1H),

7.38 (d. 2H), 7.3-7.15 (m, 3H), 6.6 (s, 1H), 6.38 (br s, 1H), 4.26 (s, 2H), 3.95 (1, 2H), 2.75

(t, 2H), 2.72-2.58 (m, 2H). 2.3 (s, 3H), 2.26 (s, 3H), 2.15-1.41 (m, 8H).
Example 51
1'-Methyl-S-(Z'-methyl—4'-pyrazinylbipheny!-d,-carbonyl)-2,3,6,7-

tetrahydrospiro[furo[2,3-f]lindole-3,4'-piperidine]

1'-Methyl-2,3,6,7- tcn'ahycu'ospxro[furo[z 3-flindole-3,4'-piperidine] (0. 098g 0.403 mmol)

- (D8) was dissolved in toluene (5 ml) and was weated with mmcLhyIalurmmum (2.0 M in

hexane) (0.810 ml, 1.612 mmol) with stirring under argon. After 0.25h, a soludon of
rncthyl 2'-methyl-4"-pyrazinylbiphenyl-4-carboxylate (D86, 0.136g, 0.447 mmol) in
toluene (5 ml) was added. The reaction mixture was then heated 10 80°C. After 2h, the
reaction mixture was allowed to cool and was strred at room temperamure. The reaction
mixture was then poured onto a slurry of silica gel (9385 ~ 20 ml) in dichloromethane (30
ml). After effervescence had ceased, the slurry was filtered and the filter pad was washed
with 20% MeOH/CH,CY, (~200 ml). The filirate was then cvaporated under reduced
pressure to give a brown oil, which was purified by silica-gel chmmatégraphy (9385, 10%

. MeOH/CH,CL, as eluant) 1o give the title compound as a cream solid (0.091g, 44%).

'H NMR (250 MHz, CDCL,) 4 (ppm): 9.08 (s, 1H), 8.68 (1, 1H), 8.52 (d, 1H), 8.14 (brs,

" 1H), 8.00 (s, 1H), 7.90 (dd, 1H), 7.62 (d, 2H), 7.42 (d, 2H), 7.38 (d, 1H), 6.70 (s, 1H),

4.40 (bf's, 2H), 4.10 (br s, 2H), 3.10 (1, 2H), 2.90 (br s, 2H), 2.40 (s, 3H), 2.38 (s, 3H),
2.20 (brs, 2H), 1.85 (br s, 4H).
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Example 52 |
1'-Methyl-S-[Z‘-methyl-4'-(5-methyl-1,2,4-oxadiazol_vl-B-yl)biphen_vl-4-carbonyl]-1-
oxo0-2,3,6,7-tetrahydrospiro[thiopheno[2,3-f]indole-3,4'-piperidine]

A soludon of ]'-'mcthyl-S-[2'-mcthyl-4'—(5-mcr.hyl—1.2,4-oxadiazol-3—y1)biphcnyl~4-
carbonyi]-2,3,6,7‘tcmhydrospiro[thiophcno[2,3-f]indolc—3,4'—pipcr-idinc] (E32,0.100g, -
0.187 mmol) in methanol (10 ml) was weated with a soluton of sodium periodare (0.200g,
0.935 mmol) in water (1 ml) with sdrring. After.20 h, water (10 ml) was added and the
mcthanol present was removed by evaporaton under reduced pressure to give a white
suspension. The suspension was then exmracted with dichloromethane (3 x 25 ml). The
combined organic layers were then dried (Na,SO,) and evaporated under fcduccd pressure
to give a colourless oil, which was purified by preparative t.L.c. 10 give the ttle compound
as a white foam (0.055g, 53%) which was subsequently converted to its hydrochloride
salt.

’H NMR (200 MHz, CDC),) (free base): 8.03 (s, IH) 7.95 (d, 1H), 7. 65 (s, lH) 1.60 (d

2H), 7.40 (m, 4H), 4.21 (1, 2H), 3.25 (Abg; 2H), 3.18 (m, 2H), 2.95 (m, 2H), 2.70 (s, 3H)
2.40 (s, 3H), 2.35 (s, 3H), 2.15 (br m, 6H).

Example 53
1'-Methyl-S—[Z'-methyl-‘#'-(1-methylimidazol-2-yl)biphenyl-4-carbo_nyl}-2,3,6,7-
tetrahydrospiro[furo[2,3-f]ind ole-3,4'-pipéridine]

- 2-Methyl4'-(1- rncthyhmxdazol 2- yl)b1phcny1-4 -carboxylic acid (D90, 310 mg, 1. 06 -
mmol) was hcatcd at r::ﬂux in thlonyl chleride (10'ml) for 30 mmutcs coolcd cvaporatcd o
in vacuo and the orange residue redissolved in dry THE (10 ml) I Mct.hyl 2 :3:6,7-

tccrahydrospxro[furo[2 3- ﬂmdolc 3,4'-piperidine] (D8 260mg, 1.06 mmol) and
tncthylarmnc (0.15 ml, 1 .06 mmol) werc added and the mixture suncd for 72 hours. 'ch
mixnure was cvaporatcd in vacuo, the residue partitioned berween H?O and CHCL (4

-times) and the organics combined, dried over Na,SO,, filtered and cvaporatcd in vacuo.

The residuc was purified by flash silica-gel chromatography with 2% McOH/C’HCl1 as
cluant 1o yield the title compound as a pale yellow gum (224 mg, 41%) wh1ch was
converted to the hydmchlondc salt.

"H NMR (free base) (200 MHz, CDCl ,) 8: 7.60-7.30 (m; 9H), 7.15 (s, 1H), 6.65 (s, 1H),
4.35 (d;2H), 4.10 (s, 2H), 3.80 (s,3H), 3.10 (t, 3H), 2.90 (s, 2H), 2.35 (s,-6H), 2.15-2.00
(m, 4H), 1.90-1.70 (m, 2H).
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Example 54 ‘ :
1'-Methyl-S-[Z'-methyl-4'-(1-meth_vlimidazol-S-yI)biphen_vl-4-carbonyl]-2,3,6,7-
tetrahydrospiro[furé[z,_‘s-ﬂindolé-3,4'-piperidine]

2-Methyl-4'-(1-methylimidazol-5-yl)biphenyl-4-carboxylic acid (D93, 300 mg, 1.0 mmol)
was heated at reflux in thionyl chloride (15 ml) for 1 hour, cooled and evaporated in
vacuo. The residue was redissolved in dry THF (10 ml) and mreated with 1 -methyl-
2.3,6,7- tctmhydrosplro[fum[ﬁ?. 3-flindole-3,4'-piperidine] (D8, 250 mg, 1.0 mmol) and
mcmylammc (143ul, 1.0 mmol) then strred for 18 hours. The reaction mixIure was
cvaporated in vacuo, partiioned berween water and CHCL, (3 dmes) and the organic
extracts combined. The organics were dried over Na_ SO, and evaporated in vacuo to an
orange gum. The gum was purified by flash silica gel chromatography (eludng with
3%MeOH/CHCL) 1o yield the dte compound as a pa.lc ycllow gum (200 mg, 38%) which
was converied to the hydrochlondc salt.

"H NMR (free base) (200 MHz, CDCI ;) 6 (ppm): 7.65-7.50 (m, 3H), 7.40 (d, 2H), 7.35-
7.20 (m, 4H), 7.15 (s, 1H), 6.65 (s, 1H), 4.35 (s, 2H), 4.10 (s, 2H), 3.75 (s, 3H), 3.05 (1,
2H), 2.85 (s, 2H), 2.40-2.25 (m, 6H), 2. 15-1.95 (m, 4H), 1.75 (s, ZH)

Example 55
5-[4'-(S-Hydmxymethyl-l,z,d»-oxa diazol-3-yl)-2'-methylbiphenyl-4-carbonyl]-1'-
methyl-2,3,6,7-tetrahydrospiro[furo[2,3-f]indole-3,4'-piperidine]

A stirred solution of 1'-mcthyl—2,3,6,7-tc:uahydrospiro[furo[2,3'-ﬂindolc—3,4'—pipcridjnc]
(D8, 0.34g, 1.4 mmole) in toluene (10 ml) under argon was woeated with 2M
mimethylaluminuim in toluene (0.7 ml, 1.4 mumole) and kept at room temp. for 20 rninﬁtcs.
A solution of methyl 4'-[5-(t-butyldimethyisilyloxy)-1,2,4-oxadiazol- -3-yl}-2'-
mcﬂ1ylb1phcny1-4-carboxylatc (D95, 0.61¢ g, 1.4 mmole) in toluene (10 ml) was added and
the stirred mixmure heated under reflux for 3 hours. The soluton was allowed to cool and
then poured into a stirred slurry of silica gel (10g) in dichloromethane (30 ml). This was

- packed into a colurnn and eluted with 10% methanol/chioroform. The concentrated eluant

(0.8g) was dissolved in THF (50 ml) and treated with teracthylammonium fluoride (100
mg), then the mixture was stirred at room temp. for 1 hour, before concentrating under
vacuum. The residue was weated with 10% Na,CO, solution and exmacted with
dichloromethane. The extract was dried (Na,S0,), concentrated in vacuo, and the residue
chromatdgraphed on silica gel eluting with 0-5% methanol/chloroform 1o afford the title
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compound as pale yellow o1l (0.28g, 30%). This was converted to its hydrochloride salt
m.p. 273-278°C. -

'H NMR (250 MHz, CDCL,) & (ppm): 8.13 (br s, 1H - low integration), 8.02 (s, 1H), 7.96
(d, 1H), 7.60 (d, 1H), 7.407(d, 2H), 7.32 (d, 1H), 6.67 (s, 1H), 4.96 (s, 2H), 4.40 (br s,
2H), 4.10 (br m, 2H), 3.07 (1, 2H), 3.0-2.7 (br m, 2H), 2.31 (s, 6H), 2.4-1.6 (m, 7H).

Example 56
1'-Methyl-5-(2'-methyl-4'-(5-methyl-1,2,4-oxadiazol-3-yl)biphenyl-4-carbonyl)-1'-
oxo0-2,3,6,7-tetrahydrospiro[furo{2,3-f]indole-3,4'-piperidine] :

A stirred soluton of 1'-methyl-5-(2'-methyl-4"-(5-methyl-1,2,4-oxadiazol-3-yl)biphenyi-4-
carbonyl)-2,3,6,7-temahydrospiro[furo[2,3-f]indole-3,4'-piperidine] (E1, 300 mg, 0.57
mmole) in chloroform (20 ml) at -20°C under argon was weated with a dried (’Nazso )
solutdon of 3- chloropcroxybcnzmc acid (207 mg of 50-60% commcrcxal punry) in
chloroform (5 mi). The mixture was allowed to warm to room temp. over 20 minutes,

then washed with 10% Na,CO, soluuon dncd (Na,SO ) and concenrrated in vacuo to leave
a bcxgc solid.  This was chromatographed on silica gel eluting with 0-20%
methanol/chloroform and the product crystallised from acetone to afford the tte
compound as a white solid (120 mg, 39%) m.p. 223-229°C.

'H NMR (250 MHz, CDCL,) & (ppm): 8.25 (br s, 1H - low integration), 8.00 (d, 1H), 7.96
(dd, 1H), 7.62 (d, 2H), 7.42 (d, 2H), 7.37 (d, 1H), 6.70 (s, 1H), 4.45 (s, 2H), 4.12 (¢, 2H),
3.48-3.18 (m, 4H), 3.31 (s, 3H), 3.14- 2.90 (m, 2H), 3.07 (t, 2H), 2.69 (s, 3H), 235(5
3H), 1.80-1.63 (m, 2H).
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) Example 57

1'-Methyl-5-[2'-methyl-4'-(1,2,4-triazin-3-yl)biphenyl-4-carbonyi]-2.3,6,7-
tetrahydrospiro{furo[2,3-fJindole-3,4'-piperidine]

The dtle compound (100 mg, 22%) was prepared from 2'-methyl-4'-(1,2,4-mraizin-3-
yl)biphenyl-4-carboxylic acid (D98, 0.25g, 0.80 mmol) according 1o the method of
Example 1. This was converted to its hydrochloride salt.

'H NMR (HClI salt) (250 MHz, CD,0D) & (ppm): 9.30 (d, 1H), 8.90 (d, 1H), 8.50 (s, 15),
8.45 (d, 1H), 8.10 (br s, 1H), 7.75 (d, 2H), 7.60 (d, 2H), 7.50 (d, 1H), 6.80 (s, 1H), 4.60
(s, 2H), 4.20 (m. 2H), 3.65-3.55 (m, 2H), 3.28-3.10 (m, 4H), 2.95 (s, 3H), 2.45 (s, 3H),
2.40-2.20 (m, 2H), 2.15-2.00 (m, 2H).

Example 58
2,3,6,7,8,9-Hexahydro-1'-methyl-6-(2'-methyl-4'-(5-methyl -1,3,4-oxadiazol-2-
yl)biphenyl-4-carbonyl)spiro[4H-pyrano[2,3-glquinoline-4,4' piperidine]

A solution of 2'-methyl-4'-(5-methyl-1,3,4-oxadiazol-2-yl)biphenyl-4-carboxylic acid
(D11, 184 mg, 0.0006 mmole) in thionyl chloride (5 ml) under an argon atmosphere was
heated to reflux for 20 minutes. The reaction mixmre was allowed to cool and then
concentrated in vacuo to leave an orange residue, which was dissolved in dichloromethane
(5 ml) and treated wdth.2,3,6,7,8,9-hcxahydro-l'-mcthylspim[4H-pyrano[2,3-g]quinolinc-'
4,4' pipenidine] (D107, 150 mg, 0.0006 mole) in dichloromethane (5 ml) and wiethylamine
(100 ul, 0.0007 mole). The solution was strred at room temp. for 15 hrs, then
concenrrated in vacuo. The residue was purified by chromatography on silica gel eluting
with 8% methanol/dichloromethane 1o afford the ttle compound (105 mg, 31%).

_.'"H NMR (200 MHz, CDCL) & (ppm): 7.93 (s, 1H), 7.87 (d, 1H), 7.40 (d, 2H), 7.27-7.20
(m, 3H), 6.62 (br s, 2H), 4.02 (dd, 2H), 3.95 (t, 2H), 2.77 (1, 2H), 2.63 (s, 3H), 2.56 (br d,
2H), 2.31 (s, 3H), 2.26 (s, 3H), 2.18-2.00 (m, 4H), 1.85 (dd, 2H), 1.48 (br d, 2H), 1.28 (br
d, 2H).
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Example 59
1'-Ethyl-5-(2'-methyl-4'-(5-methyl-1,3,4-0xadiazol-2-yl)biphenyi-4- carbonyt) 1'-ox0-
2.3,6,7-tetrahydrospiro[furo[2,3-flindole-3 4'-pxpendme] '

The tte compound was prepared from 1'-ethyl-5-[2'-methyl-4'-(5-methyl-1,3,4-oxadiazol-

2-yl)biphcnyI—4-czirbonyl]-2,3,6,7-tcu"ahydmspiro[furo[2,3-ﬂindolc-3,4'-pipcridinc] (E26)
using a similar procedure as in Example 56 to yield an off white solid (16%).

'"H NMR (250 MHz, CDCI,) O (ppm): 8.22 (brs, 1H - low‘imcgration), 7.98 (s, 1H), 7.91
(d, 1H), 7.64 (d, 2H), 7.48-7.30 (m, 3H), 6.69 (s, 1H), 4.48 (br s, 2H), 4.11 (br m, 2H),
3.57-2.76 (m, 10H), 2.66 (s, 3H), 2.36 (s, 3H), 1.72 (br d, 2H), 1.49 (br t, 3H).

Example 60
1'-Ethyl-5-[4'-(5-methyl-1,3, 4-oxadiazol-2- yl)bxphenyl-4-carbonyl] 23,6,7-

;tetmhvdrospxro[fur0[2,3 f]mdole-3 4'-pxpendme]

The dde compound was prepared from 4'—(5-mcthy1-1,3,‘4-oxadiazol-2-yl)biphcny]-4—
carboxylic-acid (D11) and 1'-ethyl-2,3,6,7-tetrahydrospiro[furo[2,3-f]indole-3,4'-
piperidine] (D109) using a similar procedure as that outlined in Example 1, to afford the
title compound as a yellow gum (31%). This was converted to its hydrochloride salt to
yield an off white solid m.p. 245-249°C. '

'H NMR (HCl salt) (400 MHz, dDMSO0) & (ppm): 8.09 (d, 2H), 7.98 (d, 2H), 7.95 (brs,
1H), 7.88 (d, 2H), 7.72 (d. 2H), 6.77 (s, 1H), 4.52 (s, 2H), 4.06 (t, 2H), 3.50 (br d, 2H),:
3.12 (m, 2H) 3. 10-2.93 (m, 4H), 2.61 (s, 3H), 225 (br m, 2H) 1.90 (brd 2H) L29¢,

- 3H). -

Exampie 61

1'-Ethyl 5-(4'- hydrazmocarbonyl 2‘-methylbxphenyl-4-carbonyl) 2,3,6 7- ‘
tetrahydmspxro[furo[Z,B flindole-3,4'-piperidine]

A stirred solution of 1'-cthyl-5-[2"-methyl-4'-(5-methyl-1,3,4-oxadiazol-2-yl)biphenyl-4-
carbonyl}-2,3,6,7-tctxahydmspim[furo(Z,B-ﬂindolc-3,4'-pipcn'dinc] (E26,2.5 g,v4.7

. mmole) in methanol (600 ml) was treated with 1M hydrogen chloride in ether (30 ml, 30

mmole) and kept at room temp. for 20 hours, then concentrated in vacuo. The residue was
treated with 10% Na,CO, solution (200 ml) and chloroform (500 ml), strred well for 20
minutes, then the chloroform layer separated, dried and concenmated in vacuo. The
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residue was crystallised from ethyl acetare to afford the title compound as a bczgc solid
(0.94g, 39%) m.p. 222-225°C.

'"H NMR (250 MHz, CDCL) & (ppm): 8.17 (brs, 1H - low imcgrau'on), 7.71 (s, 1H), 7.67-

7.55 (m, 3H), 7.50 (br s, 1H), 7.38 (d, 2H), 7.28 (d, 1H), 6.67 (s, 1H), 4.50 (br s. 2H), 4.3- -

3.9 (br s, 4H), 3.09 (1, 2H), 2.98 (br s, 2H), 2.50-2.38 (m, 2H), 2.34 (s, 3H), 2.22-1.4] (m,
6H), 1.13 (brt, 3H).

Example 62
5-[4'-(Acetylhydrazinocarbonyl)- 2'-methylb1phenyl-4-carbonyl] 1'-ethyl-2,3,6,7-
tetrahydrospiro[furo[2,3-flindole-3,4'-piperidine]

To a sorred solution of 1'—cthy1-5-(4' -hydrazinocarbonyl- 7'-mcthylbiphcnyl-d—-carbonyl)— _
2,3,6,7-temahydrospiro[furo[2- 3 flindole-3,4'-piperidine] (E61, 1.00g, 1.96 mmole) in
chloroform (30 ml), accnc anhydndc (5.76 ml, 0.06 mmole) was slowly added. The
solution was stirred at room temperature for approximately 1 hour, then concentrated in
vacuo. Toluene was used to azeotrope out the excess aceric anhydride. The residue was
dissolved in chloroform, washed with 10% Na,CO, solution and the organic phase dried
(Na,SO,), then concentrated in vacuo. The residue beige solid was chromatographed on
silica gel, elunng with 0-12% methanol in chioroform to afford the ttle compound as a
yellow solid (0.87g, 80%) m.p. 154-157°C.

"HNMR (250 MHz, CDCL) & (ppm): 9.02 (brs, 1H), 8.17 (br s, 1H-low integraton), 7.76

- (s, 1H), 7.71 (dd, 1H), 7.61 (d, 2H), 7.37 (d, 2H), 7.29 (d, 1H), 6.67 (s, 1H), 4.40 (br s,

2H), 4.09 (br m, 2H), 3.06 (1, 2H), 2.98 (br m, 2H), 2.44 (br m, 2H),2.31 (s, 3H), 215 (s
3H), 2.10-1.50 (m, 6H), 1.13 (brt 3H).

| Example 63

5-[4'-(5- Methoxymethyl 1,2,4-oxadiazol- 3-yl) 2‘-methylbxphenyl-4-carbonyl] 1'-
methyl-2.3,6,7- tetrahydrosplro{furo[z,B -flindole-3,4'-piperidine]

The dtle compound was prepared from 4'-(5-methoxymethyl-1,2,4-oxadiazol-3-yl)-2'-
methylbiphenyl-4-carboxylic acid (D112) and 1'-methyl-2,3,6,7-terrahydrospiro|furo[2,3-
flindole-3,4"-piperidine] (D8) using a similar procedure as described in Example 1. This
afforded the dtle compound as a pale yellow solid (62%), which was converted 1o its
hydrochloﬁdc salt to give an off white solid m.p. 247-251°C.
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"H NMR (free base) (250 MHz. CDCL) & (ppm): 8.15 (s, 1H - low intcgradon), 8.06 (s,
1H), 8.00 (dd, 1H),.7.63 (d, 2H), 7.42 (d, 2H), 7.36 (d, 1H), 6.68 (s, 1H), 4.79 (s, 2H),
4.41 (br s, 2H), 4.10 (br m, 2H), 3.59 (s, 3H), 3.08 (1, 2H), 2.88 (br s, 2H), 2.38 (s, 3H),
2.32 (brs, 3H), 2.10-1.54 (m, 6H).

Example 64
5-{4'-(4,5-Dihydrooxazol-2-yi)- 2'-methvlb|phenyl-4-c_arbonyl] -1'-methyl-2,3,6,7-

tetrahydrospxro[furo[Z,B-f]mdo]e-3,4'-pxpendme]

This was prepared from methyl 4'-(4,S-dihydrooxazol—Z-yl)-2‘-rncfhylbiphcnyl—4—

carboxylate (D114) and 1"-methyl-2,3,6,7-terahydrospiro{furo[2,3-fjindole-3,4"-piperidine

(D8) following the procedure of Example 12. This gave the title compound (35%) as a
light yellow solid.

-

'H NMR (200 MHz, CDCL) & (ppm): 8.15 (b, 1H), 7.89 (s, 1H), 7.82 (d, 1H), 7.60 (d,

~.2H), 7.39 (d, 2H), 7.28 (d, 1H), 6.66 (s, 1H), 4.46 (1, 2H), 4.38 (s, 2H), 4.09 (z, 2H), 4.0-
4.2 (b, 2H), 3.06 (¢, 2H), 2.87 (m, 2H), 2.32 (s, 6H), 1.9-2.3 (m, 4H), 1.6-1.9 (m, 2H).

Example 65

5-[4'-(2- (N N-Dlmethvlammo)acetamxdo) 2'-methylbxphenyl-4-carbonyl] 1'-methyl-
2,3,6,7-tetrahydrospiro[furo[2,3-flindole-3,4"-piperidine]

4'-(2-Chloroacetamido)-2'-methylbiphenyl-4-carboxylic acid (D116, 0.34g), following the

»proccdurc of Examplc 29, gave 5-[4'- (2—chloroaccnarmdo) 2'- mcthylbxphcnyl-4-carbonyl]—
1 mcthyl -2,3,6,7- tctrahydrosplro[furo[?. 3- ﬂmdolc 3,4'-piperidine] (0.20g, 33%) as a light

yellow powdcr but of low purity (HPLC). This was dissolved in ethanol (25 ml) and
dxchlororncthanc (10 ml), and dimethylamine (5.6 M in cthanol 2 ml) was addcd. The

‘suspension was stirred until homogcnous and then left to stand for 6 days Solvcms were
: .‘thcn cvaporau:d off, a.nd the residuc was punﬁcd by chromatography on sxhca gel, cluting
~with 0-20% mcr.hanol/dlchloromcmanc The crudc product was dissolved in 10%

methanol/dichloromethane, ‘washed with dil. potassium carbonate soluuon dncd (Na,SO,)
and evaporated to give the title compound (0.06g, 30%) as a colourless oil. This was
converted into its dihydrochloride salt, a light cream powder.

'H NMR (free base) (250 MHz, CDCL,) & (ppm): 9.07 (s, 1H), 8.08 (b s, 1H), 7.51 (d, 2H),
7.45 (m, 2H), 7.30 (d, 2H), 7.15 (d, 1H), 6.59 (s, 1H), 4.30 (s, 2H), 4.02 (b, 2H), 3.03 (s,

ZH), 2.99 (t, 2H), 2.79 (m, 2H), 2.32 (s, 6H), 2.26 (s, 3H), 2.22 (s, 3H), 1.9-2.1 (m,4H),
1.1-1.3 (m, 2H).
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Example 66
5-[4'-(Ethoxycarbonylamino)-2’-meth_vlbiphenyl-4-carbonyl}-1 '-ethyl-2.3,6,7-
tetrahydrospiro[furo[Z,B-t']indo]e-3,4'-piperidine]

This compoﬁnd was prepared from 4'—(cthoxycarbonylamino)—.'z'~mcthy1biphcny]-4—
carboxylic acid (D61) and 1'-cthyl-2,3,6,7-tctra.hydrospiro[furo[Z,B-f]indolc-B,4'—
piperidine] (D109), following the procedure of Example 29. This gave the dtle compound
(61%) as a sraw coloured foam, which was converted 1o its hydrochloride salr.

'H NMR (HClI salt) (200 MHz, d‘DMSO0) & (pﬁm): 10.16 (b, 1H), 9.67 (s, 1H), 7.93 (s,
1H), 7.61 (d. 2H), 7.41 (m, 4H), 7.16 (d, 1H), 6.76 (s, 1H), 4.51 (s, 2H), 4.13 (g, 2H),
4.04 (1, 2H), 3.5 (m, 2H), 2.9-3.2(m, 6H), 2.23 (s, 3H), 2.1-2.3 (m, 2H), 1.88 (d, 2H), 1.27
(t, 3H), 1.25 (1, 3H). '

Example 67 ' )
5_-[4'-(Acetylhydrazinocarbonyl)-Z'-methylbiphenyi—4-carbonyl]-l '-methyl-2,3,6,7-
tetrah ydrospiro[furo[Z,B-f]indole-3,4'-piperidine]

The title compound was prepared from 5—(4'-hydmzinoca1bbnyl-2'-mcthylbiphcnyl-4—
carbonyl)-l'-mcthy1-2,3,6,7-tcu'ahydrospiro[furo(2,3-ﬂindolc-3,4'-pipcﬁdjnc] (E25) using
a similar procedure to Example 62 as a colourless oil (27%). HCl salt mp 235-238°C.

"'HNMR (250 MHz, CDCL) 8 (ppm): 9.5 (br's), 8.13 (br s, 1H), 7.77 (s, 1H), 7.70 (d, 1H),

7.60 (d, 2H), 7.34 (d, 2H), 7.23 (d, 1H), 6.66 (s, 1H), 4.40 (br s, 2H), 4.08 (br m, 2H),
3.06 (1, 2H), 3.0-2.8 (br, 2H), 2.35 (s, 3H), 2.28 (s, 3H), 2.12 (s, 3H), 2.2-1.5 (m, 6H).

| Example 68

5-(4'-(5-methylfuran~2-yl)—2'-methylbiphenyl—4-mrb0nyl)-1’-methyl-2,3,6,7-
tetrahydrospiro[furo(2,3-flindole-3,4'-piperidine]

2'-Mcr.hyl-4'-(Sfmcr.hylﬁxmn-}yl)biphcnyl-4~carboxylic acid (D119) (160 mg, 0.55 mmol)

.and l'—mcr.hyl—Z,B,6,7-tctrahydmSpiro[furo[2,3-fjindolc—3,4'-pipcridinc] (D8, 134 mg, 0.55

mmol) were converted to the ttle compound using the method outlined in Example 29, as
an off-white foam (176 mg, 62%).

'HNMR (200 MHz, CDCL) & (ppm): 8.12 (br s, 1H), 7.65-7.45 (m, 4H), 7.4 (d, 2H),
1.29-7.19 (m, 1H), 6.65 (s, 1H), 6.58 (d, 1H), 6.08 (d, 1H), 4.39 (br s, 2H), 4.21-4.0 (m, '
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Pharmacoliogical Data
5-HT 1D ALPHA AND 5-HT 1D BETA BINDING.

CHO cells expressing 5-HT 1D alpha receptors (0.563 x 10'cells / ml) are homogenised in
Tris buffer and stored in 1ml aliquots. CHO cells expressing

5-HT 1D beta receptors (4 x 10°cells / ml) are homogenised in Tris buffer and stored in 1.5
ml aliquots. ’

0.4ml of a cell suspension was incubated with ["H]-5-HT (4nM) in Tris Mg HCI buffer
(pH 7.7) and test drug, at 37°C for 45 minutes. Each test drug was tested at 10
concenmations (0.01mM to 0.3nM final concentration), with non-specific binding defined
using 0.01mM 5-HT. The total assay volume was 0.5ml. Incubation was stopped by rapid
filradon using a Packard Filtermate (filters pre-soaked in 0.3% polyethylenimine) and
radioactvity measured by Topcount scintillation countng.

The pKi values were calculated from the IC, generated by an iteradve least sguares curve

fitdng programme.

Examples 1, 4, 5, 6, 8, 18, 23, 26, 40, 45, 51, 54, 55, 57 and 66 had pKi values > 8.0 at 5-
HT 1D bera receprors.

-85 -

AP/P/97/01006



el

10

15

20

30

35

AP . 00757

CLAIMS:
1. A compound of formula (I) or a salt or N-oxide thereof:
. (
(CR R%)
in which

R! is hydrogen, halogen, Cj_galkyl, C3.gcycloalkyl, COCy_galkyl, C1.galkoxy, hydroxy,
hydroxyCj.galkyl, hydroxyCj_galkoxy, C;_galkoxyCj_galkoxy, acyl, nitro,
mrifluoromethyl, cyano, SR?, SORY, SO5R9, SO,NR10R11, CO,R1C, NR10SO5R1],
CONRIOR11, CONRIOR 1, CONR10(CH2),COzR 1, (CHp)pNR1OR 1, "
(CH2)pCONRIOR1, (CHp)pNR10COR 1L, (CHp)pCO2Cy-galkyl, CO2(CHp)p0R10,
CONHNRIOR“ NRIOR11, NR10C0'>R“ NRIOCO(CHz) NRIOR11,
NR10CONR10R1!, CR10=NOR!!, CNR10=NOR!!, where R9 R10and R1! are
independently hydrogen or Cl-Galkyl andpislto4;or Rlisan optonally subsdruted 5
to 7-membered heterocyclic ring containing 1 to 4 heteroatoms selected from oxygen,
nitrogen or sulphur; '

R2and R3 are independently hydrogen, halogen, Cj_galkyl, C3_gcycloalkyl,
Cs._geycloalkenyl, Cy_galkoxy, hydroxyCj.galkyl, Cj.galkylOCj_galkyl, acyl, aryl, .
acyloxy, hydroxy, nimo, mifluoromethyl, cyano, COzRIO, CONR10R! 1, NR1OR1! where
R10 and R1! are independently hydrogen or C1-6alkyl;

R4 is hydrogen or Cy_galkyl; -

RS and R6 are independently hydrogen or Cy.galkyl,

Als (CR13R14) where q is 2, 3 or 4 and R13 and R14 are independently hydrogcn or
Cj-galkyl or A is (CR13R14)rD whereris 0, 1, 2 or 3 and D is oxygen, sulphur or
Cr13=Ccr14.

B is oxygen, CRI5R16 or NR17 where R15, R16 and R17 are mdcpcndcndy hydmgcn or

Cj-galkyl or B is S(0), where bis 0, 1 or 2;
mis 1,2 or 3; and

. nisl,2or3.

2. A compound according to claim 1 in which R is COC_galkyl,
CR10=NOR11, (CHp),NR10COR1], CO;R10, NR10SO-R 11, SO,NR1OR1Y,
CONR10R11, CONHNRIDRU NR10CO,R!1, NR10CONR10R 1!, CONHNR1OR!! or
SOzR9 or R! is opronally substituted oxadiazole.
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3. A compound according to claim 1 or 2 in which R2 1s Cy_galkyl.
4. A compound according 1o any one of claims 1 to 3 in which m is 2.

5. A compound according to any one of claims 1 to 4 in which R4 is hydrogen,

methy!l or ethyl.
6. A compound according to any one of claims 1 to 5 in which n is 1.

7 A compound'according to claim 1 which is:
I'-Methyl-5-(2'-methyl4'-(5-methyl-1,2,4-oxadiazol- 3—y1)bxphcny1~4—carbonvl) 2,3,6,7-
terahydrospiro[furo[2,3-f]indole-3,4'-piperidine],
2,3,5,6,7,8-Hexahydro-1'-methyl-5-(2' -rncthyl-4'-(5—mcthyl-1,2,4-0xadiazol-3-
yl)biphcnyl-4—carbony1)spiro[furo[2,3-g]quinolinc-3,4’-pipcridinc],
5-(2'-Mcthyl-4'-(5-rn:r.hyl-1,2,4-oxadiazol-3-yl)biphcnyl_—4—-carbonyl)-2,3,6,7-
tetrahydrospiro[furo[2,3-f]indole-3 ,4'-piperidine],
1-Ethyl-5-(2'-methyl-4'-(5-methyl-1,2, 4-oxadiazol-3- yl)bxpncnyl-4-carb0nyl) 2,3,6,7-
temrahydrospiro{furo(2,3-f]indole-3,4"-piperidine],
1'-Methyl-5- (2'-mcthy1-4' (5-methyl-1,3,4-0xadiazol-2- -yDbiphenyl-4-carbonyl)-2,3,6,7-
tcmhydmspxro[fm'ofz 3-fJindole-3,4'-piperidine],

5-(4'-(5- Dlmcthylammo-1,..,4-oxad1azol-3-y1)-2’-mcthylbiphcnyl-4-carbony1)—1'-mcr.hy1-
2.3,6.7-tctrahydrospim[furo[2,3—f]indolc-3,4'-pipcr1dinc],

I'-Methyl-5-[4'-(5-methyl-1 .2,4-oxadiazol-3-yl)biphenyl-4-carbonyl}-2,3,6,7-
tetrahydrospiro[furo[2,3-fJindole-3,4"-piperidine],
2,3-Dihydro-1"-methyl-5-(2'-methyl-4'- (5-methyl-1,2 4—oxad_1azol 3-yDbiphenyl-4-
carbonyl)spiro[furo[2,3-f]indole-3,4' -piperidine],

5-[4'-Cyano-2'- mcthylb1phcnyl-4—carbonyl] I'-methyl-2,3,6,7-temrahydrospiro[furo[2, 3-
flindole-3,4'-piperidine],

S5-(4'-Aceryl-2' -methylbiphenyl-4-carbonyl)-1'-methyl-2,3,6,7- -tetrahydrospiro[furo[2,3-
flindole-3,4'-piperidine],

5-(4'-(1- (Mcthoxyarmno)cthyl) 2-mcthy1b1phcnyl-4~carbonyl) I'-methyl-2 3 6,7-
terahydrospiro[furo[2,3-f]indole-3,4" -piperidine],

5-(4'-Aceramidomethyl-2" -methylbiphenyl-4-carbonyl)-1'-methyl-2,3,6,7-
tczmhydmspim[fmo[2,3-f'jindolc-3,4'—pipcridjnc],

3.5,6,7,8,9-Hexahydro-1 ~methyl-5-(2'-methyl-4'-(5-methyl-1,2,4-oxadiazol-3-
yl)biphcnyl%—carbonyl)spiro[ZvH -furo[2,3-h]benzazepine-3,4'-piperidine],

I'-Methyl-5- (2'—mcthyl-4'-(3-mcthyl 1,2,4-oxadiazol- 5-yI)b1phcny1—4—carbonyl) 2,3,6,7-
tctrahydmsplm[furo[Z 3-flindole-3,4'-piperidine],
I'-Methyl-5-(2"-methyl-4'-(1,3,4-oxadiazol- -2-yl)biphenyl-4-carbonyl)-2,3,6,7-
Lctrahydmspxm[fum[Z 3-flindole-3.4'-piperidine,

5-[4'-(5-Ethyl- 1,3,4-oxadiazol-2-yl)-2" -methylbiphenyl-4-carbonyl}-1'-methyl-2,3,6,7-
tctrahydmspim[fum[Z,3-f]indolc-3,4'—pipcﬁdinc],
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1 '-Mcthyl-5—[2'-mcthyl—4'-(1-mct_hylimidaZOI-S-yl)biphcny1-4—carbony1]-2.3.6.7-
mmahydmspiro[fm(2.3-f]'1ndolc:v3,4'-pipcridinc],

5-[4'-(5-Hydroxymethyl-1 .2.4-oxadiazol-3-yl)-2'-methylbiphenyl-4-carbonyl]}-1 "-methyl-

2.3,6,7—tcxrahydrospiro[furo[2,3-ﬂindolc-3,4'-pipcridinc],
1'-Methyl-5-(2"-methyl-4'-(5-methyl- 1,2,4-oxadiazol-3-yl)biphenyl-4-carbonyl)-1'-oxo-
2.3.6,7-temahydrospiro[furo[2,3-fJindole-3,4"-piperidine],
1'-Mcthyl-S-[2'—mcthyl—4’—(1,2,4—m'azin-3-yl)biphcnyl-4—carbony1]-2,3,6,7-
tcu-ahydmspim[furo[2,3-ﬂindolc-3,4'-pipcridinc],
2.3.6,7,8,9-Hexahydro-1'-methyl- -6-(2'-methyl-4'-(5-methyl -1,3,4-oxadiazol-2-
yl)b1phcnyl—4—carbony1)spxro[tiH -pyrano(2,3-giquinoline-4,4' piperidine},

1'-Ethyl-5-(2'-methyl-4*-(5-methyl-1.3, 4-oxadiazol-2-yl)biphenyl-4-carbonyl)- 1-oxo-
2.3.6,7-terahydrospiro furo(2,3- flindole-3,4"-piperidine],
1'-Ethyl-5-[4'-(5-methyl-1,3,4-oxadiazol-2- yl)b1phcny1—4-carbonyl} -2,3,6,7-
tetrahydrospiro{furo{2,3-fJindole-3,4' -piperidine],

1-Ethyl-5-(4'-hydrazinocarbonyl-2' -methylbiphenyl-4-carbonyl)-2,3,6,7-
terrahydrospiro{furo(2,3- flindole-3,4'-piperidine],

5-[4"-(Acetylhydrazinocarbonyl)-2'- methylbiphenyl-4-carbonyl]-1'-ethyl-2.3, 6,7-
tcn'ahydmsplro[fum[Z,B-ﬂmdolc -3,4'-piperidine],
5-[4'-(5-Mecthoxymethyl-1,2,4-oxadiazol-3- -yl)- -2'-methylbiphenyl-4-carbonyl]-1'-methyl-
2.3,6;7-tetrahydrospiro{furo{2,3- flindole-3,4'-piperidine],
5-[4'-(4,5- thydrooxazol -2-yl)-2'-methylbiphenyl-4-carbonyl}- 1 mcthyl -2,3,6,7-
t:rrahydmspm[fum[lﬁ -flindole-3,4'-piperidine],
5-[4'-(2-(N,N—Dimcthylamino)accr.amido)—2’-mcthylbiphcnyl-4—carbony1]-1'—rncthy1-

2.,3,6,7-terahydrospiro [furo[2,3-f]Jindole-3,4"-piperidine]

5-{4'—(Emoxycar’oonylarrﬁno)—2'-mcthy1biphcny1—4-carbonyl]-1'-cthy1—2,3,6,7-
terahydrospiro[furo{2,3-f]indole-3, 4'-piperidine],
5-[4'-(Acetylhydrazinocarbonyl)-2' -methylbiphenyl-4-carbonyl]-1 —mcthyl -2,3,6,7-
terahydrospiro{furo[2,3-f]indole-3 ,4'-piperidine},

5-(4' -(5-methylfuran-2-yl)-2' mcthylbxphcnyl-dr-carbonyl)-l‘-mcthyl-2.3,6,7—
terrahydrospiro[furo[2,3-flindole-3,4'-piperidine],

or pharmaceutically acceptable salts or N-oxides thercof.

8. A process for the preparation of a compound of formula (T) which
comprises: '
(a) reacdon of a compound of formula (II):

2

. 1 R 3
—— R : R
COL
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AP.0075;

In

in which R, RZ and R3 are as defined in formula (1) and L is a leaving group.
with a compound of formula (IH):

H NR*

: /
N —(CH,),
A > (CR°R%),

(I

wherein R4, R5, R6 A, B, m and n are as defined in formula (I) and opuonally thereafter

in any order: -

: &,  convcmng a.compound of formula (I) i into another compound of formula (I)

fonmng a pharmaccuucallv acccptablc salt or N-oxide.

-9.':’_ A compound ar:f*ordmw [O any. onc of clalms 1- to 7 for use in thclapy

IO A pharmaccumca.l composmon whzcn compnscs a compound according 10

any one of clzums 1to7in assaczamon with a pnarmaccuucally acceptable camc; or

' ‘cxcmzcm a

-91 -

i
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