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TETRACYCLIC SPIRO COMPOUNDS, PROCESS FOR THEIR PREPARATION AND
THEIR USE AS SHT1D RECEPTOR ANTAGONISTS '

The present invention relates 1o novel piperidine derivatives, processes for their
preparation, and pharmaceutical compositions containing them.
EPA 0 533 266/7/8 disclose a series of benzanilide derivatives which are said to

possess SHT | receptor antagonist activity. ‘These compounds are said to be of use in the
treatment of various CNS disorders. '

A structurally distinct class of compoundS have now been discovered and _havé
been found to exhibit SHT 1) antagonist activity. In a first aspect, the present invention
therefore provides a compound of formula (I) or a sait or N-oxide thereof:

/
(_CHz)m
B,(CR"‘R‘),,

in which

R1 is hydrogen, halogen, Cy-galkyl, C3.gcycloalkyl, COCy. 6alkyl, C. 6alkoxy, hydroxy,
hydroxyC1.galkyl, hydroxyCj.galkoxy, C}.galkoxyC;.galkoxy, acyl, nitro,
trifluoromethyl, cyano, SR?, SORY, SOsR9, SO,NRI0R11, CO5R10, NR10sO5R!1,
CONRI0R11, CO,NR10R11, CONRIO(CH2),CO5R!1, (CHp)pNRIOR1,
(CH2),CONR1O0R11, (CHR)pNR10COR11, (CH3),CO2C; galkyl, CO2(CH2)pOR10,
CONHNRIORH NRIOR11 NR10c02R11 NRIOCO(CHZ) NRIOR11, |
NRIOCONR10R!1, CR10=NOR!1, CNR10=NOR!!, where R9 R10and R11 are
independently hydrogen or Cj_galkyl and p is 1 to 4; or Rlj is an optionally substituted 5
to 7-membered heterocyclic ring containing 1 to 4 heteroatoms selected from oxygen,
nitrogen or sulphur; '

R2 and R3 are independently hydrogen, halogen, Ci-ealkyl, C3.¢gcycloalkyl,
C3.gcycloalkenyl, C)_galkoxy, hydmxyCl -6alkyl, Ci.galkylOC}_galkyl, acyl, aryl,
acyloxy, hydroxy, nitro, triflucromethyl, cyano, CO')Rm CONR1OR11 NR1IOR!] where
R10 and R11 are independently hydrogen or Cj_galkyl;

R4 is hydrogen or Ci-6alkyl; '

- R and RS are independently hydrogen or Cl galkyl; -
“Alis (CR13R14) where qis 2, 3 or 4 and R13 and R14 are mdepcndemly hydrogen or

Ci.galkyl or A is (CR13R14),-D where ris0,1,2or3andDis oxygen, sulphur or
CrR13=Cr14.

B is oxygen, CR15R16 or NR17 where R15, R16 and R17 are independently hydrogen or
Ci-6alkyl or B is S(O), where bis 0, 1 or 2;
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mis 1,2 o0r3; and
nisl,2or3.

C;.¢alkyl groups, whether alone or as part of another group, may be straight chain
or branched.

Suitably R1 is hydrogen, halogen, C1-6alkyl, C3. eycloalkyl COC;. 6alkyl
Cj.galkoxy, hydroxy, hydroxyCl -6alkyl, hydroxyCl 6a1koxy, Cl 6alkoxyC1 .galkoxy,
acyl, nitro, riflucromethyl, cyano, SR, SOR9, SO;R%, SO;NR10R11, CO5R10,
NR10sO,R11, CONRIOR1], C02NR10R11 CONRI0(CH3),COoR1L,
(CH)pNRIOR11, (CHp)p CONRIOR11, (cnz)pNRIOCORll (CHz)p002C1-631kyl
CO2(CH2)pOR10, CONHNRIORH NRIOR11 NRIOCO,RIT,

NRIOCO(CH2) NR1OR11, NR1IOCONRIOR1!, CR1I0=NOR11, CNR10=NOR!1, where
R%,R10and R11 are independently hydrogen or Cj.galkyl and p is 1 to 4. Preferred
groups include cyano, COCj_galkyl, CR10=NOR11, (CHp), NR10COR1!, CO4RIO,
NR10sO,R11, SO,NR10R11, CONRIOR!L, CONHNRIORII NR10CO,R1],
NR10CONR10R!!, CONHNR10R!] or 802R9. Preferably alkyl groups, including R10
and R11, are methyl and ethyl.

When R1 is a 5 to 7-membered heterocyclic ring containing 1 to 3 héteroatoms
selected from oxygen, nitrogen or sulphur suitable heterocyclic rings include thienyl,
furyl, pyrrolyl, wiazolyl, dxazolyl imidazolyl, oxazolyl, thrazolyl oxadiazolyl,
1sothxazolyl 1soxazolyl thladxazolyl pyndyl pyrimidyl and pyrannyl The heterocyclic
rings can be linked to the remamder of the molecule via a carbon atomn or, when present, a
nitrogen atom. Suitable substituents for these rings mclude R2 and R3 groups as defined
above. Preferably Rl is opnonally substituted triazolyl, thxazolyl, isoxazolyl, pyrazmyl or
oxadiazolyl. Most preferably Rl is opuonally substituted oxadxazolyl Preferred
substituents for such oxadlazolyl groups mclude C1_6alkyl such as methyl or ethyl and

" NRIOR!1 as defined above, preferably where R10 and Rl are Cy.galkyl. Most

preferably Rlisa S-methyl- 1,2,4-oxadiazol-3-yl group or a S-methyl-l 3,4-oxadiazol-2-yl
group. -

Suitably R2 and R3 are mdependently hydrogen, halogen, Ci-galkyl,
C3-gcycloalkyl, C3.gcycloalkenyl, Cy.galkoxy, hydroxyCy_galkyl, Cj.6alkylOC;galkyl,
acyl, aryl, acyloxy, hydroxy, nitro, tnﬂuoromethyl cyano, C02R1° CONRIOR11,
NR10R11 where R10 and R!! are independently hydrogen or Cy.galkyl. Preferably R2is
hydrogen or Cj_galkyl, in particular methyl. Preferably R3is hydrogen

Suuably R4is hydrogen or C1_6a1kyl Preferably R4 is hydrogen, methyl or ethyl,
most preferably R4i is methyl. Preferably mis2 formmg a spno-pxpendme ring,

Suitably RS and RS are independently hydrogen or Cj_galkyl. Preferably RS and
RS are both hydrogen.
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Suitably A is (CRI3R14)q where qis2, 3 or 4 and R13 and R14 are
independently hydrogen or Cj.galkyl or A is (CRI13R14),..D where ris 0, 1,2 or 3and D
is oxygen, sulphur or CR13=CR14. Preferably A is (CH»); or (CHy)s.

Suitably B is oxygen, CRI5R16 or NR17 where R15, R16 and R17 are
independently hydrogen or C;_galkyl or B is S(O), where bis 0, 1 or 2. Preferably B is
oxygen or sulphur, most preferably B is oxygen. |

Suitably n is 1, 2 or 3, preferably n isl.

Particularly preferred compounds of the invention include:
1'-Methyl-5-(2'-methyl-4'-(5-methyl-1,2,4-o0xadiazol-3-yl)biphenyl-4-carbonyl)-2,3,6,7-
tetrahydrospiro{furo[2,3-flindole-3,4'-piperidine],
2.,3,5,6,7,8-Hexahydro-1'-methyl-5-(2'-methyl-4'-(5-methyl-1,2,4-0xadiazol-3-
yl)biphenyl-4-carbonyl)spirofuro[2,3-glquinoline-3,4-piperidine],
5-(2'-Methyl-4'-(5-methyl-1,2,4-oxadiazol-3-yl)biphenyl-4-carbonyl)-2,3,6,7-
tetrahydrospiro{furof2,3-f]indole-3,4"-piperidine], '
1'-Ethyl-5-(2'-methyl-4'-(5-methyl-1,2,4-oxadiazol-3-yl)biphenyl-4-carbonyl)-2,3,6,7-
tetrahydrospiro[furo[2,3-flindole-3,4"-piperidine],
1'-Methyl-5-(2'-methyl-4'-(5-methyl-1,3, 4-oxadxazol-2-yl)bxphcny]-4-carbonyl) 2,3,6,7-
terrahydrospiro[furo[2,3-flindole-3,4"-piperidine],
5-(4'-(5-Dimethylamino- 1,2,4-oxadiazol-3-yl)-2'-methylbiphenyl-4-carbonyl)-1'-methyl-
2,3,6,7-tetrahydrospiroffuro[2,3-flindole-3,4'-piperidine], |
1'-Methyl-5-[4'-(5-methyl-1,2 4-oxadiazol-3-yl)biphenyl-4-carbonyl]-2,3,6,7-
tetrahydrospiro|furo[2,3-flindole-3,4'-piperidine],
2,3-Dihydro-1'-methyl-5-(2'-methyl-4'-(5-methyl-1,2 4-oxad1azol-3-yl)blphenyl-4-
carbonyl)spiroffurof2,3-f}indoie- 3,4-piperidine],
5-[4'-Cyano-2'-methylbiphenyi-4-carbonyl]-1'-methyl-2,3,6,7- teu'ahydrospxro[furo[z 3-
flindole-3,4'-piperidine],
5-(4'-Acetyl-2'-methylbiphenyl-4-carbonyl)- 1'-methyl-2,3,6,7- tcn'ahydrospxro[furolz 3-
flindole-3,4'-piperidine],

5- (4'-(1-(Methoxyannno)ethyl)-2'-mcthylblphenyl-4-carbonyl)-1'-methy1-2 3,6,7-

tetrahydrospiroffuro[2,3-flindole-3,4'-piperidine],

5-(4' -Acetanndomethyl-Z'-methylbxphenyl-4-carbonyl)-1‘-methyl -2,3,6, 7

ten'ahydmspxro[fmo{Z 3-flindole-3,4'-piperidine],

3,5,6,7,8,9-Hexahydro- 1 '-methyl-5-(2'- m'ethyl-4'-(5-methyl-l,2,4-oxad1ml-3-

yl)biphenyl-4-carbonyl)spiro[2H-furo[2,3-h]benzazepine-3,4'-piperidine],
1'-Methyl-5-(2"-methyl-4'-(3-methyl-1,2 4-oxadxazol-5-yl)b1phenyl-4-carbonyl)-2 3,6,7-

tetrahydrospiro[furo{2,3-flindole-3,4"-piperidine],

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

tetrahydrospiroffurof2,3-flindole-3.4"-piperidine,

-3-
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5-{4'-(5-Ethyl-1,3 4-oxadxazol-2-yl) 2'-methylb1phenyl-4-carbonyl] 1'-methyl-2,3 6, 7-
tetrahydrospiro{furo{2,3-f]indole-3,4-piperidine],
5-[2'-Methyl-4'-(S-methyl-1,3,4-oxadiazol-2-yl)biphenyi-4-carbonyl}- 2 3,6,7-
tetrahydrospiro(furo(2,3-flindole-3,4'-piperidine],
2,3-Dihydro-1'-methyi-5-(2'-methyl-4'-(5-methyl-1,3 4-oxadxazol 2-yl)bxphenyl-4-
carbonyl)spiro[furo[2,3-f]indole-3,4"-piperidine], S . -
5-(2,2'-Dimethyl-4'-(5-methyl-1,3 4~oxadlazol-2-yl)bzphenyl—4-carbonyl)- -methyl-
2,3,6,7-tetrahydrospiro| 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-fJindole-3,4'-piperidine], _
1'-Methyl-5- (2'-methy1-4'-(4—mcmylm1azol-2-yl)b1phenyl-4-carbonyl) 2,3,6,7-
terahydrospirof furo{2,3-fjindole-3,4'"-piperidine},
5-(4' -Methoxycarbonyl—2‘-methylh1phcnyl-4-carbonyl)-1'-methy1-2 3,6,7-
tetrahydrospiro{furo[2,3-flindole-3, 4"-piperidine], - _
5- (5'-Methoxycarbonyl-Z'—methylblphcnyl-4-carbonyl)-I methyl-z 3,6, 7-
terrahydrospiro[furo{2,3-flindole-3,4'-piperidine], _ -
5-{4‘=(Methanesulphonannno)—Z'-methylbxphenyl-4-carbonyl]- '-methyl-z 3,6,7-
tetrahydrospirof furo[2,3-flindole-3 ,4'-piperidine], - '
5-(4'-Hydrazinocarbonyl-2'-methyibiphenyl-4-carbonyl)-1'-methyl-2,3,6,7-
tetrahydrospiro[furo[2,3-flindole-3,4"-piperidine], _ -
1'-Ethyl-5-(2'-methyl-4'-(5-methyl-1,3 4~oxadlaml-2-yl)b:phenyM—carbonyl)-Z 3,6.7-
teu'ahydrospxro[furoiz 3-flindole-3,4'-piperidine],
1'-Methyl- 5-(2'-methyl-5'-(5-methyl-l 3 4-oxad1azol-2-yl)blphenyl-4-carbonyl)-2 3,6,7-
tetrahydrosplro[furo[z 3-flindole-3,4'-piperidine],
5-(4'-Carboxamido-2'- methylbxphcnyl-4-carbonyl)-1'-methyl-2,3 6,7-
tetrahydrospirof furo{2,3- flindole-3,4'-piperidine],
5-(4'-Acetamido-2" -methylbxphcnyl-4-carbonyl)-l'-methyl-z 3 6 7-
tetrahydrospiro{furo[2,3-f}indole-3,4'-piperidine], :
2.3,5,6,7,8-Hexahydro-1'-methyl-5-(2'-methyl-4'-(5-methyl-1,3 4-oxadlazol-2-
yhbiphenyl-4-carbonyl)spiro{furo(2,3-g]quinoline-3,4'-piperidine],
2,3,5,6,7 8-Hexahydro-5-(4‘-mcthanesulphonamino-Z‘-me_t_hylbiphényl-4—carbonyl)—l'.-
mcthylspxro[furo[Z 3-glquinoline-3,4'-piperidine}, _ :
1'-Methyl- 5-[2'-methyl—4'-(5-methyl—l,2,4-oxadxazol-3-yl)bxphenyl-4-carbonyl] -2,3, 6 7-
tetrahydrospxro[ﬂuopheno[Z 3-flindole-3,4'-piperidine],
1,2,3,5,6 7-Hexahydm—1'-methyl- -(2- methyl-4'-(5-methyl-l 3 4-oxad1azol-2-
yl)biphenyl-4-carbonyl)spiro[indeno(5, 6-b]pyrrole-7 4'-piperidine},
5-{4" -(N—metha_ncsulphonyl-N-mct_hylammo)—2_'—methylb1ph_enylf4-_carbonyl]-l '- methyl-
2,3,6,7-tcu'ahydrospim[furo[2,3—ﬂindolc-3,4'-piperidine],._. .
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5- [4'-(D1mcthylammosulphonyl)blphcnyl-4-carbonyl] 1'-mcthyl 2,3,6,7-
tetrahydrospiroffuro[2,3-flindole-3,4-piperidine],

5-{4- (Methanesulphonyl)b:phcnvl-4-carbonyl] -1'-methyl-2,3,6 7-teuahydrospxro[furo[2 3-
flindole-3,4'-piperidine],

5-[4'-(N, N-Dxmcthylcarbatzioylamino)-2'-methylbiphcnyl-4-carbonyl]- 1'-methyl-2,3,6,7-
tetrahydrospiroffuro{2,3-flindole-3,4"-piperidine], -
5-[{4'-(Ethoxycarbonylamino)-2'-methylbiphenyl-4-carbonyl]- l ‘-methyl-2,3,6,7-
tecrahydrospiro(furo{2,3-flindole-3,4'-piperidine],

5-[4'-(4, S-Dimethyl-1,2,4-triazol-3-yl)-2‘-methylbiphenyl-4-carbonyl]-l'-methyl¥2,3,6,7-
tetrahydrospiro{furo[2,3-f]indole-3,4'-piperidine],
1'-Methyl-6-[2"-methyl-4’-(5-methyl-1,3 4—oxad1azol-2-yl)bxphenyl-4~carbonyl] 2,3,7,8-
tetrahydrospiro[4H-pyrano{2,3-fjindole-4.4'-piperidine],
I'-Methyl-5-(2'-methyl-4'-(5-methyl-1,3,4-thiadiazol-2-yl) biphenyl-4-carbonyl)-2,3,6,7-
tetrahydrospiro[furo[2,3-flindole- 3,4"-piperidine], .

5-(2'-Methyl-4'-(5-methyl-1,3 4-oxad1azol-2-yl)b1phcnyl-4-carbonyl)— '-n-propyl -2,3,6, 7-

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

1'-Methyl-5-(2'-methyl-4'-(5-methyloxazol- 2-yl)b1phenyl-4—carbonyl)—2,3,6,7-
tetrahydrospiro(furo[2,3-f]indole-3,4"-piperidine],
1'-Methyl-5-(2'-methyl-4'-(3-methylisoxazol-5-yl)biphenyl-4-carbonyl)-2,3,6,7-
tetrahydrospiro{furo{2,3-f]indole-3,4'-piperidine], |
'-Methyl-S-(2'-'methyl-4'-(5~mcthyli$oxazol-3-yl)biphenyl-4-carbonyl)-2,3.6,7-
tetrahydrospiro{furo[2,3-flindole-3,4'-piperidine],
2,3,5,6,7,8-Hexahydro-1'-methyl-5-(4'-(5-dimethylamino-1,2,4-oxadiazol-3-yl)-2'-
methylbiphenyl-4-carbonyl)spiro[furo[2,3-g]quinoline-3,4'-piperidine},
2.3,5,6,7,8-Hexahydro-1'-methy}-5-(4'-(5-ethyl-1,3,4-oxadiazol-2-yl)-2'-methylbiphenyl-
4-carbonyl)spiro[furo{2,3-g]quinoline-3,4'-piperidine],
2,3,5,6,7,8-Hexahydro- 1'-methyl-5-(4'-methoxycarbonyl-2'-methylbiphenyl-4-
carbonyl)spiro {furo[2,3-g]lquinoline-3,4'-piperidine],
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], '
2,3,5,6,7,8-Hexahydro-1'-methyl-5-(2'-methyl-4'-(1,3 4-oxadxazol-2-yl)b1phenyl-4-
carbonyl)spiroffuro{2,3-g]quinoline-3,4'-piperidine},
I'-Methyl-5-(2'-methyl-4'-pyrazinylbiphenyl-4-carbonyl)-2,3,6,7-tetrahydrospiroffuro[2,3-

- flindole-3,4'-piperidine],

1'-Methyl-5-[2'-methyl-4'-(5-méthyl-1,2, 4-oxad1azolyl-3-yl)b1phenyl-4—carbonyl] 1-oxo0-
2,3,6,7-terrahydrospiro[ thiopheno{2,3-flindole-3,4'-piperidine], _
1'-Ethyl-5-[2'-methyl-4'-(5-methyl-1,3,4-oxadiazol-2-yl)biphenyl-4-carbonyl}-2,3,6,7-

_ tgmhydmspiro[furo[Z,B-ﬂindoleG,4'-piperidine],

-5-
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1'-Methyi-5-[2"-methyl-4'- (l-methylmudaml-z-yl)blphenyl-&carbonyl] 2,3,6,7-
tetrahydrospiroffuro[2,3-flindole-3,4"-piperidine],
1'-Methyl-5-[2-methyl-4'-(1-methylimidazol- 5-yl)bxphcnyl-4-carbonyl] -2,3,6,7-
tetrahydrospiro[furo[2,3-flindole-3,4'-piperidine], '
5-{4'-(5-Hydroxymethyl-1,2,4-oxadiazol-3-yl)- 2’-methylb1phenyl-4-carbonyl] 1 -methyl-
2,3,6,7- tctrahydrosplro[furo[z 3- f}mdole 3,4"-piperidine],
1'-Methyi-5-(2'-methyl-4'- (S-methyl-1,2,4-oxadxazol-3-yl)b1phenyl-4-carbonyl)- "-ox0-
2,3,6,7-tetrahydrospiro{furo[2,3-f]indole-3,4'-piperidine], _
1'-Methyl-5-[2"-methyl-4'-(1,2,4-triazin- 3-yl)b1phenyl-4-carbonyl] 2,3,6,7-
tetrahydrospiro{furo[2,3-flindole-3,4'-piperidine], _
2,3,6,7,8 9-Hexahydro—1'-mexhyl-6-(2'-methyl-4'—(S-mcthyl -1,3 4-oxad1azol-2-
yl)biphenyl-4-carbonyl)spirof{4H-pyrano(2, 3-g]qu1nolme¢4,4' pxpe_ndme],
1'-Ethyl-5-(2'-methyl-4'-(5-methyl- 1,3,4-oxadiazol-2-yl)biphenyl-4-carbonyl)-1'-oxo-
2,3,6,7-tetrahydrospiro[furo{2,3-f}indole-3,4'-piperidine],

1'-Ethyl-5-[4'-(5-methyl-1,3 4-oxadlazol-Z-yl)bxphenyl-4-carbonyl] 2, 3 0,7-
tetrahydrospiro{furo[2,3-flindole-3,4'-piperidine],

1I'-Ethyl-5- (4'-hydrazmocarbonyl-2’-methylb1phenyl-4~carbonyl)-2 3,6.7-
tetrahydrospiroffuro(2,3-f]indole-3, 4'-p1pendme],
5-[4"-(Acetylhydrazinocarbonyl)-2' -methylb1phenyl-4-carbonyl}-l'-ethyl-2 3.6,7-
tetrahydrospiro[furo[2,3-flindole-3 4'-p1pendme], : _
5-[4'-(5-Methoxymethyl-1,2,4-oxadiazol- 3-yl)-2'-methylb1phenyl—4—carbonyl] 1- -methyl-
2,3,6,7-tetrahydrospiro{furo{2,3-f]indole-3,4'"-piperidine], _ _
5-[4'-(4,5-Dihydrooxazol-2-yl)-2'-methylbiphenyl-4-carbonyl}- 1'-methyl-2,3,6,7-
tetrahydrospiro{furo[2,3-f]indole-3,4'-piperidine],
5-[4'-(2-(N,N-Dlmedlylammo)acemmdo)-Z'-methylblphcnyl-4-carbonyl] -1'-methyl-
2,3,6 7-ten'ahydrospxro[furo[2 3-flindole-3,4-piperidine]
5-[4'-(Ethoxycarbonylamino)-2 -mcthylblphenyl-4-carbonyl] -1 -ethyl-2 3,6,7-
tetrahydrospiro[furo[2,3-flindole- 3,4 -piperidine], _ :
5-{4- (Acetylhydrazmocarbonyl)-z'-methylbtphenyl-ti-carbonyl]-1'—methyl-2 3,6,7-
tetrahydrospiro{furo(2,3-f]indole-3,4'-piperidine], ,
5-(4" -(5-methylfuran—2-yl)-2'-methylb1pheny1-4-carbonyl)-1'-methyl-Z 3,6,7-
tetrahydrospiro[furo{2,3-flindole-3 4'-p1pendme],_ _
or pharmaceutically acceptablie salts thereof.

Preferred salts of the compounds of formula (I) are pharmaceuucally acceptable
salts. These include acid addition saits such as hydrochlorides, hydrobromides,
phosphates, acetates, fumarates, maleates, tartrates, citrates, oxalates, methanesulphonates
and p-toluenesulphonates. |
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Certain compounds of formula (I) are capable of existing in stereoisomeric forms.
It will be understood that the invention encompasses all geometric and optical isomers of
the compounds of formula (I) and the mixtures thereof including racemates. Tautomers
and mixtures thereof also form an aspect of the invention.

In a further aspect the present invention provides a process for the preparation of a
compound of formula (I) which comprises.

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

I

in which R1, R2 and R3 are as defined in formula (I) and L is a leaving group.

with a compound of formula (III): -

HO IN R
(N' (CH,),,
S
\A B/(CR R
am)

wherein R4, R, RO A, B, m and n are as defined in formula (I) and optionally thereafter
in any order: ' _
« converting a compound of formula (I) into another compound of formula (I)

« forming a pharmaceutically acceptable salt.

Suitable activated carboxylic acid derivatives of formula (II) include acyl halides
and acid anhydrides. Activated compounds of formula (IT) can also be prepared by
reaction of the corresponding carboxylic acid with a coupling reagent suchas
carbonyldiimidazole, dicyclohexyicarbodiimide or diphenylphosphorylazide Preferably
the group L is halo, particularly chloro.

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

Intermediate compounds of formulae (II) can be prepared using standard
procedures such as those outlined in EPA 533266/7/8. Certain intermediate compounds of
formuila (ITI) are novel and form a further aspect of the invention.
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Alternatively L is an ester forming group such that the resulting esters of formula
(II) can be reacted with compounds of formula (IT) in the presence of an organo- -
aluminium reagent such as rimethylaluminium. Such a reaction is typxcally carried out in
the presence 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 reactive substituents during some of the above procedures. Standard protection
and deprotection techniques can be used. - For example, primary amines can be protected
as phthalimide, benzyl, benzyioxycarbonyl or trityl derivatives. These groups can be
removed by conventional procedures well known in the art.

Carboxylic acid groups can be protected as esters. Aldehyde or ketone groups can
be protected as acetals, ketals, thioacetals or thioketals. Deprotection is achieved using
standard conditions.

5HT1p Antagomsts, and in particular the compounds of the present invention, are
expected to be of use in the treatment of CNS disorders such as mood disorders, including
depression, seasonal effective disorder and dysthymia; anxiety dlsordets, mcludmg
generalised anxiety, panic disorder, agoraphobia, social phobia, obsessive compulswe
disorder and post-traumatic stress disorder; memory disorders, including dementia,
amnestic disorders and age-a'sSocié:éd me_mory impainnent;' and disorders of eating
behaviours, including anorexia nervosa and bulimia nervosa. Other CNS disorders include
motor disorders such as Parkinson's disease, dementia in Parkinson’s disease, neuroleptic-
induced Parkinsonism and tardive dyskinesias, as well as other psychiatric disorders.

SHT{p Antagonists, and in particular compounds of the present invention, may
also be of use in the treatment of endocrine disorders such as hyperprolactinaemia, in the
treatment of vasospasm (particularly in the cerebral vasculature) and hypertension, as well
as disorders in the gastrointestinal tract where changes in motility and secretion are
involved. They may also be of use in the treatment of sexual dysfunction and
hypothermia. ' :

Therefore, the present invention provides a compound of general formula (I) or a
physiologically acceptabie salt or solvate thereof for use in therapy.

The present invention also provides a compound of general formula (I) or a
physiologicaily acceptable salt or solvate thereof for use in the treatment of the -
aforementioned disorders. '

In another aspect the invention’ prowdes thc useof a compound of general formula
(T) or a pharmaceutically acceptable salt or solvate thereof for the manufacture of
medicament for the reatment of the aforementioned disorders. _ _

In a further aspect the invention provides a method of treating the aforementioned
disorders which comprises administering an effective amount to a patient in need of such
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treatment of a compound of general formuia (I) or a pharmaceutically acceptable salt or
solvate thereof.

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

It will be appreciated by those skilled in the art that the‘compounds accdrding to

- the invention may advantageously be used in conjunction with one or more other

therapeutic agents, for instance, different antidepressant agents.

The present invention also provides a pharmaceutical composition, which
comprises a compound of formula (I) or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier.

A pharmaceutical composition of the invention, which may be prepared by

~“admixture, 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 tablets,
capsules, oral liquid preparations, powders, granules, lozenges, reconstitutable powders,
injectable or infusible solutions or suspensions or suppositories. Orally administrable
compositions are generally preferred.

Tablets and capsules for oral administration may be in unit dose form, and may
contain conventional excipients, such as binding agcnis, fillers, tabletting lubricants,
disintegrants and acceptable wetting agents. The tablets thay be coated according to
methods well known in normal pharmaceutical practice.

Oral liquid preparations may be in the form of, for example, aqueous or oily
suspension, solutions, 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 preparations
may contain conventional additives such as suspending agents, emulsifying agents,
non-aqueous vehicles (which may include edible oils), preservatives, and, if desired,
conventional flavourings or colorants.

For parenteral administration, fluid unit dosage forms are prepared utilising a
compound of the invention or pharmaceutically acceptable sait thereof and a sterile
vehicle. The compound, depending on the vehicle and concentration used, can be either
suspended or dissolved in the vehicle. In preparing solutions, the compound can be
dissolved for injection and filter sterilised before filling into a suitable vial or ampouie and
sealing. Advantageously, adjuvants such as a local anaesthetic, preservatives and
buffering agents are dissolved in the vehicle. To enhance the stability, the composition
can be frozen after filling into the vial and the water removed under vacuum. Parenteral
suspensions are 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 ethylene oxide

-9.
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before suspension in a sterile vehicle. Advantageously, a surfactant or wetting agent is
included in the composition to facilitate uniform distribution of the compound.
The composition may contain from 0.1% to 99% by weight, preferably from 10 to
60% by weight, of the active material, dependxng on the method of adnumstrauon
5 The dose of the compound used in the treatment 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 gulde sultable unit doses may be 0. 05 1o
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 thempy may extend for a number
10  of weeks or months.
 The following Examplcs illustrate the preparanon of compounds of the invention.

-10 -
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Description 1
4-(Hydroxymethyl)-1-methyl-1,2,3,6-tetrahydropyridine

To a solution of ethyl 1-methyl-1,2,3,6-tetrahydro-4-pyridinecarboxylate (10.0 ml, 0.061
mole) in THF (200 ml) was added, maintaining temperature below 25° C, lithium
aluminium hydride (2.76g, 0.073 mole). After stirring for a further 15 min, water (2.75
ml), 10% NaOH (4 ml) and water (4 ml) were successively added, and the mixrure was
filtered. The filtrate was dried (Na»SO4) and evaporated in vacuo to give the title
compound as an amber oil (6.30g, 81%), which solidified on standing.

1H NMR (200 MHz, CDCl3) 8(ppm): 5.63 (m, 1H), 4.01 (s, 2H), 2.94 (m, 2H), 2.55 (&,
2H), 2.35 (s, 3H), 2.20 (m, 2H)

Descripiion 2 N
4-(2-lodophenoxymethyl)-1-methyl-1,2,3,6-tetrahydropyridine

4-(Hydroxymethyl)- 1-methyi-1,2,3,6-tetrahydropyridine (D1, 5.63g, 0.044 mol), 2-
iodophenol 7 .80g, 0.035 mol) and triphenylphosphine (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 stirred for 1h, concentrated, diluted with ethyl acetate, and
extracted with dil. HCL. The extract was basified (sat. K3CO3 solution) and extracted with
ethyl acetate. This organic extract was dried (Na2SO4) and evaporated to give a brown
oil. Purification by chromatography on silica gel, eluting with 0-10%
methanol/chloroform (gradient) gave the titie compound (7.65g, 65%) as an amber oil.

g NMR (200 MHz, CDCl3) &(ppm): 7.76 (dd, 1H), 7.27 (m, 1H), 6.81 (dd, 1H), 6.68
(i, 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
2,3-Dihydro-1'-methylspiro[benzofuran-3,4'-piperidine]

4-(2-Todophenoxymethyl)-1-methyl-1,2,3,6-tetrahydropyridine (D2, 8.72¢, 0.026 mol) and

- AIBN (0.20g, 0.0012 mol) were stirred at reflux under Ar in benzene (500 mi) as

tributyitin 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 evaporated. The residue
was dissolved in ethyl acetate, and extracted with dil. HCl. The extract was basified (sat.
KoCO3 solution) and extracted with ethyl acetate. This organic extract was dried
(NaSO4) and evaporated to give a brown solid, which was chromatographed on silica
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gel, eluting with 0-8% methanol/chloroform (gradxent) to give the title compound (3.86g,
69%) as a light yellow solid.

1H NMR (250 MHz, CDCl3) &(ppm): 7.15 (m, 2H), 6.88 (t, 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-D|hydro-l'-methyl-S-mtrospnro[benzofuran-3, '-pnpendme]

2,3-Dihydro-l'-methylspiro[benzofuran-3,4'-piper'xdine] (D3, 2.72g, 0.013 mol) was
dissolved in acetic anhydride (40 mi) and stirred, standing in a cold water bath, as copper
nitrate mrihydrate (4.30g, 0.018 mol) was added portionwise over 1h. The mixture was
stirred for 16 h, poured into NapCO3 solution, treated with excess ammonia solution, and
extracted with ethyl acetate. The extract was dried (Na2S04) and evaporated to givea
brown oil, which was purified by chromatography on silica gel, eluting with 0-5%
methanol/dichloromethane (gradlem), to give the title compound (1.63g, 79%) as a
yellow-brown solid. .

1H NMR (200 MHz, CDCl3) S(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-Ammo-2,3-d|hydro-l'-methylspnro[benzofuran-S 4'-p|pendme]

2,3-Dihydro—1'-methy1-5—nimspiro[benzofuran—3 ,4'-piperidine] (D4, 0.98g, 4.0 mmol)
was hydrogenated over 10% pailadium on charcoal (0.18g) in ethanol (50 ml) for 6 h.
Catalyst was filtered off onto kieselguhr, and the filtrate was evapomted' and
chromatographed on silica gel, eluting with 0-25% methanol/chioroform (gradient), 10
give the title compound (0.52g, 60%) as a cream solid.

1H NMR (250 MHz, d6DMSO) 8(ppm): ~ 6.42 (m, 2H), 6.33 (dd, 1H), 4.22 (s, 2H), 2.84
(d, 2H), 2.29 (s, 3H), 2.12 (1, 2H), 1.82 (id, 2H), 1.61 (d, 2H) |
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Description 6 :
6-(Cyanomethyl)-z,:'a-dihydro-l'-methyl-s-nitrospiro[benzofuran-3,4'-piperidine]
2,3-Dihydro—1'-mcﬂ1y1-5-nitrospiro[ benzofuran-3,4 -piperidine] (D4, 0.70g, 2.8mmol) and
4-chlorophenoxyacetonitrile (0.90g, 5.4mmol) were dissolved in dry DMF (15ml) and
added to potassiuxﬁ t-butoxide (1.60g, 14.3mmol). The mixture was stirred under Ar for
6h, diluted with water (150m), acidified (SM HCI) and washed with ethyl acetate. It was
then basified (saturated K2COq solution) and extracted with ethyl acetate. This extract
was dried (NapSOj4) and evaporated to give the titie compound (0.35g, 43%) still
containing some spirocyclic starting material (ca 30%, NMR).

1H 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-flindole-3,4 -piperidine)

6-(Cyanomethyl)-2,3-dihydro-1'-methyl-5-nitrospiro[benzofuran-3,4 -piperidine] (D6, -
0.35g, 1.2mmol) was hydrogenated at 50psiH3 over 10% palladium on charcoal (0.30g) in
a mixture of ethanol (18ml), water (2ml) and acetic acid (0.15ml) for 24h. Catalyst was
filtered off onto kieselguhr, and the filtrate was evaporated to dryness. Chromatography
on silica gel, eluting with 0-12% methanol/chloroform (gradient) gave the title compound
(0.020g, 10%) as a paie orange solid. '

1H NMR (250MHz, CDC13) S(ppm): 8.70 (b, lH), 7.18 (m, ZH), 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'-Methyl-2,3,6,7-tetrahydrospiroffuro[2,3-flindole-3,4 -piperidine]

2.3-Dihydro-1'-me_thylspiro[furo[z,3-ﬂihdole-3.4'-piperidix_|e] (D7, 0.056g, 0.23mmol)
was stirred in acetic acid (Smi) as sodium cyanoborohydride (0.044g, 0.70mmol) was
added portionwise over 10min. The solution was stirred for 2h, diluted with water (20mi),
basified with saturated KoCO3 solution, and extracted with ethyl acetate. The extract was
dried (Na»SO4) and evaporated to give the title compound (0.030g, 53%) as a white solid.

1H NMR (200MHz, CDCl3) 5(ppm): 6.61 (s, 1H), 6.46 (s, 1H), 4.31 (s, 2H), 3.53 (t, 2H),
2.96 (1, 2H), 2.9 (m, 3H), 2.33 (s, 3H), 1.99 (m, 4H), 1.74 (m, 2H).
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Description 8 - alternative preparatnon :
l'-Methyl-2,3,6 7-tetrahydrosplro[furo[z,S-ﬂlndole-3,4'-plpendme]

(a) A snrred suspensmn of powdemd l-acetyl-6-bromo-2 3-d1hydro— lH-mdol-S-ol
(Tetrahedron, 1973, 29 (8), 11 15) (19g, 0.074 mole) in dry THF (1700 ml) at room temp
under argon was treated with wriphenyiphosphine (19.6g, 0.075 mole) and l-methyl-

12,3, 6-tetrahydropyndme-4-meﬂ1anol (J Med. Chem., 1988, 31, 545) (9.5g, 0.075 mole),
followed by the dropwise addition over 15 mins. of a solution of diethyl azodxcarboxylaxe
(11.8 ml, 0.075 mole) in THF (40 ml) A mild exotherm occured and the msoluble
material dissolved. The solution was warmed at 32°C for 1 hour, then concentrated in
vacuo to approx. 500 mi volume. The solid which had formed was filtered off and dried

affording 16.1g of beige solid. The filtrate was concentrated in vacuo and the residue

treated with ethyl acetate (700 ml) and 1M HCl acid (500 ml), shaken well and the acxd
layer separated. This was washed with ethyl acetate, then basified with 40% NaOH and
exwracted with ethyl acetate, followed by chioroform. The combined extracts were dried
(Na,SO,) and concentrated in vacuo 1o leave a yellow solid, which was recrystallised from
ethyl acetate (3. Sg) giving a total yield of 19.9g (74%) of 1-acetyl—6—bromo-2 3-dihydro-
5- (l-methyl-l,2,3 6-ten'ahydropynd1n-4-ylmethoxy)- H-mdole. '

'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 (1, 2H), 3 12 (t, 2H), 2.97 (br s, 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 mi)
was treated with AIBN (400 mg) and heated t0 75°C. under argon, then treated dropwnsc
over 0.5 h with a solution of tributyltin hydride (23 mi, 0. 085 mole) in benzene (200 ml).
The mixture was heated under reflux for 6 hours, then concentrated in vacuo. The residue
was treated with 2M HCI acid (900 ml) and ethyl acetate (600 ml), then shaken well and
the acid layer separawd washed with ethyl acetate and then basified with 40% NaOH
solution, keeping the temp. below 20°C. A white precipitate was formed which was
filtered off, washed thh water and dried to afford 14.8g 91%) of S-acetyl-1 -methyl-
2,3,6,7- tetrahydrospno[furo[Z 3-flindole-3,4'-piperidine]. '

'H NMR (250 MHz, CDCL,)  (ppm): 8.11 (s, 1H), 6.60 (s, 1H), 4.36 (s, 2H), 4.03 (¢,

2H), 3.10 (t, 2H), 2.92-2.78 (m, 2H), 2.30 (s, 3H), 2.18 (s, 3H), 2.15-1.90 (m, 4H), 1.80-
1.63 (m, 2H).
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c) A stirred solution of the produét from (b) (14.5g, 0.051 mole) in a mixture of SM HC1
(250 ml) and ethanol (100 ml) was heated under reflux under argon for 2 hours followed
by 16 hours at soom temp. The ethanol was removed by concentration iz vacuo and the
remaining solution cooled in an ice bath and basified to pH 12 by addition of 40% NaOH
solution. The white precipitate which formed was filtered off, washed with water and *
dried to afford 6.0g of the title compound. The filtrate was extracted with ethyl acetate,
followed by chloroform. The combined extract was dried (N a,80,) and concentrated in
vacuo leaving a beige solid (6.2g) and affording a total of 12.2g (99%) of title compound
(D8).

Description 9
Spiro[2,3-dihydro-l'-methylfuro[2,3-g]quinoline-3,4'-piperidine]

Spiro[5-amino-2.3-dihydro—1'-meth_yl-l-benzofuran-3,4'-§ipcridine] (D5, 0.316g,
1.45mmol), glycerol (0.20g, 2.2mmol) and iodine (0.0082, 0.03mmol) were stirred as
conc. sulphuric acid (0.23ml) was added. The dark mixture was then stirred at 180°C for
1h, cooled, and partitioned between ethyl acetate and 10% sodium hydroxide solution.
After separation, the organic portion was dried (Na»SOj) and evaporated to give the title
compound (0.182g, 49%) as a brown gum.

1H NMR (250MHz, CDCl3) 5(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-héxahydro-l'-methylfuro[2,3-g]quinoline-3,4'-piperidine]

Spiro[2;3-dihydm-l'-methylfuro[2,3-g]quinoline-3,4'-piperidine] (D9, 0.182¢g, 0.72mmol)
and platinum dioxide (0.077g, 0.34mmol) were hydrogenated at S0psiH> in ethanol
(25ml) for 72h. Catalyst was filtered off onto kieselguhr, and the filtrate was evaporated
to give the title compound (0.151g, 81%) as a brown gum. |

" 1H NMR (200MHz, CDCl3) 8(ppm): 6.4 (s, 1H), 6.32 (s, 1H), 4.26 (s, 2H), 3.7-3.1 (b,

1H), 3.24 (t, 2H), 2.82 (m, ZH), 2.73 (t, 2H), 2.31 (s, 3H), 1 94 (m, 6H), 1.73 (m, 2H)
Description 11
2'-Methyl-4'-(5-methyl-1,3,4-oxadlazol-2-yl)blphenyl-kurboxyllc acid -

A stirred 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 mi) under
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argon was treated with 4-boronobenzoic acld (0.14g, 0.0008 mole), sodium carbonate
(0.39g, 0.0037 mole) and tetrakxs (mphenylphosphme)palladmm (0) (16 mg), then heated
under reflux for 4 hours. The mixture was acidified with 1M hydrochloric acid and
extracted with ethyl acetate. The extract was dried (Na3SO4) and concentrated in vacuo
1o leave the title compound as a white solid (0.19g, 78%_). _ |

IH NMR (250 MHz CDC13 + dGDMSO) s(pm) 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-me'thylbenzamide oxime

Methanol (20 mi) at 5° C was treated portionwise 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 hydrochlonde (1.11g, 0.016 mole). The resulting mixture was allowed to
warm 1o room temperature, surred for 1 h then treated with a solution of 4-bromo-3-
methylbenzonitrile (2.0g, 0.010 mole) in methanol (10 mi) and heated under refiux for 3

h. The mixture was allowed to cool, then filtered through kieselguhr and the filtrate
concentrated in vacuo 1o afford the title compound as a white solid (1.56g, 100%).

1H NMR (250 MHz, d6DMSO0) 8 (ppm): 7.67 (d, 1H), 7.56 (d, 1H), 7.42 (dd, 1H), 5.85
(br s, 2H), 2.35 (s, 3H).

Description 13
2-(4-Bromo-3-methylp_henyl)-s-_(dimethylamino)f1,_2,4-.oxadiazole

_4-Bromo-3—methylbenzanude oxime (D12, 1.5g, 0.0065 mole) was added pomonmse

over 10 min with stirring to mchloroaceuc anhydnde (18 ml) at 10° C under argon The
reaction mixture was allowed to warm up to room temperature and stir for 4h, thcn added

~ slowly to a well stirred mixture of excess aqueous sodium b_xcarbonate solution and ethyl

acetate at ice bath temperature. When effervescence had ceased, the ethyl acetate iﬁyer
was separated, dried (N azSO4) and concentrated in vacuo to leave the 5-
trichloromethyloxadiazole as a pale yellow solid. This was treated wnh a33% solunon of
dimethylamine in IMS (25 ml) and heated under reflux for 18 h, then concentrated i in
vacuo. The residue was treated with 10% NapCO3 solution (20 mil) and extracted with
cthyl acetate (2 x 30 ml). The combined extract was dried (Na3S034), concentrated in
vacuo and the residue chromatographed on silica gel eluting with 1: 1 ether/60-80 petrol 0

“afford the title compound as a white solid (1.14g, 62%).
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1H NMR (250 MHz, CDCl3) & (ppm): 7.88 (d, 1H), 7.69 (dd, 1H). 7.58 (d, 1H), 3.20 (s,
6H), 2.44 (s, 3H). :

Description 14
2'-Methyl-4'-(5-d|methylammo-1,2,4-oxad|azol-3-yl)bxphenyM-carboxyhc acid

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

1H NMR (250 MHz, d®DMSO) 8 (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-oxad|azol-3-vl)b|phenvl-4-carboxyhc acid -

The title compound was prepared from 1- brom6-4-(5-methyl- 1,2,4-oxadiazol-3-
yl)benzene [EP 0533268A1] (0.58g) and 4-boronobenzoxc acid (0.4 g) as descnbed in
Description 11 as a white sohd (0.64g, 97%).

1H NMR (250 MHz, d6DMSO) & (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-methylbenzonitrile (5g, 0.026 mol) was suspended in 1,2-dimethoxyethane

(100 ml) and wreated with 4-boronobenzoic acid (4.2g, 0.026 mol) followed by a solution
of sodium carbonate (11.65g, 0.11 mmol) in water (100 mi). The mixture was flushed
with argon and tetrakis(triphenylphosphine)paliadium (0) (0.55g) was added. The reaction
mixture was then heated to reflux with stisring. After 24h, the 1,2-dimethoxyethane was
removed by evaporation under reduced pressure and the aqueous residue was washed with
ethyl 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-methyl-4-bromo-3-methylbenzamide

A stirred 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 concentrated in vacuo. The

residual acid chioride was dissolved in dichloromethane (100 ml) and added dropwise over
10 minutes 1o a stirred solution of N,O-dimethylhydroxylamine hydrochloride (2.4g, 0.025

mole) and pyridine (5.6 ml, 0.069 mole) in dichloromethane (150 mi) and acetonitrile (20
ml) at -20° C. The reaction mixture was allowed to warm to room temperature over 3
hours then treated with 10% Na>COj3 solution and extracted with dichloromethane. The
extract was dried (Na3SO4) and concentrated in vacuo 10 afford the title compound as a
pale yellow oil (5.9g, 100%). '

1H NMR (200 MHz, CDCl3) & (ppm): 7.60-7.50 (m, 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-methylb¢nmnid’e‘ (D17) (1.50g, 0.0057
moie) in dry ether (30 ml) was added dropwise over 10 minutes to a stirred solution of
methylmagnesium iodide (0.0075 mole) in dry ether (15 mi) under argon. The mixture
was then heated under reflux for 1 hour, allowed to cool and poured into well stirred 1M
HCl (50 ml). The mixture was extracted with ethyl acetate and the extract washed with
10% Na>COj3 solution, dried (Na2SO4) and concentrated in vacuo 1o afford the title
compound asa pale yellow oil (1.14g, 94%) :

1H NMR (250 MHz, CDC13) L (ppm) 7.81 (s, 1H), 7.62 (s, 2H), 2.57 (s, 3H), 2.45 (s.
3H)

Description 19

4'-Acetyl-Z'-metllylblphenyl-4-carboxyhc acid

The title compound was prepared from 4~bromo-3-methylacetophenone (D18) using a
procedure slmﬂar to Description 11 (80%).

1H NMR (250 MHz, CDCl3).5 (ppm): 8.13 (d, 2H), 7. 88 (d, lH), 7.84 (d, lH), 7.40 (d,
2H), 7.34 (4, 1H), 2.65 (s, 3H), 2.34 (s, 3H).

-18-
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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 stirring, and was treated with 4-boronobenzoic
acid (6.14g, 0.037 mol), followed by a solution of sodium carbonate (17.65g, 0.167 mol)
in water (180 ml). The reaction mixture was then flushed with argon and tetrakxs
(triphenylphosphine)palladium (O) (1.00g) was added. The reaction mixture was then
heated to reflux under argon. After 16h, the reaction mixtwure 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 treated with acetic anhydride (6.98 ml, 0.074 mol) and stirred for 1h at room
temperature. The resulting pale brown solution was filt_efed through kieselguhr to give a
pale yellow solution, which was acidified to pHS using conc. HC! to give an off white
precipitate. This was filtered off, washed with water and dried in vacuo to give the title
compound as an off white solid (5.85g, 56%).

1H NMR (200 MHz, d6DMSO) 5 (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
Methyl 4'-acetamidomethyl-2'-methylbiphenyi-4-carboxylate -

Thiony! chloride (0.119ml, 1.63 mmol) was added dropwise to MeOH (5 ml) 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 mixture was heated under reflux for 1.5 hr
and the solvent removed in vacuo. The residue was dissoived in CH2Cl3 (30 ml) and
washed with aq. NayCO3 followed by water. The organic extract was dried (Na2S04)
and concentrated in vacuo 10 give a colourless oil, which was purified by column

chromatography on silica gel eluting with EtOAc to give a colouriess 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-lH-benuzepme

.19
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6-Methoxytetralone (6.86g, 39 mmol), hydroxylamine hydrochloride (8.15g, 117 mmol)
and sodium acetate trihydrate (25g. 184 mmol) were snrred atrefluxin a mixwure of
ethanol (200 ml) and water (50 mi) for 45 min, concentrated in vacuo, and diluted with
water (200 ml) The white solid (6-methoxyteu'alone oxime, 7.44g) was coliected and
dried. A portion ‘of this (6. 31g, 33 mmol) was snrred in dry THF (150 mi) under argon as
lithium aluminium hydnde (L. 80g, 47 mmol) was added pomonwrse Thxs mixture was
stirred at reflux for 3h, cooled and treated successwely with water (1.5 ml), 10% NaOH
(1.5 ml) and water (4.5 ml). The sohds were ﬁltered oﬁ' and the filtrate was evaporated to

give an amber oil. This was chromatographed on sxhca. eluung with ethyl acetate, giving
the title compound (2.96g, 50%)

1H NMR (250 MHz, CDCl3) ) (ppm) 6.78 (m, 2H), 6.60 (dd, 1H), 3 75 (s, 3H),3.3 v
broad, 1H), 2.98 (t, 2H), 2.74 (t, 2H), 1.80 (m, 2H), l .63 (m, 2H)

Description 23
7-Acetoxy-l-acetvl-2,3,4,5-tetrahydro- ll-l-benmepme

7- Methoxy-z 34 S-teu'ahydro-lH-benzazepine (D22, 2.96g, 17 mmol) was stirred at
reflux in 48% HBr for 16 h, cooled and evaporated to dryness, giving a brown solid. This
material was stirred in dichloromethane (200 ml) as tnethylamme (9.4 ml, 68 mmol) and

~ acetyl chioride (3.6 ml 51 mmol) were added. The solution was stirred for 1h, washed

with dilute HCI, dried (Na2804) and evaporated to give an oil. This was
chromatographed on silica, eluting with 0-50% ethyl acetate/ dichloromethane, giving the
title compound (3.88g, _94%) as a_n amber syrup which crystallised on standing.

1H NMR (250 MHz, CDC13) o (ppm) 7.14 (d 1H), 7.0 (m, ZH), 4.69 (dt, 1H), 2.85- 2 55
(m, 3H), 2.31 (s, 3H), 2. 10-1 75 (m, 3H), l 88 (s, 3H), 1.44 (m, lH)

Description 24

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

7-Acetoxy-1-acetyl-2,3,4,5-tetrahydro- 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 stirring
for 30 min, the mixture was diluted with water (500 ml), and acidified with SM HCL. The
tan precxpuate 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 extraction of the

~ filtrate,
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1H NMR (250 MHz, CDC13) o (ppm): 6.98 (d, 1H), 6.83 (bs, 1H), 6.75 (m, 2H), 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-8-bromo-7-hydroxy-2,3,4,5-tetrahydro-1H-benzazepine

1-Acetyl-7-hydroxy-2,3,4,5-tetrahydro-1H-benzazepine (D24, 2.81g, 14 mmol) was
stirred in glacial AcOH (50 ml) as N-bromosuccinimide (2.69g, 15 mmol) was added
portionwise over 20 min. The mixture was stirred for 30 min, diluted with ethyl acetate
(500 ml), washed with water, KoCO3 solution and brine, dried (Na3SO4) and evaporated
to give a tan solid, shown by NMR and TLC to be a mixture of dibromo and mono-bromo -
isomers. Chromatography on silica, eluting with 0-25% ethyl acetate/ dichloromethane,
yielded pure title compound (1.22g, 31%) as a cream solid.

1H NMR (250 MHz, d®DMSO0) & (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)

Description 26
1-Acetyl-8-bromo-7-( l-methyl-1,2,3,6-tetrahydro-4-pyr|dyl)methoxy -2,3,4,5-
tetrahydro-1H-benzazepine

The title compound was prepared from 1-acetyl-8-bromo-7-hydroxy-2,3,4,5-tetrahydro-
1H-benzazepine (D25) and 4-(hydroxymethyl)— -methyl-1,2,3, 6-tctrahydropyndmc (D1)
following the procedure of Descnpnon 2.

1H NMR (250 MHz, CDCl3) 8 (ppm): 7.32 (s, 1H), 6.76 (s, 1H), 5.85 (m, 1H), 4.65 (dt,
1H), 4.51 (s, 2H), 3.02 (m, 2H), 2.8-2.5 (m, 3H), 2.40 (s, 3H), 2.33 (m, 2H), 1.89 (s, 3H),

2.05-1.7 (m, 3H), 1.38 (m, 1H)

Description 27 -
5-Acetyl-3,5,6,7,8,9-hexahydro-l'-methylspiro[2H-furo[2,3-h]be'nzazepine-3,4'-
piperidine}

The title compound was prepared from 1-acetyl-8-bromo-7-(1-methyl-1,2,3,6-tetrahydro-

4-pyndyl)methoxy—2,3,4 5- tetrahydro—lH-benzachme (D26) following the procedure of
Description 3.
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14 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, 9H). 1.40
(m, 1H) .
Description 28
3,5,6,7,8,9-Hexahydro-l'-methylspxro[ZH-furo[2,3-h]benzazapme-3,4'-plperldme]

5-Acetyl-3,5,6.7,8,9-hexahydro-_-l '-m_et_hy_lspiro [2Heﬁxro[2,3-h]benzachine-3_,4'-
piperidine] (D27, 0.25g, 0.82 mmol) was stirred at reflux under Ar in c. HC1 (15 mi) for 4
days. It was then evaporated to dryness, dissolved in dxchloromethane, washed with |
K7CO3 solution, dried (NapSO4) and evaporated to glve the title compound (0.203g) as a
brown gum, still containing ca. 15% of amide (NMR). Chromatography on silica, eluting
with 0-15% methanol in dichloromethane, give purer material (0.107g, 49%)

1H NMR (250 MHz, CDCIl3) 5 (ppm): 6.58 (s, 1H), 6.51 (s, 1H), 4.30 (s, 2H), 3.5 (b, ll-ﬁ,-
2.99 (t, 2H), 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-methylo1,2,4-oxadlazol-S-yl)b|phenvl-4-carboxylxc acid

A stirred solution of 5-(4-bromo-3-_methy1phenyl)-3-metl_lyl_-l,_2,4-oxadiazole (EP
0533268 A1) (0.65g, 0.0026 mole) in a mixture of DME (30 ml) and water (30 mi) under
argon was treated with 4-boronobenzoic acid (0.43g, 0.0026 mole), sodium cafbonate
(1.16g, 0.011 mole) and tetrakis (triphenylphosphine)palladium(0) (40 mg), then heated

- under reflux for 4 hours. The mixture was acidified with 1M hydrochloric acid and

extracted with ethyl acetate. The extract was dried (Na,_SO,:) and concentrated in vacuo 1o
leave the title 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), 244 (s,
3H), 2.35 (s, 3H).

Description 30
4-Bromo—3-me_thylbenzoic hydrazide

The title compound was prepared from xhethyl 4-b1‘omo-3-xhethylbenmate using a similar

-~ procedure to Description 35, as a white solid (69%).



10

15

20

WO 96/19477 | _ o PCT/EP95/04889

'H NMR (200MHz, CDCL, + dDMS0) 8 (ppm): 9.05 (br s, 1H), 7.75 (d, IH), 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 titlé compound was afforded as a beige crystalline solid ( i.65g) as per method of
Description 35, using 4-bromo-3-methylbenzoic hydrazide (D31) (1.30g) and triethyl
orthopropionate (13.0 mi).

'H NMR (200 MHz, CDCL) 8 (ppm): 7.91 (s, 1H), 7.68 (m, 2H), 2.96 (q, 2H), 2.49 (s,
3H), 1.45 (t, 3H).

Description 32 _
4'-(5-Ethyl-1,3,4-0xadiazol-2-yl)-2'-methylbiphenyl-4-carboxylic acid

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

'H NMR (400MHz, d'DMSO) 3 (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 (t, 3H).
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Description 33
4-Borono-3-methylbenzoic acld

A stirred solution of 4-bromo-3-methylbenzoic acid (5.0g, 0.02 mole) in dry THF (250
ml) at -78°C under argon was treated with 1.6M n-butyllithium in hexane (36.3 ml, 0.05
mole). The mixture changed from a clear solution to an orange suspension. This was
stirred at -78°C for 0.25h, then treated with triisopropyl borate (13 4 ml, 0.05 mole) and
stirred at -78°C for a further 1h. The mixture was aliowed to warm to room temp. and stir
for 19h, then treated with water (25 ml) and concentrated in vacuo. The residue was
chromatographed on silica gel eluting with 10% methanol/ dichloromethane to afford the
title compound as-a white solid (2.63g, 67%).

'H NMR (200 MHz, d'DMSO) & (ppm): 7.72-7.63 (m, 2H), 7.50 (d, 1H), 2.43 (s, 3H).

Description 34 _
2,2'-D|methyl-4'-(5-methvl- l,3,4-oxad|aml-2-yl)b|phenyl-4-carboxvl|c acid

Thc title compound was prepar'e_d from '_2-_(4-bromo,-3-m¢thylpheny1)_—5_~m_et_hyl-1,3,4-. _
oxadiazole (EP 0533268 A1) and 4-borono-3-methylbenzoic acid (D33) using a similar
procedure to Description 11 as a white solid (31%).

'H NMR (250MHz, CDCI,) o (ppm): 8.10-7.97 (m, 3H), 7.92 (&d, 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-oxadiazole

A stirred solution of methyl 4-bromo-2-methylbenzoate (0.9g, 3.9 mmole) in methanol (10
ml) was treated with hydrazine hydrate (1.0 ml, 21 mmole) and heated under reflux for 66
h. The solution was concentrated in vacuo to leave the hydrazide as a white solid. This
was treated with triethyl orthoacetate (10 ml) and heated under reflux under argon for 4h,
then concentrated in vacuo. The residue was chromatographed on silica gel eluting with
1:1 ether/60-80 petrol to afford the title 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).

-24-



10

15

20

30

35

WO 96/19477 - : PCT/EP95/04889

Description 36
2,3'-Dimethyl-4'-(5-methyl-1,3.4-oxadiazol-2-yl)biphenyl-4-carboxylic acid

The title compound was prepared from 2-(4-bromo—_2—methylphenyl)'-S-methyl-l.3,4-'
oxadiazole (D35) and 4-borono-3-methylbenzoic acid (D33) using a similar procedure to
Description 11 as a white solid (24%).

'‘H NMR (250 MHz, CDCl, + d°DMSO) 8 (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 treated with oxalyl chloride (12 ml, 0.013 mole), followed by DMF (3 drops). The
reaction mixture was stirred 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
mi) with strring. The resulting solid was filtered off, washed with ether and dried to
afford the title compound (18.03g, 96%).

'H NMR (200 MHz, d"DMSO) & (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-methyibenzamide (D37, 1.0g, 0.0047 mole) was dissolved in THF (50 ml),
treated 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 eluting with 10% EtOH/CHCI, to afford the title compound asa 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-methylphenyl)-4-methyithiazole

4-Bromo-3-methylthiobenzamide (D38, 0.87g, 0.0038 mole) was dissolved in ethanol (60
ml) and treated with chioroacetone (0.39 ml, 0.0049 mole). The reaction mixture was
heated under reflux for 5 h, then more chloroacetone (0.39 _m,l,: 0.0049 moie) was added
and the mixture heated under reflux for a further 3 h. After cooling to room temperature,
the solvent was removed in vacuo to leave the title compound as a pale oil (1.00g, 98%). |

‘H NMR (200 MHz, CDCl,) & (ppm): 8.20 (d, 1H), 7.95 (dd, lH), 7.69 (d, 1H), 7.22 (s,

- 1H), 2.76 (s, 3H), 2.50 (s, 3H).

Description 40 _
2'-Methyl-4'-(4-methylthiazol-2-yl)biphenyl-4-carboxylic acid

The title compound was prepared from 2—(4-b1bmo—3-methylphe_nyl);&meihylthiazdlc
(D39. 1.00g, 0.0037 mole) using the method of Description 11 (0.77g, 67%).

* 'H NMR (200 MHz, d'DMSO) 8 (ppm): 8.03 (d, 2H), 7.89 (s, 1H), 7.82 (dd, 1H), 7.52 (4,

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 solution of methyl 4-bromo-3-methylbenzoate (EP 0533268 A1) (l.Og, 0.0044
mole) in dry DMF (10 ml) under argon was treated with 4-boronobenzoic acid (0.73g,'
0.0044 mole) and tetrakis (triphenylphosphine) palladium(0) (30 mg), followed by
triethylamine (1.8 ml, 0.016 mole). the mixture was heated at 100"(; fbr 18 hours, then
concentrated in vacuo. The residue was treated with ethyl acetate and extracted with 10%
NaHCO, solution. The basic extract was acidified with dil. HCl and extracted with ethyl
acetate. The exract was dried (Na,SO,) and concentrated in vacuo to afford the title
compound as a white solid (0.46g, 39%). '

'H NMR (250 MHz, dDMSO) 8 (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

S'-Methox_vcarbonyl-2'-methylbiphenyI-4-carboxylic acid

A stirred solution of methy! 3-bromo-4-methyibenzoate (2.6g, 0.011 mole) in dry DMF
(20 mi) under argon was treated with 4-boronobenzoic acid (1.85g, 0.011 mole) and
tetrakis (triphenyiphosphine) palladium(0) (400 mg), followed by triethylamine (4.68ml,
0.046 mole). The mixture was heated at 100°C for 18 hours, then concentrated in vacuo.
The residue was treated with ethyl acetate and extracted with 10% NaHCOQ, solution. The
basic extract was acidified with dil. HCl and extracted with ethyl acetate. The exwact was
dried (Na,SO,) and concentrated in vacuo to afford the title compound as a light orange
solid (2.12g, 85%). |

'H NMR (250 MHz, d'DMSO) 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)

Déscription 43 :
N-[4—B°romo-3-methylphenyl]-methanesulphonamide

To a stirred solution of 4-bromo-3-methylanilihe (3.32g, 17.8 mmol) in dry
dichioromethane (150 ml) was added triethylamine (4.96 ml, 35.6 mmol), followed by
methanesulphonyl chloride (1.52 ml, 19.6 mmol). The complete reaction mixture was
stirred 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 (Na,S0,) and concentrated in vacuo to afford a creamy orange solid. This was
dissolved in dichloromethane and shaken with 10% sodium hydroxide solution. The |
aqueous layer was separated and acidified to pH6 using concentrated hydrochloric acid.
This solution was then extracted using chloroform. The combined organic layers were
dried (Na,SO,) and concentrated in vacuo to afford the title compound as a whtie solid
(1.35 g, 30%). '

‘H NMR (250 MHz, CDCl,) d (ppm): 7.60-6.50 (vb, IH), 7. 61 (d, 1H), 7.50 (d, lH), 6.95
(dd, 1H), 3.12 (s, 3H), 2.40 (s, 3H)

-27-
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Description 44
4'-(Methanesulphonamino)-2'-methylbiphenyl-4-carboxylic acid

The title compound (44%) was afforded as a white solid as per method of Dcscnpuon 11
from N-[4-bromo-3-methylphenyl]-memanesulphonanndc (D43)

'H NMR (200 MHz, 'DMSO) 5 (ppm): 13.0 (b, 15D, 9.80 (s, 1H), 7.98 (d, 28, 7.43 d,
2H), 7.15 (m, 3H), 3.00 (s, 3H), 2.20 (s, 3H)

Descnptlon 45
2'-Methyl-s'-(S-methyl-l,3,4-oxad|azol-2-yl)b|phenvl-4-carboxyhc ac:d

The title compound was prepared from methy] 3-bromo-4-methylbenzoate following -
similar procedures to those in Descriptions 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}-acetamide

A stirred solution of 4-bromo-3-methylaniline (3.0g, 0.016 mole) and triethylamine (4.5
ml, 0.032 mole) in chchloromethane (30 mi) at 0° C was wreated with acetyl chloride (1. 2
ml, 0.017 mole) and allowed to warm to room temperature over 1h. The mixwre was
washed with water, then 5SM HCI acid and dried (Na,SO,), then concentrated in vacuo to
afford the title compound as a pale yellow solid (3.07g, 83%).

'H NMR (200 MHz, CDCL,) 5 (ppm): 7.50-7.35 (m, 2H), 7.19 (dd, 1H), 2.36 (s, 3H), 2.16
(s, 3H). '

Descnptlon 47 .
4'-Acetanudo-2'-methylblphenyl-4-¢arboxyllc acid

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

'H NMR (200 MHz, d°DMSO) & (ppm): 12.8 (br s, 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)

-28 -
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Description 48
Bis-(2,3-dihydro-6-iodo-1H-indol-5-yl) disulphide

A stirred suspension 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 treated with potassium
thiocyanate (0.467g, 4.90 mmol) with stirring at 0° C. A solution of bromine (0.138 ml,
2.69 mmol) in methanol (5 mi) was then added slowly. After 16 hours the reaction
mixture was evaporated under reduced pressure. The residue was partitioned between
dichloromethane and potassium carbonate solution and the agqueous layer was extracted
with dichloromethane. The combined organic layers were then dried (N2,SO,) and
evaporated under reduced pressure to give a brown solid which was suspended in a
mixture of 880 ammonia solution (18 mi) and dioxan (12 ml) and was heated to gentle
reflux in air. After 24h, the reaction mixture was allowed to cool and was partitioned
berween dichloromethane and water. The aqueous layer was then extracted with
dichloromethane (1X) and the combined organic layers were dried (Na,SO,) and
evaporated under reduced pressure to give the title 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
(t, 2H), 3.55 (1, 2H), 3.05 (1, 2H), 2.95 (t, 2H).

Description 49
l-Acetyl-2,3-d|hydro-6-|odo-lﬂ-mdol-s-tlnol

Bis-(2,3-dihydro-6-iodo-1H-indol-5-yl) disulphide (D48) (0.408g, 0.739 mmol) was
suspended in dichloromethane (30 mi) and was treated with tﬁethylamine (0.226 ml, 1.62
mmol) at 0°C, followed by acetic anhydride (0.153 mi, 1.62 mmol) with stirring 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 mixture of dioxan (20
ml) and water (4 mi) and triphenylphosphine (0.250g, 0.953 mmol) was added, followed
by conc. HCI (1 drop). The mixture was flushed with argon, and then heated to reflux
with stirring. After 2.5 hours, the reaction mixture was allowed to cool and was -
partitioned between 2% sodium hydroxide (20 ml) and dichloromethane (30 ml). The
organic layer was then washed with 2% sodium hydroxide (10 mi) and the combined
aqueous layers were acidified to pH5 using conc. HCL. The resultant suspension was then
extracted with dichloromethane (3 x 15 ml). The combined extracts were then dried
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(Na,SO,) and evaporated under reduced pressure to give the title compound as a yeliow
solid which was dried in vacuo (0.354g, 75%).

'H NMR (200 MHz, CDCL) &: 8.63 (s, 1H), 7.20 (s, 1H), 4.05 (, 2H), 3.12 (t, 2H), 2.20
(s, 3H). '

Description 50
l-Acetvl-2,3-d|hydro-6-|odo-5-(pyndm-4-ylmethylthlo)-IH-mdole

1-Aceryl-2, 3-dxhydro-6-10do—lH—mdol-5-thlol (D49) . 346g, 1.08 mmol) in dry DMI= (5
ml) was meated with potassium carbonate (0. 374g, N mmol) followed by picolyl |
chioride hydrochioride (0.186g, 1.13 mmol). Af:er 65h surnng at room temp. the reaction
mixture was evaporated under reduced pressure and was partitioned between
dichloromethane and water. The aqueous layer was then extracted with dichloromethane
and the combined organic layers were then dried (Na,SO‘) and evaporated under reduced
pressure to give the title compound asa 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 (1, 2H), 2.21 (s, 3H).

Description 51

l-Acetyl-2,3-d|hydro-6-|odo-5-[(l-methyl-1,2,3,6-tetrahydropyrldm-4-yl)methyltlno}-
1H-indole

1-Acetyl-2, 3-dihydro-6-iodo-5-(Pyﬁdin-4-ylmethylthio)-IH-indole (D50) (0.390g, 0.951
mmol) was dxssolved in dry DMF (5 ml) and was treated with methyl iodide (0.089 ml,
1.430 mmol) with snmng After 24 hours the reaction mixture was evaporated under
reduced pressure ‘and was writurated with ethyl acetate (~20 ml) The resultant brown solid
was then filtered off, washed with diethyl ether and dried i in vacuo (0 5135) The solid
was then redissolved in a mixture of ethanol (20 ml) and water (10 mi) and was cooled to
0° C. Sodium borohydnde (0. 069g, 1.824 mmol) was then added. After 05ha further
amount of sodium borohydride (0. 0353, 0912 mmol) was added . The reacuon mixture
was then ailowed to warm to room temperature. After 1.5 hours the reaction mixtire was
treated wnh sodmm brcarbonate solution (~ 15 mi) and was partitioned between
dichloromethane and water. The aqueous layer was then exracted with dichloromethane
(1X) and the combined organic layers were dried (Na,SO,) and evaporated under reduced
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pressure to give a yellow solid which was puriﬁed by silica-gel chromatography (5%
MeOH/CH,Cl, as eluant) to give the title 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 (t, 2H), 3.45 "
(s, 2H), 3.12 (t, 2H), 2.89 (s, 2H), 2.55 (t, 2H), 2.30 (s, SH), 2.20 (s, 3H)

Description 52 _
S-Acetyl-1'-methyl-2,3,6, 7-tetrahydrosplro[thlopheno[z,S-ﬂmdole-3,4'-pnpendme]

A solution of tributyltin hydride (0.251 ml, 0.934 mmol) in benzene (10 ml) was added
dropwise over 30 minutes to a stirred solution of 1-acetyl-2,3-dihydro-6-iodo-5-{(1-
methyl-1,2,3,6-tetrahydropyridin-4-yl)methyithio]- 1H-indole (D51) (0.200g, 0.467 mmol)
and AIBN (5 mg) in benzene (20 mi) under argon at reflux. Reflux was continued 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 mi). The combined organic exm.xcts were then
dried (Na,SO,) and evaporated under reduced pressure to 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 titie compound as a cream solid (0.047g, 33%).

‘H NMR (250 MHz, CDCl,) &: 8.12 (s, 1H), 6.98 (s, 1H), 4.05 (t, 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

'l'-Methyl-2,3,6,7-tetrah_vdrospiro[thiopheno[2,3-l'lindole-3,4'-piperi'dine]

5-Acetyl-1'-methyl-2,3,6,7-tetrahydrospiro[thiopheno[2,3-flindole-3,4"-piperidine] (D52)
(0.047g, 0.156 mmol) was dissolved in a mixture of ethanol (2 ml) and SM HCl (4 ml) and
was heated to reflux with stirring under argon. After 3 h, the reaction mixture was
allowed to cool, was diluted with water (10 ml) and was basified using solid potassium
carbonate. The resulting suspension (pH9) was then extracted with dichloromethane (3 x
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%).

.31-



10

15

20

30

35

WO 96/19477 PCT/EP95/04889

'H NMR (250 MHz, CDCl,) &: 7.29 (s, 1H), 6.50 (s, 1H), 3.53 (t, 2H), 3.28 (s, 2H), 2.95
(t, 2H), 2.82 (m, 2H), 2.31 (s, 3H), 2.10 (m, 2H), 1.87 (m, 4H).

l Description 54

Methyl 4'-[(N-methanesulphonyl-N-methyl)ammo]-z'-methvlblphenyM-carboxylate

4'-(Methanesulphonamino)-2'-methylbiphenyl-4-carboxylic acid (D44, 0.29g, 0.94 mmol),
anhydrous K,CO, (0.40g, 2.9 mmol) and iodomethane (0.18 ml, 2.9 mmol) were stirred in
dry DMF (5 ml) for 16 h. The mixture was diluted with ethyl acetate, washed with water
and brine, dried (Na,SO,) and evaporated to give the title compound (0.32g, quanntauve)
as a brown oil, contammg residual solvent (NMR).

‘H NMR (250 MHz, CDCIl,) & (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) 2.28 (s, 3H).

Description 55 .
4-Bromo-N N-dxmethvlbenzenesulphonamlde

4-Bromobenzenesulphonyl chloride (4.48 g, 18 mmol) was stirred in dichioromethane, and
dimethylamine (40% aqueous solution, 10 ml) was added portionwise. The mixture was
stirred for 2h, washed with dilute hydrochloric acid, dried (Na,SO,) and evaporated to give
the title compound (4.38g, 94%).as a white solid.

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

Description 56
4'-(Dimethylaminosulphonyl)biphenyl-4-carboxylic acid

This was prcparéd 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) d (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)b|phenylA-earboxyllc acld

- -32-
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This was prepared from 4-bromophenyl methyl sulphone, following the procedure of
Description 11. This gave the title compound (72%) as a white solid.

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

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

4-Bromo-3-methylaniline (5.00g, 27 mmol), triethylamine (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 to stand for 2 weeks. The
solution 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 filtered off and dried,
affording the title compound (2.51g, 36%) as an off-whité solid.

‘H NMR (250 MHz, CDCI,) d (ppm): 7.40 (d, 1H), 7.35 (d 1H), 7.07 (dd., lH), 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-methylphenyl)-N,N-dimethylurea (D58),
following the procedure of Desc_ription 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 (, ZH), 7. 45 (m, 4H), 7.10 (d
1H), 2.93 (s, 6H), 2.22 (s, 3H).

Descr_ipt’ion 60
Ethy! N-(4-bromo-3-methyiphenyl)carbamate

4-Bromo-3-methylaniline (5.00g, 27 mmol) and triethylamine (4.5 ml, 32 mmol) were
stirred in dichioromethane (200 mi) as ethyl chioroformate (3.1 mi, 32 mmol) was added
dropwise. The mixture was stirred for 2h, when water was added. After stirring for a
further 15 min, the white precipitate was filtered off, and the filtrate was separated. The
organic portion was dried (Na,SO,) and evaporated 10 give the title compound (2.57g,
37%) as an orange-brown oil.
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'H NMR (250 MHz, CDCL,) 8 (ppm): 7.42 (d, 1H), 7.30 (d, 1H), 7.09 (dd, 1H), 6.60 (b s,
1H), 4.23 (g, 2H), 2.36 (s, 3H), 1.32 (1, 3H).

Description 61 |
4'-(Ethoxycarbonvlammo)-2'-methvlblphenyl-tl-carboxyhc acid

This was prepared from ethyl N-(4-bromoe3-methylphenyl)carbamte (D60), foliowing
the procedure of Description 11. This gave the title compound, after recrystallisation from
ethyl acetate/petroleum ether (bp.60-80°C), as a white powder (63%).

'H NMR (200 MHz, d‘DMSO) 5 (ppm): 9.70 (s, lH), 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-methylphenvl)-5-methyl-l,2,4-tnazole

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

'H NMR (200 MHz, CDCL/d‘DMSO) L (ppm) 7.63 (s, lH), 7.41 (d, IH), 722 (d, lH),
2.15 (s, 3H), 2.10 (s, 3H).

Description 63

3-(4-Bromo-3-methylphenvl)-4,5-dlmethyl-l,2,4-tnazole

3-(4-Bromo-3-methylphenyl)-5-methyl-1,2 4-triazole (D62, 0.60g, 2.4 mmol) was stirred
under Ar in dry DMF (6 ml) as sodium hydride (80% dispersion, 0.21g, 7.2 mmol) was
added. After strring 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 precipitate. This
was filtered off and dried, giving the title compound (0.49g, T7%) asa bclge solid.

'‘H NMR (250 MHz, dDMSO) & (ppm): 7.92 (s, 1H), 7.65. (m, 2H). 3.80 (s, 3H), 2. 44 (s,
3H), 2.39 (s, 3H).

Descnptlon 64
4'-(4,5-D|methyl-1,2,4-tr|azol-3-yl)-2'-methylbnphenyl-:t-carboxyllc acid

-34-
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This was prepared from 3-(4-bromo-3-methylphcnyl)-4,5-dimcthyl-'1,2,4-triazole (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-pyridylacetate, following the procedure of Description 1.
This gave the titie compound (95%) as 2 yellow oil.

'‘H NMR (200 MHz, CDCl,) 3 (ppm) 8.43 (d, 2H) 7.17 (d 2H), 3.90 (t, 2H), 3.0 (b, 1H)
2.86 (t, 2H).

Description 66
l-AcetyI-6-bromo-2,3-d|hydro-5-[2-(4-pyr|dyl)ethoxy] -1H-indole

This was prepared from 1-acetyl-6-bromo-2,3-dihydro-1H-indol-5-ol (Tetrahedron 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) & (ppm): 8.54 (d, 2H), 8.45 (s, 1H), 7.25 (d, 2H),6.70 (s, 1H),
4.19 (t, 2H), 4.05 (t, 2H), 3.12 (m, 4H), 2.19 (s, 3H).

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

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

‘H NMR (200 MHz, d°DMSO) 3 (ppm): 8.93 (4, 2H), 8.19 (s, 1H), 8.14 (d, 2H), 7.13 (s,
1H), 4.38 (1, 2H), 4.31 (s, 3H), 4.10 (¢, 2H), 3.37 (¢, 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 mi) and water (40 ml), cooled in ice, and
treated with stirring with sodium borohydride (0.31g, 8.2 mmol) portionwise over 1h. The
mixture was then basified with sodium hydroxide solunon, diluted with water (100 ml),
and extracted with chloroform. The extract was dried (Na,SO.) and evaporated to yield |
the title compound (1.95g, 96%) as a brown solid.

'H NMR (200 MHz, CDCL) 8 (ppm):8.43 (s, 1H), 6.72 (s, 1H), 5.53 (m, 1H), 4.05 (m,
4H), 3.14 (t, 2H), 2.92 (m, 2H), 2.55 (m, 4H), 2.35 (s, 3H), 2.25 (m, 2H), 2.20 (s, 3H).

Descnptlon 69 :
6-Acetyl-l'-methyl-2,3,7,8-tetrahvdrosplro[4H-pyrano[2,3-f]mdole-4 4'-p:per|dme]

This was prepared from 1-acetyl-6-bromo-2,3-dihydro-5-[2-(1-methyi-1,2,3,6-tetrahydro-
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), 440 (dt, 1H), 4.07 (¢,
2H), 3.6 (m, 3H), 3.17 (1, 2H), 3.0 (m, 1H), 2.80 (5, 3H), 2.7 (m, 2H), 2.23 (s, 3H), 1.95
(m, SH).

Descnptlon 70
1'-Methyl-2,3,7,8-tetrahvdrosplro[4H-pyrano[2,3-ﬂmdole-4 4'-p1pendme]

This was prepared from 6-acetyl-1'-methyl-2.3,7, 8-teu'ahydrosp1ro[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,) S (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-brorno-3-metllylbenzo|c hydrazlde
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4-Bromo-3-methylbenzoic hydrazide (D30, 7.5g) was suspended in acetic anhydride (7
ml) giving rise to an exothermic reaction. The reaction mixture was cooled to room
temperature and-the product collected. The solid was washed with ethanol and diethyl
ether to afford the title compound as a white powder (5.5g).

'H NMR (250 MHz,d'DMSO) & (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-methyl-1,3,4-thiadiazole

N'-acetyl-4-bromo-3-methylbenzoic hydrazide (D71, 3g) was con'verted to the crude title
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 title compound was prepared from 2-(4-bromo-3-methylphenyl)-5-methyl-1,3,4-
thiadiazole (D72) using the general procedure of Description 11. This was used in the
next step without purification.

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

A stirred suspension of 4-bromo-3-methylbenzoic acid (2.15g, 10 mmol) in thionyl
chioride (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 (/. Org. Chem., 1972,
37,221) (2.34g, 20 mmole) and triethylamine (2.8 ml, 20 mmoie) in a mixture of
dichloromethane (150 mi) and dry THF (50 mil) at 0°C under argon. The mixture was
allowed to warm to room temp. and stir for 18 hours, then concentrated in vacuo. The
residue was dissolved in dichioromethane, washed with 1M HCI, 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) 8 (ppm): 7.67 (d 1H), 7.60 (d, 1H), 7.42 (dd, 1H), 6.32 (brt,
1H), 4.06-3.96 (m, 4H), 3.61 (d, 2H), 2.45 (s, 3H), 1.39 (s, 3H).
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Descnptlon 75 .
2-(4—Bmmo-B-methylphenyl)-S-methyloxazole

N-[2-(1 3—Dioxolan-2-yl)propyl]-4-bmmo-3-methylbenzamide (D74, 2.8g, 8.9 mmole)
was added portionwise over 5 minutes to well stirred polyphosphoric acid (50g) at 120°C
under argon, then heated at 160°C for 35 minutes. The reaction mixture was allowed to
cool, then treated with water (200 ml) and stirred well to dissolve the glassy mass. The
mixture was extracted with ethyl acetate and the extract washed with 10% Na,CO, solution
and water, then dried (Na,SO,) and concentrated in vacuo. The residue was |
chromatographed on silica gel eluting with 1:1 ether/60-80 petrol to afford the title
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'-(S-methyloxazol-z-yl)blphenyl-4-earboxyhc acid

The title compound was prepared from 2-(4-bromo-3-_me_thylph_enyl)-5-inéd1yloi_hzble |
(D75) using a similar procedure to Description 11 as a white solid (86%).

‘H NMR (250 MHz, d'DMSO) 3 (ppm): 8.02 (d, 2H), 7.88 (s, 1H), 7.83 (d, IH) 7.51(d,
2H), 7.38 (d, 1H), 7.02 (s, 1H), 2.40 (s, 3H), 2.31 (s, 3H).
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Description 77

(4-Bromo-3-methylphenyl)butane-1,3-dione

A solution of 4-bromo-3-methylacetophenone (D18) (2g, 0.0093 mol) in dry toluene (28
ml) was treated under argon with sodium hydride (80% dispersion in mineral oil) (0.28g,
0.0093 mol) and ethyl acetate (1.37 mls, 0.014 mol), followed by one drop of ethanol. The
mixture was heated to rcﬂux with stirring for 1 hour then cooled. Brine was added and the
mixture was extracted into ethyl acetate, the orgamc phasc was dried (Na,SO,) and
concentrated in vacuo, and the residual crude mixture was purified by chromatography on
silica gel, eluting with dichloromethane and methanol, to afford the title compound as a
yellow solid (623 mg, 26%).

'H NMR (enol form) (200 MHz, CDCl,) 3 (ppm): 16.1 (s, 1H), 7.75 G, 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 solution of l-(4-bromo-3-methylphenyl)butanc—1 3-dione (D77) (615 mg; 0.0024 mol)
in ethanol (15 ml) was treated with hydroxylanune hydrochlonde (170 mg; O. 0024 mol)
and potassium carbonate (336 mg; 0.0024 mol), and the mixture heated at reflux for 2.5
hours, then overnight at room temperature. The solvent was evaporated under reduced
pressure and the residue partitioned between water and ethyi acetate. The organic phase
was dried (Na,SO.) and concentrated in vacuo to leave the crude isoxaiole, which was
purified by chromatography on silica gel, eluting with pentane, 60-80 petroleum-ether and
ethyl acetate, to afford the title compound as a yellow crystalliné material (477mg, 78%).

'H NMR (250 MHz, CDCL,) 8 (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'-Metnyl.4'-(3.metnylisoxazo1-'s'-y|)bipneny|-4-ca'rboxy|ic acid' |

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

lHNMR(ZOOMHZ,CDCI,) o (ppm): 8.04-7.9 (m, 2H), 7.78 (s, 1H), 7.7 (d, 1H),74-72
(m, 3H), 6.9 (s, 1H), 2. 4-2 2 (m, 6H).
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| Description 80

4-Bromo-3-methvlbenzaldehvde

A solution of N-methoxy-N-methyl—4—bromo-3-methylbenzam1de (Dl7) (12g. 0.046 mol)
in dry tetrahydrofuran (120 mi) under argon, at -78°C was treated dropw1se over 15
minutes with dnsobutylalumxmum hydride (1 Sm in toluene) (46 ml; 0.069 mol). Aftera
further 15 minutes the reaction mixture was added 10 SN HCI (100 ml) and extracted into
diethyl ether. The organic phase was dried (Na,SO,) and evaporated under reduced '
pressure to give the title compound:as ared 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 (DSO) (1g; 0.005 mol) m methanol (20 mi)

was treated with hydroxylamine hydrochioride (700 mg, 0.01 mol) and the mixtwre stood
at Toom temperature over a weekend. The solvent was evamied_ under reduced pressnre
and the residual solid was panitiohed between saturated K,CO' solutioh"and cthyl acerate.
The organic phase was dried (N a,SO‘), concentrated in vacuo and the residue punfied by
chromatography on silica gel eluting with 60-80 pexmleum-ether and ethy] acetate, to
afford the title compound as a pale pink powder (693 mg, 20%).

'H NMR (200 MHz, CDCL) & (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-methylbenzaldchyde oxime (D$1) (2.68g, 0.0125 mol) in dry
dimethylformamide (30 ml) was treated over 15 minutes with N-bromosuccinimide (636
mg, 0.00357 mol), and reaction mixture stirred for 2.5 hours, then oooled to-15°C. 2-

: Chloropropene (3.45ml, 0. 0405 mol) was added in.a smgle portion, followed by dropmse

addition of triethylamine (1. 35 ml 0.0097 mol) in dry dxmethylfonnanude (10 ml) over
0.5 hours maintaining the temp. at -10°C. The mixture was stirred at 0°C for 1 hour, then

stirred at room temperature overnight. The solvent was evaporated under reduced pressure
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and the residue partitioned between K,CO, solution and chloroform. The organic phase
was dried (Na,SO,) and evaporated under reduced pressure and the residue purified by
chromatography on silica gel eluting with 60-80 petroleum-ether and ethyl acetate, to
afford the title compound (246 mg, 8%). -

'‘H NMR (200 MHz, CDCL,) 8 (ppm): 7.68 (s, 1H), 7.6 (d, 1H), 7.43 (d, 1H), 6.26 (s, 1H),
2.48 (s, 3H), 2.45 (s, 3H).

Descripﬁon 83

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

The title compound was prepared from 3-(4-bromo-3-nwﬂ1ylphenyl)—5-methylisoxazole
(D82) using a similar procedure to Description 11 (57%).

'"H NMR (250 MHz, d°DMSO) 3 (ppm): 13.05 (br s, 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, 3H), 2.3 (s, 3H).

Description 84
(4-Bromo-3-methylphenyl) pyrazine

A stirred solution of diisopropylamine (2.44 ml, 0.018 mol) in dry THF (40 ml) under
argon was treated with n-butyllithium (1.6M) (10.1 ml, 0.016 mol) at -60°C. After 15
minutes the resultant mixture was treated with methyl phenyl sulphoxide (1.68g, 0.014
mol) in dry THF (15 ml). After a further 15 minutes a solution of N-methyl-N-methoxy-
4-bromo-3-methyl-benzamide (D17) (3.00g, 0.012 mol) in dry THF (30 ml) was added
dropwise and the reaction mixture was allowed to warm to room temperature over 2h and

- was left stirring at room temp. for 18h, before 10% sodium carbonate solution (50 mi)

was added. The reaction mixture was then concentrated iz vacuo and the residue was
partitioned between water and dichloromethane. The aqueous layer was then extracted
with dichloromethane (1X) and the combined organic layers were dried (Na,SO,) and
evaporated 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 10 0°C under
argon. Trifluoroacetic acid (0.960 ml, 0.013 mol) was then added, followed by
wrifluoroacetic anhydride (3.53 ml, 0.025 moi). After 30 minutes, the reaction mixture was
evaporated under reduced pressure to give an orange oil. A solution of sodium hydrogen
carbonate (3.70g, 0.044 mol) in water (75 mi) was then added, foliowed by ethanol (250
mi). Ethylene diamine (0.840 ml, 0.013 mol) was then added to the resultant stirred
suspension. After 18 h, the reaction mixture was concentrated in vacuo and the residue
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was partitioned between dichloromethane and water. The aqueous layer was then
extracted with dichioromethane, and the combined organic layers were dried (N a,SO,) and
evaporated under reduced pressure to give a dark red oil, whxch was dried in vacuo -
(3.65g). The oil was then redissolved in ethanol (80 ml) and was treated with potassmm
hydroxide (0.703g, 0.013 mol). The resultant solution was then heated to reflux. After
24h, the reaction mixture was allowed to cool and was cvaporated under reduced pressure
to give a dark oil, which was pamnoned between dxchloromethane and water. The organic
layer was then dried (Na,SO,) and evaporated under reduced pressure to give a dark brown
oil, which was purified by silica-gel chromatography (20% Et,O/pentane as eluant) to gwe
the title compound as a pale yellow solid (0.583g, 21%). |

‘H NMR (200 MHz, CDCl,) o (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).

Description 85 _ _
2'-Methyl-4‘-pyl_'azinylbiphenyl-4-¢arboxylic acid

(4-Bromo-3-methylphenyl) pyrazine (D84, 0.300g, 1.21 mmol) was converted to give the
titte compound (0.279g, 88%) as a white solid, accordmg to the method described in
Description 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

Methyl 2'-methyl-4'-pyrazmylb|phenyl-4-carboxylate "

Thiony! chioride (0.076 ml, 1.043 mmol) was added to methanol (7 mi) at 0°C. After 15
minutes, 2'-methyl-4'- pyraziﬁylbiphenyl#carboxylic acid (1585 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 temperamre overmght. ‘The reaction mixture was
then evaporated under reduced pressure and the residue was pamuoned between
dichloromethane (25 ml) and 10% sodium carbonate solution (20 mi). The aqueous layer
was then extracted with dxchloromethane (1x10 ml), and the combmed organic layers
were then dried (Na,SO,) and evaporated under reduced pressurc to nge the title
compound as a yeilowlbrown solid (0.146g, 65%).
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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 87

Methy} '4-bromo-3-methylbenzil_ni'date hydrochloride

4-Bromo-3-methylbenzonirrile (15.0g, 76.5 mmol) was dissolved in dry methanol (3.1 ml,
76.5 mmol) and dry digthyl ether (108 ml), cooled to 0-5°, then saturated with HCI (g).
Stirred for 18 hours at room temperature and the solid collected by filtration, then dried in

vacuo to yield the title compound as white needle-like crystals (19.3g, 95%).

'H NMR (250 MHz, CDCL,) 3 (ppm): 12.7 (s, 1H), 12.0 (s, 1H), 8.35 (d, 1H), 8.05-8.00
(m, 1H), 7.70 (d, 1H), 4.55 (s, 3H), 2.50 (s, 3H). '

. Description 88 -

2-(4-Bromo-3-methylphenyl)imidazole

Methyl 4-bromo-3-methylbenzimidate hydrochloride (D87, 5.0g; 21.9 mmol) was
dissolved in methanol (30 ml) and stirred during the addition of a solution of 2-
aminoacetaldehyde dimethyl acetal (2.4 ml; 21.9 mmol) in methanol (10 mi) over 30
minutes. Stirrihg was continued for 36 hours and evaporated in vacuo to yield an orange
gum (7g crude). This crude hydrochioride was treated with conc. H,SO, (12 ml) at 5°,
then heated at 50° for 10 minutes. The solution was cooled in ice, diluted with H,O and
basified with 10% NaOH. The aqueous solution was extracted with chloroform (4 times)
and the organics combined, dried over Na,SO,, filtered and evaporated in vacuo. The
residue was purified by flash silica gel chromatography eluting with 1% MeOH/CHC, to
yield the title compound as a white solid (1.55g; 44%).

'H NMR (250 MHz, CDCL,) 8 (ppm): 7.70 (d, 1H), 7.55-7.45 (m, 2H), 7.15 (s, 2H), 2.35
(s, 3H). '
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Description 89
2-(4-Bromo-3-methylphenyl)-l-methyllmndazole

2_-(4-Bromo-3-methylphenyl)imida2.ole (D88, 900 mg; 3.8 mmol) was dissolved indry
THF (30 mi) under argon and treated with sodium hydride (114 mg of an 80% dispersion
in mineral oil; 3.8 mmol). After snmng for 30 minutes, xodomethane (237 ul; 3.8 mmol)

~ was added and stirring continued for 18 hours. Evaporaned in vacuo, the residue

partitioned between water and CHCL, the organic phase then dried over Na,SO,, filtered
and evaporated in vacuo The residue was punﬁed by flash silica gel ehromatography
using CHC], as eluam to yleld the title compound as a clear, colourless gum (600 mg;
63%). '

'H NMR (200 MHz, CDCl,) 8 (ppm): 7.60-7.50 (m, 2H), 7. 30-7 20 (m, lH), 7.10 (s, 1H),
6.95 (s, 1H), 3.75 (s, 3H), 2.45 (s, 3H).

-Description 9%

2'-Methyl-4'-(1-methylimidazol-2-yl)biphenyl-4-carboxylic acid o

2-(4-Bromo-3-methyiphenyl)-1 -methylumdazole (D89 600 mg, 2.39 mmol) was
dissolved in dxmethoxyethane (15 ml) and H,O (15 ml) and treated wuh Lbomnobenmlc
acid (397 mg, 2.39 mmol), sodium carbonate (1 0lg, 9. 56 mmol), tetrakis '
(mphenylphosphme)palladlum (O) (60 mg) and heated at reflux for 36 hours. The
dxmethoxyethane was removed in vacuo, the aqueous residue treated wnh 10% Na,CO
(approx. 10 ml) and washed with ethyl acetate. The aqueous phase was acidified with SN
HCl and the solid that formed collected by ﬁltrauon and dried in vacuo to yleld the utle
compound as an off-white solld (620 mg, 89%).

'HNMR (250 MHz, d‘DMSO) 8 (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 treated with methylamine in
ethanol (33%, 100 ml) followed by 4A molecular sieves and solid potassium carbonate
(approx 4g) and the tmxture stirred for 72 hours. 'Sollvent was removed in vacuo, the
residue suspended in chioroform, and the solid removed by filtration. The filtrate was
evaporated in vacuo to yield the title compound as a red liquid (3.15g, 80%).

-44-



WO 96/19477 . PCT/EP95/04889

10

15

20

25

30

'*H NMR (250 MHz, CDCL,) 5 (ppm): 8.20 (s, 1H), 7.65-7.55 (m, 2H), 7.40-7.30 (m, 1H),
3.50 (s, 3H), 2.45 (s, 3H). '

Description 92
§-(4-Bromo-3-methylphenyl)-1-methylimidazole

(4-Bmmo-3-methylbenzylidene)meﬂlylamine (D91, 2.15g, 10.1 mmol) was dissolved in
dry DME (30 mi) and methanol (70 ml) containing tosylmethylisocyanide (3.0g; 15.4
mmol) and this solution was treated with potassium carbonate (2.8g, 20.3 mmol). The
whole was heated at reflux for 48 hours, cooled and evaporated in vacuo. The residue was
partitioned between brine and chloroform (3 times), and the organics combined and dried
over Na,SO,. The organics were filtered and evaporated in vacuo then the residue purified
by flash silica gel chromatography (with chloroform as eluant) to yield the title compound
as an orange gum (1.52g, 60%). -

‘H NMR (250 MHz, CDCl,) 8 (ppm): 7.60 (d, 1H), 7.50 (s, 1H), 7.25 (s, lﬁ), 7.10-7.00
(m, 2H), 3.65 (s, 3H), 2.45 (s, 3H).

Description 93 :
2'-Methyl-4'-(1-methylimidazol-5-yl)biphenyl-4-carboxylic acid

5-(4-Bromo-3-methyiphenyl)- 1-methylimidazole (D92, 1.52g, 6.1 mmol) was dissoived in
DME (50 ml) and water (50 ml), then weated with 4-boronobenzoic acid (1.0g, 6.1 mmol),
sodium carbonate (2.57g, 24.2 mmol) and tetrakis(triphenylphosptiine)palladium (O) (100
mg). The mixture was heated at reflux (48 hours), cooled and the DME removed in
vacuo. The aqueous residue was treated with 10% Na,CO, (approx 30 ml), then washed
with ethyl acetate. The aqueous phase was acidified with SN HCl and the solid that
precipitated was collected by filtration. This solid was dried in vacuo to yield the title
compound as a white solid (600 mg, 34%).

'H NMR (250 MHz, d'DMSO) & (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-hydroxvmethvl-1,2,4-oxad|azol-3-yl)b|phenyl-4-urboxylate

3-(4-Bromo-3-methylphenyl)-1 2,4-oxadiazol-5-yimethanol (EP 0533268Al) (1.0g, 3. 7
mmol) was reacted with 4-boronobenzoic acid using similar conditions to Description 11
to afford 4'-(5-hydroxymethyl- 1,2,4-oxadiazol-3-yl)biphenyl-4-carboxylic acid. This was
dissoived in methanol (70 ml), treated with conc. sulphuric acid (2 ml) and heated under
reflux for 4 hours. The solution was concentrated in vacuo and the residue basified with
10% Na,CO, solution and extracted with ethyl acetate. The extract was dried (Na,SO)
and concentrated in vacuo to afford the title compound (0.76g, 68%).

'H NMR (250 MHz, CDCL,) & (ppm): 8.12 (d, 2H), 8.04 (s, 1H), 7.96 (d, 1H), 7.42 (4,

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

Descrlptlon 95

Methyl 4'-[5-(t-butyldlmethylsnlyloxy)-l,2,4-oxad|aml-3-yl]-2'-methylbxphenyl-4-
carboxylate

A stirred solution of methyl 4'-(5-hydroxymethyl-1,2,4-oxadiazol-3-yl)biphenyl-4-
carboxylate (D94, 0.51g, 1.8 mmeole) in dichioromethane (30 ml) was treated with
triethylamine (0.50 ml, 3.6 mmole), followed by a solution of t-butyldimethyisilyl
chioride (0.29g, 1.8 mmole) in dichloromethane (5 ml), and 4-dimethylaminopyridine (29
mg). The solution was left at room temp. for 14 h, then additional t-butyldimethylsilyl
chloride (0.11g, 0.7 mmole) and triethylamine (0.20 ml)‘w_eie added and re_action_left_=at
room temp. for 4 days. The solution was washed rapidly with 0.5M HCl acid, then 10%
Na,CO, solution, dried (Na,SO,) and concentrated in vacuo. The residue was
chromatographed on silica gel eluting with 10% ether160-80 petrol to afford the title

- compound asa white solid (0.61g, 78%).

Description 9%
4-Bromo-3-methyiphenylamidrazone

Methyl 4-bromo-3-methylbenzimidate hydrochioride (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
residue was added hydrazine hydrate (4.51 ml, 0.093 mole) in ether (15 ml) and ethanol
(75 ml). The solvent was concentrated in vacuo to afford the title compound as a solid
(6g, 28%).
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'H NMR (250 MHz, ¢°DMSO+D,0) & (ppm): 8.05 (d; 1H), 7.75 (dd, 1H), 7.60 (d, 1H),
2.40 (s, 3H). -

Description 97
3-(4-Bromo-3-methylphenyl)-1,2,4-triazine

Aqueous glyoxal (14 ml) was heated to 80°C and added to a suspension of 4-bromo-3-
methylphenylamidrazone (D96, 10g, 0.044 mole) in water (50 ml). The mixture was
heated at 70°C for 15 min, cooled and filtered. The solid was suspended in methanol and
stirred at ambient temperature for 72 hours. The mixture was filtered through kieselguhr
and the filtrate concentrated iz vacuo. The residue was chromatographed on silica gel
eluting with 10% ethanol/chioroform to nge the title compound as a yellow solid (2.36g,
22%).

'H NMR (250 MHz, CDCL) & (ppm): 9.20 (d, lH) 8.70 (d 1H), 8.45 (d, 1H), 8.20 (d,
1H), 7.70 (d, 1H), 2.50 (s, 3H). '

Description 98 |
2'-Methyl-4'-(1,2,4-triazin-3-yl)biphenyl-4-carboxylic acid

3-(4-Bromo-3-methylphenyl)-1,2,4-triazine (D97, 1g, 0.004 mole) was converted to the
title compound (260 mg, 22%) by the method of Example 11.

"H NMR (250 MHz, d'DMSO) & (ppm): 13.1 (br s, 1H), 9.40 (d, 1H), 8.95 (d, 1H), 8.45
(s, 1H), 8.35 (dd, 1H), 8.05 (d, 2H), 7.55 (d, 2H), 7.50 (d, 1H), 2.40 (s, 3H).

Descri;ition 99
4-(2-(2-Iodophenoxy)ethyl)pyridine

A stirred solution of 2-iodophenol (8.8g, 0.040 mole), triphenylphosphine (10.5g, 0.040
mole) and 2-(4-pyridyl)ethanol (D65, 5.5g, 0.045 moie) in THF (200 mi) at 0°C under
argon was treated with a solution of diethyl azodicarboxylate (6.3 ml, 0.040 mole) in THF
(30 ml). The solution was allowed to warm to room temp. and stirred for 4 h, then
concentrated in vacuo and the residue treated with 10% Na,CO, solution (80 ml) and
extracted with ethyl acetate (2 x 80 mi). The combined organic was extracted with 1M
HCl acid (150 ml), then the acid extract basified by addition of potassium carbonate and
extracted with ethyl acetate (2 x 100 ml). The combined extract was dried (Na,SO,) and
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concentrated in vacuo to leave a brown oil, which was chromatographed on silica gel
eluting with 0 to 15% ethyl acetate/ether to afford the title compound as a colourless oil
9.3g, 712%). -

'H NMR (250 MHz, CDCL) & (ppm): 8.58-8.51 (m, 2H), 7.76 (dd, 1H), 7.40-7. 22 (m,
3H), 6.82-6.68 (m, 2H), 4.23 (t, 2H), 3.15 (t, 2H).

Description 100
4-(2-(2-lodophenoxy)ethyl)-l-methyl-1,2,3,6-tetrahydropyndme

A solution of 4-(2-(2-1odophenoxy)ethyl)pyndme (D99 8. 28g, 0 025 mole) in acetone
(220 mi) was treated with iodomethane (3.7 ml, 0.059 mole) and kept at room temperature
for 24 h, then concentrated in vacuo to leave the quaternary salt as a yellow oil. This was
dissolved in a mixture of ethanol (50 ml) and water (50 ml), cooled to 0°C under argon
and treated portionwise over 1 h with sodium borohydride (1.33g, 0.035 mole). The
reaction mixture was kept at 0°C fora further 1 h, then reated with 10% NaOH solution
(50 ml), diluted with water (120 ml) and extracted with ethyl acetate (2 x 200 ml). The
combined extract was dried (Na,SO,), concentrated in vacuo to leave an orange oil, whlch
was chromatographed on silica gel eluting with 0 - 10% methanol/chloroform to afford the
title compound as a yellow oil (6.19g, 72%).

'H NMR (250 MHz, CDC},) 8 (ppm): 7.76 (dd, 1H), 7.28 (d, 1H), 6.79 (dd, 1H), 6.70 (dt,
1H), 5.57 (m, 1H), 4.09 (1, 2H), 3.00-2.90 (m, 2H), 2.65-2.48 (m, 4H), 2.36 (s, 3H), 2.32-
2.20 (m, 2H). '

Descnptlon 101
2,3-Dihydro-1' methylsplro[4ﬂ-benzopyran-4 4'-p|pendme]

A stirred solution of 4-(2-(2-iodophenoxy)ethyl)-1- meﬂ1yl-l,2,3,6-teu-ahydropyndme

(D100, 6.3g, 0.018 mole) and AIBN (50 mg) in benzene (700 ml) was heated to reflux
under argon, then treated dropwise over 1 h with a solution of tributyitin hydride (9.7 ml, |
0.036 mole) in benzene (100 ml). The reaction mixwre was heated under reﬂux fora
further 3 h after complenng the addmon. then more tnbutylnn hydride (3.8 mi, 0.014
mole) and AIBN: (30 mg) were added and heating under reflux was continued for4 h. The _
reaction mixture was allowed to cool, then concentrated in vacuo and the residue treaned
with 2M HCl acid (150 ml), washed with ethyl acetate (100 ml), bas:ﬁed with potassium

- carbonate and extracted with ethyl acetate 2x 100 ml). The combmed extract was dried

(Na,SO,) and concentrated in vacuo to leave a yellow oil, which was cin'omatographed on
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silica gei eluting with O to 2% methanol/chioroform to afford the title compound (2.3g of
approx. 86% purity, 51%).

'H NMR (250 MHz, CDCL,) & (ppm): 7.38 (dd, 1H), 7.08 (dt, 1H), 6.90 (dt, 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).

Description 102
2,3-Dihydro-1'-ethoxycarbonyispiro[4H-benzopyran-4,4'-piperidine]

A stirred solution of 2,3-dihydro-1'-methylspiro{4H-benzopyran-4,4'-piperidine] (D101,
1.0g, 0.0046 moie) and diisopropylethylamine (1.2 ml, 0.0070 mole) in dichloroethane (20
ml) was treated with 1-chloroethyl chloroformate (0.64 ml, 0.0060 mole) and kept at room
temp. for 1 h followed by 20 mins at refiux. The solution was then concentrated in vacuo
and the residue treated with methanol (20 ml) and heated under reflux for 2 h. The
reaction mixture was concentrated in vacuo to leave a béigc solid, which was dissolved in
dichloromethane (50 ml) and THF (10 ml) and treated with triethylamine (0.84 ml, 0.0060
mole) followed by ethyl chioroformate (0.44 mi, 0.0046 mole). The solution was stirred
at room temperature for 2 h, then treated with 10% Na,CO, solution (20 ml) and extracted
with dichloromethane (2 x 40 mi). The combined extract was dried (Na,SO,) and
concentrated in vacuo. The residue was chromatographed on silica gel e’luiing with 1:1
ether/60-80 petrol to afford the title compound as a yellow oil (1.3g, 100%).

'H NMR (250 MHz, CDCL,) 8 (ppm): 7.25 (dd, 1H), 7.10 (dt, 1H), 6.90 (dt, 1H), 6.80 (dd,
1H), 4.25-4.00 (m, 6H), 2.98 (br t, 2H), 2.10-1.92 (m, 4H), 1.70-1.53 (m, 2H), 1.28 (1,
3H).

Description 103
2,3-Dihydro-1'-ethoxycarbonyl-6-and 8-nitrospiro[4H-benzopyran-4,4'piperidine]

A stirred solution of 2,3-dihydro-1'-ethoxycarbonyispiro{4H-benzopyran-4.4'-piperidine]
(D102, 1.3g, 0.0046 mole) in acetic anhydride (30 ml) at 0°C under argon was treated
portionwise 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 to
room temperature over 0.5h. The mixture was poured into waterfice (300 ml) and basified
by careful addition of potassium carbonate, then extracted with ethyl acetate (2 x 100 ml).
The combined extract was dried (Na,SO,) and concentrated in vacuo to afford an orange
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oil (1 .5g, 100%), which was appmxlmatcly a 1:1 mixture of 6- and s-mtro isomers. Thxs
was used without punﬁcauon

‘H NMR (250 MHz,_CDCl,) o (ppm): 8.24 (d, 1H 6-isomer), 8.00 (dd, 1H 6-isome1_'), 7.64
(dd, 1H 8-isomer), 7.52 (dd, 1H 8-isomer), 6.98 (t, 1H 8-isomcr), 6.90 (d, 1H 6-isomer),
4.35-4.05 (m, 6H), 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 solution of 2, 3-d1hydro—1'—ethoxycarbonyl-6— and 8-nm'osp1ro[4H-benzopyran-4 4'-
piperidine] (D103, 1.5g, 0.0046 mole) in ethanol (100 ml) was hydrogenated over 10%
Pd-C (300 mg) at atmosphenc temperature and pressure until uptake of hydrogen ceased.
The catalyst was removed by filtration through kleselguhr and the filtrate concentrated in
vacuo. The mixture of 6- and 8-amino isomers was separated by chromatography on silica

gel eluting with ether to afford the 6-ammo compound as the lower rf oompohent (420 mg,
32%).

'H NMR (250 MHz, CDCL) 8 (ppm): 6.66 (d, 1H), 6.60 (d, 1H), 6.50 (dd, 1H), 4.25-4.00
(m, 4H), 4.17 (3, 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 (t, 3H).

Description 105
6-Ammo-2,3-d|hydro-l'-methylsplro[4ﬂ-benzopyran-4 4'-p|pend|ne]

A stifred suspension of lithium aluminium hydride (76 mg, 0.0020 mole) in THF (15 ml)
at 0°C under argon was treated with a solution of 6-amino-2,3-dihydro-1'-
ethoxycarbonylspiro{4H-benzopyran-4,4'-piperidine] (D104, 300 mg, 0.0010 mole) in
THF (5 mi). The reaction mixture was allowed to warm to room temp. and stir for 1.5 h,
then treated with more lithium 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 water (0._10 ml), 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 title compound as a yellow oil (200 mg, 84%).
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'H NMR (200 MHz, CDCL,) 8 (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'-methylspiro[4H-pyrano(2,3-glquinoline-4,4' piperidine]

A stirred suspension of 6-amino-2,3-dihydro-1'-methylspiro[4H-benzopyran-
4,4'piperidine] (D105, 330 mg, 0.0014 mole) in glycol (1 ml) at room temperature was
treated with a catalytic amount of iodine (7 mg) and concentrated sulphuric acid (0.5 ml).
An exothermic reaction took place, which was well controlled and required no cooling.
The reaction mixture was then heated to 175°C for 2 hrs and allowed to cool to 100°C
before water (20 ml) was added. The mixture was basified with SM sodium hydroxide

"and then extracted with ethyl acetate (3 x 100 mi). The combined extracts were dried

(Na,SO,) and concentrated in vacuo. The residue was purified by chromatography on
silica gel eluting with 25-30% methanol/dichloromethane to afford the title compound as a
white solid (150 mg, 39%). '

‘H NMR (200 MHz, CDCI,) S (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

(brd, 2H).

Description 107
2,3,6,7,8,9-Hexahydro-l'-methylspiro[4H pyrano[2,3-glquinoline-4,4' piperidine]

A solution of 2,3-dihydro-1'-methylspiro[4H-pyrano|2,3-g]quinoline-4.4' piperidine] "
(D106, 150 mg, 0.0006 moie) in ethanol (50 mi) and glacial acetic acid (2 ml) was
hydrogenated over PtO, (35 mg) at 50 psi for 2 days. The catalyst was removed by
filtration through kieselguhr and the filtrate concentrated in vacuo. The residue was |
purified by chromatography on silica gel duﬁng with 30% MeOH/dichloromethane with
19 ammonia solution to afford the title compound (150 mg, 99%). |

'H NMR (200 MHz, CD,0D) 3 (ppm): 6.59 (s, 1H), 6.41 (s, 1H), 4.05 (dd, 2H), 3.45-3.15
(m, 6H), 2.91 (s, 3H), 2.69 (t, 2H), 2.37 (1d, 2H), 2.05 (dd, 2H), 2.00-1.79 (m, 4H).
Description 108 |
1-Ethyi-1,2,3,6-tetrahydropyridine-4-methanol
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The title compound was prepared from 4-pyridylcarbinol and iodoethane following a
similar procedure to that described for the I-methyl analogue in J. Med. Chem 1988, 31,
545 (92%).

"HNMR (200 MHz, CDCL)  (ppm): 5.63 (m, 1H), 4.00 (s, 2H), 3.14 (br s, 1H), 2.97 (m,
2H), 2.58 (t, 2H), 2.50 (q, 2H), 2.18 (m, 2H), 1.13 (z, 3H).

Description 109 _
l'-Ethyl-2,3,6,7-tetrahydrospnro[furo[Z,S-ﬂ|ndole-3,4'-p|pendlne]

This was prepared fmm 1-acetyl-6-bromo-2,3—d;hydm-lH—mdol-5-ol (Tezmhedron, 1973
29(8), 1115) and l-ethyl-l.2,3,6-teu'a.hydropyndme-4-methanol (D108), followmg the.

procedure of Description 8 (altemanve preparauon), steps a), b), and c). This gave the
title compound (overall yxeld 45%) as a fine grey powder

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

Descnphon 110
2-(4-Bromophenyl)-5-methyl-l,3,4-oxadlamle

The titie compound was prepared from 4-bromobenzoic hydrazide and triethyl |
orthoacetate following a similar procedure to that of Description 35, 10 afford fine white
crystals (77%).

'H NMR (250 MHz, CDCL,) 5 (ppm): 7.92 (d, 2H), 7.67 (d, 2H), 2.63 (s, 3H).

Descnptnon 111
4'-(5-Methyl-1,3,4-oxadnazol-2-yl)b|phenyl-4-earboxyllc acid

The title compound was preparedfmm a'stimed so_lption of 2-(4-_bmmophenyl)-5-ined|yl-
1,3,4-oxadiazole (D110) and 4-boronobenzoic acid using a similar procedure to
Description 11, as a white crystalline. solid (68%). _

*H NMR (250 MHz, dDMSO) 3 (ppm): 8.10 (d, ZH), 8 06 (d, 2H), 7.98 (d, ZH), 7.89 (d
2H), 2.62 (s, 3H).

Description 112
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4'-(5-Methoxymethyl-1,2,4-oxadiazol-3-y1)-2'-methylbiphenyl-4-carboxylic acid

The title compound was prepared from 3-(4-bromo-3-methylphenyl)-5-methoxymethyl-
1.2,4-oxadiazole (EP 0533268A1) using a similar procedure to Description 11, as an off
white solid (49%).

'H NMR (250 MHz, dDMSO) & (ppm): 13.06 (br s, 1H), 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). '

Description 113 :
4'-(4,5-Dihydrooxazol-2-yl)-2'-methylbiphenyl-4-carboxylic acid

This was prepared from 2-(4-bromo—3-methylphenyl)-4,5-dihydfooxazole (W094/15920-
Al) using the procedure of Description 11. This gave the title compound (85%) as a white
powder. ‘

" 'HNMR (250 MHz, d*DMSO) & (ppm): 8.02 (d, 2H), 7.7-7.9 (m, 2H), 7.52 (d, 2H), 7.36

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

Description 114 _
Methyl 4'-(4,5-dihydrooxazol-2-yl)-2'-methylbiphenyl-4-carboxylate

'-(4,5-Dihydrooxazol-2-y1)-2"-methylbiphenyl-4-carboxylic acid (D113) (0.92g,3.3
mmol) was stirred under Ar in dry DMF (20 ml), and sodium hydride (80% in mineral oil,
0.15g, 5.0 mmol) was added. This mixture was stirred for 30 min, and then treated with
iodomethane (0.22 ml, 3.5 mmol). After a further 15 min, the mixture was diluted with
ethyl acetate (200 ml), washed with water and brine, dried (Na,SO,) and evaporated. The
crude product was purified by chromatography on silica gel, eluting with 0-2% -
methanol/dichloromethane. This gave the title compound (0.15g, 15%) as a white solid.

"'H NMR (250 MHz, CDCL) 8 (ppm): 8.10 (d, 2H), 7.89 (s, 1H), 7.82 (d, 1H), 7.41 (4,

2H), 7.27 (d, 1H), 4.47 (1, 2H), 4.08 (t, 2H), 3.94 (s, 3H), 2.30 (s, 3H).

Description 115 _
4'-Amino-2'-methylbiphenyl-4-carboxylic acid

This compound was prepared from 4-bromo-3-methylaniline, following the procedure of
Description 11. This gave the title compound (91%) as a mauve powder.
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'H NMR (250 MHz, d"DMSO) S (ppm): 7.93 (d, 2H), 7.39 (d, 2H), 6.93 (d, IH), 6.50 (m,
2H), 2.16 (s, 3H)..

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

4'-Amino-2'-methylbiphenyl-4-carboxylic acid (D115, 2.45g, 10:8 mmol) and
triethylamine (3.8 ml, 27.3 mmol) were stirred in dichloromethane (50 ml) as chloroacetyl
chloride (1.05 ml, 13.2 mmol) was added dropwise. This mixture was stirred for 3 h,
when water (20 ml) was added.. After vigorous stirring for 15 min and basification with
potassium carbonate solution, the mixture was separated. The aqueous portion was
washed with dichloromethane, and acidified with conc. hydrochloric acid. The
precipitated solid was filtered off and dried, giving the utle compound (1.33g, 40%) as a
grey powder.

'H NMR (250 MHz d°DMSO) 5 (ppm): 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-furaidehyde

Using a method similar to that of Davis and Lougheed (J. Het. Chem. 1976, 4(1), 153-4),
4-bromo-3-methylaniline (20g, 0.107 mol) was converted to the title compound as an
orange powder (2.93g, 10%).

'H NMR (200 MHz, CDCL) 3 (ppm): 9.64 (s, lH), 7.7 (s, 1H), 7.6 (d, 1H), 7.48 (d lH),
7.3 (d, 1H), 6.82 (d, 1H), 2.45 (s, 3H).
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Description 118
5.(4-Bromo-3-methylphenyl)-2-methylfuran

Using a method similar to that of Oleinik ez al (Khim-Farm. Zh., 1971 5(7) 19-22), 5-(4-
bromo-3-methyiphenyl-2-furaldehyde (D117) (1.5g, 5.66 mmol) was converted to the title
compound as a yellow powder (1.12g, 79%).

'H NMR (200 MHz, CDCL,) 8 (ppm): 7.55-7.41 (m, 2H), 7.29 (d, 1H), 6.5 (d, 1H), 6.06
(m, 1H), 2.4 (s, 3H), 2.35 (s, 3H).

Description 119
2'-Methyl-4'-(5-methylfuran-Lyl)blphenyl-ll-enrboxyllc acid

_ 5-(4-Bromo-3-methylphenyl)-2-methylfuran (D118) (600 mg, 2.39 mmol) and 4-

boronobenzoic acid (397 mg, 2.39 mmol) were converted to the title compound using a
method similar to that of Description 11, as a pale yellow solid (207 mg, 30%).

'‘H NMR (200 MHz, d'DMSO) & (ppm): 13.0 (br s, 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), 2.28 (s, 3H).

Example 1
l'-Methyl-S-(z'-methyl-4'-(5-methyl-l,2,4-oxadxazol-3-yl)blphenyM-carbonyl)-
2,3,6,7-tetrahydrospiro[furo[2,3-flindole-3,4'-piperidine]

A stirred solution of 2'-methyl-4'-(5-methyi-1,2,4-oxadiazol-3-yl)biphenyl-4-carboxylic
acid (EP 0533268A1) (36 Img, 0.12 mmol) in thionyl chioride (3 mi) was heated at reflux
under argon for 20 minutes, then concentrated in vacuo 1o leave the acid chloride as a
yellow solid. This was dissolved in dichlommethan: (2 ml) and added to a stirred solution
of 1'-methyl-2,3,6,7-tetrahydrospiro[furo{2,3-flindole-3,4"-piperidine] (D8, 30 mg, 0.12
mmol) and triethylamine (0.06ml, 0.43 mmol) in dichloromethane (2 mt) and kept at room
temperature for 3 days. The mixture was washed with aq K2CO3 solution and brine, then
dried (NapSO4) and concentrated in vacuo. The residue was chromatographed on silica
gel eluting with 0 to 11% methanol/dichloromethane to afford the title compound as a
colouriess gum (19 mg, 30%). This was converted to its oxalate (mp 232°C) and
hydrochloride (mp >250°C) salts.
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1H NMR (oxalate salt) (400 MHz, d5DMSO) 8(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 (¢, 2H), 2.99 (t. 2H), 2.90 (m),
2.66 (m), 2.64 (5, 3H), 2.31 (s, 3H), 2.02 (mi, 2H), 1.84 (m, 2H)

Example 2
2,3,5,6,7,8-Hexahydro-1 -methyl-s-(z -methyl-4 -(5-methyl-l,2,4-oxadlazol-3-
'yl)biphenyl-4-carbonyl)spiro[furo[2,3-g]quinoline-3,4 -pxpendme]

The title compound was prepared from 2.3,5,6,7,8-hexahydro.-l'-methylspiro[fum[2,3-
glquinoline-3,4 -piperidine] (D10), using a procedure similar to that of Example 1, in 87%
yield. The oxalate salt was precipitated from acetone by addition of ether, as a white
powder -

1H NMR (oxalate salt) (250MHz, dSDMSO) 8(ppm): 7.9 (m, 2H), 7.3 (m, 5H), 6.68 (s,
1H), 6.5 (b, 1H), 4.34 (s, 2H), 3.80 (m, 2H), 3.12 (m, 2H), 2.9-2.6 (m, 12H), 2.29 (s, 3H),
1.97 (t, 2H), 1.60 (m, 4H).

Example 3 S
5-(2'-Methyl-4'- 5-methyl-l,2,4~oxadlaml-3-yl)b|phenyl-4-carbonyl)-2,3,6,7-
tetrahydrospiro[furo[2,3-flindole-3,4'-piperidine]

A stirred solution of 1'-methyl-5-(2'-methyl-4'-(5-methyl-1,2,4-oxadiazol-3-yl)biphenyl-4-
carbonyl)-2,3,6,7-teua.hydrospiro[fm[Z,B—ﬂindolc—3;4'-piperidine] (E1l, 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-chioroethyl chloroformate (0.09mi, 0.80 mmole). The -
mixture was stirred at room temperature for 2 h followed by 1h at reflux temperatre.

- Additional diisopropylethylamine (0.10 ml, 0.57 mmole) and 1-chioroethyl chloroformate

(0.06 mi, 0.53 mmole) was added and reaction maintained at reflux for a further 1 h. The
solution was concentrated in vacuo and the residue treated with methanol (20 mi) and
heated under reflux for 1 h. The solution was concentrated in vacuo and the residue
treated with conc. K2CO3 solution (25 ml) and chioroform (25 mi), shaken well and the
chioroform solution separated, dried (Na3SO4) and concentrated in vacuo to afford the
title compound as a beige solid (340 mg, 100%). The hydrochloride salt was prepared
from acetone/ether as a white solid mp 203-210° C.

1H NMR (free base) (250 MHz, CDCl3) 8 (ppm): 8.12 (br s, 1H - low integration), 8.00
(s, 1H), 7.95 (d, 1H), 7.62 (d, 2H), 7.43 (d, 2H), 7.35 (d, 1H), 6.68 (s, 1H), 4.45 (brs,
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2H), 4.30-3.95 (br m, 4H), 3.40-3.15 (br, 2H), 3.08 (t, 2H), 2.90-2.72 (br, 2H), 2.68 (s,
3H), 2.35 (s, 3H), 2.15-1.95 (br, 2H), 1.90-1.70 (br, 3H). '

Example 4
l'-Ethyl-s-(z'-methyl-4'-(5-methyl-l,2,4-oxadxazol-3-yl)blphenyl-4-carbonyl)-2,3,6, -
tetrahydrospiro{furo[2,3-flindole-3,4'-piperidine]

A stirred solution of 5-(2'-methyl-4'-(5-methyl-1,2,4-oxadiazol-3-yl)biphenyl-4-carbonyl)-
2.3,6,7-tetrahydrospiro{furo[2,3-f]indole-3,4'-piperidine] (E3, 100 mg, 0.20 mmole) in
glacial acetic acid (2 ml) at room temperature under argon was carcfully treated with
sodium borohydride peilets (50 mg, 1.3 mmole) and stirred for 24 h. Additional sodium
borohydride pellets were added (50 mg, 1.3 mmole) and reaction mixture stirred at room
temperature for a further 72 h. The reaction mixture was then treated with water (20 ml),
basified with 10% NaOH solution (20 ml) and extracted with dichloromethane. The
extract was dried (Na»SOj), concentrated in vacuo and the residue chromatographed on
silica gel eluting with 3% MeOH/CHCI3. Crystallisation of the product from ethyl

acetate/60-80 petrol afforded the title compound as a white solid (55 mg, 52%) mp 202-
204° C.

1H NMR (250 MHz, CDCl3)  (ppm): 8.17 (br s, 1H - low integration), 8.00 (s, 1H), 7.95

- (d, 1H), 7.62 (d, 2H), 7.42 (d, 2H), 7.36 (d, 1H), 6.67 (s, 1H), 4.40 (br s, 2H), 4.10 (br s,

2H), 3.07 (t, 2H), 3.10-2.80 (br m, 2H), 2.68 (s, 3H), 2. 55 2.30 (br m, 2H), 2.35 (s, 3H),
2.25-1.50 (br, m, 6H), 1.10 (br t, 3H)

Example 5
1'-Methyl-5-(2'-methyl-4'-(5-methyl-1,3,4-oxadiazol-2-yl)biphenyl-4-carbonyl)-
2,36 ‘7-tetrahydrosp:ro[furo(2,3-fjmdole-3,4'-plpendme]

The titie compound was prepared from 1'-methyl-2,3,6 7-teu'ahydrosp1ro[furo[2 3-
flindole-3,4'-piperidine] (D8) and 2'-methyl-4-(5-methyl-1,3 ,4-oxadiazol-2-yl)biphenyi-
4-carboxylic acid (D11) using a procedure similar to that of Example 1 (23%). This was
converted to the oxalate sait which precipitated from acetone/ether as a white solid (mp
232-235°C), and hydrochloride salt (mp >250°C). '

1H NMR (oxalate salt) (250 MHz, d6DMSO) 5 (ppm): 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 (m, 2H), 2.50 (s, 3H), 2.38 (s, 3H)

Example 6
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5-(4 '-(S-Dlmethylannno-l,z,4-oxadnazol-3-yl)-2'-methylblphenyM-carbonyl)-l'
methyl-2,3,6 7-tetrahvdrosplro[furo[z,3-r]mdole-3,4'-plpendme]

The title compound was prepared from 1'-methyl ~-2,3,6,7-tetrahydrospiro [furo[2,3- .
flindole-3,4'-piperidine] (D8) and 4'-(5- d1methylam1no-l.2.4-oxadxazol—3—yl)—2’
methylblphcnyl-4-carboxylxc 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.

IH NMR (free base) (200 MHz, CDCl3) & (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)

Exampie 7
1'-Methyl-s-[4'-(5-methvl-1.2,4-oxad|azolo3-yl)blphenyl-4-carbonyl]-2,3,6,7- .
tetrahydrospiro[ furo[z,3-f]mdole-3 4'-piperidine]

The title compound was prepared from 1'-methyl-2,3,6,7-tetrahydrospiro {furof2,3-
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 (t, 2H), 3.00-2.80 (br m, 2H), 2.70 (s, 3H), 2.48-
1.45 (br m, 9H)

Example 8 C : : : : :
2,3-D|hvdro-l'-methyl-5-(2' methyI-4'-(S-methyl-l,2,4-oxad|azol-3-yl)b|phenyl-4-
carbonyl)spiro[furo{2,3-flindole-3,4'-piperidine)

A stirred 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 thiony} chloride (10 ml) was heated under
reflux for 0.5 h, then concentrated in vacuo to leave the acid chloride as a yeliow solid. A
stirred solution of 2,3-dihydro-1'?methylspiro{furo[z-,3-fjindole-3,47-piperidine] (D7, 260
mg, 1.1 mmole) in dry THF (10 ml) at room temperawmre under argon was treated with
potassium t-butoxide (125 mg, 1.1 mmole) and stirred for _0.25 h, then treated witha
solution of the above acid chloride (1.1 mmole) in dry THF (5 ml). The mixture was
stirred at room temperature for 2 h, then concentrated in vacuo and the residue treated with
10% Na»COj3 solution and extracted with ethyl acetate. The extract was dried (NazS0y),
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concentrated in vacuo and the residue chromatographed on silica gel eluting with 3%
MeOH/CHCl3. The pale yellow oil obtained was further purified by preparative TLC on 2
silica gel plate.eluting with 10% MeOH/CHCI3 to afford the title compound (80 mg,
14%), which crystallised from ether mp 196-198° C.

1H NMR (250 MHz, CDCl3)  (ppm): 8.33 (s, 1H), 8.03 (s, 1H), 7.98 (d, 1H), 7.80 (4,
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),
3.00-2.87 (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)

Example 9
5.[4'-Cyano-2'-methylbiphenyl-4-carbonyl}-1'-methyl-2,3,6,7-
tetrahydrospiro{furo[2,3-flindole-3,4’-piperidine]

A stirred suspension of 4'-cyano-2'-methylbiphenyl-4-carboxylic acid (D16) (0.3g, 1.3
mmole) in dichloromethane (10 ml) at.-room temperature under argon was treated with
oxalyl chloride (0.12 mi, 1.43 mmole), followed by DMF (1 drop). The mixture was .
stirred for 2h, then concentrated in vacuo to leave the acid chioride as a pale yellow solid.
This was dissolved in dry THF (8 ml) and added to a stirred solution of 1'-methyl-2,3,6,7-
tetrahydrospiro{furo{2,3-flindole-3,4"-piperidine] (D8) (0.3g, 1.3 mmole) and |
triethylamine (0.35 ml, 2.6 mmole) in dry THF (10 ml) at 5° C under argon. The reaction
mixture was allowed to warm to room temperature and then concentrated in vacuo. The
residue was taken up in 10% Naj>CO3 solution (20 ml) and extracted with EtOAc (2 x 30
mi). The combined extract was dried (Na3S0O4) concentrated in vacuo and the residue
chromatographed on silica gel eluting with 1% methanol/dichloromethane to give the title
compound (0.2g, 34%) as a white solid.

1H NMR (250 MHz, CDCl3) 3 (ppm): 8.14 (br s, 1H-low integration), 7.68-7.52 (m,

4H), 7.39-7.32 (m, 3H), 6.68 (s, 1H), 4.40 (br s, 2H), 4.18-3.99 (br m, 2H), 3.08 (1, 2H),
2.94-2.79 (br m, 2H), 2.31 (s, 6H), 2.12-1.71 (br m, 6H)
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Example 10 _
5-(4'-Acetyl-Z'Amethylblphenvl-4-carbonyl)-l'-methvl-2,3,6,7-
tetrahydrosplro[furolz,:‘a_-_fjmdole-_3,4'-pn_perldme] _ '

The title compound was prepared from 1'-methyl-2,3,6,7-tetrahydrospiroffuro{2,3-
i]mdole-3 ,4"-piperidine] (D8) and 4'-acetyl-2'-methylb1phenyl-4—carboxyhc acid (D19)
using a procedure similar to that of Example 1 (35%)

1H NMR (250 MHz, CDC13) 5 (ppm): 8.13 (br s, 1H-Iow integration), 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 (t,
2H), 2.97-2.80 (m, 2H), 2.60 (s, 3H), 2.45-1.54 (m, 12H)

Example 11 . :
5-(4'-(l-(Methoxyammo)ethyl)-2'-methylbnphenyl-4-carbonyl)-l'-methyl-2,3,6,7-
tetrahydrospiroffuro[2,3-flindole-3,4'-piperidine] |

Methoxylamine hydrochloride (0. 06g, 0.7 mmol) was added to a stirred solution of
potassium t-butoxide (0.06g, 0.5 mmol) in methanol (10 ml) under argon. After 20
minutes at room temperature, the solution was treazed witha solunon of 5-(4' aécty!-z -
methylb1phenyl-4-carbonyl)—l'-methyl 2 3,6, 7-teu'ahydrospno[fmo[2.3-fjmdole-3 4'-
piperidine] (E10, 0.16g, 0.3 mmole) in methanol (10 ml) and stirred at room tcmpcramre
for 18 hours, followed by l hour heating under reflux. The solunon was allowed to cool,

‘treated with 10% NapCO3 solution (40 ml) and extracted with ethyl acetate. The extract

was dried (NapSOy4) and concenn'ated in vacuo to afford the title compound asa yellow
solid (0.16g, 94%).

1H NMR (250 MHz, CDCl3) 5 (ppm): 8.12 (br s, 1H-low integration), 7.62-7.48 (m, 4H),
7.40 (d, 2H), 7.25 (d, 1H), 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'-Acetamidomethyl-2'-methylbiphenyl-4-carbonyl)-1'-methyl-2,3,6,7-

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

A stirred solution of 1'-methyl-2.3,6.7-tetrahydmspiro[fm[2,3-f]indole-3,4'-piperidine]
(D8, 85 mg, 0.35 mmole) in toluene (10 ml) at room temperature under argon was treated
with 2M trimethylaluminium in hexane (0.74 ml, 1.5 mmole). The mixture was stirred for
0.75 h, then treated with a solution of methyl 4'-acetamidomethyl-2'-methylbiphenyl-4-
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carboxylate (D21, 120 mg, 0.40 mmole) in toluene (5 ml) and heated at 90° C for 2 h.
The solution was allowed to cool, then poured carefuily into a stirred slurry of silica gel
(10 g) in dichleromethane (30 ml) and stirring continued until the effervescence had
ceased. The silica gel slurry was then packed into a chromatography column and eluted
with 0-10% MeOH/CH3Cl to afford the title compound (85mg, 48%). This was

converted to the oxalate salt, which crystallised from acetone. .

1H NMR (free base) (250 MHz, CDC13) 5 (ppm): 8.13 (br s, 1H-low integration), 7.58
(d, 2H), 7.35 (d, 2H), 7.25-7.13 (m, 3H), 6.67 (s, 1H), 5.95 (br 1, 1H), 4.46 (d, 2H), 4.38
(br s, 2H), 4.20-4.00 (br, 2H), 3.05 (¢, 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).

Example 13

3,5,6,7,8,9-Hexahydro-l'-methyl-S-(Z'-methyM'-(5-méthyl-l',2,4-oxadiazol-3-
yl)biphenyM-carbonyl)spiro[2H-furo[2,3-h]benmzepine-3,4'-pipeﬁdine]

The title compound was prepared from 3,5.6,7,8.9-hexahydro-l'-methylspiré[ZH-fmo[Zﬁ-
h}benzazepine-3,4'-piperidine] (D28), using a procedure similar to that of Example 1. The
oxalate salt was precipitated from acetone by addition of ether, as a white solid.

1H NMR (oxalate salt) (250 MHz, d6SDMSO0) & (ppm): 7.9 (m, 2H), 7.4-7.2 (m, 5H), 6.72
(s. 1H), 6.61 (b, 1H), 4.73 (d, 1H), 4.42 and 4.28 (ABq, 2H), 3.31 (m, 1H), 3.1-2.7 (m,
6H), 2.69 (s, 3H), 2.67 (s, 3H), 2.20 (s, 3H), 2.3-1.7 (m, 5H), 1.5-1.2 (m, 3H)

Example 14
1'-Methyl-5-(2'-methyl-4'-(3-methyl-1,2,4-oxadiazol-5-yl)biphenyl-4-carbonyl)-
2,3,6,7-tetrahydrospiro[furo{2,3-flindole-3,4'"-piperidine]

The title compound was prepared from 1'-methyl-2,3,6,7-tetrahydrospiro {furo[2,3-
flindole-3,4'-piperidine] (D8) and 2'-methyl-4'-(3-methyl-1,2,4-oxadiazol-5-yl)biphenyl-4-
carboxylic acid (D29) using a similar procedure to Example 1. This was converted to its
oxalate salit, whlch was obtained as a yellow solid (3%).

'H NMR (free base) (200 MHz, CDCL,) & (ppm): 8.15 (br s, 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), 3.06 (t, 2H), 2.85 (br, 2H), 2.50 (s, 3H), 2.36 (s, 3H), 2.30 (br s, 3H), 2.15-1.70 (m,

6H).
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Example 15
l'-Methyl-S-(Z'-methvl-4'-(1,3,4-oxad|azol-2-yl)b|phenyl-4-earbonyl)-2,3,6,7-
tetrahydrosp;ro[furolzs-ﬂmdole-s 4'-piperidine

A stirred suspension of 5-(4'-hydmzinocarbonyl-Z'—meﬂiylbiphc_nyl-4-.carbonyl)-l'-m_ethyl-
2,3,6,7-tetrahydrospirof furo{2,3-flindole-3,4'-piperidine} (E25) ( 150 mg, 0.3 mmol) in
triethyl orthoformate (10 ml) was heated at reflux for 2 h. The mixture cooled,
concentrated in vacuo and chromatogfaphed on silica gel, eluting with methanol and _
chioroform to give the title compound as a white foam (24 mg, 16%) This was converted
to its oxalate salt which was obtained as a white solid (mp 242-244°C) and hydrochioride
salt (mp 298-302'C) :

'H NMR (free base) (200 MHz, CDCL) 8 (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 5, 2H), 4.20-4.00 (br m, 2H), 3.08
(t, 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'-(S-Ethyl-l,3,4-oxad|azol-2-yl)-2'-methylbnphenyl-4-urbonyl]-l'-methyl-2,3,6,7-
tetrahydrosplro[fnro[2,3-ﬂmdole-3,4'-plpendme]

The title compound was afforded as a white solid (54%) from 4'4(5-ethyl-1,3.4-oxadiaz_ol-
2-yD)- 2'-methylb1phenyl-4-carboxyhc acid (D32) and 1'-methyl-2,3,6,7-
tetrahydrospiroffuro[2,3-f}indole-3, 4’-p1pendme] (D8) as per method of Example 1. This
was converted to its oxalate salt.

'H NMR (oxalate salt) (400 MHz, d"DMSO) 8 (ppm): 7.95 (m, 2H), 7.90 (d, lH), 7.66
(m, 2H), 7.51 (m, 3H), 6.78 (s, 1H), 4.50 (s, 2H), 4.05 (t, 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'-M_etllyl-4'-(5-methyl-l,3,4-oxadiazol-2-yl)biphe_qyl-4-urbonyll-2,3,_6,7-
tetrahydrospiro[furo[2,3-flindole-3,4'-piperidine] -

The title compound was prepared from 1'-methyl-5-[2'-methyl-4'-(5-methyl-1,3 4-
oxadiazol-2-yDbiphenyl-4-carbonyl]-2,3,6,7-tetrahydrospiro [furof2,3-flindole-3, 4‘
piperidine] (ES) followmg a similar procedure to Example 3 (100%). This was converted
to the oxalate salt, which precipitated from acetone/ether as a pale yellow solid.
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'H NMR (oxalate salt) (200 MHz, CDCL,) & (ppm): 8.00-7.85 (m, 3H), 7.65 (d, 2H), 7.55-
7.42 (m, 3H), 6.78 (s, 1H), 4.50 (s, 2H), 4.05 (t, 2H), 3.03 (t, 2H), 2.61 (s, 3H), 2.37 (s,
3H), remaining signals not discernable from spectrum. '

Example 18
2,3-Dihydro-1'-methyl-5-(2'-methyl-4'-(5-methyl- 1,3,4-oxadnazol-2-yl)bxphenyl-4-
carbonyl)spiro[furo[2,3-flindole-3, '-plpendme]

The title compound was prepared from 2,3-dihydro-1'-methyispiroffuro [2,3-flindole-3,4'-
piperidine] (D7) and 2'-methyl-4'-(5-methyl-1,3,4-oxadiazol-2-yl)biphenyl-4-carboxylic
acid (D11) using a similar procedure to Example 8 (22%). This was converted to its
oxalate salt, which crystallised from acetone/methanol as a white solid mp 234-237°C.

~ 'H NMR (free base) (200 MHz, CDCL,) & (ppm): 8.33 (s, iH), 8.02 (s, 1H), 7.94 (d, 1H),

7.81 (d, 2H), 7.50 (d, 2H), 7.40 (d, 1H), 7.28 (d, 1H), 6.97 (s, 1H), 6.55 (d, 1H), 4.46 (s,

_ 2H), 2.98-2.85 (m, 2H), 2.65 (s, 3H), 2 39 (s, 3H), 2.36 (s, 3H), 2.25-1.95 (m, 4H), 1.90-

1.75 (m, 2H).

Example 19
5-(2,2'-D|methyl-4'-(S-methyl-l,3,4-oxadxazol-2-yl)blphenyl-4-carbonyl)-l'-methyl-
2,3,6,7-tetrahydrospiro[furo[2,3-flindole-3,4'-piperidine]

The title compound was prepared from 1'-methyl-2,3,6,7-tetrahydrospiro [furo[2,3-
flindole-3,4'-piperidine] (D8) and 2,2'-dimethyl-4'-(5-methyl-1,3,4-oxadiazol-2-
yl)biphenyl-4-carboxylic acid (D34) using a similar procedure to Ex‘ample 1 (53%). This
was converted to its oxalate salt and crystallised from acetone/methanol as a white sohd
mp 222-224°C.

'H NMR (free base) (200 MHz, CDCL,) 3 (ppm): 8.13 (brs, 1H), 7.98 (s, 1H), 7.90 (dd,
1H), 7.48 (s, 1H), 7.41 (4, 1H), 7.35-7.20 (m, 1H), 7.16 (d, 1H), 6.66 (s, 1H), 4. 38 (brs,
2H), 4.10 (br, 2H), 3.07 (t, 2H), 2.85 (br, 2H), 2.64 (s, 3H), 2.32 (s, 3H), 2.20-1 70 (m,
6H), 2.15 (s, 3H), 2.08 (s, 3H).
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Example 20
5-(2,3'-D|methvl-4'-(5-methvl l,3,4-oxad|azol-2-yl)b|phenyl-4-carbonyl)-l'-methyl-
2,3,6,7-tetrahydrospiro[furo[2,3-flindole-3,4'-piperidine] .

The titie compound was prepared from 1'-methyl-2,3,6,7-tetrahydrospiro [furo[2,3-
flindole-3,4'-piperidine] (D8) and 2,3'- dxmethyl-4'-(5-meﬂ1yl-l 3,4-oxadiazol-2-
yl)biphenyl-4-carboxylic acid (D36) using a similar procedure to Example 1 (31%). This
was converted to its oxalate salt and crystallised from acetone/methanol as a pale yellow
solid mp. 193-195°C.

'H NMR (free base) (250 MHz, CDCl,) o (ppm) 8. 14 (br s, lH), 7.97 (d, IH), 7 48 (s, _
1H), 7.42 (d, 1H), 7. 37-7.25 (m. 3H) 6.67 (s, 1H), 4.40 (brs, 2H), 4.08 (br s, 2H), 3.06 (1,
2H), 2.87 (br, 2H), 2.77 (s, 3H), 2.65 (s, 3H), 2.32 (s, 6H), 2.20-1.90 (m, 4H), 1.85-1.60
(m, 2H) :

Example 21
l'-M'ethyl-s-(2'-methyl-4'-(4-methylthlazol-2-yl)blphenyl-4-carhonyl)-2,3,6,7-
tetrahydrospiro[furo[2,3-flindole-3,4'-piperidine]

The title compound was prepared from 2'-methyl-4'- (4-methylthxazol—2-yl)bxphenyl-4—
carboxylic acid (D40) and 1'-rnethyl-2 3,6,7-tetrahydrospiro [furo[2,3-f]mdole-3 4'-
piperidine] (D8), following the procedure of Example 1. The oxalate sait crysta_lhsed from
acetone as a buff powder.

'HNMR (oxalate salt) (250 MHz, dDMSO0) & (PPﬂ'l) 7. 8-8 0 (m, 3H), 7.67 (, 2H), 752
(d, 2H), 7.40 (m, 1H), 7.38 (s, 1H), 6.78 (s, 1H), 4.51 (s, 2H), 4.06 (1, 2H), 3.40 (m, 2H),
3.04 (¢, 2H), 3.0 (m, 2H), 2.7 (s, 3H), 2.44 (s, 3H), 2.37 (s, 3H), 2.1 (m, 2H), 1.9 (m,
2H).

Example 22 :
5-(4'-Methoxycarbonyl-Z'-methylblphenyIA-earbonyl)-l'-methyl-2,3,6, -
te_trahydrospnro[furolz,B-ﬂmdole-3,4'-pnpe_ndme]

The title compound was prepared from 1'-methyl-2,3,6,7-tetrahydrospiro [furo[2,3-
flindole-3,4'-piperidine] (D8) and 4'-methoxycarbonyl-2'-methyl biphenyl-4-carboxylic
acid (D41) using a procedure similar to that of Example 1 (76%). '
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'H NMR (200 MHz, CDC),) & (ppm): 8.12 (br s, 1H- ldw integration), 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 (br, 2H),
3.95 (s, 3H), 3.08 (t, 2H), 2.90 (br s, 2H), 2.34 (s, 6H), 2.20-1.65 (m, 6H)

Example 23 _
5-(5'-Methoxycarbonyl-2'-methylbiphenyl-4-carbonyl)-1'-methyl-2,3,6,7-
tetrahydrospiro[furo[2,3-flindole-3,4'-piperidine]

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

'H NMR (250 MHz, CDCL,) & (ppm): 8.12 (brs, 1H - loiy 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 5, 2H), 3.90
(s, 3H), 3.09 (t, 2H), 2.90 (br s, 2H), 2.32 (s, 6H), 2.20-1.62 (m, 6H).

Example 24
* 5.[4'-(Methanesuiphonamino)-2'-methylbiphenyl-4-carbonyl]-1'-methyl-2,3,6,7-
tetrahydrospiro[furo[2,3-flindole-3,4'-piperidine] -

The title compound was afforded as a white solid (38%) from 4'-(methane sulphonamino)-
2'-methylbiphenyl-4-carboxylic acid (D44) as per method of Example 1 and converted to
its oxalate salt. '

'H NMR (oxalate salt) (250 MHz, d'DMSO) & (ppm): 9.82 (b, 1H), 7.96 (b, 1H), 7.65 (d,
2H), 7.45 (d, 2H), 7.20 (m, 3H), 6.78 (s, 1H), 4.50 (s, 2H), 4.15 (t, 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-2'-methylbiphenyl-4-carbonyl)-1'-methyl-2,3,6,7-
tetrahydrospiro[furo(2,3-flindole-3,4'-piperidine]

A solution of 5-(4'-methoxycarbpnyl-2’-methylbiphenyl-4-_carbohyl)-l'-methyl-2,3,6.7-
teu'ahydmspiro[furo[z,3-f]ind01c-3,4'-piperidine] (E22, 0.75g, 1.5 mmole) in methanol
(25 ml) was treated with hydrazine monohydrate (1.05 ml) and heated under refiux for 18
h. The reaction mixture was allowed to cool, then poured into water (50 ml) and the solid
which precipitated out was filtered off and dried (0.61g, 81%). A 50 mg portion was
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purified by preparative TLC on silica gel eluting with 20% methanol/chloroform to afford
the title compound as a white solid mp. 130-135°C.

'H NMR (250 MHz, CDC, + CD,OD) 5 (ppm): 8.11 (br s; 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 (t, 2H), 2.94 (br, 2H), 2.38 (br s, 3H), 2.33 (s, 3H), 2.30-;.00 (m, 4H), 1.90-1.70 (m,
2H). - '

Example 26 .
l'-Ethyl-S-[Z'-methyM'-(S-methyl-l,3,4-oxad|azol-2-yl)blphenyl-4-enrbonyl]-2,3,6,7-
tetrahydrospxro[furo[z,B-fjmdole-3,4'-p|p_endme]

A stirred suspension of 2'-methyl-4'-(5-methyl-1,3,4-oxadiazol-2-yl)biphenyl-4-carboxylic
acid (D11, 0.53g, 1.8 mmole) in thionyl chioride (8 ml) was heated at about 45°C for 30
minutes, then conccmrated in vacuo. The yellow solid was dissolved i in THF (10
mi)/dichioromethane (5 ml) and added to a stirred solution of 1 -ethyl-Z 3,6,7-

_ tetrahydrospiroffuro{2,3-flindole-3,4'-piperidine] (D109, 0.46g, 1.8 mmole)and =
tricthylamine (0 50 ml, 3.6 mmole) in THF (15 ml) at 5°C under argon. The solunon was
stirred at room temp. for 2 h, then concentrated in vacuo. The residue was treated with
10% Na,CO; solution and extracted with ethyl acetate. The extract was dried (Na,SO,),
concentrated in vacuo and the residue chromatographed on silica gel cluting with 3%
methanol/chloroform and the yellow oil obtained passed thmugh a short basic alumina
column eluting with ethyl acetate to afford the titie compound as a beige foam (0.62g,
68%). This was converted to its hydrochioride (mp 269-273°C) and mesylate (mp 275-
279°C) salts.

'H NMR (free base) (250 MHz, CDCL)  (ppm): 8.18 (br s, 1H - low mtegranon), 7.98 (4,
1H), 7.91 (dd, 1H), 7.63 (d, 2H), 7.42 (d, 2H), 7.37 (d, 1H), 6.66 (s, 1H), 4.40 (br s, 2H),
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'-(S-methyl-1,3,4-oxadiazol-2-yl)biphenyl-4-carbonyl)-
2,3,6,7-tetrahydr.ospiro[furo[2_,3-ﬂindole-3,4'-pip_eridine] _

The title compound was. prepared from 2'-methyl-5' (5-methyl-l,3 4-oxadxaml-2-
yl)biphenyl-4-carboxylic acid (D45) and 1'- -methyl-2,3,6,7-tetrahydrospiro{furo[2,3-
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flindole-3,4'-piperidine] (DS) using a similar procedure to Example 1 as a brown oil
(10%). This was converted to its oxalate salt which was obtained as a white solid.

'H NMR (oxalate salt) (400 MHz, d'DMSO0)3 (ppm): 7.98 (br s, 1H), 7.91 (d, 1H), 7.80
(s, 1H), 7.68 (m, 2HD), 7.58 (d, 1H), 7.54 (d, 2H), 6.7 (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'-Carboxamldo-z'-methylbnphenylA-carbonyl)-l'-methyl-2,3,6, -
tetrahydrospiro[furo[2,3-flindole-3,4'-piperidine]

A suspension of 5-(4'-cyano-2'-methylbiphenyl-4-carbonyl)-1'-methyl-2,3,6,7-
tetrahydrospiro[furo[2,3-f]indole-3,4"-piperidine] (E9) (130 mg, 0.28 mmol) in methanol
(5 ml) was treated with 30% hydrogen peroxide (0.1 ml) and 20% sodium hydroxide
solution (0.08 ml) and stirred at room temperature for 1.5 h. Sodium metabisulphite (60
mg) was added, the mixture was concentrated in vacuo and the residue was pﬁrr.iﬁoned _
between water and ethyl acetate. The organic phase was dried (Na,SO,) and concentrated
in vacuo and the resultant solid chromatographed on silica gel eluting with methanol and
chioroform, 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 (¢, 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
aromatic proton not observed)

Example 29
5-(4'-Aoetam|do-2'-methylbtphenyl-«t-earbonyl)-l'-methyl-2,3,6, -
tetrahydrospiro{furo{2,3-flindole-3,4'-piperidine]

The titie compound was prepared from 4'-acetamido-2'-methylbiphenyl-4-carboxylic acid
(D47) and 1'-methyl-2,3,6,7-tetrahydrospiro[furo[2,3-flindole-3,4-piperidine] (D8)
following a similar procedure to Exampie 1 using oxalyl chioride in place of thionyl
chloride, as a yellow oil (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 (4, 2H), 7.19 (d, 1H), 6.77 (s, 1H), 4.50 (s, 2H), 4.05 (t,

-67 -



10

15

20

25

30

35

WO 96/19477 PCT/EP95/04889

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

Example 30 -
2,3,5,6,7,8-Hexahydro-l‘-methyl-S-(Z'-methyl-4'-(5-metl|yl-l,3,4-oxadnazol-2-
yl)blphenyM-carbonyl)splro[furo[2,3-g]qu|nolme-3, '-plpendme]

The title compound was prepared from 2'-methyl-4'-(5-meﬂ1yl-l,3,4-oxadiazol-2-
yl)biphenyi-4-carboxylic acid (D11) and 2,3,5,6,7,8-hexahydro-1'-methylspiro{furo[2,3-
glquinoline-3,4"-piperidine] (D10) using a similar procedure to Example 1 as a white solid
(62%). This was converted 10 its oxalate salt which was obtained as a white solid (mp 187-
188° C) and hydrochloride salt (mp 176-180°C). |

'H NMR (free base) (200 MHz, CDCL,) & (ppm): 7.94 (s, 1H), 7.85 (d, 1H), 7.4-7.3 (m,
2H), 7.28 -7.14 (m, 3H), 6.6 (s, 1H), 6.35 (br s, IH), 4.26 (s, 2H), 3.94 (1, 2H), 2.78 (¢, ~
2H), 2.71-2.55 (m, 5H), 2.3 (s, 3H), 2.25 (s, 3H), 2.14-1.75 (m, 4H), 1.61-1.41 (m, 4H)

Example 31
2,3,5, ,7,8-Hexahydro-5-(4‘-methanesulphonammo-Z'-methyIblphenyM-carbonyl)-
l'-methylsplro[furo[2,3-g]qmnollne-3,4'-plpendme] :

The title compound was prepared from 4'-(methanesulphonamino)-z’-mcthylbiphenyl-d-
carboxylic ac1d (D44) and 2,3,5,6,7 8-hexahydr0—1'-methylsplro[furo[2,3-g]qumohne—3 4'-
piperidine] (DlO) usmg a similar procedure to Example 1 as a white solid (46%). This
was converted to its oxalate salt which was obtained as a whue powder mp 165-170°C

'H NMR (free base) (200 MHz, CDCL) & (ppm): 7.36-7.29 (m, 2H), 7.2-7.0 (m, 5H), 6.6
(s, 1H), 6.37 (br s, 1H), 4.25 (s, 2H), 3.92 (¢, 2H), 3.03 (s, 3H),_ 2.77 (t, 2H), 2.7-2.55 (m,
2H), 2.25 (s, 3H), 2.2 (s, 3H), 2.12-1.78 (m, 4H), 1.57-1.41 (m, 4H) (_ohe aromatic proton
not observed) |

Example 32
l'-Metllyl-S-[2'-methyl-4'-(5-methyl-1,2,4-oxadmzol-3-yl)blphenyM-carbonyl]-
2,3,6,7-tetrahydrosplro[thlopheno[2,3-ﬂ|ndole-3,4'-p|pendme] '

l'-Methyl-2,3.6,7-teu'ahydrospiro[thiopheno[2.3-f]indole—3,4'-pipe1idihe] (1553) (0.029g,

0.112 mmol) was transformed_ to give the title compound as a pale yellow oil (0.055g,
93%) according to the method of Example 1.
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'H NMR (200 MHz, CDCL) 8 (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 (t, 2H), 2.85 (br s, 2H), 2.30 (s, 3H), 2.35 (s, 6H),
2.20 (br s, 4H),_ 1.85 (brs, 2H)

Example 33
1,2,3,5,6,7-Hexahvdro-l'-methyl-l-(2'-methyl-4'-(5-methyl-l,3,4-oxadxazol-2-
yDbiphenyl-4-carbonyl)spiro{indeno[5,6-b]pyrrole-7 4'-p1pendme]

1,2,3,5,6,7-Hexahydro- 1'-methylspirofindeno[5,6-b]pyrrole-7,4 -piperidine] is prepared
from 1-acetyl-2,3-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 title compound using a similar procedure to Example 1.

Example 34
5-[4'-((N-MethanesulphonyI-N-methyl)almno)-Z'-methylblphenyl-4-carbonyl]-1'
methyl-2,3,6,7-tetrahydrospiroffuro[2,3-flindole-3,4'-piperidine}

This was prepared from methyl 4'-[(N-methanesulphonyl-N-methyl)amino}-2'-
methylbiphenyl-4-carboxylate (D54) following the procedure of Exampie 12. This gave
the title compound as a white foam, which was converted into its oxalate salt, a light grey
powder.

'H NMR (oxalate sait) (250 MHz, d’DMSO) 3 (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 (t, 2H), 3.39 (m, 2H),
3.28 (s, 3H), 3.0 (m, 7H), 2.77 (s, 3H), 2.30 (s, 3H), 2.1 (m, 2H), 1.9 (m, 2H).

Example 35 :
5-[4'-(D|methvlamlnosulphonyl)blphenyl-4-carbonyl]-l'-methyl-2,3,6,7-
tetrahydrospiro[furo[2,3-flindole-3,4'-piperidine]}

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

'HNMR (250 MHz, d°DMSO) 3 (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 (t, 2H), 2.74 (b, 2H), 2.64 (s, 6H), 2.19 (s, 3H), 1.9
(m, 4H), 1.65 (m, 2H).
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Example 36
5-[4'-(Metllanesulphonyl)blphenvl-4-carbonyl]-l'-methyl-2,3,6 7-

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

This was prepared from 4'-(méthanesulphonyl)b_iphenyl-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 to give a white powder.

'H NMR (250 MHz, d'DMSO) & (ppm): 8.02 (m, 5H), 7.87 (d, 2H), 7.72 (d, Zfl); 6.71 (s,
1H), 4.37 (s, 2H), 4.03 (t, 2H), 3.28 (s, 3H), 3.01 (t, 2H), 2.75 (m. ZH). 2.20 (s, 3H), 1.9
(m, 4H), 1.65 (m, 2H).

Example 37
5-[4'-(N,N-Dlmethylcarbamoylammo)-z'-methylb|phenyl-4-carbony|] l'-methyl-
2,3,6,7 -tetrahvdrosplro[furo[2,3-ﬂmdole-3,4'-plpendme] :

. This was prcpared from 4'-(N,N-dimethylcarbamoylamino)-2'-methylbiphcn};latn

carboxylic acid (D59), following the procedure of Example 9, but using dichloromethane
as solvent throughout. This gave the title compound (35%) asa glass, which was
converted to its oxalate salt, a cream solid.

'H NMR (oxalate salt) (250 MHz, d”DMSO) 8 (ppm): 8.32 (s, 1H), 7.95 (b s, 1H), 7.61 (d,
2H), 7.45 (m, 4H), 7.12/(d, 1H), 6.77 (s, 1H), 4.46 (s, 2H), 4.05 (t, 2H), 3.3 (b, 2H), 3.1-
2.9 (m, 4H), 2.93 (s, 6H), 2.69 (s, 3H), 2.23 (s, 3H), 2.05 (m, 2H), 1.85 (m, 2H).

Example 38
5-[4'-(Ethoxycarbonylammo)—2'-methylbnphenyl-4-carbonyl]-l'-methyl-2,3,6,7- .

_ tetrahydrosplro[furo[Z,S-l']mdole—3,4'-p|pendlne]

This was prepared from 4'-(ethoxycarbonylamino)-2'-methylbiphenyl-4-carboxylic acid
(D61), following the procedure of Example 9. This gave the title compound (75%) as a
light yellow foam, which was converted to its hydrochloride salt, a white powder. i

'H NMR (HCl salt) (200 MHz, d'DMSO) § (ppm): 10.5 (b, 1H), 9.70 (s, 1H), 8.94 (bs,
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
§-[4'-(4,5-Dimethyl-1,2,4-triazol-3-yl)-2'-methylbiphenyl-4-carbonyl]-1'-methyl-
2,3,6,7-tetrahydrospiro[furo(2,3-flindole-3,4'-piperidine]

This was prepared from 4'-(4,5-dimethyl-l,2,4~u'iazol-3~yl)'-2'-memylbiphenyl-d-
carboxylic acid (D64), following the procedure of Example 9.. This gave the title
compound (27%) as a white solid.

"H NMR (200 MHz, CDCl,) & (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
(t, 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
l'-Methyl-6-[2'-methyl-4'-(S-methvl-l,3,4-oxad|azol-2-yl)hnphenyl-4-carbonyl]-
2,3,7,8-tetrahvdrosplro[4H-pyrano(2,3-fllndole-4 4'-piperidine]

This was prepared from 1'-methyl-2,3,7,8-tetrahydrospiro[4H-pyrano{2,3-flindole-4,4'-
piperidine] (D70), following the procedure of Example 5. This gave the title compound
(27%), which was converted to the oxalate salt, a white solid. -

'H NMR (oxalate salt) (400 MHz, d’DMSO) 5 (ppm): 7.96 (m, 2H), 7.89 (d, 1H), 7.69 (d,
2H), 7.54 (d, 2H), 7.48 (d, 1H), 6.94 (s, 1H), 4.32 (m, 1H), 4.07 (t, 2H), 3.65 (m, 2H),
3.38 (m, 2H), 3.06 (t, 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-methyi-1,3,4-thiadiazol-2-yl) biphenyl-4-carbonyl)-
2,3,6,7-tetrahydrospiro{furo(2,3-flindole-3,4'-piperidine]

Crude 2'-methy1-4'—(5-meﬂlyl-1,3,4-thiadiazdl—2-yl)biphenyl-4~carboxylic acid (D73, 500
mg) and 1-methyl-2,3, 6,7-tetrahydrospiroffuro(2, 3-flindole-3 4'-piperidine] (D8) afforded
the title compound accordmg to the general method of Example 1. Prcpamnve HPLC
afforded 10 mg of pure compound

'H NMR (400 MHz, CD,0D) S(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'-(5-methvl-1,3,4-oxad|azo|-2-yl)b|phenyl-4-carbonvl)-l'-n-propyl-
2,3,6,7-tetrah¥_drosp|ro[furo[2,3-f]mdol_e-3,4'-p:perl_dme]

-Bmmopropane (0.07 ml, 0.80 mmole) and sodium carbonate (226mg, 2.13 mmole) were
added 10 a stirred solution of 5- (2'-methyl-4'—(5-methyl-1,3 4-oxad1azol—2-yl)b1phenyl-4-
carbonyl)-2,3,6,7-tetrahydrospiro[furo[2,3-f]indole-3 4'-p1per|dme] (E3, 270mg, 0.53

- mmole) in ethanol (10 mi). This mixture was heated under refiux for 31 hours. The
reaction mixture was concentrated i in vacuo and the residue treated with water (15 mi) and
extracted with chloroform “The organic extract was dried (Na,SO,), concentrated in vacuo
and the residue chromatogmph__ed_on silica gel eluting with 0-6% methanol/chioroform to
afford the title compound as a yellow gum (194mg, 67%). This was converted to its
hydrochloride sait and crystallised from ether m.p. 263-266°C.

H' NMR (free base); (250 MHz, CDCL,) 5 (ppm): 8.15 (br s, 1H - low integration), 7.99
(s, 1H), 7.91 (dd, 1H), 7.64 (d, 2H), 7.42 (4, 2H), 7.37 (d, 1H), 6.67 (s, 1H), 4.40 (br s,
2H), 4.10 (br s, 2H), 3.07 (. 2H), 2.94 (br 5, 2H), 2.6 (s, 3H), 2.37 (s, 3H), 233 (oret,
2H), 2.22-1.38 (br m, 8H), 0.92 (1 3H)

Example 43 _
l'-Methyl-s-(z'-methy_l-4'-(S-methyloxaml-z-yl)biphyl-4-carbonyl)-2,3,6,7-
tetrahydrospiro[furo[2,3-flindole-3,4'-piperidine]

The title compound was prepared from 2'-methyl-4'-(5-methyloxazol-2-yl)biphenyl-4-
carboxylic acid (D76) and 2,3,6,7-tetrahydrospiroffuro[2,3-flindole-3,4"-piperidine] (D8)
following the procedure of Example 1 (58%). This was converted to its oxalate salt and
crystallised from acetone/methanol as a white solid m.p. 230-233°C.

'H NMR (free base) (250 MHz, CDC),) 8 (ppm): 8.14 (br s, 1H - low integration), 7.95 (s,
1H), 7.87 (d, 1H), 7.61 (d, 2H), 7.41 (d, 2H), 7.32 (d, 1H), 6.85 (s, 1H), 6.66 (s, 1H), 4.37
(br s, 2H), 4.10 (br m, 2H), 3.06 (t, 2H), 2.85 (br s, 2H), 2.42 (s, 3H), 2.35 (s, 3H), 2.31
(br s, 3H), 2.20-1.50 (m, 6H).
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Example 44
l'-Methyl-S-(Z'-methyI-4'-(3_-meth_vlisoxazol-_S-yl)biphen_vl-4-carbonyl)-2,3,6,7-
tetrahydrospiro{furo[2,3-flindole-3,4'-piperidine]

The title compound was prepared from 1'-methyl-2,3,6.7-tetrahydrbspiro {furo[2,3-
flindole-3,4'-piperidine] (D8) and 2'-meth'yl-4'-(3-methylisoxa{zol-5—yl)biphenyl-4-
carboxylic acid (D79) using a procedure similar 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).

Example 45
l'-Methyl-S-(Z'-methyl-4'-(5-methyhsoxaml-3-yl)blphenyM-carhonyl)-2,3,6. -
tetrahydrospiro[furo[2,3-flindole-3,4'-piperidine}

. The title compound was prepared from l'-methyl-2.3.6,7—tenahydros§iro(fufo[2,3-

flindole-3,4'-piperidine] (D8) and 2'-methyl-4'-(5-methylisoxazol-3-yl)biphenyi-4-
carboxylic acid (D83) using a procedure similar to that of Example 1 (75%) m.p. 197-9°C.

'"H NMR (200 MHz, CDCL) 3 (ppm): 8.15 (br s, 1H), 7.78-7.55 (m, 4H), 7.45-7.2 (m,
3H), 6.65 (s, 1H), 6.32 (s, 1H), 4.39 (s, 2H), 4.2-4.0 (m, 2H), 3.07 (t, 2H), 2.95-2.7 (m,
2H), 2.49 (s, 3H), 2.3 (s, 6H), 2.2-1.55 (m, 6H).

Example 46 .
2,3,5,6,7,8-Hexahydro-l'-methyl-S-(4'-(S-dimethylamino-l,2,4-oxadiazol-3'-yl)-2'-
methylbiphenyl-d-carbonyl)spiro{furo(2,3-glquinoline-3,4'-piperidine}

The title compound was prepared from 4'-(S-dimethylamino-1,2,4-oxadiazol-3-yl)-2'-
methylbiphenyl-4-carboxylic acid (D14) and 2,3,5,6,7,8-hexahydro-1'-
methylspiroffuro[2,3-glquinoline-3,4'-piperidine] (D10) using a procedure similar to that
of Example 1 (26%). This was converted to the hydrochioride salt. M.p. 118-120°C.

'H NMR (free base) (200 MHz, CDCL,) & (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 (¢, 2H), 2.7-
2.56 (m, 2H), 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'-methyl-5-(4'-(S-ethyl-1,3,4-0xadiazol-2-yl)-2'-
methylbiphenyl-4-carbonyl)spiro[furo[2,3-glquinoline-3,4'-piperidine]

The title 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]quinoline-3 ,4'-piperidine] (D10) using a procedure similar to that
of Example 1 (19%). This was converted to its hydrochlonde salt, as a white solid. M.p.
241_3oc . . . .

‘H NMR (free base) (200 MHz, CDCL,) 3 (ppm): 7.94 (s, ._lH_), 785 (o,- 1H), 7.4-7.11 (m,
5H), 6.59 (s, 1H), 6.36 (br s, 1H), 4.26 (s, 2H), 3.95 (t, 2H), 2.98 (g, 2H), 2.78 (1, 2H),
2.71-2.58 (m, 2H), 2.3 (s, 3H), 2.25 (s, 3H), 2.14-1.61 (m, 4H), 1.58-1.35 (m, 7H).

Example 48 o
2,3,5,6,7,8-Hexahydro-1 '-methvl-S-(4'-methoxycarbon yl-2'-methylb|phenyl-4-

oarbdnyl)splro [furo[2,3-g]qumohne-3, '-piperidine]

The title compound was_prepare_d from 2.3.5.6.7.8-hexahydro-i'-mothylsoiro[fuxolz.3—
glquinoline-3,4'-piperidine] (D10) and 4'-methoxycarbonyl-2'-methylbiphenyl-4-
carboxylic acid (D41) using a procedure similar to that of Example 1 (46%).

'H NMR (200 MHz, CDCL) 5 (ppm): 7.93 (s, 1H), 7.87 (d, 1H), 7.35 (d, 2H), 7.24-7.1
(m, 3H), 6.6 (s, 1H), 6.35 (b s, 1H), 4.26 (s, 2H), 4.0-3.85 (m, 5H), 2.79 (¢, 2H), 2.7-2.55
(m, 2H), 2.3-2.2 (m, 6H), 2.15-1.99 (m, 2H), 1.97-1.65 (m, 2H), 1.58-1.4 (m, 4H).

Example 49 S .
2,3,5,6,7,8-Hexahvdro-l'-methyl-s-(4'-hydrazmocarbonyl-Z'-methylblphenyM-
carbonyl)splro[furo[2,3-g]qumolme-:iﬁ'-pnpendme]

The title compound was prepared from 2.3.5.6.7.8—hexahyd_r_o_-l'-methyl-s-.(4’-
methoxycarbonyl-2'-methylbiphenyl-4-carbonyl)spiroffuro[2,3-g]quinoline-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 (br s, 1H), 4.25 (s, 2H), 4.1 (br s, 2H), 3.95 (t, 2H), 2.78 (t, 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, ,7,8-Hexahydro-l'-methyI-S-(Z'4methyl-4'-(l,3,4-oxadiazol-2-yl)biphenyl-4-
carbonyl)spiro[furo{2,3-glquinoline-3,4'-piperidine] '

A suspension of 2,3,5,6,7,8-hexahydro-1"-methy}-5-(4*-hydrazinocarbonyl-2"-
methylbiphenyl-'tt-carbonyl)spiro[fum[2,3-g]quinoline-3,4'-pi§eridine] (E49) (794 mg) in
triethylorthoformate (25 ml) was heated at reflux overnight. The mixture was
concentrated in vacuo and the residue refluxed overnight in xylene (40 ml) to complete
cyclisation. 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 (free base) (200 MHz, CDCI,)  (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), 2.79
(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-5-(2'-methyl-4'-pyrazinylbiphenyl-4-carbonyl)-2,3,6,7-
tetrahydrospiro[furo[2,3-flindole-3,4'-piperidine]

1'-Methyl-2,3,6,7-tetrahydrospiro{ furo[2,3-flindoie-3,4"-piperidine] (0.098g, 0.403 mmol)
(D8) was dissolved in toluene (5 ml) and was treated with trimethylaluminium (2.0 M in
hexane) (0.810 ml, 1.612 mmol) with stirring under argbn. - After 0.25h, a solution of

" methyl 2"-methyl-4'-pyrazinylbiphenyl-4-carboxylate (D86, 0.136g, 0.447 mmol) in

toluene (5 ml) was added. The reaction mixture was then heated to 80°C. After 2h, the
reaction mixture was allowed to cool and was stirred at room temperature. The reaction
mixture was then poured onto a slun'y 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,CL, (~200 ml). The filtrate was then evaporated under reduced -
pressure to give a brown oil, which was purified by silica-gel chromatogfaphy'(9385, 10%
MeOH/CH,CL as eluant) to give the title compound as a cream solid (0.091g, 44%).

'H NMR (250 MHz, CDCL,) 3 (ppm): 9.08 (s, 1H), 8.68 (t, 1H), 8.52 (d, 1H), 8.14 (br's,
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 (br s, 2H), 4.10 (br s, 2H), 3.10 (t, 2H), 2.90 (br s, 2H), 2.40 (s, 3H), 2.38 (s, 3H),
2.20 (br s, 2H), 1.85 (br s, 4H).
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Example 52
1'-Methyl-5-[2'-methyi-4'-(5-methyl- 1,2,4-oxadnazolyl-3-yl)b|phenyl-4-carbonyl]-l-

" 0x0-2,3,6,7-tetrahydrospiro[thiopheno[2,3-flindole-3,4'-piperidine]

A solution of 1'-methyl-5-[2'-methyl-4'-(5-methyl-1,2,4-oxadiazol-3-yl)biphenyl-4-

_carb_onyl]-2,3,6,7-te_u'ahydrospiro[thiopheno[-Z,B-f]indole—3’,4'-j>iperidinej (E32, 0.100g,

0.187 mmol) in methanol (10 ml) was treated with a solution of sodium periodate (0.200g,
0.935 mmol) in water (1 ml) with stirring. After 20 h, water (10 ml) was added and the-
methanol present was removed by evaporation under reduced pressure to give a white
suspension. The suspension was then extracted with dichloromethane (3-x 25 ml). The
combined organic layers were then dried (Na,SO,) and evaporated under reduced pressure
to give a colourless oil, which was purified by preparative t.l.c. to give the title compound
as a white foam (0.055g, 53%) which was subsequently converted to its hydrochloride
salt. - : _ S .

'H NMR (200 MHZ, CDCL) (free base): 8.03 (s, 1H), 7.95 (d, 1H), 7:65 (s, 1H), 7.60 (d,
2H), 7.40 (m, 4H), 4.21 (1, 2H), 3.25 (Abq, 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 L : _ _
1'-Methyi-5-[2'-methyl-4'~( l-methylnmdazol-z-yl)blphenyl-4-mrbonyl]-2,3,6,7-
tetrahydrospiro[furo[2,3-flindole-3, ‘-piperidine]

2'-Methyl-4'-( l-methy_limidazol—'z-yl)biphgnyl-‘t_-carboxylic acid (D90, 310 mg, 1.06
mmol) was heated at reflux in thionyl chloride (10 mi) for 30 minutes, cooled, evaporated
in vacuo and the orange residue redissolved in dry THF (10-ml). 1'-Methyl-2,3,6,7-
tetrahydrospiro|furof2,3-flindole-3,4'-piperidine] (D8, 260mg, 1.06 mmol) and -
triethylamine (0.15 ml, 1.06 mmol) were added and the mixture stirred for 72 hours. The
mixture was evaporated in-vacuo, the residue partitioned between H,0 and CHCL, (4

" times) and the organics combined, dried over Na,SO,, filtered and evaporated in vacuo.
* The residue was purified by flash silica-gel chromatography with 2% MeOH/CHCI, as

cluant to yield the title compound as a pale yellow gum (224 mg, 41%) which was
converted to the hydrochloride salt.

'H NMR (free base) (200 MHz, CDCl,) &: 7.60-7.30 (m, 9H), 7.15 (;, 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-5-[2'-methy}-4'-(1-methylimidazol-S-yl)biphenyl-4-carbonyl]-2,3,6,7-
tetrahydrospiro[furo{2,3-flindole-3,4'-piperidine]

2'-Methy}-4'-(1-methylimidazol-5-yl)biphenyl-4-carboxylic acid (D93, 300 mg, 1.0 mmol)
was heated at reflux in thionyl chloride (15 mil) for 1 hour, cooled and evaporated in
vacuo. The residue was redissolved in dry THF (10 mi) and weated with 1'-methyl-
2,3,6,7-wnahydrospiro[fum[2,3¥ﬂindolc-3,4'-pipe1idinc] (D8, 250 mg, 1.0 mmol) and
triethylamine (143ul, 1.0 mmol) then stirred for 18 hours. The reaction mixture was
evaporated in vacuo, partitioned between water and CHCI, (3 times) 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 (eluting with
3%McOH/CHC1,) to yield the title compound as a pale yellow gum (200 mg, 38%) which
was converted to the hydrochlonde salt.

 "H NMR (free base) (200 MHz, CDC,) 5 (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 (¢,

2H), 2.85 (s, 2H), 2.40-2.25 (m, 6H), 2.15-1.95 (m, 4H), 1.75 (s, 2H)

Example §5
5-[4'-(5-Hydroxymethyl-l,z,tt-oxadxazol-s-yl)-2'-methylblphenyl-4-carbonyl]-l'
methvl-2,3,6,7-tetrahydrosplro[fnro[2,3-f]mdole-3,4'-pnpendme]

A stirred solution of 1'-methyl-2,3,6,7-tetrahydrospiro[furo{2,3-flindole-3,4'-piperidine]
(D8, 0.34g, 1.4 mmole) in toluene (10 ml) under argon was treated with 2M
trimethylaluminuim in toluene (0.7 ml, 1.4 tmndle) and kept at room temp. for 20 minutes.
A solution of methyl 4'-[S-(t-butyldimethylsilyloxy)-1,2,4-oxadiazol-3-yl]-2'-
methylbiphenyl-4-carboxylate (D95, 0.61g, 1.4 mmole) in toluenc (10 ml) was added and
the stirred mixture heated under reflux for 3 hours. The solution was allowed to cool and
then poured into a stirred slurry of silica gel (10g) in dichloromethane (30 ml). This was
packed into a column and eluted with 10% methanol/chloroform. The concentrated eluant

. (0.8g) was dissolved in THF (SO ml) and treated with tetracthylammonium fluoride (100

mg), then the mixture was stirred at room temp. for 1 hour, before concentrating under
vacuum. The residue was treated with 10% Na,CO, solution and extracted with
dichloromethane. The extract was dried (Na,SO,), concentrated in vacuo, and the residue
chromatographed on silica gel eluting with 0-5% methanol/chloroform to afford the title

-77-



10

15

20

WO 96/19477 _ PCT/EP95/04889

compound as pale yellow oil (0.28g, 30%). This was converted to its hydrochloride sait
m.p. 273-278°C.

'H NMR (250 MHz, CDCL) & (ppm): 8.13 (br s, 1H - low imtegration), 8.02 (s, 1H), 7.96
(d, 1H), 7.60 (d, 1H), 7.40 (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 (t, 2H), 3.0-2.7 (br m, 2H), 2.31 (s, 6H), 2.4-1.6 (m, TH).

Example 56
l'-Methyl-s-(z'-methyl-4'-(5-methyl-1,2,4-oxad1azol-3-yl)blphenyl-4-carbonyl)-l'
oxo-2,3,6,7-tetrahydrosmro[furo(2,3-f]mdole-3,4'-p1pendme]

A stirred sol_utiqn of l'-methyl-S-(2’-methyl-4'-(5-methyl-1,2,4~oxadiazol-3-yl)bipheny_l-4-
carbonyl)-2,3,6,7-teu'ahydrospi__ro[furo[2.3-f]indolé—3,4‘-piperidine] (E1, 300 mg, 0.57
mmole) in chloroform (20 ml) at -20°C under argon was treated with a dried (N2,SO,)
solution of 3-chloroperoxybenzoic acid (207 mg of 50-60% ‘commercial purity) in_
chloroform (5 mi). The mixture was aliowed to warm to room temp. over 20 minutes,
then washed with 10% Na,CO, soiution, dried (Na,SO,) and concentrated in vacuo to leave
a beige solid. This was chromatographed on silica gel eluting with 0-20%
methanol/chloroform and the product crystalhsed from acetone to afford the title
compound as a white solid (120 mg, 39%) m.p. 223-229°C.

'H NMR (250 MHz, CDCL) 3 (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 (1, 2H),
3.48-3.18 (i, 4H), 3.31 (s, 3H), 3.14-2.90 (m, 2H), 3.07 (¢, 2H), 2.69 (s, 3H), 2.35 (s,
3H), 1.80-1.63 (m, 2H).
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Example 57
1'-Methyl-S-[Z'-methyl-4'-(1,2,4-tnazln-3-yl)blphenvl-4-earbonyl]-2,3,6 7~
tetrahydrospiro[furo[2,3-flindole-3,4'-piperidine]

- The title compound (100 mg, 22%) was prepared from 2'-methyl-4'-(1,2,4~uaizin-3-

yl)biphenyl-4-carboxylic acid (D98, 0.25g, 0.80 mmol) according to the method of
Exampie 1. This was converted to its hydrochloride salt. -

'H NMR (HCI salt) (250 MHz, CD,0D) & (ppm): 9.30 (d, 1H), 8.90 (d, 1H), 8.50 (s, 1H),
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 -1,3,4-0xadiazol-2-
yl)biphenyli-4-carbonyl)spiro[4H-pyrano(2,3-gjquinoline-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 chlonde (5 ml) under an argon atmosphere was
heated to reflux for 20 minutes. The reaction mixture was allowed to cool and then
concentrated in vacuo to leave an orange residue, which was dissolved in dichloromethane
(5 ml) and treated with 2,3,6,7,8,9-hexahydro-1'-methylspiro[4H-pyranof2,3-gjquinoline-
4,4' piperidine} (D107, 150 mg, 0.0006 mole) in dichloromethane (5 mi) and triethylamine
(100 ul, 0.0007 mole). The solution was stirred at room temp. for 15 hrs, then
concentrated in vacuo. The residue was purified by chromatography on silica gel eluting
with 8% methanol/dichioromethane to afford the title 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 (t, 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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Exampie 59
l'-Ethyl-S-(Z'-methyM'-(S-metllyl-1,3,4'9x3d.iazol-_2-yl)biphenyl-#-earbonyl)-l'-oxo-
2,3,6,7-tetrahydrospiroffuro[2,3-flindole-3,4'-piperidine]

The title compound was prepared from 1‘-ethyl-5-[2'-mcthyl-4 -(S-methyl-1,3,4-oxadiazol-
2-yl)biphenyl-4-carbonyl}-2,3,6, 7-teufahydr_ospxro[furo[_2,3-ﬂm4ole-3,4 -piperidine} (E26)
using a similar procedure as in Example 56. to yield an off white solid (16%).

'H NMR (250 MHz, CDCL,) & (ppm): 8.22 (br s, 1H - low integration), 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

l'-Ethyl-S-[4'-(5-methyl-l,3,4-oxadlazol-2-yl)bxphenyl-4-carbonyl]-2,3,6,7-
tetrahydrospiro[furo{2,3-flindole-3,4'-piperidine]

. The title compound was prepared from 4'-(5-methy_l-1,3,4-oxadiaiol-2-yl)bipﬁenyl-4-

carboxylic acid (D11) and 1'-ethyl-2,3,6,7-tetrahydrospiroffurof2,3-flindole-3,4'-
piperidine] (D109) using a similar procedure as that outlined in Example 1, to afford the

title compound as a yeliow gum (31%). This was converted to. 1ts hydrochloride salt to
yield an off white solid m.p. 245-249°C,

*H NMR (HCI salt) (400 MHz, d'DMSO) 3 (ppm): 8.09 (d, 2H), 7.98 (d; 2H), 7.95 (br s,
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), 2.25 (br m, 2H), 1.90 (br d, 2H), 1.29 (t,
3H). - |

Example 61
l'-Ethyl-s-(4'-hydrazmocarbonyl-z'-metllylblphenyl-ét-carbonyl)-2,3,6, -
tetrahydrospiro[furo[2,3-flindole-3, ‘-piperidine]

A stirred solution of 1'- ethyl-S-[Z'-methyl-4'—(5—meﬁ1yl 1 3 +4-oxadiazol-2-yl)biphenyl-4-
carbonyl]-2,3,6,7-tetrahydrospiroffuro[2,3-flindole-3,4'-piperidine] (E26, 2.5g, 4.7
mmoie) in methanol (600 mi) 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 mi) and chioroform (500 mi), stirred well for 20
minutes, then the chioroform layer separated, dried and concentrated in vacuo. The
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residue was crystallised from ethyl acetate to afford the titie compound as a beige solid
(0.94g, 39%) m.p. 222-225°C.

'H NMR (250 MHz, CDCL,) 8 (ppm): 8.17 (br s, 1H - low integration), 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), 2.22-1.41 (m,
6H), 1.13 (brt, 3H).

Example 62
§.[4'-(Acetylhydrazinocarbonyl)-2'-methylbiphenyl-4-carbonyl]-1'-ethyl-2,3,6,7-

‘tetrahydrospirolfuro{2,3-flindole:3,4'-piperidine]

To a stirred solution of 1‘-ethyl-5-(4'—hydrazinocarbonyl-2_'-inethylbiphcnyl-4-carbonyl)—
2,3,6,7-tetrahydrospiro{furo{2-3-fJindole-3,4'-piperidine} (E61, 1.00g, 1.96 mmole) in’
chioroform (30 ml), acetic anhydride (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 acetic 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, eluting with 0-12% methanol in chioroform to afford the title compound as a

~ yellow solid (0.87g, 80%) m.p. 154-157°C.

'H NMR (250 MHz, CDCL) & (ppm): 9.02 (br s, 1H), 8.17 (br s, 1H-low integration), 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 (brs,
2H), 4.09 (br m, 2H), 3.06 (t, 2H), 2.98 (br m, 2H), 2.44 (br-m, 2H), 2.31 (s, 3H), 2.15 (s,
3H), 2.10-1.50 (m, 6H), 1.13 (br ¢, 3H). '

Example 63 : :
5-{4'-(5-Methoxymethyl-1,2,4-0xadiazol-3-yl)-2'-methylbiphenyl-4-carbonyl]-1'-
methyl-2,3,6,7-tetrahydrospiro[furo[2,3-flindole-3,4'-piperidine] '

The title 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-tetrahydrospiroffuro{2,3-
flindole-3,4'-piperidine] (D8) using a similar procedure as described in Example 1. This

 afforded the title compound as a pale yellow solid (62%), which was converted to its

hydrochioride salt to give an off white solid m.p. 247-251°C.
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'HNMR (free base) (250 MHz, CDCI,) & (ppm): 8.15 (s, 1H - low integration), 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 (t, 2H), 2.88 (br s, 2H), 2.38 (s, 3H),
2.32 (br s, 3H), 2.10-1.54 (m, 6H). |

Example 64 : :
5-[4'-(4,5-D|hydrooxazol-2-yl)-2'-methylbnphenyl-«t-carbonyl]-l'-methyl-2,3,6,7- .
tetrahydrospiro[furo[2,3-flindole-3,4'-piperidine]

This was prepared from methyl 4'-(4,S—dihydrooxazol-z-y_l)-2'-methylbiphenyl-4—

‘carboxylate (D114) and 1'-methyl-2,3,6,7-tetrahydrospiroffuro{2,3-flindole-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 (¢, 2H), 4.38 (s, 2H), 4.09 (t, 2H), 4.0-
4.2 (b, 2H), 3.06 (1, 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-Dlmethylammo)acetamldo)-Z'-methylblphenyM-carbonyl]-l'-methyl-
2,3,6,7-tetrahydros;_nro[furo[2,3-f]mdole-3,4'-plpendme]

4'-(2-Chloroacetamido)-2'-methylbiphenyl-4-carboxylic acid (D116, 0.34g), following the
procedure of Example 29, gave 5-{4'-(2-chloroacetamido)-2'- methylbiphenyl-4-carbonyl]-
1'-methyl-2,3,6,7-tetrahydrospiro|furo[2,3-flindole-3,4'-piperidine] (0.20g, 33%) as a light .
yellow powder, but of low purity (HPLC). This was dissolved in ethanol (25 ml) and
dichloromethane (10 ml), and dimethylamine (5.6 M in ethanol, 2 ml) was added. The
suspension was stirred until homogenous, and then left to stand for 6 days. Solvents were
then evaporated off, and the residue was purified by chromatography on silica gel, eluting
with 0-20% methanol/dichloromethane. The crude product was dissolved in 10% _
methanol/dichioromethane, washed with dil. potassium carbonate solution, dried (N2,SO,)
and evaporated to give the title compound (0.06g, 30%) as a colourless oil. This was
convened into its. dxhydrochlonde salt, a light cream powder.

‘H NMR (free base) (250 MHz, CDCl,) o (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,
2H), 2.99 (¢, 2H), 2.79 (m, 2H), 2.32 (s, 6H), 2.26 (s, 3H), 2.22 (s, 3H), 1.9-2.1 (m4
1.1-1.3 (m, 2H).
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* Example 66

5-[4'-(Ethoxycarbonylammo)-Z'-methylblphenyl-4-carbonyl]-l'-ethyl-2,3,6,7-
tetrahydrospiro[furo{2,3-flindole-3,4'-piperidine]

This compound was prepared from 4'-(ethoxycarbonylamino)-2'-methylbiphenyl-4-
carboxylic acid (D61) and 1'-ethyl-2,3,6,7-tetrahydrospiro[furo[2,3-flindole-3,4-
piperidine] (D109), following the procedure of Example 29. This gave the title compound
(61%) as a straw coloured foam, which was converted to its hydrochloride salt.

'*H NMR (HC! salt) (200 MHz, d'DMSO) 8 (ppm): 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 (t, 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 (¢, 3H).

Example 67
5-[4'-(Acetylhydrazmomrbonyl)-Z'-methylblphenyM-earbonyl]-l'-methyl-2,3,6,7-
tetrahydrospiro{furo[2,3-flindole-3,4'-piperidine]

The title compound was prepared from 5-(4'-hydrazinocarbonyl-2'-methylbiphenyl-4-
carbonyl)-1'-methyl-2,3,6,7-tetrahydrospiro{furo{2,3-flindole-3,4'-piperidine} (E25) using
a similar procedure to Example 62 as a colourless oil (27%). HCI sait mp 235-238°C.

'H NMR (250 MHz, CDCL,) & (ppm): 9.5 (br 5), 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 (t, 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-carbonyl)-1'-methyl-2,3,6,7-
tetrahydrospiro[furo[2,3-flindole-3,4'-piperidine]

2'-M_ethyl-4'-(5-methylfumn-2-yl)biphenyl-4—¢arboxyiic acid (D119) (160 mg, 0.55 mmoi)
and 1'-methyl-2,3,6,7-tetrahydrospiroffuro{2,3-flindole-3,4'-piperidine] (D8, 134 mg, 0.55
mmol) were converted to the title compound using the method outlined in Example 29, as
an off-white foam (176 mg, 62%).

'H NMR (200 MHz, CDCL,) & (ppm): 8.12 (br s, 1H), 7.65-7.45 (m, 4H), 7.4 (d, 2H),
7.29-7.19 (m, 1H), 6.65 (s, 1H), 6.58 (d, 1H), 6.08 (d, 1H), 4.39 (br s, 2H), 4.21-4.0(m,

-83.-
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2H), 3.05 (t, 2H), 2.93-2.75 (m, 2H), 2.38 (s, 3H), 2.3 (s, 6H), 2.11-1.9 (m, 4H), 1.84-1.6
(m, 2H).
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Pharmacological 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
mi aliquots. .

0.4ml of a cell suspension was incubated with ["H]-5-HT (4nM) in Tris Mg HC! buffer
(pH 7.7) and test drug, at 37°C for 45 minutes. Each test drug was tested at 10
concentrations (0.0lmM 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
filtration using a Packard Filtermate (filters pre-soaked in 0.3% polyethylenimine) and |
radioactivity measured by Topcount scintillation counting.

The pKi values were calculated from the IC,, generated by an iterative least squares curve
fitting 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 beta receptors.

-85-
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CLAIMS:

L. . A compound of formula (I) or a salt or N-.oxidc.mere_of:

U

in which |
R is hydrogen, halogen, Cj.galkyl, C3.¢cycloalkyl, COC}.galkyl, C}.galkoxy, hydroxy,
hydroxyC}.galkyl, hydroxyC.galkoxy, Cy_alkoxyCj._galkoxy, acyl, niwo,
wifluoromethyl, cyano, SRY, SORY, SO,R?, SO,NR10R11, CO,R10, NR10SO,R11,
CO_NR_le 1 COzNRlORu', CONRIO(CHZ)pCOZRu.v_ (CH‘_))pNRmRI 1 |
(CH2)pCONR 10R11, (CH2)pNR10COR1, (CH;),CO2Cy_galkyl. COx(CH2),0R!10,
CONHNR10R11 NR10R11 NR10CO,RI], NRIOCO(CHz)pNRmR“, '
NR1OCONR10R!!, CR10=NOR!!, CNR10=NOR1!, where R%, R10 and R11 are
independently hydrdgen or Cj.galkyl and pis 1to 4; orRlisan optionally substituted 5
to 7-membered heterocyclic ring containing 1 to 4 heteroatoms selected from oxygen,
nitrogen or sulphur; '

R2 and R3 are independently hydrogen, halogen, C;_galkyl, C3._gcycloaikyl,
C3.¢cycloalkenyl, C1_galkoxy, hydroxyCj.galkyl, Cj.galkylOC;.galkyl, acyl, aryl,
acyloxy, hydroxy, nitro, trifilvoromethyl, cyano, COoR10, CONR10R11, NR1OR11 where
R10and R11 are independently hydrogen or C;.galkyl;

R4 is hydrogen or Ci-galkyl;

RS and R6 are independently hydrogen or Cy_galkyl;

A is (CR13R14)q where g is 2, 3 or 4 and R13 and R14 are independently hydrogen or
Cj.galkyl or A is (CRI3R14)-D where ris 0, 1, 2 or 3 and D is oxygen, sulphur or
CrR13=CRr14. '

B is oxygen, CR15R16 or NR17 where R15, R16 and R17 are independently hydrogen or
Ci.-6alkyl or B is S(O), where bis 0, 1 or 2; '

mis 1,2 or 3; and

nis1,2or3.

2. A compound according to claim 1 in which R1 is COCy.galkyl,
Cr10=NOR1], (CHy)pNRmCORI 1, cOsR10, NR10SO5R11, SO,NR10R11,
CQNRIORII, CONHNRI10R11 NR1'°C02R1 1 NRIOCONR1OR1 1 CONHNRIOR11 or
SO,R? or R1 is optionally substituted oxadiazole.

_—
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3. A compound according to claim 1 or 2 in which R2 is Cy.galkyl.

4. A compound according to 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,
methyl or ethyl.

6. A compound acéording to any one of claims 1 to 5 in whichnis 1.

7 A compound according to claim 1 which is: :
1'-Methyl-5-(2'-methy!-4'-(S-methyl-1,2,4-oxadiazol-3-yl)biphenyi-4-carbonyl)-2,3,6,7-
tetrahydrospiro[furo[2,3-flindole-3,4™-piperidine]}, |
2.3,5,6,7,8-Hexahydro- 1'-methyl-5-(2'-methyl-4'-(5-methyl-1 .2,4-oxadiazol-3-
yl)biphenyl-4-carbonyl)spirof furo[2,3-g]quinoline-3,4'-piperidine], ' _
5-(2'-Methyl-4'-(5-methyl-1,2,4-oxadiazol-3-yl)biphenyi-4-carbonyl)-2,3,6,7-
tetrahydrospiro|furo[2,3-flindole-3,4'-piperidine], ,
1'-Ethyl-5-(2' methyl-4‘—(5-methyl—1,2,4-oxadiazol-3-yl)biphenyl-4»carbonyl)-2,3,6,7- |
tetrahydrospiro]furo{2,3-flindole-3,4'-piperidine],
1'-Methyl-5-(2'- methy]-4'-(5-methyl—l 3 4-0xad1azol—2-yl)b1phenyl-4-carbonyl)—2 3.6,7-
tetrahydmspxro[furo[z 3-flindole-3,4'-piperidine],
5—(4'-(5-D1methylammo-1,2,4-oxad1azol-3-yl)-2 methylb1phenyl-4-carbonyl)-1 -methyl-
2,3,6,7-tetrahydrospirof furo[2,3-f]indole-3,4'-piperidine],
l'-Methyl—S-{4‘-(5-meﬂ1yl-l,2,4-oxadiazol-3-yl)biphenyl-4-carbonyl]-2,3,6.7-
tetrahydrospiroffuro{2,3-flindole-3,4'-piperidine],
2,3-Dihydro-1'-methyl-5-(2'-methyl-4'-(5-methyl-1,2,4-oxadiazol-3-yl)biphenyl-4-
carbonyl)spiroffurof2,3-flindole-3,4'-piperidine}, '

: 5-[4'-Cyano-2'-methylb1phenyl-4-carbonyl]- '-methyl-2,3,6 7-tetrahydrosp1ro[ﬁno[2 3-

flindole-3,4'-piperidine],

5-(4'-Acetyl-2'- meﬂiylblphenyl-4-carbonyl)-l'-methyl-2.3,6,7-tetrahydrospiro[furo[2,3-
flindole-3,4"-piperidine}, '

5-(4'-(1-(Methoxyamino)ethyl)-2' -methylbxphenyl#carbonyl)-1‘-methyl-2 3,6,7-
tetrahydrospiroffuro[2,3-f]indole-3,4'-piperidine],

5-(4'-Acetamidomethyl-2' -methylb:phenyl-4—carbonyl)-l' methyl—2 3,6,7-
teu'ahydmsptro[flno[2,3-ﬂmdole-3 4'- plpeudme].
3,5,6,7,8.9-Hexahydro-1'-methyl-5-(2'-methyl-4'-(5- -methyl-1,2,4-oxadiazol-3-
yl)bxphenyl-4-carbonyl)spno[2H-furo[2,3-h]benmzepme-3 4'-piperidine],
1'-Methyl-5-(2'- methyl-4'-(3-methyl- 1.2,4-oxadxazol-5-yl)bxphenyl-4-carbonyl) -2,3,6,7-
tetrahydrospiroffuro[2,3-flindole-3,4"-piperidine], .

‘-Methyl-5-(2"-methyl-4'-(1,3 4-oxad1azol-2-yl)b1phenyl-4~carbonyl)-2.3 6, 7-
tetrahydrospiro[furof2,3-flindole-3 .4'-piperidine,
5-[4'-(5-Ethyl-1,3,4-oxadiazol-2-yl)-2"- methylb1phenyl-4-carbonyl]-l'-methyl-2,3 6, 7-
tetrahydmspxro[fm[2,3-ﬂmdole—3 4'-piperidine],

\

N 0 i
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5-[2'-Methyl-4'-(5-methyl-1,3 4-oxad1azol-2-yl)b1phenyl-4-carbonyl]-2 3.6,7-
tetrahydrospiro[ furo{2,3-flindole-3 4'-p1pendme]. _
2,3-Dihydro-1 anethyl-S-(2'-methyl—4'-(5-methyl—1 3,4-oxadiazolf2-yl)biphenyl-4-
carbonyl)spiroffurof2,3-flindole-3,4'-piperidine],
5-(2,2'-D1mcthyl-4'-(5-methyl-l 3 4—oxadxazol-2-yl)b1phenyl-4-carbonyl)- -methyl-
2,3,6,7-tetrahydrospiroffuro(2, 3-ﬂmdole-3 ,4'-piperidine], ,
5-(2,3"-Dimethyl-4'-(5-methyl-1,3 4—oxadxazol-2-yl)bxphenyl-4-carbonyl)-1'-met.hyl-
2,3,6 7-tetrahydrospu'o[fmo[2 3-flindole-3,4'-piperidine], _
l'—Methyl-S-(2'-me:hyl-4'-(4-mcthylﬂnazol—2—yl)bxphenyl—4-carbonyl)—2 3,6, 7-
texrahydmsp:ro[fum[z 3-ﬂmdole-3 4'-p1pend1ne], _
5-(4' -Mcthoxycarbonyl-z'-methylb1phenyl-4~carbonyl)—1 methyl-2.3 6,7-
tetrahydrospiro[furo[2,3-flindole-3 4‘-p1pcndme],
5-(5'-Methoxycarbonyl-2' methylblphenyl#carbonyl)-1'—methyl-2 3 6 7-
tetrahydrospiro[furo[2, 3-flindole-3,4"-piperidine],
5-[4 (Methancsulphonammo)-2‘-methylb1phenyl-4-carbonyl]-1'-methyl-z 3 6.7- .
tetrahydrospiro[furo[2,3-flindole-3,4"-piperidine},
5-(4' -Hydrazmocarbonyl-2'-methylb1phenyl-4-carbonyl)-1 methyl-z 3,6, 7-
tetrahydrospiroffuro{2,3-flindole-3 4'—p1pendme].
1'-Ethyl-5-(2'- methyl-4'-(5-methyl-1,3.4-oxadmzol-2-yl)b1phenyl-4-carbonyl)-2,3 6,7-
tetrahydrospiro[furo[2,3-flindole-3,4'- pxpmdme], _
1'-Methyl-5-(2'-methyl-5'-(5-methyl-1,3 4-oxadmzol—2-yl)b:phenyl-4-carbonyl)—2.3,6 7-
tetrahydrospiroffuro[2,3-flindole-3, 4'-piperidine],
5-(4'-Carboxamido-2'- methylbxphenyl-&carbonyl)-1'-methyl-2,3,6,7- '
tetrahydrosplro[furo[z,3-ﬂmdole-3 4'-piperidine],
5-(4'-Acctamido-2'-methylbiphenyl-4-carbonyl)-1'- methyl-z 3,6, 7-
tcu'ahydmspxro[ﬁn'o[z 3-flindole-3, 4'-p1pendme],
2,3.5,6,7 8-Hexahydro-1'-mcﬂ1yl-5-(2'-methyl-4 (5-methyl-1,3,4-oxadxazol—2—
yl)b:phenyl#carbonyl)spuo[furotz 3-g]qumohne-3 4'-p1pendme],
2,3,5,6,7,8-Hexahydro-5-(4' methanesulphonmno—Z‘-methylb:phenyl-&carbonyl)-1'
methylspiroffuro[2,3-g]quinoline-3,4-piperidine],
-Methyl-5-[2'- methyl-4'-(5-methyl—1.2.4-oxadxazol-3-yl)bxphenyl-4-earbonyl]-2 3,6,7-
ten'ahydrospuo[tluopheno[Z,B-ﬂmdole-3 4'-piperidine},
1,2,3,5,6,7-Hexahydro-1'- methyl- (2 mcdtyl-4'—(5-methyl-l,3,4—oxad1aml—2—
yl)blphenyl~4-carbonyl)sp1ro[mdeno[5 6-b]pyrrole-7 4'-p1pendme],
5-[4' -(N-methanesulphonyl-N—methylarmno)-Z' methylb:phenyl-4-carbonyl]—l - methyl-
2,3,6,7-tetrahydrospiroffuro[2,3-flindole-3 4'-plpendme]. ,
5-[4'- (D:methylammosxﬂphonyl)blphenyl-‘%-carbonyl]-1' meﬂlyl-2,3 6 7-
tetrahydrospiroffuro[2, 3-flindole-3, ,4'-piperidine],

R O A O
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5-[4" (Methanesulphonyl)blphenyl-4-carbonyl}-1‘-methyl-z 3,6 7-tcuahydrospxro[fm'o[2 3-
flindole-3,4'-piperidine], R
5-f4'-(N, N-Dxmcthylcarbamoylaxmno)-z'-methylb1phenyl-4-carbonyl] l'-methyl-2.3 6,7-
tetrahydrospiro[furo{2,3-f]indole-3,4"-piperidine],
5-[4'-(Ethoxycarbonylamino)-2'-methylbiphenyl-4-carbonyl]-1'-methyl-2,3, 6 7-
tetrahydrospiro|furo[2,3-f]indole-3,4'-piperidine],
5-{4'-(4,5-Dimethyl-1,2,4-triazol-3-yl)-2'-methyibiphenyl-4-carbonyl}-1'-methyl-2,3,6,7-
tetrahydrospiro[furo[2,3-flindole-3,4'-piperidine],
1'-Methyl-6-[2"-methyl-4'-(5-methyl-1,3 4-oxadxazol-2-yl)b1phenyl-4~carbonyl]-2 3,7,8-
tetrahydrospiro{4H-pyrano{2,3-f]indole-4,4"-piperidine],
' Methyl-5-(2'-methyl-4'-(5-methyl-1,3,4-thiadiazol-2-y1) bxphenyl-4-carbonyl)—2,3 6,7-
tetrahydrospiro| furo{2,3-flindole-3,4 -piperidine],
5-(2'-Methyl-4'-(5-methyl-1,3 4-oxadlazol—2-yl)b1phenyl-4-carbonyl)- ‘-n-propyl-2,3,6,7-
tetrahydrospiroffuro[2,3-flindole-3,4"-piperidine],
1'-Methyl-5-(2'-methyl-4' (S-methyloxazol-2-yl)bxphenyl-4-carbonyl)—2.3 6.7-
tetrahydrospiroffuro[2,3-flindole-3,4'-piperidine],
1'-Methyl-5-(2"-methyl-4" (3-methyhsoxazol-5-yl)b1phenyl-4—carbonyl)-2 3,6,7-
tetrahydrospiro|furo{2,3-f]indole-3,4'-piperidine],
1'-Methyl-5-(2'-methyl-4'-(5-methylisoxazol-3-yl)biphenyl-4-carbonyl)-2,3,6,7-
tetrahydrospiro|furo{2,3-flindole-3,4'-piperidine],
2,35,6,7,8 Hexahydro-1‘-methyl-S-(4'-(5-d1methylamino—l.2,4-6xadim1—3—yl)-2‘-
methylbxphenyl-4-carbonyl)spno[ﬁn'o[2,3-g]qumolmc-3 4'-piperidine],
2,3,5,6,7,8-Hexahydro-1'-methyl-5-(4"-(5-ethyl-1,3,4-oxadiazol-2-yl)-2'-methylbiphenyl-
4-carbonyl)spiro[furo[2,3-glquinoline-3,4'-piperidine], '
2,3,5,6,7,8-Hexahydro-1'-methyl-5-(4'-methoxycarbonyl-2'-methylbiphenyl-4-
carbonyl)spiro [furo[2,3-glquinoline-3,4"-piperidine],
2,3,5.6,7,8-Hexahydro-1'-methyl-5-(4'-hydrazinocarbonyl-2'-methyibiphenyl-4-
carbonyl)spiroffuro[2,3-g]quinoline-3,4'-piperidinc],
2,3,5,6,7,8-Hexahydro-1'-methyl-5-(2'-methyl-4'-(1,3,4-0xadiazol-2-yl)biphenyl-4-
carbonyl)spuo[ﬁxro[2,3-g]qumolme-3 4'-piperidine],
1'-Methyl-5-(2'-methyl-4'-pyrazinylbiphenyl-4-carbonyl)-2,3,6 7-teu'ahydrospuo[ﬁn'o[2.3-
flindole-3,4'-piperidine],
‘-Methyl-5-[2'- methyl-4'-(5-methyl-1,2,4—0xadiazolyl-3-yl)biphenyl—4—carbonyl]-l-oxo-
2,3,6,7-tetrahydrospirofthiopheno[2,3-f]indole-3,4"-piperidine],
"-Ethyl-5-[2'-methyl-4'- (S-methyl-l.3.4-oxadmzol-2-yl)b1phenyl-4-carbonyl]-2.3.6 7-
tetrahydrospiroffuro[2,3-flindole-3,4 -piperidine],
"-Methyi-5-[2'-methyl-4'-(1-methylimidazol-2-yl)biphenyl-4-carbonyl]}-2,3,6,7-
teu'ahydmspxro[fmo[z,B-ﬂmdole-:i 4 plpendme],

| ANRR AT -
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1'-Methyl-5-{2"-methyl-4'-(1-methylimidazol-5-yDbiphenyl-4-carbonyl}-2,3.6,7-

tetrahydrospiro[furo[2,3-f]indole-3,4'-piperidine],
5-[4'-(5-Hydroxymethyl-1,2.4-oxad1azol-3-yl)-2' meﬂtylb1phenyl-4-carbonyl] l methyl-
2,3,6,7-tetrahydrospiro[ furof2,3-flindole-3,4'-piperidine],
1'-Methyl-5-(2"- methyl-4'-(5-methyl-l,2.4-oxad1azol-3-yl)bxphenyl-4—carbonyl)-1 -0X0-
2,3,6,7-tetrahydrospiro[furo[2,3-flindole-3,4"-piperidine], . |
1'-Methyl-5-[2"-methyl-4'-( 1.2.4-mmn-3-yl)b1phenyl-4-carbonyl] 2,3,6,7-
tetrahydrospiro[furo{2,3-flindole-3,4"-piperidine], _
2,3,6,7.8,9-Hexahydro-1' methyl-6—(2'-mcthyl-4 (S-methyl 1,3.4-oxad1azol-2-
yl)b:phenyl-4-carbony1)sp1ro[4H-pymno[2.3-glqumohne-4 4 piperidine],
"-Ethyl-5-(2'- methyl-4'-(5-methyl—l 3 4-oxadmzol—2-yl)b1phenyl-4~carbonyl)-l -0X0-
2,3,6,7-tetrahydrospiro[furo[2,3-flindole-3 4'-p1pmdme].
1'-Ethyl-5-[4'-(5-methyl-1,3 4-oxad1aml-2-yl)b1phenyl-4»carbonyl]-2,3 6 7-
tetrahydrospiro[furo{2,3- fjmdolc-3 4'-p1pendme], Lo
-Ethyl-S-(4'-hydra.nnocarbonyl-2’ methylb:phenyl-#carbonyl)-z 3,6,7-
tetrahydrospiro[furo[2,3-f]indole-3,4'-piperidine], o
5-{4'-(Acetylhydrazinocarbonyl)-2"-methylbiphenyl-4-carbonyl]-1 -ethyl-2.3 6, 7-
tetrahydrospiroffuro{2, 3-flindole-3, 4-piperidine],
5-[4'—(5-Methoxymethyl-l.2.4-oxadxazol-3-yl)-2' mcﬂ:ylbxphenyl-«t—carbonyl}-l‘ -methyl-
2,3,6,7-tetrahydrospiro[furo(2, 3-flindole-3 4'-p1pendme], _
5-[4' -(4,5-thydrooxazol-2-yl)-2'-methylbxphenyl-4-carbonyl] 1_'-methyl-2 3,6,7-
ten'ahydmsplro[furo[z 3-flindole-3 -4"-piperidine],
5-{4"-(2-(N. .N-Dxmedlylamxno)acetanndo)—Z'-methylbxphenyl—«t-carbonyl] l -methyl-

- 2,3,6 7-teu'ahydrosp1ro[ﬁ1ro[2,3-ﬂmdole-3 «4-piperidine]

5-{4 -(Ethoxycarbonylnmmo)-2'-meﬂ|ylb1phenyl~4~carbonyl] 1'-ethyl-2 3,6,7-
tetrahydrospiro[furo{2,3-flindole-3,4'- -piperidine],
5- [4'-(Acetylhydrmnocarbonyl)—Z'—methylbxphenyM—carbonyl]-1' methyl-2,3 6, 7-
tetrahydrospiroffuro(2,3-flindole-3,4'-piperidine],
5-(4'-(5-methylfuran-2-yl)-2'- meﬂtylbxphenyl—#carbonyl)—l‘-memyl-z 3 6 7-
tetrahydrospiro[furo{2,3-flindole-3,4"-piperidine},
or pharmaceuticaily acceptable salts or N-oxides thereof.

8. A process for the preparanon ofa compound of formnla (1)) which
comprises: . -

(a) reaction of a c.ompound of formula (I):

A L e
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a
in which R1, RZ and R3 are as defined in formula (I) and L i§ # ieaving group.
. with a compound of formula (ITI):
5
(CH,)
~g~ (CR°R%),
10 - | .
wherein R4, RS, R6 A, B, m and n are as defined in formula (T) and optionally thereafter
in any order:

o converting a compound of formula () into another compound of formula (1)
o forming a pharmaceutically acceptable sait or N-oxide.
15 9. A compound according to any one of claims 1 to 7 for use in therapy.
10. A pharmaceurical composition which comprises a compound according to
any one of claims 1 to 7 in association with a pharmaceutically 'acceptable carrier or
excipient.
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