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TETRACYCLIC SPIRO COMPOUNDS, PROCESS FOR THEIR PREPARATION AND 
THEIR USE AS 5HT1D RECEPTOR ANTAGONISTS 

The present invention relates to novel piperidine derivatives, processes for their 

preparation. and'" pharmaceutical compositions containing them. 

5 EPA 0 533 266{1 /8 disclose a series of benzanilide derivatives which are said to 

possess 5HT ID receptor antagonist activity~ These compounds are said to be of use in the 

acaanent of various CNS disorders. 

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

been found to exhibit SHT lD antagonist activity. In a first aspect, the present invention 

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

15 in which 

Rl is hydrogen, halogen, C1-6alkyl, C3-6cycloalkyl, COC1-@lkyl. C1.@Ikoxy, hydroxy. 

hydroxyC 1-6alkyl, hydroxyC t-6alkoxy, C 1-6alkoxyC 1-@lkoxy. acyl, nitro, 

ttifluoromethyl, cyano, SR9, SQR9, SQiR9, S02NRl<>R.ll, CQiRIO, NRlOSQiRll, 

CQNRl<>R_l 1, CQiNRl<>R.l 1, CONR10cCH2)pCQiRl l, (CHl)pNRl()Rl 1, 

20 (CH2)pCONRl<>R.l l, (CH2)pNR10coR11, (CH2)pCC>iC1-~yl, C02(CH2)pORlO, 

coNHNRl<>R.11, NRl<>R.11, NRlOce>iRl l, NR10cocCH2)pNRl<>R.ll, 

NRlOcoNRl<>R.11, CRlO=NORl 1, CNR10=NOR11, where R9, R10andRI1 are 

independently hydrogen or C 1-6alkyl and p is 1 to 4; or R 1 is an optionally substituted 5 

to 7-membered heterocyclic ring containing 1 to 4 heteroatoms selected from oxygen, 

25 · nitrogen or sulphur; 

R2 and R3 are independently hydrog~n, halogen, C1-@lkyl, C3_6cycloalkyl, 

C3.6cycloalkenyl, C1 _@Ikoxy, hydroxyC1 _@lkyl, C1-6alkylOC1-~l. acyl, aryl, 
acyloxy, hydroxy, nitro, ttifluoromethyl, cyano, CQiR 10, CONR l<>R, 11, NR l<>R, 11 where 

R 10 and R 11 are independently hydrogen or C 1.@lkyl;. 

30 R4 is hydrogen or C1-681kYI; 

RS and R6 are independently hydrogen or C 1-@lkyl; 

. A is (CR 13R 14)q where q is 2. 3 or 4 and R 13 and R 14 are independently hydrogen or 

c1.@lkyt or A is (CR13R14)r-D where r is 0, l, 2 or 3 and Dis oxygen, sulphur or 
CR 13=CR, 14. . 

35 Bis oxygen, CR15R16 or NR17 where R:15, R16 and R17 are independently hydrogen or 

C1_@lkyl or Bis S(O)b where bis 0, 1or2; 
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m is l, 2 or 3; and 

n is l, 2 or 3. 
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C1-6alk,yl groups, whether alone or as pan of another group, may be straight chain 

or branched. 

5 Suitably R 1 is hydrogen, halogen, C1_@lkyl, C3_6cycloalkyl, COCt-@lkyl, 

C1 _@lkoxy, hydroxy, hydroxyC 1-@lkyl, hydroxyC1-6alkoxy, C 1-@lkoxyC 1 ~@tlkoxy, 

acyl, nitro, ttifluoromethyl, cyano, SR9, SOR9, S~R9, sciiNR.t<>Rll, COiRlO, 

NRlOSQiRll, CONRl<>ftll, COiNRl<>Jtll, CONR10(CH2>pC6iR1 l, 

(CH2)pNRl~l l, (CH2)pCONR10Rl 1, (CH2)pNRlOcoal 1, (CH2)pCQiC1-6alkyl, 

10 CQiCCH2)pOR 10, cqNHNRl~l 1, NRl<>Jtl 1, NR10C~Rll, 
NR lOCQ(CH2)pNR l<>Jt 11, NR lOcoNR l<>Jt 11, CR lO=NOR 11, CNR lO=NOR 11, where 

R9, R 10 and R 11 are independently hydrogen or C1.@lkyl and p is 1 to 4. Prefened 

groups include cyano, COC l-6alkyl, CR lO=NOR 11, (CH2)pNR lOcoR 11, COiR 10, 

NR10so2Rl 1, S02NR10Rl 1, CONRl<>Jtl 1, coNHNRlORl 1, NRlOco2Rl I, ( 

15 NRlOCQNRlORl 1, CQNHNRlOJtl 1 or SQiR9. Preferably alkyl groups, including RlO 

and R 11, are methyl and ethyl. 

When R 1 is a S to 7-membered heterocyclic ring containing 1 to 3 heteroatOIDS 

selected from oxygen, niuogen or sulphur suitable heterocyclic rings include thienyl, 

furyl, pynolyl, triazolyl, diazolyl, ilnidazolyl, oxazolyl, thiazolyl~ oxadiazolyl, 

20 isothiazolyl, isoxazolyl, thiadiazolyl, .Pyridyl, pyrimidyl and pyraZinyl. The heterocyclic 

rings can be linked to the remainder of the molecule via a carbon atom or, when present, a 

nitrogen atom. Suitable substituents fc>r dtese rings incl~de R2 and R3 'groups as defmed 

above. Preferably R 1 is optionally substituted trlazolyl, th~lyl, isoxazolyl, pyrazinyl or 

oxadiazolyl. Most preferably R 1 is optionally substituted oxadiazOlyl. Prefened 

25 substiments for such oxadiaiolyl groups include C l-6alkyl such as m~yl or ethyl, and 

NR 1OR11 as defined above, preferably where R 10 and R 11 are C1 _@lkyl. Most 

preferably Rl is a 5-methyl-1.2,4-oxadiazol-3-yl group or a 5-methyl-1,3,4-oxadfazol-2-yl 

group. 

Suitably R2 and a3 are independently hydrogen, halogen, C1-6alkyl, 

30 C3_6cycloalkyl, C3.6C)'Cloalkenyl, C1-@lkoxy, hydroxyC1.@lkyl, C1_@1kylOC1-@lkyl, 

acyl, aryl, acyloxy, hydroxy, nitro, tritluoromethyl, cyano, CQiRlO, CONR10all, 

NR l<>Jt 11 where R 10andR11 are iDdependently hydrogen or C1.@lkyl. Preferably a2 is 

hydrogen or C1_@tlkYl, in particular methyl. Preferably R3 is hydrogen. 

Suitably R4 is hydrogen or C1~6alkyl. Preferably R4 is hydrOgen, methyl or ethyl, 

35 most preferably a4 is methyl. Prefel'ably mis 2 forming a spiro-piperidine ring, 

Suitably RS and a6· are independently hydrogen or C 1.@lkyl. Preferably Rs and 

R6 are both hydrogen. 
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Suitably A is (CR13Rl4)q where q is·2. 3 or 4 and Rl3 and Rl4 are 

independently hydrogen or C 1-6alkyl or A is (CR 13R 14)r-D where r is 0, l, 2 or 3 and D 

is oxygen, sulp.llur or CR 13=CR 14. Preferably A is (CH2)2 or (CH2)3. 

Suitably Bis oxygen, CR15Rl6 orNR17 where Rl5, Rl6 and Rl7 are 

5 independently hydrogen or C 1.@lkyl or B is S(O}b where b is O. 1 or 2. Preferably B is 

oxygen or sulphur. most preferably B is oxygen. 

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

Particularly prefCITed compounds of the invention include: 

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

10 tetrahydrospiro[furo[2,3-f]indole-3,4'-piperidine], 

2.3.S.6. 7 ,8-Hexahydro-1 '-methyl-5-(2'-methyl-4'-(5-methyl-l ,2,4-oxadiazol-3-

yl)biphenyl-4-carbonyl)spiro[fumf2,3-g]quinoline-3,4'-piperidine ], 

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

tetrahydrospiro[ furo[2.3-f]indole-3,4'-piperidine ], 

15 1'-Ethyl-5-(2'-methyl-4'-(5-methyl-1.2.4-oxadiazol-3-yl)hiphenyl-4-carbonyl}-2.3,6.7-

tetrahydrospiro[ f~ro[2,3-f]indole-3.4'-piperidine ], 

1 '-Methyl-5-(2' ~methyl-4 '-(5-methyl- l ,3,4-oxadiazol-2-yl}biphenyl-4:..carbonyl)-2,3,6, 7-

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

5-(4'-(5-Dimethylamino-1,2,4-oxadiazol-3-yl)-2'-methylbiphenyl-4-carbonyl)-l'-methyl-

20 2,3,6, 7-tetrahydrospim[ furo[2,3-fjindole-3,4'-piperidine ], 

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

tetrahydrospiro[fum[2,3-f]indole-3,4'-piperidine], 

2,3-Dihydro-l '-methyl-5-(2'-methyl-4'-(5;.methyl-l,2,4-oxadiazol-3.;yl)biphenyl-4-

carbonyl)spiro[ fum[2.3-f]indole-3,4'-piperidine], 

25 5-[4'-Cyano-2'-methylbiphenyJ-4-carbonyl]-l'-methyl-2;3,6,7-tettahydrospim[furo[2,3-

f)indole-3,4'-piperidine], 

5-(4'-Acetyl-2'-methylbiphenyl-4-carbonyl)-1'-methyl-2,3,6,7-tetrahydrospiro[furo[2,3-

fjindole-3,4'-piperidine]. 

5-(4'-(1-(Methoxyamino)ethyl)-2'-methylbiphenyl-4-carbonyl)-1'-methyl-2.3,6,7-

30 tetrahydrospiro[furo[2,3-f]indole•3,4'-piperidine], 

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

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

3,5,6,7 ,8,9•Hexahydm- l '-methyl-5-(2'-methyl-4'-(5-methyl-l .2,4-oxadiazol-3-

yl)biphenyl-4-carbonyl)spiro[2H-furo[2,3-h]benzazepine-3,4'·piperidine ], 

35 1 '-Methyl-S-(2'-methyl-4'-(3-methyl-l ,2,4-oxadiazol-S-yl)biphenyl-4-carbonyl)-2.3,6, 7-

tetrahydrospiro(furo[2,3-f]indole-3,4'-piperidine ], 

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

tettahydrospiro(furo[2,3-f]indole-3.4'-piperidine, 
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5-[4'-(5-Ethyl-l.3,4-oxadiazol-2-yl)-2'-methylbiphenyl-4-carbOnyl]-l '-methyl-2.3,6.7-

tettahydrospiro[ furo[2,3-f}im;iole-3,4'-piperidine], 

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

tetrahydrospiro[furo(2,3-fj.ndole-3,4'-piperidine ], 

5 2,3-Dihydro-l '-methyl-5-(2'-methyl-4'-(5-methyl-l,3,4-oxadiazol-2-yl)biphenyl-4-

carbonyl)spiro[furo[2,3-f}indole-3,4'-piperidine],. 

-S-(2.2'-Dimethyl-4'-(5-methyl-l ,3,4-oxadiazol-2-yl)biphenyl-4-carbonyl)-1 '-methyl-

2,3,6,7-tetrahydrospiro[furo[2,3-f]indole-3,4'-pipcridine], 

5-(2,3'-Dimethyl-4'~(5 .. methyl-l,3,4-oxadiazol-2-yl)biphenyl-4-carbonyl)-l'-methyl-

10 2,3,6,7-tetrahydrospiro[furo[2,3-f)indole-3,4'-piperidine], 

l'-Methyl-5-(2'-methyl-4'•(4-methylthiazol-2-yl)biphenyl-4-carbonyl)-2,3,6;,7-

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

5-(4'-Methoxycarbonyl-2'-methylbiphenyl-4-carbonyl)-l'-methyl-2,3.6,7-

tetrahydrospiro[ furo[2,3-f)indole-3,4'-piperidine], ( 

15 5-(5'-Methoxycarbonyl-2'-methylbiphenyl-4-carbonyl)- l ~~~yl-2,3,6, 7-

tetrahydrospirof furof2,3:-fJindole-3,4'-piperidine ]. 

5-[4'=(Methanesulphonamino )-2'-methylbiphenyl-4-carbonyl] ... 1'-methyl-2,316,7-

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

5-( 4'-Hydrazinocarbonyl-2' ':'methylbiphenyl-4-carbonyl)-l '-methyl-2,3,6, 7-

20 tetrahydrospiro[ furo[2,3-f)indole-3,4'"'.piperidine], 

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

tettahydrospiro[ furo[2,3-f)indole-3,4'-piperidine), 

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

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

25 5-(4'-Carboxamido-2'-methylbiphenyl-4-carbonyl)-1 '-methyl-2,3,6,7-

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

5-( 4'-Acetamido-2'-methylbiphenyl-4~nyl)-1'-methyl-2,3,6,7-

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

2.3.S.6. 7 ,8-Hexahydro-1 '-met)lyl-5".'(2'-methyl-4 '-(5-methyl-l,3,4-oxadiazol-2-

30 yl)biphenyl-4-carbonyl)spiro[fum[2.3-g]quinoline-3,4'-pipcridine], 

2.3,5,6,7,8-Hexahydro-5-(4'-methanesulphonarnino-2'-methylbiphenyl-4-carbonyl)-l'­

methylspiro[furo[2,3-g]quinoline-3,4'-piperidine], 

1'-Methyl-5-[2'.-~thyl-4'-(5-~ethyl .. t.2.4-oxadiazol-3-yl)biphenyl-4-carbonyl]-2,3,6,7-

tettahydrospiro(thiopheno[2,;3~f]indole-3,4'-piperidine}, .. 

35 1.2,3,5,6. 7-Hexahydro-1 '-methyl-1-(2'-methyl-4'-(5-methyl-l ,3,4-oxadiazol-2-

yl)biphenyl-4-carbonyl)spiro[indeno[S,6-b]pynole-7,4'-pipcridine ], 

5-[4'-(N-methaiiesulphonyl-N-methylamino)-2'-methylbiphenyl-4-carbonyl]-1 '-methyl-

2.3,6,7-tettahydrospiro[furo[2.3-f)indolc:-3,4'-piperidine] •.. 
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5-[ 4'-(Dim~ylaminosulphonyl)biphenyl-4-carbonyl]- l '-methyl-2,3,6, 7-

tetrahydrospiro[furo[2,3-f)indole-3,4'-piperidine], 

5-[4'-(Methanesulphonyl)biphenyJ-4-carbonyl]-1'-methyl-2,3,6.7-tetrahydrospiro[furo[2,3-

f]indole-3,4'-piperidine], 

5 5-[4'-(N,N-Dimethylcarbamoylamino )-2'-methylbiphenyl-4-carbonyl]- l '-methyl-2,3,6, 7-

tetrahydrospiro[furo[2,3-f]indole-3,4'-piperidinc], · : 

5-[4'-(Ethoxycarbonylamino )-2'-methylbiphenyl-4-carbonyl]-1'-methyl-2,3,6,7-

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

5-[4'-( 4,5-Dimcthyl- l ,2,4-aiazol-3-yl)-2'-methylbiphenyl-4-carbonyl]-l '-methyl-2,3,6, 7-

10 tecrahydrospiro[furo[2,3-f)indole-3,4'-piperidine], 

l'-Methyl-6-[2'-mcthyl-4'-(5-methyl-l,3,4-oxadiazol-2-yl)biphcnyl-4-carbonyl]-2,3,7,8-

tetrahydrospiro[4H-pyrano[2,3-f]indole-4,4'-piperidine], 

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

tetrahydrospirof furo[2,3-f}indole-3,4' .;.piperidine ], 
. .·• 

15 5-(2'-Methyl-4'-(5-methyl- l ,3,4-oxadiazol-2-yl)biphcnyl+.carbonyl)- l '-n-propyl-2,3,6, 7-

tetrahydrospirof (urof 2,3-f}indole-3,4'-pipcridine ], 

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

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

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

20 tcttahydrospiro[ furo[2,3-f]indole-3,4'-pipcridine ], 

1'-Mcthyl-5-(2'-methyl-4'-(5-methylisoxazol-3-yl)biphenyl-4-carbonyl)-2.3,6,7-

tettahydrospiro( furo(2,3-f]indole-3,4'-pipcridinc], 

2,3,5,6,7 ,8-Hexahydro-1 '-methyl-5-(4'-(5-dimethylamino-l,2.4-oxadiazol-3-yl)-2'­

methylbiphenyl-4-carbonyl)spiro[furo[2,3-g)quinoline~3,4'-piperidine), 

25 2,3,5,6, 7 ,8-Hexahydro- l '-methyl-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-Hcxahydro-l '-mcthyl-5-(4'-methoxycarbonyl-2'-methylbiphenyl-4-

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

2,3.S.6,7 ,8-Hexahydro-1 '-methyl-5-(4'-hydrazinocarbonyl-2'-methylbiphenyl-4-

30 carbonyl)spiro[furo[2,3-g]quinolinc-3,4'-pipcridine), 

2,3,5,6,7,8-Hexahydro-l'-methyl-5-(2'-methyl-4'-(l,3,4-oxadiazol-2-yl)biphenyl-4-

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

1'-Methyl-5-(2'-methyl-4'-pyrazinylbiphenyl-4-carbonyl)-2,3,6,7-tem.hydrospiro[furo[2.3-

f)indole-3,4'-pipcridine], 

35 l '-Methyl-5-[2'-mcthyl-4'-(5-methyl-1,2,4-oxadiazolyl-3-yl)biphenyl-4-carbonyl]-1-oxo-

2;3,6, 7-tettahydrospiro[ thiopheno[2,3-f)indole-3,4'-piperidine], 

1 '-Ethyl-5-[2'-methyl-4 '-(5-mcthyl-l ,3,4-oxadiazol-2-yl)biphenyl-4-carbonyl]-2,3,6,7-

~ydrospiro[furo[2,3-f)indole-3,4'-piperidine], 
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1 '-Methyl-5-[2'-methyl-4'-( l-methylimidazol-2-yl)biphenyl-4-carbonyl]-2,3,6, 7-

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

1 '-Methyl-5-[l::methyl-4'-( l-methylimidazol•5-yl)biphenyl-4-carbonyl]-2,3,6. 7-

tetrahydrospiro[furo[l,3-f]indole-3,4'-piperidine ], 

5 5-[4'-(5-Hydroxymethyl-l,2,4-oxadiazol ... 3-yl)-2'-methylbiphenyl-4-carbonyl}-_1'-methyl-

2,3,6. 7-tetrahydrospiro[ furo[2,3-f]indole-3,4'-piperidine], 

l '-Methyl-5-(2'-methyl-4'-(~-methyl-l,2,4-oxadiazol-3-yl)biphcnyl-4-carbonyl)-1 '-oxo-

2,3,6,7-tetrahydrospiro[furo[2,3-f]indole-3,4'-piperidine), 

l '-Methyl-5.,.(2'-methyl-4'-(l,2,4-triazin-3-yl)biphenyl-4-carbonyl]-2,3,6,7-

10 tetrahydrospiro[furo[2,3-f]indole-3,4'-piperidine], 

2,3,6,7,8,9".Hexahydro-l'-methyl-6-(2'-methyl-4'-(5-methyl-l,3,4-oxadfazol-2-

yl)biphenyl-4-carbonyl)spiro[4H-pyrano[2,3-g)quinoline..,4,4' piperidine), 

1 '-Ethyl-5-(2'-methyl~'-(5-methyl-l ,3,4-oxadiazol-2-yl)biphenyl-4-carbonyl}-l '-oxo-

2,3,6,7-tettahydrospiro[furo[2,3-f]indole-3,4'-piperidine]~ 

15 l'-Ethyl-5-[4'-(5-methyl-1,3,4-oxadiazol~2-yl)biphenyl-4-carbonyl]-2,3,6,7-

tetrahydrospiro[ furo[2,3-f]indole-3,4'-piperidine]. 

1'-Ethyl-5-(4'-hydrazinoclJ'bonyl-2'-methylbiphenyl-4-clJ'bonyl)-2,3,6, 7-

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

5-[4'-(Acetylhydrazinocarbonyl)-2' ... methylbiphenyl-4-carbonyl]-1 '-ethyl-2,3,6,7-

20 tettahydrospiro[furo[2,3-f]indole-3,4'-piperidine], 

5-[4'-(5-Methoxymethyl ... l,2,4-oxadiazol-3-yl)-2'-methylbiphenyl-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]il)dole-3,4'-piperidine ], 

25 5-(4'-(2-(N,N-Dimethyll!Jlino,)acetamido)-2'-methylbiphenyl-4-carbonyl]-1 '-methyl-

2,3,6, 7-tettahydrospiro[furo[2,3-f]indole-3,4'-piperidine} _ 

5-(4'-(Ethoxycarbonylamino ).,.2'-methyl_biphenyl-4-carbonyl]-l '-ethyl".2,3,6, 7-

tetrahydrospiro[furo[2,3-f]indole-3,4'.-piperidine), 

5-(4'-(Acetylhydrazinocarbonyl)-2'-methylbiphenyl-4-carbonyl]-l '-methyl-2,3,6, 7-

30 tettahydmspiro[furo[2,3-f]indole-3,4'-piperidine), 

5-(4'-(5-methylfman-2-yl)-2'-methylbiphenyl-4-carbonyl)-l '-methyl-2,3,6,7-

tetrahydrospiro[furo[2,3-f]indole-3,4'-piperidine],_ 

or pharmaceutically acceptable salts theieof. 

Prcfem:d salts of the compounds of formula (I) are pharmaceutically acceptable 

35 salts. These include acid addition salts such as hydrochlorides, hydrobromides, 

phosphates, acetates, fumarates, maleates, tanrates, cittates. oxalates, methanesulphonates 

and p-toluenesulphonates. 
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Cenain 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. 

5 In a further aspect the present invention provides a process for the preparation of a 

10 

15 

compound of fonnula (I) which comprises. 

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

2 
.R 

CCL 

(II) 

in which R 1, R 2 and R 3 are as defined in fonnula (l) and L is a leaving group. . 

with a compound of formula (III): 

NR4 

I 
..,___,__{CH2)m 

(CR5R6
) B.,.... n 

cm> 

20 wherein R4, RS, R6 A. B, m and n are as defined in fonnula (I) and optionally thereafter 

in any order: 

• convening a compound of fonnula (I) into another compound of fonnula (I) 

• forming a pharmaceutically acceptable salL 

Suitable activated carboxylic acid derivatives of formula (Il) include acyl halides 

25 and acid anhydrides. Activated compounds of fonnula (ll) can also be prepared by 

reaction of the corresponding carboxylic acid with a coupling reagent such as 

carbonyldiimidamle, dicyclohexylcarbodiimide or diphenylphosphorylazide Preferably 

the group L is halo, particularly chloro. 

A compound of formulae (ll) and (Ill) are typically reacted together in an inert 

30 organic solvent such as DMF. 11iF or dichloromethane at ambient or elevated temperatlJR'. 

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 oudined in EPA 53326617 /8. Certain intermediate compounds of 

formula (Ill) are novel and form a funher 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 fonriula (m) in the·presence of an organo- . 

aluminium reagent such as aimethylaluminium. Such a reaction is typically canied out in 

the presence of an inen solvant such as toluene. 

5 It will be appreciated to those skilled in the an 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, benzyloxycarbonyl or trityl derivatives. These groups can be 

removed by conventional procedures well known in the art. 

10 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. 

SHT ID Antagonists. and in particular the compoupds of the p:resent invention, are 
. . 

expected to be of use in the treatment of CNS disorders such ~ moOd disorders. including 
15 depression, seasonal effective disorder and dysthymia; anxiety disorders, including 

generalised anxiety, panic disorder, agoraphobi;l. social phobia, obsessive Compulsive 
disorder and post-traumatic stress disorder; memory disorders, including dementia. 
amnestic disorders and age-associated memory impairment; and disorders of eating 

behavioms, including anorexia nervosa and bulimia nervosa. Other CNS disorders include 
20 motor disorders such as Parkinson's disease, dementia in Parkinson's disease, neuroleptic­

induced Parkinsonis~ and tardive dyskinesias, as well as other psychiatric disorders. 

SHTto 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 hypenension, as well 

25 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 p:resent invention provides a compound of general formula (I) or a 
physiologically acceptable salt or solvate thereof for use in therapy. 

30 The present invention also provides a compound·of general formula (I) or a 
physiologically acceptable salt or solvate thereof for use in the treatment of the 

aforementioned disorders. 
In another aspect the invention provides the use of a compound of general formula 

(I) or a pharmaceutically acceptable salt or solvate thereof for the manufacw:re of a 

35 medicament for the treatment of the af0rcmentioned disorders. 
In a further aspect the invention prOvides a method of treating the· aforemention~ 

disorders which comprises administering an effective amount to a patient in need of such 
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treaunent of a compound of general formula (1) or a phannaceutically 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 treaunent or prophylaxis of 

5 depression. 
It will be appreciated by those skilled in the art that thC!compounds according to 

the invention may advantageously be used in conjunction with one or more other 
therapeutic ap-,...nts, for instance, different antidepressant agents. 

The present invention also provides a pharmaceutical composition, which 

l 0 comprises a compound of fonnula (I) or a pharmaceutically acceptable salt thereof, and a 

phannaceutically acceptable carrier. 

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

·admixture, suitably at ambient temperature and annospheric pressure, is usually adapted 

for oral, parenteral or rectal administration and, as such,. may be in the fonn of tablets, 

15 capsules. oral liquid preparations, powders, granules, lozenges, reconstimtable 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 agents, fillers, tabletting lubricants, 

20 disintegrants and acceptable wetting agents. The tablets may be coated according to 

methods well known in normal pharmaceutical practice. 
Oral liquid preparations may be in the fonn 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 

25 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 

compowid of the invention or pharmaceutically acceptable salt thereof and a sterile 
30 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 ampoule and 
sealing. Advantageously, adjuvants such as a local anaesthetic, preservatives and 

buffering agents are dissolved in the vehicle. To enhance the stability, the composition 

35 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 oxid~ 
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before suspension in a sterile vehicle. Advantageously, a surfactant or wetting agent is 

included in the composition to facilitate unifonn distribution of the compound. 

The COJllposition may contain from 0.1 % to 99% by weight, preferably from 10 to 

60% by weight. of the active materiai, depending on the method of administration. 

5 The dose of the compound used in the treatment of the aforementioned disolders 

will vary in the usual way with the seriousness of the di~, the weight of the sufferer, 

and other similar factors. However, as a general guide suitable unit doses may be 0.05 to 

1 ()()() mg, more suitably 1.0 to 200 mg. and such unit doses may be administered more 
than once a day, for example two or three a day. Such therapy may extend for a number 

10 of weeks or months. 

The following Examples illustrate the preparation 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-pyridinccarboxylate (10.0 ml, 0.061 

5 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 mixture was 

filtered. The filtrate was dried (Na2S04) and evaporated in vacuo to give the tide 

compoun4 as an amber oil (6.30g, 81 %), which solidified on standing. 

IO 

1 H NMR (200 MHz, CDCl3) O(ppm): 5.63 (m, 1H}. 4.01 (s, 2H), 2.94 (m, 2H}, 2.55 (t, 

2H), 2.35 (s, 3H), 2.20 (m. 2H) 

Description 2 
15 4-(2-lodophenoxymetbyl)-1-methyl-1,2,3,6-tetrahydropyridine 

4-(Hydroxymethyl)-1-methyl-1,2,3,6-tettahydropyridine (Dl. 5.63g, 0.044 mol), 2-

iodophenol (7.80g, 0.035 mol) and triphenylphosphine (l l.6lg, 0.044 mol) were stirred in 

dry THF (200 ml) under Ar as diethyl azodicarboxylate (7 .0 ml, 0.044 mol) was added 

20 portionwise. The solution was stirred for lb, .concentrated, diluted with ethyl acetate, and 

extracted with dil. HO. The extract was basified (sat. K2C03 solution) and exuacted with 

ethyl acetate. This organic extract was dried (Na2S04) and evaporated to give a brown 

oil. Purification by chromatography on silica gel. eluting with 0-10% 

methanoVchlorofonn (gradient) gave the title compound (7 .65g, 65%) as an amber oil. 

25 
lH NMR (200 ~ CDCl3) O(ppm}: 7.76 (dd, lH), 7.27 (m, lH), 6.81 (dd. lH), 6.68 

(td. lH}. 5.84 (m, lH), 4.47 (s, 2H), 2.99 (m. 2H). 2.58 (t. 2H), 2.4-2.25 (m. SH). 

Description 3 

30 l,3-Dihydro-l '-methylspiro(benzofuran-3,4'-piperidine] 

4-(2-Iodophenoxymethyl)-1-methyl- l ,2,3,6-tettahydropyridine (Dl, 8.72g, 0.026 mol) and 

AmN (0.20g, 0.0012 mol) were stirred at reflux under Ar in bemene (500 ml) as 

aibutyltin hydride (14.3 ml. 0.053 mol) was added dropwise in benzene (100 ml) over 1 h. 

35 The mixture was stin'cd 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. 

K2C03 solution) and extracted with ethyl acetate. This organic exttaet was dried 

(Na2S04) and evaporated to give a brown solid, which was chromatographed on silica 
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gel, eluting with 0-8% methanoVchloroform (gradient) to give the title compound (3.86g, 

69%) as a light yellow solid. 

lH NMR (250 MHz. CDCl3) a{ppm): 7.15 (m. 2H), 6.88 (t, lH), 6.79 (d, lH). 4.~5 (s,. 

s 2H), 2.87 (m. 2H}, 2.33 (s, 3H). 2.02 ·cm. 4H), 1.78 (m, 2H) 

Description 4 
2,3-Dihydro-l '-methyl-S~nitrospiro[benzofuran-3,4 '-piperidine] 

10 2,3-Dihydro-1'-methylspiro[benzofman-3,4'-piperidine] (D3, 2.72g, O.OlJ mol) was 

dissolved in acetic anhydride (40 ml) and stirred, standing in a cold water bath, as copper 

nitrate aihydrate (4.30g, 0.018 mol) was added portionwise-over lh. The mixture was 

stirred for 16 h, poured into Na2C03 solution, treated wi~ excess ammonia solution, and 

extracted with ethyl acetate. The extract was dried (Na2S04) and evaporated to give a ... 

15 brown oil. which was purified: by_ chromat0graphy on silica gel, eluting with 0-5% 

methanoVdichloromethane (gradient), to give the title compound (1.63g, 79~) as a 

yellow-brown solid. 

1 H NMR (200 MHz. CDCI3) a(ppm): 8.11 (dd, lH), 8.03 (d, lH), 6.83 (d, lH), 4.53 (s, 

20 2H). 2.91 (m, 2H), 2.34 (s. 3H), 2.02 (m, 4H). 1.81 (m, 2H). 

Description 5 
5-Amino-2,3-dihydro-l '-methylspiro[benzofuran-3,4 '-piperidine] 

25 2.3-Dihydro- l '-methyl-5-niuospiro[benzofuran-3,4'-piperidine] (04, o~98g, 4.0 mmol) 

was hydrogenated over 10% palladium on charcoal (0.18g) in ethanol (50 ml) for 6 h. 

Catalyst was filtered off onto kieselguhr, and the filtrate was evaporated and 

chromatographed on silica gel, eluting with 0-25% methanol/chloroform (gradient), to 

give the tide compound (0.52g, 60%) as a cream solid. 

30 

1 H NMR (250 ~ d6DMSO) a(ppm): 6.42 (m, 2H), 6.33 (dd, lH), 4.22 (s, 2H), 2.84 

(d, 2H), 2.29 (s, 3H), 2.12 {t, 2H), 1.82 (~ 2H), 1.61 (d, 2H) 

-12-
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Description 6 
6-(Cyanomethyl) .. 2,3-dihydro-l '·methyl·S·nitrospiro[benzofuran-3,4

1 

·piperidine] 

2,3-Dihydro-1 '-methyl-5-nitrospiro[benzofuran-3,4°-pipcridine] (04, 0.70g, 2.8mmol) and 

5 4-chlorophenoxyacetonitrile (0.90g, 5.4mmol) were dissolved in dry DMF (15ml) and 

added to potassium t-butoxide (l.60g, 14.3mmol). The mixwro was stirred under Ar for 

6h, diluted with water (150ml), acidified (SM HO) and washed with ethyl acetate. It was 

then basified (saturated K1C03 solution) and extracted with ethyl acetate. This extract 

was dried (Na2S04) and evaporated to give the title compound (0.35g, 43%) still 

10 containing some spirocyclic starting material (ca 30%, NMR). 

lH NMR (200MHz, CDCl3) 8(ppm): 8.05 (s, lH), 7.07 (s, lH), 4.56 (s, 2H), 4.19 (s. 2H), 

2.9 (m, 2H), 2.34 (s, 3H). 2.1-1.7 (m, 6H). 

15 Description 7 

. 2,3 .. Dihydro-l 1-methylspiro[furo[2,3·rlindole-3,4
1
-piperidine] 

6-(Cyanomethyl)-2,3-dihydro- l '-methyl-5-nitrospiro[benzofuran-3,4°-pipcridine] (D6, 

0.35g. l.2mmol) was hydiogenated at SOpsiH2 over 10% palladium on charcoal (0.30g) in 

20 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 0-1_2% methanol/chloroform (gradient) gave the title compound 

(0.020g, 10%) as a pale orange solid. 

25 lff NMR (250MHz. CD03) 8(ppm): 8.70 (b, lH), 7.18 (m, 2H), 6.99 (s, lH), 6.43 (m, 

lH), 4.40 (s, 2H), 3.05 (m, 2H), 2.46 (s, 3H), 2.3-1.7 (m, 6H). 

30 

Description 8 
t '-Methyl-2,3,6, 7-tetrahydrospiro[furo[2,3-f]indole-3,4' -piperidine] 

2,3-Dihydro-l 1-methylspiro[furo[2,3-f)indole-3.4°-pipcridine] (D7, 0.056g, 0.23mmol) 

was stirred in acetic acid (5ml) as sodium cyanoborohydride (0.044g, 0.70mmol) was 

added portionwise over lOmin. The solution was stirred for 2h. diluted with water (20ml), 

basified with saturated K2C~ solution, and extracted with ethyl acetate. The extract was 

35 dried (Na2S04) and evaporated to give the title compound (0.030g, 53%) as a white solid. 

1 ~..... . . H NMR (200MHz, CD03) vwt1m): 6.61 (s. lH), 6.46 (s, lH). 4.31 (s, 2H), 3.53 (t, 2H), 

2.96 (t, 2H), 2.9 (m, 3H), 2.33 (s. 3H), 1.99 (m, 4H). 1.74 (m, 2H). 
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Description 8 • alternative preparation 

I' -Methyl-2,3,6, 7-tetrahydrospi~~Cfuro[2,3-f]indole-3,4 '-piperidine] -
5 (a) A stirred suspension of powdered I-acetyl-6-bronio-2,3"'.dihydro-lH-indol-5-ol 

(Tetrahedron, 1973, 29 (8), 1115} (19g, 0.074 mole) ill dry 1HF (I700 ml) at room temp. 

under argon was treated with ttiphenylphosphine (19.6g, 0.075 mole) and I-methyl~ 
1.2,3.6-tetrahydropyridine-4-methanol (J. Med. Chem., 1988, 31, 545) (9.Sg, 0.075 mole), 

followed by the dropwise addition over 15 mins. of a solution of diethyl azodicarboxylate 

10 (11.8 ml, 0.075 mole) in TiiF ( 40 ml). A mild exotherm occured and the insoluble 

material dissolved. The solution was warmed at 32°C for I hour, then concentrated in 
vacuo to approx. 500 ml volume. The solid which had formed was filtered off and dried 

affording I 6. I g of beige solid. The filtrate was concentrated in vacuo and the residue 

treated with ethyl aeetate (700 ml) and IM HO acid (500 ml}, shaken well and the acid 4 
15 layer separated. This was washed with ethyl acetate, then basified with 40% NaOH and 

exttacted with ethyl acetate, followed by chloroform. The cornbinc:Q extracts were dried 

(N8.zSO.} and concentrated in vacuo to leave a yellow solid, which was recrystallised froin 
ethyl acetate (3.8g) giving a total yield of 19.9g (74%) of 1-acetyl-6-bromo-2,3-dihydro-

5-( 1-methyl-1,2,3,6-tettahydropyridin-4-ylmethoxy}-lH-~ndole. 

20 
1H NMR (:iSO MHz, CDCJ.,} a (ppm}: 8.42 (s, lH}, 6.72 (s, lH}, 5.80 (br s, lH), 4.41 (s, 

2H), 4.04 (t, 2H), 3.12 (t, 2H), 2.97 (br s, 2H), 2.58 (t, 2H), 2.38 (s, 3H), 2.28 (br s. 2H), 

2.18 (s, 3H}. 

25 b) A stirred suspension of the product from (a) (20.8g, 0.057 mole) in benzene (1500 ml) 
. . 

was treated with AmN (4()() mg) and heated to 75°C under argon, then treated dropwise 

over 0.5 h with a solution of ttibutyltin hydride (23 ml, 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 HO acid (900 ml) and ethyl acetate (600 ml), then shaken well and 
. . 

30 the acid layer separaied, washed with ethyl acetate and then basificd with 40% NaOH 

solution, keeping.the temp. below 20°C. A white prccipiwe was fanned which was 

filtered off. washed with water and dried to affofd i4.8g (91111) of 5-acetyl-1 '-methyl-

2.3,6,7-tetrahydrospiro[furo[2,3-f}indolc-3,4'-piperidine]. 

35 .· 1H NMR (2SO MHz, CDC!,) & (ppm): 8.11 (s, lH}, 6.60 (s. lH). 4.36 (s. 2H), 4.03 (t, 

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), I.SO-· 

1.63 (m, 2H). 
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c) A stirred solution of the product from (b) (14.Sg, 0.051 mole) in a mixture of SM HCl 

(250 ml) and ethanol (100 ml) was heated under reflux under argon for 2 hours followed 

by 16 hours at room temp. The ethanol was removed by concentration in vacuo and the 

remaining solution cooled in an ice bath and basified to pH 12 by addition of 40% NaOH 

5 solution. The white precipitate which fanned was filtered off, washed with water and ... 

dried to afford 6.0g of the title compound. The filtrate was exu:acted with ethyl acetate, 

followed by chloroform. The combined extract was dried (N~SO,) and concentrated in 
vacuo leaving a beige solid (6.2g) and affording a total of 12.2g (99%) of title compound 

(D8). 

10 

Description 9 

Spiro[l,3-dihydro-l 1 -methylfuro[l,3-g]quinoline-3,4' -piperidine] 

Spiro[5-amino-2.3-dihydro-l '-methyl-1-benzofuran-3,4
1

-piperidine] (D5, 0.316g, 

15 1.45mmol), glycerol (0.20g, 2.2mmol) and iodine (0.008g. 0.03mmol) were stiJTed as 

cone. sulphuric aeid (0.23ml) was added. The dark mixture was then stirred ~t 180°C for 

lh, cooled, and partitioned between ethyl acetate and 10% sodium hydroxide solution. 

After separation, the organic portion was dried (Na2S04) and evaporated to give the title 

compound {0.182g, 49%) as a brown gum. 

20 

lH NMR (250MHz. CDCl3) S(ppm): 8.62 (dd~·lH), 7.90 (d, lH), 7.77 (s, lH), 7.21 (dd, 

lH), 6.95 (s, lH). 4.39 (s, 2H), 2.72 (m, 2H), 2.28 (s, 3H), 2.04 (m, 4H}, 1.78 (m, 2H). 

Description 10 

25 Spiro(l,3,5,6, 7 ,S-hexahydro-1 '-methylfuro(2,3-g]quinoline-3,4' -piperidine] 

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

and platinum dioxide {0.077g, 0.34mmol) wen: hydrogenated at 50psiH2 in ethanol 

(2Sml) for 72h. Catalyst was filtered off onto kieselguhr, and the filtrate was evaporated 

30 to give the title compound (0.lSlg, 81%) as a brown gum. 

lff NMR (200MHz. CD03) O(ppm): 6A4 (s, JH), 6.32 (s, lH), 4.26 (s, 2H), 3.7~3.1 (b, 

lH), 3.24 (t, 2H). 2.82 (m, 2H), 2.73 Ct. 2H), 2.31 (s, 3H), 1.94 (m, 6H), 1.73 (m, 2H) 

Description 11 

35 2'-Metbyl-4'-(5-methyl·l,3,4-oxadiazol-2-yl)biphenyl-4-carboxylic acid 

A stirred solution of 2-(4-bromo-3-methylphenyl)-5-methyl-1,3,4-0xadiazole (EP 
0533268 Al) (0.2lg, 0.0008 mole) in a mixture of DME (10 ml) and water (30 ml) under 
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argon was treated with 4-boronobenzoic acid (0.14g, 0.0008mole), sodium carbonate 

(0.39g, 0.0037mole) and tetrakis (triphenylphosphine)palladium (0) (16 mg), then heated 

under reflux foJ 4.hours. The mixture was acidified with l;M hydrochloric acid and 

extracted with ethyl acetate. The extract was dried (Na2S04) and concentrated in vacuo 
5 to leave the title compound as a white solid (0.19g, 78%). 

l H NMR (250 MHz, CDCl3 + d6oMSO) a{ppm): 8.02 Cd. 2H), 7 .86 (s, lH), 7 .80 (br d, 

lH), 7.32 (d, 2H), 7.27 (d, lH), 2.54 (s, 3H), 2.26 (s, 3H) 

10 Description 12 

4-Bromo-3-methylbenmmide oxime 

Methanol (20 ml) at 5° C was treated ponionwise over 5 min. with stirring with potassium· 

t-butoxide (1.68g, 0.015 mole), then after a funher 5 mins the solution was treated with 

15 hydroxylamine hydrochloride (1.1lg,0.016 mole). The·resulting mixnire was allowed to 

wann to room temperature. stilTed foi: I h, then treated with a solution of 4-bromo-3-

methylbenzonitrile (2.0g, 0.010 mole) in methanol (10 ml) and heated under"n:flux for 3 

h. The mixture was allowed to cool, then filtered through kieselguhr and the filtrate 

concenttated in vacuo to afford the title compound as a white solid (1.56g, 100%). 

20 

lff NMR (250 MHz._d6DMSO) ~(ppm): 7.67 (d, lH), 7.56 (d, lH), 7.42 (dd, lH), 5.85 

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

Description 13 

25 2-(4-Bromo-3-methylphenyl)-5·( dimetbylamino lool,2,4-oxadiazole 

4-Bromo-3-methylbenzamideoxime (012, l.5g, 0.0065mole) was added ponionwise 

over 10 min with stirring to trichloroacetic ~nhydride (18 ml) at 10° C under argon. The 

reaction mixture was allowed to wann up to room tempcnture and stir for 4 h, then added 

30 slowly to a well stirred mixture of excess aqueous sodium bicarbonate solution and ethyl 

acetate at ice bath temperature. When effervescence had ceased, the ethyl acetate layer 

was separated. dried (Na2S04) and concentrated in vacuo to leave the 5-

trichloromethyloxadiazole as a pale yellow solid. ·This was treated ~th a 33% solution of 

dimethylamine in IMS (25 ml) and heated under reflux for 18 h, then concenttated in 

35 vacuo. The residue was treated with 10% Na200) solution (20 ml) and extraeted with 

ethyl acetate (2 x 30 ml). The combined extraet was dried (Na2S04), concenttated in 

vacuo and the residue chromatographed on silica gel eluting with 1:1 ether/60-80 petrol to 

afford the tide compound as a white solid(l.14g, 62%). 

- 16-



W096/19477 PCT/EP95/04889 

1 H NMR (250 MHz. CDCl3) o (ppm): 7 .88 (d. lH). 7 .69 (dd. lH). 7 .. 58 (d. IH). 3.20 (s, 

6H), 2.44 (s, 3ij). 

5 Description 14 

10 

2' -Methyl-4' ·(5-dimethylamino-1,2,4-oxadiazol-J.yl)biphenyl-4-carboxylic acid 

The title compound was prepared from 2-(4-bromo-3-methylphenyl)-5-(dimethylamino)-

1,2,4-oxadiazole (D13) using a similar procedmc to Description 11 (64%) as a white solid. 

1 H NMR (250 MHz. d6DMSO) a (ppm): 13.1 (br s, lH), 8.03 (d. 2H), 7 .85 (s, lH), 7.80 

(d, lH), 7 .52 (d, 2H), 7 .37 (d, lH), 3.15 (s, 6H), 2.30 (s, 3H). 

Description 15 

15 4'-(5-Methyl-1,2,4-oxadiazol-J.yl)biphenyl-4-carboxylic acid · 

20 

The title compound was prepared from 1-bromo-4-(5-methyl-l,2,4-oxadiazol~3-

yl)benzcne [EP 0533268Al] (0.58g) and 4-boronobenzoic acid (0.4 g) as described in 

Description 11 as a white solid (0.64g. 97% ). 

lff NMR (250 MHz, d6oMSO) 8 (ppm): 12.8-13.3 (br s, lH), 7.8-8.2 (m, SH), 2.7 (s, 

3H}. 

Description 16 
25 4'-Cyano-2'-metbylbiphenyl-4-carboxylic acid 

4-bromo-3-methylbcnzonitrile (5g, 0.026 mol) was suspended in 1,2-dimcthoxyethane 

(100 ml) and treated with 4-boronobenzoic acid (4.2g, 0.026 mol) followed by a solution 

of sodium carbonate (l 1.65g, 0.11 mmol) in water (100 ml). The mixture was flushed 

30 with argon and tetrakis(triphcnylphosphine)palladium (0) (0.55g) was added. The reaction 

mixture was then heated to reflux with stirring. 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 pHl and the resultant solid was 

filtered off and was dried in vacuo to give the title compound as a white solid ( 4. l 6g, 

35 69%). 

la NMR (250 MHz, d6oMSO) 8 (ppm): 8.02 (d, 2H), 7.82 (s, lH), 7.40 (dd, lH), 7.52-

7 .40 (m, 4H), 2.28 {s, 3H) 
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Description 17 

N-Methoxy·N.:methyl-4-bromo-3-methylbenzamide 

PCI'/EP9S/04889 

5 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 chloride was dissolved in dichloromethane (100 rDl) and added dropwise over 
10 minutes to a stirred solution of N,0-dimethylhydroxylamine hydrochloride (2.4g, 0.025 
mole) and pyridine (5.6 ml, 0.069 mole) in dichloromethane (150 ml) and acetonittile (20 

10 ml) at -20° C. The reaction mixture was allowed to warm to room temperature over 3 
hours then treated with 10% Na2C03 solution and extracted with dichloromethane~ The 
extract was dried (Na2S04) and concentrated in vacuo to afford the tide compound as a 
pale yellow oil (5.9g, 100%). 

15 lH NMR (200 MHz. CDCl3) ~(ppm): 7.60-7.50 (m, 2H), 7.37 (dd, lH), 3~54 (s,:3H), 
3.35 (s. 3H), 2.42 (s. 3H) 

20 

Description 18 

4•Bromo-3-methylacetophenone 

A solution of N-methoxy-N-methyl-4-bromo-3-methylbenzamidC (Dl7) (1.50g, 0.0057 
mole) 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 ml) under argon. The mixture 
was then heated under reflux for 1 hour, allowed to cool and poured into well stirred IM 

25 HO (50 ml). The mixture was extracted with ethyl acetate and the extract washed with 
10% Na2C03 solution, dried (Na2S04) and concentrated in vacuo to afford the tide 
compound as a pale yellow oil (l.14g, 94%). 

1 H NMR (250 MHz. CDCl3) 6 (ppm): 7 .81 (s, lH), 7.62 (s, 2H), 2.S7 (s, 3H), 2.45 (s, 
30 3H) 

Description 19 

4 '·Acetyl-2'-methylbipbenyl-4-carboxylic acid 

The title compound was prepared from 4-bromo-3-methylacctophenone (D18) using a 
35 procedure similar to Description 11 (80%). 

lH NMR (250 MHz. CDCl3) 6 (ppm): 8.13 (d, 2H), 7.88 (d, lH), 7.84 (d, lH), 7.40 (d, 

2H), 7 .34 (d, lH), 2.65 (s, 3H). 2.34 (s, 3H). 
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Description 20 

4'-Acetamidomethyl-2'-methylbiphenyl-4-carboxylic acid 

PCTJEP95/04889 

S 4-Bromo-3-methylbenzylamine (EP 532266) (7.36g, 0.037 mol) was dissolved in l,2-

dimethoxyethane {DME) ( 180 ml), with stining, and was treated with 4-boronobenmic 

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 tetrakis 

(triphenylphosphine)palladium (0) (l.OOg) was added. The reaction mixture was then 

10 heated to reflux under argon. After l 6h, the reaction mixture was allowed to cool and the 

DME was removed by evaporation under reduced pressure. The aqueous residue was then 

diluted with water (-200 ml) and washed with EtOAc (2xl50 ml). The aqueous layer was 

then treated with acetic anhydride (6.98 ml, 0.074 mol) and stirred for lb at room 

temperature. The resulting pale brown solution was fil~ through kieselguhr to give a 

15 pale yellow solution, which was acidified to.pHS using cone. HCl to give an off white 

precipitate. This was filtered off. washed with water and dried in vacuo to ~ve the title 

compound as an off white solid (5.85g, 56%). 

lH NMR (200 MHz, d6nMSO) 8 (ppm): 8.45 (t, lH). 7.95 (d, 2H), 7.32 (d, 2H), 7.15 

20 (m, 3H), 4.28 (d, 2H), 2.20 (s, 3H), 1.90 (s, 3H) 

Description 21 

Methyl 4'-acetamidomethyl-2 '-methylbiphenyl-4-carboxylate 

25 Thionyl chloride (0. l l 9ml, 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 dissolved in CH2Cl2 (30 ml) and 

washed with aq. Na2C03 followed by water. The organic extract was dried (Na2S04) 

30 and concentrated in vacuo to give a colourless oil, which was purified by column 

chromatography on silica gel eluting with EtOAc to give a colourless oil that crystallised 

on standing (0.242g, 68% ). 

1 H NMR (200 MHz. CDCl3) 8 (ppm): 8.1 (d, 2H), 7 .38 (d, 2H), 7 .23-7 .14 (m, 3H), 5.90-

35 5.80 (bs, lH), 4.45 (d, 2H), 3.90 (s, 3H), 2.28 (s, 3H), 2.05 (s, 3H). 

Description 2l 

7-Methoxy-2,3,4,S-tetrabydro-lH-ben:mzepine 
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6-Methoxytetralone (6.86g. 39 mmol). hydroxylamine hydrochloride (8.15g. 117 mmol) 
and sodium acetate uihydrate {25g, 184 mmol) were stiITed at reflux in a mixture of 
ethanol (200 ~) and water (SO ml); for 45 min, concentratedin vacuo. and diluted with 

5 water {200 ml). The white solid(6-methoxyteaalone oxime, 7 .44g) was collected and 
dried. A portion of this {6.3lg, 33 mmol) was stirred in dryTiiF {150 ml) _under argon as 
lithium aluminium hydride (1.80g, 47 mmol) was added ponionwise. This mixture was 
stirred at reflux for 3h, cooled, Bild. tteated successively with water (1.5 ml), 10% NaOH 
( 1.5 ml) and water ( 4.5 ml). The s0lids were filtered off, amt the filtrate was evaporated to 

10· give an amber oil. This.was chromatographed on silica,.eludng with ethyl acetate, giving 

the title compound (2.96g, 50%). 

IH NMR (250 MHz. CDCI3) S (ppm): 6.78 (m, 2H), 6.6o (dd, lH), 3.75 (s, 3H), 3.3 (v 
broad, lH), 2.98 {t, 2H), 2.74 (t, 2H), 1.80 (m, 2H), 1.63 (m, 2H). f 

15 

Description 23 
7 -Acetoxy-l-acetyl-2.3,4,S-tetrahydro-lH-benDZepine· 

7-Methoxy-2,3.4.S.·tettahydro-lH-benzazepine (022, 2.96g, 17 mmol) was stirred at 
20 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 tiiethylamine (9.4 ml, 68 mmol) and 
acetyl chloride (3.6 ml, 51 mmol) were added. The solution was stiITed for lh, washed. 
with dilute HO, dried (Na2S04) and evaporated to give an oil. This was · 

chromatographed on silica, eluting with 0-50% ethyl acetate/ dichloromethane, giving the 
25 title compound (3.88g, 94%) as an amber syrup which crystallised on standing. 

lH NMR (250 MHz. CDCl3) S (ppm): 7.14 (d, lH), 7.0 (in, 2H), 4.69 (dt, lH), 2.85-2.55 
(m, 3H), 2.31 (s, 3H), 2.10-1.75 (m, 3H), 1.88 (s, 3H), 1.44 (m, lH) 

Description 24 
30 l-Acetyl-7-hydroxY·l.J,4,S-tetrahydro-IH-bemazepine · 

7-Acetoxy-1-acetyl-2,3,4,5-tettahydro-lH-beD7.a7.epine (023, 3~88g, 16 mmol) was sthmi 
in ethanol (40 ml) as NaOH (1.26g, 32 mmol) was added in water (5 ml). After stining 
for 30 min, the mixture was diluted with water (500 ml), and acidified with SM HCl. The 

35 tan precipitate was filtered off and dried, yicldhlg 2.02g (63%) of the title compound. A 
funher 0.80g (25%) of this material was isolated by dichloromethane extraction of the 

fllttate. 
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lff NMR (250 MHz. CDCI3) S (ppm): 6.98 (d, lH), 6.83 (bs, lH), 6.75 (m, 2H}, 4.67 (dt, 

lH), 2.8-2.5 (tn, 3H}, 2.05-1.7 (m, 3H), 1.89 (s, 3H), 1.42 (m, lH) 

Description 25 

S 1-Acetyl-8-bromo-7·hydroxy-2,3,4,5-tetrahydro-1H-bemuepine 

l-Acetyl-7-hydroxy-2,3,4,5-tetrahydro-lH-benzazepine (024, 2.Slg, 14 mmol) was 

stirred in glacial AcOH (50 ml) as N-bromosuccinimide (2.69g, 15 mmol) was added 

ponionwise over 20 min. The mixture was stirred for 30 min, diluted with ethyl acetate 

10 (500 ml), washed with water, K1C03 solution and brine, dried (Na2S04) 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. 

15 lH NMR (250 MHz, d6DMSO) S (ppm): 7.43 (s, lH), ·6.84 (s, lH), 4.43 (dt, lH), 2.6-2.4 

(m, 3H), 1.90 (m. lH), 1.73 (s. 3H), 1.68 (m, 2H), l.28 (m~ lH) 

Description 26 

1·Acetyl-8-bromo-7-(1-methyl-1,2,3,6-tetrahydro-4-pyridyl)methoxy -2,3,4,5-

20 tetrahydro-lH-benazepine 

25 

The title compound was prepared from 1-acetyl-~-bromo-7-hydroxy-2,3,4,5-tettahydro­

lH-benzazepine (025) and 4-(hydroxymethyl)- l-methyl-1,2,3,6-tetrahydropyridine (D l) 

following the procedure of Description 2. 

19 NMR (250 MHz,CDCl3) S (ppm): 7.32 (s, lH), 6.76 (s, lH}, 5.85 (m, lH}, 4.65 (dt, 

lH), 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, lH) 

30 Description 27 

5-Acetyl-3,5,6,7,8,9-hexahydro-1 '-methylspiro[2H-furo[2,3-h]benzazepine-3,4'· 

piperidine] 

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

35 4-pyridyl)methoxy-2,3,4,5-tetrahydro-lH-benzazepine (026) following the procedure of 

Description 3. 
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1 H NMR (200 MHz. CDCI3) 5 (ppm): 6.84 (s, lH), 6.64 (s, lH), 4.65 (dt. lH), 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, lH) 

5 Description 28 

3.,5,6, 7,8,9-Hexahydro-l 1-methylspiro[2H-furo[2,3-b)ben7.a7.apine-3,41-piperidine] 

5-Acetyl-3,5,6,7 ,8,9-hexahydro--1 '-methylspiro [2H-furo[2,3-h]benzazepine-3,4'­

piperidinel (D27, 0.25g, 0.82 mmol) was stiired at reflux under Ar inc. Ha (15 ml).for 4. 

10 days. It was then evaporated to chyness, dissolved in dichloromethane, w~ed.with 

K1C03 solution, dried (Na2S04) and evaporated to give 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 (0.107 g, 49%) 

1 • . .· .. 
15 H NMR (250 MHz, CDCI3) 5 (ppm). 6.58 (s, lH), 6.51 (s, lH). 4.30 (s, 2H), 3.5 (b, lH), 

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 

20 2 '-Methyl-4'-(3-lliethyl-1,2,4-oxadiazol-5-yl)biphenyl-4-carboxylic acid 

A stirred solution of 5-(4-bromo-3-methylphenyl)-3-methyl-l,2,4-oxadiazole (EP 

0533268 Al) (0.65g, 0.0026 mole) in a mixture of DME (30 ml) and water (30 ml) under 

argon was tteated with 4-boronobenzoic acid (0.43g, 0.0026.mole). sodium carbonate 

25 (1.16g, 0.011 mole) and tetrakis (triphenylphosphine)palladium(O) (40 mg), then heated 

under reflux for 4 hours. The mixture was acidified with lM hydrochloric acid and 

exttacted with ethyl acetate. The extract was dried (Nl.iSO.) and concenttated in vacuo to 

leave the title compound as a white solid (0.6lg, 80%). 

30 1H NMR (250 MHz. d'DMSO) 5 (ppm): 8.12-7.95 (m, 4H), 7 .60-7 .45 (m, 3H), 2.44 (s, 

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

35 

Description 30 

4-Bromo-3-methylbenzoic hydrazide 

The title compound was prepared from methyl 4-bfomo-3-methylbenzoate using a similar 

· procedure to Description 35, as a white solid (69%). 
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1H NMR (200MHz, CDC13 + d'DMSO) 6 (ppm): 9.05 (br s, IH), 7.75 (d, lH), 7.58 (d, 

lH), 7.50 (dd, lH), 4.10 (br s. 2H), 2.42 (s, 3H) 

Description 31 

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

10 

The title compound was afforded as a beige crystalline solid (1.65g) as per method of 

Description 35. using 4-bromo-3-methylbenzoic hydrazide (031) (1.30g) and triethyl 

onhopropionate (13.0 ml). 

1H NMR (200 MHz. CDCl,) 6 {ppm): 7.91 (s, lH). 7.68 (m, 2H). 2.96 {q. 2H). 2~49 (s. 

3H), 1.45 (t, 3H). 

Description 32 

15 4'-(5-Ethyl-l,3,4-oxadiazol-2·yl)-2'-methylbiphenyl-4-~rboxylic acid 
.· ... 

The title compound was afforded as a white solid (82%) as per method of Description 11 

from 2-( 4-bromo-3-methylphenyl)-5-ethyl-1,3,4-oxadiazole (031 ). 

20 1H NMR (400MHz, d'DMSO) ~(ppm): 12.98 (s. lH), 8.00 (d, 2H), 7.89 (s, lH), 7.82 (d, 

lH). 7.48 (d. 2H). 7.38 (d, lH), 2.90 (q, 2H), 2.28 (s, 3H), 1.29 (t, 3H). 
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Description 33 

4-Borono-3-methylbenzoic acid 

PCl'/EP95/04889 

A stirred solution of 4:-bromo-3-methylbenzoic acid (5.0g, 0.02 mole) in dry 1liF (2SO 

5 ml) at -78°C under argon was treated with l .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 for0.25h, then treated with triisopropyl J:>orate (13.4 ml, 0.05 mole) and 

stirred at -78°C for a funher lh. The mixture was allowed to wann to room temp. and stir 

for l 9h, then treated with water (25 ml) and concenttated in vacuo. The residue was 

10 chromatographed on silica gel eluting with 10% methanol/ dichloromethane to afford the 

title compound as a white solid (2.63g, 67%). 

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

15 Description 34 

~ '-Dimethyl-4' ·(5-methyl-l,3,4-oxadiazol·2·yl)biphenyl-4-carboxylic acid 

The title compound was prepared .from 2-(4-bromo-3-methylphenyl)'."5-methyl-1,3.4-

oxadiazole (EP 0533268 Al) and 4-borono-3-methylbenzoic acid (D33) using a similar 

20 procedure to Description 11 as a white solid (31 % ). 

1H NMR (2SOMHz. coci,> a (ppm): 8.10-1 .97 cm. 3H), 1.92 Cdd, tH>. 1 .24 Cd, 2H), 2.66 

(s, 3H), 2.13 (s, 6H). 

25 Description 35 

2·(4-Bromo-2-methylphenyl)·S-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 

.. I 

30 h. The solution was concentrated in vacuo to leave the hydrazide as a white solid. This 

was treated with triethyl onhoacetate (10 ml) and heated under reflux under argon for4h, 

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%). 

35 1H NMR (250 MHz. CDCI,) a (ppm): 7.76 (d, lH), 7.51 (s, lH), 7.45 (dd, lH), 2.68 (s, 

3H), 2.62 (s, 3H). 
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Description 36 

2,3' -Dimetbyl-4' ·(S-methyl-1,3.4-oxadiazol·l·yl)biphenyl-4-carboxylic acid 

The title compound was prepared from 2-(4-bromo-2-methylphenyl)•S-methyl-1,3,4-

5 oxadiazole (035) and 4-borono-3-methylbenzoic acid (D33) using a similar procedure to 

Description 11 as a white solid (24% ). 

10 

1H NMR (250 MHz. CDC13 + d'DMSO) o (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 di_ssolved in dichloromethane (200 

15 ml) and tteated 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 solyent was 

removed in vacuo. The acid chloride was added dropwise to 0.88 ammonia solution (250 

ml) with stirring. The resulting solid was filtered off, washed with ether and dried to 

afford the title compound (18.03g. 96%). 

20 
1H NMR (200 MHz. d'DMSO) a (ppm): 8.02 (s, lH), 7.88 (s. lH). 7.69-7.61(m.2H), 

7 .44 (s. lH), 2.40 (s. 3H) 

Description 38 

25 4-Bromo-3-metbyltbiobenmmide 

4-Bromo-3-methylbenzamide (037, 1.0g, 0.0047 mole) was dissolved in 1liF (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 

30 gel eluting with 10% EtOH/CHCl, to afford the title compound as a yellow solid (0.87 g, 

80%). 

35 

1H NMR (200 MHz. CDCI,) 0 (ppm): 7.78 (s, lH), 7.72 (br s. lH), 7.63-7.45 (m. 2H), 

7.19 (br s, lH), 2.45 (s, 3H). 
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Description 39 

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

PCT/EP95/04889 

4-Bromo-3-methylthiobenzamide (038, 0.87g, 0.0038 mole) was dissolved in ~thanol (60 

5 ml) and treated with chloroacetone (0.39 ml. 0.0049 mole). ~e reaction mixture was 
heated under reflux for S h, then more chloroacetone (0.39 ml, 0.0049 mole) was added . . 

and the mixture heated under reflux for a further 3 h. After cooling to room temperamre, 

the solvent was removed in vacuo to leave the title compound as a pale oil ( 1.00g, 98% ). 

10 1H NMR (200 MHz. CDCl3) a (ppm): 8.20 (d, lH). 7 .95 (dd, lH), 7.69 (d, lH). 7 .22 (s, 

lH), 2.76 (s, 3H), 2.50 (s, 3H). 

15 

Description 40 

l'-Methyl-4'-(4-methylthiazol-l-yl)biphenyl-4-carboxylic acid 

The title compound was prepared from 2-(4-bromo-3-methylphenyl)-4-methylthiamle 

(039. l.OOg, 0.0037 n:iole) using the method of Description 11(0.77g,67%). 

1H NMR (200 :MHz, d'DMSO} S (ppm): 8.03 (d, 2H), 7 .89 (s, lH),7.82 (dd, lH}, 7.52 (d, 
20 2H), 7.40-7.22 (m, 2H), 2.46 (s. 3H). 2.32 (s. 3H). 

Description 41 
4 '-Metboxycarbonyl-2' -methylbipbenyl-4-carboxylic acid 

25 A stirred solution of methyl 4-bromo-3-methylbenzoate (EP ()533268 Al) (l.Og, 0.0044 

mole) in dry DMF (10 ml) under argon was treated with 4-bororiobenzoic acid (0.73g, 

0.0044 mole) and tetra.leis (aiphenylphosphine) palladilJID(O) (80 mg), followed by 
aiethylamine (1.8 ml, 0.016 mole). the mixmre was heated at 100°C for 18 hours, then 

. . ~. 

concentrated in vacuo. The residue was treated with ethYl acetate and extracted with 10% 

30 NaHC03 solution. The basic extract was acidified with diL HO and extracted with ethyl 

acetate. The extract was dried <N&:SO,) and concentrated in vacuo to afford the tide 

compound as a white solid (0.46g, 39% ). 

1H NMR (250 MHz. d'DMSO} S (ppm): 13.1 (brs, lH), 8.04 (d, 2H), 7.93 (s, lH), 7.87 

35 (d, lH), 7 .51 (d, 2H), 7 .38 (d, lH), 3.87 (s, 3H), 2.30 (s, 3H). 
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Description 42 

S'-Methoxycarbonyl-2'-methylbiphenyl-4-carboxylic acid 

PCT/EP95/04889 

A stirred solution of methyl 3-bromo-4-methylbenzoate (2.6g, 0.011 mole) in chy DMF 

5 (20 ml) under argon was treated with 4-boi'onobenzoic acid (l.85g, 0.011 mole) and 

tetrakis (ttiphenylphosphine) palladium(O) (400 mg), followed ~y ttiethylamine (4.68ml, 

0.046 mole). The mixture was heated at 100°C for 18 hours, then concenttatCd in vacuo. 
The residue was aeated with ethyl acetate and extracted with 10% NaHCO, solution. The 

basic exuact was acidified with dil. HCl and exttacted with ethyl acetate. The extract was 

IO dried CN&iSO,) and concenttated in vacuo to afford the tide compound as a light orange 

solid (2.12g, 85%). 

15 

1H NMR (250 MHz, dilMSO) 3 (ppm): 13.1 (br s, lH), 8.09-8.00 (m, 2H), 7.92-7.75 (m, 

2H), 7.68-7.43 (m, 3H), 3.88 (s, 3H), 2.30 (s, 3H) 

Description 43 

N-[4-Bromo-3-methylphenyl]-methanesulphonamide 

To a stirred solution of 4-bromo-3-methylaniline (3.32g, 17.8 mmol) in chy 

20 dichloromethane (150 ml) was added ttiethylamine (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 CN&iSO,) and concenttated in vacuo to afford a creamy orange solid. This was 

25 dissolved in dichloromethane and shaken with 10% sodium hydroxide solution. The 

aqueous layer was separated and acidified to pH6 using concenttated hydrochloric acid. 

This solution was then exaacted using chloroform. The combined organic layers were 

dried CN&iSO,) and concentrated in vacuo to afford the title compound as a whtie solid 

(1.35 g, 30%). 

30 
1H NMR (250 MHz, CDCl,) 3 (ppm): 7.60-6.50 (vb, lH), 7.61 (d, lH), 7.50 (d, lH), 6.95 

(dd, lH), 3.12 (s, 3H), 2.40 (s, 3H) 

-27-



W096/19477 PCI'/EP95/04889 

Description 44 

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

The title compound (44%) was afforded as a white solid as per method of Description 11 

5 from N-[4-bromo-3-methylphenyl]-methanesulphonamide (D43) .. 

1H NMR (200 MHz, d6DMSO) a (ppm): 13.0 (b, lH), 9.80 (s. lH), 7.98 (d, 2H), 7.43 (d. 

2H), 7 .15 (m, 3H), 3.00 (s, 3H), 2.20 (s, 3H) 

10 Description 45 

15 

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

The title compound was prepared from methyl 3-bromo-4-methylbenzoate following 

similar procedures to those in Descriptions 35 and 11 as a ·beige solid. 

1H NMR (200 :MHz. d"DMSO) 5 (ppm): 11.70 (s, lH). 8.10-7.50 (m, 7H), .2.30 (s, 3H), 

1.90 (s. 3H). 

Description 46 

20 N-[4-Bromo-3-methylphenyl]-acetamide 

A stim:d solution of 4-bromo-3-methylaniline (3~0g. 0.016 mole) and ttiethylamine (4.5 

ml, 0.032 mole) in dichloromethane (30 ml) at 0° C was treated with acetyl chloride (1.2 . . 

ml. 0.017 mole) and allowed to wann to room temperature over lb. The mixture was 

25 washed with water, then SM HCl acid and dried CN1iSO,), then concentrated in vacuo to 

afford the title compound as a pale yellow solid (3.07 g. 83% ). 

30 

1H NMR (200 MHz, CDCl,) 5 (ppm): 7.50-7.35 (m, 2H}, 7.19 (dd, lH), 2.36 (s, 3H), 2.16 

(s. 3H). 

Description 47 . 

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

The title compoun~ was prepared from N-[4-bromo-3-methylphenyl]-acetamide (046) 

35 using a similar procedure to Description 11 as a white solid (66%). 

1H NMR (200 MHz, d6DMSO) a (ppm): 12.8 (br s. lH), 9.98 (s. lH), 7.98 (d, 2H}, 7.55-

7.40 (m, 4H), 7.16 (d, lH), 2.20 (s, 3H), 2.05 (s, 3H) 
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Description 48 

Bis-(2.3-dibydl"o-6-iodo-lH-indol-5-yl) disulphide 

PCTJEP95/04889 

5 A stirred suspension of 2,3-dihydro-6-iodo-IH-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 ml) was then added slowly. After 16 hours the reaction 

mixture was evaporated under reduced pressure. The residue was partitioned between 

10 

15 

dichloromethane and potaSsium carbonate solution and the aqueous layer was extracted 

with dichloromethane. The combined organic layers were then dried (Na:SO,) and 

evaporated under reduced pressure to give a brown solid which was suspended in a 

mixture of 880 ammonia solution (18 ml) and dioxan (12_ml) and was heated to gentle 

reflux in air. After 24h, the reaction mixture was allow~ to cool and was partitioned 

between dichloromethane and water. The aqueous layer was then extracted with 

dichloromethane (IX) and the combined organic layers were dried <N&.zSO,) and 

evaporated under reduced pressure to give the title compound as an orange oil which was 

dried in vacuo (0.410g, 61%). 

20 1H NMR (200 MHz. CDC!,) o: 7.42 (s, lH), 7.30 (s, lH), 7.07 (s, lH), 7.05 (s. lH), 3.62 

(t, 2H). 3.55 (t, 2H), 3.05 (t. 2H), 2.95 (t. 2H). 

25 

Description 49 

l-Acetyl-2.3-dibydro-6-iodo-IH-indol-S-tbiol 

Bis-(2,3-dihydro-6-iodo-lH-indol-S-yl) disulphide (D48) (0.408g, 0.739 mmol) was 

suspended in dichloromethane (30 ml) and was treated with ttiethylamine (0.226 ml, 1.62 

mmol) at0°C, followed by acetic anhydride (0.153 ml, 1.62 mmol) with stirring under 

argon. After 24h the reaction mixture was washed with water (2X). The organic layer 

30 was then dried CN&: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 ml) and triphenylphosphine (0.250g, 0.953 mmol) was added, followed 

by cone. HO (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 

35 partitioned ·between 2% sodium hydroxide (20 ml) and dichloromethane (30 ml). The 

organic layer was then washed with 2% sodium hydroxide (10 ml) and the combined 

aqueous layers were acidified to pHS using cone. HCl. The tesultant suspension was then 

exncted 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 yellow 

solid which was dried in vacuo (0.354g, 75% ). 

1H NMR (200 MHz. CDCI,) 8: 8.63 (s, lH), 7.20 (s, lH), 4.05 (t, 2H), 3.12 (t, 2H), 2.20 

5 (s, 3H). 

Description SO 

l-Acetyl-2,3-dihydro-6-iodo-S-(pyridin-4-ylmethylthio)-lH-indole 

10 1-Acetyl-2,3-dihydro-6-iodo-lH-indol-5-thiol (D49) (0.346g, 1.08 mmol) in dry DMF (5 

ml) was treated with powsium_ carbonate (0.374g, 3.71 mmol) followed by picolyl 

chloride hydrochloride (0.186g~ 1.13 mmol). After 65h stining 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 C 
15 and the combined org8nic layers were then dried (N&:SO~) and evaporated under reduced 

pressure to give ~e title compound as a- pale brown solid which was dried in vacuo 

(0.392g, 89%). 

1H NMR (200 MHz, CDCI,) 8: 8.72 (s, lH), 8.48 (d, 2H), 7 .12 (d, 2H), 6.97 (s, lH), 4.05 

20 (t, 2H), 3.95 (s, 2H), 3.03 (t, 2H), 2.21 (s, 3H). 

25 

Description 51 

l-Acetyl-2,3-dihydro-6-iodo-5-[ (l-methyl-1,2,3,6-tetrahydropyridin-4-yl)methylthio)· 

lH-indole 

1-Acetyl-2,3-dihydro-6-:iodo-5-(pyridin-4-ylmethylthio )-lH-indole (050) (0.390g, 0.951 

mmol) was dissolved in dry DMF (5 ml) and was treated with methyl iodide (0.089 ml, 

1.430 mmol) with stining. After 24 hours the reaction mixture was evaporated under 

reduced pressure and was triturated with ethyl acetate (-20 ml). The resultant brow~ solid 

30 was then filtered off, washed with diethyl ether and dried in vacuo (0.513g). The solid 

was then redissolved in a ~tuic of ethanol (20 ml) and water (10 ml) and was cooled to 

0° C. Sodium bmohydride (0.069g.1~824 mmol) was then added. After0.5 ha fllrther 

amount of sodium borohydride (0.035g, 0.912 mmol) was added. The reaction mixture 

was then allowed to warm to room temperature. After 1.5 hours the reaction mixture was 

35 treated with sodium bicarbonate solution (- 15 ml) and was partitioned between 

dichloromethane and water. The aqueous layer was then extracted with dichloromethane 

(IX) and the combined organic layers were dried <N&:SO,) and evaporated underreduc:ed 
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pressure to give a yellow solid which was purified by silica-gel chromatography (5% 

MeOH/~Cl:: as eluant) to give the title compound as an off white solid (0.208g. 53%). 

1H NMR (200 MHz. CDC!,) o: 8.70 (s, lH), 7.12 (s, lH), 5.48 (s, IH), 4.08 (t. 2H), 3.45 . 

5 (s. 2H), 3.12 (t. 2H). 2.89 (s. 2H), 2.55 (t. 2H). 2.30 (s. 5H). 2.20 (s, 3H) 

Description 52 

S-Acetyl-l '·methyl-2~,6, 7-tetrahydrospiro[thiopheno[2~·fJindole-3;4 '~piperidine] 

10 A solution of ttibutyltin 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-l,2,3,6-tettahydropyridin-4-yl)methylthio]-lH-indole (DS 1) (0.200g, 0.467 mmol) 

and AIBN (5 mg) in benzene (20 ml) under argon at reflux. Reflux was continued for a 

funher 0.75 h. The reaction mixture was then allowed to cool. Ethyl acetate (10 ml) was 

15 then added and the mixture washed with 2.SM HO (3 x 10 ml). The combined aqueous 

washings were then basified with solid potassium carbonate and the resultailt. suspension 

was extracted with dichloromethane (3 x 15 ml). The combined organic extracts were then 

dried (N~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. TI...C (15% MeOH/c:HiClz as 
20 eluant) to give the title compound as a cream solid (0.047g, 33%). 

25 

1H NMR (250 MHz, CDCl,) S: 8.12 (s, lH), 6.98 (s, lH), 4~os (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 

1'-Methyl·l~,6,7-tetrabydrospiro[thiopheno(2,3-f)indole-3,4 '·piperidine] 

5-Acetyl-l '-methyl-2,3,6, 7-tetrahydrospiro[ thiopheno[2,3-f}indole-3,4'-piperidine] (052) 

30 (0.047g, 0.156 mmol) was dissolved in a mixture of ethanol (2 ml) and SM HCI (4 ml) and 

was heated to reflux with stining under argon. After 3 h, the reaction mixture was 

allowed to cool, was diluted with water (10ml) 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 (N~SO,) and evaporated under reduced 

35 pressure to give the title compound as an off white solid, which was dried in vacuo 
(0.029g, 71%). 
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1H NMR (250 MHz, CDCl,) S: 7 .29 (s. lH). 6.50 (s, lH), · 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). 

Description 54 
5 Methyl 4'·[(N-methanesulphonyl·N·metbyl)amino]·2'·methylbipbenyl-4-carboxylate 

4'-(Methanesulphonamino)-2'-methylbiphenyl-4-carboxylic acid (D44. 0.29g. 0.94 mmol), 

anhydrous ~CO, (0.40g,2.9 mmol) and iodomethane (0.18·ml, 2.9 mmol) werestined in 

dry D:MF (5 ml) for 16 h. The mixture was diluted·with ethyl acetate, washed with water 

10 and brine, dried CN&iSO,) and evaporated to give the title compound (0.32g, quantitative) 

as a brown oil, containing residual solvent (NMR). 

15 

1H NMR (250 MHz, CDCl3) o (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). f 

Description 55 · 

4-Bromo-N,N-dimethylbenzenesulphonamide 

4-Bromobenzenesulphonyl chloride (4.48g, 18 mmol) was stirred in dichloromethane, and 

20 dimethylamine (40% aqueous solution, 10 ml) was added portionwise. The mixture was · 

stirred for 2h, wash~ with dilute hydrochloric acid, dried (N~O,) and evaporated to give 

the tide compound (4.38g, 94%)as a white solid. 

1H NMR (250 MHz. CDCl,) o (ppm): 7.67 (Abq, 4H), 2.72 (s, 6H). 

25 

Description 56 
4 '·(Dimethylaminosulphonyl)biphenyl-4-carboxylic add 

This was prepared from 4-brom<rN,N-dimethylbCnzenesulphonamide (055) following the 

30 procedure of Description 11. This gave the title compound as a white solid (85% ). 

1H NMR c200 MHz. d'DMSO> a <Ppm>: 8.os <d. 2H>. 8.02 <d. 2H). 1 .90 ed. 2H>. 1 .s6 Cd, 

2H), 2.66 (s, 6H). 

35 Description 57 
4'-(Met~nesulphonyl)biphenyl-4-carboxylic add 
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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. 

1H NMR (250 MHz, d6J)MSO) o (ppm): 8.05 (m, 6H), 7 .88 (d, 2H), 3.28 (s, 3H). 

Description 58 

N'-( 4-Bromo-3-methylphenyl)-N,N-climethylurea 

4-Bromo-3-methylaniline (5.00g, 27 mmol), ttiethylamine (3.9 ml, 28 mmol), 4-

10 (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 <N8iS0,) and evaporated to 

give a solid. This was triturated with ether. and the solid was filtered off ~d dried, 

affording the title compound (2.5lg, 36%) as an off-white solid. 

15 
1H NMR (250 ~z. CDCl,) o (ppm): 7.40 (d, lH), 7.35 (d, lH), 7.07 (dd, lH), 6.78 (bs, 

lH), 3.02 (s, 6H), 2:36 (s. 3H). . 

Description 59 

20 4'-(N,N-Dimethylcarbamoylamino)-2'-methylbiphenyl-4-carboxylic ~dd 

25 

This was prepared from N'-( 4-bromo-3-methylphenyl)-N,N-dimethylurea (058), 

following the procedure of Description 11. This gave the title compound as a salmon­

coloured solid (90% ). 

1H NMR (250 MHz, d'DMSO) o (ppm): 8.34 (s, lH), 7.98 (d, 2H), 7.45 (m, 4H), 7.10 (d, 

lH), 2.93 (s, 6H), 2.22 (s, 3H). 

Description 60 

30 Ethyl N-(4-bromo-3-methylphenyl)carbamate 

4-Bromo-3.;methylanilinc (S.OOg, 27 mmol) and triethylamine (4.5 ml, 32 mmol) were 

stirred in dichloromethane (200 ml) a5 ethyl chloi'ofonnate (3.1 ml, 32 mmol) was added 

dropwise. The mixture was stim:d for 2h, when water was added. After stirring for a 

35 further 15 min, the white precipitate was filtered off, and the filttate was separated. The 

organic portion was dried CN1.iSO,) and evaporated to give the title compound (2.57 g, 

37%) as an orange-brown oil. 
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1H NMR (250 MHz. CDCl,) 8 (ppm): 7.42 (d. lH). 7.30 (d, lH), 7.09 (dd, lH), 6.60 (b s. . . . . 

lH), 4.23 (q, 2H), 2.36 (s. 3H), 1.32 (t, 3H). 

Description 61 

5 4' -(Etboxycarbonylamino)-2 '-methylbiphenyl-4-carboxylic acid 

10 

This was prepared from ethyl N-(4-~3-methylphenyl)carb~te (D60), following 

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%). 

1H NMR (200 :MHz, d'DMSO) 8 (ppm): 9.70 (s, lH), 7.98 .Cd, 2H), 7.4.(m, 4H), 7.16 (d, 
lH), 4.14 (q, 2H), 2.22 (s, 3H), 1.26 (t, 3H) 

Description 62 

15 3-(4-Bromo-3-methylphenyl)-5-methyl-1,2,4-triamle · 

4-Bromo-3-methylbenzoic hydrazide (D30, 3.06g, 13 mmol); ethyl acetimid4te 
hydrochloride (2.48g, 20 mmol) and triethylamine (5.6 ml, 40 mmol) ~ stirred at reflux 
under Ar for 24h, and then evaporated to dryness. The residue was chromatographed on 

20 silica gel, eluting with dichloromethane/ethanoVammonia (300:8: 1 ). .This gave the tide 
compound (1.95g, 58%) as a white solid. 

25 

1H NMR (200 MHz, CDCl,ld'DMSO) 8 (ppm): 7.63 (s, lH); 7.41 (d, lH), 7.22 (d, lH), 

2.15 (s. 3H), 2.10 (s. 3H). 

Description 63 

3·(4-Bromo-3-methylphenyl)-4.S-dimethyl-1,2,4-triamle 

3-(4-Bromo-3-methylphenyl}-5-methyl-1,2,4-triazole (062, 0.60g, 2.4 mmol) was stirred 
30 under Ar in dry DMF (6 ml) as sodium hydride (80% dispersion, 0.2lg, 7.2 mmol) was 

added. After stirring for 30 min, iodomethane (0.3 ml, 4.8 mmol) was added. This 
mixture was stirreQ for lh, and treated with water (30 ml), giving a beige precipitate~ This 
was filtered off and dried, giving the tide compound (0.49g, 77%) as a beige_ solid. 
1H NMR (250 MHz, d'DMSO) a (ppm): 7.92 (s, lH), 7.65 (m. 2H), 3.80 (s, 3H), 2.44 (s, 

35 3H), 2.39 (s. 3H). 

Description 64 

4'·(4,5-Dimethyl-l,2,4-triaml·3-yl)·2'·methylbipbenyl-4-carboxylic acid 
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This was prepared from 3-(4-bromo-3-methylphenyl)-4,5-dimethyl.;l.2.4-mazole (063), 

following the procedure of Description 11. This gave the title compound (53%) as a white 

solid. 

1H NMR (200 MHz, d'DMSO) o (ppm): 13.0 (vb, lH), 8.02 (d, 2H), 7.93 (s, lH), 7.87 (d, 

lH), 7 .53 (d, 2H), 7 .30 (d, lH), 3.84 (s, 3H), 2.46 (s, 3H), 2.30 (s, 3H). 

Description 65 

10 2-(4-Pyridyl)etbanol 

This was prepared from ethyl 4-pyridylacetate• following the procedure of Description 1. 

This gave the title compound (95%) as a yellow oil. 

15 1H NMR (200 MHz, CDCI,) o (ppm): 8.43 (d, 2H), 7 .17 (d. 2H). 3.90 (t, 2H), 3.0 (b, lH), 

2.86 (t, 2H). 

20 

Description 66 

1-Acetyl-6-bromo-2,3-dihydro-S-[2-(4-pyridyl)ethoxy]-lH-indole 

This was prepared from l-acetyl-6-bromo-2,3-dihydro-lH-indol-5-ol (Terr<JMdron 1973, 

29 (8), 1115) and 2-( 4-pyridyl)ethanol (065), following the procedure of Description Sa. 

This gave the title compound (84% ), as a yellow solid. 

25 1H NMR (200 MHz. CDCI,) o (ppm): 8.54 (d, 2H), 8.45 (s, lH). 7.25 (d, 2H),6.70 (s, lH), 

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

30 

35 

Description 67 

1-Acetyl-6-bromo-2,3-dihydro-S-[2-( 4-pyridyl)etboxy ]-lH-indole metbiodide 

l-Acetyl-6-bromo-2.3-dihydro-5-[2-(4-pyridyl)ethoxy]-lH-indole (066) (3.15g. 8.7 · 

mmol) and iodomethane (1.1ml,17.7 mmol) were mixed in dry DMF (30 ml) and left to 

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. 

1H NMR (200 MHz, d'DMSO) a (ppm): 8.93 (d, 2H), 8.19 (s, lH), 8.14 (d, 2H), 7.13 (s, 

lH), 4.38 (t, 2H), 4.31(s,3H), 4.10 (t, 2H), 3.37 (t, 2H), 3.12 (t, 2H), 2.15 (s, 3H). 
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Description ~8 
1-Acetyl-6-bromo·2.3·dihydro·S·[2-(l·methyl-l,2,3,6-tet.._hydro-4-pyridyl)ethoxy ]· 
lH-indole 

5 l-Acetyl-6-bromo-2.3-dihydro-5-(2-( 4-pyridyl)ethoxy ]-lH-indole mcthiodide (D67) 
(2.78g, s.s mmol) was dissolved jn ethanol (40 ml) and water (40 ml), cooled in ice, and 
treated with stirring with sodium borohydride (0.3lg, 8.2 mmoi) ponionwisc ovcrlh. lbe 
mixture was then basificd with sodium hydroxide solution, diluted with water (100 ml), . 
and extracted with chlorofOIDl. The exttact was dried CN&iSO,.) and evaporated to yield 

10 the title compound (1.95g. 96%) as a brown solid. 

1H NMR (200 MHz, CDC!,) a (ppm):S.43 (s, lH), 6.72 (s. lH). 5.53 (m, lH), 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). 

15 Description 69 
6-Acetyl· l '-methyl-2,3, 7.S-tetrahyd~spiro[4H-pyrano[2,3-f)indole-4,4 '-piperidine] 

This was prepared from l-acetyl-6-bromo-2,3-dihydro-5-(2-(1-mcthyl-l,2,3,6-tctrahydro-
4-pyridyl)ethoxy ]- lH-indole (D6S), following the procedure of Description Sb. This gave, 

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

25 

1HNMR (200 MHz, CDC!,) a (ppm): 7.96 (s, lH), 6.86 (s,lH), 4.40 (dt, lH), 4.07 (t, 
2H), 3.6 (m. 3H), 3.17 (t, 2H), 3.0 (m. lH), 2.80 (s, 3H), 2.7 (m, 2H), 2.23 (s, 3H)~ 1.95 
(m, SH). 

Description 70 
1 '-Methyl-2,3,7,8-tetrahydrospiro[4H-pyrano(2,3-f)indole-4,4'-piperidine] 

This was prepared from 6-acetyl-l '-methyl-2,3, 7,S-teaahydrospiro[4H-pyrano[2,3-
30 f]indole-4,4'-piperidine] (D69), following the procedure of Description Sc. This gave the 

title compound (70%) as a brown oil~ 

35 

1H NMR (250 MHz. CDC!,) & (ppm): 6.79 (s, lH), 6.48 ·(S, lH), 4.30 (dt. lH). 3.55 (m, 

3H), 3.11 (m, lH), 2.99 (t, 2H), 2.89 (m, lH), 2.37 (s, 3H), 2.2 (m, 2H), 1.7-2.0 (m, 4H), 
1.57 (m, lH), 1.34 (m, lH), O.SS (m. lH). 

Description 71 

N'·Acetyl 4-bromo-3-methylbenmic hydrazide 
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4-Bromo-3-methylbenzoic hydrazide (030, 7 .5g) was suspended in acetic anhydride (7 

ml) giving rise to an exothermic reaction. The reaction mixture was cooled to room 

temperature an~ the product collected. The solid was washed with ethanol and diethyl 

ether to afford the title compound as a white powder (5.5g). 

1H NMR (2SO MHz.d'DMSO) 8 (ppm): 7.89 (d, lH). 7.79 (d. lH), 7.68 (dd. lH), 3.36 (s, 

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

Description 72 

10 2-(4-Bromo-3-methylphenyl)·S-methyl-1,3,4-thiadiazole 

15 

N'-acetyl-4-bromo-3-methylbenzoic hydrazide (071, 3g) was converted to the cn1de title 

compound (1.6g) according to the literature method (P.B. ~mussen er al, Bull. Soc. 

Chim. Fr., 1985, 62-65). 

DeScription 73 

2'-Methyl-4'-(S-methyl-1,3,4-tbiadiazol-2-yl)bipbenyl -4-carboxylic acid 

The title compound was prepared from'2-(4-bromo-3-methylphenyl)-5-methyl-l,3,4-

20 thiadiazole (072) using the general procedure of Description 11. This was used in the 

next step without purification. 

25 

Description 74 

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

A stirred suspension of 4-bromo-3-methylbcnzoic acid (2.15g, 10 mmol) in thionyl 

chloride (15 ml) was heated under reflux for 1 hour, then concentrated in vacuo to leave 

the acid chloride as a red oil. This was dissolved in dichloromethane (20 ml) and added 

dropwise to a stirred solution of 2-(1,3-dioxalan-2-yl)propylamine (J. Org. Chem., 1972, 

30 37, 221) (2.34g, 20 mmole) and triethylamine (2.8 ml, 20 mmole) in a mixture of 

dicbloromethane (150 ml) and dry TIIF (50 ml) at 0°C under argon. The mixture was 

allowed to wann to room temp. and stir for 18 hours, then concentrated in vacuo. The 

iesidue was dissolved in dichloromethane, washed with IM HO, then dilute K.iCO, 

solution and water, then dried CN1iSO,) and concen~ in vacuo to afford the title 

35 compound as a yellow solid (2.8g, 89% ). 

1H NMR (250 l\lllz, CDCl,) 8 (ppm): 7.67 (d lH), 7.60 (d, lH), 7.42 (dd, lH), 6.32 (br t, 

lH), 4.06-3.96 (m, 4H), 3.61 (d, 2H), 2.45 (s, 3H), 1.39 (s, 3H). 
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Description 75 

2-(4-Bromo-3-JDethylphenyl)-5-methyloxazole 

PCl'/EP95/04889 

5 N-[2-(l.3-Dioxolan-2-yl)propyl]-4-bmmo-3-methylbenzamide (D74. 2.8g. 8.9 mmole) 

was added ponionwise over 5 minutes to well stirred polypho~horic acid (50g) at 1200C 

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 exttacted with ethyl acetate and the exttact washed with 10% N&.iC03 solution 

10 and water, then dried (N&iSO,) and concentrated in vacuo. The residue was 
chromatographed on silica gel eluting with 1: 1 ether/60-80 pettol to afford the title 
compound as a pale yellow solid (2.0g, 89% ). 

1H NMR (250 MHz. CDCl,) a (ppm): 7.87 (s, lH). 7 .66 (dd. lH). 7 .58 (d. lH). 6~82 (s. f 
15 lH). 2.45 (s, 3H), 2.38 (s, 3H). 

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

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

25 

1H NMR (250 MHz. d'DMSO) a (ppm): 8.02 (d. 2H). 7.88 (s, lH). 7.83 (d, lH). 7.51 (d, 

2H). 7.38 (d, lH). 7.02 (s.·lH), 2.40 (s, 3H), 2.31(s,3H). 
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Description 77 

(~Bromo-3-methylpbenyl)butane-1.J-dione 

PCT/EP9S/04889 

A solution of 4-bromo-3-methylacetophenone (018) (2g, 0.0093 mol) in dry toluene (28 

5 ml) was tteated under argon with sodium hydride (80% dispersion in mineral oil) (0.28g, 

0.0093 mol) and ethyl acetate (1.37 mis, 0.014 mol), followed:by one drop of ethanol. The 

mixture was heated to reflux with stilring for 1 hour then cooled. Brine was· added and the 

mixture was extraeted into ethyl acetate, the organic phase was dried CNa:SO,) and 

concenttated in vacuo, and the residual crude mixture was purified by chromatography on 

10 silica gel, eluting with dichloromethane and methanol, to afford the title compound as a 

yellow solid (623 mg, 26%). 

. 15 

1H NMR (enol form) (200 :MHz, CDCl,) & (ppm): 16.1 (s, lH), 7.75 (s, lH), 7.6 (d, lH), 

7.$2 (d, lH), 6.15 (s, lH), 2.45 (s, 3H), 2.2 (s, 3H). 

Description 78 

S-(4-Bromo-3-methylphenyl)·3-methylisoxazole 

A solution of 1-(4-bromo-3-methylphenyl)butane-l,3-dione (D77) (615 mg; 0.0024 mol) 

20 in ethanol (15 ml) was treated with hydroxylamine hydrochloride (170 mg; 0.0024 niol) 

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 

pn:ssure and the residue partitioned between water and ethyl acetate. The organic phase 

was dried CN1iSO,) and concentrated in vacuo to leave the crude isoxazole, which was 

25 purified by chromatography on silica gel, eluting with pentane, 60-80 petroleum-ether and 

ethyl acetate, to afford the title compound as a yellow crystalline material (477mg, 78%). 

30 

1H NMR (250 MH~ CDCl,) & (ppm): 7.65-7.56 (m, 2H), 7.4 (d, lH), 6.35 (s, lH), 2.45 

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

Description 79 
2' -Methyl-t'-(3-metbylisoxazol-5-yl)biphenyl-4-carboxylic acid 

The title compound was prepared from 5-(4-bromo-3-methylphenyl)-3;.methylifoxazole 

35 (078) using a similar procedure to Description 11 ( 48%) as a yellow solid. 

1H NMR (200 MHz. CDC!,) & (ppm): 8.04-7.9 (m, 2H), 7.78 (s, lH), 7.7 (d, lH), 7.4-7.2 

(m, 3H), 6.9 (s, lH), 2.4-2.2 (m, 6H). 
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Description 80 

4-Bromo-3-methylbenzaldehyde .. 

PCl'/EP95/04889 

. . . . . : .· . : ·. 

5 A solution of N-methoxy-N-methyl-4-bromo-3-methylbenzamide (D17) (12g; 0.046 mol) 
in dry tettahydrofuran ( 120 ml) under argon, at -78°C ~. tteateci dropwise over 15 
minutes with diisobutylaluminium hydride (1.Sm_in toluene) (46 ml; 0.069 mol). After a 
funher 15 minutes the reaction mixture was added to SN HCl (100 ml) and exttacted into 
diethyl ether. The organic phase was dried CN2iiSO,) and evaporated under reduced 

10 pressure to give the title compound as a red oil (8.98g, 979'). 

1H NMR (200 MHz. CDC!,) 8 (ppm): 9.95 (s, lH), 7.76-7.65 (m, 2H), 7.55 (d, lH), 2.48 
(s, 3H) 

15 Description 81 
4-Bromo-3-methylbenzaldehyde oxime 

A solution of 4-bromo-3-methylbenzaldehyde (D80) (lg; 0.005 mol) in methanol (20 ml) 

was treated with hydroxylamine hydrochloride (700 mg, 0.()1 mol) and the mixture stood 
20 at room temperature over a weekend. The solvent was evapc>ra~ under reduced pressure 

and the residual solic! was partitioned between saturated KiCO, solution and ethyl acetate. 
The organic phase .. was dried CN2aiS0,), concentrated. in vacuo. and the residue purifiCd by 
chromatography on silica gel eluting with 60-80 petroleum-ether and ethyl acetate, to 

afford the title compound as a pale pink powder (693 mg, 209'). 

25 
1H NMR (200 MHz. CDci,) & (ppm): 9.15 (br s. lH). 7.8 (s, lH), 7.67 (~ lH), 7.59 (d, . . . 

IH). 7 .32 (s. lH), 2.43 (s, 3H). 

Description 82 

30 3-(4-Bromo-3-methylphenyl)·S-methylisoxazole 

A solution of4-bromo-3-methylbenzaldehyde oxime (D81) (2.68g, 0.0125 mol) in dry 
dimethylfonnamide (30 ml) was treated over 15 minutes with N-bromosucciniinide (636 
mg, 0.00357 mol), and reaction mixture stilred for 2.5 hours, then cooled to '."15°C. 2-

35 . Chloropropene (3.45 ml, 0.0405 mol) was ad4ed in a single portion, followed by dropwise 
addition of lriethylamine (1.35 ml, 0.0097 mol) in dry dimethylfonnamide (10 ml) over 

O.S hours maintaining the temp. at-10°C. The mixture was stilred at 0°C for 1 hour, then 
stilted at room temperature overnight. The solvent was evaporated under reduced preaure 
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and the residue partitioned between K.zCO, solution and chlorofonn. The organic phase 

was dried (N&iSO,) and evaporated under reduced pressure and the residue purified by 

chromatograph¥ on silica gel eluting with ~80 pettoleum-ether and ethyl acetate, to 

afford the title compound (246 mg, 8%). 

'H NMR (200 MHz. CDC!,) 5 (ppm): 7 .68 (s, lH), 7 .6· (d, lH),:7 .43 (d, lH), 6.26 (s, lH), 

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

Description 83 

1 O 2' -Methyl-4 '·(S-metbylisoxazol-3-yl)biphenyl-4-carboxylic acid 

The title compound was prepared from 3-(4-bromo-3-methylphenyl)-5-methylisoxuole 

(D82) using a similar procedure to Description 11 (57%). 

15 'H NMR (250 MHz, d'DMSO) 5 (ppm): 13.05 (br s, lH), 8.04 (d, 2H), 7.82 (s, lH), 7.75 

(d, lH). 7.52 (d, 2H), 7.36 (d, lH), 6.81 (s, lH), 2.49 (s, 3H), 2.3 (s, 3H). 

20 

Description 84 

(4-Bromo-3-methylphenyl) pyrazine 

A stirred solution of diisopropylamine (2.44 ml, 0.018 mol) in dry 1liF (40 ml) under 

argon was treated with n-butyllithium (1.6M) (10.1ml,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 ofN-methyl-N-methoxy-

25 4-bromo-3-methyl-benzamide (Dl 7) (3.00g, 0.012 mol) in dry THF (30 ml) was added 

dropwise and the ~tion mixture was allowed to wann to room temperature over 2h and 

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

was added. The reaction mixture was then concentrated in vacuo and the residue was 

partitioned between water and dichloromethane. The aqueous layer was then extracted 

30 with dichloromethane (lX) and the combined organic layers were dried CN1iSO,) 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 to 0°C under 

argon. Tritluoroaccdc acid (0.960 ml, 0.013 mol) was then added, followed by 

tritluoroacetic anhydride (3.53 ml, 0.025 mol). After 30 minutes, the reaction mixture was 

35 evaporated under reduced pressme to give an orange oil. A solution of sodium hydrogen 

carbonate (3.70g, 0.044 mol) in water (75 ml) was then added, followed by ethanol (250 

ml). Ethylene diamine (0.840 ml, 0.013 mol) was then added to the resultant 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 . 
extraeted with dichloromethane. and the combined organic layers wen: dried (N~SO.) and 
evaporated under reduced pressure to give a dark red oil, which was dried in vacuo 
(3.65g). The oil was then redlssolved in ethanol (80 ml) and was tteated with potassium 

5 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 evaporated under reduced .pressure 
to give a dark oil. which was partitioned between dichlormiiCthane and water. The organic 
layer was then dried (N~SO.) and evaporated under reduced pressure to give a dark brown 
oil. which was purified by silica-gel chromatography (20% EtiO/pentane as eluant) to give 

IO the title compound as a pale yellow solid (0.583g, 21 %) •. 

1H NMR (200 MHz, CDC!,) S (ppm): 9.00 (s. lH). 8.62 (d. lH). 8.51 (d, lH), 7 .90 (s, 
lH), 7.70 (s, 2H). 2.50 (s, 3H). 

15 Description 85 
2' -Metbyl-4' ·PYtazinylbiphenyl-4-carboxylic acid. 

(4-Bromo-3-methylphenyl) pyrazine (084, 0.300g, 1.21 mmol) was convened to.give the 
title compound (0.279g, 88%) as a white solid, according to the method describCd in 

20 Description 11. 

1H NMR (250 MHz, CD,SOCD,) S (ppm): 9.30 (d. lH), 8.72 (d, IH), 8.62 (d, lH), 8.12 
(s, lH), 8.05 (m, 3H), 7.52 (d, 2H), 7.41 (d, IH), 2.31(s,3H) 

25 Description 86 
Methyl 2'-metbyl-4'-pyrazinylbipbenyl-4-carboxylate 

Thionyl chloride (0.076 ml, L043 mmol) was added to methanol (7 ml) at 0°C. After 15 
minutes, 2'-methyl-4'-pyrazinylbiphenyl-4-carboxylic acid (DBS, 0.216g, 0.745 mmol) 

30 was .added and the mixture was heated to reflux. After 5 h, the reaction mixture was 
allowed to cool and was left at room temperature ovemighL The reaction mixture was 

. ' . . 
then evaporated under reduced pressure and the residue was panitioncd between 
dichloromethane (25 ml) and 10% sodium carbonate solution (20 ml). · The aqueous layer 
was then exaacted with dichloromciharie (1x10 ml)~ and the combined organic layers 

35 were then dried <N&iSOJ and evaporated under reduced pressure to give the title 
compound as a yellow/brown solid (0.146g, 65%)~ 
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'H NMR (250 MHz. CDCI,) S (ppm): 9.10 (s, lH), 8.68 (t, lH), 8.52 (d, lH), 8.13 (d, 

2H), 8.00 (s, lH), 7 .90 (dd, lH), 7.45 (d, 2H), 7 .40 (d, lH). 3.98 (s, 3H), 2.38 (s, 3H). 

Description 87 

Methyl 4-bromo-3-metbylbemimidate hydrochloride 

4-Bromo-3-methylbenzonittile (15.0g, 76.5 mmol) was dissolved in dry methanol (3.1 ml, 

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

10 Stirred for 18 hours at room temperature and the solid collected by filttation, then dried in 
vacuo to yield the title compound as white needle-like crystals (19.3g, 95%). 

15 

1H NMR (250 MHz. CDC!,) & (ppm): 12.7 (s. lH), 12.0 (~. lH), 8.35 (d, lH), 8.05-8.00 
(m, lH), 7.70 (d, lH), 4.55 (s, 3H), 2.50 (s, 3H). 

Description 88 · 
2-(4-Bromo-3-methylphenyl)imidamle 

Methyl 4-bromo-3-mcthylbenzimidate hydrochloride (D87, 5.0g; 21.9 mmol) was 

20 dissolved in methanol (30 ml) and stim:d during the addition of a solution of 2-

aminoacetaldehydc dimethyl acetal (2.4 ml; 21.9 mmol) in methanol (10 ml) over 30 

minutes. Stirring was continued for 36 hours and evaporated in vacuo to yield an orange 

gum (lg crude). This crude hydrochloride was treated with cone. HiSO, (12 ml) at 5°, 

then heated at 50° for 10 minutes. The solution was co0led in ice, diluted with ~O and 

25 basified with 10% NaOH~ The aqueous 5olution was exttacted with chlorofonn (4 times) 

and the organics combined, dried over N1zSO,, filtered and evaporated in vacuo. The 
residue was purified by flash silica gel chromatography eluting with 1 % MeOH/CHO, to 
yield the title compound as a white solid (1.55g; 44%). 

30 'H NMR (250 MHz, CDC!,) 8 (ppm): 7.70 (d, lH), 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-methylimidamle 

2-(4-Bromo-3-methylphenyl)imidazole (088, 900 mg; 3.8 mmol) was dissolved in dry 
S 1HF (30 ml) under argon and treated with sodium hydride (114 mg of an 80% dispersion 

in mineral oil; 3.8 mmol). After stirring for 30 minutes, iodomethane (237 ul; 3.8 mmol) 
was added and stirring continued for 18 hours. EvapOrated in :vacuo. the residue 
partitioned between water and CHCI,, the organic phase then dried over N&iSO,, flltc=d 
and evaporated in vacuo. The residue was purified 'i>r flash silica gel chromatography 

1 O using CHO, as_ eluant to yield the title compound as a clear, colourless gum (600 mg; 
63%). 

1H NMR (200 MHz, CDC!,) S (ppm): 7 .60-7 .50 (m, 2H), 7.30-7.20 (m, lH). 7.10 (s. lH), 
6.95 (s, lH), 3.75 (s, 3H), 2.45 (s, 3H). ( 

15 

. Description 90 
2• -Methyl-4 • -(1-methylimidaml-2-yl)biphenyl-4-carboxylic acid _ _ 

2-(4-Bromo-3-methylphenyl)-1-methylimidazole (089, 600 mg, 2.39 mmol) was 
- -

20 dissolved in dimethoxyethane ( 15 ml) and HiO (15 ml) and trea~ with 4-boron~benmic 
acid (397 mg, 2.39 mmol), sodium carbonate ( 1.01 g, 9-.56 mmol), tettakis 
(ttiphenylphosphine)palladium (0) (60 mg) and heated at reflux for 36 hours. The 
dimethoxyethane was removed in vacuo, the aqueous residue treated with 10% NB.iCO, _ 
(approx. 10 ml) and washed with ethyl acetate. The aqueous phase was acidified with SN 

25 HCl and the solid that fonned collected by filtration and dried in vacuo to yield the tide 
compound as an off-white solid (620 mg, 89'1>). 

30 

- - -

'H NMR (250 MHz, d'DMSO) s (ppm): 8.10-8.00-(m, 3H), 7 .95-7. 75 (m, 3H). 7 .65-7.so 
(m, 3H), 4.00 (s, 3H), 2.35 (s, 3H) 

Description 91 

(4-Bromo-3-methylbenzylidene)methylamine 

4-Bromo-3-methylbenzaldehyde (080, 3.7g, 18.6 mmol) was treated with methylamine in 
35 ethanol (33%, 100 ml) followed by 4A molecular-sieves and solid potassium carbonate 

(approx 4g) and the mixture stirred for 72 hours. Solvent was removed in Yacuo, the 
residue suspended in chloroform, and the solid removed by flltration. The filtrate was 
evaporated in vacuo to yield the tide compound as a red liquid (3.lSg, 80%). 
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1H NMR (250 MHz, CDCl,) 8. (ppm): 8.20 (s, lH). 7 .65-7 .55 (m, 2H), 7 .40-7 .30 (m, lH), 

3.50 (s, 3H), ~.45 (s, 3H). 

5 DeScription 92 

5-(4-Bromo-3-metbylphenyl)-1-methylimidazole 

(4-Bmmo-3-methylbenzylidene)methylamine (091. 2.15g, 10.1 mmol) was dissolved in 
dry DME (30 ml) and methanol (70 ml) containing tosylmethylisocyanide (3.0g; 15.4 

10 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 driCd 

over N~SO,. The organics were filtered and evaporated_ in vacuo then the res~due pmificd 
by flash silica gel chromatography (with chloroform as eluant) to yield the tide compound 

15 as an orange gum (l.52g, 60%). 

1H NMR (250 MHz, CDCJ.,) 3 (ppm): 7.«J (d. lH), 7.50 (s, lH), 7.25 (s, lH), 7.10-7.00 
(m, 2H). 3.65 (s, 3H), 2.45 (s, 3H). 

20 Description 93 

2'-Methyl-4' ·(1-methylimidazol-5-yl)biphenyl-4-carboxylic acid 

5-(4-Bromo-3-methylphenyl)-1-methylimidazole (D92, l.52g, 6.1 mmol) was dissolved in 
DME (50 ml) and water (50 ml}, then 1rea1ed with 4-boronobenzoic acid (l.Og, 6.1 mmol), 

25 sodium carbonate (2.57g, 24.2 mmol) and tetrakis(ttiphenylphosphine)palladium (0) (100 

mg). The mixture was heated at n:tlux (48 hours), cooled and the DME removed in 
vacuo. The aqueous residue was treated with 10% N1iCO, (approx 30 ml), then washed 
with ethyl acetate. The aqueous phase was acidified with SN HO and the solid that 
precipitated was collected by filtration. This solid was dried in vacuo to yield the title 

30 compound as a white solid (600 mg, 34%). 

1H NMR (250 MHz, d'DMSO) 8 (ppm): 9.20 (s, lH), 8.0S (d, 2H), 7.8S (s, lH), 7 .60-7.40 

(~ SH), 3.90 (s, 3H), 2.30 (s, 3H). 
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Description 94 
Methyl 4'-(5-bydroxymethyl-1,2,4-oxadiuol-3-yl)biphenyl-4-c:arboxylate 

3-(4-Bromo-3-methylphenyl)-l,2,4-oxadiazol-5-ylmethanol (EP 0533268A 1) (1.0g, 3. 7 
5 mmol) was reacted with 4-boronobenzoic acid using similar conditions to Description 11 

to afford 4'-(5-hydroxymethyl-1,2,4-oxadiaml-3-yl)biphenyl~xylic acid. This was 
dissolved in methanol (70 ml), treated with cone. sulphuric acid (2 ml) and heated under 
reflux for 4 hours. The solution was concentrated in vacl.IO and the residue basified with 
10% N&iCO, solution and extracted with ethyl acetate. The c:1uract was dried CN&iSOJ 

10 and concentrated in vacuo to afford the tide compound (0.76g, 68%). 

1H NMR c250 MHz. coa,> a <ppm): 8.12 (d, 2H), 8.04 cs, tH>. 1 .96 Cd, tH>. 1.42 Cd, 
2H), 7.35 (d, lH), 5.00 (s, 2H), 3.96 (s, 3H), 3.0 (brs, lH), 2.33 (s, 3H). 

15 Description 95 
Methyl 4'·[5·(t-butyldimethylsilyloxy)-1,2,4-oxadiuol-3-yl]-2'-methylbiphenyl-4-
carboxylate 

A stirred solution of methyl 4'-(5-hydroxymethyl-l,2,4-oxadiaml-3-yl)biphenyl-4-
20 carboxylate (094, O.Slg, 1.8 mmole) in dichloromethane (30 ml~ was treated with 

aiethylamine (0.50 ~. 3.6 mmole), followed by a solution of t-butyldimethylsilyl 
chloride (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-butyldimcthylsilyl 
chloride (0.llg, 0.7 mmole) and aiethylamine (0.20 ml) were added and reaction left,at 

25 room temp. for 4 days. The solution was Washed rapidly with 0.5M HC acid, then 10% 
N&iCO, solution, dried CN&iSO,) and concentrated in vacuo., The residue was 
chromatographed on silica gel eluting with 10% ether/60-80 petrol to afford the tide 

, compound as a white solid (0.6lg, 78%). 

30 Description 96 
4-Bromo-3-methylpbenylamidrazone 

Methyl 4-bromo-3-methylbenzimidate hydrochloride (1)87, 24.6g, 0.093 mole) was 
partitioned between ether (150 ml) and aqueous sodium hydroxide (5'11, 160 ml). The 

35 organic layer was washed with water, dried <N&iSO,) 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, 28CI>). 
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1H NMR (250 MHz. d'DMSo+D:iO) 8 (ppm): 8.05 (d, lH), 7.75 (dd, lH), 7.60 (d. lH), 

2.40 (s, 3H). • 

5 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 (096, lOg, 0.044 mole) in water (50 ml)·. The mixture was 

10 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 in vacuo. The residue was chrOmatographed on silica gel 

eluting with 10% ethanoVchlorofonn to give the title co~pound as a yellow solid (2.36g, 

22%). 

15 
1:H N~R c2so MHz. coCt,> a (ppm): 9.20 Cd. lH>. 8.10 Cd. 1H>. 8.45 ed. lH>. 8.20 (d, 

lH), 7.70 (d, lH), 2.50 (s. 3H). 

Description 98 

20 i• -Methyl-4 '-(1,2,4-triazin-3-yl)biphenyl-4-carboxylic acid 

3-(4-Bromo-3-methylphenyl)-1,2,4-ttiazine (D97, lg, 0.004 mole) was convened to the 
tide compound (260 mg. 22%) by the method of Example 11. 

25 1H NMR c250 MHz. d6DMso> a (ppm): 13.1 Cbr s. tH), 9.40 Cd. tH>. 8.9s Cd, lH>. 8.45 
(s. lH), 8.35 (dd. lH), 8.05 (d, 2H), 7 .55 (d, 2H), 7 .SO (d, lH), 2.40 (s, 3H). 

30 

Description 99 

4-(2-(2-lodophenoxy)ethyl)pyridine 

A stined solution of 2-iodophenol (8.8g, 0.040 mole), ttiphenylphosphine (10.5g, 0.040 
mole) and 2-( 4-pyridyl)ethanol (D65, 5.Sg, 0.045 mole) in THF (200 ml) at 0°C under 

argon was treated with a solution of diethyl amdicarbOxylate (6.3 ml, 0.040 mole) in THF 
(30 ml). The solution was allowed to wann to room temp. and stirred.for4 h, then 

35 concentrated in vacuo and the residue treated with 10% N1iCO, solution (80 ml) and 

extracted with ethyl acetate (2 x 80 ml). The combined organic was extracted with lM 

HO acid (150 ml), then the acid exaact basified by addition ofpotaSsium carbonate and 
extracted with ethyl acetate· (2 x 100 ml). The combined exttaet was dried CN1iSOJ 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, 72%). -

5 1H NMR (250 MHz, CDCI,) 8 (ppm): 8.58-8.51(m,2H), 7.76 (dd, lH), 7.40-7.22 (m, . 

3H), 6.82-6.68 (m, 2H), 4.23 (t, 2H), 3.15 (t, 2H). 

10 

Description 100 

4-(2-(2-lodophenoxy)ethyl)·l-methyl-1,2,3,6-tetrabydropyridine 

A solution of 4-(2~(2-iodophenoxy)ethyl)pyridine (D99, 8.28g. 0.025 mole) in acetone 

(220 ml) was treated with iodomethane (3.7 ml, 0.059 mole) and kept at l"OOID, temperatmc 

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 nil), cooled to 0°C under argon f 

15 and treated portionwise over 1 h with sodium borohydrlcie (l.33g, 0.035 mole). The 

reaction mixture was kept at 0°C for a funher 1 -h, then treated with 10% NaOH solution 

(50 ml), diluted with water (120 ml) and extracted with ethyl acetate (2 x 200 ml). The 
combinCd extra.et was dried (N&.zSO,), concentrated in vacuo to leave an orange oil, which 

was chromatographed on silica gel eluting with 0 - 10% methanoVchlorofonn to afford the 
20 title compound as a yellow oil (~.19g, 72%). 

25 

1H NMR {250 MHz. CDCl,) 8 (ppm): 7.76 (dd, lH), 7.28 (dt, lH), 6.79 (dd, lH), 6.70 (dt, 

lH), 5.57 (m, lH), 4.09 (t, 2H), 3.00-2.90 (m. 2H), 2.65-2.48 (m, 4H), 2 •. 36 (s, 3H), 2.32-

2.20 (m. 2H). 

Description 101 

2,3-Dihydro-1 '-methylspiro[4H-benmpyran-4,4'-piperidine] 

A stirred solution of 4-(2-{2-iodophenoxy)ethyl)-l-methyl-1,2,3,6-tettahydropyridine 

30 (0100, 6.3g. 0.018 mole) and AmN (50 mg) in benzene (700 ml) was heated to reflux 

under argon, then treated dropwise over 1 h with a solution of tributyltin hydride (9. 7 ml, 

0.036 mole) in benzene (100 mI). The reaction mixture w~ heated Under reflux for a 

further 3 h after completing.~e,addition, then more ttibutyltin hydride (3.8 ml, 0.014 

mole) and AIBN ·(30 mg) were added and heating under reflux was continued for 4 h. The 

35 reaction mixture was allowed to cool, then concentrateci in vacuo and the residue treated 
with 2M HO acid (150 ml), washed with ethyl ac:ewe (100 ml), basified with potassium 

carbonate and extracted with ethyl acetate.Cl x 100 ml). The combined extract was dried 

<N11iSO,) and concentrated in vacuo to leave a yellow oil, which was chromatographed on 
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silica gel eluting with 0 to 29& methanoVchlofoform to afford the title compound (2.3g of 

approx. 869& purity, 51 %). 

1H NMR (250 MHz. CDCI,) a (ppm): 7.38 (dd, lH), 7.08 (dt. lH}, 6.90 (dt, lH}, 6.79 (dd, 

5 lH), 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}. 

10 

Description 102 

2,3-Dihydro-1 '-ethoxycarbonylspiro[4H-bemopyran-4,4'-piperidine] 

A stirred solution of 2,3-dihydro-1 '-methylspiro[4H-benzopyran-4,4'-piperidine] (0101, 

1.0g, 0.0046 mole} and diisopropylethylamine (1.2 ml, 0.0070 mole} in dichloroethane (20 

ml} was treated with 1-chloroethyl chlorofonnate (0.64 mJ, 0.0060 mole) and kept at room 

temp. for 1 h followed by 20 mins at reflux. The solution was then concentrated in vacuo 
15 and the residue treated with methanol (20 ml) and heated under reflux for 2 h. The 

reaction mixmre was concentrated in vlicuo to leave a beige solid, which was .dissolved in 

dichloromethane (SO ml} and 1HF (10 ml) and treated with ttiethylamine (0.84 ml, 0.0060 

mole) followed by ethyl chloroformate (0.44 ml. 0.0046 mole). The solution was stirred 

at room temperature for 2 h, then tteated with 10% N1iCO, solution (20 ml) and extracted 

20 with dichloromethane (2 x 40 ml}. The combined exttaet was dried (Na,J)O,} and 

concentrated in vacuo. The residue was chmmatographed on silica gel eluting with 1: 1 

ether/60-80 peaol to afford the title compound as a yellow oil (1.3g, 1009&). 

1H NMR c250 MHz. cna,> a (ppm>: 7.25 Cdd. tH>. 1.10 Cdt. 1H>. 6.90 Cdt. tH>. 6.so Cdd. 
25 lH), 4.25-4.00 Cm. 6H), 2.98 (br t, 2H), 2.10-1.92 (m, 4H), 1.70-1.53 (m, 2H), 1.28 (t, 

3H). 

30 

Description 103 

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

A stirred solution of 2,3-dihydro-l '-ethoxycarbonylspiro(4H-benzopyran-4,4'-piperidine] 

(0102, 1.3g, 0.0046 mole) in acetic anhydride (30 ml) at OOC under argon was tteated 

ponionwise over 15 minutes with copper (D) nitrate hemipentahydrate (1.16g, 0.0050 

mole). The reaction mixture was kept at 0°C for a total of I.Sh, then allowed to warm to 

35 room temperature over O.Sh. The mixtm'C was poured inio water/ice (300 ml) and basified 

by careful addition of potassium carbonate, then extracted with ethyl acetate (2 x 100 ml). 

The combined exttaet was dried CN1iSO,) and concentrated in vacuo to afford an orange 
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oil (1.Sg, 100%). which was approximately a 1:1 mixture of 6- and 8-nitro isomers. This 

was used without purification . 

.. 
1H NMR (250 MHz. CDC!,) a (ppm): 8.24 Cd. lH 6-isomcr), 8.00 (dd. lH 6-isomer), 7.64 

5 (dd. lH 8-isomer). 7 .52 (dd. lH 8;;,isomcr). 6.98 (t. lH 8-isomcr), 6.90 (d, lH 6-isomcr), 

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 

10 6-Amino-2,3-dihydro-l '~thoxycarbonylspiro(4H-benzopyran-4,41-piperidine] 

A solution of 2,3~hydro-l ';;.ethoxycarbonyl;.6- and 8-nittospiro[4H-bcnzopyran-4,4'­

piperidine] (D103. 1.5g, 0.0046 mole) in ethanol (100 ml) was hydrogenated over 10% 

Pd-C (300 mg) at atmospheric temperature and pressure until uptake of hydrogen ceased. C . 
•.• 

15 The catalyst was removcc:i by filtration through kieselguhr 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 ~amino conipound as the lower rf component ( 420 mg, 

32%). 

20 1H NMR c25o MHz. CDCJ.,> a (ppm): 6.66 Cd. lH>. 6.60 Cd. 1H>, 6.5o Cdd. tH>. 4~25-4.oo 
(m, 4H), 4.17 (q, 2H), 3.45 (br s, 2H), 2.98 (br t, 2H). 2.08-1.88 (m. 4H), 1.70-1.55 (m. 

2H). 1.30 (t, 3H). 

Description 105 

2S 6-Amino-2,3-dihydro-1 '·metbylspiro[4H-benzopyran-4,4'-piperidine] 

A stirred suspension of lithium aluminium hydride (76 mg, 0.0020 mole) in nIF (15 ml) 

at 0°C under argon was treated with a solution of 6-amino-2,3-dihydro-l '­

ethoxycarbonylspiro[4H-benmpyran-4,4'-pipcridinc] (Dl04, 300 mg. 0.0010 mole) in 

30 1HF (5 ml). The reaction mixture was allowed to wann to room temp. and stir for· 1.s h, 

then treated with more lithium aluminium hydridc.(38 mg. 0.0010 mole) suspended in 

1HF (5 ml). The mixtme was heated under reflux for 0. 75 h, then cooled in an ice bath 
and treated with water (0.10 ml), lOCll NaOH solution (0.10 ml) and water (0.30 ml). The 

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

35 afford the title compound as a yellow oil (200 mg. 84% ). 
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1H NMR (200 MHz. CDCl,) 3 (ppm): 6.73 (d, lH). 6.65 (d, lH), 6.48 (~ lH). 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). 

5 Description 106 

2,3-Dihydro-1 '-metbylspiro[4H-pyrano[2,3-g]quinoline-4,4~ piperidine] 

A stirred suspension of 6-amino-2,3-dihydro-1 '-methylspiro[4H-bcnmpyran-

4,4'piperidine] (0105, 330 mg, 0.0014 mole) in glycol (1 ml) at room temperature was 

1 O treated with a catalytic amount of iodine (7 mg) and conccnttatcd sulphutjc acid (0.5 ml). 

An exothermic reaction took place, which was well controlled and required no cooling. 

The reaction mixtme was then heated to 175°C for 2 hrs and allowed to cool to 100°C 

bcfoie water (20 ml) was added. The mixtme was basifi~ with SM sodium hydroxide 

and then extracted with ethyl acetate (3 x 100 ml). The ~ombincd cxttacts were dried 

15 (N8iS0~) and concenttatcd in vacuo. The residue was purified by chromatography on 

silica gel eluting with 25-30% methanoVdichlorrimcthane to afford the title ·cpmpound as a 

white solid (150mg, 39%). 

1H NMR (200 MHz. CDCJ.,) a (ppm): 8.73 (dd, lH), 8.16 (s, lH), 7.98 (d, lH), 7.28 (dd, 

20 lH), 7.16 (s, lH), 4.26 (dd, 2H), 2.83 (brdd, 2H), 2.38 (s, 3H), 2.35-2.15 (m, 6H), 1.79 

(br d, 2H). 

25 

Description 107 

2,3,6, 7 ,8,9-Hexabydro-1 '-methylspiro[4H pyrano[l,3-g]quinoline-4,4' piperidine] 

A solution of 2,3-dihydro-1 '-mcthylspiro[4H-pyrano[2,3-g]quinoline-4,4' piperidine] 

(0106, 150 mg, 0.0006 mole) in ethanol (50 ml) and glacial acetic acid (2 ml) was 

hydrogenated over Pt02 (35 mg) at 50 psi for 2 days. The catalyst was removed by 

filtration through lcicsclguhr and the filtrate concentrated in vacuo. The residue was 

30 pmificd by.chromatography on silica gel eluting with 30% MeOH/dichloromethane with 

1 % ammonia solution to afford the title compound (150 mg, 99%). 

1H NMR (200 MHz. CD,OD) 3 (ppm): 6.59 (s, lH), 6.41 (s, lH), 4.05 (dd, 2H), 3.45-3.15 

(m, 6H), 2.91 (s, 3H), 2.69 (t. 2H), 2.37 (td, 2H), 2.05 (~ 2H), 2.00-1.79 (m, 4H). 

35 Description 108 

1-Ethyl-1,2,3,6-tetrahydropyridine-4-methanol 
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The title compound was prepared from 4-pyridylcarbinol and iodQ.:thane following a 
similar procedurC to that described for the 1-methyl analogue in J. Med. Chem., 1988, 31, 
545 (92%). 

5 1H NMR (200 MHz. CDCJ,) 3 (ppm): 5.63 (m, lH), 4.00 (s, 2H), 3.14 (br s, lH). 2.97 (m, 
2H), 2.58 (t, 2H), 2.50 (q, 2H), 2.18 (m, 2H), 1.13 (t. 3H). 

10 

15 

Description 109 
1'-Ethyl-2,3,6,7-tetrahydrospiro[furo[2,3-f]indole-3,4 '-piperidinel 

. . . . 
This was prepared from l-acetyl-6-bromo-2,3-dihydro-t:H-indol-S-ol (Tetrahedron, 1973, 
29 (8), 1115) andl-ethyl-1,2,3,6-tetrahydropyridine-4-methanol (D 108), following tbe 
procedure of Description 8 (alternative preparation), steps a), b), and c). This gave the 
title compound (overall yield: 45%) as a fine grey powder. 

1H NMR (200 MHz. CDCI,) 8 (ppm): 6.61 (s, lH), 6.48 (s, lH), 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 (t, 3H). 

Description 110 
20 2-(4-Bromophenyl)-5-metbyl-1,3,4-oxadiamle 

25 

30 

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

1H NMR (250 MHz. CDCJ,) 8 (ppm): 7.92 (d, 2H), 7.67 (d, 2H), 2.63 (s, 3H). 

Description 111 
4'-(5-Methyl-1,3,4-oxadiazol-2-yl)biphenyl-4-carboxylic acid . 

The title compound was pn:pared.from a stirred solution of 2-(4-bmmophenyl)-5-methyl­
l,3,4-oxadiamle (0110) and 4-boronobenzoic acid using a similar procedure to 
Description 11, as a white crystalline solid (68CJ&). 

35 1H NMR (250 MHz, d'DMSO) 8 (ppm): 8.10 (d, 2H), 8.06 (d, 2H), 7.98 (d, 2H), 7.89 (d, 
2H), 2.62 (s, 3H). 

Description 112 
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4 '·(5-Methoxymethyl-l,2,4-oxadiazol-3-yl)·2' -methylbiphenyl-4-carboxylic acid 

The title comp2und was prepared from 3-(4-bromo-3-methylphenyl)-5-methoxymethyl-

1.2.4-oxadiazole (EP 0533268Al} using a similar procedure to Description 11, as an off 

5 white solid (49%). 

1H NMR (250 MHz, d'DMSO) 8 (ppm): 13.06 Cbr s, lH), 8.10-°7.98 Cm. 3H), 7.94 (dd, 

lH), 7 .55 Cd, 2H), 7 .45 Cd• lH), 4.87 (s, 2H), 3.45 Cs, 3H), 2.34 Cs. 3H). 

10 Description 113 

4'·(4,S-Dihydrooxazol-2-yl)-2 '-methylbipbenyl-4-carboxylic acid· 

This was prepared from 2-C4-bromo-3-methylphenyl)-4,5-dihydrooxazole (W094/15920-

A 1) using the procedure of Description 11. This gave the· title compound C85%) as a white 

15 powder . 

• 
1H NMR (250 MHz, d'DMSO) 8 (ppm): 8.02 Cd, 2H), 7.7-7.9 Cm, 2H), 7.52 Cd, 2H), 7.36 

Cd, lH). 4.49 Ct. 2H), 4.01 Ct, 2H), 2.29 (s, 3H). 

20 Description 114 

Methyl 4 '·(4,5-dihydrooxazol-2-yl)-2'-methylbiphenyl4-carboxylate 

4'-(4,5-Dihydrooxazol;.2-yl)-2'-methylbiphenyl-4-carboxylic acid (Dl 13) C0.92g, 3.3 

mmol) was stitred under Ar in dry DMF (20 ml), and sodium hydride (80% in mineral oil, 

25 0.15g, 5.0 mmol) was added. This mixture was stirred for 30 min, and then treated with 

iodomethane C0.22 ml, 3.5 mmol). After a funher 15 min, the mixture was diluted with 

ethyl acetate (200 ml), washed with water and brine, dried (N~SO,) and evaporated. The 

crude product was purified by chromatography on silica gel, eluting with 0.:.2% 

methanoVdichloromethane. This gave the title compound {0.15g, 15%) as a white solid. 

30 

· 
1H NMR (250 MHz, CDCI,) 8 (ppm): 8.10 (d, 2H), 7.89 (s, lH), 7.82 (d, lH), 7.41 (d, 

2H), 7 .27 (d, lH), .4.47 (t, 2H), 4.08 (t, 2H), 3.94 (s, 3H), 2.30 (s, 3H). 

Description 115 

35 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) a (ppm): 7.93 (d, 2H), 7.39 (d. 2H), 6.93 (d, lH), 6.50 (m, 
2H), 2.16 (s, 311). 

Description 116 

4 '-(~·Chloroacetamido)-2' -methylbiphenyl-4-carboxylic acid 

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

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

Description 117 

S-( 4-Bromo-3-methrlphenyl)-2-furaldehyde 

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

1HNMR (200 MHz. CDC!,) a {ppm): 9.64 (s, lH). 7.7 (s, lH), 7.6 (d. lH), 7.48 (d, lH). 
7.3 (d. lH), 6.82 (d, lH), 2.45 (s, 3H). 
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Description 118 

5-(4-Bromo-3-methylphenyl)·l·methylfuran 

PCT/EP95/04889 

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

5 bromo-3-methylphenyl-2-furaldehyde (Dl 17) (l.5g, 5.66 mmol) was converted to the tide 

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

10 

1H NMR (200 MHz. CDCI,) 8 (ppm): 7.55-7.41(m,2H), 7.29 (d, lH), 6.5 (d, lH}, 6.06 

(m. lH), 2.4 (s. 3H). 2.35 (s, 3H). 

Description 119 

2'-Methyl4'-(5-methylfuran-2-yl)biphenyl-4-carboxylic acid 

5-(4-Bromo-3-methylphenyl)-2-methylfman (Dl 18) (600 ing, 2.39 mmol) and 4-

15 boronobenzoic acid (397 mg, 2.39 mmol) were convened· to the title compound using a 

method similar to that of Description 11, as a pale yellow solid (207 mg, 30%). 

20 

1H NMR (200 MHz. d'DMSO) a (ppm): 13.0 (br s. lH}, 8.0 (d, 2H), 7.65-7.44 (m, 4H), 

7 .25 Cd. lH), 6.86 (d, lH), 6.2 (d, lH), 2.35 (s, 3H), 2.28 (s, 3H). 

Example 1 

l '-Methyl-5-(2'-metbyl4'·(5·methyl-1,2,4-oxadiazol·3·yl)biphenyl-4-carbonyl)-

2,;J,6, 7-tetrahydrospiro[furo[l,;J-f]indole-3,4 '-piperidine] 

25 A stirred solution of 2'-methyl-4'-(5-methyl-1,2,4-oxac:liazol-3-yl)biphenyl-4-carboxylic 

acid (EP 0533268Al) (36 mg, 0.12 mmol) in thionyl chloride (3 ml) was h~ted at reflux 

under argon for 20 minutes, then concentrated in vacuo to leave the acid chloride as a 

yellow solid. This was dissolved in dichloromethane (2 ml) and added to a stirred solution 

of 1 '-methyl-2,3,6,7-tetrahydrospiro[furo[2,3-f]indole-3,4'-piperidine] (D8, 30 mg, 0.12 

30 mmol) and triethylamine (0.06ml, 0.43 mmol) in dichloromethane (2 ml) and kept at room 

temperatUre for 3 days. The mixture was washed with aq K2C03 solution and brine, then 

dried (Na2S04) and concenttated in vacuo. The residue was chromatographed on silica 

gel eluting with 0 to 11% methanoVdichloromethane to affmd the tide compound as a 

colourless gum (19 mg, 30%). This was converted to its oxalate (mp 23TC) and 

35 hydrochloride (mp >2SO"C) salts. 
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Ia NMR (oxalate salt) (400 MHz, d6DMSO) S{ppm): 7.95-7.85 (m, 3a), 7.62 (d, 2H), 

7.47 (d, 2H), 7.39 (d, IH), 6.72 (s, Ia), 4.44 (s, 2a), 4.01(t.·2H),2.99 (t, 2H), 2.90 (m), 

2.66 (m). 2.64 (§.. 3H), 2.31 (s. 3H), 2.02 (ni, 2H). 1.84 (m. 2H) 

5 Example2 

2,3,S,6, 7,S..Hexabydro-1
1

-metbyl-5-(2
1

-metbyl..t '-(5-metbyl-1,2,4-oxadiaml-3-

.Yl)biphenyl-4-carbonyl)spiro[furo(2,3-g]quinoline-3,41-piperidine] 

The tide compound was prepared from 2,3,5,6,7 ,8-hexahydro-l 1-methylspiro[fum[2,3-

10 g]quinoline-3,4
1

-piperidine] (010), using a procedme similar to that of Example l, in 87% 

yield. The oxalate salt was precipitated from acetone by addition of ether, as a white 

powder. 

lH NMR (oxalate salt) (250MHz~ d6DMSO) S{ppm): 7.9 (m, 2H), 7.3 (m,SH), 6.68 (s, f 
15 ta), 6.5 (b;. IH), 4.34 (s, 2H), 3.80 (m. 2H). 3.12 (m, 2a)". 2.9-2.6 (m, 12H), 2.29 (s, 3a). 

1.97 (t, 2H), 1.60 (m, 4H). 

Example3 

S-(2'~Methyl..t'-(S-methyl-1,2,4-oxadiaml-3-yl)biphenyl-4-carbonyl)-2,3,6,7-

20 tetrahydrospiro(furo[2,3-f]indole-3,4'-piperidine] 

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

carbonyl)-2,3,6,7-tettahydrospiro[furo(2,3-f]indole-3,4'-piperidine] (El, 350 mg, 0.67 

mmole) in 1,2-dichloroethane (15 ml) under argon was treated with diisopropylethylamine 

25 (0.14 ml, 0.80 mmole) and 1-chloroethyl chlorofonnate (0.09ml, 0.80 mmole). The 

mixture was stirred at room temperature for 2 h followed by lh at reflux temperature. 
Additional diisopropylethylamine (0~ 10 ml, 0.57 mmole) and 1-chloroethyl chlorofonnate 

(0.06 ml, 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 ml) and 

30 heated under reflux for 1 h. The solution was conccnttated in vacuo and.the residue 

treated with cone. K2C03 solution (25 ml) and chlorofonn (25 ml), shaken well and the 

chlorofonn solution separated, dried (Na2S04) and conccntrared in vacuo to afford the 
tide compound as a beige·solid (340 mg, lOOCll). The hydrochloride salt was prepared 
from acetone/ether as a white solid mp 203-2100 C. 

35 

la NMR. (free base) (250 MHz, CDCl3) 3 (ppm): 8.12 (br s, ta - low integration), 8.00 

cs. ta), 7.95 Cd. ta), 7.62 (d, 2H), 7.43 (d, 2H), 7.35 Cd. 1a), 6.68 cs. ta), 4.45 (br s, 
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2H), 4.30-3.95 (brm, 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). 

Example4 

5 l '·Etbyl-5·(2'-methyl-4 '·(5·metbyl-l,2,4-oxadiazol-3-yl)bipbenyl-4-carbonyl)·2,3,6, 7-

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

A stirred solution of 5-(2'-methyl-4'-(5-methyl-l,2,4-oxadiazol-3-yl)biphenyl-4-catbonyl)-

2,3,6,7-tetrahydrospiro[furo[2,3-f]indole-3,4'-piperidine] (E3, 100 mg. 0.20 mmole) in 

10 glacial acetic acid (2 ml) at room temperature under argon was carefully treated with 

sodium borohydride pellets (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 funher 72 h. The reaction mixture was then treated with water (20 ml), 

basified with 10% NaOH solution (20 ml) and extracted with dichloromethane. The 

15 extract was dried (Na2S04). concentrated in vacuo and the residue chromatographed on 

silica gel eluting with 3% MeOH/CHCl3. Crystallisation of the product from ethyl 

acetate/00-80 petrol afforded the title compound as a white solid (55 mg, 52%) mp 202-

2040 c. 

20 lH NMR (250 MHz, CDCl3) & (ppm): 8.17 (br s, lH - low integration), 8.00 (s, lH). 7.95 

{d, lH). 7 .62 (d, 2H), 7.42 (d, 2H). 7 .36 (d, lH), 6.67 (s. lH). 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) 

25 Examples 

l '-Metbyl-5-(2'·methyl-4'·(5-methyl-1,3,4-oxadiazol-2-yl)biphenyl-4-carbonyl)· 

2,3,6, 7-tetrahydrospiro[furo(2,3-f)indole-3,4 '-piperidine] 

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

30 f]indole-3,4'-piperidine] (D8) and 2'-methyl-4'-(5-methyl-1,3.4-oxadiazol-2-yl)biphenyl-

4-carboxylic acid (Dl 1) using a procedure similar to that of Example 1 (23% ). This was 

converted to the oxalate salt which precipitated from acetone/ether as a white solid (mp 

232-23S'"C), and hydrochloride salt (mp >250"C). 

35 lff NMR (oxalate salt) (250 MHz. d6nMSO) & (ppm): 7.98-7.80 (m, 3H), 7.72-7.65 (m; 

2H), 7.58-7.49 (m; 3H), 6.80 (s, lH), 4.51 (s, 2H), 4.11-4.04 (m; 4H), 3.09-3.0l (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) 

Example6 
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5-(4 '-(5-DiJnethylamino-1,2,4-oxadiazol-3-yl)-2' -methylbipbenyl~-carbonyl)·l '. 

methyl-2,3,6, 7-tetrahydrospiro[furo[2,3-f]indole-3,4' -piperidine) 

The title compound was prepared from 1 '-methyl-2,3,6,7•tettahydrospiro [fmo[2.3-

5 f)indole-3,4'-piperidine] (08) and 4'-(5-dimethylamino-1,2,4-oxadiazol-3-yl)-2'­

methylbiphenyl-4-carboxylic acid (D 14) using a procedure similar to that of Example l 

{18% ). This was converted to the oxalate salt, which precipitated from acetone/ether as a 

white solid. 

10 lH NMR (free base) (200 MHz. CDCl3) a (ppm): 8.15 (br s. lH), 7.96-7.84 (m, 2H), 

7 .62 (d. 2H). 7.42 (d. 2H). 7 .32 Cd. lH), 6.69 (s, lH). 4.40 (bf s, 2H),. 4.20-4.00 (br m, 

2H), 3.24 (s, 6H), 3.08 (t. 2H), 2.97-2.77 (br m, 2H). 2.34 (s, 6H), 2.18-1.59 (br m, 6H) 

Example7 

15 l '-Methyl-5-(4 '-(5-methyl-1.2,4-oxadiazol-3-yl)bipheiayl-4-carbonyl]·2,3,6, 7 •. 

tetrahydrospiro[furo[2,3-f]indole-3,4'·piperidine] 

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

f)indole-3,4'-piperidine] (08) and 4'-(5-methyl-l,2,4-oxadiazol-3-yl)biphenyl-4-

20 carboxylic acid (015). using a prccedlire similar to that of Example 1 (57CJIJ). 

25 

1 H NMR (250 MHz.. CDCl3) a (ppm): 8.17 (d, 3H), 7.79-7.62 (m, 6H), 6.67 (s, lH), 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 I 

2,3~Dihydro-l '-methyl-5-(2 '-methyl-4'·(5-metbyl-1,2,4-oxadiazol-3-yl)biphenyl-4-

carbonyl)spiro[furo[2,3-f]indole·3,4'-piperidine] 

30 A stincd suspension· of 2'-methyl-4'-(5-methyl-1.2.4-oxadiazol-3-yl)biphenyl-4-carboxylic 

acid (EP0533268Al) (315 mg, 1.1 mmole) in thionylcbk)rlde (10ml)was heated under 

reflux for 0.5 h, then concenuated in )'acuo to leave the acid chloride as a yellow solid. A 

stirred solution of 2,3-dihydro-1 '-methylspiro[fmo[2,3-fjindole-3,4'-piperidine] (07 '· 260 
mg. 1.1 mmole) in dry THF (10 ml) at room temperature under argon was treated with 

35 porassium t-butoxide (125 mg, 1.1 mmole) and stirred for 0.25 h, then treated with a 

solution of the above ~ chloride (1.1 mmole) in dry 1HF (5 ml) •. The mixture was 
stirred at room temperature for 2 h, tben concenttated in vacuo and the residue treated with 

10% Na2C03 solution and extracted with ethyl acetate. The extract was dried (Na2S04), 
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concentrated in vacuo and the residue chromatographed on silica gel eluting with 3% 

MeOH/CH03. The pale yellow oil obtained was further purified by preparative TLC on a 

silica gel plate.eluting with 10% MeOH/CHCl3 to afford the title compound (80 mg, 

14%), which crystallised from ether mp 196-198° C. 

lH NMR {250 MHz, CDCl3) 8 (ppm): 8.33 (s, lH), 8.03 (s, ltl). 7.98 {d. lH), 7.80 {d, 
2H), 7.50 (d, 2H), 7.38 (d, lH), 7.29 (d. lH), 6.96 (s. lH), 6.54 (d, lH), 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) 

Example9 

5-[4'-Cyano-2'-metbylbipbenyl-4·carbonyl]-l '·metbyl-2,3,6,7· 

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

15 A stirred suspension of 4'-cyano-2'-methylbiphenyl-4-carboxylic acid (016) (0.3g, 1.3 

mmole) in dichloromethane {10 ml) at.room temperature under argon was treated with 

oxalyl chloride (0.12 ml, 1.43 mmole), followed by DMF (1 drop). The mixture was . 

stirred for 2h, then concentrated in vacuo to leave the acid chloride as a pale yellow solid. 

This was dissolved in dry TIIF {8 ml) and added to a stirred solution of l '-methyl-2,3,6,7-

20 tettahydrospiro[furo[2,3-f)indole-3,4'-piperidine] (08) (0.3g, 1.3 mmole) and 

ttiethylamine (0.35 ml, 2.6 mmole) in dry 1HF (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% Na2C03 solution (20 ml) and extracted with EtOAc (2 x 30 

ml). The combined extract was dried (Na2S04) concentrated in vacuo and the residue 

25 chromatographed on silica gel eluting with 1 % methanoVdichloromethane to give the title 

compound (0.2g, 34%) as a white solid. 

lHNMR (250 MHz, CDCl3) 8 (ppm): 8.14 (br s, lH-low integration}, 7.68-7.52 (m, 

4H), 7.39-7.32 (~ 3H), 6.68 (s. lH), 4.40 (br s, 2H), 4.18-3.99 (brm, 2H), 3.08 (t, 2H), 

30 2.94-2.79(br~2H),2.31 (s,6H),2.12-1.71 (brm,6H) 
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Example 10 

5-(4'-Acetyl-2'-methylbiphenyl-4-carbonyl)-l '-methyl-2,3,6,7-

tetrahydrospiro[furo(2,3-f]indole-3,4 '·piperidine] .. 

PCT/EP95/04889 

5 The title compound was prepared from l '-methyl-2,3,6, 7-tetrahydrospiro[furo[2,3-

f]indole-3,4'-piperidine] (D8) and 4'-acetyl-2'-methylbiphenyl-4-carboxylic acid (019) 

using a procedure similar to that of Example 1 (359& )~ 

1 H NMR (250 MHz, CDC13) 6 (ppm): 8.13 (br s, lH-iow integration), 7 .92-7.80 (m, 2H), 

10 7.62 (d, 2H), 7.42-7.28 (m, 3H), 6.68 (s, lH), 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 '-(1-(Methoxyamino )ethyl)-2'-methylbipbenyl-4-carbonyl)-1'-methyl-2,3,6,7-

15 tetrahydrospiro[furo[2,3-f]indole-3,4'-piperidine] 

Methoxylamine hydrochloride (0.06g, 0.7 mmol) was added to a stirred soluti~n of 

potassium t-butoxide (0.06g, 0.5 mmol) in methanol (lO'ml) under argon. After 20 
·. . . . .. 

minutes at room temperature, the solution was treated with a solution of 5-(4'-aectyl-2'-

20 methylbiphenyl-4-carbonyl)-l '-melhyl-l,3,6,7-tetrahydrospim[fmo[2,3.;.f]indole-3,4'­

pipcridine] (ElO, 0.16g, 0.3 ~le) in methanol (10 ml) and stiired at room temperatui'e 

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

treated with 10% Na2C03 solution (40 ml) and exttacted with ethyl acetate. The extract 

was dried (Na2S04) and concentrated in vacuo to afford the title compound as a yellow 

25 solid (0.16g, 94'11). 

30 

1 H NMR (250 MHz, CDC13) 6 (ppm): 8.12 (br s, lH-low integration), 7 .62-7.48 (m, 4H), 

7.40 (d, 2H), 7.25 Cd. lH), 6.69 (s, lH), 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 Cs •. 6H), 2.26 (s, 3H), 2.13-1.52 (m, 6H) 

Example 12 

5·(4 '·Acetamidomethyl-2'-methylbipbenyl-4-carbonyl). l '-methyl-2,3,6, 7-

tetrahydrospiro[furo[2,3-f]indole-3,4'·piperidine] 

35 A stirred solution of 1 '-methyl-2.3,6,7-tetrahydrospim[fmo[2,3-f]indole-3,4'-piperidine] 

(DB, 85 mg, 0.35 mmole) in toluene (10 ml) at room temperature under argon was treated 

with 2M ttimelhylaluminium 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 carefully 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 

S with 0-10% MeOH/CH2Cl2 to afford the title compound (85mg, 48% ). This was 

. convened to the oxalate salt, which crystallised from acetone. : 

lH NMR (free base) (250 MHz. CDCl3) ~(ppm): 8.13 (br s. lH-low integration), 7.58 · 

(d, 2H), 7.35 (d. 2H), 7.25-7.13 (m, 3H), 6.67 (s, lH), 5.95 (br t, lH), 4.46 (d, 2H). 4.38 

10 (br s. 2H), 4.20-4.00 (br, 2H), 3.05 Ct. 2H), 2.95-2. 75 (br, 2H), 2.31 (s, 3J:I), 2.27 (s, 3H), 

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

20 

Examplel3 
3~.f,,7,8,9-Hexahydro-l '-methyl-5-(l'·metbyl-4 '·(5-~ethyl-1,2,4-oxadiaml·J. 

The title compound was prepared from 3,S,6,7,8,9-hexahydro-1 '-methylspiro[2H-fmo[2,3-

h]benzazepine-3,4'-piperidine] (D28), using a procedme similar to that of Example 1. The 

oxalate salt was precipitated from acetone by addition of ether, as a white solid. 

lH NMR (oxalate salt) (250 MHz, d6oMSO) ~(ppm): 7.9 (m, 2H), 7.4-7.2 (m, SH), 6.72 

(s, lH), 6.61 (b, lH), 4.73 (d, lH), 4.42 and 4.28 (ABq, 2H), 3.31 (m, lH), 3.1-2.7 (m, 

6H), 2.69 (s. 3H), 2.67 (s, 3H), 2.20 (s, 3H), 2.3-1.7 (m, SH), 1.5-1.2 (m, 3H) 

25 Example 14 
l '-Metbyl-5·(2' -metbyl-4' -(J.methyl-1,2,4-oxadiazol·S-yl)biphenyl-4-carbonyl). 

2,3,6, 7-tetrahydrospiro[furo[l,3-f')indole-3,4 '·piperidine] 

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

30 f)indole-3,4'-piperidine] (D8) and 2'-methyl-4'-(3-methyl-1,2,4-oxadiazol-5-yl)biphenyl-4-

carboxylic acid (D29) using a similar procec:lure to Example 1. This was converted to its 

oxalate salt, which was obtained as a yellow solid (3% ). 

1H NMR (free base) (200 MHz, CDCl,) 3 (ppm): 8.15 (br s, lH-low integration), 8.06 (s, 

35 lH), 8.00 (d, lH), 7 .62 (d, 2H), 7 .48-7 .33 (m, 3H), 6.66 (s, lH), 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 . , .. 
1 '-Methyl·S·(l'·methyl-4' ·(l,3,4-oxadiazol-2-yl)biphenyl-4-carbonyl)-2,3,6, 7. 
tetrahydrosp!.ro[furo[l,3-f]indole-3.4 '-piperidine 

5 A stined suspension of 5-(4'-hydrazinocarbonyl-2'-methylbiphenyl-4-carbonyl)-1 '-methyl-
2,3,6,7-tettahydrospiro[furo[2,3-f]indole-3,4'-piperidine] (E25), (150 mg, 0.3 mmol) in 
triethyl onhoformate (10 ml) was heated at reflux for 2 h. The mixture cooled, 
concentrated in vacuo and chromatographed on silica gel, eluting with methanol and 
chloroform to give the title compound as a white foam (24 mg, 16%). This was convened 

10 to its oxalate salt which was obtained as a white solid (mp 242-244°C) and hydrochloride 
salt (mp 298-302°C). 

1H NMR (free base) (~00 MHz, CDC13) 3 {ppm): 8.5 (s, lH), 8.25-7.92 (m, 3H), 7.70-
7 .57 (m, 2H), 7 .50-7 .35 (m, 3H), 6.68 (s, lH), 4.38 (br s~ 2H), 4.20-4.00 (br tn• 2H), 3.08 

15 (t, 2H). 2.97-2.70 (m. 2H), 2.38 (s. 3H), 2.31 (s. 3H), 2.20-1.50 (m, 6H) 

20 

25 

Example.16 

5-(4 '-(S-Ethyl-1~,4-oxadiazol-2-)'l)-l'·metbylbiphenyl-4-carbonyl]-1 '-methyl-2,3,6,7-
tetrabydrospiro[furo[2,3-f]indole-3,4'·piperidine) 

The title compound was afforded as a white solid (54%).from 4'-(5-ethyl-1,3,4-oxadiaml-
2-yl)-2'-methylbiphenyl-4-carboxylic acid (032) and 1'-methyl-2,3,6,7-
tetrahydrospiro[furo[2,3-f]indole-3.4'-piperidine] (08) as per method of Example 1. This 
Was convened to its oxalate salt. 

1H NMR (oxalate salt) (400 MHz. d6DMSO) 3 (ppm): 7.95 (m, 2H), 7.90 (d, lH), 7.66 
(m, 2H), 7.51 (m, 3H). 6.78 (s, lH), 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 (t, 3H). 

30 Example 17 

5·[2'-Methyl-4'·(S·methyl-l,3,4-oxadiazol·2-yl)biphenyl-4-carbonyl]·2,3,6,7-
~etrahydrospiro[furo[2,3·fJindole-3,4'·piperidine] 

The tide compound was prepared from 1 '-methyl-5-[2'-methyl-4'-(5-methyl-1,3,4-
35 oxadiaml-2-yl)biphenyl-4-carbonyl)-2,3,6,7-tetrahydrospiro [furo[2,3-f]indole-3,4'­

piperidine] (ES) following a similar procedure to Example 3 (100%). This was convened 
to the oxalate salt, which precipitated from acetone/ether as a pale yellow solid. 
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1H NMR (oxalate salt) (200 MHz, CDC!,) S (ppm): 8.00-7.85 (m. 3H). 7.65 (d, 2H), 7.55-

7.42 (m. 3H), 6.78 (s. lH). 4.50 (s, 2H). 4.05 (t, 2H), 3.03 (t. 2H). 2.61 (s. 3H). 2.37 (s, 

3H). remainins- signals not discemable from spectrUm. 

5 Example 18 

2,3-Dihydro-1 '-methyl-5-(2 '-methyl-4' ·(5-methyl-l,3,4-oxa"iazol-2-yl)biphenyl-4-

carbonyl)spiro[furo[2,3-f]indole-3,4' ·piperidine] 

The title compound was prepared from 2,3-dihydro-1 '-methylspiro[furo [2,3-f]indole-3.4'-

10 piperidine] (07) and 2'-methyl-4'-(5-methyl-1,3,4-oxadiazol-2-yl)biphenyl-4-carboxylic 

acid (Dl 1) using a similar procedure to Example 8 (22%). This was convened to its 

oxalate salt, which crystallised from acetone/methanol as a white solid mp 234-237°C. 

1H NMR (free base) (200 MHz, CDCl,) o (ppm): 8.33 (s. lH), 8.02 (s. lH), 7.94 (d, lH), 

15 7.81(d,2H), 7.50 (d, 2H), 7.40 (d, lH), 7.28 (d, lH), 6.97 (s, lH), 6.55 (d, lH), 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. 7.5 (m. 2H). 

Example 19 

20 5-(2,2' -Dimethyl-4 '·(5-metbyl-l,3,4-oxadiuol-2-yl)biphenyl-4-carbonyl)-l '·methyl-

2,3,6, 7 -tetrahydrospiro[furo[2,3-f]indole-3,4 '-piperidine] 

The title compound was prcp8fCd from 1 '-methyl-2,3,6,7-tettahydrospirO [furo[2,3-

f]indole-3,4'-piperidine] (08) and 2,2'-dimethyl-4'-(5-methyl-l,3,4-oxadiazol-2-

25 yl)biphenyl-4-carboxylic acid (034) using a similar procedure to Example 1 (53% ). This 

was convened to its oxalate salt and crystallised from acetone/methanol as a white solid 

mp 222-224°C. 

1H NMR (free base) (200 MHz. CDCI,) 8 (ppm): 8.13 (br s, lH), 7 .98 (s, lH). 7 .90 (dd, 

30 lH), 7.48 (s, lH), 7.41 (d, lH), 7.35-7.20 (m, lH), 7.16 (d, lH), 6.66 (s, lH), 4.38 (br s. 
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, 

611), 2.15 (s, 3H), 2.08 (s, 3H). 
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Example20 

5-(2,3' -Dimetbyl-4 '-(S-methyl-1,3,4-oxadiazol'!'2·yl)bipbenyl-4-carbonyl). J '.metbyl-
2,3,6, 7-tetrahtdrospiro[furo[l,3-f)indole-3,4' -piperidine] .. 

5 The title compound was prepared from l '-methyl-2.3,6.7-tettahydrospiro [furo[~.3-
f]indole-3.4'-piperidine] (D~) and 2,3'-dimethyl-4'-(5-methyl-1,3,4-oxaqiazol-2· 
yl)biphenyl-4-carboxylic acid (036) using a similar procedure to Example 1 (31 % ). This 
was convened to its oxalate salt and crystallised from acetone/methanol as a pale yellow 
solid mp. l 93-l 95°C. 

10 

15 

1H NMR (free base) (250 MHZ. CDC!,) a (ppm): 8.14.(br s. lH). 7.97 (d.·tH). 7.48 (s. 
. . . . 

lH). 7A2 (d. lH), 7.37-7.25 (m. 3H). 6.67 (s, lH), 4.40 (br s, 2H). 4.08 (br s, 2H), 3.06 (t, 
2H), 2.87 (br, 2H), 2.77 (s, 3H), 2.65 (s. 3H), 2.32 (s, 6H), 2.20-1.90 (m, 4H), 1.85-1.60 

(m, 2H). 

Example21 

l '-Methyl-5-(2'-methyl-4 '·( 4-methyltbiazol-2-yl)biphenyl-4-carbonyl)-2,3,6, 7-
tetrahydrospiro[furo[l,3-f]indole-3,4'-piperidine] 

20 The title compound was prepared from 2'-methyl-4'-(4-methylthiazol-2-yl)biphenyl-4-
carboxylic acid (D40) and 1 '-methyl-2.3,6,7-tetrahydrospiro [fmo[2,3-f]indole-3,4'­
piperidine] (08), following the procedure of Example 1. The oxalate salt crystallised from 

acetone as a buff powder. 

25 1H NMR (oxalate salt) (250 MHz, d'DMSO) a (ppm): 7 .• 8-8.0 (m, 3H), 7 .67 (d, 2H), 7.S2 
(d, 2H), 7 .40 (m, lH), 7.38 (s, lH), 6. 78 (s, lH), 4.51 (s, 2H), 4.06 (t, 2H), 3.40 (m, 2H), 
3.04 (t, 2H). 3.0 (m, 2H), 2.77 (s. 3H), 2.44 (s, 3H), 2.37 (s, 3H), 2.1 (m, 2H), 1.9 (m, 

2H). 

30 Example 22 

5-(4 '·Methox~carbonyl·l'·inethylbiphenyl-4-~rbonyl)-1'-methyl-2,3,6,7- · 
tetrabydrospiro[furo[2,3-fjindole-3,4' ·piperidine] 

The title compound was prepared from 1 '-methyl-2,3,6,7-tetrahydrospiro [furo[2,3-
35 fjindole-3,4'-piperidine] (08) and 4'-methoxycarbonyl-2'-methyl biphenyl-4-carboxylic 

acid (041) using a procedure similar to that of Example 1 (169'). 
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'H NMR (200 MHz. CDCl,) & (ppm): 8.12 (bf s. lH- low integration), 7.99 (s, lH), 7~91 

(d, lH), 7 .61 (d, 2Fi), 7 .39 (d, 2H), 7 .31 (d, lH), 6.68 (s, lH), 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) 

5 Example23 

5·(5' -Methoxycarbonyl-2'-methylbiphenyl-4-carbonyl)· l '-~ethyl-2,3,6, 7. 

tetrahydrospiro[furo[2,3-f]indole-3,4 '·piperidine] 

The title compound was prepared from 1 '-methyl-2.3,6,7-tetrahydrospiro [furo[2,3-

10 f]indole-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,) 8 (ppm): 8.12 (br s, lH- low integration), 7.98~7.89 (m, 

2H), 7 .62 (d. 2H), 7 .41-7 .28 (m, 3H), 6.63 (s. lH), 4.38 (br s, 2H), 4.09 (br s, 2H), 3.90 

15 (s, 3H). 3.09 {t, 2H), 2.90 (br s. 2H), 2.32 (s. 6H). 2.20-1.62 (m, 6H). 

20 

Example24 

5-(4 '-(Metbanesulphonamino )·2 '-methylbipbenyl-4-carbonyl]·l '-methyl-2,3,6, 7. 

tetrahydrospiro[furo[2,3-f]indole-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. 

25 1H NMR (oxalate salt) (250 MHz, d'DMSO) & (ppm): ·9.82 (b, lH), 7.96 (b, lH), 7.65 (d. 

2H), 7 .45 (d. 2H), 7 .20 (m, 3H), 6.78 (s, lH), 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). 

ExamplelS 

30 5-(4'-Hydrazinocarbonyl-2'-methylbiphenyl-4-carbonyl)-l '·methyl-2,3,6,7· 

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

A solution of 5-{ 4 '-mcthoxycarbonyl-2'-methylbiphenyl-4-carboDyl)-1 '-methyl-2,3,6,7-

tetrahydrospiro[furo[2,3-f)indole-3,4'-piperidine] (E22. 0.75g, 1.5 nunole) in methanol 

35 {25 ml) was treated with hydrazine monohydrate (1.05 ml) and heated under reflux 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 (0.6lg, 81 %). A SO mg portion was 
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purified by preparative TLC on. silica gel eluting with 20%. methanoVchloroform to afford 

the title compound as a white solid mp. 130-135°C. 

1H NMR (250 MHz, CDC13 + CD,OD) 3 (ppm): 8.11 (br s, lH), 7 .75 (s, lH), 7 .67 (dd, 

5 1H)7.62{d,2H), 7.42{d.2H}, 7.31{d,1H),6.70{s, 1H),4.40{brs,2H),4.12(brt,2H), 

. 3.10 {t, 2H}, 2.94 (br, 2H), 2.38 {br s, 3H), 2.33 (s, 3H), 2.30-2.00 (m, 4H), 1.90-1.70 (m, 

2H). . 

Example26 

10 l '·Etbyl-5-[2' -methyl4 '-{5·1'Detbyl-l,3,4-oxacliazol-2-yl)biphenyl-4·carbonyl]·2,3,6, 7. 
tetrahydrospiro[furo[2,3-f]indole-3,4'-piperidine] 

A stincd suspension of 2'-methyl-4'-(5-methyl- l ,3,4-oxadiazol-2-yl)biphenyl-4-carboxylic 

acid (DI l, 0.53g, 1.8 mmole) in thionyl chloride (8 ml) was h~ted at about 45°C for 30 

15 minutes, then concenttated in vacuo. The yellow solid was dissolved in 1HF (10 

ml)/dichloromethane (5 ml) and added. to a stirred solution of 1 '-ethyl-2,3,6,7-

tetrahydrospiro(furo[2,3-f)indole-3,4'-piperidine] (Dl09, 0.46g, 1.8 mmole) and 

ttiethylamine (0.50 ml, 3.6 mmole) in TI1F (15 ml) at 5°C under argon. The solution was 

stirred at room temp. for 2 h, then concenttated in vacuo. The residue was treated with 

20 10% NBiCO, solution and exttaeted with ethyl acetate. The exttact was dried CNBiSOJ, 

concenttated in vacuo and the residue chromatQgraphed 011 silica gel eluting with 3% 

methanoVchloroform ·and the yellow oil obtained passed through a shon basic alumina 

column eluting with ethyl acetate to afford the title compound as a beige foam (0.62g, 

68%). This was converted to its hydrochloride (mp 269-273°C) and mesylate (mp 275-

25 279°C) salts. 

1H NMR (free base) (250 MHz. CDCl,) 3 (ppm): 8.18 (br s, lH - low integration), 7.98 (d, 

lH), 7.91 (dd, lH), 7.63 {d, 2H), 7.42 {d, 2H), 7.37 (d, lH), 6.66 (s, lH}, 4.40 (br s, 2H), 

4.10 (br m, 2H), 3.08 (t, 2H), 3.05-2.90 (br m, 2H), 2.65 {s, 3H), 2.55-2.35 (br m, 2H), 
30 2.36 (s, 3H), 2.20-1.50 (in, 6H), 1.13 {br t, 3H). 

35 

Example27 
1 '-Methyl-S-(2'-methyl-5'·(5-metbyl-1,3,4-oxadiazol-2-yl)bipbenyl-4-carbonyl)-. 

2,3,6, 7-tetrabydrospiro[furo[l,3-f)indole-3,4 '·piperidine] 

The tide compound was prepared from 2'-methyl-S'-(S-methyl-1,3,4-oxadiaml-2-

yl)bipbenyl-4-carboxylic acid. {D4S) and l'-methyl-2,3,6,7-tettahydrospiro[furo[2,3-
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fjindole-3,4'-piperidine) (08) 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 • 

.. 
1H NMR (oxalate salt) (400 :MHz. d'DMSO)S (ppm): 7.98 (br s. lH), 7.91 (d. lH), 7.80 

5 (s, lH). 7.68 (m. 2H), 7.58 (d, lH), 7.54 (d, 2H), 6.77 (s. lH). 4.50 (s. 2H), 4.07 (br t. 

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). 

Example28 

1 O 5-(4 '-Carboxamido-2'-methylbiphenyl-4-carbonyl)-1'-methyl-2,3,6,7-
tetrahydrospiro[furo[2,3-f]indole-3,4'-piperidine] 

A suspension of 5-(4'-cyano-2'-methylbiphenyl-4-carbonyl)-1 '-methyl-2,3,6,7-

tettahydrospiro[furo[2,3-f]indole-3,4'-piperidine] (E9) (l30 mg, 0.28 mmol) in methanol 

15 (5 ml) was treated with 30% hydrogen peroxide (0.1ml)"and20% 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 pamtioned 

between water and ethyl acetate. The organic phase was dried (N1.zSO,) and concentrated 

in vacuo and the resultant solid chromatographed on silica gel eluting with methanol and 

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

1H NMR (400 MHz, CDCJ.,) a (ppm): 7.75 (s. lH). 7.65 (d. lH), 7.60 (d, 2H), 7.4-7.35 

(m, 2H), 7 .3 (d, lH), 6.64 (s, lH), 5.8 (br s, 2H), 4.35 (s. 2H), 4.1 (t. 2H), 3.05 (t. 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 

25 aromatic proton not observed) 

30 

Example29 
5-(4 '-Acetamido-2'-methylbiphenyl-4-carbonyl)-l '·methyl-2,3,6, 7-
tetrahydrospiro[furo[2,3-f]indole-3,4' -piperidine] 

The title compound was prepared from 4'-acetamido-2'-methylbiphenyl-4-carboxylic acid 

(047) and l '-methyl-2,3,6,7-tettahydrospiro[furo[2,3-f]indole-3,4'-piperidine) (D8) 

following a similar procedure to Example 1 using oxalyl chloride in place of thionyl 

chloride. as a yellow oil ( 43% ). This was convened to its oxalate salt which crystallised 

35 as a white solid from acetone. 

1H NMR (oxalate salt) (400 MHz, d'DMSO) S (ppm): 10.00 (s, lH), 7.95 (br s, lH), 7.62 

(d, 2H), 7.55-7.50 (m, 2H), 7.43 (d, 2H), 7.19 (d, lH), 6.77 (s, lH), 4.50 (s, 2H), 4.05 (t. 

-67-



W096/19477 PCT/EP95/04889 

2H), 3.40 (br, 2H), 3.08-2.93 (m. 4H). 2.75 (br s, 3H), 2.25 (s. 3H), 2.17-2.00 (m, 2H), 

2.06 (s. 3H). 1.94-1.80 (m. 2H) 

Example30 .. 

5 l;J,5,6,7 ,8-Hexabydro-1 '-metbyl-5-(2'·metbyl-4'-(5-metbyl·l,3,4-oxacliaml·2-

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

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

yl)biphenyl-4-carboxylic acid (Dl 1) and 2.,3,S,6,7 ,8-hexahydro-l '-methylspiro[fmo[2,3-

10 g]quinoline-3,4'-piperidine] (010) using a similar procedure to Example 1 as a white solid 

(62%). This was convened to its oxalate salt which was obtained as a white solid (mp 187-
1880 C) and hydrochloride salt (mp 176-180"C). 

1H NMR (free base) (200 MHz, CDCI,) 8 (ppm): 7.94 (s,.lH), 7.85 (d, lH), 7~4-7.3 (m, f 
15 2H), 7.28 -7.14 (m, 3H). 6.6 (s, lH). 6.35 (br s, lH), 4.26 (s, 2H). 3.94 (t, 2H), 2.78 (t, .,. 

2H), 2.71-2.55 (m, SH), 2.3 (s, 3H), 2.25 (s, 3H), 2.14-1.75. (m, 4H), 1.61-1.41Cii4H) 

Example31 

2~.$1,6, 7,S.Hexabydro-5-(4'-metbanesulpbonamino-2'-methylbipbenyJ-4-carbonyl)- . 

20 1 '-methylspiro[fur0[2,3-g]quinoline-3,41-piperidine] 

The title compound was prepared from 4'-(methanesulphonamino)-2'-methylbiphenyl-4-

carboxylic acid (044) and 2,3,S,6,7,8-hexahydro-l '-methylspiro[furo[2.3-g]quinoline-3,4'­

piperidine]· (D10) using a similar'proccdure to Example 1 as a white solid (46%). This 

25 was convened to its oxalate salt which was obtained as a white powder. mp 165-1700C 

1H NMR (free base) (200 MHz, CDCJ.,) 8 (ppm): 7.36-7.29 (m, 2H), 7.2-7.0 (m, 5H), 6.6 

(s, lH). 6.37 (br s, lH), 4.25 (s, 2H), 3.92 (t, 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) (one aromatic proton 

30 not observed) 

35 

Example32 .. .. 
1'-Methyl-S-[2'-metbyl4'-(5-methyl-1,2,4-oxadiazoJ-3-yl)biphenyl4-carbonylJ· 

2,3,6, 7-tetrahydrospiro[thiopheno(2~·fJindole-3,4 '·piperidine] 

l '-Methyl-2,3,6, 7-tettahydrospiro[ thiopheno[2,3-fjindole-3,4'-piperidihe] (053) (0.029g, 

0.112 mmol) was transfonned to give the title compound as a pale yellow oil (0.0SSg, 

93%) according to the method of Example 1. 
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'H NMR (200 MHz, CDC!,) S (ppm): 8.00 (m, 3H), 7 .62 (m, 2H), 7 .40 (m, 3H), 7 .05 (s, 

lH), 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)a. l.85 (br s, 2H) 

5 Example33 

1,2,3,5,6,7-Hexabydro-l '·metbyl-1-(2'-metbyl-4'·(5-methyl-1,3,4·oxadiazol-2-

yl)biphenyl-4-carbonyl)spiro[indeno[S,6-b )pyrrole-7 ,4'-piperidine] 

l;l,3,5,6,7-Hexahydro-1'-methylspiro[indeno[S,6-b]pym>le-7,4'-piperidine]isprepared 

10 from l-acetyl-2,3-dihydro-lH-indole-5-carboxaldehyde using a similar procedure to that 

described for compound 11 in Arch. Pharm. (Weinheim) 1991, 323, 35 and then convened 

to the title compound using a similar procedure to Example 1. 

Example34 

. 15 S-[4'-((N-Methanesulphonyl-N-metbyl)amino)-2'-methylbipbenyl-4-carbonyl]·l'· 

metbyl-2,3,6,7-tetrahydrospiro[furo[2,3-f')indole-3,4'-piperidine] 

This was prepaied from methyl 4'-[(N-methanesulphonyl-N-methyl)amino]-2'­

methylbiphenyl-4-carboxylate (054) following the procedure of Example 12. This gave 

20 the title compound as a white foam, which was convened into its oxalate salt, a light grey 
powder. 

1H NMR (oxalate salt) (250 MHz, d'DMSO) a (ppm): 7.97 (bs, lH), 7.67 (d, 2H), 7.48 (d, 

2H), 7.40 (s, lH), 7.32 (m, 2H), 6.79 (s; lH), 4.52 (s, 2H), 4.07 (t, 2H), 3.39 (m, 2H), 

25 3.28 (s, 3H), 3.0 (m, 7H), 2.77 (s, 3H), 2.30 (s, 3H), 2.1 (m, 2H), 1.9 (m, 2H). 

30 

Example JS 
5-(4 '·(Dimethylaminosulphonyl)biphenyl-4-carbonyl]-1'-methyl-2,3,6,7-

tetrahydrospiro[furo[2,3-f')indole-3,4'-piperidine] 

This was prepared from 4'-(dimethylaminosulphonyl)biphenyl-4-carboxylic acid (056) 

following the procedure of Example 1. This gave the title compound (88'11) as a yellowish 

foam, which was triturated in acetone to give a white powder. 

35 1H NMR (250 MHz, d'DMSO) 3 (ppm): s~o (m. 3H), 7.86 (m, 4H), 7.7 (m, 2H), 6.72 (s, 

lH), 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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5·[4 '·(Methanesulphonyl)biphenyl-4-carbonyl]· l '·methyl-2,3,6, 7. 
tetrahydrospiN[furo[l,3-f)indole-3,4 '-piperidine] 

PCT/EP95/04889 

5 This was prepared from 4'-(methanesulphonyl)biphenyl-4-carboxylic acid (DS7), 
following the procedure of Example 1. This gave the titlecompound:(73%) as a pale 
yellow foam, which was ttiturated with acetone/ether to give a white powder. 

1H NMR (250 MHz. d'DMSO) 3 (ppln): 8.02 (m. SH). 1~s1 (d, 2H). 7.72 (d, 2H). 6.71 (s. 
IO lH), 4.37 (s, 2H). 4.03 (t, 2H), 3.28 (s, 3H). 3.01 (t. 2H), 2.75 (m. 2H), 2.20 (s, 3H), 1.9 

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

Example37 

5-[4'-(N,N-Dimethylcarbamoylamino)·2'·methylbiphenyl-4-carbonyl]-1 '·metbyl· f 
15 2,3,6, 7-tetrah_ydrospiro[furo[2,3-f)indole-3,4'·piperidine] 

This was prepared from 4'-(N,N-dimethylcarbamoylamino)-2'-methylbiphenyl-4-
carboxylic acid (D59), following the procedure of Example 9, but using dichloromethane 
as solvent throughout. This gave the title compound (35%) as a glass, which was 

20 converted to its oxalate salt, a cream. solid. 

2S 

1H NMR (oxalate salt) (250 MHz. d'DMSO) 3 (ppm): 8.32 (s. lH). 7.95 (b s. lH), 7.61 (d, 
2H), 7.45 (m, 4H), 7.l2·(d, lH). 6.77 (s, lH), 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), 223 (s; 3H), 2.05 (m, 2H), 1.85 (m, 2H). 

Example38 

5·[4 '·(Etboxycarbo~ylamino)-2 '·methylbiphenyl-4-carbonyl]·l '·methyl-2,3,6, 7. 
tetrahydrospiro[furo(ltJ-f)indole-3,4 '·piperidine] 

30 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 convened to its hydrochloride salt, a white powder. 

1H NMR (HO salt) (200 MHz, d'DMSO) a (ppm): 10.5 (b, lH), 9.70 (s. lH). 8.94 (b s, 
35 lH), 7.62 (d, 2H), 7.43 (m. 4H), 7.18 (d, lH); 6.78 (s, lH), 4.51 (s, 2H), 4.14 (q, 2H), 

4.07 (t, 2H), 3.4 (~ 2H), 3.1 (m, 4H), 2.78 (s, 3H), 2.24 (s, 3H), 2.2 (m, 2H), 1.9 (m, 
2H). 1.26 (t, 3H) 
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Example39 

5·[4 • ·(4,S-Dimetbyl-1,2,4·triazol·3..;yl)·2' -metbylbiphenyl-4-carbonyl]-l '·metbyJ. 

2,3,6, 7-tetrabydrmpiro[furo[2,3-f]indole-3,4 '·piperidine] 

5 This was prepared from 4'-(4,5-dimethyl-l,2,4-aiazol-3-yl}·2'-methylbiphenyJ-4-

carboxylic acid (064), following the procedure of Example 9.~ This gave the tide 

compound (27%) as a white solid. 

1H NMR (200 MHz. CDCl,) a (ppm): 8.13 (b, 18), 8.00 (s, 18), 7 .. 93 (d, lH), 7 .. 61 (d, 

10 2H), 7.42 (d, 2H), 7.29 (d, lH). 6.66 (s, lH), 4.38 (s, 28), 4.11'(b,2H), 3.87 (s, 3H), 3.07 

(t, 2H), 2.85 (m, 2H), 2.52 (s, 38), 2.36 (s, 38), 2.32 (s, 3H), 2.05 (m, 4H), 1.85 (m, 2H). 

Example40 

1 • -Metbyl-6-(2'-methyl-4' ·(5-methyl-1,3,4-oxadiazol-~-yl)biphenyl-4-carbonyl]· 

15 2,3, 7,8-tetrahydrospiro[4H-pyrano(2,3-f]indole-4,4 '·piperidine] 

20 

25 

This was prepared from 1 '-methyl-2,3,7,8-tetrahydrospiro[4H-pyrano[2.3-f)indole-4,4'­

piperidine] (070), following the procedure of Example 5. This gave the tide compound 

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

1H NMR (oxalate salt) (400 MHz, d'DMSO) ~(ppm): 7.96 (m, 2H), 7.89 (d, lH), 7.69 (d, 

2H), 7 .54 (d, 2H), 7 .48 (d, lH), 6.94 (s, lH), 4.32 (m, 18), 4.07 (t, 28), 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) 

Example41 

1 '-Metbyl·5•(2'·metbyl-4'·(S·methyl-1,3,4-thiadiazol-2-yl) biphenyl-4-carbonyl)· 

2,3,6, 7-tetrahydrmpiro[furo[l,3-f]indole-3,4 '·piperidine] 

30 Crude 2'-methyl-4'-(5-metbyl-1,3,4-thiadiazol-2-yl)biphenyl-4-carboxylic acid (073, 500 

mg) and 1 '-medlyl-2,3,6,7-tettahydrospim[furo[2,3-f]indole-3,4'-piperidine] (08) affolded 

the tide compound according to the general method of Example 1.. Preparative HPLC 

afforded 10 mg of pure compound. 

35 1H NMR (400 MHz. CD,OD) 6 (ppm): 8.02 (br s, lH), 7 .91 (s, IH), 7 .85 (d, lH), 7 .69 (d, 

2H), 7.52 (d, 2H), 7.41 (d, lH), 6.76 (s, lH), 4.56 (s, 2H), 4.18 (t, 2H), 3.62-3.51 (m, 2H), 

3.Zl-3.0S (m. 4H), 2.94 (s, 3H), 2.83 (s, 3H), 2.38 (s, 3H), 2.29-2.00 (m, 4H). 
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Example42 

5-(2 '-Metbyl-4'-(S-methyl-l,3,4-oxadiazol-2·yl)bipbenyl-4-carbonyl)· l '·n-propyl-

2~, 7-tetrabydrospiro[furo[2,3-f]indoie-3,4' ·piperidine] -
S 1-Bromopropane (0.07 ·ml, 0.80 rnmole) and sodium Carbonate (226mg, 2.13 mmole) were 

added to a stirred solution of S'."(2'-methyl-4'-(5-methyl-l,3,4-oxadiazol-2-yl)biphenyl-4-

carbonyl)-2,3,6, 7-tettahydrospiro[furo[2,3-fjindole-3,4'-piperlcime) (E3, 270mg, 0.53 

mmole) in ethanol (10 ml). This mixtme was heated under reflux for 31 hours. The 

reaction mixtuie was concentrated in vacuo and the residue treated with water (15 ml) and 

10 extracted with chloroform. ··The organic extract was driCd <N&zSOJ, concentrated in vacuo 
and the residue chromatograph~ on silica gel eluting with 0-6% methanol/chloroform to 

afford the title compound as a yCUow gum (194mg, 67%) •. This was converted to its 

hydrochloride salt and crystallised from ether m.p. 263-266°C. 

15 H1 NMR (free base); (250 MHz. CDCl,) 8 (ppm): 8.15 (br s, lH - low integration), 7 .99 

{s, lH), 7.91 (dd~ lH), 7 .64 (d, 2H), 7.42 (d, 2H), 7 .37 (d, lH), 6.67 (s, lH), 4.40 (br s, 

2H). 4.10 (br s, 2H), 3.07 (t, 2H), 2.94 (br s, 2H), 2.66 (s, 3H), 2.37 (s, 3H), 2.33 (br t, 

2H), 2.22-1.38 (br m, SH), 0.92 (t, 3H). 

20 Example 43 

1'-Methyl·S-(2'-metbyl-4'·(5-methyloxaml-2-yl)biphenyl-4-carbonyl)-2,3,6,7. 

tetrahydrospiro[furo[2,3-0indole-3,4'·piperidine] 

The title compound was prepared from 2'-methyl-4'-(S-mcthyloxazol-2-yl)biphenyl-4-

25 carboxylic acid (076) and 2,3,6,7-tetrahydrospiro[fmo[2,3-fjindole-3,4'-piperidine] (08) 

following the procedlD'C of Example 1 (58% ). This was convened to its oxalate salt and 

crystallised from acetone/methanol as a white solid m.p. 230-Z33°C .. 

1H NMR (free base) (250 MHz. cDCl,) ()(ppm): 8.14 (br s, lH - low integration). 7.95 (s, 

30 lH), 7.87 (d, lH), 7.61(d,2H), 7.41(d,2H), 7.32 (d, lH), 6.85 (s, lH), 6.66 (s, lH) •. 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 Cm. 6H). 
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Example44 

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

tetrahydrospiro(furo[l,3-f)indole-3,4 '·piperidine] 

5 The title compound was prepared from.1'-methyl-2,3,6.7-tettahydrospiro [furo[2,3-

f]indole-3,4'-piperidine] (D8) and 2'-methyl-4'-(3-methyliso~l-5-yl)biphenyl-4-

carboxylic acid (D79) using a procedure similar to that of Example 1 (58%) m.p. 224-5°C. 

1H NMR (250 MHz. CDCl,) 8 (ppm): 8.15 (br s, lH), 7 .72-7 .55 (m. 4H), 7 .45-7 .24 (m, 

10 3H), 6.67 (s, lH), 6.4 (s, lH), 4.38 (s, 2H), 4.20-4.0 (m, 2H), 3.07 (t, 2H), 2.95-2.71 (m, 

2H); 2.37 (s, 3H), 2.32 (s, 6H), 2.2-1.5 (m, 6H). 

Example45 

l'-Methyl-S-(2'-methyl-4'·(5-methylisoxazol-3-yl)biphenyl-4-carbonyl)-2,3,6,7-

15 tetrahydrospiro[furo[2,3-f)indole-3,4'·piperidine] 

20 

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

f]indole-3,4'-piperidine] (08) and 2'-methyl-4'-(5-methylisoxuol-3-yl)biphenyl-4-

~arboxylic acid (D83) using a procedure similar to that of Example 1 (75%) m.p. 197-9°C. 

1H NMR (200 MHz, CDC!,) a (ppm): 8.15 (br s, lH), 7 .78-7.55 (m, 4H). 7 .45-7 .2 (m, 

3H), 6.65 (s, lH), 6.32 (s, lH), 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). 

25 Example 46 

2.3.S,6, 7,8-Hexabydro-1 '·metbyl·5·(4 '·(5-dimethylamino-l,2,4-oxadiazol-~yl)·2' • 

methylbiphenyl-4-carbonyl)spiro(furo(2,3-g]quinoline-3,4'·piperidine] 

The title compound was prepared from 4'-(5-dimethylamino-1,2,4-oxadiazol-3-yl)-2'-

30 methylbiphenyl-4-carboxylic acid (D14) and 2,3,5.6,7,8-hexahydro-l'­

mcthylspiro(fmo[2,3-g)quinoline-3,4'.;piperidine] (010) using a procedure similar to that 

of Example 1 (26% ). This was converted to the hydrochloride salL M.p. 118-1200C. 

1H NMR (free base) (200 MHz, CDC!,) & (ppm): 7.9 (s, lH), 7.82 (d, lH), 7.4-7.U (m, 

35 SH), 6.6 (s, lH), 6.35 (br s, lH), 4.25 (s, 2H), 3.94 (t, 2H), 3.2 (s. 6H), 2.77 (t, 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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Example47 

2,J.f>,6,7,8-Hexahydro-l'·methyl-5-(4'-(5-ethyl-1,3,4-oxadiuol·2-yl)·2'· . 

methylbiphen11-4-carbonyl)spiro[furo[2,3-g]quinoline-3,4'·piperidine] 

S The tide conipound was prepared from 4'-(5-ethyl-l,3,4~1-2-yl)-2'-. 

methylbiphenyl-4-carboxylic acid (032) and 2,3,5,6,7 ,8-hexahydro-l '­

methylspiro[furo[2,3-g]quinoline-3.4'-piperidine] (010) using a procedure similar to that 

of Example 1 (19%). This was convened to its hydrochloride salt, as a white solid. M.p. 

241-3°C. 

10 
1H NMR (free base) (200 MH~ CDCI,) a (ppm): 7.94 (s, lH), 7.85 (d, lH), 7.4-7.11 (m, 

SH), 6.59 (s, lH), 6.36 (br s, lH), 4.26 (s, 2H), 3.95 (t, 2H), 2.98 (q, 2H), 2 78 (t, 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). 

15 Example 48 

2.;J.,5,6, 7,8-Hexahydro-l '-methyl-S-(4 '-methoxycarbonyl-2'-methylbiphenyl-4-

carbeftlyl)spiro ·cturo[2,3-g]quinoline-3,4'·piperidinel. 

The tide compound was prepared from 2,3,5,6,7 ,8-hexahydro- l '-methylspiro[fum[2,3-

20 g]quinoline-3,4'-piperidine] (D 10) and 4'-methoxycarbonyl-2'-methylbiphenyl-4-

carboxylic acid (041) using a procedure similar to that of.~ample 1 (46%). 

1H NMR (200 MHz. CDCI,) a (ppm): 7.93 (s, lH), 7.87 (d, lH), 7.35 (~ 2H), 7.24-7.1 

(m, 3H), 6.6 (s, lH), 6.35 (b s, lH), 4.26 (s, 2H), 4.0-3.85 (m, SH), 2.79 (t, 2H), 2.7-2.55 

25 (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). 

30 

35 

Example49 

2,3,S,6,7,8-Hexahydro-l'·methyl-S-(4'-hydrazinocarbonyl-2'-methylbiphenyl-4-

carbonyl)spiro[furo[2,J·g]quinoline-3,4'·piperidine]. 

The title compound was prepared from 2,3,5,6,7,8-hexahydro-l'-methyl-S-(4'­

methoxycarbonyl-2'-methylbiphenyl-4-carbonyl)spiro[furo[2,3-g]quinoline-3,4'­

piperidine] (E48) and hydrazine monohydrate, using a procedure similar to that of 

Example 25 (90% ). 

1H NMR (200 MHz. coo,>. a (ppm): 1.1-1.5 cm. 3H), 1.35 <d. m>. 1.2S-1.1 cm. 3H), 6.6 

(s, lH), 6.35 (br s, lH), 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 SO 

2,3.$,6, 7 ,8-He,pbydro-l '-methyl·S·(2' •methyl-4' ·(1,3,4-oxadiazol-2-yl)bipbenyl-4-

carbonyl)spiro[furo(2,3-g]quinoline-3,4 '·piperidine] 

A suspension of 2,3,5,6,7 ,8-hexahydro-l '-methyl-5-(4'-hydrazi~ocarbonyl-2'­

methylbiphenyl-4-carbonyl)spiro[furo[2,3-g]quinoline-3,4'-piperidine] (E49) (794 mg) in 

triethylonhofonnate (25 ml) was heated at reflux overnight. The mixture was 

concentrated in vacuo and the residue refluxed overnight in xylene (40 ml) to complete 

10 cyclisation. The xylene was evaporated under teduced pressure and the residue purified 

by chromatography on silica gel, eluting With chlorofonn and methanol, to afford the title 

compound (470 mg, 58%). The hydrochloride salt precipitated from acetone as a white 

solid. 

15 1H NMR (free base) (200 :MHz. CDC!,) a (ppm): 8.49 (s, lH), 8.0 (s, lH), 7.92 (d, lH), 

7.38 (d, 2H), 7.3.:7.15 (m, 3H), 6.6 (s, lH), 6.38 (br s, lH), 4.26 (s, 2H), 3.95 (t, 2H), 2.79 

(t, 2H), 2.72-2.58 (m, 2H), 2.3 (s, 3H), 2.26 (s, 3H), 2.15-1.41 (m. SH)~ 

Example SI 

20 I' -Metbyl-S-(2 '-methyl-4 '-pyrazinylbipbenyl-4-earbonyl)-2,3,6, 7-

tetrahydrospiro[furo(2,3-f)indole-3,4'-piperidine] 

l '-Methyl-2,3,6, 7-tetrahydrospiro[ furo[2,3-f)indole-3,4'-piperidine] (0.098g, 0.403 mmol) 

(08) was dissolved in toluene (5 ml) and was treated With trimethylaluminium (2.0 M in 

25 hexane) (0.810 ml, 1.612 mmol) with stirring under arion. After 0.2Sh, 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 stin'ed at room temperature. The reaction 

mixture was then poured onto a sluny of silica gel (9385 - 20 ml) in dichloromethane (30 

30 ml). After effervescence bad ceased, the sluny was filtered and the filter pad was washed 

with 20% MeOH/c:HiCli (-200 ml). The filtrate was then evaporated under reduced 

pressure to give a brown oil, which was pUrified by silica-gel chromatography (9385, 10% 

MeOH/c:HiCli as eluant) to give the title compound as a cream solid (0.09lg, 44%). 

35 1H NMR (2SO MHz. CDCl,) a (ppm): 9.08 (s, lH), 8.68 (t, lH), 8.52 (d, lH), 8.14 (br s, 

lH), 8.00 (s, lH), 7.90 (dd, lH), 7.62 (d, 2H), 7.42 (d, 2H), 7.38 (d, lH), 6.70 (s,· lH), 

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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Example52 

l'·Methyl·S·li'-methyl-4'-(S·~ethyl-l,2,4-oxadiazolyl-3·yl)biphenyl-4-carbonyl]·l· 

oxo-2,3,6,7-tetrahydrospiro[thiopheno[l;J·fJindole-3,4 '·piperidine] 

A solution of l '-methyl-5-[2' -methyl-4'-(5-methyl-1,2,4-oxadia:ml-3-yl)biphenyl-4-

. carbonyl]-2,3,6,7-tetrahycirospiro[thiopheno[2,3-f]indole-3A'-Piperidine] (E32, O. lOOg, 

0.187 mmol) in methanol(lO ml) was treated with a solution of sodium periodate (0.200g, 

0.935 mmol) in water (1 nll) with stirring. After 20 h, waacr (10 ml) was added and the 

10 methanol present was.removed by evaporadon under teduced pressure to give a white · 

suspension. The suspension was then-exttacted with dichloromethane·(3·x 25 ml)~-- .The 

combined organic layers were then dried <N&iS04) and evaporated under teduccd pressure 

to give a colourless oil, which was purified by prepamtive Ll.c. to give the title compound 

as a white foam (0.055g, 53%) which was subsequently ci>nvened to its hydrochloride f 
15 salt. 

20 

1H NMR (200 MHz. CDCI,)_(frec base): 8.03 (s. lH), 7.9~ (d, lH), 7.65 (s, lH), 7.60 (d, 

2H), 7.40 (m, 4H), 4.21(t,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 SJ 

l'·Methyl·S-[2'-methyl-4'-(l-methylimiclazol-2-yl)biphenyl-4-carbonyl]-2,3,6,7-

tetrahydrospiro[furo[2,3~f]indole-3,4'·piperidine] 

25 2'-Methyl-4'-(l-methylimidazol.;2-yl)biphenyl-4-carboxylic acid ·(D9o, 310 mg, 1.06 

mmol) was heated at reflux in thionyl chloride (10 ml) for 30 minutes, cooled, evaporated 

in vacuo and the orange residue redissolved in dry TIIF (10 ml). l'-Methyl-2,3,6,7-

tetrahydmspiro[ furo[2.3-f]indole-3,4'-piperidine] .(D8, 260mg, 1.06 mmol) and 

aiethylamine (0.15 ml, 1.06 mmol) were added and the mixmre stirred for 72 hours. The 

30 mixture was evaporated in VtlCUO, the residue panitioned between HiO and CHO, (4 

times) and the organics combined.,. dried over N&iS04, filtered and evaporated in vacuo. 

The residue was purified by flash silica-gel chromatography with 2% MeOH/CHCl, as 

eluant to yield the title compound as a pale yellow gum (224 mg, 41 %) which was 

convened to the hydrochloride salt. 

35 
1H NMR (free base) (200 MHz, CDCl,) &: 7.60-7.30 (m, 9H), 7.15 (s, lH), 6.65 (s, lH), 

4.35 (d. 2.li), 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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Example54 

t'-Methyl·5·[i'-methyl-4'·(1·methylimidazol·S·yl)biphenyl-4·carbonyl]·2,3,6,7-

tetrahydrospiro[furo[2,3-f]indole-3,4'·piperidine] 

2'-Methyl-4'-(l-methylimjdaml-S-yl)biphenyl-4-carboxylic atjd (D93, 300 mg, 1.0 mmol) 

was heated at reflux in thionyl chloride (15 ml) for 1 hour, cooled and evaporated in 
vacuo. The residue was redissolved in dry 1HF (10 ml) and treated with l '-methyl-

2,3,6,7-teaahydrospiro[furo[2,3-f]indole-3,4'-piperidine] (08, 250 mg, 1.0 mmol) and 
10 triethylamine (143ul, 1.0 mmol) then stirred for 18 hours. The reaction mixture was 

evaporated in vacuo, partitioned between water and CHO, (3 times) and the organic 

extraets combined. The organics were dried over N8zSO,. and evaporated in vacuo to an 

~ge gum. The gum was purified by flash silica gel chromatography (eluting with 

3%MeOH/CHCl,) to yield the title compound as a pale yellow gum (200 mg, 38%) which 

15 was convened to the hydrochloride salt. 

20 

1H NMR (free base) (200 MHz, CDCl,) a (ppm): 7.65-7.50 (m, 3H}, 7.40 (d, 2H), 7.35-

7.20 {m, 4H}, 7.15 (s, lH), 6.65 (s, lH), 4.35 Cs. 2H), 4.10 (s, 2H), 3.75 (s, 3H}, 3.05 (t, 

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

Example SS 
5-[4'·(5-Hydroxymethyl-1,2,4-oxadiazol-3-yl)·2'·methylbiphenyl-4-carbonyl]·l'· 

methyl-2,3,ti, 7-tetrahydrospiro[furo[2,3-f]indole-3.4'·piperidine] 

25 A stirred solution of 1'-methyl-2,3,6,7-teaahydrospiro[furo[2,3-f]indole-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 mmole) and kept at room temp. for 20 minutes. 

A solution of methyl 4'-[5-(t-butyldimethylsilyloxy)-1,2,4-oxadiazol-3-yl]-2'­

methylbiphenyl-4-carboxylate (D95, 0.6lg, 1.4 mmole) in toluene (10 ml) was added and 
30 the stirred mixture heated under reflux for 3 hours. The solution was allowed to cool and 

then poured into a stirred slmry of silica gel (10g) in dichloromethane (30 ml). This was 

packed into a column and eluted with 10% methanoVchloroform. The concenaated eluant 

(0.8g) was dissolved in TiiF (50 ml) and treated with teaaethylammonium fluoride (100 

mg), then the mixture was stirred at room temp. for 1 hour, before concenaating under 

35 vacuum. The residue was treated with 10% N&iCO, s0lution and extracted with 

dichloromethane. The exaact was dried CN&iSO.), concentrated in vacuo, and the residue 

chromatographed on silica gel eluting with 0-5% methanoVchloroform to afford the title 
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compound as pale yellow oil (0.28g, 30% ). This was convened to its hydrochloride salt 
m.p. 273-278°C. · 

.. 
1H NMR (250 MHz, CDC!,) a (ppm): 8.13 (br s, lH - low integration), 8.02 (s, lH), 7.96 

5 (d. lH), 7.60 (d, lH), 7.40 (d, 2H), 7.32 (d. lH), 6.67 (s, lH), 4.96 (s, 2H), 4.40 (br s, 
2H). 4.10 (br m. 2lJ), 3.07 (t, 2H), 3.0-2.7 (br m. 2H), 2.31 (s, 6H), 2.4-1.6 (m, 7H). 

Example56 
1 '-Metbyl·5·(2'-metbyl-4'-(5·methyl·l,2,4-oxadiazol·3·yl)bipbenyl-4-carbonyl).J '. 

1 o oxo-2~,7-tetrabydrospiro[furo[2,3-ninclole-3,4'·piperidine] 

A stilTed solutiQn of 1 '-methyl-5-(2'-methyl-4'-(5-mcthyl-1,2,4-oxadiazol-3-yl)biphenyl-4-
carbonyl)-2,3,6,7-tettahydrospiro[furo[2,3-f]indole-3,4'-pipcridine] (El, 300 mg, 0.57 
mmole) in chlorofonn (20 ml) at -20°C under argon was treated with a dried CN&zSOJ f 

15 solution of 3-chloroperoxybenzoic acid (207 mg of 50-60% _comm~ial purity) in. 
chlorofonn (5 ml). The mixture was allowed to warm to room temp. over 20 minutes. 
then washed with 10% N&zCO, solution, dried CN&zSO,) and concentrated in vacuo to leave 
a beige solid. This was chromatographed on silica gel eluting with 0-20% 
methanol/chloroform and the product crystallised from acetone to afford the title 

20 compound as a white solid (120 mg, 39%) m.p. 223-229°C. 

1H NMR (250 MHz. CoCl,) a (ppm): 8.25 (br s, lH - low integration), 8.00 (d. lH), 7 .96 
{dd, lH), 7.62 {d, 2H), 7.42 (d, 2H), 7.37 (d, lH), 6.70 (s, lH), 4.45 (s, 2H), 4.12 (t, 2H), 
3.48-3.18 {in. 4H). 3.31(s,3H). 3.14-2.90 {m, 2H). 3.07 (t, 2H), 2.69 (s. 3H), 2.35 (s, 

25 3H), 1.80-1.63 (m, 2H). 
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ExampleS7 

1' -Metbyl-5•[2'-methyl-4' ·(l,2,4-triazin-3-yl)biphenyl-4-carbonyl]-2,3,6, 7-

tetrabydrospiro[furo[2,3-f]indole·3,4 '·piperidine] 

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

yl)biphenyl-4-carboxylic acid (098, 0.25g, 0.80 mmol) ac~g to the method of 

Example 1. This was convened to its hydrochloride salt. 

1H NMR (HCl salt) (250 MHz. CD,OD) 8 (ppm): 9.30 (d. lH), 8.90 (d, lH), 8.50 (s, lH), 
10 8.45 (d, lH), 8.10 (br s. lH), 7.75 (d, 2H), 7.60 (d, 2H). 7 .50 (d, lH), 6.8~ (s. lH), 4.60 

(s, 2H), 4.20 (m. 2H), 3.65-3.55 (m. 2H), 3.28-3.10 Cm. 4H). 2.95 (s. 3H), 2.45 (s. 3H)~ 

2.40-2.20 (m. 2H), 2.15-2.00 (m, 2H). 

Example SS 
· 15 ~,6,7,8,9-Hexahydro-1 '-methyl-6-(2'-metbyl-4'·(5·~tbyl -1,3,4-oxadiaml-2· 

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

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

(D 11, 184 mg, 0.0006 mmole) in thionyl chloride (5 ml) under an argon aanospherc was 

20 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 ttcated with 2,3,6,7 ,8 .• 9-hexahydro-1 '-methylspiro[4H-pyrano[2,3-g]quinoline-

4,4' piperidine] (0107.150 mg, 0.0006 mole) in dichloromethane (5 ml) and triethylamine 

( 100 ul, 0.0007 mole). The solution was stirred at room temp. for 15 hrs, then 

25 concentrated in vacuo. The residue was pmified by chromatography on silica gel eluting 

with 8% methanoVdichloromethane to afford the title compound (105 mg. 31%). 

1H NMR (200 MHz. CDCI,) 8 (ppm): 7.93 (s, lH), 7.87 (d, lH), 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, 

30 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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Example59 

l '·Ethyl-5·(2'·methyl-4 '·(5-methyl-l,3,4-oxadiaml-2-yl)biphenyl-4-carbonyl)·l '-oxo-
2,3,6, 7-tetrahydrospiro[furo[l,3-fJindole-3,4 '~piperidine] 

5 The title compound was prepared from l'-ethyl-5::[2'~methyl-4'-(5-methyl-l,3,4-oxadiazol-

2-yl)biphenyl-4-carbonyl]-2,3,6,7-tettahydn>spiro[furo[2,3-fJin4ole-3,4'-piperidine] (E26) 

using a similar procedure as in Example 56 to yield an off white solid ( 16% ). 

1H NMR (250 MHz, CDC!,) 6 (ppm): 8.22. (br s, lH - low integration), 7.98 (s, lH), 7.91 
10 (d, lH), 7.64 (d, 2H), 7.48-7.30 (m, 3H)~ 6.69 (s, lH), 4.48 (br s, 2H), 4.11(brm,2H), 

3.57-2.76 (m, lOH), 2.66 (s, 3H), 2.36 (s, 3H), 1.72 (br d, 2H), 1.49 (br t, 3H). 

Example60 

l'·Ethyl-5·[4'·(5·methyl-l,3;4·oxadiazol·l-yl)biphenyl-4-carbonyl]·2,3,6,7-
15 tetrahydrospiro[furo[2,3-f')indole-3,4'·piperidine] 

The title compound was prepared from 4'-(5-methyl-1,3,4-oxadiazol-2-yl)biphenyl-4-

carboxylic acid (Dl 1) and 1 '-ethyl-2,3,6,7-tet(atiydrospiro(furo[2,3-f]indole-3,4'­

piperidine] (D 109) using a similar procedure as .iiat outlined in Example l, to afford the 

20 title compound·as a yellow gum (31 % ). This was. convened to.its hydrochloride salt to 

yield an off white solid m.p. 245-249°C. 

1H NMR.(HCl salt) (400 MHz, d'DMSO) 6 (ppm): 8.09 (d, 2H), 7.98 (d, 2H), 7.95 (br s, 

lH), 7.88 (d, 2H), 7.72 (d, 2H), 6.77 (s, lH), 4.52 (s, 2H), 4~06 (t, 2H), 3.50 (br d, 2H), 

25 3.12 (m, 2H), 3.10-2.93 (m, 4H), 2.61(s,3H), 2.25(brm,2H),1.90 (brd, 2H), 1.29 (t, 

3H). 

Example61 

l '·Ethyl-5-(4 '·hydrazinocarbonyl-2' -metbylbiphenyl-4-earbonyl)-2,3,6, 7. 
30 tetrahydrospiro[furo[2,3-f]indole-3,4'·piperidine] 

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

carbonyl]-2,3,6,7-tetrahydrospiro[furo[2~3-fjindole-3,4'-piperidine] (E26, 2.Sg, 4.7 

mmole) in methanol (600 ml) was treated with IM hydrogen chloride in ether (30 ml, 30 

35 mmole) ~ kept at room temp. for 20 homs, then concennted in vacuo. The residue was 

tremed with 10% N&zCO, solution (200 ml) and chloroform (500 ml), stiired well for 20 

minutes, then the chlorofonn layer separated, dried and concentrated in vacuo. The 
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residue was crystallised from ethyl acetate to afford the title compound as a beige solid 

(0.94g, 39%) m.p. 222-225°(:. 

1H NMR (250 MHz, CDCI,) 8 (ppm): 8.17 (br s, lH- low integration), 7.71 (s, lH), 7.67-

5 7.55 (m, 3H), 7.50 (br s, lH), 7 .38 (d, 2H), 7.28 (d, lH), 6.67 (s, lH), 4.50 (br s. 2H), 4.3-

3.9 (br s, 4H), 3.09 (t, 2H), 2.98 (br s, 2H), 2.50-2.38 (m, 2H), 7.34 (s, 3H), 2.22-1.41 (m, 

6H), 1.13 (br t, 3H). 

Example62 

1 O 5·[4 '·(Acetylhydrazinocarbonyl)·2'-methylbipbenyl-4-carbonyl]·l '-etbyl-2,3,6, 7. 

tetrahydrospiro[furo(2,3-f]indole-3,4'·piperidine] 

To a stirred solution of l '-ethyl-5-(4'-hydrazinocarbonyl-~'-methylbiphenyl-4-carbonyl)-

2,3,6,7-tettahydrospiro[furo[2-3-f]indole-3,4'-piperidine]_ (E61, 1.00g, 1.96 mmole) in' 

15 chlorofonn (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 concc;:nrrated in 

vacuo. Toluene was used to az.eotrope out the excess acetic anhydride. The residue was 

dissolved in chloroform. washed with 10% N'2C0, solution and the organic phase dried 

<N'2S0,), then concentrated in vacuo. The residue beige solid was chromatographed on 

20 silica gel, eluting with 0-12% methanol in chloroform to afford the title compound as a 

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

1H NMR (250 MHz. CDCl,) 8 (ppm): 9.02 (br s. lH), 8.17 (br s, lH-low integration), 7.76 

(s, lH), 7.71 (dd, IH), 7.61 (d, 2H), 7.37 (d, 2H), 7.29 (d, lH), 6.67 (s, lH), 4.40 (br s. 
25 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 t, JH). 

Example63 

S-[4'·(5-Methoxymethyl-1,2,4-oxadiaml·3-yl)-2'·methylbiphenyl-4-carbonyl]·l'-

30 methyl-2,3,6, 7-tetrahydrospiro[furo(2;3-f)indole-3,4'-piperidine] 

The title compound was prepared from 4'-(S-melhoxymethyl-1,2,4-oxadiazol-3-yl)-2'­

methylbiphenyl-4-carboxylic acid (Dl 12) and l'-methyl-2,3,6,7-tettahydrospiro[fmo[2,3-

f)indole-3,4'-pipcridine] (D8) using a similar procedure as described in Example 1. This · 

35 afforded the title compound as a pale yellow solid (6290), which was convened to its 

hydrochloride salt to give an off white solid m.p. 247-2S1°C. 
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1H NMR (free base) (250 MHz. CDC!,) S (ppm): 8.15 (s, lH- low integration), 8.06 (S. 

lH), 8.00 (dd; IH), 7 .63 (d. 2H), 7 .42 (d, 2H). 7 .36 (d. IH), 6.68 (s, lH), 4.79 (s, 2H), 

4.41 (br s. ~ 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'4 

5·[4'·(4,5-Dihydrooxaml-2-yl)-2'·methylbipbenyl-4-carbonyl]·l'-methyl-2,3,6,7-
tetrabydrospiro[furo[2,3·fJindole-3,4'·Piperidine] 

10 This was prepared from methyl 4'-(4,5-dihydrooxuol-2-yl)-2'-methylbiphenyl-4-
carboxylate (Dl 14) and 1 '-methyl-2,3,6,7-iettahydrospiro[furo[2,3-f)indole-3,4'-piperidine 
(D8) following the procedure of Example 12. This gave the title compound (35%) as a 
light yellow solid. 

15 1H NMR (200 MHz. CDCI,) S (ppm): 8.15 (b, lH), 7.89 (s, lH), 7.82 (d, lH), 7.60 (d, 
2H), 7 .39 (d, 2H), 7 .28 (d, lH), 6.66 (s, lH), 4.46 (t, 2H); 4.38 (s, 2H), 4.09 (t, 2H), 4.0-
4.2 (b, 2H), 3.06 (t, 2H), 2.87 (m. 2H), 2.32 (s, 6H), 1.9-2.3 (m, 4H), 1.6-1.9 (m. 2H). 

Example65 
20 5-[4'·(2-(N,N•Dimethylamino)acetamido)-2'-methylbiphenyl-4-carbonyl]-1 '·methyl-

2,3,6, 7-tetrabydrospiro[furo[l,3-f]indole-3,4'-piperidine] 

4'-(2-Chloroacetamido)-2'-methylbiphenyl-4-carboxylic acid (Dl 16, 0.34g), following the 
pmcedure of Example 29, .lave· 5-[4'-(2-cblomacetamido)-2'-methylbiphenyl-4-carbonyl]-

25 1 '-methyl-2,3,6,7-tetrahydrospiro[furo[2,3-fJindole-3,4'-piperidinel (0.20g, 33%) as a light 
yellow powdc:r, but of low purity (HPLC). This was dissolved in ethanol (25 ml) and 
dichloromethane (10 ml), and dimethylamine (5.6 Min 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, eluling 

30 with 0-2<>'1> methanoUdicbloromethane. The crude pfoduct was dissolved in l()CI, 
metbanoJ/dichloromethane, washed with dil. potassium carbonate solution. dried (N~OJ 
and ·evaporated to give the tide compound (0.06g, 30'f,) as a colomless oil. This was 
converted into its dihydrochloride salt. a light cream powder. 

35 1H NMR (free base) (250.MHz. CDCI,) 3 (ppm): 9.CTT (s. lH), 8.08 (b s, lH), 7.51(d.2H), 
7.45 (m. 2H), 7.30 (d, 2H), 7.15 (d, lH), 6.59 (s, lH), 4.30 (s, 2H), 4.02 (b, 2H), 3.03 (s, 
2H), 2.99 (t. 2H), 2.79 (m. 2H), 2.32 (s, 6H), 2.26 (s, 3H), 2.22 (s, 3H), 1.9-2.1 (m,4H), 
1.1-1.3 (m. 2H). 
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Example66 

5·[4 '·(Etboxyearbonylamino)-2' -metbylbipbenyl-4-carbonyl]-l '-etbyl-2,3,6, 7. 

tetrabydrospiro[furo[2~0indole-3,4' -piperidine] 

This compound was prepared from 4'-(ethoxycarbonylamino)-2'-methylbiphenyl-4-

carboxylic acid (061) and 1 '-ethyl-2,3,6,7-tetrahydrospiro[furo[2,3-fjindole-3,4'­

piperidine] (0109), following the procedure of Example 29. This gave the title compound 
(61 CJ,) as a straw coloured foam, which was convened to its hydrochloride salL 

'H NMR (HO salt) (200 MHz, d6DMSO) 3 (ppm): 10.16 (b, lH), 9.67 (s, lH), 7.93 (s, 

lH), 7.61(d,2H), 7.41(m,4H), 7.16 (d, lH), 6.76 (s, lH), 4.51(s,2H), 4.13 (q, 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 (t, 3H). 

Example67 

5·(4'·(Acetylbydrazinocarbonyl)-2'·methylbipbenyl-4-carbonyl]·l'·metbyl-2,3,6,7· 

tetrahydrospiro(furo[l~f]indole-3,4'-piperidine] 

20 The title compound was prepared from 5-(4'-hydrazinocarbonyl-2'-methylbiphenyl-4-

carbonyl)-1 '-methyl-2,3,6,7-tetrahydrospiro[fmo[2,3-f]indole-3,4'-piperidine] (E25) using 

a similar procedure to Example 62 as a colourless oil (27% ). HCl salt mp 235-238°C. 

1H NMR (250 MHz. CDCJ,) 3 (ppm): 9.S (br s), 8.13 (br s, lH), 7.77 (s, lH), 7.70 Cd. lH), 

25 7 .60 (d, 2H), 7.34 (d, 2H), 7.23 (d, lH), 6.66 (s, lH), 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). 

Example68 

5-(4'·(5-metbylfuran-2-yl)-2' -metbylbiphenyl-4-carbonyl)-1'-methyl-2,3,6,7-

30 tetrabydnispiro[furo[2,3-f]indole-3,4'-piperidine] 

2'-Methyl-4'-(S-methylfuran-2-yl)biphenyl-4-carboxylic acid (Dl 19) (160 mg, 0.55 mmol) 

and l'-methyl-2,3,6,7-tetrahydmspiro[fmo[2,3-f]indole-3,4'-piperidine] (D8, 134 mg, 0.55 

mmol) were convened to the title compound using the method outlined in Example 29, as 

35 an off-white foam (176 mg, 62%). 

1H NMR (200 MHz, CDC!,) a (ppm): 8.12 (br s, lH), 7 .65-7 .45 (m, 4H), 7.4 (d, 2H), 

7.29-7.19 (m, lH), 6.65 (s, lH), 6.58 (d, lH), 6.08 (d, lH), 4.39 (br s, 2H), 4.21-4.0 (m, 
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2H), 3.0S (t, 2H), 2.93-2. 1S (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 lD ALPHA AND 5-HT ID BETA BINDING. 

S CHO cells expressing 5-HT ID alpha receptors (0.563 x lO'cells I ml) are homogenised in 

Tris buffer and stored in lml aliquotS. CHO cells expressing . 
5-HT JD beta receptors (4 x lO'cells I ml) are homogenised in Tris buffer and stored in 1.5 

ml aliquotS. 
0.4ml of a cell suspension was incubated with [3HJ-S-KI' (4nM) in Tris Mg HO buffer 

10 (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 O.OlmM 5-Hr. The total assay volume was O.Sml. Incubation was stopped by rapid 

filtration using a Packard Filtermate (filters pre-soaked i~ 0.3% polyethylenimine) and 

radioactivity measured by Topcount s~tillation coun~g. 

15 The pKi values were calculated from the IC50 generated by an iterative least squares curve 

fining programmC. 

20 

Examples 1, 4, 5, 6. 8, 18. 23, 26, 40, 45, 51, 54, SS, 57 and 66 had pKi values> 8.0 at 5-

HT lD beta receptors. 
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CLAIMS: 

1. • A compound of formula (I) or a salt or N~xide thereof: 

5 

(I) 

in which 

Rl is hydrogen, halogen, C1-6alkyl. C3.6C)'cloalkyl, COC1~@lkyl. C1.@lkoxy, hydroxy, 
10 hydlOxyC 1-68lkYl, hydroxyC 1-~oxy, C1.@lkoxyC1-~Y· acyl, Ditto, 

trifluoromethyl, cyano, SR9, SQR9, S<nR9, SQiNRlOal l, C<nRlO, NRlOscnRll, ( 
CONR l<>R_ 11, CQiNR 10a l l, CONR 10(CHl)pC<nR 11, (CHl)pNR 10a 11, 

(CH2)pCONR l<>R_ 11, (CH2)pNR lOcoa 11, (CH2)pC~C1-61lkYl. C~(CH2)pOR 10, 
coNHNRlOff.11, NR10a11, NRlOcQiRl 1, NR10cocCH2)pNRlOff.l 1, . 

15 NRlOcoNRlOff.11, CR10=NOR11, CNR10:=NOR11, ·whem R9, RlO and Rll are. 
independently hydrogen or C 1.@lkyl and p is 1 to 4; or R 1 is an optionally substituted 5 
to 7-membered heterocyelic ring containing 1 to 4 heteroatoms selected from oxygen, 
nittogen or sulphur; 

R2 and R3 are independently hydrogen, halogen, C1.@lkyl, C3.6C)'cloalkyl, 
20 C3-6cycloalkenyl, C1.@lkoxy, hydroxyC1.@lkyl, C1.@lkylOC1-611kYl. acyl, aryl, 

acyloxy, hydroxy, Ditto, trifluoromethyl, cyano, CQiRlO, CONR10al 1, NR10all where 
R 10 and R 11 are indep:ndently hydrogen or C1-611kYl; 

R4 is hydrogen or C1.@lkyl; 

RS and R6 are independently hydrogen or C1-6BlkYl; 
25 A is (CR 13R 14)q where q is 2, 3 or 4andR13 and R 14 are independently hydrogen or 

c 1.@lkyt or A is (CR13Rl4>r-D whererisO, l,2 or3 andD is oxygen, sulphur or 
ca13=CR14. 

B is oxygen, CR lSR 16orNR17 where R 15, R 16andR17 are independently hydrogen or 

C1.@lkyl or Bis S(O)i, where bis 0, 1or2; 

30 mis l, 2or3; and 

n is 1, 2 or 3. 
2. A compound according to claim 1 in which R 1 is COCt-61lkYl, 

CR lO=NOR 11, (CH:z)pNR lOCQR 11, C<nR 10, NR10S<>lR) 1, S<>lNR l()a 11, 
CQNR10all, CQNHNR10all, NRlO~all, NR10CQNR10all, CQNHNRlOff.11 or 

35 S<>lR9 or R 1 is optionally substituted oxacliazole. 
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3. A compourui'according to claim 1or2 in which R.2 is C1.@lkyl. 

4. A compound according to any one of claims 1 to 3 in which mis 2. 

S. A-compound according to any one of claims 1 to 4 in which R4 is hydrogen, 

methyl or ethyl. 

S 6. A compound according to any one of claims 1 to 5 in which n is 1. 

7 A compound according to claim 1 which is: '. 

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

tettahydrospiro[furo[2,3-fjindole-3,4'-piperidine), 

2,3,5,6, 7 ,8-Hexahydro-l '-methyl-5-(2'-methy1-4'-(5-methyl-l ,2,4-oxadiazol-3-

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

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

tettahydrospiro[furo[2,3-f]indole-3,4'-pipcridine], 

l '-Ethyl-5-(2'-methyl-4'-(5-methyl-l ,2,4-oxadiazol-3-yl)~iphenyl-4-carbonyl)-2,3,6,7-

tettahydrospiro[furo[2,3-f]indole-3,4'-piperidine), 

15 1 '-Methyl-5-(2'-methy1-4'-(5-methyl-1,3,4-oxadiazol-2-yl)biphenyl-4-carbonyl)-2,3,6,7-

tei:rah~drospiro[furo[2,3-fJindole-3,4'-piperidine], 

5-(4'-(5-Dimethylamino-l,2,4-oxadiazol-3-y1}2'-methylbiphenyl-4-carbonyl)-l'-methyl-

2,3,6, 7-tettahydrospiro[furo[2,3-f]indole-3,4'-piperidine], 

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

20 tettahydrospiro[furo[2,3-f]indole-3,4'-piperidine], 

2,3-Dihydro-l '-methyl-5-(2'-methyl-4'-(5-methyl-l,2,4-oxad;azol-3-yl)biphenyl-4-

carbonyl)spiro[furo[2,3-f]indole-3,4'-piperidine], 

5-[4'-Cyano-2'-methylbiphenyl4-carbonyl]-1 '-methyl-2,3,6,7-tCtrahydrospiro[furo[2,3-

fJindole-3,4'-piperidine], 

25 5-(4'-Acetyl-2'-methylbipbenyl-4-carbonyl} 1 '-methyl-2,3,6,7-tettahydrospiro[furo[2,3-

f]indole-3,4'-piperidine), 

5-(4'-( l-(Methoxyamino)ethyl)-2'-methylbiphenyl-4-carbonyl)-1 '-methyl-2,3,6,7-

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

5-(4'-Acemnidomethyl-2'-methylbiphenyl-4-carbonyl}l'-methyl-2,3,6,7-

30 tetrah~(furo[2,3-f]indole-3,4'-piperidine]~ 

3,5,6, 7 ,8,9-Hexahydm-1 '-methyl-5-(2'-methyl-4'-(5-methyl-1,2,4-oxadiazol.;3-

yl)bipbenyl-4-carbonyl)spim[2H-furo[2,3-h]bcnzazepine-3,4'-piperidine ], 

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

telrahydrospiro[furo[2,3-f]indole-3,4'-piperidine], . 

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

tetrabydrospiro[furo[2,3-f]indole-3.4'-piperidine, 

S-[4'-(5-Ethyl-l,3,4-oxadiazol-2-yl)-2'-methylbiphenyl-4-carbonyl)-1'-methyl-2,3,6,7-

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

11111~ 1111~ 11111 /W/I H /Ill 
M S * 
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5-[2'-Methyl-4'-(5-methyl- l ,3,4-oxadiazol-2-yl)biphenyl-4-carbonyl)-2,3,6, 7-
tetrahydrospiro[f0ro[2,3-f)indole-3,4'-piperidine], 

2,3-Dihydro-l '~thyl-5-(2'-methyl-4'-(5-methyl-l,3,4-oxadiazol-2-yl)biphenyl-4-
carbonyl)spiro[furo[2,3-f)indole-3,4'-piperidine], 

5 5-(2,2'-Dimethyl-4'-(5-me!byl-1,3,4-oxadiazol-2-yl)biphenyl-4-carbonyl)-l '-methyl-

2,3,6, 7-tetrahydrospiro[furo[2,3-f)indole-3,4'-piperidine], , 
. . 

5-(2,3'-Dimethyl-4'-(5-methyl-l,3,4-0xadiazol-2-yl)biphenyl-4-carbonyl)-1 '-methyl-
2,3,6, 7-tettahydrospiro[furo[2,3-fjindole~3.4'-piperidine], 

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

10 tetrahydrospiro[fmo[2~3-f]indol~-3,4'-piperidine], . 

5-(4'-Methoxycarbonyl-2'-methylbiphenyl-4-carbonyl)-1 '-methyl-2,3,6,7-
tetrahydrospiro[fmo[2,3-fjindole-3,4'-piPeridineJ, · 

5-(5'-Methoxycarbonyl-2'-methylbiphenyl-4-carbonyl)-1 '-methyl-2,3,6,7-. . . . . 
tettahydrospiro[fmo[2,3-f)indole-3,4'-piperidineJ, . . .· . (. 

15 5-(4'-(Methanesulphonamino )-2'-methylbiphenyl-4-carbOnyl]-1'-methyl-2,3,6,7- . 

tettahydrospiro[fmo[2,3-fjindole-3.4'-piperidine], 

5-(4'-Hydrazinocarbonyl-2'-methylbiphenyl-4-carbonyl)-1'-methyl-2,3,6,7-
tettahydrospiro[fmo[2,3-f]indole~3.4'-piperidine], . 

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

20 tettahydrospiro[fmo[2,3-fjindole-3,4'-piperidine], . 

1 '-Methyl-5-(2'-methyl-5'-(5-methyl-l,3,4-oxadiazol;.2-yl)biphenyl-4-carbonyl)-2,3,6,7-
tetrahydrospiro(furo[2,3-f]indol~-3.4'-piperidine], . . . 

5-(4'-Carboxamido-2'-methylbiphenyl-4-carbonyl)-1'-methyl~2,3,6,7- · 

tetrahydrospiro[fmo[2,3-fjindole-3,4'-piperidine], 

25 5-(4'-Acetamido-2'-methylbiphenyl-4-carbonyl)-1'-methyl-293,6;7-

tetrahydrospu0(furo[2,3-f]indOle-3,4'-piperidineJ, 

2,3,S,6;7,8-Hexahydro-1'-methyl-5-(2'-methyl-4'-(5-methyl-1,3,4-oxadiazol-2-

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

2,3,5,6,7,8-Hexahydro-5~(4'-methanesulphonamino-2'-mcthylbiphenyl-4-carbonyl)-l'-

30 methylspiro[furo[2,3-g]quinoline-3~4'-piperidineJ, . 
1'-Methyl-5-[2'-methyl-4'-(5-methyl-l,2,4-oxadiazol-3-yl)biphenyl-4-carbonyl]-2,3,6,7-

tettahydrospiro[thiopheno(2,3-f]iridolC-3,4'~piperidine}, 
lJ.,3,S,6,7-Hexahydro-1'-~thyl-1-(2'-methyl-4'-(5-memyl-l,3,4-oxadiazol-2-
yl)biphenyl-4-carbonyl)spiro{indeno(S,6-b]pynole-7,4'-piperidine], 

35 5-(4'-(N-methanesulphonyl-N-methylamino)-2'-methylbiphenyl-4-carbonyl]-l '- methyl-
2,3,6, 7-tettabydrospiro[fmo[2,3~f]indole-3,4'-piperidine], 

5-[4'-(Dimethylaminosulphonyl)biphenyl-4-carbonyl]-1'-methyl-2,3,6,7-

tetrahydrospiro[furo[2,3-f]indole-3,4'-piperidine}, 
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5-[4'-(Methanesulphonyl)biphenyl-4-carbonyl]-l'-methyl-2,3,6,7-teuahydrospiro[furo[2,3-

f)indole-3,4'-piperidine], 

S-[4'-(N,N-Dimethylcarbamoylamino)-2'-methylbiphenyl-4-carbonyl]-l'-methyl-2,3,6,7-

tetrahydrospiro[fmo[2,3-fJindole-3,4'-piperidinc], 

5 S-(4'-(Ethoxycarbonylamino )-2'-methylbiphcnyl-4-carbonyl]-1'-methyl-2,3,6,7-

tetrahydrospiro[fmo[2,3-f)indolc .. 3,4'-piperidinc ], 

5-(4'-( 4,S-Dimethyl-1,2,4-triazol-3-yl)-2'-methylbiphenyl-4-carbonyl]-t '-methyl-2,3,6, 7-

tettahydmspirof fmo[2,3-f]indole-3,4'-piperidinc], 

l '-Mcthyl-6-{2'-methyl-4'-(5-methyl-l ,3,4-oxadiuol-2-yl)biphenyl-4-carbonyl]-2,3,7 ,8-
10 tettahydrospiro[4H-pyrano[2,3-f]indole-4,4'-piperidinc], 

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

tettahydrospiro[fmo[2,3-f)indole-3,4'-piperidine], 

S-(2'-Methyl-4'-(S-mcthyl-l,3,4-oxadiazol-2.;.yl)biphenyl-4-carbonyl)-l '-n-propyl-2,3,6,7-

tettahydrospiro[fmo(2,3-f]indolc-3,4'-piperidine], 

15 l '-Methyl-5-(2'-methyJ-4'-(5-methyloxazol-2-yl)biphenyl4carbonyl)-2,3,6,7-

tettahydrospiro[fmo[2,3-f]indole-3,4'-pij>erldinc], 

l '-Mcthyl-5-(2'-methyl-4'-(3-mcthylisoxazol-S-yl)biphcnyl-4-carbonyl)-2,3,6,7-

tettahydrospiro[fmo[2,3-f]indole-3,4'-pipcridinc], 

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

20 te11'8hydmspiro[fmo[2,3-f]indole;.3,4'-piperidinc}, 

2,3,S,6, 7 ,8-Hcxahydro-1 '-methyl-S-(4'-(S-dimethylamino-l,2,4-oxadiazol-3-yl)-2'­

methylbiphcnyl-4-carbonyl)spiro[fmo[2,3-g]quinolinc-3,4'-piperidinc], 

2,3,S,6, 7 ,8-Hcxahydro-1'-incthyl-S-(4'-(S-cthyl-l,3,4-oxadiazol-2-yl)-2'-methylbiphenyl-

4-carbonyl)spiro[furo[2,3-g]quinolinc-3,4'-piperidine], 

25 2,3,S,6,7 ,8-Hcxahydro-1 '-mcthyl-S-(4'-mcthoxycarbonyl-2'-methylbiphenyl-4-

carbonyl)spiro [furo[2,3-g]quinoline-3,4'-piperidinc}, 

2,3,S,6,7,8-Hcxahydro-1'-methyl-S-(4'-hydrazinocarbonyl-2'-methylbiphenyl-4-

carbonyl)spiro(fmo[2,3-g]quinoline-3,4'-pipcridinc], 

2,3,S,6,7,8-Hcxahydm-1'-methyl-S-(2'-mcthyl-4'-(l,3,4-o:rcadiazol-2•yl)biphenyl-4-

30 carbonyl)spiro(furo[2,3-g)quinoline-3,4'-piperidinc], 

1 '-Methyl-S-(2'-methyl-4'-pyrazinylbiphenyl-4-carbonyl)-2,3,6,7-tetrahydrospim[furo[2,3-

f]indole-3,4'-pipcridine], 

1'-Methyl-S-[2'-mcthyl-4'-(S-methyl-l,2,4-oxadiazolyl-3-yl)biphenyl-4-carbonyl]-1-oxo-

2,3,6,7-tettahydmspiro(thiopheno[2,3-f]indole-3,4'-piperidine), 

35 1'-Ethyl-S-(2'-mcthyl-4'-(5-methyl-l,3,4-oxadiazol-2-yl)biphenyl-4-carbonyl]-2,3,6,7-

tettahydrospiroffuro[2,3-f]indole-3,4'-piperidine], 

1 '-Mcthyl-S-[2'-methyl-4'-(1-methylimidazol-2-yl)biphenyl-4-carbonyl]-2,3,6,7-

tettahydmspiro[furo[2,3-f]indole-3,4'-pipcridine], 

11111111111111 1111111111111111 
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1'-Methyl-S-[2'-methyl-4'-(1 .. metbyHmida:ml•S-yl)~phcnyl-4-Carbonyl)-2,3,6,7-. 

tettahydrospiro[fmo[2,3-f]indole-3,4'-piperidine], 

5-(4'-(S-Hydroxymethyl-l,2,4-oxadiazol-3-yl)-2'~methylbiphenyl-4-carbonyl]-1'-methyl-

2,3,6,7-tettahydrospiro[fmo[2,3-f]indole-~,4''."piperidine], · . 

S 1 '-Methyl-5-(2'-methyl-4'-(5-methyl-l,2,4-oxadiazol'."3-yl)biphcnyl-4-carbonyl)-l '~xo-

2,3,6, 7-tettahydrospiro[fmo[2,3-f]indole-3,4'-piperidine], . 
1 

1 '-Methyl-5-[2'-methyl-4'-(1,2,4-triazin-3-yl)biphenyl-4-c~yl]-2,3,6,7-

tettahydrospiro[fmo[2,3-f]indole-3,4'-piperidine,, 

2,3,6,7,8,9-Hexahydlo-l '-metllYl-6-(2'-methyl-4'-(5-methyl -l,3,4-oxadiazol-2-

10 yl)biphenyl-4-carbonyl)spiro[4H-pyrano[2,3-g]q~line-4,4' piperidine], 

1 '-Ethyl-S-(2'-methyl-4'-(5-?'hYl-l,3,4-oxadiazol-2-yl)biphenyl-4-carbonyl)-l '~xo-

2,3,6, 7-tettahydrospiro[fmo(2,3-f]indole-3,4'-piperidinc], .. 

t'-Ethyl-5-[4'-(5-methyl-l,3,4-ox~iazol-2-yl)biphenyl-4-carbonyl)-2,3,6,7-
. . '· . : ·. · .. 

tettahydrospiro[fmo[2,3-f]indole-3,4'-piperidine], . f. 
is t '-Ethyl-S-(4'-bydrazinocarbonyl-2'-methylbiphenyl-4-carbonyl)-2,3,6,7-

tettahydrospiro£furo£2,3-fJindole-3,4'-Piperidine1, . 

5-[4'-(Acetylhydrazinocarbonyl)-2'-methylbiphcnyl-4-carbonyl]-l '~thyl-2,3,6, 7-

tetrahydmspiro(furo[2,3;.f]indole-3,4'-piperidine1• 

5-[4'-(5-Methoxymetbyl-1,2,4-oxadiazol-3-yl)-2'-methylbiphenyl-4-carbonyl]-1 '-methyl-
.. . . : . 

20 2,3,6, 7-tetrahydrospiro[furo[2,3-f]indole-3,4'-piperidine], 

5-[4'-(4,5-Dibydroo~l-2-yl)-2'-111eth)"lbiph~yl-4-carbonyl]-l;-methyl-2,3,6,7-
tettahydrospiro[furo[2,3-f]indole-3,4'-pipcridine], 

5-[4'-(2-(N.N-Dimethy~n~)acetamido)-2'-methylbiphcnyl-4-carbonyl]-1'-methyl-

2,3,6,7-tettahydrospiro(fmo[2,3-f]Uldole-3;4'-piperidine]_ 

25 5-(4'-(Ethoxycarbonylunino)-2'-methylbiphenyl-4-carbonyl]-l '-ethyl-2,3,6,7-

tetrahydrospiro[fum[2,3-f]indole-3,4'-piperictine], ·. . 

5-[4'-(Acetylbydrazinocarbonyl)-2'-methylbiphenyl-4-carbonyl]-1 '-methyl-2,3,6,7-

tettahydrospiro[fmo[2,3-f]indole-3,4'-piperidine], 

5-(4'-(S-methylfuran-2-yl)~2'-methylbiphenyl-kubonyl)-1 '-methyl-2,3,6,7-

30 tetrahydmspiro[fmo[2,3-f]indole-3,4'-~J. 

or pharmaccmically acceprable salts or N~xides them>f. 

8. A process for the preparation of a compound of formula (I) which 

35 

comprises: 
(a) 

\ \11\11\\\\1\\ Ill\\ \\1\1 \\ \II\ 
* C l M S * 

reaction of a compound of fonnula (II): 
. . 

2 
1 R 

. CCL 
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(II) 

in which RI, R! and R3 are a~ defined in formula (I) and Lis a:ieaving gn;up. 
with a compound of fonnula (Ill): 

wherein R4, RS, R6 A, B, m and n are as defined in formula (I) and optionaily theteafter 

in any order: 
• convening a compound of formula (I) into another compound of formula (I) 

• fanning a phannaccutically acceptable salt or N-oxide. 
15 9. A compound according to any one of claims 1 to 7 for use in therapy. 

10. A phannaceutical composition which comprises a compound according to 

any one of claims 1 to 7 in association with a pharmaceutically acceptable carrier or 

excipient. 

If IMf JIM~ ll(U Ill/I 11 Ml/ 
s * 
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