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BIPBENYL SULFONAMIDES AS 

DUAL ANGIOTENSIN ENDQTHELIN RECEPTOR ANTAGONISTS 

Field of the Invention 

The present invention relates to biphenyl sulfonamide 

compounds which are combined angiotensin and endothelin receptor 

antagonists, to ~ethods of using such compounds in the treatment of 

10 conditions such as hypertension and other diseases, and to pharmaceutical 

compositions containing such compounds. 

Summarv of the Invention 

The present invention provides biphenyl sulfonamide compounds of 

15 the following formula I and salts thereof: 
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. I 

or 

ltz is hydrogen; halogen, -CHO, alkyl, haloalk.yl, (cycloalkyl)alk.yl, alkenyl, 

alkynyl, alkoxyalk.yl, ha.J.oalk.oxyalkyl, alkoxy, alkoxyalk.oxy, cyano, 
. . 

5 hydroxy, hydroxyalkyl, nitro, -CH(OR13)(01ti4), -(Cli:i)wY; with the 

proviso that when R1 is .B, R2 is not hydrogen, halogen, alkyl, 

haioalkyl, alkoxy, hydrozyalJtYl, nitro, -CCHi.)ftR.19~ or NHS02Ru; 
Ra is heteroaryl; 

R4 and Rs are each independently alkyl, cycloalkyl or alkoxyalkyl, or R~ 

10 and Rl; together form a cyclobutyl, cyclopentyl, cyclohexyl, 

tetrahydrofuranyl or tetrahydropyranyl ring; 

R6 is alkyl, haloalkyl, cycloalkyl, alkox.y or alkoxyalkyl; 

R., is -C02Ris• -(C=O)NR16R1,, .:.pH20H, tetrazolyl, oxadiazolyl or triazolyl 

wherein ~aid tetrazolyl, oxadiazolyl or triazolyl may optionally be 

15 substituted with hydrQgen, alkyl or halogen; 

Ra, R,, R10 and Ri2 are each in~ependently hydrogen, halogen, alkyl, 

cycloalkyl, aryl, hete~aryl, arylalkyl, alkyltbioalkyl, alkoxy or 

alkoxyalkyl; 

Ru and Ru" are each independently hydrogen, alko:xy, or together form a 

20 carbonyl; 

Ru and R14 are alkyl or togetJ:ier form a five to six-membered ring; 

R16, R111 and R1., are independ~tly hydrogen, alkyl, cycloalkyl or aryl or R,6 

and R,., may together form a four to six-melllbered heterocyclic ring; 
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n is 1 or2; 

w is 0, l, or 2; 

.. '; ·:":!"· .'t.:;t·':•. ::···. 
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.. "' :.~ 
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Y is -COOH, -COOR18, -NR1~, -~1(C=O)~, -~1(C=O)NR19Ra0, 

-NRa1CC=O)OR18, -~1SOA2, -SOAz, Q, R or~ 

Rf==t 
~NJ 

Ris O 

tit 
~is O 

Ri8, R19, Ra0, ~1 and ~ are each independently hydrogen, alkyl, cycloalkyl,. 

or Ris and~ may together form a four to seven-membered 
10 heterocyclic ring; 

~ and~ are each independently hydrogen, alkyl or cycloalkyl, or may 

together form a three to seven membered cycloalkyl ring; 

. .f, ~ 
..r-R~ ,(''R~ 

Z is oxygen, or ; 

xis 2,3 or4; 

15 ~' ~6 and~ are each independently hydrogen, alkyl or cycloalkyl, or Ru 
and ~may together form a three to seven-membered cycloalkyl 

ring; 

wherein said rings; aryl alone or as part of another group; or 

heteroaryl alone or as part of another group may each optionally be 

20 substituted by one or more hydrogen, halogen, cyano, alkyl, alkoxy, nitro 

or trifluoromethyl groups. 
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The compounds of the formula I and salts thereof may be used as 

combined endothelin and angiotensin receptor antagonists. 

Preferred Compoµnds 
.. . . ;.· -·: . . 

5 Compounds of the form~la I and salts thereof wherein one or more, 

and especially all, ofR1' R:i, R,, R4, R,, Rs, R,, R,, R,, R10, Ru, R 11., R12, R16, 

R16, Rm R18, R19, Rao, R:i1, Ru,~.~. Ru,~' Ron, n, w, Y, Q., Z, and x are 
. . ' . . 

selected from the :following defi,nitions, are preferred compounds of the 

present invention: 

~ 
I R12 - , or 

R2 is alkyl, halo~kyl, (cycloalyl)aJ.kyl, alkoxyalkyl, haloalkoxyalkyl, 

alkoxy, alkoxyalkoxy, hydroxyalk.yl, or ".(Cli.i).,Y; 

· R3 is isoxazolyl, pyridizinyl, Pyrazinyl or pyrimidinyl, each optionally 
.·, , .. 

15 substituted with one to'ilu'ee of the following substituents: 

hydrogen, halogen, cyan:o, alkyl, alkoxy, trifluoromethyl or nitro; 
' ·' 

R,. and R5 are each independ'3ntly alkyl, cycloalkyl, or R4 and R11 together 

form a cycJ.obutyl, cycl~pentyl or ~clohexyl ring; 
. . ' . . . . 

R6 is alkyl, haloEJ.lkyl, cycloaik,:Yl ~r alkoxy; 

20 R., is -CO:iR-16, -(C=O>N'RisRt7 ~ -CH.iOH; 

Ra, R.i, R10 and R12 are each in4ependently hydrogen, halogen, alkyl, 

cycloalkyl, alkoxy or allc;o1cyalkyl; 

Ru and R11• are each independently hydrogen, alkoxy, or together form a 

carbonyl; 
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R1~, R18 and R1~ ·are independentl:fiiydrogen, ai¥-Y.l~.or cycloalkyl or R16 and 

R17 may together form a four to six-membered heterocyclic ring; 

n is 1or2; 

w is 0, 1, or 2; 

5 Y is -COOR18, -~1(C=0)~2• -~1(C=O):NRi9Rw, -N'R:i1(C=O)OR18, 

-NRi1SO~, -S0~2 or .Q ; 

(RX-) x 

YNi 
.Qis o 
R18, Ri9, ~' ~1 and R22 are each independently hydrogen, alkyl, cycloalkyl, 

or R19 and ~o may together form a four to seven-membered 

10 heterocyclic ring; 

~ and ~ are each independently hydrogen, alkyl or cycloalkyl, or may 

together form a three to seven membered cycloalkyl ring; 

Z is oxygen, 
~R,. 

or ~ 
xis 2, 3 or 4; 

15 ~. ~6 and ~ are each independently hydrogen, alkyl or cycloalkyl, or~ 

and~ may together form a three to seven-membered cycloalkyl 

ring; 

Compounds of the formula I and salts thereof wherein one or more, 

20 and especially all, of Ri, ~' Ra, R4, R5, R8, ~' R.g, Ra, Ri01 Rw R11a, R15, R16, 

R11• Ri.s, R1e' ~' ~1' ~'Ra, Ru, ~5, Ria, Rr,, n, w, Y, .Q, Z, and x are 

selected from the following definitions, are more preferred compounds of 

the present invention: 

-5-



WOOOI01389 PCTJUS99/15063 

Re l F~. rtfl .f-..N ~. ~ 
o~ R, ~1• 

~ ~1 

R . , R1 is A I § 

Rs 

Rs-!f~ 
.M 

~is alkyl, haloalkyl, (cycloalkyl)alkyl, alkoxyalkyl, haloalkoxyalkyl, 

alkoxy, hydroxyalkyl,or -(C~),.Y; 

5 ~ is isoxazolyl, optionally substituted with one or two of the following 

substituents: hydrogen, halogen, cyano, alkyl, alkoxy, 

trifluoromethyl or nitro; 

or 

R4 and R6 are each. independe~tly alkyl, cycioalkyl, or R4 and Rs together 

form a cyclobutyl, cyclopentyl or cyclohexyl ring; 

10 Rs is alkyl, haloalkyl, cycloalkyl or alkoxy; 

R., is -C02R,5 or -(C=O>NR,sB-11'; 

Ra, Hg and R10 are each independently hydrogen, halogen, alkyl, cycloalkyl 

alkoxy or alkoxyalkyl; 

. R11 and R11• together form a carbonyl; 

15 R16, R16 and R11 are independently hydrogen, alkyl, or cycloalkyl or R16 and 

R11 may together form a four to six-membered heterocyclic ring; 

n is 2; 

w is 0, 1, or 2; 

Y is -~1(C=O)Ra, -~1(C=O)N°Ri~• -N~1(C=O)OR18, 

20 -NRi1SOJtu, -SO~ or Q; 
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. j; ~ .... ·· . 

R18, Rn,, R.m, R.a1 and Ru are each iri'dependently'.fij'drogen, alkyl, cycloalkyl, 

or R,_9 and R.ao may together form a four to seven-membered 

heterocyclic ring; 

Ru and Ru are each independently hydrogen, alkyl or cycloalkyl, or may 

5 together form a three to seven membered cycloalkyl ring; 

10 

~N-R .rvrta 
'i 25 '-i "R21 

Z is oxygen, or ; 

xis 2, 3 or4; 

Ru, R. and~ are each independently hydrogen, alkyl or cycloalkyl, or~ 

and~ may together form a three to seven-membered cycloalkyl ring; 

Compounds of the formula I and salts thereof wherein one or more, 

and especially all, ofR1, R.a, Ra, R4, Rs, Rs, Ra. R10, R11, R,_1., R18, R19, ~. R.a1, 

Ru, R.aa, Ru, ~. Ru, R.a7, w, Y, Q, Z, and x are selected from the following 

definitions, are most preferred compounds of the present invention: 

15 Ri is A § G , or M 

R.a is alkyl, haloalkyl, (cycloalkyl)alkyl, alkoxyalkyl, haloalkoxyalkyl, 

alkoxy, alkoxyalkoxy, hydroxyalkyl, or -(CH2l .. Y; 

Ra is isoxazol-5-yl or isoxazol-3-yl independently substituted with two of 

following substituents: alkyl or halogen; 

20 R, and R$ are each independently alkyl, cycloalkyl, or R4 and R5 together 

form a cyclobutyl, cyclopentyl or cyclohexyl ring; 

Rs is alkyl, halo alkyl, cycloalkyl or alkoxy; 

R, is -C0~15 or -(C=O)~~R,_7 ; 

Rs and R10 are independently H, alkyl, cycloalk:yl, alkoxy or alkoxyalkyl; 

25 nis2; 

w is 0, 1, or 2; 
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(R?() x 

Yi 
Qis O 

R18, R,9, R20, ~1 and ~2 are ea~ 'independently hydrogen, alkyl, cycloalkyl, 

or Ri9 and Rio may together form a four to seven-membered 

5 heterocyclic ring; 

~ and Rae are each independently_ hydrogen," alkyl or cycloalkyl, or may 

together form a three to seven membered cycloalkyl ring; 

Zis 

xis2; 

10 ~' ~ and~ are each independently hydrogen, alkyl or cycloalkyl, or Rm 
and Rz1 may together form a three to seven-membered cycloalkyl ring; 

. . ·. 

Detailed Description of the Invention 

15 The following are definitions of terms used in this specification. 

The initial definition provided for a group or term herein applies to that 

group or term throughout the present specification, individually or as part 

of another group, unless otherwise indicated. 

The terms 11alk11 or 11alkyl'1 refer to straight or branched chain 

20 hydrocarbon groups having 1 to 12 carbon atoms, preferably 1 to 8 carbon 

atoms. Lower. alkyl groups, that is, alkyl groups of~ to 4 carbon atoms, 

are most preferred. 

The term "alkoxy" refers to.an alkyl group bonded through an 

oxygen (-0-). 

25 The terms "ar" or "aryl" refer to phenyl, naphthyl and biphenyl. 

Phenyl is a preferred aryl group. Aryl groups may be optionally 
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substituted with one or more (such as one to three) of the following 

substituents: hydrogen, halogen, cyano, alkyl, alkoxy, nitro or 

trifl.uoromethyl groups. 

The term 11cycloalkyl" refers to fully saturated cyclic hydrocarbon 

5 groups having 3 to 8 ring carbon atoms. 

The terms "halogen" and 11halo11 refer to fluorine, chlorine, bromine 

and iodine. Haloalkyl refers to an alkyl chain substituted with from one . 

to three halogens. 

The term "heteroaryl" refers to furyl, thienyl, pyrrolyl, pyridyl, 

10 pyrimidyl, pyrazinyl, pyridazinyl, triazinyl, oxazolyl, isoxazolyl, thiazolyl, 

isothiazolyl, oxadiazolyl, thiadiazolyl, imidazolyl, triazolyl, and tetrazolyl, 
each of which may optionally be substituted where appropriate by one or 
more (such as one to three) of the following: hydrogen, halogen, cyano, 

alkyl, alkoxy, nitro or trifluoromethyl. 

15 The terms "heterocyclic" or ''heterocyclo" refer to optionally 

substituted, non-aromatic cyclic groups, for example, 4 to 7 membered . 

monocyclic, 7to11 membered bicyclic, or 10 to 15 membered tricyclic ring 
systems, which have at least one heteroatom in at least one carbon 

atom-containing ring. Each ring of the heterocyclic group containing a 

20 heteroatom may have 1, 2, 3 or 4 heteroatoms selected from nitrogen 

· atoms, oxygen atoms and/or sulfur atoms, where the nitrogen and sulfur 
heteroatoms may optionally be o:xi.dized and the nitrogen heteroatoms may 
optionally be quaternized. The heterocyclic group may be attached at any 

heteroatom or carbon atom of the ring o~ ring _system. 

25 Exemplary monocyclic heterocyclic groups include azetidinyl, 

pyrrolidinyl, oxetanyl, imidazolinyl , oxazolidinyl, isoxazolinyl, 

thiazolidinyl, isothiazolidinyl, tetrahydrofuranyl, piperidinyl, piperazinyl, 

2-oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrrolodinyl, 2-oxoazepinyl, 

azepinyl, 4-piperidonyl, tetrahydropyranyl, morpholinyl, thiamorpholinyl, 

30 thiamorpholinyl sulfoxide, thiamorpholinyl sulfone, 1,3-dioxolane and 

tetrahydro-1,1-dioxothienyl, and the like. 

-9-
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The term "ring" encompasses homocyclic (i.e., as used herein, all the 

ring atoms are carbon) or "heterocyclic" (i.e., as used herein, the ring 

atoms include carbon and one to four heteroatoms selected from N, 0 and 

/or S, also referred to as heterocyclo), where, as used herein, each of which 

5 (homocyclic or heterocyclic) may be saturated or.partially or completely 

unsaturated (such as heteroaryl), and each of which (homocyclic or 

heterocyclic) may optionally be subst,ituted by one or more (such as one to 

three) hydrogen, halogen, cyano, alkyl, alkoxy, nitro or trifl.uoromethyl 

groups. 

10 Throughout the specification, groups and substituents thereof may 

be chosen to prOvide stable mo~eties and compounds. 

The compounds of form~a I form salts which are also within the 

scope of this invention. Reference to a compound of the formula I herein is 

understood to include referenc~ to salts thereof, unless otherwise 

15 indicated. The term "salt(~)", as ~~ployed herein, denotes acidic and/or 

basic salts formed with inorganic l,l)ld/or organic l:!-cids. and bases. In 

addition, when a compound of form~la I co:p.tains both a basic moiety and 

an acidic moiety, zwitterions ("~nner sal.ts") may be formed and are 

included within the term "salt(s)" as used herein. Pharmaceutically 

20 acceptable (i.e., non-toxic, phy~iologically acceptable) salts are preferred, 

· although other sa~ts are also useM; e.g., in isolation or purification steps 

.which may be employed during p,aparation. Salts of the compounds of the 

formula I may be formed, for ~xliDl.ple, by r~acting a compound I with an . '. . . . . . 

amount of acid.or base, such ai; an equivalent am9unt, in a medium such . . ., ~ 

25 as one in which the salt preciP,i~at~ or in an aqµeous medium followed by 

lyophilization. 

The comp()unds of fonnl1la I which contain a basic moiety may form 

salts with a variety of organic and inorganic acids. Exemplary acid 
. ·' . . . . . . . . . 

addition salts include acetates (sucl>. as those formed with acetic acid or 

30 trihaloacetic acid, for example, tzjfluoroacetic ~cid), adipates; algin&;tes, 

ascorbates, aspartates, benzo~tes, penzenesulf'qnates, bisulfates, borates, 

-10-
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bu~ates, citra~~', camphorates;',amphorsulfoii~tes, 
cyclopentanepropionates, digluconates, dodecylsulfates, ethanesulfonates, 

fumarates, glucoheptanoates, glycerophosphates, hemisulfates, 

heptanoates~ hexanoates, hydrochlorides (formed with hydrochloric acid), 

5 hydrobromides (formed with hydrogen bromide), hydroiodides, 

2-hydroxyethanesulfonates, lactates, maleates (formed with maleic acid), 

methanesulfonates (formed with methanesulfonic acid), 

2-naphthalenesulfonates, nicotinates, nitrates, oxalates, pectinates, 

persulfates, 3-phenylpropionates, phosphates, picrates, pivalates, 

10 propionates, salicylates, succinates, sulfates (such as those formed with 

sulfuric acid), sulfonates (such as those mentioned herein), tartrates, 

thiocyanates, toluenesulfonates such as tosylates, undecanoates, and the 

like. 

The compounds of formula I which contain an acidic moiety may 

15 form salts with a variety of organic and inorganic bases. Exemplary basic 

salts include ammonium salts, alkali metal salts such as sodium, lithium, 

and potassium salts, alkaline earth metal salts such as calcium and 

· magnesium salts, salts with organic bases (for example, organic amines) 

such as benzathines, dicyclohexylamines, hydrabamines (formed with 

20 N,N-bis(dehydroabietyl)ethylenediamine), N-methyl-D-glucamines, N-

. methyl-D-glucamides, t-butyl amines, and salts with amino acids such as 

arginine, lysine and the like. Basic nitrogen-containing groups may be 

quaternized with agents such as lower alkyl halides (e.g. methyl, ethyl, 

propyl, and butyl chlorides, bromides ~d iodides), dialk.yl sulfates (e.g. 

25 dimethyl, diethyl, dibutyl, and diamyl sulfates), long chain halides (e.g. 

decyl, lauryl, myristyl and stearyl chlorides, bromides and iodides), 

aralkyl halides (e.g. benzyl and phenethyl bromides), and others. 

Prod.rugs and solvates of the compounds of the invention are also 

contemplated herein. The term "prodrug", as employed herein, denotes a 

30 compound which, upon administration to a subject, undergoes chemical 

conversion by metabolic or chemical processes to yield a compound of the 

-11-
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formula I, or a salt and/or solv11te thereof .. Solvates of the compounds of 

formula I are preferably hydrates. Any tautomers which may exist are 

also contemplated herein as Part ofthe;present invention. 

All stereoisomers of the present compounds, such as those which 

5 may exist due to lisymmetric carbons on the R substituents, including 

enantiomeric fo~s (which may.e~st even in the absence of asymmetric 

carbons) and diastereomeric for.ms, are contemplated within the scope of 

this invention. Individual stereoisomers of the compounds of the 
. . . . . . . . . : .";. 

invention may, for example, b~ substantially free of other isomers, or may 

10 be admixed, for example, as racemates or with all other, or other selected, 

stereoisomers. The chiral centers of tile present invention can have the S 

or R configuratiol1 as defined by the IUPAC 1974 Recommendations. 

The present invention can be applied to the extensive prior art in 

15 the field of angiotensin antagonists to obtain additional novel compounds 

possessing pote11t antagonist. ~~tivity at both endothelln and angiotensin 

receptors. In parl.icular. a l~ge number of groups .<known to be useful 

within the field of angioten:siri receptor antagonists) can be substituted at 

. the R1 position of Formula I without departing from the scope of the 

20 present inventipn. The table below outlines examples of additional 

suitable R1 groups. 

Patent No. Des~ripUon .of Ki 
JP09291078 Substituted imidazoles 
JP09301956 Substituted nnidazoles 
JP09323991 carboxy methylidene cyclohepta imidazoles 
W097/40040 Pyrimidin-4-ones . 
us 5674879 .tetrahydro-imidazopyridines 

W097/30036 N-acylaminoacid derivatives 

-12-
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JP 0911069i" '·'~lmidazotetrihjdropyridines 
JP08208640 Benzimidazoles 
JP 08165292 purine derivatives 
JP 08148552 Cyclohepta imidazoles 
JP 08118572 Imidazopyridines 
WO 96/10559 Ureas 

EP 708103 Imidazolones 
WO 96/08476 Pyrimidinones 
JP08041053 Pyrimidines 
JP 08034780 Cyclohept:imidazoles' 
WO 96/05195 naptho-fused lactams 
WO 96/04273 Pyrazoles 

EP696588 Benzimidazoles 
JP 07316055 Pyrimidines 
W095/34564 Pyridylimidazoles 
JP 07309871 Hydrazotriazoles 
W095/32198 Pyridylimidazoles 
AU95/16257 Imidazopyridines 
W095/24902 Imidazoles 
DE4407488 Pyridones 

WO 95/22543 Imidazoles 
WO 95/21838 Pyridylimidazoles 
JP07157485 fused pyrimidinones 
us 5411980 N-arylsubstituted-1,2,4-triazolinones 

W095/16677 pyrimidine/pyrimiclinones 
WO 95/16675 Benzazepin-3-yl-ureas 
WO 95/16692 Benzazepin-3-yl-ureas 
us 5426105 Dihydroimidazopyridines 
us 5424450' Imidazolinones 
DE 4341453 4-oxo-imidazo-pyridines 
JP 07112975 Amino-azoles 
DE4339868 4-oxo-imidazo-pyridazines 
W095/12598 benzazepinyl urea macrocycles 

EP648763 Imidazole!!!. 
WO 95/09632 benzazepin-3-yl•ureas 

EP647627 pyriclinones 
JP07048357 aminoacids 
WO 95103290 benzofused lactams 
DE4342724 2-oxo-1,2-clihydro-pyri.dines 
W093/17023 pyrazolopyrimidines 
us 5385894 6-aminoquinazolines 
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JP07002776 
JP 06340668 . 
us 538071Q 
GB2280438 

W0/95/00517 
us 5378704 
JP 06287182· 

. EP 62361<},. 
us 5358947 

W094/2283$ 
EP621276: 

WO 941216~9 
JP 06211~14 . 
EP618207. 

DE 430527,9 
WO 94117069. 
WO 94/17967. 
us 5338736 .· 
JP06184086 
DE4300912 

us 5330~~7 
EP607071·. 

WO 94/1367Q 
us 5326?7~ 
EP 602521. 

W094/11379 
WO 94111012 

EP 591891' 
us 5315013 
JP06100541 
WO 94/045i6 

JP 06087~3,3 
EP594022, 
EP5940:t.9~ 

JP 060730Q8 . 
JP0607~~85 

DE423~590 
JP 0606f;,236 

·: . ~: ; 
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N-arylmethlpyridines 
pyrazolotriazoles 

quinoxalines a.Ild its N-oxides 
carboxym.ethylidene cycloheptimidazoles 

imidazoles 
benzo- and pyrido:l,2,4-thiadiazines 

alkylglycines 
pyridine and pyridones 

pyrazolotriazinones 
pytazoles. 

2,3,S.:substituted quin.azolinone derivatives 
1:..phenyl-ii;nidazol-2-ones 

thioureas 
5,8-dihydro-6H.;pyrido-pyrimidin-7-ones 

triazolopyrimidines 
pyrazoles 

pyriµ:P.dones 
2,3,6-substituted quin:azolinone derivatives 

thioµreas 
1-benzyl-1,2,3,4-tetrahydroqui.nazolin-2-ones or 

. related analogs 
pyridopyninidinones 

4-pynmidinones 
pyrazofotnazoles 

5-membered heterocycl.ic. rings comprising 1-4 N or 
2 Nand.10 andcompiising0-2 double bonds 

imidaZopyridines 
pyridoo,Xazinones 
di peptide· analogs 

benzirdidazoles 
pyrazoles · 

pyrazoii1'ones 
5-inembered ring heterocyles containing 1-4 

hetetoatoms 
vinyl llnidazoles 

2-pyridones 
2-pyridones 

alkmty~pyridines 

ureas and thioureas 
benZimidazoles 

dihydrobenZimidazolones 

-14-

! • I 



. WO 00/01389 · ... ~ .· .. 

EP 589665. 

JP 06041122 
DE4230464 
us 5296480. 

us 5294617 
us 5294611 
us 5292734 
JP06032782 
us 5290780 
JP 06025250 
JP06025229 
W094/03453 
WO 94/03449 
W094/03435 
US5288720 
JP 06016661 
US5284853 
us 5284852 
JP 06009638 . 
WO 94/02467 
us 5281604 
US5281603 
085281602 
DE4224133 
us 5276048. 
GB 2268743 
JP 05310696 
EP574846 

DE42S7656 
FR2690442 
GB2267089 
EP 573218 

WO 93/23391 
us 5260325 
DE4212748 
EP566020 

DE4212250 
us 5250548 

. . • .. ~ i 

· ... 
. .. ,j;l(\P 
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4,5,6, 7-tetrahydro-1H-imidazo[4,5-c]pyridine-6-
carboxamides 
quinoxalines 

imidazolylbenzimidazoles 
2-alkyl-5,6,7 ,8-tetrahydro-pyrido (4,3-d)­

pyrimidine-4-ones 
quinazolinones 
quinazolinones 
quinazolinones 

pyrazoles 
quinazolinones 

thieno[3,4-d]imidazoles 
imidazoles 

pyrazolyl[4,3-c]pyridines 
imidazoles 

imidazole-5-carboxylic acids 
quinazolinones 

imidazoles 
quinazolinones 
quinazolinones 

pyrazolopyrimidines 
imida:zoles 

quinazolinones 
quinazolinones 

pyridopyrimidines 
benzimidazoles 

imidazoles 
pyridines/pyrazines/pyrimidines 

pyridines 
imidazopyridines 
. benzimidazoles 

pyrazolopyrimidines 
cycloheptimidazoles 

imidazoles 
indoles, 7-azaindoles 

N-linked amides or thioamides 
benzimidazoles 
benzimidazoles 
benzimidazoles 
aminopyridines 
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GB2265900 pyrazoles 
EP562936 imidazolines 

W093/18035 aza-phthalimides 
WO 93/17682 · bicyclie heteroeycles . 
W093/17681 5-membered ring heteroeycles 

EP 561252: · 2-oxoquinolines 
JP05201994 pyridazinones 
GB 2264709 imidazop:Yridines 
JP 05194418 2-ami11opyiiznidines 
W093/16049 4-oxo-clihydi'opyridilies 
JP 05178836 pyridines· 
EP556080 . pyrazolo[l,5-a)pyrid,ine~ orimidazo[l.5-a)pyridines 
us 5231094. triazolopypmidines 
EP 554107· 1,2,4.;.triazole · 
EP554098 imidazo[4,5bJpyndiiles 

W093/14086 1-isoqliinolones 
EP 552765 benzimidazoles 

JP 05155884 . benzopyrazines or pyridopyrazines 
WO 93/1307.7 hydantoins connected. to imidazoles 
us 5225408 · oxadiazinone 
JP 05140152 quinazolindione · .. 
EP 550313:~ pyrazolone and·pyrimiclinones 
us 52l9856 imidazoles 
EP547514' imidazopyridines 

US5218125 imidaioles · 
GB2262096 . 4-aminopyrlmidines 
us 521415~. imidazoles 
US5212195 indoles, azaindoles 
EP54326$': benzimidazoles 

DE4221583· pyridones· 
us 5208234 imidazolephosphonic acids 

WO 93/08193 . imidazo".tetrahydropyridazines 
WO 93/08171 pyrinridocycloalkanes 
W093/08169 aminopyrimidines 

EP539086·· pyrimidinolactams 
EP 537937 pyrazinopyrimidinones 

DE4132632 imidazolylpropenoic acids 
EP585465· imidazolylpropenoic acids 
EP535468 imidazolylprop~noie acids 
EP535420 imidazoles 
EP534706 quinazolinone or pyridopyrimidinones 

-16-

; I 



W000/01389 

W093/05044 
W093/05025 
W093/04059 
W093/04045 
JP05032661 
EP 532410 
EP 531876 
EP 531874 

EP 530702 
WO 93/03040 
W093/03033 
W093/03018 
us 5187168 
JP 05017480 
us 5185340 
us 5182288 
FR2677016 

WO 93/00341 
WO 92122533 
us 5124335 
EP490820 
EP 490587 
EP495626 
EP 497150 
EP497121 
EP498721 
us 5132216 
EP499416 
EP499415 
EP499414 
EP500409 
EP 500297 
EP502725. 
EP502575 
EP502314 
EP505098 
EP 503785 

JP04230683 

EP507594 

.:,~~}: 
··~~~!;·;· :. 

pyrazolotriazines •· 
· pyrazoles 
imidazoles 

imidazolinones 
imidazolinones 

PCT/US99/1S063 

imidazolinones and larger ring analogs 
imidazoindolizines 

4,5,6, 7-tetrahydroimidazo[4,5-c]pyridine-4-
carboxylic acids 

1,2-dihydro-2-oxopyridines 
thienopyrimidin-4-ones 

imidazo[ 4,5-d]pyridazines 
pyrimidines 

quinazoline derivatives 
thienoimidazoles 
oxypyrimidines 

lactams 
acyl amino acid derivatives 

imidazoles 
4-aminoquinolines 

fused pyrroles 
acylamino derivatives 

pyrazolo-pyrimidine and imidazopyridazines 
oxypyridiries, oxyquinolines, and imidazoles 

3-quinazolin-4-ones 
imidazoles 

l,4-dihydroquinolin-4-ones 
imidazopyridines 

oxypyridines 
aminopyridines 

Fused oxypyridines 
- 4-pyrimidones 

2-pyridones and 2-pyrimidones 
fused pyrimidones 

1-(2H)-isoquinolinones 
benzimidazoles 

imidazoles 
imidazoles 

7-aza and 4- azabenzimidazoles (i.e., 
imidazopyridines) 

quinolines 

-17-



W000/01389 

JP04~35988 

EP 505893. 
FR2672891 
us 5145699: 
EP 515265' 
EP 511791. 
JP042575~{ 

WO 92/16524, · 
EP516392.·; 

WO 92/19211 
JP 0429547~: 
EP5212768: 

WO 92/21666, 
EP 518033. 

us 508770~. 
us 5087634 

WO 92/00977 .. 

EP475296 ·· 
WO 92/0250~ 
WO 92/04343 
W092/04335 

EP475898': 
EP481448 •.· . . 

QO 92/0516i 
W092/07852 
JP 04120072 
EP48725~·· 

EP48368~. 

EP470543· 
EP4684.79· 
EP467207:· 

W091/19715 
W091/196~7 

EP 4653()~ 
EP46532~ 

W091/18888 
EP461039.·. 
us 50665a6. 
EP459136 

PCT/US99/15063 

imidazopyridazinediones 
imidazopyridines 

pyrazolones 
pyridopyrimidines 

pyrimidine derivatives 
pyrrolopyridines 

benzi:midazoles, imid~zopyridines, 
imidazowrazin,es 

benzo-fused lactams 
naphyridones and pyrido[c,b]pyrrolidones 

imidazob~nzoquinones 

. ·imidazo[4,5-b]pridines 
triazolo pyrimidines 
thiazole derivatives 

imidazo[4,5-c]pyridine..4.;;ca.rboxylates and other 
· heterocycles 

3H-imidazo-[4,5~b} pyridines 
N-substituted, imidazol-2-ones 

imidazoles · 
· · various 6-membered heterocycles 

oxyqumolines 
.tetrahydi-obenzazoles 

lH-1,2,4'..triazoles 
Azacyclic c()mpounds including imidazolinones 

· dihydropyrimidinei:i 
1,3,5-trisubstituted 1,2,4-triazoles 

. xanthine derivatives 
· pyrimidine derivatives 

quinolines and 1,5-naphthyridine derivatives 
thienoimidazoles · · 
fused imidazoles 

. fused iniidazol.es 
punnes 

imidazo[4,5-d]pyridazines 
pyridj.nes 

inii.dazoles 
pyrimidines 
triazofones 

benziinjdazoles 
pyridoilllidazoles 
benzi:midazoles 
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. ;~· 

EP456510 pyridoimid;azoles 
EP456442 quinoliries 

WO 91/15479 imidazoles, oxazoleS, thiazoles 
W091/15209 pyrimidines 

EP453210 pyridines 
W091/14679 imidazolinones or pyrimidinones 
us 5053329 imidazopyridines 
us 5049565 conjugated imidazopyridines 
EP449699 pyrazoles 
EP446062 pyrazoles 
EP445811 pyridin-4-ones and pyrimidin-4-ones 
EP443983 amides, sulfonamides, carbamates 
EP443568 thienopyridin-4-ones, thienopyrimidin-2,4-diones 
EP442473 pyrimidin-2,4-diones 
EP435827 pyrimidiriones 
EP434038 fused imidazoles 
EP432737 cycloheptimidazolones 

W091/07404 azaquinolines 
EP430300 xanthines 
EP426021 fused imidazoles 
EP425921 benzimidazoles 
EP 424317 pyrimidines 
EP420237 fused imidazoles 
EP419048 pyrimidinones 
EP415886 fused imidazoles 
EP412848 oxyquinolines 
EP412594 triazolinones 
EP411766 quinazolinones 
EP 411507 pyrazole-3-carboxylates 

WO 91/00281 · imidazoles 
WO 91/00277 imidazoles 

EP409332 triazoles 
EP407342 pyrimidinones 
EP401102 fused imidazoles 
EP401030 fused imidazoles 
EP400974 fused imidazoles 
EP400835. benzimidazoles 
EP399732 benzimidazoles 
EP399731 fused imidazoles 
EP392317 benzimidazoles 
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EP890719 
EP323841 
EP291969 
EP253310 

W095/28419 
EP 63857:2. 

DE 43204$~· 
JP 062794p7. 
EP6245~3: .. 
EP623611 
us 534895,5 

W094/07.86 
JP0612825$ 
us 5298517 
us 528672~ 
DE42038'.72 
GB .~263()a.~ 
. us· 51110~7 

EP 51983:1'. 

. DE4034728 
DE4032522 
EP46104() 

DE 4006&~3 

us 4880804 

us 52665.83 .. 
EP 573~18: 
us 52644!t-.7 
EP 569'79:4 
us 5091390. 

. ~ .. : . ' : 

EP 54635$ 

PCT/US99/1S063 

imidazoles, 
pyrroles, pyrazoles, _and triazoles 

biphenyltetrazoles 
imidazoles. ·. 
indazoles 

fused imidazoles 
aniinopyridyl, imidazoles, fused imidazoles 

imidazoles 
pyridones 

pyridines ·or 2-:-pyridones 
diacyl piperazines 

be:nzo-fused ·1actams 
iniidazopyridines 

imidazoles 
quinazolinones 

imidazo[l,2~a]pyridines 

fused imidazoles · 
imidazolones 

imidazoles a.n.d pyrimidines 
. phosphonates or phosphinates 

· thienoimidaz!>l~s 
thienrihnidazoles 
fused ittrldazoles 
benzimidazoles 

iniidazoles · 
benziiriidazoles 

3-spiroindolin-2-ones 
i.nridazoles · . 
i.nridazolei:; 
imidazoles 

beiizopyridones or pyridopyridones 
· fusedimidazoles 

: morpholines, piperidines, piperazines, 
thionioipholines 
benzunitiazoles 

·' .. 

Methods of Preparation .· 

The 00.inpounds of the present invention may be. prepared by 

5 methods such as those illust:rated in the following Schemes I to mI. 
. . : 
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soivents, tem:Pt~J~ures, pressure'lf.:and other r$~o~ conditions may be 

selected by one of ordinary skill in the art. Startmg materials are 

commercially available or readily prepared by one of ordinary skill in the 

art. 

5 The following are the definitions of symbols used throughout 

10 

15 

20 

Schemes I to XIII: 

AA hydrogen, halogen (chloro, bromo, iodo) or-OS02CF3; 

BB suitable nitrogen protecting group, exemplified by 

methoxymethyl- [MOM], benzyloxymethyl- [BOM], 2-

(trimethylsilyl)ethoxymethyl- [SEM], methoxyethoxymethyl-

[MEMJ, or t-butyl groups; 

DD Sn2 or Snl leaving group exemplified by halogen (Cl, Br, I) and 

sulfonates (-0802-aryl (e.g., -OSO~h or-OS02PhCHa), or 

-0802-alkyl (e.g., -OS02CH3 or -OS02CF3)); 

EE halogen (chloro, bromo, iodo) or -OS02CF3; 

GG boronate ester or boronic acid, or trialkylstannane; 

HH metal atom such as tin, zinc, magnesium or lithium as part of an 

organometallic compound used as an intermediate for transition 

metal mediated aryl-aryl coupling reactions; 

JJ -CN, -CHO, or -CO~ wherein ~o is hydrogen or C1 to C3 alkyl. 

Exemplary conditions for forming and removing suitable nitrogen 

protecting groups may be found in T. W. Greene and P. G. M. Wuts, 

Protecting Groups in Omanic Svnthesis, John Wiley & Sons, Inc, New 

25 York, 1991, pp. 309-405. One skilled in the art can also recognize that the 

heteroaryl sulfonamide-NH in compounds of the invention will also have 

carboxylic acid character, and accordingly, methods used to protect 

carboxylic acids may be applicable to protecting the nitrogen NH of the 

sulfonamides in the invention, including intermediates to compounds of 

30 formula I. Exemplary conditions for forming and removing suitable 

carboxylic acid protecting groups may be found in T. W. Greene and P. G. 
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M. Wuts, Protecting Groups in Organic Svnthesis, John Wiley & Sons, Inc, 
.· . 

NewYork, 1991,.pp.'175-276. 
. . ... 
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SCHEME I 
VII VI IV Ill 

Compounds of formula I may be prepared from the deprotection of a 

5 compound of formula II wherein BB is a suitable nitrogen protecting 

group. Exemplary conditions for deprotection, and nitrogen protecting 

groups, may be found in T. W. Greene and P. G. M. Wut.s, Protecting 

Groups in Organic Synthe&~, John Wiley & Sons, Inc, New York, 1991, 

pp. 309-405. Preferred nitrogen protecting groups are the methoxymethyl 

10 (MOM), methoxyethoxymethyl (MEM), and 2-(trimethylsilyl)ethoxymethyl 

CSEM) groups. 

Compounds of formula II may be prepared from a palladium 

catalyzed coupling of a compound of formula III with a compound of 

formula VIII, in the presence of a suitable base in an inert solvent. 

15 Exemplary palladium catalysts include tetrakis(triphenylphosphine) 

palladium(O), palladium.(11) chloride or palladium(II) acetate. The 

preferred palladium catalyst is tetrakis{triphenylphosphine) palladium{O). 

Exemplary bases include tertiary amines, such as, but not limited to, 

-23 -
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triethylamine, or aqueous po~sium, sodium, or cesium carbonate. The 

preferred base is aqueous sodium carbonate. Exemplary solvents include 

tetrahydrofuran:, 1,4-dioxane, acetonitrile, toluene, benzene, or straight 

chain alcohols, or a combination tber~of. The preferred solvent is a 

5 mixture of toluene and ethanol~ Exemplary reaction temperatures are 

between about 25°C to 125°C, preferably between about 65°C and ll0°C. 

Compounds of formula Ill may be prepared from a compound of 

formula IV via di~placement of the leaving group (DD) by the conjugate 

base of a compound Ri-H, wh~ein R1 is as preViou.sly defined, using a base 

10 in an inert solvent. Exemplary bases include sodium carbonate, 

potassium carbon~te, cesium c~bo~te, sodium hydride, potassium 

hydride, or alkyl lithiums. The preferred base is sodium hydride. 

Exemplary inert solvents include ethers (tetrahydrofuran, 1,4-dioxane, 

diethyl ether), or·N,N-dimethylformamide. The preferred solvent is N,N-

15 dimethylformamide. Exemplary reaction temperatures are between about 
'.:: . . . 

0°C to 154°C, preferably betW~en about 65°C and 110°C. 

Compounds of formula :(II m~y al.so be prepared via a Mitsunobu 

reaction betweeri.a compound offonnula VI and the conjugate acid R2-H, . 

preferably using a phosphine and oxidizing agent, in an inert solvent. 

20 Exemplary phosppines includ~;trialkylphosphines, triarylphosphines and 

. polymer supported triarylphosphines. The preferred phosphine is 

triphenylphosphine. Exeniplacy oXidizing reagents include diethyl 

azodicarboxylat~~: diisopropyl ~zodicarboxylate, or carbon tetrabromide. 

The preferred oxidizing r~age~t· is diethyl azodicarboxylate. Exemplary 

25 inert solvents include ethers (tetrabydrofuran, 1,4-dioxane, diethyl ether), 

acetonitrile or N;N-dimet}iylfotm~ide. The preferred solvent is N,N­

dimethylformamide. Exemp~ary reiiction temperatures are between about 

0°c to 154°C, p~eferably betw~en ~out 20°c and 65°C. 

Compounds of formula IV (especially, where DD is -OS02Ph, 

80 -OSO~hCfl:i, -OSOzCH3, -OSO;pF3)' may be prepared from the reaction of 

. -24-
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a ~mpound of ffiiihula VI with Cl~02Ph, ClSO~PHC~, ClS02CH3 or 

(CF3S02} 20in the presence of a base in an inert solvent. 

Compounds of formula VI may be prepared from reduction of a 

compound of formula VII using a suitable reducing agent in an inert 

5 solvent. 

Compounds of formula VII are either commercially available or 

available by means kn<>Wn to one skilled in the art. 

Compounds of formula VIII may be prepared via litbiation of a 

compound of formula IX wherein AA is hydrogen or a halogen (chloro, 

10 bromo, iodo), and reacting the resulting aryl lithium with an appropriate 

borate derivative. 

Compounds of formula IX may be prepared via the protection of the 

nitrogen in a compound of formula XI. Exemplary nitrogen protecting 

groups and methods of protecting the nitrogen are similar to those for 

15 protecting amines, such as those described in T. W. Greene and P. G. M. 

Wuts, Protecting Groups in Organic Synthesis, John Wiley & Sons, Inc, 

New York, 1991. 

Com.pounds of formula XI may be prepared from the reaction of a 

compound of formula XII with a compound R3-NH2• 

20 Compounds of the formula XII are either commercially available or 

. available by means known to one skilled in the art. 

-25-
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SCHEME II 

~» XVI 
EE 

/ 
II 

Compounds of formula J may be prepared from the deprotection of a 

5 compound of formula II as described in.Scheme I. 

Compounds of formula Il may be prepared from a compound of 

formula XIV via displacement pf the leaving group (DD) by the conjugate 

base of a compound R1-H, wherein R1 is as previously defined, using a base 

in an inert solvent. Exemplary bases include sodium carbonate, 

10 . potassium carbonate, cesium ~bonate, sodium hydride, potassium 

hydride, or alkyl lithiums. The preferred base is sodium hydride. 

Exemplary inert solvents include ethers (tetrahydrofuran, 1,4-dioxane, 

diethyl ether), or N,N-climethylformamide. The preferred solvent is N,N­

dimethylformamide. Exemplary reaction temperatures are between about 

15 0°C to 154°C, preferably between about 25°C and ll0°C. 

Compounds of formula II may also be prepared via a Mitsunobu 

reaction between a compoun(J of formula XV and the conjugate acid R1-H 

using a phosphine and oxidizing agent in an inert solvent. Exemplary 

phosphines include trialkylphosphines, triarylphosphines and polymer 

20 supported triarylphosphines. ·The preferred phosphine is 
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triphenylphosp. 1ine. Exemplary oxidizing reagents include diethyl 

azodicarboxyla~, diisopropyl azodicarboxylate, or carbon tetrabromide. 

The preferred oxidizing reagent is diethyl azodicarboxylate. Exemplary 

inert solvents iaclude ethers (tetrahydrofuran, 1,4-dioxane, diethyl ether), 

5 acetonitrile or IN,N-dimethylformamide. The preferred solvent is N,N­

dimethylformamide. Exemplary reaction temperatures are between about 

0°C to 154°C, pt'eferably between about 20°C and 65°C. 

Compoui ids of formula XIV may be prepared from compounds of 

formula XV using methods well known in the art. For example, 

10 compounds of formula XIV CDD =Br) may be prepared by the treatment of 

compound XV \le'ith carbon tetrabromide and triphenylphosphine in a 

suitable solvent. such as toluene or tetrahydrofuran. 

Compoui ids of formula XV may be prepared from reduction of a 

compound offo1mula XVI using a suitable reducing agent in an inert 

15 solvent. R.i is p1leforably not an amide, an ester, a carboxylic acid or an 

aldehyde durin. ~ this operation. 

Compouitds of formula XVI may be prepared from a palladium 

catalyzed coupl'.ng of a compound of formula VII with a compound of 

formula IX in ti1e presence of a suitable base and an inert solvent as 

20 described in Sclieme I. 

Compoui1ds of formula VII are available by means known to one 

skilled in the a1 t. 
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SCHEME III 

· N j~OH ~l:D 
- ·I - -R14 R140 • .;,;; . . R14 fi 

R1aO EE R1aO EE R1aO EE 

xxv 

_____ .··~~ 
EE 

X:JC:I 

XVIII 

XXIV 

O:z - R2fl 
s ... N.Ra 

H 

XXUI 

OHC 

XVII 

Compounds offormulaXVII (which are compounds of formula I 

5 wherein R, is ~ where ~ is -CH2NCR,1)(C=O)NCR19)R20, 

-C~N<Rz;)CC=O>OR18 or-CH~CRii1>CC=O)~), may be prepared from 

compounds of formula XVIII (aJso compounds of formula I, where~ is 

-CHµ~1) by reaction of a compound of formula XVIII with an active 

ester (i.e., from a carboxylic acld suCh as ~COOH in the presence of a 

10 suitable coupling agent such as .dicyclohexylcarbodimide (DCC)), or an 

acid chloride (i.e., :Rn<C=O)Cl), or au isocyanate (i.e., R19N=C=0), or a 

chloroform.ate (i.e., R180(C=0)Cl) in the presence of a suitable base such as 

triethylamine and catalyst sue,:h as 4-dim.ethylaminopyridine in an inert 

solvent. This step may, for example, be conducted combinatorially and a 

15 library of such compounds cre~ted. 

Compounds of formula XVIII may be prepared from reductive 

amination of compounds of formula XIX. (compounds of formula I where Ri 
is 
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-CHO) using a'iiimary amine s~t as Rii1NH.J4i?tiie presence of a suita~le 
reducing agent such as sodium triacetox.yborohydride in an inert solvent. 

Compounds of formula XIX may be prepared by deprotection of 

compounds of formula XX wherein BB is a suitable nitrogen protecting 

5 group as described in Scheme I. 

Compounds of formula XX may be prepared from a palladium 

catalyzed coupling of a compound of formula XXI with a compound of 

formula VIII in the presence of a suitable base and an inert solvent as 

described in Scheme I. 

10 Compounds of formula XXI may be prepared in two steps from a 

compound of formula XXIII, first by displacement of the leaving group 

(DD) by the conjugate base of a compound R,-H, wherein R1 is as 

previously defined using a suitable base in an inert solvent as described in 

Scheme I to provide a compound of formula XXII. Subsequent deprotection 

15 of the acetal in a compound of formula XXII using methods known in the 

art is employed to provide a compound of formula XXI. 

Compounds of formula XXII may also be prepared via a Mitsunobu 

reaction between a compound of formula XXIV and the conjugate acid 

R1-H using a phosphine and oxidizing agent in an inert solvent. 

20 Exemplary phosphines include trialkylphosphines, triarylphosphines and 

· polymer supported triarylphosphines. Exemplary oxidizing reagents 

include diethyl azodicarbox.ylate, diisopropyl azodicarbo.xylate, or carbon 

tetrabromide. Exemplary inert solvents include ethers (tetrahydrofu.ran, 

1,4-dioxane, diethyl ether), aeetonitrile or N,N-dimethylformamide. 

25 Compounds of formula XXIII may be prepared from compounds of 

formula XXIV using methods well known in the art. For example, . 

compounds of formula XXIII (DD= Br) may be prepared by the treatment 

of compound XXIV with carbon tetrabromide and triphenylphosphine in a 

suitable solvent such as toluene or tetrahydrofuran. 

30 Compounds of formula XXIV may be prepared in two steps from 

compound XXV via a partial reduction of the nitrile group to the aldehyde 
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using a suitable reducing agen~ such as diisobutylaluminum. hydride, with 

subsequent reduction of the al<lehyde to hydroxymethyl using an agent 

such as sodium borohydride. 

Methods fo~ the preparation of compounds XXV and XXVI are 

5 known in the art [H.-Y. Zhang, et al., Tetrahedron, 50, 11339-11362 

(1994)]. 

10 

SCHEME IV 

OHC 

xx XXXI xxx XXIX 

. Compounds of formula XX1X (which are compounds of formula I 
. ' 

where ~ is -CH2Y) may be prepared from the deprotection of a compound 

of formula XXX such as is described in Scheme I. 

Compounds of formula XXX. may be prepared from a compound of 

15 . formula XXXI via displacement of the leaving group (DD) by the conjugate 

base of a compound Y-H, wherein Y is as PJ:"eviously defined using a base 

in an inert solvent. Exemplary bases include sodium carbonate, 

potassium carbo11ate, cesium ~arbonate~ sodium hydride, potassium. 

hydride, or alky~ lithiums. The preferred base is sodium hydride. 

20 Compounds of formula XXXI .may be prepared from compounds of 

formula XX using methods well known in the art. For example, compounds 

of formula XXXI (DD= Br) may be prepared from compound XX in two 

steps: first by reducing the al4ehyde to .a hydroxymethyl group using a 

suitable reducing agent such as, sodium borohydiide, and second, 

25 conversion of the hydroxymethyl gro11p to the bromomethyl function using 
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5 

carbon tetrabromide and triphenylphosphine in a suitable solvent such as 

toluene or tetrahydrofuran. 

SCHEMEV 

H~ 
EE 

. rt 1'-M<, 
--• R140yy - R14°YY -

R130 EE R1 30 EE 

XXXVlll XXXVll · XXXVI 

xxxv XXXlll XXXll 

Compounds of formula XXXII (which may be employed, for example, 

in the methods of the preceding Schemes) may be prepared by cyclization 

of compounds of formula XXXIII in the presence of orthoester XXXIV 

10 using a catalytic amount of a weak acid such as acetic acid. Exemplary 

reaction temperatures are between about 25°C to 154°C, preferably 

between about 60°C and 110°c. 

15 

Compounds offormulaXXXIII (e.g., where R,3 and R147 together 

with the atoms to which they are bonded, form the five-membered ring 

~ . 

Co ) may be prepared from compounds of formula. :XX:XVI in two steps: 

(1) acylation of compound XXXVI with an N-protected amino acid in the 

presence of a suitable coupling agent such as dicyclohexylcarbodimide 

(DCC) or (benzotriazol-1-yloxy )tripyrrolidinophosphonium 

hexafluorophosphate (PyBOP) in a suitable solvent such as N,N-

20 dimethylformamide, and (2) removal of the protecting group. Suitable 
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conditions and suitable nitrogen pr<>tecting groups and the corresponding 

deprotection conditions may be found in T. W. G:reene and P. G. M. Wuts, 

Protecting Groups in Organic Synthesis, John Wiley & Sons, Inc, New 

York, 1991, pp. 309-405. 

5 Compounds of formula~ may be prepared via reduction of a 

compound of foqnula XXXVII using an appropriate reducing agent such as 

diborane or lithitim aluminum hydride in an appropriate solvent such as 

tetrahydrofuran. ·. · 

CompoutidS of formula x.xxvn may be prepared from compounds of 

10 formula XXXVIIlias described in Scheme III. 

15 

Compound~ of formula XXXVIII may be prepared by methods 
. . . ' . 

known in the art~ 

R1 hA1 

R2 . ~ , .. 
2 .. 

Ill EE xxx1xa GG 

~~·~~ 
I 

R2 
XXXIXb HH 

SCHEME VI 

&
AA ·02IX 

S...N'Ra 
I · BB 

. . . 

II 

_,... R 
02 

·S..· .-Ra . N 
I 

BB 

Compounds of formula ~ may be prepared from the deprotection of a 

compound of formula II as described in Scheme I. 

Compounds of formula II may be prepared by a palladium catalyzed 

20 coupling of a compound of formula IX (as described in Scheme I) wherein 

AA here is -OS02CF3 or a halO~en (chlorine, bromine, or iodine; preferably 

bromine or iodine) with a comwund of formula XXXIXa, wherein GG is a 

boronic acid or ester, in the ptesence of a base aild an inert solvent as 

described in Scheme I. 
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Compouri&·of formula II n:kly also be p~~lted. by a palladium or 

nickel catalyzed coupling ofa compound offormulaIX (as described in 

Scheme I) wherein AA is a halogen (chlorine, broinine, or iodine; 

preferably bromine or iodine) with a compound of formula XXXIXb 

5 wherein HH is a suitable metal atom bearing appropriate ligands. 

Exemplary metal atoms include tin, zinc, magnesium, and lithium. 

Exemplary catalysts include tetrakis(triphenylphosphine)palladium(O) 

and dichlorobis(triphenylphosphine)nickel(II). 

Compounds of formula XXXIXa or XXXIXb may be prepared via 

10 lithiation of a compound of formula III wherein EE is a halogen (chlorine, 

bromine, or iodine; preferably bromine or iodine), then reacting the 

resulting aryl lithium with an appropriate borate derivative or with an 

appropriate zinc, tin, or magnesium reagent. 

Compounds of formula III may be prepared by the methods 

15 described in Scheme I. 

SCHEME VII 

~1 Ill 
GG 0 

.,,& 

os~NH 
R2 

EE R2 .. BB ,.... 
XLlll XLll 

20 Compounds of formula I may be prepared from the thermal reaction 

of a compound of formula XL with a heterocyclic compound of formula 
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Ra-X, wherein X is a halogen (fluorine, chlorine, bromine, or iodine), in the 

presence of a base and an inert solvent. Exemplary bases include sodium 

hydride, potassium carbonate, :potassium hydride, and potassium 

bis(trimethylsilyl)amide, preferably.sodium hydride. Exemplary solvents 

5 include N,N-dimethylformamide and N,N-dimethylacetamide. Exemplary 

reaction temperatures are between about 80°C and 150°C, preferably 

between 110°0 a:Qd 130°0. 

Compounds of formula I rnay also be prepared from the reaction of a 

compound of formula XL with a heterocyclic compound offom:iula Rs-X, 
10 wherein Xis a halogen (chlorine, bromine, or iodine), in the presence of a 

palladium catalyst, a phosphine ligand, a base, ·and an inert solvent. 

Exemplary pallacJium catalysts include palladium acetate and 

tris(dibenzylideneacetone)palh~diUm.(O), and the preferred palladium 

catalyst is palladium acetate ... The. preferred.phosphine ligand is 2,2'-

15 bis(diphenylphosphino)-1,1'-binaphthyl. Exemplary bases include sodium 

hydride and sodhrm t-butoxidf;!. !he preferred base is sodium hydride. 

Exemplary reac~ion temperatures are between about 20°0 and 110°0, 

preferably between 85°C and ll0°C. 

Compounc1s of formula XL may be prepared by deprotection of a 

20 compound of formula XLI, whE;lrein.BB is a suitable nitrogen protecting 

. group. Exemplary conditions for protection and deprotection of nitrogen 
. . . . 

functionalities may be found ih T. W. Greene and P. Q. M. Wuts, 
. . 

Protecting Groups in Organic Svnthesis, John Wiley & Sons, Inc., New 
. : . . . . . . . 

York, 1991, pp. 309-405. The pref~rred _protecting group BB for Scheme 

25 VII is tertiary:-butyl. Exemplary deprotection conditions include the use of 
;.·. 

acids, such as trifluoroacetic ~cid. 

Compounds of formula XLI may be prepared by a palladium 
• '!'; 

catalyzed coupling of a compo~d of formula III (as described in Scheme 

I) wherein EE is a halogen (cilJ.orine, bromine, or iodine; preferably 

30 bromine or iodine) with a compound of formula XLII, wherein GG is a 
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bo~nic acid or~~ter, in the presJil:e of a"base ·l&d: ~inert solvent as 

described in Scheme I. 

Compounds of formula XLII may be prepared via the lithiation of a 

compound of formula XLIII in an inert solvent, followed by reacting the 

5 resulting aryl lithium with an appropriate borate derivative. Exemplary 

reagents for the lithiation reaction include n-butyllithium and t­

butyllithium. Exemplary solvents·include ethers such as tetrahydrofuran, 

either alone or in combination with hydrocarbon solvents such as hexane. 

The preferred solvent is a mixture of tetrahydrofuran and hexane. 

10 Compounds of formula XLIII are either commercially available or 

available by means known to one skilled in the art. 

SCHEME VITI 

OHC 

xx 
~ 

OH 02 
S...N~Rs 

~ 
I 

BB 

15 

Compounds of formula XXIX (which are certain compounds of 

formula I where ~ is -C~ Y, as described in Scheme IV) may be prepared 

from a compound of formula XIX (which is a compound of formula I where 

20 ~ is -CHO, as described in Scheme III) via a two step process: 1) 

reductive amination of XIX in the presence of a primary amine RaoNH2 , 
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wherein Rso is carboxyalk:yl, alkoxycarbonylalkyl, hydroxyalk:yl, or 

aminoalkyl, using a suitable reducing agent such as sodium 

triacetoxyborohydride, yi~Ids ~intermediate amine; 2). subsequent 
; 

cyclization using an appropriate cyclizatjon reagent yields a compound of 

5 formula XXIX. When Rao is carboxyalkyl, appropriate cycli_zation reagents 

include carbodiimides such as <Uisopr()pylcarbodiimide. When ~o is 

hydroxyalkylor aminoalkyl, appropriate cyclization reagents include 

phosgene and l,1'-carbonyldiinµdazole. When R30 is alkoxycarbonylalkyl, 

appropriate cyclization reagents include tertiary amine bases such as 

10 triethylamine and N,N-diisopro,pylethylamine. 

Compounds of formula XIX may be prepared via deprotection of a 

compound of formula XX as described in Scheme III. 

Compounds of formula XXIX may also be prepared by deprotection 

of a compound of formula XXX as described in Scheme I. 

15 Compounds of formula XXX may be prepared from a compound of 

formula XX, using the two step process described above for the formation 

of compounds of formula XXIX from a compound of formula XIX. 
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SCHEME IX 

xv 

02 
s.N .. Ra 

I 

~ BB 

~ ~ 
JJ 02 ~ Ra 

XVI 
~ S..N'R3 N' 

I I 
BB XLVI BB 

02 
~N .. R3 

oyRs oyRs • BB 

NYRg NYRg 

R1 R7 
--~ XLIV 

R2 02 02 s, ,R3 s.N'Ra 
XLV N 

I I 

BB H 

5 Compounds of formula XLIV (which are compounds of formula I 

wherein R1 is D as defined for formula I) may be prepared from the 

. deprotection of a compound offormulaXLVas described in Scheme I. 

Compounds of formula XL V may be prepared via the acylation of a 

compound of formula XLVI using either a carboxylic acid such as RaCOOH 

10 in the presence of a suitable coupling agent such as 

dicyclohexylcarbodiimide, or the coITesponding acid chloride or acid 

anhydride in the presence of a suitable base such as triethylamine. 

Compounds of formula XL VI may be prepared from reduction of a 

compound of formula XL VII in the presence of a primary amine such as 

15 HiNCHR,Rit in the presence of a suitable reducing agent such as sodium 

triacetoxyborohydride. 
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Compounds of formula XL VII may be prepared via reduction of a 

compound of formula XVI, as described in Scheme II, wherein JJ is -CN, 

or -C0~20 wherein ~ is hydrogen or C1 to C3 alkyl, using means known to 

one skilled in the art. 

5 Compounds of formula )Q:. VII may also be prepared via oxidation of 

10 

.a compound of formula XV, as 4efined in Scheme II, using means known 

to one skilled in the art. 

SCHEMEX 

LXlll 

Compouncls offormula:lq.IV (which are compounds of formula I 

wherein R1 is D as defined for formula I) may be prepared by the acylation 
. . .:.. ' 

15 of a compound of formula LXI using either a carboxylic acid such as 

R.iCOOH in the presence of a s~table coupling agent such as 

dicyclohexylcarbodiimide, or the corresponding acid chloride or acid 
. . ' :.. . ' 

anhydride in the presence of a ~uitable base such as triethylamine. 

Compounds of formula LXI may be prepared by the reduction of a 

20 compound of formula LXII in the presence of a primary amine such as 
;:· . 

H~CliR,Rs in the presence of a suitable reducing agent such as sodium 

triacetoxyborohydride. 
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5 

Compourtfr~' of formula ~may be pre~~fi~d ~a deprotection of a 

compound of formula LXIII (which is a compound of formula XVI wherein 

JJ is CHO), as described in Scheme I. 

SCHEME XI 

LXVll 

Compounds of formula LXIV (which are compounds of formula I 

wherein ~ is -N(R19)~) may be prepared via reduction of a compound of 

10 formula LXV in the presence of an aliphatic, aromatic, or heteroaromatic 

aldehyde using a suitable reducing agent such as sodium 

triacetoxyborohydride. 

Compounds of formula LXV (which are compounds of formula I 

wherein Hi is -NHR19) may be similarly prepared via reduction of a 

15 compound of formula LXVI in the presence of an aliphatic, aromatic, or 

heteroaromatic aldehyde using a suitable reducing agent such as sodium 

triacetoxyborohydride. 

Compounds of formula LXVI ~which are compounds of formula I 

wherein ~ is -~) may be prepared by reduction of a compound of 

20 formula LXVII using a suitable reducing agent such as tin (II) chloride 

dihydrate in a suitable solvent such as ethyl acetate. 
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Compounds of formula L,X:VII (which are compounds of formula I 

wherein ~ is -N02) m.ay be prepf'l,red by deprotection of a compound of 

formula LXVIll as described in Scheme I. 

Compounds of formula LXVTII (which are compounds of formula II 

5 wherein ~is -N02) may be.prepared by the methods described for the 

preparation of compounds of formula II in Schemes I and IL 

10 

SCHEME XII 

Compounds of formul.a LXIX (which are compounds of formula I 

wherein·~ is -N~1)(C=O)R.n) may be prepared via acylation of a 

15 compound offomiula LXVa (prepared as descri~edin Scheme XI for a 

compound of formula LXV) using either a carboxylic acid such as ~COOH 

in the presence of a suitable coupling agent such as 

dicyclohexylcarbodiimide, ortJ:ie coITespondingacid chloride or acid 

anhydride in the presence of a suitable base such as triethylamine. 

20 Compounds of formula LXX (which are compounds of formula I 

25 

wherein ~ is -N(R,1)S02RJ1J1) 111-ay be prepared via sulfonylation of a 

compound of formula LXVa u$lg either a sulfonyl chloride such as 

~2S02Cl or the corresponding ~ulfonic anhydride, in the presence of a 

suitable base such as triethylamine. 
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5 

H 
~N 

SCHEME XIII 

Compounds of formula LXXI (which are compounds of formula I 

wherein R:i is -C~CR:i1)(S02~)) may be prepared via sulfonylation of a 

compound of formula XVIII (prepared as described in Scheme III) using 

either a sulfonyl chloride such as ~2S02Cl or the corresponding sulfonic 

10 anhydride in the presence of a suitable base such as triethylamine. 

15 

The present invention further proVi.des the following novel 

compounds, which may be employed as intermediates in the preparation of 

compounds of the formula I and salts thereof: 

wherein~ and R:i are as defined for a compound of formula I, Rso is 

hydroxy, chloro, bromo, iodo, -0802-alkyl, or-0802-aryl, and Rsi is 

20 hydrogen, -CH20CH2CH20CHa, -C~OCH2CRi8i(CH3)3 , -CRiOCH3, 

-CRiOCH2-aryl, or other suitable nitrogen protecting group; 
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(LVI) 

wherein Ru ~ and R3 are as defined for a compound of formula I and BB is 

-CH20CH,CH20Cff:i, -C~OC~CH2Si(Clia)3, -C~OCH,, -CH20CHi-aryl, or 

5 other suitable nitrogen protecting group; and 

wherein R1 and~ are as defined for a compound of formula I, and R52 is . 

10 chloro, bromo, iodo, or-OS02C;F3• 

15 

The present invention also provides the following novel method for 

the preparation ofa compound of the formula I or salt thereof, wherein 

. said method comprises the steps of: 

a) displacement ofa leaving group R50 via the anion of a 

compound R1-H from a compo:und of the formula 

wherein R.i, ~and Rs are as defined for a compound of formula I, R,0 is 

20 hydroxy, chloro, bromo, iodo, -0802-alkyl or -0802-aryl, and Rs1 is 
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hydrogen or a suitable nitrogen ptbtecting group, using a Mitsunobu 

reaction or Snl or Sn2 displacement reaction, with removal of said nitrogen 

protecting group as appropriate; 

5 b) removal of the nitrogen protecting group R51 from a compound 

10 

of formula 

wherein R1, ~and Rs are as defined for a compound of formula I, and R51 

is a suitable nitrogen protecting group; 

c) organometallic coupling of a compound _of formula 

(LVll} 

with a compound of formula 

15 wherein R1, ~and R:iare as defined for a compound of formula I and R,;1 is 

a suitable nitrogen protecting group. When Rs2 is chloro, bromo, iodo or 

-OS02CF3, then R54 is a boronic acid, boronic ester or stannane derivative. 

When ~ is a boronic acid, boronic ester or stannane derivative, then R,;4 is 

chloro, bromo, iodo or -OS02CF3• 

20 

d) acylation of a compound of the formula 
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wherein R1 and Rs are as defined for a compound of formula I, ,and R51 is 

hydrogen or a suitable nitrogen protecting group, with an acylating agent 

of the formula l\s-(C=O)Rn, ItigN==C=O, Rns-C02Iti8, RssSOzR.u, wherein !tis, 

5 ~ and R22 are as defined for a compound of formula I and Rss is an 

activating group for an acid, or made using an acid activating agent, with 

removal of said nitrogen protecting group as appropriate; or 

10 

15 

e) reductive aminatic>n of a compound of formula 

wherein R1 and Rs are as defined for a compound of formula I, and ltg1 is 

hydrogen or a suitable nitrogen protecting group, with an amine of the 

,formula 

0 

hydrogen or alkyl -O 

UCll 

x 

wherein~. ~. and x are as defined for a compound of formula I, with 

removal of said nitrogen protecting group as appropriate. 
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Utilitv 

The compounds of formula I and salts thereof are antagonists of 

both endothelin (especially, ET-1) and angiotensin II (especially, subtype 

AT1) receptors ("dual angiotensiil endothelin receptor antagonists") and 

5 are useful in treatment of conditions associated with increased ET levels 

and/or increased angiotensin II levels and of all endothelin-dependent or 

angiotensin II-dependent disorders. They are thus useful as 

antihypertensive agents. By the administration of a composition having 

one (or a combination) of the compounds of this invention, the blood 

10 pressure of a hypertensive mammalian (e.g., human) host is reduced. 

They are also useful in portal hypertension, hypertension secondary to 

treatment with erythropoietin and low renin hypertension. 

The compounds of the present invention are also useful in the 

treatment of disorders related to renal, glomerular and mesangial cell 

15 function, including acute (such as ischemic, nephrotoxic, or 

glomerulonephritis) and chronic (such as diabetic, hypertensive or 

immune-mediated) renal failure, glomerular injury, renal damage 

secondary to old age or related to dialysis, nephrosclerosis (especially 

hypertensive nephrosclerosis), nephrotoxicity (including nephrotoxicity 

20 related to imaging and contrast agents and to cyclosporine), renal 

. ischemia, primary vesicoureteral reflux, glomerulosclerosis and the like. 

The compounds of this invention are also useful in the treatment of 

disorders related to paracrine and endocrine function. 

The compounds of the present invention are also useful in the 

25 treatment of endotoxemia or endotoxin shock as well as hemorrhagic 

shock. 

The compounds of the present invention are also useful in hypoxic 

and ischemic disease and as anti-ischemic agents for the treatment of, for 

example, cardiac, renal and cerebral ischemia and reperfusion (such as 

30 that occurring following cardiopulmonary bypass surgery), coronary and 

cerebral vasospasm, and the like. 
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In addition, the compounds of this invention are also useful as anti­

arrhytbmic agents; anti-angina,l agents; anti-fibrillatory agents; anti­

asthmatic agents; anti-atherosclerotic and.anti-arteriosclerotic agents; 

additives to cardioplegic solutions for cardiopulmonary bypasses; adjuncts 

5 to thrombolytic therapy; and anti-diarrheal agents. The compounds of 

this invention may be useful in therapy for myocardial infarction; therapy 

for peripheral vascular disease (e.g., Raynaud's disease and Takayashu's 

disease); treatment of cardiac hypertrophy (e.g., hypertrophic 

cardiomyopathy); treatment of primary pulmonary hypertension (e.g., 

10 plexogenic, em:bolic) in adults ~nd in the newborn and pulmonary 

hypertension secondary to. heru:t failure, radiation and chemotherapeutic 

injury, or other trauma; treatnient of central nervous system vascular 

disorders, such as stroke, migraine and subarachnoid hemorrhage; 

treatment of central nervous system behavioral disorders; treatment of 

15 gastrointestinal diseases such·as ulcerative colitis, Crohn's disease, gastric 

. mucosal damage, ulcer and ischemic bowel disease; treatment of gall 

bladder or bile duct-based diseases such as cholangitis; treatment of 

pancreatitis; regulation of cell ~owth; treatment of benign prostatic 

hypertrophy; restenosis following angioplasty or following any procedures 

20 including transplantation; therapy for congestive heart failure including 

. inhibition of fibrosis; inhibition of left ventricular dilatation, remodeling 

and dysfunction; and treatme11t ofhepatotoxicity and sudden death. The 

compounds of this invention are useful in the treatment of sickle cell 

disease including the initiation and/or eyolution of the pain crises of this 

25 disease; treatment of the dele~riqus consequences of ET-producing 

tumors such as hypertensiOn resulting from hemangiopericytoma; 

treatment of early and advan~d liver disease and injury including 

attendant complications (e.g.,hepatotoxicity,fibrosis and cirrhosis); 

treatment of spastic diseases Qf the urinary tract and/or bladder; 

80 treatment ofhepatorenal synQ!"ome; treatment of immunological diseases 

involving vasculitis such as lupus, systemic sclerosis, mixed 
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cryoglobuiinemia; and treatment of :fibrosis associated with renal 

dysfunction and hepatotoxicity. The compounds of this invention are 

useful in therapy for metabolic and neurological disorders; cancer; insulin­

dependent and non insulin-dependent diabetes mellitus; neuropathy; 

5 retinopathy; maternal respiratory distress syndrome; dysmenorrhea; · 

epilepsy; hemorrhagic and isch.emic stroke; bone remodeling; psoriasis; 

and chronic iirllammatory diseases such as rheumatoid arthritis, 

osteoarthritis, sarcoidosis and eczematous dermatitis (all types of 

dermatitis). 

10 The compounds of this invention are also useful in the treatment of 

sexual dysfunction in both men (erectile dysfunction, for example, due to 

diabetes mellitus, ~pinal cord injury, radical prostatectomy, psychogenic 

etiology or any other cause) and women by improving blood flow to the 

genitalia, especially, the corpus cavernosum. 

15 The present invention thus provides methods for the treatment of 

all endothelin-dependent or angiotensin II-dependent disprders, 

comprising the step of administering to a subject in need thereof at least. 

one compound of the formula I in an amount effective therefor. Other 

therapeutic agents such as those described below may be employed with 

20 the inventive compounds in the present methods. In the methods of the 

present invention, such other therapeutic·agent(s) may be administered 

prior to, simultaneously with or following the administration of the 

compound(s) of the present invention. 

The effective amount of a compound of the present invention may 

25 be determined by one of ordinary skill in the art, and includes exemplary 

dosage amounts for a human of from about 0.1 to about 100 mg/kg, 

preferably about 0.2 to about 50 mg/kg and more preferably from about 0.5 

to about 25 mg/kg of body weight (or from about 1 to about 2500 mg, 

preferably from about 5 to about 500 mg) of active compound per day, 

30 which may be administered in a single dose or in the form of individual 

divided doses, such as from 1to4 times per day. It will be understood 
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that the specific dose level and :frequency of dosage for any particular 

subject may be varied and will depend upon a variety of factors including 

the activity of the specific compound employed, the metabolic stability and 

length of action of that compound, the species, age, body weight, general 

5 health, sex and di~t of the subject, the mode and time of administration, 

rate of excretion, drug combination, and severity of the particular 

condition. Preferred subjects for treatment include animals, most 

preferably mamm~lian species ~ueh as humans, and domestic animals 

such as dogs, cats and the like, :subject to endothelin-dependent or 

10 angiotensin II-dependent ~isor~ers. 

The pres~nt inventio:li also provides pharmaceutical compositions 

comprising at lea~t one of the cp~pounds of the f~rmula I capable of 

treating an endoth,elin-depend~nt or angiotensin II-dependent disorder in 
. . . . . 

an amount effective therefor, ~d a pharmaceutic8lly acceptable vehicle or 

15 diluent. The compositions oftq~ pJ;-esent inventio~ may contain other 

therapeutic agen~ as descrj.be~ bel~w, and may be formulated, for 

example, by employing conventiol\al solid orliquid vehicles or diluents, as 
. : : . . ~ . . .. ' .. . . : 

well as pharmaceutical add.iti"Ves of a type appropriate to the mode of 
. . ' . i • . 

desired administi:ation (for exa,Jilpl~, excipients, binders, preservatives, 
. /·· ·. . . 

20 stabilizers, flavors, etc.) according to techniques such as those well known 
(.·: ··;. : . 

in the art of pharmaceutical foP:nulation or call84 for by accepted 

pharmaceutical practice. 

The compounds of the formula I may be administered by any 
. ' . . 

suitable means, for example, o:r;a.lly, such as in the form of tablets, 
. . ··.:. . 

25 capsules, granul~ or powder.e;;, sublingually; buccally; parenterally, such 

as by subcutaneoµs, intrav:en,o:us, iritramuscular,.or intrasternal injection 
: .• :: ·,. . .. 

or infusion techniques (e.g., ;as, sterile injectable aqueous or non-aqueous 

solutions or suspensions); nai;@ly ~uch as by inhalation spray; topically, 

such as in the for_in of a cream,J>r ointment; or rectally such as in the form 

30 of suppositories; in dosage unitformulations containing non-toxic, 
·. :'.. . .. 

pharmaceutically acceptaple vehicles or diluents. The present compounds 
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m~y, for exami:hefbe administer~dtin a form s~!ii.ble.for immediate 

release or extended release. Immediate release or eXtended release may 

be achieved by the use of suitable pharmaceutical compositions comprising 

the present compounds, or, particularly in the case of extended release, by 

5 the use of devices such as subcutaneous implants or osmotic pumps. The 

present compounds may also be administered liposomally. For example, 

the active substance can be utilized in a composition such as tablet, 

capsule, solution or suspension containing about 5 to about 500 mg per 

unit dosage of a compound or mixture of compounds of formula I or in 

10 topical form for wound healing (0.01 to 5% by weight compound of 

formula I, 1 to 5 treatments per day). They may be compounded in a 

conventional manner with a physiologically acceptable vehicle or carrier, 

excipient, binder, preservative, stabilizer, flavor, etc., or with a topical 

carrier. The compounds of formula I can also be formulated in 

15 . compositions such as sterile solutions or suspensions for parenteral 

administration. About 0.1 to 500 milligrams of a compound of formula I 

may be compounded with a physiologically acceptable vehicle, carrier, 

excipient, binder, preservative, stabilizer, etc., in a unit dosage form as .· 

called for by· accepted pharmaceutical practice. The amount of active 

20 substance in these compositions or preparations is preferably such that a 

. suitable dosage in the range indicated is obtained. 

Exemplary compositions for oral administration include 

suspensions which may contain, for example, microcrystalline cellulose for 

imparting bulk, alginic acid or sodium alginate as a suspending agent, 

25 methylcellulose as a viscosity enhancer, and sweeteners or flavoring 

agents such as those known in the art; and immediate release tablets 

which may contain, for example, microcrystalline cellulose, dicalcium 

phosphate, starch, magnesium stearate and/or lactose and/or other 

excipients, binders, extenders, disintegrants, diluents and lubricants such 

30 as those known in the art. Molded tablets, compressed tablets or freeze. 

dried tablets are exemplary forms which may be used. Exemplary 
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compositions include those formulating the present compound(s) with fast 

dissolving diluents such as mannitol, lactose, sucrose and/or cyclodextrins. 

Also included in such formulations may be ]:tlgh molecular weight 

excipients such as celluloses (avicel) or polyethylene glycols (PEG). Such 

5 formulations may also include an excipient to aid mucosal adhesion such 

as hydroxy propyl cellulose (HPC), hydroxy propylmethyl cellulose 

(HPMC), sodium carboxy methyl cellulose (SCMC), maleic anhydride 

copolymer (e.g., Gantrez), and ~gents to control release such as polyacrylic 

copolymer (e.g., Carbopol 934). Lubrican1;s, glidants, flavors, coloring 

10 agents and stabilizers may als9 be added, for ease of fabrication and use. 

Exemplary compositions for nasal aerosol or inhalation 

administration include solutiol)S in saline which may contain, for example, 

benzyl alcohol or other suitabl~ preservatives, absorption promoters to 

enhance bioavailability, and/or other solubilizing or dispersing agents 

15 such as those known in the art, · 

Exemplary compositions for parenteral administration include 

injectable solutio~ or suspen~ions which may contain, for example, 

suitable non-toxic, parenterally acceptable diluents or solvents, such as . 

mannitol, 1;3-butanediol, water, Ringer's solution, .an isotonic sodium 

20 chloride solution, or other suitable dispersing or wetting and suspending 

. agents, including synthetic mono- or diglycerides, and fatty acids, 

including oleic acid. 

Exemplary compositions for rectal administration include 

suppositories which may conbµn, for example, a suitable non-irritating 

25 excipient, such as cocoa butt~r; synthetic glyceride esters or polyethylene 

glycols, which are solid at ordinary temperatures, but liquify and/or 

dissolve :iil the rectal cavity to r:elease the drug. 

Exemplary compositioru,; for topical administration include a topical 

carrier such as Plastibase (mineral oil gelled with polyethylene). For 

30 example, the compounds of the invention may be administered topically to 
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treat peripheral vascular diseases and as 'sueh maybe formulated as a 

cream or ointment. 

The compounds of the present invention may be employed alone or 

in combination with each other and/or other suitable therapeutic agents 

5 useful in the treatment of endothelin-dependent or angiotensin II­

dependent disorders. For example, the compounds of this invention can be 

formulated in combination with endothelin converting enzyme (ECE) 

inhibitors, such as phosphoramidon; thromboxane receptor antagonists; 

potassium channel openers; thrombin inhibitors (e.g., hirudin and the 

10 like); growth factor inhibitors such as modulators of PDGF activity; 

platelet activating factor (PAF) antagonists; renin inhibitors; angiotensin 

converting enzyme (ACE) inhibitors such as captopril, zofenopril, 

fosinopril, ceranapril, alacepril, enalapril, delapril, pentopril, quinapril, 

ramipril, lisinopril and salts of such compounds; neutral endopeptidase 

15 (NEP) inhibitors; dual NEP-ACE inhibitors; HMG CoA reductase 

inhibitors such as pravastatin and mevacor; squalene synthetase 

inhibitors; bile acid sequestrants such as questran; calcium channel 

blockers; potassium channel activators; alpha-adrenergic agents, beta­

adrenergic agents; antiarrhythmic agents; diuretics, such as 

20 chlorothiazide, hydrochlorothiazide, flumethiazide, hydroflumethiazide, 

bendroflumethiazide, methylcblorothiazide, trichloromethiazide, 

polythiazide or benzothiazide as well as ethacrynic acid, tricrynafen, 

chlorthalidone, furosemide, musolimine, bumetanide, triamterene, 

amiloride and spironolactone and salts of such compounds; thrombolytic 

25 agents such as tissue plasminogen activator (tPA), recombinant tPA, 

streptokinase, uroki.nase, prourokinase and anisoylated plasminogen 

streptokina8e activator complex (APSAC); and PDE V inhibitors such as 

sildenafil. If formulated as a fixed dose, such combination products 

employ the compounds of this invention within the dosage range descri~ed 

30 below and the other pharmaceutically active agent within its approved 

dosage range. The compounds of this invention may also be formulated 
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with, or useful in conjunction with, antifungal and immunosuppressive 

agents such as amphotericin B, cyclosporins and the like to counteract the 

glomerular contraction and nephrotoxicity secondary to such compounds. 

The compounds of this invention may also be used in conjunction with 

5 hemodialysis. 

10 

15 

The abov~ other therapel1tic agents, when employed in 

combination with the compounqs of the present.invention, may be used, 

for example, in those amo-µn~ 1qdicated in the Physicians' Desk Reference 

(PDR) or as oth~se determi'tj.ed by one of ordinary skill in the art. . ·:. . .. . . . 

The follqv.ring assaJ7$ ipay be employed in ascertaining the degree 

of activity of a co~pound ("~'? as an endothelin and angiotensin II 
. . ·-·. 

receptor antago~t. CompoundE! described in the following Examples . . . 

have been tested i;n these as~a;rl[I, and have shown activity. 

~Attached cell binding assay 

CHO-Klcells expressing either the human endothelin A or 

endothelin Breceptor were cultured in Ham's F12 media (Gibco/BRL, 

Grand Island, NY) with 10% fe~ bovine serum (Hyclone>. supplemented 

20 with 300 µg/mL Geneticin (G-418 Gibco BRL Products, Grand Island, NY) 

. and maintained at 37°C With 5% CQ2 in a humidified incubator. Twenty 

four hours prior to assay, the eells were treated with 0.25% trypsin-EDTA 

and were seeded in Falcon, 96 :well tissue culture plates at a density of 1.8 

x 104 cells/ well (the monolayet: should reach 80-90% confluency by the day 

25 of assay). 

In the attached cell assay, culture media was aspirated from each 

well and the mon~layers were washed with 50 µl of PBS (Mg .. , Ca- free). 

The binding a8say was performed in a total volume of 125 µl consisting of 

assay buffer (50 mM Tris, pH 7.4, including l % BSA, and 2 µM 

30 phosphoramidon}, and 25 µI of: either 500 nM ET;.1 (to define nonspecific 

binding) or competing drug. rrhe·reaction was initiated with the addition 
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of25 µl of0.25:t.i::M [126D-ET-1 (Ne\ilJ:·England·N~~l~ar). Incubation was 

carried out with gentle orbital shaking, at 4°C, reaching equilibrium at 4 

hours. The reaction was terminated by aspiration of the reaction buffer 

and two subsequent washes with cold PBS (Mg"", Ca- free). The cells were 

5 dissociated by the addition of 100 µl of 0.5N Na OH followed by incubation 

for 40 minutes. Samples were then transferred from the 96 well format 

into tubes for counting in a Cobra gamma counter (Packard). Data was 

analyzed with curve fitting software by Sigma plot. 

10 RASMC binding assay 

Assays were conducted in a total volume of 250 µL in 96 well 

microtitre plates. The incubation mixture contained 50 µL [125]1-Sar-Ile­

Angiotensin II (0.2 nM), 25 µL of drug dissolved in DMSO, or angiotensin 

II (1 µM) to define non-specific binding. Binding to rat aortic smooth 

15 muscle cells CRASMCs) was conducted in RPM! media (Gibco BRL 

Products, Grand Island, NY) containing 0.1 % BSA for 2 hours at room 

temperature with continuous shaking. Unbound radioligand was washed 

from the wells. The RASMCs with bound radioligand are lysed with 1 % 

Triton X and 0.1 % BSA in distilled water for 15 minutes at room 

20 temperature with continuous shaking. The solution in each well was· 

· transferred to tubes and placed in a gamma counter. 

Preferred compounds within the scope of this invention are 

compounds that have an IC50 concentra~ion ofless than 5 micromolar 

25 versus either or both [125]1-Sar-Ile-Angiotensin II or [1261)-ET-l, ideally 

against both ligands. More preferred compounds within the scope of this 

invention are compounds that have an IC50 concentration of less than 1 

micromolar versus either or both [125)1-Sar-lle-Angiotensin II or [1251]-ET­

l, ideally against both ligands. 

30 All documents cited in the present specification are incorporated 

herein by reference in their entirety. 

-53-



WOOD/01389 PCT/US99/1SG63 

The following Examples illuat~ate embodimeI1ts .of the present 

invention, and are not intende~ to limit the sc<>pe ofthe claims. 

Abbreviations employed herein are. defined below. Compounds of the 

Examples are identified by the .~ple and step in which they. are 

5 prepared (for example, ·~IA" denotes the title compound of step A of 

Example l), or l:>y the example only where the compound is the title 

compound of the example (for ~xample, "4" denotes the title compound of 

Example 4). Compounds prepared for use as synthetic intermediates are 

identified by the Preparation number and step in which they appear, 

10 prefaced by the letter 11P." For example, "PIA" denotes the compound 

generated in step A of Preparatjon 1, while "Pl" denotes the title 

compound of Preparation 1. 

15 

Abbreviations 

Ac= acetyl 

(S)-BINAP = (S)-(-)2,2'-bis(dipheilylphosphino)-1,l'-binaphthyl 

BOC = t-butoxycarbonyl 

n-Bu = n-butyl 

20 BSA = bovine serum albumin . 

. CDI = 1,1' carbonyldiimidazole 

d =days 

DBU = l,8-diazabicyclo[5.4.0)undec-7-ene 

DIBAL-H = diisobutylaluminum hydride 

25 DMF = N ,N-dimethylformamide 

DMSO = dimethylsulfoxide 

EDCI = 1-ethyl-3-(3-(dimethylamino)propyl]carbodiimide hydrochloride 

EDTA = ethylenediaminetetraacetic acid 

eq = equivalents 

30 Et=ethyl 

ET = endothelin 
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ET-1 = endothelin-1 

EtOAc = ethyl acetate 

EtOH = ethanol 

h=hours 

5 Me =methyl 

MEM = methoxyethoxymethyl 

MeOH =methanol 

min = minutes 

mp = melting point 

10 Ms = methanesulfonyl 

NBS = N-bromosuccinimide 

PBS = phosphate buffered saline 

Ph=phenyl 

n-Pr = n-propyl 

15 SEM = 2-(trimethylsiloxy)ethoxymethyl 

'._'.1.;<"}·~1~,; 
: .. . 

Rochelle's salt= potassium sodium tartrate tetrahydrate 
RT = room temperature 

TFA = trifl.uoroacetic acid 

THF = tetrahydrofuran 
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5 

10 

General Methods 

The following General Methods were employed in the Preparations and 

Examples. 

General Method 1: Suzuki Coupling of Arvl 

Bromides .with Arylboronic Acids 

ArBr + Ar'B(OR)2 Ar-Ar 

R=H, alkyl 

A solution of 1.0 eq of an arylboronic acid (or ester) and the 

appropriate aryl bromide (1.0 eq) in 2:1 toluene:ethanol (0.1 M 

concentration for each reagent) was sparged with nitrogen for 15 minutes. 

Tetrakis (triphenylphosphine)palla:dium (0) (0.05 eq) and 2 M aqueous 

15 sodium carbonate (3 eq) were added and the mixture was heated at 85°C 

for 3 h under a nitrogen atmosphere. The mixture was cooled and ethyl 

acetate and water were added. The organic layer was washed once with 

saturated aqueous sodium carbonate, dried over sodium sulfate, and 

concentrated. The residue was chromatographed on silica gel using 

20 · hexaneS/ethyl acetate as eluant to yield the biaryl product. 

Arylboronic acids used: [2-[[(3,4-dimethyl-5-isoxazolyl)[(2-

methoxyethoxy )-methyl]amino]-sulfony~]phenylJboronic acid (or the 

corresponding SEM-proteeted compound, both of which were prepared as 

25 described in U.S. Patent No. 5,612,359); [2-[[{4,5-dim~thyl-3-isoxazolyl)[(2-

methoxyethoxy)methyl]amino}-sulfonyl)phenyl]boronic acid (prepared as 

described in U.S. Patent No. 5,612,359 and U.S. Patent Application Serial 

No. 09/013,952, filed January 27, 1998); [2-(N-tert­

butylsulfamoyl)phenyl]boronic acid (prepared according to Chang, L. L. et 

30 al., J. Med Chem., 38, 3741-3758 (1995)). 
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5 

10 

Arylboronate ester used: N-[(2-methoxyethoxy)meth.yl]-N-(3,4-dimethyl-5-

isoxazolyl)-2-(4,4,5,5-tetramethyl-1,3,2-dio:xaborolan-2-

yl)benzenesulfonamide (prepared as described in WO 97/29747). 

General Method 2: Conversion of Primary 
Alcohols to Alkvl Bromides 

RCHaOH RCH~r 

To a 0.2 M solution of the alcohol in DMF at 0 °C was added carbon 

tetrabromide (1.5 eq) followed by triphenylphosphine (1.5 eq). The 

mixture was stiITed at 0 °C for 4 h, diluted with 10 parts 2:1 hexanes/ethyl 

15 acetate, and washed with water and brine. The solution was dried over 

sodium sulfate and concentrated, and the residue chromatographed on 

silica gel using hexanes/ethyl acetate as eluant to yield the alkyl bromide 

product. 

20 

25 

General Method 3: Conversion of Primary 
Alcohols to Alkyl Methanesulfonates 

RCHaOH RCHaOMs 

To a 0.15 M solution of the· alcohol iii dichloromethane at 0 °C 

was added N,N-diisopropylethylamine (1.5 eq) followed by 

methanesulfonyl chloride (1.1 eq). The mixture was stirred at 0 °C for 1 to 

3 h, and was then treated with 10% aqueous potassium dihydrogensulfate. 

30 The aqueous layer was extracted once with d.ichloromethane and the 

combined organic layers were dried over sodium sulfate and concentrated 

to yield the crude alkyl methanesulfonate. 
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5 

General Method 4: Alkylation of Heterocycles or Aliphatic A}cohols 

RCH:zX RCHrheterocycle OR RCH2-0R' 

X= Br, OMs 

Sodium hydride (60% di~persion in mineral oil, 1.2 eq) was added at 

0 °C to a 1.0 M solution or suspension of an appropriate heterocycle or 

alcohol (1.5 eq) in DMF. The mixture was allowed to warm to RT, was 

stirred for 20 min, and was then cooled back to 0 °C. To the heterocycle 

10 mixture was added a solution of the appropriate alkyl bromide or alkyl 

methanesulfonate (1.0 eq) in a minimal amount of DMF. The resultant 

miXture was allowed to warm to RT and was stirred for 16-24 h. The 

reaction mixture was diluted with EtOAc and washed with water and 

brine. The organic layer was dri~ over sodiUm. sulfate and concentrated, 

· 15 and the residue chromatographed on silica gel with hexanes/ethyl acetate 

as eluant to yield the alkylation product. 

H~terocycles Used: 

~~. 2-ethyl-5,_7-diW,ethyl-3H- Senanayake, C. H., et. al. 

imidazo[4,5-b]pyridine Heterocycles 1996, 42, 821-
830. 

Me .. 

~ 2-butyl-1,3- Bernhart, C. A., et. al. J. 

diazaspiro[4.4]non-1-en-4-one Med. Chem., 1998, 36, 
0 ; . 3371-3380. 

~ 3,5-di-n-butyl~ 1,2,4-triazole Reitz, D.B., et al. Biorganic 
& Medicinal chemistry .... Letters, 1994, 4(1), 99-104 

~p~ '2-propyl-1,3- · .. · Bernhart, C. A., et. al. J. 

diazaspiro[4.4]non-1-en-4-one Med. Chem., 1998, 36, 
H 3371-3380. 

"'% 7-oxo-2,4-diinethyl~5,6, 7 ,8- Hullar, T. L.; French, W. C. 

tetrahydropyrido[2,3- J, Med. Chem., 1969, 12, 

d]pyrimidi~e 
424426. 

0 
.. 
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H ' ~~ethyl-4( lH)-qtiilfhlone ~atil:dbury, R.H.; et. al. J. 
E~ ·Med. Chem. 1992, 35, 

4027-4038. 0 

H 2-methyl-4(1H)-quinolone commercially available MW 
0 

H 2-propyl-4(1H)-quinolone Bradbury, R.H.; et. al. J. 
~p~ Med. Chem. 1992, 35, 

4027-4038. 0 

w 2-ethyl-5,6, 7 ,8-tetrahydro- Bradbury, R.H.; et. al. J. 
4(1H)-quinolone Med. Chem. 1993, 36, 

1245-1254. 0 

~COIAe methyl 2-(N- De, B.; et. al. J. Med. Chem. 
propylamino)pyridine-3- 1992,35,3714-3717 

M~ carboxylate 

~ 
2,7-diethyl-5H-pyrazolo[l,5- U,S, Patent No. 5,475,114 
b] [1,2,4]triazole 

H 

H 3-methoxy-2,6-dimethyl- Voss. G.; et. al. Liebigs Ann M~e 4(4H)-pyridinone Chem. 1982, 1466-1477 Me 
0 

n~~ 
2-butyl-4(3H)-quinazolinone Allen, E. C. ; et. al 

. Biorganic & Medicinal 
Chemistry Let. 1993, 3(6), 

H 
1293-1298 

H \4e N- (2-butyl-3,4-dihydro-4- I Laszlo, S. E.; et al 

.~Rrr oxo-6- quinazolinonyl)-N'- Biorganic & Medicinal 

isopropyl-N'methylurea Chemistry Let. 1993, 3(6), 
H 1299-1304 . 

General Method 5: Reductive Amination 

5 ArCHO + RNH2 [or RN H2 eHCI] ArCHr-NHR 

To a mixture of an aromatic aldehyde (1.0 eq) and a primary amine 

(1.2 eq) in dichloromethane (0.1 M aldehyde concentration) was added 4 A 
molecular sieves (5g per mmol aldehyde). [Alternately, a primary amine 

10 hydrochloride (1.2 eq) and triethylamine (1.2 eq) could be substituted for 

the primary amine free base.] The mixture was stirred vigorously for 1 h, 
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after which sodium triacetoxyporohydride (1.5 eq) was added. The 

mixture was stirred vigorously at RT, while the course of the reaction was 

monitored by "HPLC. If the reaction had not reached completion within 
!·.· 

several hours, ad<iitional sodium triacetox.yborohydride (1.0 eq) was added 

5 and monitoring w~s continued,'. When the reaction was complete the 

mixture was filtered through celite~ aqueous sodium bicarbonate solution 

was added to the filtrate, and the aqueous layer was extracted with 

dichloromethari.e. The combined organic extracts were dried over sodium 

sulfate and evaporated. The crude residue was camed on without further 

10 · purification. 

15 

In general, reductive 8If1ination with a 4-aminobutanoic acid 

resulted in a lactam product. J'1 a few cases, cyclization was promoted by ... · . . . , .. : 

treatment ofa <Ll M solution 9fthe crude amino acid product in 

dichloromethane.with 1.0 eq rifdiisopropylcarbodiimide for 1 hat RT. 
. :;:. . . 

General M~thod 6: Amine Acylation 
·.·., 

ArGHz-NHR + ·· ... R'COCI 

R= H, $.lkyl 
~' . 

20 A 0.15 M solution of a primary or secondary amine (1.0 eq) and 

N,N-diisopropylethylamine (~.O eq) in dichloromethane was treated at RT 

with an acyl chloride (1.5 eq); After 1.5 h, methanol (10 eq) was added, 

followed by aqueous sodium. ~~rbo11ate solution. The aqueous layer was 

extracted wit,h. dichloromethane and the combined organic extracts were 

25 combined, dired over sodium sulfatet and concentrated. The residue was 
' . . : 

chromatographed on sili~a g~J with hexanes/ethyl acetate as eluant to 
.. ' :j'·:·: . . 

provide the product tertiary ~ide~ 
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Genefhl Method 7: e;fi\:olysis of S]}l;t. br MEM Sulfonamide 

Protecting Groups Using Hydrochloric Acid/Ethanol 

R=MEM,SEM 

To a 0.1 M solution of a SEM- or MEM-protected N-heteroaryl 

sulfonamide in one volume of 95% EtOH was added an equal volume of 6N 

aqueous HCl, and the resulting solution was heated at reflux for 1 h. The 

reaction mixture was concentrated and the pH of the solution was 

10 adjusted to pH 8 using aqueous sodium bicarbonate solution. It was then 

reacidifi.ed to pH 5 with glacial acetic acid. The mixture was extracted 

. with three portions of ethyl acetate. The combined organic extracts were 

washed with water and brine, dried over sodium sulfate, and 

concentrated. The residue was purified by reverse-phase preparative 

15 HPLC, or by silica gel chromatography using chloroform/methanol or 

hexanes/acetone as eluant. 

20 

General Method 8: Hydrolysis of SEM or MEM Sulfonamide 

Protecting 

Groups Using Hydrogen Chloride in Dioxane/Alcohol 

R=MEM,SEM 

A solution of a SEM- or MEM-protected N-heteroaryl sulfonamide 

25 in one volume of absolute methanol or ethanol was treated with two 

volumes of 4 N hydrogen chloride/dioxane solution (final substrate 
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concentration 0.05 M). The resulting solution was heated at 55 °C for 16 h 

and was then concentrated. The residue was purified by reverse-phase 

preparative HPLC, or by extraction With ethyl acetate from aqueous 

potassium phosphate adjusted to pH 5-6, followed by silica gel 

5 chromatography. 

10 

General Method 9: Cleavage of SEM or MEM Sulfonamide 

Protecting 

Groups Using Trimethylsilyl Iodide 

R=MEM,SEM 

To a 0.1 M solution of ofa SEM- or MEM-protected N-heteroaryl 

sulfonamide in acetonitrile was added trimethylsilyl chloride (8 eq) 

15 followed by sodium iodide (8 eq) .. The ~ixture was stirred at RT for 30 

min and was then poured onto· water and .ethyl acetate. The organic layer 

was washed with saturated sodium sulfite and brine, and was then dried 

over sodium sulfate and concentrated. The residue was purified by 

20 

25 

· reverse-phase preparative HPLC or by silica gel chromatography. 

General Method 10: Cleavage of SEM Sulfonamide Protecting 

Groups Using Tetrabutylammonium Fluoride 

To a 0.05 M solution of a SEM-protected N-heteroaryl sulfonamide 
' ' 

in THF was added freshly activated 4A molecular sieves (20 g per mmol 
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sUifonamide), followed by tetrabutylammonium fluoride (1.0 M solution in 

THF, 3 eq). The mixture was heated at 55 °C for 1-2 h, then was cooled 

and filtered through celite. The filter cake was rinsed with methanol, 

then aqueous potassium dihydrogen phosphate solution was added to the 

5 filtrate and the mixture partially concentrated. The residue was adjusted 

to pH 4-5 using dilute hydrochloric acid, and the mixture was extracted 

with two portions of ethyl acetate. The combined organic extracts were 

dried over sodium sulfate and concentrated. The residue was purified by 

reverse-phase preparative HPLC or by silica gel chromatography. 

10 

15 

General Method 11: Reduction of Arvl Aldehydes to Benzylic 

Alcohols Using Sodium Borohydride 

ArCHO --........ ArCH:rOH 

Sodium borohydride (0.5 eq) was added at 0 °C to a 0.2 M solution 

of an aromatic aldehyde in absolute ethanol or methanol. The mixture 

was allowed to warm to RT and stirred for 1-2 h. Aqueous potassium 

dihydrogen phosphate solution (or dilute hydrochloric acid) was added and 

20 the mixture was stirred for an additional 15 min. The mixture was 

·partially concentrated and the residue partitioned between ethyl acetate 

and water. The aqueous layer was extracted twice with ethyl acetate and 

the combined organic extracts were dried over sodium sulfate and 

concentrated. The crude benzylic alcohol was either used directly or was 

25 purified by silica gel chromatography using hexanes/ethyl acetate as 

eluant. 

30 

Generaj Method 12: Amide Formation using 1.1'­

Carbonyldiimidazole 
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1,1'-Carbonyldiimidazole (2.0 eq) was added to a 0.1 M solution or 

suspension of an appropriate carboxylic acid (1.0 eq) in THF. The mixture 

5 was heated at 50 °C f~r lh, and was then cooled to RT. An appropriate 
. . . . . 

amllie (5-10 eq) was then added, and the miture was stirred at RT for 12 

h. Ethyl acetate and aqueous sodium bicarbonate solution were added 

and the aqueous layer was extracted with ethyl acetate. The combined 

organic layers were dried over sodium sulfate and concentrated. The 

10 residue was purified by reverse~phase preparative HPLC or by silica gel 

chromatography. 

15 

General Method 13: Benzylic Bromination 

Using N-Bromosuccinimide 

ArCH:r-Br 

To a 0.4 M solution of~ methyl-substituted aromatic compound in 

carbon tetrachloride was added N-bromosuccini:oride (1.05 eq) and benzoyl 

20 . peroxide (0.03 eq), and the mixture was heated at reflux for 8-16 h. The 

mixture was cooled and filtered and the filtrate concentrated. The residue 

was purified by trituration with 3:1 hexanes/ethyl acetate, or by silica gel 

chromatography using hexaneS/ethyl acetate as eluant to provide the 

mono-brominated product. 

25 

80 

General Method.14: Reduction of an Aromatic 

Nitrile to an Aromatic Aldehyde Using DIBAL-H 

ArCN ArCHO 
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DIBAL-H (1.5 M solution in toluene, 1.5 eq) was added dropwise at 

0 °C to a 0.5 M solution of an aromatic nitrile (1.0 eq) in toluene or 9:1 

toluene/dichloromethane. The solution was stirred at 0 °C for 1-4 h, and 

was then treated with excess methanol. After 15 min, 2N hydrochloric 

5 acid was added and the mixture was stirred vigorously for an additional 

15 min. The layers were separated, and the aqueous layer was extracted 

with ethyl acetate. The combined organic layers were dried over sodium 

sulfate and concentrated to yield the crude aldehyde, which was either 

carried on crude or purified via silica gel chromatography using 

10 hexanes/ethyl acetate as eluant. 

15 

General Method 15: Ester Hydrolysis Using Lithium Hydroxide 

ACCOR' __ ,.. RCOOH 

A 0.25 M solution of an alkyl ester in 1:1 THF/water was treated 

with lithium hydroxide hydrate (1.5 eq) at RT. The mixture was stirred. 

for 8-16 h and was then acidified with dilute hydrochloric acid. The 

product was either isolated by direct filtration from the reaction mixture, 

20 or by extraction with ethyl acetate, followed by drying of the organic 

25 

. layers with sodium sulfate, concentration, and silica gel chromatography 

using methanoVchloroform or hexanes/acetone as eluant. 

General Method 16: Displacement of a 

Benzylic Bromide or Mesylate with Cyanide 

Sodium cyanide (1.2 eq) was added at RT to a 1.0 M solution of a 

30 benzylic bromide or mesylate in D:MF. The mixture was stirred at RT for 
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5 

10 

16 h. The reaction mixture was dilut~d with ethyl acetate and partitioned 

against aqueous sodium bicarbqnate. The organic layer was dried over 

sodium sulfate and concentrated, and the residue chromatographed on 

silica gel with h~xanes/ethyl a~tate as eluant to yield the nitrile product. 

. General Meth9<117: Swem Oxidation of a 
.: .. . 

Benzylic Alcohol to an Aromatic Aldehyde 

ArCH2"""'!0H __ ,... ArCHO 

Oxalyl chloride (1.5 eq) was added dropwise to a solution ofDMSO 
. ' . 

(2.0 eq) in dichloromethane at "":-78 °C. After 5 min, a solution of benzylic 

alcohol substrate ( 1.0 eq) in dichloromethane was added and the mixture 

(0.2 M :final s:ubstrate concentration) was stirred at -78 °C for 15 min. 

15 Tri.ethylamine (4.0 eq) was adde<l and the mixture was stirred and allowed 

to warm to RT; Aqueous sodi~'µl bicarbonate solution was added, the 

layers were separated, and th~.aqueous layer was extracted with one 

·portion of dichloromethane .. rf:he combined organic layers were dried over 

sodium sulfate, concentrated,· a11d the residue was purified by silica gel 

20 chromatography using hexane~ethyl acetate as eluant. 

25 

General Method 18: ·Reduction of an Aromatic Nitro Group 

to an Aromatic Amine Using Tin (II) Chloride Dihydrate 

Tin (II) chloride dihydrate (4.0 eq) was added to a 0.05 M solution of 

an aromatic nitro compound in ethyl acetate and the resulting mixture 

was heated at 70 °C for 45 mfo.. Th~ mixture was cooled, half:.saturated 

30 aqueous sodium carbonate solµtion was added, and the layers were 

separated. The·aqueous layerw~ extracted once with ethyl acetate, and 
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5 

th~ combined oi'gilnic layers werli~ed over so~U'm ~ulfate and 

concentrated. The residue was chromatographed on silica gel using 

hexanes/ethyl acetate as eluant to provide the product aromatic amine. 

General Method 19: Hydrolysis of a 

2-Aryl-1.3-Dioxolane to an Aromatic Aldehyde 

6-Ar __ ,.. ArCHO 
0 

10 A 0.2 M solution of a 2-aryl-1,3-dioxolane (1.0 eq) in THF was 

treated with lN hydrochloric acid (1.5 eq), and the resulting solution was 

heated at 55 °C for 16 h. The mixture was cooled and neutralized with 

aqueous sodium bicarbonate solution, then extracted with three portions 

of ethyl acetate. The combined organic. extracts were dried over sodium 

15 sulfate and concentrated, and the crude aldehyde was used directly with 

no further purification. 

20 

General Method 20: Ester Formation Using 

1.11-Carbonyldiimidazole and DBU 

1,1'-Carbonyldiimidazole (2.0 eq) was added to a 0.1 M solution or 

suspension of an appropriate carboxylic acid (1.0 eq) in THF. The mixture 

25 was heated at 50 °C for lh. An appropriate alcohol (3.0 eq) was then 

added, followed by DBU (3.0 eq). The mixture was heated at 50 °C for 16 

h and was then cooled. Ethyl acetate and 35% aqueous citric acid solution 

were added, and the organic layer was dried over sodium sulfate and 
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5 

co~centrated. The residue was purified. by reverse-phase preparative 

HPLC or by silica gel chromatography. 

General Method 21: Phase-Transfer Alk;ylation of Imidazoles 

---~ ArCHrOR 

X=Br, OMs 

A solution of an appropriate imidazole (0.1 M) in toluene was 

treated with 50% aqueous sodium hydroxide solution (0.5 ml per mmol 

imidazole), tetrabutylammonium hydrogen sulfate <0.05 eq), and an 

10 appropriate benzylic alkyl bro:inide or mesylate (0.95 eq). The mixture 

was stirred vigorously at 40 °C for 24 h and was then cooled and filtered. 

Water was added and the aqueous layer was extracted with two portions 

of ethyl acetate. The combined organic extracts were dried over sodium 
; . . 

sulfate and concentrated to provide the crude product, which was either 

15 purified by silica gel chromatography or was carried on crude. Imidazo1e 

used: 2-propyl-4,5,6, 7-tetrahydro-8-oxocycloheptimidazole (Y anagisawa, 

T.; et. al. Biorg. Med. Chem. Lett. 1993, 3, 1559-1564). 

20 General Method 22: Imidazole or Phenol Alkylation 

ArCH2X ~• 

X= Br,OMs 

A solution of an appropriate imidazole (0.5 M) in DMF was treated 

25 with potassium carbonate (2.0 eq) and a benzylic alkyl bromide or 

mesylate (1.0 eq) at RT. The mixture was stirred at RT for 16 to 24 h. 

The solvent was evaporated and the residue was partitioned between 
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ethyl acetate an:d water. The ethyl acetate layer was· dried over sodium 

sulfate and concentrated to provide the crude product, which was purified 

by silica gel chromatography or was carried on crude. When mixtures of N-

1 and N-3 alkylation products were obtained, the regiochemistry of the 

5 alkylation was determined by NOESY spectroscopy. 

10 

15 

Imidazoles Used: 

n~u-£X; 2-n-butyl-4-chloro-5- Watson, S.P. S:ynth. Comm., 
H H formylimidazole 1992,22,2971-2977 

0 

ethyl 2-n-propyl-4- Carini, D. J., WO 92/00977 ~p4 
H El ethylimidazole-5-carboxylate 

c 

~p~ 
0 

2-n-propyJ-4-chloro-5- Watson. S.P. Synth. Comm., 

formylimidazole 1992,22,2971-2977 

General Method 23: Cleavage ofSEM Sulfonamide Protecting 

Groups Using Cesium Fluoride 

To a 0.05 M solution of a SEM-protected N-heteroaryl sulfonamide 

in DMF was added cesium fluoride (5.0 eq), and the resulting mixture was 

heated at 130 °C for 3 h. The reaction mixture was cooled and the solvent 

evaporated. Aqueous potassium dihydrogen phosphate solution was added 

20 {pH 4-5) and the mixture was extracted with three portions of ethyl 

acetate. The combined organic extracts were dried over sodium sulfate 

and concentrated. The residue was purified by reverse-phase preparative 

HPLC or by silica gel chromatography. 

25 
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Genera! Method 24: Sulfonylation of Aromatic Amines 

ArNH2 _.,.. ArNHS02A 

5 To a 0.1 M solution of an aromatic amine (1.0 eq.) in 

dichloromethane at -30 • C was added triethylamine (2.6 eq), followed by a 

sulfonyl chloride (1.4 eq). The mixture was allowed to warm to RT over 3 

hr. Aqueous sodium bisulfate was added (final pH 5) and the aqueous 

layer was extracted with dichloromethane. The combined organic extracts 

10 were washed with water and brine, and were then dried over sodium 

sulfate and concentrated. The residue was chromatographed on silica gel 

using dichloromethane/methanol as eluant. 

General Method 25: Oxidation of Aromatic Aldehydes to Carboxylic 

15 . Acids 

Ai'CHO -' _.,.. ArCOOH 
~ . 

A 0.1 M solution of an ~romatic aldehyde in 1:1 THF/water was 

20 treated at 0 °C with sulfamic ~cid (1.5 eq) and sodium chlorite (1.5 eq). 

25 

After 1 h aqueol1S potassium bisulfate solution was added and the mixture 

was extracted with ethyl acetate. The.combined organi,c extracts were 

washed with brip.e, dried over s.odium sulfate and concentrated to provide 

the crude carbox.ylic acid, which was used without further purification. 

General Procedure: Purification by Anion Exchange Chromatography 

Anion exchange chromatography was performed on Varian SAX . . 

cartridges (acetate form, 1.5~3 g) or United Chemical Technologies 

30 CUQAX13M6-AC cartridges (acetate form, 3 g). Following a methanol 

rinse, the cartridge was loaded with a dichloromethane solution of crude 
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product. Elutiati··6fimpurities wi& dichlorom~Ui¥ine~ followed by elution 

of the desired product with 1-3% TFAindichloromethane or 

dichloromethane/methanol, provided the purified product. 

5 General Procedure: Purification by Reverse-Phase Preparative HPLC 

Reverse-phase preparative HPLC was performed with Shimadzu SA 

liquid chromatographs using YMC 85 ODS columns (20 x 100, 20 x 250, or 

30 x 250 mm). Gradient elution was performed with methanol/water 

10 mixtures in the presence of.0.1 % TFA. In some cases a product eluting as 

a TFA salt was subsequently converted to the corresponding free base by 

extraction from aqueous sodium bicarbonate or sodium carbonate solution. 

15 

Analytical HPLC Methods Employed in Characterization of 

Examples 

Analytical HPLC was performed on Shimadzu LClOAS liquid 

chromatographs using the following methods:· 

20 A. Linear gradient of 0 to 100% solvent B over 4 min, with 1 min hold 

at 100%B; 

UV visualization at 220 nm 

Column: YMC 85 ODS Ballistic 4.6 x 50 mm 

Flowrate: 4 mVmin 

25 Solvent A: 0.1 % tritluoroacetic aCid, 90% water, 10% methanol 

B. 

30 

Solvent B: 0.1 % tritluoroacetic acid, 90% methanol, 10% water 

Linear gradient of 0 to 100% solvent B over 30 min, with 5 min hold 

at 100% B; 

UV visualization a:t 254 nm 

Column: YMC 83 ODS 6 x 150 mm 
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5 c. 

10 

D. 

15 

20 

E. 

F. 
25 

G. 

30 H. 

Flawrate: 1.5 m1/min 

Solvent A: 0.2% phosphoric acid, 90% water, 10% methanol 

Solvent B: 0.2% phosphoric acid, 90% methanol, 10% water 

Linear gradient of 0 to 100% solvent B over 4 min, with 1 min hold 

at100%B 

UV visualization at 220 nm 

Column: YMC 85 ODS Ballistic 4.6 x 50 mm 

Flowrate: 4 ml/min 

Solvent A: 0.2% phosphoric acid, 90% water, 10% methanol 

Solvent B: 0.2% phosphoric acid, 90% methanol, 10% water 

Linear gradient of 45 to 100% solvent B over 2 min, with 1 min hold 

at 100%B; 

UV visualization at 220 nm 

Column: Phenomenex Primesphere 4.6 x 30 mm 

Flowrate: 5 mVmin 

Solvent A: 0.2% phosphoric acid, 90% water, 10% methanol 

Solvent B: 0.2% phosphoric acid, 90% methanol, 10% water 

Same conditions as (B), but with a linear gradient of 40 to 100% 

solvent B over 30 min, with 5 min hold at 100% B 

Same conditions as (B), but with a linear gradient of 70 to 100% 

solvent B over 30 min, with 5 min hold at 100% B 

Same conditions as (D), but with a linear gradient of 40 to 100% 

solvent B over 2 min, with 1 min hold at 100% B 

Linear gradient of 0 to 100% solvent B over 2 min, with 1 min hold 

at 100%B; 
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5 

I. 

UV visualization at 220 nm 

Column: Phenomenex Primesphere 4.6 x 30 mm 

Flowrate: 5 ml/min 

Solvent A: 0.1 % trifluoroacetic acid, 90% water, 10% methanol 

Solvent B: 0.1% trifluoroacetic acid, 90% methanol, 10% water 

Same conditions as ·(B), but with a linear gradient of 50 to 100% 

solvent B over 30 min, with 5 min hold at 100% B 

10 J. Same conditions as (C), but with a linear gradient of 0 to 100% 

solvent B over 8 min, with 1 min hold at 100% B 

15 

20 

K. Same condidtions as (D), but with a linear gradient of 0 to 100% 

solvent B over 2 min, with a 1 minute hold at 100% B. 

Preparations 

Preparation 1: 

N-(3.4-Dimethyl-5-isoxazolyll-4'-formyl-2'-(hydroxymethyD-N-lC2-

trimethylsiloxy)ethoxymethyll Il.1 '-biphenyll-2-sulfonamide 

A. 4-Bromo-3-<bromomethyDbenzonitrile 

The product was prepared according to General Method 13 starting 

25 from 12.0 g 4-bromo-3-methylbenzonitrile. Partial purification of the 

crude product was performed by trituration with 3:1 hexanes/ethyl acetate 

to afford 7.3 g of a slightly yellow solid, which was contaminated with 

approximately 20 mol% of the starting material. 
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B. 4-Bromo-3-(acetoxymethyDbenzonitrile. 

A mixture of PlA (7.3 g), potassium acetate (3.4 g), and DMF (10 

ml) was stirred at RT for 16 h. Ethyl acetate was added and the mixture 

was washed with four portions of water, followed by one portion of brine. 

5 The ethyl acetate layer was dried over sodium sulfate and concentrated. 

10 

The solid residue was partially purified by crystallization from ethyl 

acetate, yielding 4.5 g of a slightly yellow solid. 

c. 4-Bromo-3-Chydroxvmethyl)benzaldehyde 

PlB ( 4.4 g) was treated with DIBAL-H according to General 

Method 14, using 3.5 eq of the reducing agent rather than 1.5 eq. The 

crude product was an orange oil (4.8 g), judged by 1H NMR to be 

approximately 75% pure by weight. 

15 D. N-(3.~-Dimethyl-5-isoxazolyD-4'-formyl-2'-(hydroxymethyD-N-r<2-

trimethylsiloxy)ethoxvmethylJ [1.1 '-biphenyll-2-sulfonamide 

20 

25 

PlC (4. 7 g) was subjected to Suzuki coupling according to General 

Method 1, yielding 7.6 g of th~ product as an orange oil following silica gel 

chromatography (2:1 hexanes/ethyl acetate eluant). 

· Preparation 2: 

N-(3.4-Dimethyl-5-isoxazolyl)-4'-bromomethyl-2'­

(methoxymethyU-N­

[{2-methoxyethoxy)methyll[l.1'-biphenyll-2-sulfonamide 
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A. 4-Bromo-3-(bromomethyDbenzonitrile 

The product was prepared according to General Method 13 starting 

from 19.6 g 4-bromo-3-methylbenzonitrile. After cooling the mixture was 

filtered and the filtrate was washed with H20 and brine, dried and 

5 concentrated. The residue was chromatographed on silica gel using 100:3 

and then 100:10 hexane/EtOAc to afford P2A (16 g, 58%). Rt=0.15, silica 

10 

gel, 10:1 hexane/EtOAc. 

B. 4-Bromo-3-(MethoxymethyDbenzonitrile 

To a solution of P2A (6.95 g, 25.28mmol)in10 ml DMF, NaOMe 

(25 wt. % in MeOH, 6.94 ml, 30.3 mmol) was added dropwise. The 

reaction mixture was stirred at RT for 3 h. Ethyl acetate (100 ml) and 

hexanes (50 ml) were added, and the mixture was washed twice with 

water and once with brine. The organic layer was dried over sodium 

15 sulfate and concentrated. The residue was chromatographed on silica gel 

using 100:6 hexane/EtOAc to afford P.2B (4.70 g, 82%). Rt=0.5, silica gel, 

20 

25 

5:1 hexane/EtOAc. 

c. 4-Bromo-3-(methoxymethyDbenzaldehyde 

P2B (7 .0 g) was treated with DIBAL-H according to General 

· Method 14, using THF instead of toluene as solvent. The crude product 

was purified by silica gel chromatography using 11:1 hexanes/ethyl 

acetate as eluant to give 6.2 g P2C as a colorless gum. Rt=0.4, silica gel, 

5:1 Hexane/EtOAc. 

D. N-(3.4-Dimethyl-5-isoxazolyD-4' -formyl-2' -(methoxymethyD-N-((2-

methoxyethoxy)methyll ll. 1'-biphenyll-2-sulfonamide 

P2C (6.2 g) was subjected to Suzuki coupling according to General 

Method 1, giving P2D as an oil in 83% yield after silica gel 

30 chromatography. 
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E. N-C3.4-Dimethyl-5~isoxazolyD-4'-hydroxymethy1-2'­

(methoumethyD-N-[(2-~etboxyethoxy)methyl1 [l.l'-biphenyll-2-

sulfonamide 

P2D (2.8 g) was reduced with sodium borohydride according to 

5 General Method 11, to provide 2.8 g P2E. 

F. N-(3.4-Dimetbyl-5-isoxazolyD-4'-bromomethyl-2'-(methoxymethyD­

N-[(2-methoxvethoxv)methylJ fl.1' -biphenyll-2-sulfonamide 

P2E (2.8 g) was treated with triphenylphosphine and carbon 

10 .tetrabromide according to Gen~ral Method 2, providing the title compound 

(2.3 g) in 72% yield. 

15 

20 

A. 

Preparation 3: 

2"-Cyano N-(3.4-dimet~yl-5-isoxazolyD -4'-ChydroxymethyD-N-fC2-

trimethylsiloxylethoxnnetbyll [1.1 '-biphenyll-2-suifonamide 

4'-(AcetoxymethyD-N-(3.4-dimethyl-,5-isoxazolyD :-2'-formyl-N-fC2-

trimethylsiloxy)ethoxymethylJ [l.1 '-biphenyU-2-sulfonamide 

acetoxime 

Hydroxylamine hydrochloride (1.13 g) was added to a solution of7.0 

g P4 in 20 ml pyridine and the mixture was stirred at RT for 2 h. Acetic 

anhydride (5.1 ml) was added and the mixture was s~rred for 1 h at RT. 
. . . 

25 Ethanol (5 ml) was added and the mixture was concentrated under 

reduced pressure. The residue was taken up in ethyl acetate and washed 
. . 

twice with 0.1 N hydrochloric acid, twice with half-saturated aqueous 

sodium carbonate solution, and once with brine. The ethyl acetate layer 
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was dried over sodium sulfate and concentrated to provide PSA as an 

orange oil. 

B. 4' -(AcetoxymethyD-2' -cyano-N-{3.4-dimethyl-5-isoxazolyD-N-((2-

trimethylsiloxy)etho:x;ymethyll f l.l '-biphenyll-2-sulfonamide 

PSA was dissolved in 75 ml acetonitrile, DBU (4.0 ml) was added, 

and the mixture was stirred at RT for 14 h. The mixture was 

concentrated, and the residue was taken up in ethyl acetate and washed 

twice with 0.1 N hydrochloric acid, then once with half-saturated aqueous 

10 sodium carbonate solution. The ethyl acetate layer was dried over sodium 

sulfate and concentrated to give P3B as an orange oil. 

C. 2'-Cyano N-(8.4-dimethyl-5-isoxazolyD -4'-(hydroxymethyD-N-{{2-

trimethylsiloxv>ethoxymethvll [1. 1 '-biphenyll-2-sulfonamide 

15 P3B was dis8olved in 150 ml methanol, potassium carbonate (1.5 g) 

was added, and the mixture was stirred at RT for 2 h. 2N Hydrochloric 

acid (5.5 nil) was added and the mixture was concentrated. The residue 

was taken up in ethyl acetate and partitioned against aqueous sodium 

bicarbonate solution. The ethyl acetate layer was dried over sodium 

20 sulfate and concentrated to yield 5. 7 g of the crude title compound, which 

was used without further purification. 

25 

Preparations 4 through 22 were performed by application of the 

General Methods and are listed in the following Table. 

- 77 -



W000/01389 PCT/US99/15063 

Preparatiqns by General Methods 

No. 

P4 

Po 

P6 

P7 

P8 

P9 

Structure 

,1l,,n_ 
c-(ffe.1. 

Name 

N-(8,4-Dimethyl-O-iso­
xazolyl)-2'~formyl-4'- · 
lhydroxymethyl)-N-
[(2· '' 

. Ctrimetl>.ylsilyl)ethaxy] 
-methYU [1,1':. 
biphE!JJ.YlJ~2-
sulfonanrlde 
2'-Chloro-N-C3,4-
dimethyl•5~iso­
xazolylK'·f~l­
N-U2-(µfutethylsilyl)­
. ethoxy]-m(tthyl)[l,l'­
biphenyl]-2- · · 
sulfonamide 
N-C3,~Dilpethyl-5· 
iso~lyl):4'-formyl-
2•;.(tnf1uc>r0m.ethyl)-N-
[(2- ..• ' .. · 
Ctrimeth3iliD1yl)ethoxyJ 
methylll;i.;1'-biphenylJ-. 
2-sulfonamide · · 
N-~3.4-:qim~l-5-
isoXazolyl)-,4'-formyl­
N-((2-m~oxyethoxy)­
metbyll:~.m;ethyl(l, 1'· 

' biptie,Dyl)72· 
sulfonmriide 
N-(3,4,.Dimethyl-5-
isoi.azQ}yll-2' -tluoro-4'· 
formyi-N;[(2-
methoxyethoxy>methyl 
I 11;1•-bi~IJ-2· 
sulfoiiamide · 
2' "[[(3,4-DilJlethyl-5· 
iso~fy}j[(~ · 
<trimetllylsilyl)ethoxyJ 
m1athjrIJ~o)sulfonyl 
J-2· ' -:·:' 
<trif1uoromet}iynr1.1•: 
biphenyl)-4-methanol 
methanesuifonate 
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2-Cbloro-2'-[[(3j: 
dimetb.yl-5- ~. . 
isoxazolyl)(l2-
(trimethylsilyl)ethoxy) 
methyl)amino)sulfonyl 
] (l,l'-biphenyl]-4-
methanol 
methanesulfonate 
4'-(Bromomethyl}-N-
(3,4-dimethyl-5-
isoxazolyl)-2'-fluoro-N-
((2-
methoxyethoxy)methyl 
Jll,1'-biphenyl]-2-
sulfonamide 
2'-[[(3,4-Dimethyl-5-
isoxazoly])[(2-
(trimethylsilyl)ethoxy) 
methyl)amino)sulfonyl 
J-4-
Ch.vdroxymethyl)(l,l'-
biphenyl)-2-methanol 
methanesulfonate 

I 
I 
! 
! 4'-

((Methanesulfonyloxyi I 
methyli-N-C3,4- I 
dimetb.yl-5-isoxazolyl).. I 
N-[(2-methoxyethoxy)-
methyl)-2'-methyl( 1,1 '-
biphenyl)-2-
sulfonamide 
2'-([(3,4-Dimethyl-5- I isoxazolyl)[(2-
(trimethylsilyl)ethoxy] I methyl)amino]sulfonyl 
J-2- I (bydroxymethyl)(l;l'-
biphenyl)-4-methanol 

I 

I 
methanesulfonate I 

N-C3.4-Dimethyl-5-

I isoxazolyl)-4'-formyl-
2'-methyl-N-ll2-
(trimethylsilyl)ethoxy) 
methyl](l,l'-bipbenyl]-
2-sulfonamide 

N-C3,4-Dimethyl-5-
isoxazolyl)-4'-formyl-

N-[[2-
(trimethylsilyl)ethoxy] 

-methyl) (1,1' -
biphenyll-2-
sulfonamide 
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Pl 

~ I 
N-(3,4-DiJllethyl-5- 4-brOJno- 1(80) 

isoxazoly)).4'-formy)~ benz-
7 N-((2- · aldehyde 

methoxyethoxy)metbyl • 
l· 

[I.l '-biphenyl}-2-
sulfonamide 

Pl 

~ 
4'-Bromomethyl-N- P17 11,2 

C3.4-dimethyl-5- (80) 

8 isoxazolyl),.N-C2~ 
j methoxyethoxymethyl) 

I MEM 8 I ll.l'-biphenyl}-2-
· sulfonamide 

Pl I 
N-C3,4-Dimethyl-5- Pl6 11 (83); 

isoxazolyll-4'.- . 3(90) 

9 I [\methan~Ifonylox.yl §~ methy1J-N-ll2· 

I 
SEM CtrimethyJsilyl)ethoxy} 

methyl} [1.1 ·-biphenyll-

' 2-sulfonamide 

P2 
I 

~*-
: X-<S.4-Pimethyl-5- I P2C l (72) 

I ' isoxazolyJ:i-4·-formyl- I I 
I I I 0 I i ~-U2- I I 

I l 1 trimerhylsilyl)ethoxy} i I 
I 

I I -1nethyllll.l'-

I I 
biphenylJ-2-
sulfonamide 

P2 

~i~* 
I N-C3.4~Dimethyl-5- cJ l Zbang.H.-Y.otal.. 19(95); 

isoxazolyl}2'-fqrmyl- I . Tetrahedro11. 1994, 1 (77) 
1 4'-ChydroJ!ymethyll·N- I 1 •0.11339-ltll62. . 

~MEM Me 
[[2-
methoxy~thoxyJmethyl 

i I I l. l'-biphenyll-2-
i sulfonamide i 

P2 I §: 
I 4~-1(2·B~1tyl-~xo-l,3- I 4-bromo- I 13 (58); 
I d1a?.asp1ro[4.4}non-l- 3-nitro- I 4(74); I 

2 I 0 I en-3-ylim"ethyl}-N-C3,4- toluene I 1(_50) 

I Q. Or 
i di-methvl-5-

~Ma I isoxazolyll-N-[{2-
i methoxy~rhoxyjmethyl 

1- .. .. 
2'-nitro( l.1 ··biphenylJ-
2-sulfonamide 
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5 

10 

A. 

Examples 

Example 1 

4'-f(2-Butyl-4-oxo-1.3-diazaspiro(4.4lnon-1-en-3-yl)methylJ-N-(4.5-

dimethyl-3-isoxazolyD ll.1 '-biphenyll-2-sulfonamide 

N-< 4.5-Dimethyl-3-isoxazolyD-4' -(hydroxvmethyD-N-K2-

methoxyethoxv)methyll ll.1 '-biphenyll-2-sulfonamide 

4-Bromohenzyl alcohol (750 mg, 4.0 mmol) was coupled with f2-

[[(4,5-dimethyl-3-isoxazolyl)[(2-

methox.yethoxy)methyl]amino]sulfonyl]phenyl]boronic acid (1.0 g, 2.7 

mmol) according to General Method 1. The crude residue was 

15 chromatographed on silica gel using 3:4 hexane/EtOAc to afford IA (730 

. mg, 66%) as a colorless gum: RF0.26, silica gel, 2:3 hexane/EtOAc. 

B. 4'-Bromomethvl-N-(4.5-dimethyl-3-isoxazolyD-N-[(2-

metho:xvethoxy)methyll (1.l '-biphenyll-2-sulfonamide 

20 IA (730 mg, 1.64 mmol) was converted to the corresponding 

bromide according to General Method 2. The crude residue was 

chromatographed on silica gel using 4:1 hexane/EtOAc to afford lB (750 

mg, 90%) as a colorless gum: &r=0.66, silica gel, 1:1 hexane/EtOAc. 
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C. · 4'-[(2-Butyl-4-oxo.-1.3-diazaspiro[4.4lnon-1-en-3-yDmethyll-N-(4.5-

dimethyl-3-isoxazolyl)-N-(2-methoxvethoxymethyl)fl.l'-biphenyll-2-

sulfonamide 

lB (255 mg; 0.5 mmol was reacted with 2-butyl-1,3-

5 diazaspiro[4.4]non-1-en-4-one hydrochlori(ie according to General Method 

4. The crude residue was chromatographed on silica gel using 3:4 

hexane/EtOAc to afford IC as a gum: R.r=0.32, silica gel, 1:1 

hexane/EtOAc. 

10 D. 4'-[(2-Butyl-4-oxo-l.3-diazaspiro[4.4lnon-1-en-3-yDmethyll-N-C4.5-

dimethyl-3-isoxazolyDC1. 1 '-biphenyll-2-sulfonamide 

1 C was subjected to deprotection according to General Method 7. 

The crude residue was purified by preparative HPLC to provide the title 

compound as a white solid (130 mg, 49%, for two steps): mp 77-81°C. 

15 Analysis calculated for C2,H31N40 4S • l;OH20: Calc'd: C, 63.02; H, 6.57; N, 

10.14; S, 5.80. Found: C, 62.75; H, 6.16; N, 9.85; S, 5.54. 

Example 2 ·· 

4'-[(2-Butyl-4-oxo-l.3-diazaspiro[4.4Jnon-1-en-3-yDmethylJ-N-(3.4-

20 dimethyl-5-isoxazolyl)-2'-[(methylamino>methylJ(l.1'-biphenyll-2-

.' sulfonamide 

r~. N s-· o H , 
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A. 4-Bromo-:3:::rormyl-benzomt'.t41e < 

To a solution of 4-bromo-3-methyl benzonitrile (14.0 g, 71.4 mmol) 

in carbon tetrachloride (200 mL), N-bromosuccinimide (13.98 g, 78.55 

mmol) and benzoyl peroxide (700 mg) were added, and the mixture was 

5 heated at reflux for 8 h while illuminating the solution with a sun lamp. 

The mixture was cooled and :filtered. The :filtrate was concentrated to 

provide a light yellow solid (21 g) which was used in the next step without 

any further purification. 

To a solution of the crude compound (21 g) obtained above in 

10 anhydrous DMSO (30 mL) under argon, was added anhydrous 

triniethylamine N-oxide (6.97 g, prepared as described in Soderquist et al., 

Tetrahedron Letters, 27, 3961 (1986)), and the mixture was stirred at 55°C 

for 48 h. The mixture was then cooled and added to ice/water (150 mL) 

and the resulting aqueous mixture was extracted with EtOAc (3 x 100 

15 mL). The combined organic extracts were washed once with brine (100 

mL), dried and evaporated. The residue was chromatographed on silica 

gel using 8:1 hexanes/EtOAc to afford 2A as a white solid (6.1g,47% for 

two steps). 

20 B. 41-Qyano-2'-fomiyl-N-{3.4-dimethyl-5-isoxazolyD-N-(2-

methoxyethoxymethyl) [1.1 1-biphenylJ-2-sulfonamide 

2A (3.0 g, 14 mmol) was subjected to Suzuki coupling with N-[(2-

methox:yethoxy)methyl]-N-(3,4-dimethyl-5-isoxazolyl)-2-(4,4,5,5-

tetramethyl-1~3,2-dioxaborolan-2-yl)benzenesulfonamide according to 

25 General Method 1. The crude residue was chromatographed on silica gel 

using 2:1 hexane/EtOAc to afford SB (4.5 g, 68%) as a colorless gum. 

30 

c. 41-Cyano-2'-CN-methylaminomethyD-N-(3.4-dimethyl-5-isoxazolyD­

N-(2-methoxvethoxymethyD [1.1'-biphenyll-2-sulfonamide 

To 2B (2.2 g, 4.69 mmol), MeNH:z (8;03 Min EtOH, 2.33 mL, 18.74 

mmol) and 3A molecular sieves in CHiCl2 (47 mL), glacial acetic acid (1.13 
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g, i8.74 mmol} was added followed by Na,13<Ac0)3H (3~98 g, 18.74 mmol). 

The reaction mixture was stirred at RT.overnight, diluted with EtOAc and 

filtered through celite .. The filtrate was washed with ffzO, dried and 

concentrated. The residue WlJ.S chromatographed on silica gel using 100:5 

5 C~Cl/MeOH to afford 2C (1.24 g,55%) as a colorless gum: Rt=0.2, silica 

gel, 100:5 CH.Pl/MeOH. 

10 

D. 2'-(N-t-Butoxvcarbonyl-N-methylaminomethyD-4'-cyano-N-(3.4-

dimethyl-5-isoxazolyl>-N-(2-methoxyethoxymethyl) [1.1 '-biphenylJ-

2-sulfonamide 

To 2C (1.3 g, 2.68 mmol), triethylamine (434 mg, 4.3 mmol) and 4-

dimethylaminopyridine (33 mg, 0.27 mmol) in THF (10 mL) was added a 

solution of di-t-butyl dicarbonate (703 mg, 3.22 mmol) in THF (10 mL) 

dropwise. The re~ction mixture was stirred at RT for 3 h. 10% aqueous 

15 NH4Cl was added, and the ~ture was extracted with EtOAc. The 

extracts were washed with HsO and brine, dried and conce~tr-ated. The 

residue was chromatographed on silica gel using 7:4 hexane/EtOAc to 

afford 2D (1.1 g, 70%) as a colorless gum: R,=0.57, silica gel, 2:3 

hexane/EtOAc. 

20 

. E. 2'-(N-t-Butoxycarbonyl-N-methylaminomethyll-N-(3.4-dimethyl-5-

isoxazolyD-4'-formyl-N-(2-methoxyethoxymeth,yU [1.l '-biphenyll-2-
. . . . . . . . . 

sulfonamide.· 

To 2D (1.03 g, 1.7& nunol) inTHF (18 mL), diisobutylaluminum . . . . . . . . . . 

26 hydride (lM in C~Cl2, 5.2~ mL, 5.29 mmol) was added dropwise. The 

reaction mixture was stirred at RT f<;>r 4 h. _MeOH (20 mL) was added, and· 

the mixture was stirred for 20 min. The mixture was then added into H20 

and extracted with EtOAc. The <:om~ined extracts were washed with HiiO 

and brine, dried and concentrated. The residue w~ chromatographed on 

30 silica gel using 5:6 hexane/Et()Ac to afford 2E (325 mg, 31 %) as a colorless 

gum: Rr--0.37, silica gel, 1:~ hexane/EtOAc. 

- 84-

.. I 



.«.· 
: .. ··.· 

W000/01389 PCT/US99/15063 

F. 2'-CN-t-Butmcarbonyl-N-methylaminomethyl)-4'-Hydroxvmethyl­

N-(3.4-dimethyl-5-isoxazolyD-N-(2-metho:xyethoxymethyD ll.1'­

biphenyll-2-sulfonamide 

5 2E was reduced using sodium borohydride according to General 

10 

Method 11 to provide 2F, which was used in the next reaction step without 

any purification. 

G. 4'-Bromomethyl-2'-(N-t-butoucarbonyl-N-methylaminomethyD-N­

(3.4-dimethyl-5-isoxazolyD-N-C2-methoxyethoxymethyD {l.1'­

biphenyll-2-sulfonaniide 

2F was treated with carbon tetrabromide and triphenylphosphine 

according to General Method 2 to provide 2G in 78% yield. 

15 H. 2' -(N-t~Butoxycarbonyl-N-methylaminomethyl)-4 '-[(2-butyl-4-oxo-

1.3-diazaspiro[4.4lnon-1-en-3-yDmethyll-N-(3.4-dimethvl-5-

isoxazolyD-N-(2-methoxyethoxvm.ethyD [1.l '-biphenyll-2-

sulfonamide 

2G was treated with 2-n-butyl-1,3-diazaspiro[4.4]non-1-en-4-one 

20 hydrochloride according to General Method 4 to provide 2B in 79% yield. 

I. 4'-r<2-Butyl-4:.oxo-1.3-diazaspiro[4.4Jnon-1-en-3-yl)methyll-N-(3.4-

dimethyl-5-isoxazolyD-2'-r<methylamino)methyll [1.1 '-biphenyll-2-

sulfonamide 

25 2B (170 mg, 0.22 mmol) was deprotected according to General 

Method 7 to provide the title compound in 67% yield: Ri=0.39, silica gel, 

10:1 ClizCl/MeOH; mp: 194-200 °C; LRMS (m!z) 578 (Mir). 

Example3 

30 4'-[(2-Butyl-4-oxo-1.3-diazaspiro[4.4lnon-1-en-3-yDmethyll-2'-formyl-N-

(3.4-dimethyl-5-isoxazolyD-[1.11-biphenyll-2-sulfonamide 
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OHC 

A. 4'-Cyano-2'.,(1.3-dioxo}an'."2-yD-N-{3.4-dimethyl-5-isoxazolyD-N-(2-

5 methoxyethonmethyD [l.l'-biphenylJ-2-sulfonamide 

A mixture of2B (1.28 g, 2.73 mmol), ethylene glycol (1.69 g, 27.3 

mmol) and p'.'tolu~nesulfonic aci<l (38 mg) in toluene (30 mL) was heated 

at 130°C for 5 }i, while a Dean-Stark water separator was used. After 

cooling, the miXt~e was diluted with EtOAc. The organic liquid was 

10 separated and washed with ~O and bri~e, dried and concentrated. The 

residue was chrornatographed on silica gel using 5:4 hexane/EtOAc to 
. . . .... . 

afford SA (1.1 g, 79%) as a colorless gum: R;=0.57, silica gel, 1:2 

hexane/EtOAc. 

15 B. 2'-(l.3-Dioxolan-2-yD-4'-formyl-N-<3.4-dimethyl-5-isoxazolyD-N-(2-. . . . . . 

methoxyethoxymethyl) [1.l '-biphenyll-2-sulfonamide 

To 8A (1.1 g, 2.14 mmol) in THF (21 mL) at 0°C was added DIBAL­

H (lM in C~Cl2, 4.28 mL 4.28, mmol) dropwise. The reaction was stirred 

at RT overnight. MeOH (20 mL) was added and the reaction was stiITed 

20 for 5 min. The ~ure was p!)ured into cold 0.1 N HCl solution (150 mL), 

shaken for 5_ min, and then ~~~ed with 3:1 EtOAdhexane. The 

combined organic extracts w~~ washed with H20 and brine, dried and 

concentrated. The residue was· chromatographed on silica gel using 3:4 

hexane/EtOAc to afford 3B (7lQ mg, 64%) as a colorless gum: Ri=0.45, 

25 silica gel, 2:3 hexane/EtOAc. 
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c. 2' -(1.3-Dioxolan-2-yD-41-hy11ifuxymethyl-N::C3.4-dimethyl-5-

isoxazolyD-N-(2-methmethoxymethyl) fl.1'-biphenyll-2-

sulfonamide 

3B (710 mg, 1.4 mmol) was subjected to sodium borohydride 

5 reduction according to General Method 11 to afford 3C, which was used for 

the next reaction step without further purification. 

D. 4'-Bromomethyl-2'-(l.3-dioxolan-2-yll-N-(3.4-dimethyl-5-isoxazolyD­

N-(2-methoxvethoxymethyll [1.l 1-biphe:nyll-2-sulfonamide 

10 3C was treated with carbon tetrahromide and triphenylphosphine 

according to General Method 2. The crude residue was chromatographed 

on silica gel using 3:2 hexane/EtOAc to afford SD (750 mg, _94%) as a 

colorless gum: R,.=0.74, silica gel, 1:2 hexane/EtOAc. 

15 E. 4'-[{2~Butyl-4-oxo-1.3-diazaspiro[4.4Jnon-1-en-3-yl)methyll- 2'-Cl.3-

dioxolan;.2-yll-N-(3.4-dimethyl-5-isoxazolyD-N-<2-

methoxyethoxymethyD (1.1 '-biphenyll-2-sulfonam.ide 

3D (750 mg, 1.3 mmol) was treated with 2-n-butyl-1,3-

diazaspiro[4.4]non-1-en-4'-one hydrochloride (387 mg, 1.68 mmo]) 

20 according to General Method 4. The crude residue was chromatographed 

25 

30 

· on silica gel using 100:1. 7 C~Cl/MeOH to afford 3E as a gum (830 mg, 

93%): RF0.40, silica gel, 100:5 C~Cl/MeOH. 

F. 4'-[(2-Butyl-4-oxo-1.3-diazaspiro[4.4lnon-1-en-3-yDmethyll-2'­

formyl-N-C3.4-dimethyl-5-isoxazolyD-[l.1'-biphenyll-2-sulfonamide 

3E (830 mg, 1.20 mmol) was subjected to deprotection according to 

General Method 7. ·The crude residue was chromatographed on silica gel 

using 100:1.5 and then 100:4 CHiiCia /MeOH to afford the title compound 

as a gum (480 mg, 72%): Rr:0.16, silica gel, 100:5 CH2Cl/MeOH. 

-87 -



WOOD/01389 PCT/US99/15063 

5 

Example4 

4'-[{2-Butyl-4-oxo-1.3-diazaspiro[4.4lnon-1-en-3-yDmethyll-N-(3.4-

dimethyl-5-isoxazolyD-2' -[(3.3-dimethyl-2-oxo-l­

RmolidinyDmethyll [1.l'-biphenyll-2-sulfonamide 

~ 
0 

To 3F (llOmg, 0.20. mmoD in CH2Cl2 (4 mL) was added 4-amino-

2,2-dimethylbutanoic acid hydrochloride (98 mg, 0.59 mmol) [Scheinmann, 

10 et al., J. Chem. Research (S), 414-415 (1993)] and 3A molecular sieves, 

followed by glacial acetic acid (35 mg, 0.59 mmol) and then sodium acetate 

(48 mg, 0.59 mmol). The mixture was stirred for 8 minutes, and 

NaB(Ac0)3H (124 mg, 0.59 mmoDwas then added. The reaction mixture 

was stirred at R'l' for 2 h, dilut~d with EtOAc and filtered through celite. 

15 The filtrate was washed with ~O and brine, dried and concentrated. This 

.material was dissolved in C~Cl2 (6 mL) and 1,3-cliisopropylcarbodiimide 

(32 mg, 0.25 mmol) was added; The reaction mixture was stirred at RT for 

2 h and diluted with CH,Cl2, washed with ~O and brine, dried and 

concentrated. The residue wa~ purified ~y preparative HPLC to provide 

20 the title compound as a white solid (40 mg, 31 %, for two steps): mp 104-

1100C'. Analysis calculated fol'. C36H,5N:;06S • 0.8 ~O: Calc'd: C, 64.13; H, 

6.97; N, 10.39; S, 4,75. Found: C, 64.18; H, 6.60; 

N, 10.23; S, 4.50. 

-88-



:~; ·r!f\'f:9. 
W000/01389 PCT/US99/15063 

5 

Example5 

· 4'-lC2-Butvl-4-oxo-l.3-diazaspirof4.4lnon-1-en-3-yl)methyll-2'-formyl-N­

(3.4-dimethyl~5-isoxazolyl)-[1.1'-biohenyll-2-sulfonamide (Alternative 

Preparation for 3F) 

A. 2-[(2'-Bromo-5'-formyDphenyl)]-1.3-dioxolane 

DIBAL-H (1.0 M solution in toluene, 445 mL, 445 mmol, 1.1 eq) was 

added over 30 minutes to a solution of2-[(2'-bromo-5'-cyano)phenyl)J-l,3-

dioxolane (103 g, 404 mmol, 1.0 eq) [Zhang, H.-Y. et al., Tetrahedron, 50, 

iO 11339-11362 (1994)] in toluene (2.0 L) at-78 °C. The solution was allowed 

to warm to 0 °C. After 1 hour, a solution of Rochelle's salt (125 g) in water 

(200 mL) was added, and the mixture was allowed to warm to room 

temperature and was stirred vigorously for 16 h. The organic layer was 

concentrated and the residue partitioned between ethyl acetate (1 L) and 1 

15 N hydrochloric acid (800 mL). The organic layer was washed with 

saturated aqueous sodium bicarbonate (800 mL), dried over sodium 

sulfate, and then concentrated to give 70.5 g of crude 5A as a yellow solid, 

which was used without further purification. 

20 B. 2-[(2'-Bromo-5'-hydroxymethyDphenyl)J-1.3-dioxolane 

Sodium borohydride (3.66 g, 96. 7 mmol, 0.5 eq) was added to a 

solution of crude 5A (49. 7 g, approximately 193 mmol, 1.0 eq) in absolute 

ethanol (1300 mL) at 0 °C; After 2 hours, a solution of 10% aqueous 

sodium dihydrogen phosphate (50 mL) was added and the mixture was 

25 stirred and allowed to warm to room temperature. The mixture was 

concentrated, then partitioned between ethyl acetate (800 mL) and 

saturated aqueous sodium bicarbonate (500 mL). The organic layer was 

dried over sodium sulfate and concentrated to give 49~0 g of crude 58 as a 

yellow oil, which was used without further purification. 

30 

- 89-



W000/01389 PCT/VS99/1506J 

C. 2-[(2'-Bromo-5'-bromomethyl)phenyl)J-1.3-dioxolane 

Triphenylphosphine (52.7 g, 199 mmol, 1.05 eq) was added in 

portions over 15. Drl.nutes to a solu,,tjo:q. of crude 5~ (49.0 g, approximately 

189 mmol, 1.0 eq) and carbon t~tr,aQromide (69.0 g, 208 mmol, 1.1 eq) in 

5 THF at 0 °C. After 2 hours, saturated aqueous sodium bicarbonate 

solution (20 mL) was added, and .the mixture was allowed to warm to room 
.. .. . .i:: ·:·: 

temperature and was then con~ntrated. Ether (500 mL) was added, and 

the resulting mixture was ~ltefe4. The filtrate was dried over magnesium 

sulfate and concentrated .. The :residue was chrqmatographed on silica gel 

10 (8:1 hexanes/ethyl acetate as eluant) to give 5C as a white solid (31.1 g, 
. . 

51% yield from 2~[(2'-brom<>-5'-gano)phenyl)J-1,3-dioxolane). 

D. 2-(1.3-Dioxolan-2-yD-4-((2-n-butyl-~oxo-1.3~diazaspiro[4.41non-1-

en-3-yl)methyllbromohenzenc. 

15 Sodium hydride (60% di~persi~n in n:rineral oil, 9.65 g, 241 mmol, 

2.5 eq) was added.in portions qver !5:minutes to a mixture of2-n-butyl-

1,3-diazaspiro[4.4]non-1"'.'en"'.'4"'.'pne hyd,rochloride (18.7 g, 96.5 mmol, 1.0 eq) 

in DMF (400 mL) at 0°C. The mixture was stiITed and allowed.to warm to ... : .. . . . . . : 

room temperature over 15 minutes. To this mixture was added via canula 

20 a solution of 5C (31.1 g, 96.5 ~ol; 1.0 eq) in DMF (100 m.L). After 14 
. . . . . . .. ~.. - . : 

· .. hours, the mixture was concenµ-ated in vacuo and partitioned between 

. ethyl acetate csoq mL) and 1Q% aqueous sodium dihydrogen phosphate 

(300 mL). The .organic layer 'Va~ dried over sodium sulfate and 

concentrated to give crude ljD ai; an orange oil (42.7 g), which was used 

25 without further purification. . · •. 

E. 4-ff2-n-Butyl-4-oxo-l.3-diazaspii:ol4.4lnon-1-en-3-yDmethyll-2-

formyl-bromobenzene 

A solution of crude 5D (6.0 g, approximately 13.6 mmol, 1.0 eq) in 

30 THF (180 mL) and lN hydrochloric ~cid (30 mL) was heated at 65°C for 

1.5 hours. The mixture was cooled and then treated with saturated 
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aq~eous sodiwifeirbonate solu-ef' (75 mL) ari~f@iyi acetate (200 mL). 

· The organic layer was removed and dried over sodium sulfate, 

concentrated, and then further dried azeotropically with toluene to give 

5E as a crude yellow oil (8.2 g) which contained a small amount of toluene. 

5 This material was used without further purification. 

F. 4'-[{2-Butvl-4-oxo-1.3-diazaspirof4.4lnon-1-en-3-yDmethyll-2'­

formyl-N-C3.4-dimethyl-5-isoxazolyl)-N-(2-methoxyethoxymethyl) 

[l.l '-biphenyll-2-sulfonamide 

10 Palladium catalyzed Suzuki coupling of 5E and [2-[[(3,4-dimethyl-5-

15 

20 

25 

isoxazolyl)[(2-methoxyethoxy)methyl]amino]sulfonyl]phenyl]boronic acid 

was performed according to General Method 1 to yield 5F in 60% yield. 

G. 4 '-[(2-Butvl-4-oxo-1.3-diazaspiro[4.4Jnon-1-en-3-yl)methyll-2' -

formyl-N.:.(3.4-dimethyl-5-isoxazolyl)-[l.1 '-biphenyll-2-sulfonamide 

Deprotection of 5F according to General Method 7 provided the title 

compound (5G = 3F) in 73% yield: R,=0.2 (silica gel using C~CljMeOH 

[100:5]). 

Example6 

4'-[(2-Butyl-4-oxo-1.3-diazaspirof4.4lnon-1-en-3-yl)methyll-N-{3,4-

dimethyl-5-isoxazolyl)-2'-[(3,3-dimethyl-2-oxo-1-

pym>lidinyDmethylJ [1.1 '-biphenyll-2-sulfonamide (Alternative 

Preparation for 4) 

The title compound (6 = 4) was obtained as a white solid from 5G 

using a procedure similar to that described in Example 4 (945 mg, 35%): 

mp 104-110°C. Analysis calculated for C3i;l!45N50 6S • 0.8 ~O: Calc'd: C, 

64.13; H, 6.97; N, 10.39; S, 4,75. Found: C, 64.18; H, 6.60; N, 10.23; S, 

30 4.50. 
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Example 7 

4'-r<2-Butyl-4-oxo-1.3-diazaspiroC4.4lnon-1-en-3"'.yl)methylJ-N-(3.4-

dimethyl-5-isoxazolyJ)-2' .,f(3-methyl-2-oxo--1-

irnidazolidinyDmethylJ fl. l'-biphenyll-2-sulfonamide 

~ ' 0 

~~.-~CH 
' 3 H . 

CH3 

A 4' -[(2-BU:tyl-4-oxo-1.3-diazaspiro[4.4Jnon-1-en-3.-yl)methylJ-N-(3.4-

dimethyl-5-isoxazolyD-N-(2-metboxyethoxymethyl)-2' -f<3-methyl-2-

10 . oxo-l •imidazolidinyDmethyll ll.1'-biph!W:Yll-2-sulfonamide 

To a solution of0.3 g (0.46 mmol) ()f5:F' in.CH2Cl2 (15 mL) was 

added 3A molecular sieves (1 mL), N-methyl ethylenediamine (0.051 g,, 

0.69 mmol) and glacial acetic acid <O.S28 g, 1.38 mmol), and the resulting 

mixture was stirred under argon for 15 min. Sodium 

15 triacetoxyborohydride (0.292 ~· 1.38 mmol} was then added to the mixture, 

. and the resulting mixture was stirred at room temperature for 3 h. The 

solution was then filtered through celite, and the celite was washed with 

C~Cl2 (25 ~). Tho combin~d filtrates were washed with water (2x50 

mL), dried and evaporated to.afford a colorless gum (0.32 g). This gum 

20 was redissolved in CH2C~ (10 mL), and carbonyldiimidazole was then 

added (0.112 g, 0.69 mmol). !he resulting mixture was stirred at room 

temperature for 24 h. The mixture was then washed with water (15 mL) 

and dried and evaporated to provide a colorless gum. Purification on silica 

gel using 1:1 hexane: EtOAc then provided 7A (0.17 g, 50%) as a colorless 

25 gum. 
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B. 4'-r<2~Butvl-4-oxo-1.3-diazaspiro[4.4lnon-l-en-3-yDmethyll-N-(3.4-

dimethyl-5-isoxazolyl)-2' -H3-methyl-2-oxo-l­

imidazolidinyDmethyll [l,l' -biphenylJ-2-sulfonamide 

To a solution of7A (0.165 g, 0.225 mmol) in 95% EtOH (2 mL) was 

5 added 6N aqueous hydrochloric acid (2 mL), and the resulting solution 

was heated at reflux for 1 h. The mixture was then neutralized with 

aqueous sodium bicarbonate to pH 7 and then reacidified to pH 6 using 

aqueous sodium bisulfate. The mixture was then extracted with EtOAc (3 

x 30 mL). The combined organic extracts were then washed once with 

10 water and dried and evaporated. The residue was purified on silica gel 

using 5% MeOH in methylene chloride to provide the title compound (0.13 

g, 89%) as a light yellow soliQ.: 1H NMR CCDC13) S 0.89 (t, J.=7.0 Hz, 3H), 

1.26-1.60 (m, 4H), 1.87 (s, 3H), 1.97 (m, SH), 2.16 (s, 3H), 2.35 (t, J.=7.6 Hz, 

2H), 2.72 (s, 3H), 3.29 (br s, 4H), 4.10 (s. 2H), 4.72 (m, 2H), 7.13-7.92 (m, 

15 7H). 

20 

25 

Example 8 

· 4'-r<2-Butyl-4-oxo-1.3-diazaspiro[4Alnon-1-en-3-yDmethyll-2'-[(3.3-

dimethyl-2-oxo-1-pvrrolidinyDmethylJ-N-(2-pvrazinyl) [1.l'-biphenyll-2~ 

sulfonamide 

A. N-tert-Butyl-4' -r<2-n-butyl-4-oxo-1.3-diazaspiro[ 4.4Jnon-1-en-3-

yDmethyll-2' -formyl[l.l'-biphenyll-2-sulfonamide 
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Crude 5E .(8.3 g, approxima~ly 13.6 mmol) was subjected to Suzuki 

coupling with [2-(N-tert-butylsulfamoyl)phenyl]boronic acid according to 

General Method 1. The crude residue was chromatographed on 

triethylamine-deactivated silica gel (1:1 hex:anes/ethyl acetate eluant) to 

5 yield 8A (5.03 g, 71 % from 5C) as an orange oil. 

B. N-terl .. Butyl-4' -[(2-n-butyl-4-oxo-L3-diazaspiro[4.4lnon-1-en-3-

yl)methyll-2'-C<3.3-dimethyl-2-oxo-1-pyrrolidinyl)methylJ [l.1 '­

biphenyll-2-sulfonamide 

10 A mixture of8A(2.0 g, 3.81mmol,1.0 eq), 4-amino-2,2-

dimethylbutanoic acid hydrochloride (1,28 g, 7 .64 mmol, 2.0 eq), freshly­

activated aA molecular sieves (5.0 g), and methanol (35 .mL) was stirred at 

room temperature. Solid 85% potassium hydroxide (225 mg) was added to 

adjust the pH to 6.5. After 1.5. hours, sodium cyanohorohydride (120 mg, 

15 1.91 mmol, 1.5 eq) was added, and the mixture was stirred for an 

additional two hours. Solid 85% potassium .hydroxide (640 mg) was 

added, the mixture was filtered, and· the filtrate concentrated. To the 

residue was added dry dichloromethane (35 mL) and EDCI (1.10 g, 5.72 

mmol, 1.5 eq) and the mixture was stirred at r.oom temperature for 17 

20 hours. Saturated aqueous sodi:um carbonate solution ( 100 mL) was added 

and the aqueous layer was ex~acted with dichloromethane (3 x 150 mL). 

The combined organic extracts were dried over sodium sulfate and 

concentrated to give SB (2.50 g) as a crude yellow oil used directly without 

further purific~tion. 

25 

C. 4'-f(2-n-Butyl-4-oxo-1.3-diazaspiro[4.4lnon-1-en-3-yDmethyll-2'­

[(3.3-dimethyl-2-oxo-1-pyrrolidinyDmethylJ [l.1 '-biphenyll-2-

sulfonamide 

Crude SB (2.50 g) was tli,ssolved in tr:ifluoroacetic acid (16 mL) and 

30 the resulting solution was stir.red at room temperature for 7 hours. The 

resulting mixture was concentrated, and saturated aqueous sodium 
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bicarbonate solution was added tci' the residue .. This inixture was 

extracted with ethyl acetate (3 x 50 mL), and the combined organic 

ex.tracts were dried over sodium sulfate and concentrated. Silica gel 

chromatography of the residue (5% methanol in dichloromethane as 

5 eluant) gave SC (0.98 g, 45% from SA) as a yellow solid. 

D. 4' -[(2-Butyl-4•oxo-1.3-diazaspiro[4.4Jnon-1-en-3-yDmethyll-2' -[(3.3-

dimethyl-2-oxo-1-pyrrolidinyl )methyll-N-(2-pvrazinyll [1.1'­

biphenyll-2-sulfonamide 

10 A solution of SC (110 mg, 0.19 mmol, 1.0 eq) in DMF (2.5 mL) was 

treated at room temperature with sodium hydride (60% dispersion in 

mineral oil, 17 mg, 0.43 mmol, 2.2 eq). After 10 minutes, 2-chloropyrazine 

(68 µl, 0. 76 mmol, 4.0 eq) was added via syringe, and the mixture heated 

at 120 °C for 2 hours and 130 °C for 6 hours. The solvent was evaporated, 

15 and the residue partially purified by preparative reverse-phase HPLC. 

The fractions containing product were evaporated, and the residue 

partitioned between dichloromethane and 10% aqueous sodium 

dihydrogen phosphate. The aqueous phase was adjusted to pH 5 and 

extracted with two additional portions of dichloromethane. The combined 

20 organic ex.tracts were dried over sodium sulfate, evaporated, and the 

. residue chromatographed on silica gel (3% methanol in dichloromethane 

as eluant) to yield still impure product (70 mg). This material was 

subjected to ion-ex.change chromatography to ~ve the pure title compound 

(8 mg, 6%) as a white powder after lyophilization: 1H NMR (CDC13, 400 

25 MHz) 3 8.52 (s, lH), 8.29 Cdd, J=l and B Hz, lH), 8.16 (d, J=3 Hz, lH), 7.97 

(s, lID, 7.60 (dt, i=l and 7 Hz, lH), 7.55 (dt, J.=1 and 7 Hz, lH), 7.20 (dd, 

sl=l and 7 Hz, lH), 7.01 (s, 2H), 6.96 (s, lH), 4.60 (AB quartet, J.=16 Hz, 2 

H), 4.15 (AB quartet, J.=16 Hz, 2 H), 3.16 (m, 2H), 2.34 (dd, J=7 and 8 Hz, 

2H), 1.97 (m, 6H), 1.87 (t, J.=7 Hz, 2H), 1.82 (m, 2H), 1.61 (m, 2H}, 1.36 

30 (sextet, J.=7 Hz, 2 H), 1.17 (s, 3H), 1.16 (s, 3H), 0.90 (t, J.=7 Hz, 3H}; LRMS 

m/z 643 (ESI+ mode). 
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5 

Example 9 

.4':.£(2-Bucyl-4-oxo-1.3-diazaspiro[4.4Jnon-1-en-3-yDmethylJ-N-C3-chloro-2-

pyrazinyD-2'-[(3.3.,.dimethyl-2-oxo-1-pyrrolidinyDmethyll ll.1 '-biphenyll-2-

sulfonamide. 

~ 
0 ~:x) 

H . 

A solution of SC (100 mg, 0.18 mmol, 1.0 eq) in DMF (1.8 mL) was 

10 treated at room temperature with sodium hydride (60% dispersion in 

mineral oil, 8.5 mg, 0.21 mmol, 1.2 eq). After 10 minutes, 2,3-

dichloropyrazine (79 mg, 0.53 mmol, 3.0 eq) was added via syringe, and 

the mixture heated at 60°0 for 3 hours, then at 85°C for 14 hours, and 

then at 120°C for 5 hours. Workup and purification as described in 

15 Example 8 yielded the title compound {7.4mg,10%) as a white powder 

after lyophilization: 1H NMR (CDC13, 400 MHz) 8 8.40 (dd, J.=l and 8 Hz, 

lH), 8.0 (m, 2H), 7.68 (dt, J.= 1 and 7 Hz, lH), 7.61 (dt, J.=1 and 7 Hz, IH), 

7 .22 (dd, J=l and 7 Hz, lH), 7 ;16 (s, lH), 7 .05 (d, J. =8 Hz, lH), 6.89 (d, 

J..=8 Hz, lH), 6.85 (br s, 2H), 4.~7 (AB q~artet, !l=16 Hz; 2 H), 4.31 (d, !!=16 

20 Hz, lH), 4.15 Cd; J.=16 Hz, lH), 3.16 (m, 2H), 2.82 (t, J.=7 Hz, 2H), 1.90-

2.20 (m, SH), 1.82 (m, 2H), 1.66 (ni, 2H), 1.38 (sextet, J.=7 Hz, 2H), 1.22 (s, 

SH), 1.14 (s, 3H), 0.92 (t, J..=7 Hz, 3H) ppm; LRMS m/z 677, 679 CESI+ 

mode); m/z 675, 677 (ESI- mode) . 

. -96-
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5 

~iamplelO 
... 

4' -{(2-Butyl-4-oxo-1.3-diazaspirof 4.41non-1-en-3-yl)methyll-N-(3.4-

dimethyl-5-isoxazolyD-2' -[(2-oxo-1-pmolidinyDmethyll fl; l'-biphenyll-2-

sulfonamide 

~-rr-{] 
& H T" 

The title compound was prepared in 51 % yield starting from SF and 

4~aminobutyric acid as described in Example 4 as a white solid: mp ~5-

10 ·. 100°C; 1H NMR <CDC13) o 0.90 (t, J=7.3 Hz, 3H), 1.36 (m, 2H), 1.61 (m, 

2H), 1.82-2.10 (m, 15H), 2"17 (s, 3H), 2.36 (m, 2H), 3.41 (m, 2H), 4.20 (m, 

2H), 4. 72 (s, 2H), 7 .00-7 .90 (m, 7.H). 

Example 11 

15 41-r<2-Butyl-4-oxo-l.3-diazaspiro[4.4lnon-1-en-3-yl)methyl1-2'-[(3,3-

20 

dimethyl-2-oxo-1-pyrrolidinyDmethyll-N-C3.6-dimethyl-2-pyrazinyDfl.1'­

biphenyll-2-sulfonamide 
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A mixture of8C (200 mg, 0.36 mmol, 1.0 eq), palladium acetate (4 

mg, 0.02 mmol, 0.05 eq), (S)-BINAP (2.5 mg, 0.02 mmol, 0.05 eq), and 

toluene (5 mL) was sparged with nitrogen for 10 minutes. 2-Chloro-3,6-

dimethylpyrazine (83 µI, 0. 71 mmol, 2.0 eq) was added via syringe, 

5 followed by sodium hydride (60% dispersion in mineral oil, 28 mg, 0. 71 

mmol, 2.0 eq). The mixture was heated at 80°C for 15 hours. After 

cooling,. the mixture was diluted with ethyl acetate and partitioned 

against 10% aqueous sodium phosphate adjusted to pH 5-6, and the 

aqueous layer was extracted with two additional portions of ethyl acetate. 

10 The combined organic extracts were Q.ried over sodium sulfate, 

concentrated, and evaporated to a yellow oil, which was chromatographed 

on silica gel (1:3 hexanes/ethyl acetate eluant) to yield the title compound 

(50 mg, 21 %) as an off-white solid: 1H NMR (CD30D, 400 MHz) a 8.14 (d, 

J.=7 Hz, lH), 7.75 (hrs, lH), 7.4~ (m. 2Hl, 7.11Cdd,J.=1 and 7 Hz, lH), 

15· 6.87 (s, 2H), 6.70 (s, lH), 4.65 (hrs, 2 H), 4.11(s,2H), 3.95 (m, 2H), 2.92 

(m, 2H), 2.29 (br s, 2H), 2.17 (s, 3H), 2_.06 (s, 3H), 1.79 (m, 6H), 1.68 (m, 

2H), 1.65 (m, 2H), 1.41 (m, 2H), 1.17 (m, 2H), 1.03 (s, 3H), 1.00 (s, 3H), 

0.72 Ct, J. = 7 Hz, 3H); LRMS rri/z 671 (ESI+ mode); m/z 669 (ESI- mode). 

20 

25 

Example 12 

N-U4-((2-Butyl-4-oxo-1.3-diazaspiro[4.41non-1-en-8-yDmethylJ-2'-([(3.4-

dimethvl-5-isoxazolyDaminolsulfonylJ [1.1 '-biphenyll-2-yllmethyll-N .N'.N'­

trimethvlurea 

0 

".' 98-

?~ S-
1 H 
0 
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To 21 (34. 7 mg, 0.06 mmol) in C~Cl2 (0.6 mL) and DMF (0.15 mL) 

was added dimethylcarbamyl chloride (6.5 mg, 0.06 mmol) followed by 

triethyl amine (6.7 mg, 0.066 mmol). The resulting mixture was stirred at 

5 RT for two days. The mixture was purified by anion-exchange 

chromatography to provide the title compound (90%). Characterization 

recorded with Example 73. 

Example 13 

10 N-U4-[(2-Butyl-4-oxo-1.3-diazaspiro[4.4Jnon-1-en-3-yl)methyll-2'-[[(3.4-

15 

dimethyl-5-isoxazolyl)aminolsulfonyll[l.l'-biphenyll-2-yllmethyll-N'-Cl.1-

dimethylethyD-N-methylurea 

~-rr-<1 · 
(!, H T' 

To 21 (34. 7 mg, 0.06 mmol) in C~Cl2 (0.6 mL) and DMF (0.15 mL), 

t-butylisocyanate (6.0 mg, 0,06 mmol) was added, and the resulting 

mixture was stirred at RT for two days. The mixture was was purified by 

anion-exchange chromatography to provide the title compound (90%). 

20 Characterization recorded with Example 74. 

25 

Example 14 

[[4-[(2-Butvl-4-oxo-1.3-diazaspirol4.4lnon-1-en-3-yDmethylJ-2'-UC3.4-

dimethyl-5-isoxazolyl)aminolsulfonyll [ l.1'-biphenyll-2-

ylJmethyllmethylcarbamic acid ethyl ester 
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S-w~~N 
11 H . 
0 

The title compound was prepared from 21 and ethyl chloroform.ate 

5 using a procedure similar to the one described in Example 12 (90%). 

10 

Characterization recorded with: Example 75. 

Example 15 

[[4-[(2-Butyl-4-oxo-1.3-diazaspiro(4.4Jnon-1-en-3-yDmethyll-2'-([(3.4-

dimethyl-5-isoxazolyDamino]sulfonyll ll.l '-biphenylJ-2-

ylJmethyllmethylcarbamic acid 2-metbyJ,propyl ester 

I . I 
~oy 

0 ?~ s-
1 H 
0 . 

15 The title compound was prepared from 21 and isobutyl 

chloroform.ate using a procedure similar to the one described in Example 

12 (90%). Characterization recorded with Example 76. 
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5 

:· . 

Example 16 

4' -[(2-Butyl-4-oxo-1.3-diazaspiro[4.4Jnon-1-en-3-yDmethyll-2'-[(3.3-

climethyl-2-oxo-1-pyrrolidinyDmethylJ-N-(3-methoxy-2-pyrazinyl)f l.1' -

biphenyll-2-sulfomimide 

The title coinpound was prepared from SC (486 mg, 0.86 mmol) and 

2-chloro-3-methoxypyrazine (250 mg, L72 mmol) [Uchimaru, F. et al., 

Chem. Pharm. Bull., 20, 2204-2208 (1972)] using a procedure similar to 

10 the one used in Example 9. Preparative reverse-phase HPLC of the erode 

product after extractive workup gave the title compound (24 mg, 4%) as an 

off-white solid after lyophilization: 1H NMR (CDC13, 400 MHz) 5 10.8 (br s, 

2H), 8.36 (dd, J=l and 8 Hz, lH), 7.50-7.65 (m, 4F,{), 7.19 (dd, sl=l and 7 

Hz, lH), 7.15 (s, Hi), 7.01(s,2H), 4.92 CAB quartet, J=16 Hz, 2H), 4.20 

15 CAB quartet, J=16 Hz, 2H), 3.99 (s, SH), 3.18 (m, 2H), 2.82 (m, 2H), 2.18 

20 

. (m, 4H), 1.96 (m, 4H), 1.82 (m, 2H), 1.63 (m, 2H), 1.32 (m, 2H), 1.21 (s, 

3H), 1.12 (s, 3H), 0.87 Ct, 3H, J=7 Hz, 3H); LRMS m/z 673 (ESI+ mode); 

m/z 671 <ESI- mode); HPLC retention time 25.52 minutes (Method B). 

Example 17 

4'-[(2-Butyl-4-oxo-1.3-diazaspiro[4.4Jnon-1-en-3-yl)methyll-2'-formyl-N­

( 4.5-dimethyl-3-isoxazolyD-11.11-biphenyll-2-sulfonamide 
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OHC 0 1rL ~~-CHa 
CHa 

A. 4'-f(2-Butyl-4"'.oxo-1.3-diazaspiro[4.4Jnon-1-en-3-yDmethylJ-2' -

formyl-N-(4.5-dimethyl-3-isoxazolyD-N-(2-methoxyethoxvmethyl) 

5 [1.l '-biphenylJ-2.;.sulfonamide 

10 

Palladium catalyzed Suzuki coupling of 5E and [2-[[(4,5-dimethyl-3-

iso.xazolyl)[(2-methoxyetho:xy)ll1ethyl)amino}sulfonyl]phenyl]boronic acid 

was performed according to General Method 1 to _afford 17A (81 %) 

following silica-gel chromatogr~phy. 

B. 4'-[{2-Butvl-4-oxo-l.3-diazaspirof4.4lnon-1-en-3-yllmethyll-2'­

formyl-N-( 4.5..:diIDethyl-3 .. isoxazolyD-f l.1 '-biphenyll-2-sulfonamide 

Treatment of 17 A with 6N aqueous hydrochloric acid according to 

General Method 7 provided the title compound (85%): Rf= 0.38, 5% MeOH 

15 in methylene chloride. 
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Example 18 

4'-[(2-Butvl-4-oxo-1.3-diazaspiro[4.4lnon-l-en-3-yDmethyll-N-(4.5-

dimethyl-3-isoxazolyl)-2'-((2-oxo-l-pyrrolidinyDmethvll [l.l'­

biphenyll-2-sulfonamide 

The title compound was obtained as a white solid using 17B and 4-

aminobutyric acid as described in Example 4 (25%): mp 97-103°C; 1H NMR 

10 (CDC13) o 0.90 (t, J..=7 Hz, 3H), 1.36 (m, 2H), 1.62 (m, 2H), 1.80-2.10 (m, 

13H), 2.26 (s, 3H), 2.39 (m, 4H), 3.31 (m, 2H), 4.20 (s, 2H), 4.73 (s, 2H), 

7.05-8.10 (m, 7H). 

Example 19 

15 (8)-N-U2'-[[(3.4-Dimethyl-5-isoxazolyDaminolsulfonyll [l. l'-biphenyll-4-

20 

ylJmethylJ-N-[2-methyl-l-(3-methyl-1.2.4-oxadiazol-5-

yl)propyllpentanamide 

0 J~-l.._ ~~-CH3 
CHa 
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A. (S)-5-Cl-amino-2-methylpro.PYD-3-methvl-1.2.4-oxadiazole 

A solution of BOC-L-valine (4.34 g, 20.0 mmol) in dichloromethane 

(20 mL) was cooled to 0°C and treated dropwise with a solution of 

dicyclohexylcarbodiimide (2.0C) ~' 10,0 mmol) in dichloromethane (5 mL). 

5 After 1 hour the white solid which had formed was removed by filtration 

and the filtrate concentrated under reduced pressure. The residue was 

dissolved in pyridine (15 mL) and treated with acetamidoxime (488 mg, 

6.6 mmol) in pyridine (5 mL) and. the mixture heated at reflux for 1 hour. 

The pyridine was ~vaporated under reduced pressure and the residue 

10 partitioned betweE:}n ethyl· acet~te and water. The organic phase was 

washed several times with water, dried over magnesium sulfate aJJd 

concentrated. The residue was chromatographed on silica gel using 10% 
. . ' 

ethyl acetate in hexanes to elu~~ the product (0.~2 g, 25%) as a white solid. 

A solution ~fthe above·p~duct in 3 M hydrochloric acid (10 mL) 

15 was stirred at ro~m teniperat~ for 1 hour. The mixture was evaporated 

to dryness under reduced pressure and then azeotroped with toluene. This 
.. ·;: '· : 

20 

gave 19A as a white solid (100%). 

B. 2'-U<3.4-Dimethyl-5-isox~olyDaminolsulfonyllll.1'-biphenyll·4-

carboxaldehyde 

Pl 7 (0.35 g, 0. 79 mmol) was subjected to deprotection according to 
. . . ' . ~ . : . 

General Method 7. Extraction ~d concentration gave 200 mg (71%) of 

198 as a yellow solid which was used without purification. 
' : ' 

25 c. (S)-Ul-[2'-[(3.4-Dim:ethyl-5-isoxaz~lyDaminolsulfonylJ fl.1 '-biphenyll-

4-ylmetbylaminol-2•me~ylpropyll-3-methyl-1.2.4-oxadiazole 
A mixture ~f 19B (100 ~g, 0.28 mmol) and 19A (53 mg, 0.28 mmol) 

,· 

in dicbloroethane (8 mL) wa8.tr~'ated with sodium triacetoxyborohydride 

(7 4 mg, 0.35 mmol) in one porti<>n and the mixture stirred under argon at 

30 room temperature. After 1 hour more sodium triacetoxyborohydride (32 

mg, 0.15 mmol) was added to t~e mixture which stirred for 45 minutes 
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more and the mi:ltj;ure was adjua~tl to pH 6 ~pJ,i·i~atrirated sodium 

bicarbonate soh,1tion. The mixture was diluted with 50 mL 

dicbloromethane and the organic phase washed with water, dried over 

magnesium sulfate and concentrated to give crude 19C (110 mg, 79%) 

5 which was used without purification in the next step. 

D. (S)-N-U2'-[[{3,4-Dimethyl-5-isoxazolyDaminolsulfonyll Cl.1'­

biphenyll-4-yllmethyl1-N-f2-methyl-1-(3-methyl-1.2.4-oxadiazol-5-

yl)pronvllpentanamide 

10 A mixture of 19C (100 mg, 0.20 mmol), dichloromethane (5 mL) and 

triethylamine (70 mL, 0.5 mmol) was treated with valeryl chloride (60 mg, 

0.5 mmol) and the mixture stirred under argon for 16 hours. The reaction 

mixture was concentrated under reduced pressure and the residue treated 

with 2 M sodium hydroxide (1 mL) and 2-propanol (2 mL) and stirred at 

15 room temperature for 1.5 hours. Citric acid was added to adjust the pH to 

5 - 6 and the mixture extracted with dichloromethane. The residue 

obtained after drying the extract over magnesium sulfate and 

concentrating under reduced pressure was chromatographed on silica gel 

using 30 to 50% ethyl acetate in hexanes to elute the title product (73 mg,_ 

20 63%) as a white foam: ESIMS CNH3) mlz 580 (Mff· lOO), 597 <M + NH
4+, 

. 20), 1176 (2M +NH4+, 10); HRMS calcd for C3A 7N50 5S (Mlr) 580.2593, 

found 580.2619. 

Example20 

25 N-<3.4-Dimethyl-5-isoxazolyl)~2'-J(3.3-dimethyl-2-oxo-1-

pyrrolidinyl)methyll-4'-[(2-ethyl-5. 7-dime~yl-3H-imidazo[4.5-blpvridin-3-

y0methyll C1.l1-biphenyll-2-sulfonamide 
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A. N-(3.4-Dimethyl-5-isoxazolyU-2';.[(3.3-dimethyl-2~oxo-1-

pyrrolidinyDmethyll-4'-hydro:xymethyl-N-(2-

5 methoxyethoxymethyl )[1. l '-biphenylJ-2-sulfonamide 

Preparation P21 (4.25 g, 9.0 mmol) was reacted with ethyl 4-amino-

2,2-dimethylbutanoate hydrochloride (2.13 g, 10.9 mmol) according to 

General Method 5. The crude residue was chromatographed on silica gel 

(5% methanol in diehloromethane eluant) to yield 3.05 g of20A (59%) as 

10 an orange oil. 

B. N-(3,4-Dimethyl-5-isoxazolyD-2' -[{3.3-dimethyl-2-oxo-1-

pyrrolidinyDmethvll-4' -r<2-ethyl-5. 7-dimethyl-3H-imidazof 4.5-

blpyridine~3-yl )methyll-.N-(2-methoxvethoxvmethyl)fl.l'-biphenyll-
. •. 

15 2-sulfonamidc 

A solution of 20A (500 mg, 0.87 mmol, 1.0 eq), triphenylphosphine 

(344 mg, 1.3 mmol, 1.5 eq), and 2-ethyl-5,7-dimethyl-3H-imidazo[4,5-

b]pyridine (184 mg, 1.1 mm.al, 1.2 eq) in tetrahydrofuran (5 mL) was 

treated at 0°0 with diethylazodic~boxylate (206 µl, 1.3 mmol, 1.5 eq). 

20 The mixture was allowed to warm to room temperature, was stirred for 16 

hr, and then concentrated. The residue was chromatographed on silica gel 

(3:2 hexanes/acetone as eluarit) to give 320 mg of a mixture containing 

20B and 2-ethyl-5, 7-dimethyl-3H-imidazo[4,5-b]pyridine (approximately 

3:1 ratio by weight). 

25 

-106. 
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C. N-(3,4-Dimethyl-5-isoxazolyD-2'-[{3.3-dimethyl~2-oxo-1-

pmolidinyl)methylJ-4' -[(2-ethyl-5. 7-dimethyl'-3H-imidazo[ 4.5-

blpyridine-3-yDmethylJ [1, 1'-biphenylJ-2-sulfonamide 

20B (320 mg) was deprotected according to General Method 8 

5 (ethanol). The crude residue was purified by reverse-phase preparative 

HPLC followed by extraction (3x50 mL ethyl acetate) of the product from 

brine adjusted to pH 4 with hydrochloric acid, to provide 135 mg of the 

title compound (24% from 20A) as a white solid after lyophilization; mp 

95-104 °C; MS m/e 641 (ESI+ mode); MS m/e 639 CESI- mode); HPLC 

10 retention time 3.43 minutes (Method C). 

15 

Example 21 

N-( 3.4-Dimethyl-5-isoxazol vl )-4 '-[2-(2-methoxvethyD-4-oxo-1.3-

diazaspiro[4.4lnon-1-en-3-yl )methyll [1.l '-biphenyll-2-sulfonamide 

A. Methyl 1-((3-methoxv-1-oxopropyDaminolcyclopentane-1-

earbox.ylate 

20 3-Methoxypropanoic acid (1.65 mL, 17.6 mmol, 2.1 eq) was added to 

a mixture ofEDCI (1.77 g, 9.24 mmol, 1.1 eq), triethylamine (3.5 mL, 25.2 

mmol., 3.0 eq), 4-dimethylaminopyridine (20 mg, 0.18 mmol, 0.02 eq), and 

dichloromethane (100 mL) at room temperature. After 5 minutes, methyl 

1-aminocyclopentane-1-carboxylate hydrochloride (1.50 g, 8.4 mmol, 1.0 

25 eq) was added and the mixture was stirred at room temperature for 18 

hours. The reaction mixture was partitioned against IN hydrochloric acid 
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5 

and the aqueous :phase was extracted once with dichio-romethane. The 

combined organic extracts were dried over sodium sulfate and ----­

concentrated. Silica gel chromatography of the residue (1:3 hexanes/ethyl 

acetate as eluant) yielded 1.30 g of 2lA ( 67%) as a colorless oil. 

B. 1-{{3-Methoxy-1-oxopropyl)aminolcyclopentane-1-carboxylic acid ----
. . . . . . ~ . . . 

A mixture of 21A (L2~ ~· 5.5 mmol, 1.0 eq), 1ithium hydroxide 

hydrate (300 mg, 7.1 mm<;il, ~-~ eq), THF (10 mL), and water-no mL) was 
. ' :· .· .. . 

stirred at room temperature for 5;5 hours.---lN hydrochloric acid (10 mL) 
• • •• • • t ' • • I ~ ' 

10 was added and Uie mixture w~s ~atm.-ated with ~oli-d sodium chloride, then 
. ··' .. ·. : ' 

extracted with e*yl acetate (3x.3.P IJl.L). The combined organic extracts 
. . ' 

were dried over sodium su,lfat~ ~n4 concentrated to provide 0.95 g of 2lP 

(80%) as a white.solid. 

15 c. 1-((3-Methoxy-1 -'oxopropyllamina-J~yclopentane-1-carboxamide- -

A suspension of21)3 (0'.95 g, 4.4 mmol, i~a-eq) in THF (20 mL) was 

treated with 1,1'-carbonyldiim,j.dazole (930 mg, 5.7mmol,-1.3 eq) at room 

temperature. After 30 minut~s~ the mixture was cooled to -78 °C ang . 

ammonia gas was introduceq.· .. The resulting heterogeneous mixture was 

20 allowed to warm to room temperature and was stirred for 16 hours. The 

solvent was evaporated and lff hydrochloric acid saturated with sodium 

chloride was added to the residue. The aqueous mixture was extracted 

with ethyl acet8:te (6x50 mL), ~nd the combined organic layers were dried 

over sodium sulfate and concentrated to yield 500 mg of 21C (53%) as a 

25 white solid. 

D. 2-(2-Methoxyethyl>-1.3-diazaspiro[ 4.41ilon-1-en-4-one 
. . . . . . ~ ': : . . . . 

A solution of21C (460 :mg, 2~15 mmol,_1.0 eq), potassium hydroxide_ 
·, 

(288 mg, 4.30 mmol, 2.0 .eq) ~d methanol (15 mL) was heated at reflux for 

30 20 hours. The mixture was c~ol-ed, solid ammonium chloride was added, 

and the solvent was evaporated. W~ter was added and the mixture was 
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5 

extraCted with'~t1iyl acetate (3x~HnL). ·The cdi#hin~d .organic extracts 
~ . . . . 

were dried over sodium sulfate, concentrated, and the residue 

ehromatographed on silica gel (4% methanol in dichloromethane as 

eiuant) to yield 162 ·mg of21D (38%) as an amber oil. 

E. N-{3,4-Dimethyl-5-isoxazolyl)-4'-[2-(2-methoxvethyD-4-oxo-1.3-

diazaspirof4.4Jnon-1.:en-3-yDmethylJ[l.l'-biphenylJ-2-sulfonamide 

21D (75 mg, 0.38 m:inol, 1.0 eq) was alkylated with P18 (195 mg, 

0.38 mmol, 1.0 eq) according to General Method 4. The resulting crude 

10 orange oil was dissolved in methanol (7 mL). Concentrated hydrochloric 

acid (7 mL) was added and the solution was heated at 55°C for 14 hours. 

The reaction mixture was concentrated and then partitioned between 

ethyl acetate and pH 5 sodium phosphate buffer. The organic layer was 

dried over sodium sulfate and concentrated to provide a crude residue. 

15 The title compound (7 mg, 3% yield) was obtained as a white powder· 

following silica gel chromatography (4% methanol in chloroform as 

eluant), preparative reverse-phase HPLC, and lyophilizatfon: MS m/e 

537 CESI+ mode}; MS mle 535 CESI- mode); HPLC retention time 3.35 

minutes (Method A). 

20 

25 

Example22 

N-(3.4-Dimethyl .;5-isoxazolyD-4'-[2-(2-ethoxymethyl}-4-oxo-1.3-

diazaspiro[4.4lnon-1-en-3-yl)methyll [l.1 '-biphenyll-2-sulfonamide 
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A. Methyl 1-[{2-ethoxyethanoyllaminolcyclopentane-1-carboxylate 

2'.'"Ethoxyacetic acid (3.3 mL, 35 mmol, 2.1 eq) was added to a 

mixture ofEDCI (3.38 g, 18 mmol, 1.1 eq), triethylamine {7.0 mL, 50 

mmol, 3.0 eq), 4-dimethylaminopyridine (20 mg, 0.18 mmol, 0.01 eq), and 

5 dichloromethane (100 mL) at room temperature. After 5 minutes, methyl 

1-aminocyclopentane-1-carboxylate hydrochloride (3.0 g, 17 mmol, 1.0 eq) 

was added and the mixture was stirred at room temperature for 18 hours. 

The solvent was evaporated and the residue partitioned between ether 

and lN hydrochloric acid. The organic layer was washed once with lN 

10 hydrochloric acid, then twice with saturated aqueous sodium bicarbonate, 

and once with brine. The organic layer was dried over magnesium sulfate 

and concentrated to give 2.0 g of 22A (52%) as a pink oil. 

B. 2-(2-Ethonm.ethyl)-1.3-diazaspiro[4.4lnon-1-en-4-one 

15 A mixture of22A (2.0 g, · 8. 7 mmol, 1.0 eq), lithium hydroxide 

hydrate (440 mg, 10.5 mmol, 1.2 eq), THF (10 mL), and w;iter (3 mL) was 

stirred at room temperature for 16 hours. 2N hydrochloric acid (6 mL) 

was added arid the solvents w~re evaporated. The residue was dried 

azeotropically with toluene, then dissolved in THF (15 mL) and treated 

20 with 1,l'·carbonyldiimidazole (2.8 g, 17.3 mmol, 2.1 eq) at room 

. temperature. After 2 hours, the mixture was cooled to-78 °C and 

ammonia gas was introduced. The_ resulting mixture was allowed to warm 

to room temperature and was e;tirred for 16 hours, after which the solvent 

was evaporated. The residue was suspended in methanol (15 mL), solid 

25 potassium hydroxide (2.9 g, 43 .mmol, 5 eq) was added, and the mixture 

was heated at reflux for 72 hours. After cooling, the mixture was treated 

with solid ammonium chlorid~ and the solvent was evaporated. Water 

was added and the mixture was extracted with ethyl acetate (3x30 mL). 

The combined organic extracts were dried over sodium sulfate, 

30 concentrated, and the residue,tjlromatographed on silica gel (4% methanol 

in chloroform as eluant) to yield 370 mg of22B (22%) as an orange oil. 
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C. N-(3.4-Dimethyl-5-isoxazolyD-4'-[2-(2-ethoxymethyD-4-oxo-1.3-

diazaspiro(4.4lnon-1;.en.;S-yl)methyll (1.1 '-biphenyl1-2-sulfonamide 

The title compound was prepared from 22B (80 mg, 0.41 mmol) and 

5 P18 (209 mg, 0.41 mmol) according to the procedure described in Example 

61, Step E, substituting ethanol for methanol in the deprotection reaction. 

The crude residue was.chromatographed twice on silica gel (4% methanol 

in chloroform as eluant, followed by 25:75:1 hexanes/ethyl acetate/ acetic 

acid as eluant), then was further purified by reverse-phase preparative 

10 HPLC to provide 42 mg of the title compound (19%) as a white solid after 

lyophilization; MS rn/e 537 (ESI+ mode); MS m/e 535 (ESI- mode); HPLC 

retention time 3.51 minutes (Method A). 

Example23 

15 4'-r<2-Ethyl-5.7-dimethyl-3H-imidazo[4.5-blpyridin-3-yDmethyll-2'-[(2-oxo-

20 

25 

A. 

1-pyrrolidinyl)methyll-N-C3.4-dimethyl-5-isoxazolyDll.1'-biphenyll-2-

sulfonamide 

2' -Formyl-N-<3 .4-dimethyl-5-isoxazolyll-4'-[(methanesulfonyDoxyl­

N-(2-methoxyethoxymethyl) [1. 1 '-biphenyll-2-sulfonamide 

P21 (2.4 g) was converted to the corresponding mesylate according 

to General Method 3. The crude product (2. 7 g) was carried on without 

further purification. 
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B. 4'-«2-Ethyl-5.7-dimethyl-3H-imidazo(4.5:hlpyridin-3-yl)methyll-2'­

formyl~N,.(3.4-dunethyl-5-isoxazolyl)-N-C2-

methoxyetho:gymethyll[l.11-biphenyll-2-sulfonamide 

5 23A(2.7 g) was used to alkylate 2-ethyl-5,7-dimethyl-3H-

imidazo[4,5-b]pyridine according,to General Method 4. The crude product 

was chromatographed on sili~ gel using 1:3 hexaneslethyl acetate as 

eluant to provide 1.8 g 238 as a colorless oil. 

10 c. 4'-[{2-Ethyl-5.7-dimethyl-3H-imidazo[4.5-hlpyridin-3-yllmethyll-2'­

[{2-oxo-l-pyrrolidinyl)methyll-N-f3.4-dimethyl-5-isoxazolyl)-N-(2-

methox,yethox;ymethyDCLl'-biphenvll-2-sulfonamide 

23B (1.5 g) was subjected to ·reductive amination with ethyl 4-

aminobutanoate hydrochloride according to General Method 5. The 

15 reaction mixture was alloyved to stir for 24 h to allow. time for cyclization 

of the amino ester to ~he corresponding lactam.. The crude product after 

workup was purified by s~lica gel chromatography (1:1 hexanes/acetone 

eluant) to provide 23C (0.50 g) as a yellow oil. 

20 D. 4' -1(2-Ethvl-5. 7-dimethvl-3H-imidazo(4.5-b)pyridin-3-yDmethylJ-2'­

[{2-oxo-l-pyrrolidiny1)methyll-N-<3.4-dimethyl-5-isoxazolyD£1. l '-
.1. 

biphenyll-2-sulfonamide· 

23C (0.50 g) was subjected to sulfonamide deprotection using 

HCl/dioxane/ethanol acconiin~ to Gene~al Method 8. The crude product 

25 was purified by silica gel chromatography (90:9:1 
- . . . 

dichloromethane/methanol/8.mmonium hydroxide eluant), and the purified 

product was partitioned l>etween ethyl acetate and pH 5 potassium 

phosphate buffer. The etJ,:iyl acetate layer was d.ried over sodium sulfate 

and concentrated to provid~ 310.mg ofthetitle compound as a white solid; 

30 mp 98-102 °C; MS m/e 6i3.(ESI+ :r;node); HPLC retention time 3.09 min 

{Method A); HPLC purity 97%. 
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10 
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Example24 

4' -((2-Ethyl-5. 7-dimethyl-3H-imidazo[4.5-b)pyridin-3-yDmethyll-2'-[(3-

methyl-2-oxo-1-imidazolidiny})methylJ-N-C3 .4-dimethyl-5-isoxazolyl)[l.1' -

biphenyll-2-sulfonamide 

A. 4'-[{2-Ethyl-5. 7-dimethyl-3H-imidazo[4.5-blpvridin-3-yl)methyll-2' -

[(3-methyl-2-oxo-1-imidazoliclinyl)methyll-N-(3.4-dimethyl-5-

isoxazolyD-N-(2-methoxyetho:x,ymethyDCl.1'-biphenyll-2-

15 sulfonamide 

23B (2.0 g) was subjected to reductive amination with N­

methylethylenediamine according to General Method 5. The crude 

product following extractive workup was dissolved in dichloromethane (25 

ml) and treated with CDI (0. 77 g). The mixture was stirred at RT for 24 h, 

20 and was then washed once with water and once with brine. The 

dichloromethane layer was dried over sodium sulfate and concentrated. 

The residue was chromatographed on silica gel using 95:5 

chloroform/methanol as eluant to give 24A (0.53 g) as a slightly yellow oil. 

25 B. 4' -((2-Ethyl-5. 7-dimethyl-3H-imidazof 4.5-b]:gyridin-3-yDmethylJ-2'­

[(3-methyl-2-oxo-1-imidazolidinyDmethyll-N-(3.4-dimethyl-5-

isoxazolyl}[l,l '-biphenyll-2-sulfonamide 
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24A (0.50 g) was subjected to sulfonamide deprotection according to 

General Method ~- The crude product was purified by reverse-phase 

preparative HPic to yield 140 mg of the title compound as a white solid 

· following lyophilization; MS m/e 628 CESI+ mode); HPLC retention time 

5 3.03 min (Method A); HPLC purity 97%. 

10 

Example25 

(8)-2-fN-(2'-f[N.(3-Methyl-5-isoxazolyDamino)sulfonyllll.1'-biphenyll-4-

yllmethyll-N-C l-cixopentyDaminol-3.N-dimethylbutanamide 

15 A. N-( 3-Methyl-5-isoxazolyl)-2-bromobenzenesulfonamide 

5-Amino-3-methylisoxazol~ (3.84 g) was added at RT in portions to a 

solution of 2-bromobenzenesulfonyl chloride (10.0 g) in pyridine (40 ml) . 

. The mixture was. heated at 60 °C for 16 h, then the solvent was 

evaporated. The residue was taken up in ethyl acetate and washed three 

20 times with 1 N hydrochloric acid. The ethyl ac~tate layer was dried over 

sodium sulfate and concentrated to give 2~A (8.8 g). 

B. N-((2-Trimethylsilyl)ethoxymethyll-N-(3-methyl-5-isoxazolyD-2-

bromobenzenesulfonamide 

25 2-(Trimet~ylsilyl)ethoxymethyl chloride (5.2 ml) was added to a 

mixture of25A (8.8 g), potasstµill carbonate (7.7 g), and DMF (40 ml) at 0 

°C. The mixture was allowed to warm to RT and was then stirred for 16 h. 

The solvent was evaporated, and the residue was taken up in ethyl acetate 
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5 

and washed witli""-*"ater and brirtMrThe ethyl a~tate ·layer was dried over 

sodium sulfate and concentrated. The residue was purified by silica gel 

chromatography using 3:2 hexanes/ethyl acetate as eluant to provide 258 

(6.6 g) as an oil. 

C. 4'-Formyl-N-(3-methyl-5-isoxazolyD-N-[(2-

trimethylsilvDethoxymethylJ [1. l 'biphenyll-2-sulfonamide 

25B (2.0 g) and 4-formylphenylboronic acid (1.5 g) were subjected to 

Suzuki coupling according to General Method 1. The crude product was 

10 chromatographed on silica gel using 9:1 hexanes/ethyl acetate as eluant to 

yield 0. 75 g 25C as a colorless oil. 

D. (8)-2-JN-[2'-UN-(3-Methyl-5-isoxazolyD-N-[(2-

trimethylsilyDethoxymethyllaminolsulfonyll [1.1 '-biphenyll-4-

15 vllmethyll-aminoJ-3.N-climethylbutanamide 

25C (0.75 g) was subjected to reductive amination with L-valine N­

methyl amide hydrochloride according to General Method 5. Crude 25D 

(0.93 g) was obtained as an orange oil. 

20 E. <Sl-2-IN-U2'-UN-<3-Methyl-5-isoxazolyD-N-C<2-

trimethylsilyDethoxymethyllaminolsulfonylJ[l.1'-biphenyll-4-

ylJmethyll-N~(l-oxopentyDaminol-3.N-dimethylbutanamide 

25D (0.93 g) was subjected to·acylation with valeryl chloride 

according to General Method 6. The crude product was chroniatographed 

25 on silica gel using 2:3 hexanes/ethyl acetate as eluant to yield 0.78 g 25E 

as a colorless oil. 

F. . ($)-2-rN-[2' -UN-(3-Methyl-5-isoxazolyDaminol sulfonyll [l,l'­

biphenyll-4-yllmethyll-N-Cl-oxopentvDaminol-3.N-

30 dimethylbutanamide 
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· 26E (0.78 g) was deprote~ed with HCl/methanol according to 

General.Method 8. The crude product was purified by silica gel 

chromatography using 3:7 hexanes/ethyl acetat~ as eluant, providing the 

title compound (210 mg) as a white solid; MS m./e 541 (ESI+ mode); HPLC 

5 retention time 31.32 min (Method B); HPLC purity >98%. 

Example26 .. 

. (S)-2-lN-(2'-UN-(4,.Bromo,.3-methyl-5-isoxazolyDaminolsulfonyllll.l'-
. . ·.. . . . : · .. 

10 biphenylJ-4-yllmethyll-N-(1-oxopentyUaminol-3.N-dimethylbutanamide 

15 

A solution of 25 (75 mg) in chloroform (1.5 ml) was treated with 

NBS (25 mg) at RT. After lh, the mixture was diluted with 

dichloromethane and partitioned against water. The organic layer was 

dried ov;er sodi.um sulfate and concentrated, and the residue was 

20 chromatographed on silica gel .using 3:7 hexanes/ethyl acetate as eluant to 

provide the title compound (25 mg) as a white solid; MS mle 619, 621 

(ESI+ mode); HPLC retention time 81.8.3 min (Method B); HPLC purity 

>99%. 

25 Example27 

4'-K2-Butyl-4-oxo-l.3-diazas,pirof 4.4Jnon-1-en-3-yDmethyll 

-N".(3.4-dimethyl~5-isoxazolyD-2'-propylll.l'-biphenvl1-2-

sulfonamide 
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5 A. 4-Bromo-3-(1-propen-1-yl)benzonitrile 

n-Butyllithium (2.5M solution in hexane, 7 .6 ml, 19 mmol) was 

· added dropwise to a solution of ethy1triphenylphosphonium bromide (6.42 

g, 17.3 mmol) in 100 ml of 1:1 THF/ether at -15 °C. The mixture was 

stirred for Sh at RT and then was cooled to -50 °C. 2A (4.0 g, 19.0 mmol) 

10 in THF no ml) was added and the mixture was allowed to warm to RT 

and was stirred for 16 h. The mixture was added to water and extracted 

with EtOAc (3 x 50 mL) and the combined organic extracts were washed 

with water, dried over magnesium sulfate, and evaporated. The residue 

was chromatographed on silica gel using 95:5 hexane/EtOAc to afford 27A 

15 as an E/Z mixture (3.5 g, 83%). 

B. 4-Bromo-3-propylbenzonitrile 

A mixture of27A (1.5 g) and 150 mg of Pt02 in 40 ml EtOH was 

hydrogenated at 35 PSI for 40 min. Filtration and concentration gave 

20 1.44 g of 27B (85%). 

25 

C. 4-Bromo-3-proovlbenzaldehyde 

27B (1.44 g) was treated with DIBAL-H according to General 

Method 14 to provide crude 27C (1.4 g, 97%) as an oil. 

D. N-(3,4-Dimethyl-5-isoxazolyll-4'-formyl-2'-propyl-N-[{2-

metho;uethoxy)methyll [1.1 '-biphenyll-2-sulfonamide 
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5 

10 

15 

27C (1.4 g) was subjected to Suzuki coupling according to General 

Method 1 to provide 27D (27%) as an oil. 

E. N-C3.4-Dimethyl-5-isoxazolyll-4' -hydroxymethyl-2' -propyl-N-[{2-
. ,. • .. ; ·:· 

methoxyethoxy)methyll [Ll'-biphenyll-2-sulfonamide 

27D (810 D.lg) was red~ced with sodium borohydride in methanol 

according to General Method 11 to provide 27E (32%) as an oil. 

F. N-(3,4-Dimethyl-5-isoxazolyl)-4'-(methanesuifonyDoxvmethyl-2'­

propyl-N-[(2-methoxvethoxv)methyll [1.1'-biphenyll-2-sulfonamide 

27E (250 mg) was conve:r:ted to the corresponding methanesulfonate 

ester according to General Method 3 to provide 27F (68%) as an oil. 

G. 4'-[(2-Butvl-4-oxo-1.3-diazaspiro[4.4]non-1-en-3-yDmethyll-2'-propyl­

N-fC2.;.methoxyethmcy)methyll-N-<3.4-dimethyl-5-isoxazolyl)[l.l'­

biph~nylJ-2..;sulfonamide · · 

27F (100 mg) was use4 to alkylate 2-butyl~I,3-diazaspiro[4.4Jnon-1-

en-4-one according to General Method 4. 27G (100 mg, 85%) was 

20 produced as an oil. 

H. 4'-r<2-Butyl-4-oxo-1.3.;diazaspiro[4.4lnon-1-en-3•yDmethylJ-2'-propyl­

N-(3.4-dimethyl-5-isoxazolyUCl.1'-biphenyll-2-sulfonamide 

25 27G (100 mg) was depl'()tected according to General Method 7. The 

crude product .was purified by preparative HPLC to p~vide the title 

compound (57 mg, 66%) as a solid; MS m/e 577 (ESI+ mode); HPLC 

retention time 29.11 min (Method B); HPLC purity >98%. 
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5 

. mlrtmple 28 -~~'~::. 
4'-[(7-Metho:xycarbonyl-2-ethoxybenzimidazol-1-yl)methyll­

N-(3.4-dimethyl-5-isoxazolyD-[1.1'-biphenyll•2-sulfonam.ide 

A. N-(2-Methoxvcarbonyl-6-nitrophenyl)-4-bromobenzylamine 

Triethylamine {5.2 ml, 37 mmol) was added to a mixture of methyl 

10 2-chloro-3-nitrobenzoate (3.2 g, 15 mmol) and 4-bromobenzylamine 

·hydrochloride {3.4 g, 15 mmol) in acetonitrile {75 ml). The mixture was 

heated at reflux for 48 hr, then was cooled and concentrated. 10% 

Aqueous sodium dihydrogen phosphate solution was added and the 

mixture was extracted with 2 portions of.ethyl acetate. The combined 

15 organic extracts were dried over sodium sulfate and concentrated, and the 

residue was crystallized froni ethyl acetate to give 28A {3.2 g) as a yellow 

solid. 

20 

25 

B. 4'-[(2-Metho:;ycarbonyl-6-nitrophenyl)aminomethyll-N-(3.4-

dimethyl-5-isoxazolyl)-N-(2-trimethylsiloxymethyDll.1'-biphenyll-2-

sulfonamide 

28A {3.5 g, 9.6 mmol) was subjected to Suzuki coupling according to 

General Method 1, providing 28B as a yellow oil (3.1 g) following silica gel 

chromatography using 5:1 hexanes/ethyl acetate as eluant. 

C. 4'-((2-Metho.xycarbonyl-6-aminophenyDaminomethyll-N-(3.4-

dimethyl-5-isoxazolyl)-N-(2-trimethylsiloxymethyDll .l '-biphenyll-2-

sulfonamide 
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288 (2.4 g,-3.6 mmol) Wa.$ treated with tin (II} chloride dihydrate 

(3.3 g) in ethyl acetate (80 ml) according to General Method 18. The crude 

product was purified by silica gel chromatography using 2:1 hexanes/ethyl 

acetate as eluant to provide 28C ( 1.3 g) as a pale yellow oil. 

D. 4'-[(7-Methoxvcarbonyl-2-ethoxybenzimidazol-l-yDmethyll-N-<3.4-

dimethyl-5-isoxazolyl)-N.;.(2;.trimetbylsiloxymethyD[l.1'-biphenyll-2-

sulfonamide 

10 28C (1.3 g), tetraethylorthocarbonate (6 ml), and acetic acid (0.2 ml) 

15 

was heated under a nitrogen atmosphere at 70 °C for 2 h. The mixture 

was cooled and concentrated, and the residue was chromatographed on 

silica gel using 1:1 hexanes/ethyl .acetate as eluant to provide 28D U.1 g) 

as a brown oil. 

E. 4'-[(7-Methoxycarbonyl-2"-ethoxybenzimidazol-1-yllmethyll-N-<3.4-

dimethyl-5-isoxazolyD-[1, l '-biphenyll-2-sulfonamide 

28D (1.1 g) was subjected to sulfonamide deprotection using TBAF 

20 in THF accord.in~ to General Method 10. The crude product was purified 

25 

. by silica gel chromatography using 2:1 hexanes/acetone as eluant to 

provide 0.75 g of the title compe>und as a white solid; mp 105-110 °C; MS 

mJe 561 (ESI+. mode); HPLC retention time 3.96 min (Method A); HPLC 

purity96%. 

Example 29 

4'-ff7-Carboxy-2-ethoxvbenzimidazol-1-yDmethylJ-N­

(3.4-dimethyl-5-isoxazolyD-ll.11-biphenyl1-2-sulfonamide 
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28 (0.70 g) was subjected to ester hydrolysis according to General 

5 Method 15 to provide the crude product (0.66 g). Purification of a portion 

by reverse-phase preparative HPLC provided the title compound (9 mg, 

white solid); MS m/e 547 (ESI+ mode); HPLC retention time 3.79 min 

(Method A); HPLC purity 91%. 

10 

15 

Example30 

4'-[(7-Methoxycarbonyl-2-ethylbenzimidazol-1-yl)methyll-N­

(3.4-dimethyl-5-isoxazolyD-[Ll' -biphenyll-2-sulfonamide 

A solution of 28C (3.8 g, 5.9 mmol) and triethylamine (1. 7 ml, 12 

mmol) in dichlroromethane (25 ml) was treated at· 0 °C with propionyl 

chloride (0.67 ml, 10 mmol), and the mixture was allowed to come to RT. 

20 After 2.5 h, aqueous sodium bicarbonate solution was added to the 

mixture and the aqueous layer was extracted with two portions of 

dichloromethane. The combined organic extracts were dried over sodium 

sulfate and concentrated to provide an orange oil. 

To this residue was added methanolic hydrogen chloride (prepared 

25 from 100 ml methanol and 11 ml (200 mm.ol) acetyl chloride), and the 
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. . 
resulting solution was heated at 50 °C for 16 h. The mixture was cooled 

and concentrated, and the residue was extracted with two portions of ethyl 

acetate from sodium phosphate buffer adjusted to pH 4. The combined 

ethyl acetate extracts were dried over sodium sulfate and concentrated. 

5 The residue was chromatographed on silica gel using 1:2 hexanes/acetone 

as eluant to provide the title COI11:pound (2.6 g) as a slightly orange solid; 

MS m/e 545 (ESI+ mode); HPLC retention time 3.32 min (Method C); 

HPLC purity 95%. · 

10 Example 31. 

15 

4'-[(7-Carboxy-2-ethylbenzimidazol•l-yDmethyll-N-

C 3.4-dimethyl-5-isoxazolyl),.[1. l '-biphenyll-2-sulfonamide 

30 (2.6 g, 4.8 mmol) was subjected to ester hydrolysis according to 

. General Method 15. The THF was evaporated and the residue was . 
treated with 6 ml of 2N hydrochloric acid, resulting in the precipitation of 

20 a white solid. The solid w~s cq}lec~~d on a filter, rinsed with water, and 

dried to provide 2.4 g of the titl~ cQxµp01~nd; MS m/e 531 (ESI+ mode); 

HPLC retention time 2.94 min (Method A); HPLC purity 95%. 
. • I . 

25 Example 32 

2'-[(3.3-Dimethyl-2-oxopyrrolidin-1-yllmethyll-4'-[(2-etboxy-7-

(methomarbonyl)benzim.ida2jol-1-yl)methyl1-N-(3.4-dimethyl-5-

isoxazolyll-(l.1 ''."°l?i;phenylJ-2-sulfonamide 
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A. 2-[(5'-Aminomethyl-2'-bromo)phenyDl-1.3-dioxolane 

5 Borane•THF (100 ml ofa 1.0 M solution in THF, 100 mmol) was 

added at 0 °C to a solution of 2-[(2'-Bromo-5'-cyano)phenyl)]-1,3-dioxolane 

[Zhang, H.-Y. et al., Tetrahedron, 50, 11339-11362 (1994)] (10.8 g, 43 

mmoD in 25 ml THF. The mixture was allowed to warm to RT and was 

stirred for 18 h. After cooling to 0 °C, the mixture was treated carefully 

10 with 10 ml methanol and was then evaporated. The residue was taken up 

in 150 ml ethyl acetate and was washed with lN aqueoµs sodium 

hydroxide, followed by water and brine. The organic layer was dried over 

magnesium sulfate and concentrated to give crude 32A (11.0 g) as an 

amber oil, which was estimated (HPLC) to be 80% pure. 

15 

B. N-(2-Methozycarbortyl-6-nitro.phenyl)-4-bromo-3-(1.3-dioxolan-2-

yl)benzylamine 

Triethylamine (4.8 ml, 34 mmol) was added to a mixture of methyl 

20 2-chloro-3-nitrobenzoate (4.9 g, 23 mmol) and 32A (5.9 g of a 65% pure 

mixture, 15 mmol) in acetonitrile (150 ml). The mixture was heated at 

reflux for 24 h and was then cooled and concentrated. Ethyl acetate was 

added and the solution was washed twice with 10% aqueous potassium 

dihydrogen phosphate solution and once with aqueous sodium bicarbonate 

25 solution. The organic layer was concentrated and the residue purified by 

silica gel coluinn chromatography using 3:1 hexaneslethyl acetate as 

eluant, followed by trituration with 3:1 hexanes/ethyl acetate. 32B was a 

yellow solid (6.6 g). 
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C. N-C2-Metho:xycarbonyl-6~pitrophenyD-4-bromo-3-

(formyDbenzylamine 

5 32B (6.6 g, 15 mmol) wa8 subjected to acetal hydrolysis according to 

10 

General Method 19, providing 32C as a crude yellow solid following 

extractive wor]tup. 

D. 2' -Formyl-~'-[(2-methoxycarbonyl-6-nitrophenyDaminomethyll-N­

{3.4-dim ethyl-5-isoxazolyl),.N-(2-trimethylsiloxymethyl)[l. 1'-
~ . . . . . . 

biphenyll-2~sulfonamide' · 

Crude 82C was.subjected, to Suzuki coupling according to General 
. :" . . .. 

Method l; providing 32D (5.9 g) as a yellow oil following silica gel 
. . .· 

15 chromatography lising 2: 1 hexaries/ethyl acetate as eluant. 

·;:· 

E. 2'-[{3.3-Dimethyl-2-oxop,prolidin-l-yDmethylJ-4'-((2-. 

methoxvcarbonyl-6-nitrophenyDaminomethylJ-N-( 3.4-dimethyl-5-

isoxazolyl),.N-(2-trimethylf)iloxymethyl)[l.l'-biphenyll-2-

20 sulfonamide 

32D (4.3. g) was subjected to reductive amination with ethyl 4-

amino-2, 2-dimethylbutandate hydrochloride according to General Method 

5. The reaction mixture was allf)wed to stir for 60 h at RT to allow time 

25 for cyclization of .the amino ester to the corresponding lactam. The crude 

product after workup was purl.ijed py silica gel chromatography, using 3:2 

hexanes/ethyl acetate as eluant, to provide 32E (2.8 g) as a yellow oil. 

F. 

30 

2'-[(3.3-Dimetbyl-2~oxopmolidin-1-yDmethylJ-4'-f(2-

methoxycarbonyl-6-aminophenyDaminomethylJ-N-C3.4-dimethyl-5-

-124 ~ 
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isoxazolyl);(N-C2-trimethyU~M'0xvmethyDlJt1·'.kbiphenyll-2-
• I ·":• .~ • • •' 

sulfonamide 

32E (2.8 g, 3.6 mmol) was treated with tin (II) chloride dihydrate 

5 (3.2 g) in ethyl acetate (200 inl) according to General Method 18. The 

crude product (3.5 g) was used without further purification. 

G. 2'-[(3.3-Dimethyl-2-oxonyrrolidin-1-yDmethyll-4'-[((7-

methoxycarbonyDbenzimidazol-1-yDmethyll-N-(3.4-dimethyl-5-

10 isoxazolyD-N-(2-trimethylsiloxymethylUl.1'-biphenyll-2-

sulfonamide 

A mixture of32F (1.5 g, 2.0 mmol), tetraethylorthocarbonate (6 ml), 

and acetic acid (0.15 ml) was heated under a nitrogen atmosphere at 70 °C 

15 for 2 h. The mixture was cooled and concentrated, and the residue 

chromatographed on silica using 1:2 hexanes/ethyl acetate as eluant to 

provide 32G (0.80 g) as a yellow oil. 

20 

H. 2'-[(3.3-Dimethyl-2-oxopmolidin-1-yDmethyll-4'-[(2-ethoxy-7-

(methoxycarbonyl)benzimidazol-1-yl)methyll-N-(3.4-dimethvl-5-

isoxazolyD-ll.1 '-biphenyll-2-sulfonamide 

32G (0.80 g) was subjected to sulfonamide deprotection using TBAF 

in THF according to General Method 10. The crude product was purified 

25 by silica gel chromatography using 3:2 hexanes/acetone as eluant to 

provide 0.55 g of the title compound as a white solid; mp 101-103 °C 

(decamp); MS m/e 686 (ESI+ mode); HPLC retention time 3.91 min 

(Method A); HPLC purity >98% . 
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5 

Example33 

2'-ff3.3-Dim;ethyl-2-oxopyrrolidin-1-yBmethyll-4'-[{2-ethmc;y-7-

(carboxy)benzimidazol-1-yDmethyll-N-(3.4-dimethyl-5-isoxazolyD-[1.l'­

biphenyll-2-sulfonamide 

32 {0.31 g) was subjected to ester hydrolysis according to General 

Method 15. Purification by reverse-phase preparative HPLC provided the 

10 title compound (14 mg) as a white solid; MS m/e 672 (ESI+ mode); HPLC 

retention time 3.61 min (MethQdA); HPLC purity 82%. 

Example 34 

2'-[(3.3-Dimethyl-2-oxopmolidin-1-yllmethyll-4'-U2-ethox:y-7-CN-

15 metbylearbamoyl)benzimidazol-1-yl)methyll-N-l3.4-dimethyl-5-isoxazolyD­

ll.1' -biphenyll-2-sulfonamide 

20 

33 (80 mg) was subjected to amide formation according to General 

Method 12 using methylamine as the amine component. The product was 

purified by reverse-phase preparative HPLC: white solid (7 mg); MS m/e 

685 (ESI+ mode); HPLC retention time 3.39 min (Method A); HPLC purity 

25 81%. 
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5 

Example 35 

2'-[(3.3-Dimethyl-2-oxopyrrolidin-1-yDmethylJ-4'-f(2-ethoxy-7-(N.N­

dimethylcarbamoyDbenzimidazol-1-yl)methyll-N-(3.4-dimethyl-5-

isoxazolyl)-[1.1 '-biphenyll-2-sulfonamide 

10 33 (80 mg) was subjected to amide formation according to General 

Method 12 using dimethylamine as the amine component. The crude 

product was subjected to reverse-phase preparative HPLC to give the title 

compound as a white solid (6 mg); MS m/e 699 (ESI+ mode); HPLC 

retention time 3.46 min (Method A>; HPLC purity 66% [cont!"lminant 

15 (34%) is the corresponding imidazolin-2-one]. 

20 

Example36 

4'-H2-Ethylquinolin-4-yDoxymethyll-N-(1.3.5-trimethylpyrazol-4-yl) 

f 1.1 '-biphenyll-2-sulfonamide 

A. 4-[{ 4-BromoohenyDmethoxyJ-2-ethylquinoline 
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A mixture of 2'."ethyl~4-quinolone (1.0 g, 5.8 mmol), 4-bromobenzyl 

bromide (1. 7 g, 6.9 mmol), potassium carbonate (1.6 g, 11.6 mmol), and 

DMF (10 ml) was stirred at RT for 16 h. Ethyl acetate (100 ml) was added 

and the mixture was washed four times with water, then once with brine. 

5 The organic layer was dried ov~r sodium sulfate and evaporated, and the 

residue was triturated with 1:1 hexanes/ethyl acetate to provide 1.6 g 36A 

as a white solid. 

10 

B. 4-((2-Ethvlguinolin-4-yDoxymethylJ-N-(tert-butyD-fl.l'-biphenyll-2-

sulfonamide 

A mixture of 36A ( 1.5 g, 4.4 mmol) and [2-(N·tert­

butylsulfam.oyl)phenylJboronic acid (2.3 g, 8.7 mmol} was subjected to 

Suzuki coupling according to ~neral Method 1. The crude product was 

chromatographed on silica gel using 1:1 hexanes/ethyl acetate as eluant to 

15 provide the 36B ( 1.8 g) as a yellow s~lid. 

C. · 4'-U2-Ethylguinolin-4-yDoxymethyll-(1.1'-biphenyll-2-sulfonamide 

A solution of36B (1.$ g, a.a mmol) in 4 ml dichloromethane and 8 

ml TFA was stirred at RT for 14 h, then was heated at reflux for 8 h. The 

20 solvent was evaporated and the residue partitioned between ethyl acetate 

and aqueous sodium bicarbm;1ate. A small amount of a solid precipitate 

was retained with the organic layer. The organic layer was washed twice 

with water, then was concentrated. The crude product was crystallized 

.from 1:1 toluene/ethyl acetate to provide 36C (1.2 g) as a yellow solid. 

25 

D. 4'-[(2-Ethylquinolin-4-yDoxvmethyll ll.l'-biphenylJ-2-sulfonic acid 

A suspension of 36C (1.1 g, 2. 7 mmol) in 25 ml acetonitrile was · 

treated at 0 °C with nitrQsonium tetrafluoroborate (370 mg, 3.2 mmol). 

After 30 min the mixture was.allowed to warm to RT and was stirred at 

30 RT for 4 h. The mixture was concentrated to provide 86D (1.2 g) as a 

crude white solid. 
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E. 4'-[(2-Ethylquinolin-4-yDoxymethyll-N-(1.3.5-trimethylpvrazol-4-

yl)[l.1' -biphenyll-2-sulfonamide 

A suspension of 36D (100 mg, 0.24 mmol) in thionyl chloride (4 ml) 

5 was treated with DMF (10 µl). The resulting mixture was refluxed for 45 

min, then the solvent was evaporated. The residue was twice taken up in 

toluene and evaporated to dryness. Pyridine (2.5 ml) and 4-amino-1,3,5-

trimethylpyrazole (90 mg, 0.72 mmol) were added and the mixture was 

stirred at RT for 14 h, then the solvent was evaporated. The residue was 

10 purified by silica gel chromatography (100:1 chloroform/methanol eluant), 

followed by silica gel thin-layer chromatography (1:1 hexanes/acetone 

eluant) to provide the title compound (24 mg) as an amorphous white 

solid: mp 212-215 °C (decomp); MS m/e 527 (ESI+ mode); HPLC retention 

time 3.18 miil (Method C); HPLC purity 94%. 

15 

20 

Example37 

-4'-[(2-Ethylquinolin-4-yDoxymethyll-N-(3-methylisoxazol-5-yl) 

[1.1 '-biphenyll-2-sulfonamide 

A suspension of the product of 36D (370 mg, 0.88 mmol) was 

subjected to the procedure used for Example 36, Step E, substituting 5-

25 amino-3-methylisoxazole as the amine component. The crude product was 

purified by reverse-phase preparative HPLC to provide the title compound 

(8 mg) as an amorphous tan solid: MS m/e 500 (ESI+ mode); HPLC 

retention time 3.32 min (Method A); HPLC purity >98%. 
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5 

A. 

Example38 

4' -[(5-Acetyl-2-n-propyl-4-chloroimidazol~l-yl)methyl]-N-(3,4-

dimethyl-5".isox.azolyl),.[1,1'-biphenyl)-2".sulfonamide 

~a 
. n·P i~ 

. ~···OCH, 
o,rlf 

Me 
. H a 

5-(1-Hydro.xyethyl)-2-n-propyl-4-chloroimidazole 

A solution of 2-n-propyl-4-chloroimidazole-5-carboxaldehyde 

10 (Watson, S.P. Synth. Comm., 1992, 22, 2971-2977) (1.5 g, 8.7 mmol) in 

THF (50 ml) was treated dropwise at 0 °C with methylmagnesium 

bromide (8.7 ml of a 3.0 M solution in ether). Upon completion of the . 

addition, the mixture was allowed to warm to RT alid was sthred for 2h. 

The mixture was cooled again to 0 °C and was quenched with the addition 

15 of lN hydrochloric acid. The mixture was adjusted to pH 8-9 by the 

addition of aqueous clipotassium hydrogen phosphate solution, then was 

partitioned against ethyl acetate. The ethyl acetate layer and an· 

20 

. accompanying precipitate were collected and the solvent was evaporated 

to provide SSA (1.6 g) as a slightly yellow solid. 

B. 5-Acetvl-4-chloro-2-n-propyl-imidazole 

A mixture of38A (1.6 g), activated manganese dioxide (5.7 g), and 

dioxane (20 ml) was heated at 55 °C for 48 h. The mixture was cooled and 

filtered through celite, and the filter cake was rinsed with 

25 dichloromethane. The combined.filtrates were evaporated and the residue 

was chromatographed on silica gel using 3:1 hexanes/ethyl acetate as 

eluant. The product was further purified by trituration with 9:1 

hexanes/ethyl acetate, providing 0.6 g 388 as an orange solid. 
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C. 4'-[( 5-Acetv1:.2-n-propyl-4-chloroimidazol-l-yDmethylJ-N-C3.4-

dimethyl-5-isoxazolyD-N.,(2-trimethylsiloxymethyl)[l.1'-biphenyll-2-

sulfonamide 

5 38B (148 mg, 0.79 mmol) was alkylated with P19 (300 mg, 0.53 

mmol) according to General Method 22. The crude product was purified 

by silica gel chromatography using 2:1 hexanes/ethyl acetate as eluent to 

provide 38C (89 mg) as a yellow oil. 

10 D. 4'-[( 5-Acetyl-2.;n-propyl-4-chloroimidazol-1-yDmethyll-N-(3.4-

dimethyl-5:.isoxazolyl)-[1.1'-biphenyll-2.;sulfonamide 

Deprotection of38C (60 mg) according to General Method 8, 

followed by preparative thin-layer chromatography using 1:1 

hexanes/aceteone as eluant, provided the title compound (24 mg) as a 

15 white solid: MS mle 528 (ESI+·mode); HPLC retention time 3.75 min 

(Method A); HPLC purity 98%. 

20 

25 A. 

· Example39 

4' -[( 5-Methoxvcarbonyl-2-n-propyl-4-chloroimidazol-1-yDmethyll-N­

(3.4.:.dimethyl-5-isoxazolvD-[1.1'-biphenyll-2-sulfonamide 

4'-[(. 5-Formyl-2-n-propyl-4-chloroimidazol-1-yl)methylJ-N-(3.4-

dimethyl-5-isoxazolyD-N-(2-trimethylsiloxymethyDCl.1'-biphenylJ-2-

sulfonamide 
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5 

P19 (300 mg) was use~--~~ alkylate 2-n-propyl-4-chloroimidazole-5-

carboxaldehyde according to General Method 22. The crude product was 

chromatographed on silica gel using 4:1 hexanes/ethyl acetae as eluant to 

provide 39A (200 mg) as a yellow oil. 

B. 4' -ff 5-Carboxy-2-n-propyl-4-chloroimidazol-1-yDmethylJ-N-( 3.4-

dimethyl-5-isoxazolyl )-N-(2-trimethylsiloxamethyDCl.1' -biphenyll-2-

sulfonamide 

Sodium chlorite {19 mg, 0.21 mmol) was added to a mixture of39A 

10 (90 mg, 0.14 mm91) and sulfamic acid (20 mg, 0.21 mmol) in 1:1 

THF/water (8 ml) at 0 °C. The :qiilC:t;ure was stirred at 0 °C for lh, then 

saturated potassium bisulfate s~lµtion was added. The aqueous layer was 

extracted twice with ethyl acea,tt_e. The combined organic extracts were 

washed once with brine, then were dried over sodium sulfate and 

15 concentrated to provide 398 (62 ipg) as a yellow oil. 

C. 4'-T< 5-Carbo:xy-2-n-propyl-4-chloroimidazol-1-yl)methyll-N-(3.4-

dimethyl-5-isoxamlyl) l.l'-biphenyll-2-sulfonamide 

39B (62 mg) was deprot~cted according to General Method 8, using 

20 water in place of an alcoh9l as co-solvent. Crude 39C (54 mg) was a yellow 

oil. 

D. 4'-[( 5-Methoxycarbonyl-2-n-propyl-4-chloroimidazol-1-yDmethylJ-N­

{3.4-dim.ethyl-5-isoxazolyD ·1.1'-biphenylJ-2-sulfonamide 
. . ' . . . 

25 39C (54 mg) was subject;ed to ester formation according to General 

Method 20. Reverse-phase p~parative HPLC provid~d the title compound 

(9 mg) as a white solid: MS m/e 544 (ES!+ mode); HPLC retention time 

3.94 min (Method A); HPLC pµrity >:98% 
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5 

10 

A. 

4'-[{ 5.:.(N.N-dimethylcarbamoyD-2-n-propyl-4-chloroimidazol-1-

yDmethyll-N-(3.4-dimethyl-5-isoxazolyD-[1.1'-biphenyll-2-sulfonamide 

4'-[{ 5-Etho:x;ycarbonyl-2-n-propyl-4-ethylimidazol-1-vDmethyll-N­

(3.4-dimethyl-5-isoxazolyD-N-(2-methoxyethoxymethyl)[l.1'­

biphenyll-2-sulfonamide 

Ethyl 2-n-propyl-4-ethylimidazole-5-carboxylate (94 mg, 0.45 mmol) 

was alkylated with P18 (380 mg, 0.37 mmol), according to General 

Method 22 to provide crude 40A as a 3:1 mixture of N-1 and N-3 

15 regioisomeric alkylation products. 

B. 4'-[( 5-Carboxy-2-n-propyl-4-ethylimidazol-1-yl)methyll-N-(3.4- · 

dimethyl-5-isoxazolyD-ll .1 '-biphenyll-2-sulfonamide 

A solution of 40A (0.45 g) in dioxane (3 ml) and 6N hydrochloric 

20 acid (3 ml) was heated at 70 °C for 2 h. The mixture was cooled to RT and 

made basic (pH > 14) with the addition of 45% aqueous potassium 

hydroxide solution. Additional dioxane and water were added to obtain a 

clear solution and the mixture was stirred at RT for 16 h, followed by 

heating at 70 °C for 3 h. The pH was adjusted to 2-3 with the addition of 

25 6N hydrochloric acid and solid trisodium phosphate, and the mixture was 

extracted with three portions of ethyl acetate. The combined organic 

extracts were dried over sodium sulfate and evaporated to give 40B (0.33 

g) as a crude oil. 
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C. 4'-(( 5-(N.N-dim~thylcarb~moyU-2-n-propyl-4-ethylimidazol-1-

yl)methyll-N-(3.4-dimethyl-5-isoxazolyl)-(l;l'-biphenylJ-2-

sulfonamide 

5 40B {110 mg) was subjected to amide formation according to 

General Method 12 using dimethylamine as the amine component. The 

crude material was subjected to reverse-phase preparative HPLC to 

provide the title compound {19 mg) as a white solid: MS m/e 550 (ESI+ 

mode); HPLC retelltion time 19.54 min (Method B); HPLC purity 74%. 

10 The contaminant (24%) is the isomeric product arising from N-3 alkylation 

of the imidazole in Step A (HPLC retention time 19.77 min). 

Example41 

15 4' -U2-Butyl-4-oxo-1.3-diazaspiro[4.4Jnon-1-en.-3-yDmethyll-N-(3.4-

20 

dimethyl-5-isoxazolyl)-2'-hydroxymethyl [1.1 ·-biphenyll-2-sulfonamide 

A. 4'-[{2-Butvl-4-oxo-1.3-diazaspiro[4.4lnon-'1-en-3-yDmethyll-N-(3.4-

dimethyl-ll~isoxazolyD~N"'.[(2-trimethylsilylethoxy)methyl1-2'­
hydroxyMethylll.l' -biphenyll-2-sulfonamide 

P14 (243 ~g, 0.41 mmol) was used to alkylate 2-butyl~4-oxo-1,3-
. : . ·. •' . 

25 diazaspiro[4.4]n<>n-1-ene hydrochloride according to Generai Method 4. 

41A (100 mg, a5% yield) was fsolated as a slightly yellow oil after silica 

gel chromatography using l:l hexanes/ethyl acetate as eluant. 
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B. 4'-[(2-But,Y1&4-oxo-1.3-diazilSpiro[4.4lnon.;i~en-3-yDmethylJ-N-(3,4-

dimethyl-5-isoxazolyD-2'-hydroxymethyl[l.1'-biphenyll-2-

sulfonamide 

Deprotection of 41A (100 mg, 0.14 mmol) according to General 

5 Method 8 (ethanol) gave the title compound as white solid in 46% yield 

following silica gel chromatography·(96:4 methanol/chloroform eluant): 

10 

15 

MS m/e 565 (ESI+ mode); HPLC retention time 3.21 min (Method A); 

HPLC purity >98%. 

Example42· 

4'-[(2-Butyl-4-oxo-l.3-diazaspiro[4.4Jnon-1-en-3-yl)methyll-N-(3.4-

dimethyl-5-isoxazolyl)-2'-ethoxymethylfl.l' -biphenyll-2-sulfonamide 

A. 4' -[(2-Butyl-4-oxo-1.3-diazaspiro[ 4.4lnon-1-en-3-yDmethyll-N-(3.4-

dimethyl-5-isoxazolyD-N-f(2-methoxyethoxy)metbyll-2'­

hydroxymethyUl.1'-biphenyll-2-sulfonamide 

Triethylsilane (6 ml) and TFA (6 ml) were added to a solution of 5F 

20 (960 mg, 1.5 mmol) in 15 ml dichloromethane at RT. The mixture was 

stirred at RT for 2 h and was then concentrated. The residue was taken 

up in ethyl acetate and was washed successively with aqueous sodium 

bicarbonate, water, and brine. The organic layer was dried over sodium 

sulfate and concentrated. The residue was chromatogi-aphed on silica gel 

25 using 100:2 dichloromethane/methanol to afford 42A (740 mg, 77%) as a 

colorless gum. Rf=0.13, silica gel, 100:5 dichloromethane/methanol. 
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B. 4'-C<2-Butyl-4-oxo-1.3-diaz~piro[4.4Jnon-1-en-3~yDmethyll-N-(3.4-

dimethyl-5-isoxazolyD-N-[{2-methoxyethoxy)methyll-2'­

ethoxymethyl[l.1 '-biphenyll-2-sulfonamide 

A mixture of 42A (100 mg, 0.15 mmol), iodoethane (960 mg, 6.1 

5 mmol) and silver (I) oxide (180 mg, 0. 77 mmol) in 0. 7 ml DMF was heated 

at 40 • C for 16 h .. Additional iodoethane {190 mg, 1.2 mmoD and .silver CD 

oxide (71 mg, 0.31 mmol) were added and the reaction mixture was heated 

at 40 • C for an additional 4 h. The mixture was diluted with 1:4 

hexanes/ethylacetate and was then washed with water and brine. The 

10 organic layer was dried over E;Odium sulfate and was then concentrated. 

The residue was chromatographe4 on silica gel using 200:3 

dichloromethane/methanol as eluant to afford 42B (51mg, 49%) as a 

colorless gum. Rf=0.35, silica gel, 100:5 dichloromethane/methanol. 

15 C. 4'-r<2-Butyl-4-oxo-1.3-diazaspiro[4.4Jnon-1-en-3-yDmethyll-N-(3.4-

. dimethyl-5-isoxazolyl)-2'-ethoumethyl(l,l'-biphenylJ-2-sulfonamide 

42B (51 mg) was deprotected according to General Method 7 to 

afford the title compound in 80% yield following preparative reverse-phase 

20 HPLC purification: white solid; m.p. 74-80 ·c (ainorphous); lH NMR 

.(CDC13 )B0.87(tr~ J=7Hz, 3H), 0.99(tr, J=7Hz,3H), l.32(m, 2H), 1.59(m, 

2H), 1.75-2.02(m, llH), 2.16(s, SH), 2.35(m, 2H}, 3.38 (m, 2H), 4.23(m, 

2H), 4.73(s, 2H), 7.11-7.85 (m, 7H); MS m/e 593 (ESI+ mode); HPLC 

retention time 18.22 min. (Method E); HPLC purity >97%. 

25 

30 

Example43 

4'-[(2-Butyl-4-oxo-1.3-diazaSI>irol4.4Jnon-1-en-3-yllmethyll 

-N-(3.4-dimethyl-5-isoxazolyD-2'-proPYUl.1'-biphenyll-2-

sulfonamide 
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A. 4' -«2-Butyl-4-oxo-1.3-diazaspiro[4.4lnon-1-en-3-yDmethyll-N-[{2-

methoxyethox;y)methylJ-N-(3.4-dimethyl-5-isoxazolyD-2' -(2-

5 methoxvvinyl)[l.l'-biphenyll-2-sulfonamide 

5F was treated with methoxymethyltriphenylphosphonium bromide 

according to the procedure used in Example 27, Step A. The product (34%) 

was generated as a mixture of E and Z isomers. 

10 B. 4'-[(2-Butyl-4-oxo-1.3-diazaspiro(4.4lnon-1-en-3-yl)methyll-N-(3.4-

dimethyl-5-isoxazolvD-2'-methoxyethyU1.1'-biphenyll-2-sulfonamide 

4SA (18 mg) was treated with triethylsilane and TFA accordirig to 

the procedure of Example 42, Step B, to provide the title compound (6 mg, 

45%) as an oil: MS m/e 593 (ESI+ mode); HPLC retention time 24.74 

15 min. (Method B); HPLC purity >98%. 

20 

A. 

Example44 

4'-[(2-Butyl-4-oxo-1.3-diazaspiro[4.4lnon-1-en-3-yl)methylJ-2'-[(3.3-

dimethyl-2-oxo-1-pyrrolidinvl)methyll-N-C3-methoxv-5-methyl-2-

pyrazinyD [l.l '-biphenyll-2-sulfonamide 

N-( 3-Methoxy-5-methyl-2-pvrazinyD-2-bromobenzenesulfonamide 
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2-amino-3-methoxy-5-methylpyrazine (1.50 g, 10.8 mmol; 

synthesized according to Bradbury, R.H., et. al. J. Med. Chem. 1997, 40, 

996-1004) and 2-bromobenzenesulfonyl chloride (2.80 g, 11.0 mmol) were 

reacted according to the procedure of Example 25, Step A 44A was a pink 

5 solid, 2.0 g (52%). 

B. N-(3-Methoxy-5-methyl-2-pyrazinyD-N-[2-

(trimethylsilyl)ethoxymethyll-2-bromobenzenesulfonamide 

44A (2.0 g) was reacted with 2~(trimethylsilyl)ethoxymethyl 

10 chloride (1.15 m~) according to the procedure of Example 25, Step B. The 

crude residue was chromatographed on silica gel using 4: 1 hexanes/ethyl 

acetate to give 44B (2.37 g, 86%) as a yellow oil. 

15 

c. 4'-[(2-Butyl-4-,oxo-1.3-diazaspiro[4.4]non-1-en-3-vDmethyll-2'-(l.3-

dioxolan-2-yl)-N"'[2-(trimethylsilyDethoxymethyll-N-C3-methoxy-5-
.. . . . ·.. . . 

methyl-2-pyrazinyllll .1'-biphenyll•2"'8ulfonamide 
.. . . 

A solution of 5E (2.0 g, 4.6 mmol) in e.thei' (45 ml) was treated at -78 

°C with t-butyllithium (1. 7 Min pentane, 5.9 ml, 10.1 mmol). After 

stirring at -78 °C. for 10 min, the mixture was treated with 

20 trimethylborate (1.3 ml, 11.5 mmol) and was then allowed to warm to RT . 

. The mixture ~as concentratecl and the residue azeotroped twice with 

methanol to produce a pale yellow solid (3.5 g). 
. . 

The crud~·solid was subjected to Suzuki coupling with 44B (2.37 g) 

according to General Method 1. Silica gel chromatography using 1:1 

25 hexanes/ethyl acetate as eluant provide 1.45 g 44C (39%) as a yellow oil. 

D. 4'-[(2-Butyl-4-oxo-1.3-diazaspirof4.4Jnon-1-en-3-yDmethyl1-2'­

formyl~N-C3-methoxy-5-methyl-2-pvrazinyl)[l,l'-biphenyll-2-

sulfonamide 

30 44C (1.45 g, 1.9 mmol) was treated with 2M sulfuric acid (11 ml) 
. . 

aild ethanol (11 ml) at RT for·E; h. Aqueous sodium bicarbonate was added 
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(final pH 7) and the mixture was:&tracted witH·'.~thyl acetate. The 

combined organic extracts were dried over sodium· stllfate and 

concentrated to provide crude 44D (0.91 g) as an off-white solid. 

5 E. 4'-[(2-Butyl-4-oxo-1.3-diazaspiroI4.4lnon-1-en-3-yDmethyll-2'-H3.3-

dimethvl-2-oxo-1-pyrrolidinyDmethylJ-N-(3-methox;y-5-methyl-2-

pyrazinyDCl.1'-biphenyll-2-sulfonamide 

44D (0.91 g) was reacted with ethyl 4-amino-2,2-dimethylbutanoate 

hydrochloride according to General Method 5. The crude residue was 

10 purified by silica gelcolun:m chromatography using 1:3 hexanes/ethyl 

acetate as eluant to provide the title compound (230 mg, 18% over two 

steps) as a yellow solid: MS m/e 687 CESI+ mode); HPLC retention time 

3.58 min (Method A); HPLC purity 95%. 

15 

20 

Example45 

4'-[(2-Butyl-4-oxo-1.3-diazaspiro[4.4Jnon-1-en.;.3-yDmethyll-N-(4-

bromo-3;.methyl-5-isoxazolyD-2' -[(3.3-dimethyl-2-oxo-1-

pyrrolidinyDmethyll [1.1'-biphenylJ-2-sulfonamide 

A. N-C2-methoxyethoxymethyD-N-C3-methyl-5-isoxazolyD-2-

bromobenzenesulfonamide 

25 25A (10.0 g, 31.5 mmol) was reacted with MEM chloride according 

to the procedure of Example 25, Step B. The crude residue was 

chromatographed on silica gel using 2:1 hexanes/ethyl acetate to give 4.8 g 

45A (38%) as a yellow oil. 
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B. [2-[f(3-methyl-5-isoxazolyD[(2-methoxyethoxy)-methyllaminol 

sulfonyllphenylJboronic acid 

n-Butyllithium (1.35 M solution in hexanes, 9. 7 ml, 13 mmol) was 

5 added dropW:iS~ over 5 min to a 0.2 M solution ofthe45A (4.8 g, 12 mmol) 

in THF at -90 °C. After 10 min, triznethylborate (1.6 ml, 14 mmol) was 

added and the mixture was allowed to warm to RT and stirred for 30 min. 

The mixture was epoled to 0 °C. and treated with 21 ml of 3N hydrochloric 

acid, after which it was allowed to warm to RT over 30 min. Brine was 
I l" " 

10 added and the mi~ture w~ ex4-acted with dichloromethane. The 

combined extracts were dried over sodium sulfate and concentrated to give 

45B {5.3 g) as a yellow oil. 

15 

20 

c. 4'-[{2-Butyl-4-oxo-1.3-diazaspiro[4.4lnon-1-en-3-yDmethyl1-N-(2-

methoxyethoxymethyD-N:.(3-methyl-5-isoxazolyl)-2'-formyl[l.1 '­

biphenyl1~2,-sulfonamide 

45B (4.q g) was subjected to Suzuki cooupling with 5E according to 

General Method +. Silica gel chromatography using 1;2 hexanes/ethyl 

acetate as eluant'provide 45C (1.30 g, 17%) as a yellow oil. 

. D. 4'-r<2-Butyl-4-oxo-1.3-diazaspiro{4.4Jnon-l-en-3-yDmethylJ-N-(3-

methyl-5~isoxazolyD-N-[2-methoxyethoxy)methyll-2'-[(3.3-dimethyl-

2-oxo-1-IDrrrolidinyDmethyll[l.1'-biphenyll-2-sulfonamide 

40C (420 nig, 0.66 mmol) was reacted with ethyl 4-amino-2,2-

25 dimethylbutano~te hydrochloride and sodium cyanoborohydride using a 

procedure similar to that of Example 8, Step B .. The crude residue was 

chromatographed on silica gel using 1:3 hexanes/ethyl acetate as eluant to 

provide 45D (150 mg) as a yellow oil: 

-140-



W000/01389 PC:T/US99/15063 

E. 4'-[(2-Butyl-4-oxo-1.3-diazaspiro[4.4Jnon-1-en-3-yDmethylJ-N-(3-

methyl-5-isoxazolyD-2'-[{3.3-dimethyl-2-oxo-1-

pvrrolidinyDmethyll [1.1 '-biphenyll-2-sulfonamide 

45D (110 mg) was deprotected according to General Method 7. The 

5 crude residue was chromatographed on silica gel using 95:5 

chloroform/methanol as eluant to provide 45E (50 mg) as a white solid. 

10 

F. 4'-[(2-Butyl-4-oxo-1.3-diazaspiro(4.4lnon-1-en-3-yllmethyll-N-(4-

bromo-3-methyl-5-isoxazolyD-2'-[(3.3-di~ethyl-2-oxo-1-

pyrrolidinyDmethyll [1.1 '-biphenyll-2-sulfonamide 

45E (33 mg) was brominated using NBS according to the procedure 

used for Example 26. Preparative TLC purification of the crude residue 

provided the title compound (4 mg) as a white powder: MS m/e 724, 726 

(ESI+ mode); HPLC retention time 3;53 min (Method A); HPLC purity 

15 98%. 

Examples 46 to 97 

The following compounds 46 to 97 were prepared by a solution 

phase combinatorial chemistry method using 21 and the corresponding 

20 carboxylic acid in the presence of diisopropylcarbodiimide. The products 

. were purified by ion-exchange chromatography according to the General 

Method. HLPC retention times were determined using HPLC Method C. 

~ 
0 

J 
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Ex. HPLC LRMS 
No. J Retention m/z 

Compound Nfune Time [MH1 
(min) 

46 4'-[(2-Butyl-4-oxo-1,3-
diazaspiro(4.4)non-1-en-3- M~ 0 3.23 606 

yl)methylJ-N-(3,4-dimethyl-5- -~H isoxazolyl)-2'-[(formylmethylamino)-
methyl)fl,l'~biphenyl]-2-

sulfonamide · 

47 N-(14-1(2-Buo/l-4-oxo-1,8- I diazaspiro(4.4Jnon-l-en-3-

~E\~ 3.28 i 634 I 

y})methyl)-2'-(((3;4-dimethyl-5- I 
isoxazolyl'lam~i:>)sulfonyl) [l,l '-

biphenyl];.2-yl]methyl]-N-
methylpr91>anarilide 

48 N-(l4-[\2~Butyl-4-oxo-l,3-
diazaspiro[4.4imm-1-en-3~ Me O 3.33 646 

I yl>methylJ-2"-(((3,4-dimethyl-5· I _·.,.-L<J 
isoxazolyl Jamino)sulfonyl)(l, l '· I ; 

biphenyll-2~yl)methy1]-N-

methvlcvcloDrotianecarbox-amide 
49 N-[14-[{2-Butyl-4-oxo-l,3· ! 

diazaspiro[4.4Jnon-1-en-3-
M'\ 0 3.41 648 

I 
yl)methyl)-2'-[1(3.4-dimcthyl•5- -~ isoxazolyl)11mii~o]sulfonyl}(l,l'· 
biphenyl]-2~yl)methyl]-N,2-

dimethylpropanamide I 
! 

50. N-U 4-((2-~utyl-4-oxo-l,3- I diazaspiro [4.4Jnon~ 1-en~S- Me O 3.45 648 
ylimeth,yl].:21~[((3,4-dimethyl-5- I -·~ isoxazolylJaminojsulfonyl](l,l'-

biphenyl)-2-yllmethylJ-N-
mcthylbutanamide 

51 N-((4-[(2-Butyl-4-oxo-1,3-
diazaspirQ{4.4)non-1-en-3-

I 0 3.29 650 
yl)methyl]-2'•l[(3,4-dimethyl-5- Me~ 
isoxazolyl)amino)sulfonyl) [l, l' · - 0..... 

biphenyl]-2-yllmethyl) -2-methoxy-
N-methylacetamide 

52 N-[(4-IC2-Butyl-4-oxo-1,8-
diazaspi:r0[4.4Jnon-l-en-3-

Mt;~ 3.32 658 
yl)methyl}-2'~(f(3,4-dimethyl-5-

isoxazolyl)amino]sulfonylJ [1, 1 ·-
_ C~_CH 

biphenylJ-2-yl)methyJ]-N-methyl-4-
pezitynamide 
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53 N-((4-((2·Butyl-4-oxo-1,8-
dialaspiro(4.4}non-1-en-3-

~ 
3.50 660 

yl)methyl)-2'-(((3,4-dimethyl-5-
isonzolyl)anrlno]sulfonyl] (1,1 '· 

biphenylJ-2-yl]methylJ-N· 
metbylcyclobutanecarbOll·amide 

54 N-((4-((2-Butyl-4-oxo-l,3-
diazaspiro [4.4)non:. l-en-3· 

~ 
3.57 662 

yl)metbylJ-2' -(((3,4-dimethyl-6-
isoxazolyl)amino] sulfonylJ [1,r-

biphenyl]-2-yl)methyl)-N,3-
dimethylbutanamide 

55 N-((4-[<2-Butyl-4-oxo-1,3-
diazaspiro(4.4Jnon-l-en-8- 0 3.80 662 

yl)methyll-2'-(((3,4-dimethyl-5- Ml\ • ( 
.isaxazolyl)amino)sulfonyl) (1,l'- -N"'" 

biphenyl)-2-yl)methyl]-N.2,2-
trimethylpropan"amide 

56 N-[(4-[(2-Butyl-4-oxo-1,3· 
diazaspiro[4.4)non· l-en-8- 0 3.38 664 

yl)methyl)-2'-([(8,4-dimethyl-5- ~er' isoxazolyDamino)sulfonyl] 11,1'-
biphenyl)-2-yl)methyl]-3-metboxy-

N-methylpropanamide 

57 N-((4-1(2-Butyl-4-oxo-1,8-
diazaspiro(4.4)non·l-en-3- 0 3.25 664 

yl)methyl]-2'-(1(3,4-dimetbyl-5- ~wl-_.~ isoxazolyl)amino]sulfonyl][l,1'-
biphenylJ-2-yl]methyl]-2-ethoxy-N-

methylacetamide 

58 N-((4-((2-Butyl-4-oxo-1,3-
diazaspiro[4.4]non-1-en-3-

~ 
3.30 672 

yl)methyl)-2'-(((3,4-dimethyl-5-
isosaaolyl)amino)suJfonyl]{l,l'. 

bipbenyl)-2-yl)methyl]-N-methyl-2-
furancarboxamide 

59 N-[[4-((2-Butyl-4-oxo-l,3-
diazaspiro(4.4Jnon-1-en-8- 0 3.95 676 

yl)metbyl]-2'-(((8,4-dimethyl-5- :~ isouzolyl)am.ino}sulfonyl) 11,1'-
biphenylJ-2-yJJmethylJ-N,4-

dimethylpentanamide 
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60 N-ll4-((2-Butyl+oxo-1,3· I diazaspirQf 4.4)non-1,en-8- :v-o·· 3.66 682 yl)methyl].;.2•~((C8,4-dimethyl-5-
isoxazolyl)amino]sulfonyl)(l,l '-

biphenyl)-2-yl)methyl)-N-
methylbenzamide 

•' 

61 N-((~((2-Butyl-4-0xo-1,S-
diazaspir,o(4.4)non-1~-3~ 

M .. )-0 3.59. 688 yl )methyl)~2.'-:-U<3,4-dimethyl-5-
isoxazolyl)amino)su)fony)J(~,l '- - .· ~ s 

biphenylJ-2-yJJmethylJ-N.me~yl-3-
thiopheiiecarboxamide. 

62 N·ll4-[C2-Butyl-4-ox0-l;j- ', 

diazaspirol4.4)nozi~l-en-~-

!~JC[) 3.82 688 
y))methyl}-~'-(1<8,~dimetbyl-5-
isoxazolyl)aminolsulfonyl)fl.l' • 

biphe'1yl)·2-yllmethyl)·N,· 
methylcyclopentaneacet-amide 

63 N-ll4-IC2-Butyl-4-oxO:-l,~~ 

i 
I. 

diazaspiro(4.4Jnon-l-en~3-

~,)-{) 3.76 I 68S 
yl>methyl)-2'-l IC3,4-diinethyl-5-
isoxazolyi'>aininoJsuJfanylJ(l,1'· 

bipbenylJ-2-ylJmethyIJ-:N- .. 
methylc~ohexanecarbox-~ide 

64 N-((4.;.[C~Butyl+oxo-l,~ 
diazasJ.)ir014.4)non-1:-eD~ 

·~~ 3.82 696 
yI>metb111~2'-ms,,~dimethy1-0-. · .,...;;;;: ' 

~azolyi)8mino)sulfo.iiyll'(l,l'· ·- ' 
. . . J . 

biphenylJ.;.2-yl)methylJ-?t.S-: · 
. di.in~ylbenzaniide ·• • 

65 N-114-:((2-Butyl+oXO:-l~-
diQasP:il-of4.4]non-1~-S-

~ 
3.78 696 

yl>metb.Yll-2'-([(3,4-dimethyl;.o- · 
isoxazolyl)aminoJsulfonylJll,l'- ~I\ . : 

biph~y~)-2-y)}methylJ::N-
methY,lbemeneace~ide 

66 N-1.14-l<fa-ButyJ..4..olF.o-1,s.;. 
diazaspirof4.4}non.:I-ei:t-8-

·~ 
3.46 700 

yl)metb,yl)-2'-llCS,~iDietpYl-6-
isoxazolyl)amino)suJfgnyJ) 11,l '- .. _ ' ' 

biphenyl).~yUmetbyl)-~tl'1ciro-N-
' ' . ', 

methylbenzamide'' ·, 
.·,· .. ·, 

'~ ... 

67 N-H~IC2-Butyl-~o-.~,s~ 
di-.aspirof4.4)non-l-eJJ-3-

~~ 
3.53 700 

yl>m~yJj~2'-(((3,4-diihethY1·5-
isoxazOlyl)amino)sulfonyll 11;1 '· 

biphenyl)-2-yl}methy))-S-tlupro-N-
methvlbenzamide : . 
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GS N-114-((·~":Butyl-4-oxo-l.3- '~ . 1:.1,·t:.c;:". 

I 
. ~W.f diazaspirol4.4]non-l-en·S· ..,~r 3.72 700 

yl)methyll-2'-([(3,4-dimethyl-5- ....;;: . 
isoxazolyllamino)sulfonyl) [1,1 '- -bipbenyl]-2-y1]methy1)-4-fluoro-N- F 

I methylbenzamide 

69 N-([4-((2-Butyl-4-oxo-l,3- I diazaspiro(4.4]non-1-en-8· 

~,~ 
3.96 l 702 

yl)methyl]-2'·[ ((3,4-dimethyl-5· 
isoxazolyliamino]sulfonyl) 11,1 ·-

bipbenyl}-2-yl)methyl)-N-
methylcyclohexaneacet-amide 

70 N-114·1<2-Butyl-4-oxo-1,8- I 

diazaspiro(4.4)non-l-en·3· 

~~ 
3.79 ! 714 

yJ}methyU-2'·11(3,4-dimethyl-5-
isoxazolyliamino)sulfonyl) 11,l '· - ~ biphenYlJ-2-yl)methylJ-2-fluoro-N -

methylbenzeneacetamide I 
! 

71 I N-114-((2-Butyl-4-oxo-1,S- i 

diazaspiro!4.4inon-l-en-3-

!Me~ 3.82 
' 

714 
ylimethyl)-2'-[((3,4-dimethyl-5· : 

I isoxazolvlJaminoJsulfonyl][l,l '- 1- ~ F 
bipheny))-2-yl)methyl)-3-fluoro-N-

I methylbenzeneacetamide 

72 N-1(4-((2-Butyl-4-oxo-l,3- I 
I 

diazaspiro(4.4]non-l-en·3· I 

714: M~~F 3.82 I . 
ylimethyl]-2'-ll(8,4-dimethyl-5-

I isoxazolyl lamino)sulfonyl) (1,1 '- - ~ bipbenyl]-2-yl}methyl]-4-fluoro-N-
methylbenzeneacetamide I 

73 N-((4-((2-Butyl-4-oxo-l,3· I diazaspiro(4.4)non-l-en-S- 0 3.44 649 
yllmethyl)-2'-( ((S,4-dimethyl-5· ~~t( isoxazolyUamino)sulfonyl) (l,1'-
biphenylJ-2~yl)methylJ-N .N',:N'· 

trimethylurea 

74 N-[14-lC2-ButyJ-4-oxo-l,3-
diazaspiro( 4.4)non-1-en-8-

~ 0 )< 3~74 . 677 
yl}methyl}-2'-[[(3,4-dimethyl-5-

-~ isoxazolyllamino]sulfonyl] (1,1'-
biphenyl)-2-yl]methyl)-N'·Cl,l· 

H 

dimethylethyl)-N-methylurea 

-145. 

SUBSTITUTE SHEET (RULE 26) 

I 



W000/01389 PCT/US99/15063 

75 ((4-(<2-Butyl-4-oxo"l,3- I diazaspfroJ4.4Jnon-l-en-3-
M, 0 . ; . 3.69 650 

yl)methylJ-~'-11£8,4-dimethyl-5- -rrll~ isoxazolyliAmino)sulfonylJ (l,I' • 
~)phenyl]-2-

. yl)methyl]methylcarbamic acid · 
· · e~h~·l ester · · 

76 ll4·fC2~Butyl-4-ox.o-l,3~ . ·~ I diazasi>~rof4.4Jnon-l,;ezi-3, Mit 0 ... ·. 4.01 678 
I y1JmethYU·2"-[1(8,4-dimethyl-5- _µo"TK. ! 

isoxazolvl>~mino)sulfonyllll. l "- j 
. ·, :biphenyl]-2- '· . . 

vllmethvl]methylcarbamic acid 2-
• ~ethylpropyl estl!r · . 

. . . . 

' I 

77 N-U~"IC~·Butyl-4-oli:o-,I~-

:;r~· I 3.85 i 676 
diazaspjrof4.4)non-l~en73· Me I I yl1methylJ~2·-r1cs,4-di~llthYl-5-

I I isoxazoly)iamino)sulfonyl)[l.l"· 
l bipheriy}}~2-y1)methy1J-N~3;~- I /N'Me i 
I trimeth,•lbutanantide i ! 

78 ! N-114-((2-Butyl-4-oli:Q-U·. I w l 3.33 683 
diazaspirol4.4l~on-~:ien~s-

" i I 
yl nnethy1}~2' -UCS,4-dime~yl-5· I I 

isoxazolyliaminolsiJJfonyl)ll,i '- I 
biphen.vlJ~2~yl]methylJ-Jil·m~yl-2- .,.,..J.L.Me I 

· "Dvn.dinecarboxamide ·· · ., 
.N-11~1<2-Butyl-4-0X:o-~~ yO 

I 
79 3.16 I 683 

dia~~5pjrol4.4)non-l-eii-8- -..: 

ylimettiY.ll-2'-f[<S.4-diljleijayl-5- ~ 

isoxazcilyllaminoJsuJfoilyl)(l,l' ·' 
.....-N....,;, biphenylJ-2:.yllmethylJ-~-methYl-3-

JJ:vridinecarboxamide· · 
80 N-[(47((2-Butyl-4-oS:°"i.;e~ .. : 

yC)I 3.27 684 
diaz~pjro[4.4)non+en-$~. 

yl'nnetby(J.~2·-1 lt3,4~d~~~Y.H-

I 
isoxazolyl>aminoJsulfony)Jll,l '· .. 

,...N.. t.1e· I bipbeny)}~~~yl}metbylJ-~-~~yJ-3- · 
nVrldinecarboxamide · ' · · ; 

81 N-([~1<2-Butyl-4-oxo;.l,a~ · ( yo 3.64 685· 
diazaspiro{4.4)non;J-eh-$~ 

yl)methyl)~2'-([C8;4·dUD~l~5-
•:. 

isoxazOlyJ)aminoJsu1(0nylJ{l.l ·- .. 
.,.,..N.. .... 

bipheiiyl}-2-yllm~iJ~N,l- . 
dimethvJ-1H-i>vrrole-2-carbmaJJiide 

82 N-flf r<2-Butyl+oxc>;1~~ 

~ 
3.36 690 

diaiasiJiro[4.4)noD.~14~-
· yl)metbyli-2'-(((3,4-di.in~l-5-
isoxaz0lyi)amino)sulf0nyl)l~.1·- .,.,..N..Me 

biphenylJ-.2-ylJmetbylJ~N~,m~yl-
1.2.3-thiadiazole-4--carbOx&mide 

.·.· ' ··: 
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N-ll4:1(~Butyl-4-oxo-l,3- ·•· ;J•· 3.37 I 698 83 
diazasplto(4.4)non-1-en-3-

:·.,ii'!' , .. I ··:;-.:;. ' 
. N .. ,:, : .. yl)methyl)-2'-(((3,4-dimethyl-5- I 

.. 

isoxazolyl)amino]sulfonyl) (1,1 '- ....-N..,.. . . 
biphenyl)-2-yl)methyl}-N .5- I 

dimeth:vl-2-ovrazinecarboxamide . 
84 N-((4-((2-Butyl-4-oxo-l,3-

.:):; 3.42 : 701 
diazaspiro(4.4)non-l-en-3- · ~ 

yl)metby)]-2'·11<3,4-dimethyl-5- N 

isoxazoly])emino]sulfonyl](l,1'-
biphenyl)-2-yl)methyl)-N ,3,5- ,....N...MeMe 

trimethvl-4-isoxazolecarboxamide 

85 N-H4-(C2-Butyl-4-oxo-l,3-

~ 
3.66 702 

diazaspirol4.4)non-1-en-3· 
yl)methyl)-2'· (((3,4-dimethyl-5-
isoxazol1ttamin0Jsulfony)) (1,1 "· N... Me. 

biphenyl)-2-yl}methyl]-N .3· / Me 

dimethvl-2-thionhenecarboxamide 

86 N-,((4-[(2-Butyl-4-oxo-l,3· 

I ~ 
. 3.72 702 

diazaspirol 4.4)non-l-en-3-
yl)methyl)-2'-(((3,4-dimethyl-5· 
isoxazolyl)amino)sulfonyl) (1,1'· 

biphenyl)-2-yl}methyl]-N.5· 
,,,.,N..Me 

dimethvl-2-thinnhenecarboxamicie 

87 N·ll4-IC2-Butyl-4-oxo-1,3· 

~ 
i 3.45 707 

diazaspiro(4.4)non-l-en-3-
yl)methyl)-2'-([C3,4-dimethyl-5-
isoxazolyl)amino)sulfonyl] (1,1 '-

CN 

biphenyl]-2-yl)methyl)-3-cyano-N- ,,,.,N..Me 
methvlbenzamide 

88 N-([4-[C2-Butyl-4-os.o-1,3· yY 3.49 I 707 
diazaspiro(4.4}non-l-en-3- I 

yl)methyl)-2'-( ((3,4-dimethyl-5· 
isoxazolyl)amino}sulfonyl) (1.1 '-

biphenyl]-2-yl)methyl)-4-cyano-N- ,,,.,tt...,,.. 
methvlbenzamide 

89 N-((4-((2-Butyl-4-oxo-1,3· 

~ 
3.63 ! 712 I 

diazaspiro(4.4Jnon-1-en-3- · 

I yl)methylJ-2'-llC3,4-dimethyl-5- ~ 

isoxazolyl)amino)sulfonyl) (1,1 '· 
biphenyl]-2-yl)met.hyl)-2-metboxy- ,,,.,N...Me I 

N-methvlbenzamide 

90 N-ll4-IC2-Butyl-4-oxo-1,3- yQ 3.77 717 
diazaspirol4.4)n!Jll·l-en-3-

yl)methyl)-2'-(((3,4-dimethyl-5-
isoxazolyl)amino)sulfonyl} (1,1 '-

biphenyl)-2-yl}methyl)-2-chloro-N- ,,,.,N...,,.. a 
methvlbenzamide 

91 N-ll4-IC2-Butyl-4-oxo-1,3-

~ 
3.84 717 

diazaspiro(4.4)non-1-en-3-
yl)methyl}-2'-1((3,4-dimet.hyl-5-
isoxazolyl)amino)eulfonyl) (1,1'· . 

Cl 

bipheny])-2-yl)methyl)-3-chloro-N- ,,,.,N...,... 
methvlbenzamide 
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92 N-((~((2-Butyl-4-oxo-1,8-

~ 
3.87. I 

diazaspi!-o(4.4)non-1-en-3· 
. 

yllmethylJ-2'~(((3,4-dimethyl-5- b 
isoxazo)yl)amino]sulfonyl] (1,1'· 

.,.....N..~ biphenyl]-2-yl)methyl)-4-chloro-N- .. 

methvJbenzamide 

98 N-((4-((2-Butyl-4-oxo-l,3· w. 3.66 
diazaspiro[4.4)non· l·en-3- · 

yl>methyl]-2'·1[(3,~imethyl-5-
isoxazolyl}amino]sulfonyl] (1,1' • 

biphenyll ·2-yl)~ethyl)-2,3-difluoro- .,.....N...Me F 

N-methvlbenzamide 

94 N·ll4-IC2-Butyl-4-oxo-1,3· y0:· 3.76 
diazaspirol4.4)non·l-en-3· 

. 

yl)methyl}-2'·11<3,4-dimethyl-5- F 
isoxazolyl)amino)sulfonyl) (1,1 '· 

bipbenyl)-2-yUmethylJ·B,4-dilluoro- ,......N...Me 
N-methvlben.zamide · 

95 N-((4~(<2-Butyl-4-oxo-l,3- F 3.76 
dia.zasJfu'o(4.4Jnon-l•en·S· y6.1 ~·limethyJJ.2'-[((3,4-dimethyl-5-

isoxazolyl)ainino)sulfonyU[l,1'-
biphenyl)-2-yl)methyl)-S,5-ditluoro- I I N-methylbenzami~e · .....-N..Me I 

96 4-Acetyl-]';-1(4-((2-butyl-4-oxo-l,3- ytY- I i-48 
diazaspi.-of4.4]non-1..:en·3· · 

yl)metby1)~2'-((CS,4-dimethyl-5-

isoxazo~I>am~o)sulfonylJ.11.l'· 
bipben..vIJ-2-yJ]methyl)-:N'- · 

methylbenzamide . · · .;N...Me 

97 N-1(4.,.1(2-Butyl-4-oxo-l,3-

~ 
3.63 

diazaspirol4.4)non-l~-3-
yl)methyJJ-2'-(((3.+.dim.ethyl-5- . 
isoxazoJy])Bnrlno)sUlf0nyl] 11,1' • /N..Me OEt 

bipbenylJ~~ylJmetbyJJ-~axy-N- ·· 
methyl-2,~ophenecarboxamide 

The following ex~ples were synthesized by combinati!>ns of the General 

Methods. 
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E 8'''· r· ,i'f:r;' s ~*~~~~·;~~· i . 
T 

x T A General 

A R N R Method 1\1/z HPLC BPLCrei 

u A I T s <MR>• q, time, min 
M I Applied Purit)· I method) 
p c M N (yield, 

L T E G ~) 

E u M 

R A 
T I 

E E 

I R 
I 
A 
L 

98 

~ 
4'-((2-Butyl-4-oxo- PIS 4, 7 535 >98 15.00 

I 

1,3- C32) (!) 

~ 
diazaspiro (4.4}non 
-l-en-3-yllmethyl)- J 
N-C3.4-dimethyl-5- . 

isoxazolyl)[l,l '- I 
biphenyll-2- i 

I sulfonamide I 

991 ~~ 
4"-(C2-Butyl-4-oxo- I 123 24167,. 656 ; 98 I 14.58 

i ! I 1,3- I CEJ 
diazaspiro(4.4Jnon I 

; 

~~ I i 

• l·en-3-yl)methyl)- I N-C3,4-dimetbyl·5· 
isoxazolyl)-2' • I i 

I I 
(tpropylsulfonyl)a j 

mino) (1,1'-

I I 
biphenyl)-2- I . 
sulfonamide ·1 

I 

100 JYA,,. N-[[2'-(((3.4- P17 5,6 556 >98 16.27 I 0 Dimethyl-5- (16); CF) 

~ 
isoxazoly))amino)s 9(60) 

ulfonyl) (1,1'- I bip~yl}-4-
I yl)metbyl)-N-Cl-

I oxopentyl)-L- I valioe methyl 
I i ester I 

101 JyA: N~ll2'-[((3,4- 100 15(40) 542 >98 13.55 
I 

Dimethyl-6- (F) 

~ 
isoxazolyl)amino}s 

ulfonyl] (1,1'-
biphenyl)-4-

yl}metbyl)-N-(1." 
oxopentyl)-L-
valine methyl 

ester 
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108 

1Q4 

105 

106 

N..f3.4-Pimeth;vl-5-
isoxazolyll-2'-l<3,3-
dimethyl-2-ox.o-1-

pyrrolidinyl)methy 
1J-4'-IC2-propy1-4-

oxo-l,3-
diazasp.~f4.4)non 

"1~en-a­
v11methylll1,r­

.• bipl)enyll-2· 
sulfonamide 
N-ff2'-((C8,4-
Dimethyl-5-

isoxazolyl>amino)s 
ulfonylJ-4-1(2-
. etby)-5, 7-

dimethyl-8H­
imidazor4,5-
bjpYrldin-3-

I 
yl1methylJl1,l'­

biphenyIJ-2· 

I
I yijmeihyl]-N,3,3-

trimethylbutanam 
·~. ide 

N"-('(2'-llC3,4-
Dunl!t.byl-5-

iso.xazol);J)amino)s 
ulf~'nylJ[l~i'­
bipiienylJ+ 

yl)m~yll-N2•Cl· 
· oxopentyl)..L­
. valinalnide 
. N''-(12'.;,11(3,4-. 

Diibetbyl-6-
isoxazoJyJ)amino)s . 
. . ulfonyJ)(l,l'­

biplienyl)-4-
yl)metbylJ-N· 
inethyl~~.;.(1-
!)XOpentyl)-J... 
valinamide 

N"-'[12'-(((3,4-
DimetbYl-5-

isoxazDlyU~ls 
ulforiy1J11.r" 
biphmiyl)-4-

yl)inet.hyll-N,N- . 
dimethyl-N'.:.Cl­
oxapentyl)-L­
,\"alinamide 

.. -150-
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SC . 4 (65); 646 I 97 

. 101 

I . , 
I . 
I 

19,l 
(70); 

5 (86); 
9(50) 

I . 
i 

4 (821: I 657 I >98 
7,6 I 

(80) 

.• 12. 
I NH. I 

(70; I 

541 ! 98 

I 
I 

101 12, 555 98 
~e}l}f,,. I 

(67) 

101 12, 569 94 
Me,NH 

·(12) 

7.92 
(E) 

25.46 
(B) 

11.89 l 
CB} I 

I 
11.27 

CF) 

12.28 
CF) 
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107 

~ 
4'·[(2-Butyt-4-oxo- P4 .. a <so>; 646 >99 3.46 ... ., '{.·~·.-

1,3~ 4·(37); (A) 

-~~~ 
diazaspiro(4.4]non 5 (56); 
• 1-en-3-yl)methyl]- 8, ' 
N-(3,4-dimethyl-5- EtOH 

isozazolyl)-2'- (81) 
IIC2,2,2-

trifluoroethyl)ami 
no)methyl] (1,1'· 

bipheoyl)-2-
sulfonamide 

108 

~ 
4-IC2-Butyl-4-oxo- llO 15(62) 578 95 3.16 

~~ 
1,8~ (A) 

diazaspjro(4.4)non 
-l-eii-3-yl)methyl]-
2'-[1(3,4-dimethyl-

5-
isoxazolyl)amino)s 

ulfoilyl](l,l'. 
biphenyl)-2-

carboxvlic acid 
109 

~ 
4'-IC2-Butyl-4-ox0. P9 4 (60); 603 94 2.33 

l,S. 10 (90) (D) 
diazaspiro(4.4)non 
-1-en-S-yl)metbyl)-
N-(3,4-dimethyl-5-

isouzolyl)-2'-
(trifluoromethyl)(l 

,l'-biphenyl)-2-
sulfonamide 

110 

~ 
4-((2·Butyl-4-oxo- methyl 13,4 593 96 3.42 

'1,3- I-bro- (61); (A) 
diazaspiro(4.4Jnon moo&- 1 (50); 

methyl-
-1-en-3-yl)methyl}- bell so· 8, 
2'-UC3,4-dimethyl- ate MeOH 

5- . (34) .. 
isoxazolyl)aminoJs 

ulfony))(l,_l'-
biphenyl]-2-

carbm:ylic acid 
m..t'lnil eater 

111 

~ 
4'~((2-Butyl-4-oxo- P2 4 (58); 579 >98 16.26 

1,3- 7(58) (E) 

~~ diazaspjro(4.4)non 

- I -~· P'"( 
-l-en-8-yl)methyl]-
N-<3,4-dimethyl·5-. 

o~ 1. - isomolyl)-2'· 
(methox,methyl)(l 

,l'·bipheny1)·2~ 
sulfonamide 
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112 

~ 
4'·IC2-Buty.k-oxo- PU 4 (82>; 553 >99 25.90 

1.s. 7(85) CB) 
diazaspiro(4.4)non 
• l ·en-3-yl)methyU-

, . Mt 
N-(3,4-dimethyl-6-.. isoxazolyl)..2'-

flu9J'O(l,l'· 
biphenylJ-2· 
sulfonaniide 

113 ~.~ 
2'..(Cyanomet.hyl)· P12 16,3, 4 555 97 3.16 
N-CS,4-dimethyl-5- (85);8, (A) -§+. isoxazlJJylJ-4'·1<2· EtOH 

ethyl-5,7- (81) 
dimethyl-SH· 
imidazol4,f>· I 

bJpyridm•S· I yl)methyl] (l,l 0· 

I biphenyl]-2· I 
sulfonamide I 

114 

~ 
4' ·IC2•Butyl~·oxo- P12- 16, 3, 4 , 574 

I 

96 ;. 
3.36 l I i I 

U· .. (35);8, ! 
I <Al I c: diazasr)il'.of4.4}non EtOH I 

1;· . t:~Mt 
-1-en·S~yl'!methyJJ. 1 

. C52) I i 

I 2'-CcyanomethyU- ' i i i 
N-(3,4-dimethyi-5- I I iSOX!l2;0lyl}(J,l'· I I 

biphepyl)-2- I sulforiamidt> 
115 

~ 
4'-IC2~J3utyJ-4-oxo- PS 3 (88): ; 560 >97 I 3.31 

. 1.3- 4 (45); I <C) 

• c~ 
diaz~piro(4.4Jnon 10 (40) 
-l·en~S~yllmethyJJ-
2'-(cyanomjilthyJ).. 

. H · .. · . N-C3,.-d:imethyl·5-
isox!WJlyl)(l,l'· 

biphenyl)-2-
sulfonamide I 

116 

~ 
4'·1<2~Butyl~-oxo- P'7 11 ' 549 98 27.21 

: 1.3- . (83); CB) I diazaspirol4.4]non 2187); 
·l·eD·~-yl}methyl)- 4 (70); 
N.(3,4-~i:111ethyl·5· l {85); 

isox~olyl).2'· 7(20) 
methylll,1'· 
biphenyl1·2· 
sulfonamide 
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117 

·~ 
Z-Cyan0*-(3,4- PS F ~;(88)- I 541 98 3.10 I r··· .. ·-- .. I dimethyl-5· 4 (45); I (A) 
isoxazolyl)-4' -((2- I 10 (88) I I 

I 
ethyl-5,7- I dimethyl-SH-

imidazo(4,5- I I i 
b)pyridin-8· 

i 

I 
yl)metbyl)ll,1'- I biphenyl)-2· I sulfonamide 

.... 

118 

~ 
N~-112'·[((8,4- Pl5 5 (89): 569 >99 2.15 
Dimethyl-5- · 6 (92); CH) 

~ 
isoxazolyl lamino)s 10 (30) 

I ulfonyl)-2- ! 
methylll,l'- l 

~~ 
bipheny])-4- I 

ylJmethylJ-N- I 

methyl·N'-c 1- I oxopentyl)-L- ! valinamide I 
119 ~· I N-<8.4-Dimetbyl-5- ! P4 3190J: s27. I 89 3.10 

r'. isoxazolyl)-4'-((2- I 4149); i CA) 
5 (83}; I 

~ ' etb>l-6.•· ' I Mo ' . .-
10 Cl5l I "'~ I dimethyl-SH- I 

~ I • 
0

d f40 ,.. u:ru azo , • 
.. bjpyridin-8- . 

. w yl >methyJ)-2 ... 
[[(2,2,2-

trifluoroethyllami 
no)methyl) 11,l '· 

biphenylJ-2-
sulfonamide 

120 

~ 
N-£4-[(2-Butyl-4· 122 6(27) • 666 97 14.97 

oxo-1,3- I (I} 
diazaspiro(4.4)non 
-l·en-8-y]}n1ethy])- I 
2'·([(3,4-dimethyl-

I 

I 
5- I 

I 

isoxuolyl)amino)s I 
i I I ulfonyQ(l,1'· i I ! biphenyll-2- I ! 

yl}benzene- I I 
acetamide I 

121 

~ 
N-14-((2-Butyl-4· 122 I 6 (36) 648 >98 16.38 

oxo-1,3- (I) 
~ f 0 

diazaspirol4.4]non 
-1-en-S-y])methyl]• 

..... ~I-~· fl 2'-(1(3,4-dimethyl-

0-= 1. Me 5-
isoxazolyl)amino]s 

uJfonyl)ll;l'· 
biphenylJ·2-yl]-3,3-
dimethy1butanami 

de 
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122 

~ 
2'-AmiDo-4'-IC2- 123 18(75) i 550 >98 8.39 (1) I 

butyJ+mto-1,3- I 
I 

~ :~ 
diazaspirof4.4Jnon 

I -1-en-3-yl)methyl}-
N-CB,4-dimethyJ-5-

isoxazo)y)){J ,1 ' - I 
biphenyl)-2- I sulfonamide I 

128 

~ 
4'-IC2-Butyl-4-oxo- P22 7C931 I 580 >98 11.17 

1,3- I CJ) 

i ~ :~ 
diazas(lirol4.4]non i -1-en-3-yJ>methylJ- I 
N-CS,4-dimethyl-6- .. 

isoxazolyl)-2'- I 
nittoll,l'· I 

biphenyl)-2- I 

sulfonamide ! 
124 I.! 

H N"-112'-IJ(S,4- PIS 5 (85J; i 541 I 96 1.00 
I ••HH Dimetllyl-5- 6, 10 CGl I( isaxazolyl)amino)s {62) 

I v Mir 
wrony1J11.r-

l 
D~ 

biphlQ!yl)-4- I ! s.:i; ~·· yl}~&thyJJ-N-i I I 
M I met.)ijrl- N2,.c1. l 1 I 

oxopiopyl>-L- i isoleucinamide 
125 

* 
.· ·N=, Pl& 5(851: 553 96 1.09 I (Cyclopropylcarbo 6.10 CG) 

t>-{ 

~ 
nyJ)- N'-Cl2'-[[(3,4- C62J 

. dimethyJ-5-
isoxaZolyJ)amino}s 

~lfonylJll,l'-
· biPhenyJ}4 
j)Jmethyl)-N-

methyl-Ir 
isoleucinamide 

126 
~ 

N''~Cl2'-((CS,4- PIS I 5 C85J: I 617 96 1.63 
'°"H Dimethyl-5· · s. 10 I (G) 

·ue :isoxazolyl)amino)s C64l I 
UlfOl)ylJ (1,1 '. 

°'~Me 
biph.enyl}-4-

YlJIDethylJ-N-
methyl- N'-U-oxo-
3-phenylpropyl)-L- .. 

isolwcinamide 
127 

~ 
~-1{2'-(((3,4- P16 5 (85); 569 98 1.47 
·Dimethyl-5- 6~ 10 CG) 

isox~yl)m,nino)s (58) 
uJfonylJll,1 '· 

Or bi~l)-4-
Mt yl]metby)]-N-

.H . methyl- N1"13· 
metbyl·l· 

oxobutyl)-1.r 
jsoJeucin&mide 

; . -154 -
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128 

? 
Nl-112'-11<3,4· Pl6 5 (85); 583 98 1.74 
Dimethyl-5- 6,10 (G) 

isoxazolyl)amiilo]s (75) 

ulfonyl)[l,l' • 

~~ 
biphenyl)-4-

yl)metbylJ-N-
methyl- N'-Cl· 
oxohexyll-L-

isoleucinamide 

129 M~~I 
N2-ll2'-([(3,4- Pl6 . 5 (85); 555. 95 1.31 

·~ 
Dimethyl-Ii· 6, 10 (G} 

isoxazolyl)amino)s <62) 
ulfonyl] 11,l' • 
biphenyl)4 

yl)methyl)-N-
methyl- N'-n-
oxobutyl)-L-

isoleucinamide 

130 N'-112'-!1<3,4- P16 5 <88); 541 90 1.01 

I 
Dimethyl-5- 6, 10 CGl 

isoxazolyl)amino)s (75) 
ulfonyll(l,l'· . 
biphenyl)-4-

yl)methyll·N· 
methyl- N'-Cl· 
oxopropyl)-L-
leucinamide 

131 N"- Pl& 5 C83); 553 95 1.11 
( Cyclopropylcarbo 6,10 <G> 
nyl). N'-112'-[((3,4- . (79). 

dimet.byl-5-
isoxazolyJ)amino)s 

Ml ulfonyl](l,l'-
biphmyl)-4-

yl]metbylJ-N· 
methyl·L-

leucinamide 
132 N"-([2'-1((3,4- Pl6 5183); 617 95 1.08 

Dimethyl-5- 6,10 CG) 
isoxazolyl>amino)s C20) 

ulfonyl){l,1'~ 
biphmyl)-4-

yl)methyl)-N· 
metbyl-N'-Cl-oxo-
3-phenylpropyl)..L-

leucinamide 
133 

~ 
N'-[(2'-1((3,4- . P18 5 (83): i 603 95 1.68 
Dimethyl~5- 6~ 10 CG) 

isoxazolyl)amino]s (20) 

~ 
ulfoeyl)(l,l' .. 
biphenyl)-4-

yl)methyll-N-
methyl-~-

(pbenylacetyl)..L-
leucinarnide 
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134 ~· N'-[(2'-(((3.4- P18 5 (83); 569 90 1.51 
DbQethyl-5- 6,10 CG) isoxazolYl)aminO)s (62) 

gl~. ulfon1n11;r-
J)j fum 1)4-. P ... Y . 

·ylJ~ethyJJ-N· 
Diethfl~ N'-<S· 

metbyJ-1-
oxof:illtyl)-L-
'leucinamide 

185 N1-U2q{(s,4- P16 5 (88); 588 97· 1.76 
!)undjyJ-&- 6, 10 (G) i11oxilzoJYJ>mDmoJ11 (47) 
ulfo#ylJ11,r. 
bi~nyl)-4-

yl)methylJ-N· 
nietbYl- N'-(1-
·~a~~}L-
leuclnamide 

136 

~ 
N1·1~·.:.m3;4- Pl6 5 (83); 555 94 1.29 
DiJ#lithyl~- 6, 10 CG) isoxiw)lyJ)ammo)s (64) 

~ 
aj!OiiYIH1,l '-
bi:P~nylJ-~ 
yl)~~U~N-
niflthYl;; N'-(1-
· C>Xl)butyt>-tr 
· 1eudnamide 

18'1 N'~((2'.;[((3;4- Pl& 5 (89); 527 90 0.73 
·Dimethyl~~ 6, 10 CG) isoxazOlYUmlimoJs (39) 
· ulf._Y:1ui;r-
·:bip}iltiiyl)+ 
yl)methylJ-N-
m~1;N'-c1-
i)X~lr 

·. · valinamide 
138 .. i:N'-· ·:· Pl& 5 (89); 539 98 0.89 

< cy(;iol?J'.oJ)yleilrbo 6,10 CG) nyl)- Jf'.:((2" .. [(~3,4- (66) 
diJDethy·~~ 

ism&ZOlYl~o)s 
~llfl.1'-
.~ll+ 
YU.iet)iy~J-:N-
·~~e· 

! 
; 

·,.• 

.. 
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139 

140 

141 

142 

148 

144 

N' -ll2~f(-3,4-
Dimethyl-5-

isoxazolyl)amino)s 
ulfonyl)ll,1'­
biphenyl]-4-

-yl)metbylJ-N-
methyJ- N2-<l-oxo-
3-pbenylpropyl)-L­

valinamide 
N1-((2'-(((3,4-
Dimethyl-5-

isoxazolyl)amino]s 
ulfonyQ(l,1'­
biphenyl]-4-

yl)methyl)-N-
metbyl- N'­

(phenylacetyl)-L­
valina.lilide 

N' -((2'-(((3,4-
Dimethyl-6-

isoxazolyl)amino]s 
ulfonyll(l,1'­
biphenyl]-4-

yl]methyl)-N-
methyl- N1 .(8-

metbyl·l­
oxobutyl)-L­
valinamide 

N'-[(2'-(((8,4-
Dimethyl-5-

ismazolyl>amino)s 
ulfonyl]{l,1'­
biphenyl)-4-

yl]methyll-N­
methyl- N'-Cl-
D.J:obezyl)-L­
valinamide 

N"-112'-(((3,4-
Dimethyl-5-

isoxazolyl)amino)s 
ulfanyl)ll,1'­
biphenylJ+ 

yl}methyl]-N-
metbyl-N'·<I· 
mobutyl)-L­
valinamide 

N'-[[2'-(1(8,4-
Dimethyl-6-

isoxazolyl)amino)s 
ulfonyl)[l,1'-. 
biphenyl)-4-

yl)methyQ-N­
ethyl- N'-Cl­
ozopentyl)-L-
valinamide 
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145 

~~ 
N2-[12'-(1(3,4· Pl7 Q (87); 625 >98 22.19 
Dimethv1·5· 6 (93); {F) isoxazolyl)~inols 9 (65); 

§~: ulfon.yl)(l,l'- 15 
bipb.enyl]-4- 185>: I 

yl}methy))-N- 12 (65) ! 
hexyl- N2.,c1. 

I 

I oxopen~)-~ I 
I 

·valinamide I 

146 M N'~ll2'-11(8,4- P3 17 580 :>98 3.78 I 
I 

11 D~ethyl-5- (58); CC> I ljMe isoxazOlyJ)asnino)s 5,6 
ulfanYll·2· . (49); 

N O·& ~oll,1'• 10 (14) i 
( . Mt biJlllenYlH· ! ... • y)jm~l)-N- ! 

I 
metJiYJ~~ -Cl· ! I C)X(>peJ>,tyl)-J.... ~ ! v&linamide 

147 

~.{.~Me 
I N~-(12'-(((3,4· I Pl· 5 (77); 585 94 3.82, I i IlliJleth . :l,.6- 6(92>; .. . .. y. . 3.90 I 

~~ 
I isoxaZQly1>111nino)s 10 Cl7) ' IA) ulfopyJ},2· I <two di-j hyclrQ~e~yl(U 

~-biphenyl)-4· i astere-
yll~et)l.vl.)·N- I omers) 
m~l-lf-Cl· i oxopcmtYl>-L- I 

I ·. v&linamide ! 

148 

~ 
4·(C2"'.'B~tyl:4•oxo- 108 12 (33i 578 99 3.16 

. 
i 

. ·:.1.a-... (AJ 
diaz~itof4,4)non 
-1-en~~-yl)JJi~yJJ. 
2·-nta;+.Ji1'1ethyl-

· .. • :{ ;1;~/ ·.· 
isoxaaolyl)aiiljnois · I uJt:c>ny1u~.r- I 

I J:>iphehil)~2-
cafboX!Unide I 

149 

-~ 
N.N.;Dimethyl--4· 108 12 (61) 606 99 3.22 I 

(<2-butYi~OXo-1.3· CA) I 
I d" ·. ' ; .·. (4.4Jnon i ~-··· 

-l~*yl)lll~l]· 
2· ~m~~4-m,~et1i11-

. , .. ., .&, .. 

is~t:tto)s 
biPJ11~nl'IJ~2-
carboxamide 
.. ~ 

:-158-
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150 

~ 
N-M~l(2-· 108 : .:',~~,_(93) 592 99 3.17 
butyl-4-oxo-1,s- CA) -4yt- diazaspiro(4.4)non 

-l-en-3-yl)methyl}-
2' -(((3.4-dimethyl-

5-
isoxa:zo}yl)amino}s 

ulfonylJll,l' • 
biphenyl]-2-
carboxamide 

151 ... -:;o N -CS,4-Dimethyl-5- P2 11 577 >98 

I 
11.58 

isoxazolyl)-4'- (87); (E) 

~ 
((1.4,5,6,7,8- a cs8>; 

hexahydro-8-oxo- 8(42) 
2-propyl-1· I 

cycloheptimidazoly · 
limethyll-2'-

<methoxymethyl)ll 
,l '-biphenyll-2· I 

sulfonamide I 
1521 ~:. 

I N-!3.4-DimethyJ-5- ! PIS 4 C20); I 508 I >98 22.83 I 

1 
isoxazoJy))-4'-[[(3- i 7 (27) I ~ CB) I ! 

I 1~-
· methoxy-2.6· I ; 

dimethyl-4- I I 

pyridinyl 1oxy)met 
I 

hyl)-2'-methylll,l'-1 
biphenyl)-2-
sulfonamide · 

153 N-!3,4-Dimethyl-5· P13 21 547 i >98 23.29 . ... 
isoxazolyl)-4'- (60); CB) 

0 ((1,4,5,6,7,8- 7 (20) 
bl!Xahydro-8-oxo· 

M• o,~ 2-propyl-l-s... Me cycloheptimidazo)y .. 
Umethyl)-2'-
methyl[l,l '-
biphenyl]-2-
sulfonamide 

154 ~· 
N1-[(2'-[[(3,4· I P20 5 (90); 599 >98 12.71, 

Dimethyl-5- I 6 (90); 12.95 (F), 

~-
isoxazolyllamino)s 7 (42) migrates 

· ulfonyl)-2- u 

(metboxymethyl)[l diastere-

,1'-biphenyl]-4-
omers 

. ylJmethylJ-N-
methyl-N' .(1-
ox0pentyl>-L-
valinamide 

-159-
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155 N-<3.4-.Dimetbyl·5· PH 21· ! 568 >98 2.99 ... I isoxazolylk' • (29); 
I (A) c [(l,oi,5,6.7 /!J- 8. I 

~ hexah,.vdro-kxo- EtOH I 

--er~~Me 2-propyl-1- (32) ! 
cycloheptimidazoly 

.1 l)meth.vlJ-2'-
Chydroxymethyl)fl, 

I l" ~biphenylJ-2· 
s.ulfOJJamide I 

156 l~ 2'-Chlqro-N-C3,4- PlO 4,8 ' 553 97· 1.69 • 
dimethyl-5- {38) I 

I CD) 

'~+ 
isoxazolyl).4 '- I I i [1(6,6,7,8-

tetrahydro-2-ethyl-
I 
I 

4- i 
quinol~nyl loxy)met I bylJ r1:11-biphenylJ-

2-sulfonamide I 

157 J.;(" N"-ll2'-llC3,4- PS I s (30); i 573 >98 30.02 i Dimethyl-5· ; 6134); I (B) i isoxazolyllamino)s I 71451 ! :g I 
ulfonylJ-2· I t 

I I i fluorol 1.1'· I ' i ' 

~~~ biphenylJ~- i 

yl)!Q~yl)·N· 
metbyl-N1 ·Cl· 
~opentyl)..L-
valinamide I I 

158 

~ 
4 ·-112~Buiyl+oxo· 42A a !70J: 641 94 19.91 I . 1.3~ 22 (I) 
diazaaplr0(4.:4)non (68); 
-1-en+yllmethyl}- 7 (76) 
N-C3,4-d,imethyl-5-

isoxaZc>lyD-2'· 
CphenoX)'Jnetbyl}[l 

,l '-biphenylJ-2-
I sulfonamide 

159 M~·· N" ~n21-(((3,4- Pl 5 (77); I 635 95 4.08 
DmaetbyJ-5- 6 (92); CA) .... -.. -i:,;... isoxa20lyl>8mino}s 3 (99); 

.("!o . ulfmiyll·.2·ClH- 4 (69); 
pyrazol-1- 23 (18) 

~ 

o,~ ylmethy~)(l,l '· 
biPJienyJJ-4-

yJJin•thylJ-N- . 
m~t.byl-N"-u-
~0perityl).L-
valinamide 

-160-
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. 
160 ~· 

N'- Pl& 5 (85); 553 88 2.58 
(Cyclopropylcarbo 6, 10 CD) 

~ 
nyl).N' ·ll2'·!1(8,4- (28) 

dimetbyl-0-
i11oxazolyl)amino)s 

· ulfonyl] (1,1'-
biphenylH-

yl)metbyl]-N,N· 
dimethyl-I.-
valinamide 

161 ~· 
N'-([2'-(((3,4- PH 5 (85); 555 93· 2.82 
Dimethy)-0- 6,10 (D) 

~ 
isoxazolyl)amino)11 (33) 
I ulfonylJll,l'-

biphenyl)-4-
yl)methyQ-N,N-
dimethyl-N'-Cl· 

oxobutyl)-L-
valinamide 

162 

~ 
N'- P2 5 (60); 597 >98 2.50,2.63 

(Cyclopropylcarbo 6,8, ' (D) 

nyl)- N'-([2'-(((3,4- EtOH (migrates 

~~ 
dimethyl-5- (56) 811 

ism:azolyl)amino]s ctiast.ere-

uJfonyl)-2-
omen) 

(methoxymethyl)[l 
,1'-bipbenyl)-4-
yl)methyl)-N,N-

dimethyl-I.-
valinamide 

168 ~· N' -U2'·1lCS,4- P.2 5 (50); 599 96 2.92,3.02 
Dimethyl-0- 6,8, (D) 

~ 
isoxazolyl)amino)s EtOB (migrates 

ulfonyl)-2- (59) BB 

(metbozymethyl)(l diuter. 

- I.1• rt ,1'-bipbenyl)-4-
omen) 

0 : 1. - yl)methylJ-N,N-
dimethyl-N'-(1-

osobutyl)-L-
valinamide 

164 r-"i"* N' -(12-Cbloro-2'- PG 5(69); 590 96 3.03 
..,, T.,, [((3,4-dfmethyl-O- 6,10 CD) 

--~ 
iscmuolyJ)amino)a (60) 

ulfonyll[l,1'-
bipbenyl)-4-

yl)methylJ-N· 
methyl-N'-(1-
o.zopentyl)-L-
valinamide 

-161-
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166 N2-H2'·llC3,4- P6 5(80); I 623 95 2.93,8.06 I 
Dimethyl-5· . 6, 10 (D) 

isoxazolyl)amjno)s (88) (migratea 
Ulfonyl)-2- . as 

(trifiUorOJDethy))(l diutere-

;1°-bi~)-4~ omers) 
Ml 

yUmet.bylJ-N· 
methyi~N'-(1-
0xopentyl)-L-
valfuamide 

166 ·: N'· . Pl6 5 (85); 553 98 2.82 
(CycloblitYlc:arbon 6,10 (D) 

yl)-N1 ~({2'·11<3.4- (35) 
. dllDeth t-5-

i8oxazolyJ~)s o.& ulfony)}[l,1'· 
. Me biplieeyl)-4-H : 

· yJ)niethylJ-N· 
metJi~-L-

valiiilimide 
167 1-((2-ChJor0-2'- PlO 22 558 >98 3.04 

ma.+-dim~1-s- (60); (A) 
isoxazolyJ)amhio}s 8, I 

· uif°":Yuc1~r~ EtOH i 
. bipbenyl)-4- C90); 

I 

yl}methyl)~yl· 15(99) 
. ~p~oPjrj-1i1:. 
imidiizol~ 

carl:icmvlic';acid 
168 4'-!(2-~utYl~o- 122 24 (25) 628 >98 11.48 .. ·. ·.1.a~ .. (E) 

diaz~!4~4)non 
-l~y)}mei:hyl]-
N-UL4~lliietb: I+ 

Mt -~u.;. 
((m~~J)a 
. ~J.(1,1\ 
. 'biJ#.tiyl]-~ 

' sultoii~de 
169 

~·· 
<S);.N~[(2'-(((8,4- 101 12 (48) 624 >98 28.26 
Difd~l.:&- (B) 

isox.W,iYi.>a.nnnoJs 

-~~ 
~ 

JJm~lJ;..N .. (2. y .• , .. _ .. · .. '·; 
me!h.11·1•[(4-

pi~~I~· 
ylJpiop;UJ*ltaa 

' : '0iriide' .. 

. 
-162· 
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170 ~,· .. 1 (S)-N-(12!.1[(3,4- 101 . , ,12'CSO) I 609 >98 34.45 , 
Dimethyl-5-

. ·~ . ·~ ,. 

isoxazolyl)amino]s 
<B) 

~ 
ulfonyU 11,1'-
biphenyl)-4-

yl]methyll-N-12-
metbyl-1-[(4-

methyl-I-
piperazinyl)carbon 
yl)proi>yl)pentana 

micle 
171 

~ 
N-CS,S- 101 12 (38) 625 >98 33.97 

D:imethylbutyl}- CB) 
N2-U2'-llCS,4-
dimethyl-5-

~ 
isoxazolyl}amino)s 

. I ulfonyl)(l,l'-
biphenyl]-4-

yl)methyl)-N2 -Cl- I 
oxopentyl)..L-
valinamide 

172 N2-ll2'-([(8,4- I 101 12 (38) 649 >98 32.90 
Dimetbyl-5- CB> 

isoxazolyl>amino)s 
ulfonyQll,1'-
biphenyl]-4-

Ml yl)methyl]-N-((4-
fluorophenyl)meth 

yl]-~-(1-
oxopentyl}-L-
valinamide 

1'13 

~ 
4'-1<2-ButyJ+oxo- 42A 2(67); 607 97 13.59 

1,3- 4 (51); (E) 
diazaspiro(4.4lnon 7 (62) 
-1-en-3-yl)methyl)-
N-C3,4-dimethyl-5-

isoxazolyl)-2'-
((metbylethoxy)me 

tbyQ[l,1'-
bjphenyl)-2- I 
sulil amide I 

174 4'-1<2-Butyl-4-oxo- 42A 2 (67); ' 607 >97 20.61 
. 1,3- 4 (49); (E) 

diazaspiro[4.4]non 7 (68) 
-1-en-3-y))metbyl]-
N-CS,4-dimetbyl-5-

isouzolyl)-2'-
(propoxymethyl)[l, 

1'-biphenyl)-2-
sulfonamide 

-163-
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1'15 ~~ 
4-Chloro-1-112'- P19 22 I 529 >98 3.69 i 

(((3,4-dimethyl-5- (87); CA) I 

~ 
isoxazolYJ)ammo)s 25 I I ulfonyl)ll,l'- (47); 

biphenyl)-4- 8,11,0 
· yl]metbylJ-2- 199); 

prilpyl-lH- 12(35) 
imidazol~-
carboxamide 

176 

~ 
N-C3,4-Pimethyl~5- PS 2l I 551 >98 5.78 (J) 

isoxuoJyll-2':- (15); I 
fluoro-4'- '1 (16) 

I< 1,4;5,6, 7 ,8·. 
n._ hexahydro-8-oxo-

o~l.Mlt 2:-propyl-l- I cycloheptimidazoly 
l)metbyl][l,1'-
bi~y1)~2-
sulfcinaiilide 

177 ~ 
4'-1(2-B~tyl-4-oxo- 42A 12 (67): ; 642 >97 13.59 

1,8- 4 c12>; I (E} 
I 
I 
I 

Q~ 
diazaspii:Ql4.4}non I 7 C21J ! I -1-en-a,;!l>methylJ- I I I 

0 . Me 
2'-[(1;2-'~ih.vdro-2-

H oxo-i-
pyriduiyl)methylJ-
N-(3,4-.cijlJJ,etbyl-5-

i&OxaiQiy]){l,l'· 
l>ip&nylJ-2-
sulfonamide 

178 

~ 
4'-[(~"Buiyl4:-ilxo- Pl 3 (98); I ·615 97 3.42 
' -~~- ' 

4, 11 (A) 
diazaspiro[4.4}non (35); 
-l-en-3,-yl))netbyl}- 3,4, 7 ' o, . N-<3,4-~ethyl-5- {13) 

. Ml 
isoxazolyl)-2'-{lH-. ti I 

pyrazol~l-
ylmethyl)(l,l'· 
bipb8Dyl)-~ 
sulfonamide 

179 2-ButYl~-chloro-l· Pit 22 548 94 3.82 
ft ' fl2'~([(3,4- (43); (A) I 

dimethyl-5- 25;8, 
isoxazoJYJ)amiiu>]s 11,0;12 

·0·~ u)fc~11ylHl.l'.: (19) 
bipji~l)-4-H . 

yl)D)~lJ-lH-
imidazote-s~ 
carboxamide 

•.· 
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180 ~-·'.'. N-C:S,4-Diiftethyl-5- P18 :: ... ~1<79r; 500 98 22.4 
; 

isoxazolylM'·H<2· : ·s, CB) I 

~~-
methyl-4- EtOH 

quinolinyl)oxy)met (26) 

hyl)[l;l'·biphenyl)-
· 2-sulfonamide 

181 E~ N-C3,4-Dimethyl-5- P18 I 4 <49); 514 93 23.25 
isoxazOlyl)-4'-1((2- I a. (B) 

ethyl-4- EtOH I 

b 
. 

quinolinyl)oxy)met (30) 

I 
hyl)(l,l'·biphenyl)-

2-sulfonamide 
I 

182 E~ N-C:3,4-Dimethyl-5- PIS 4 (79}; 518 93 3.49 I isoxazolyl)-4'-(((2- 8, (A) 

b 
- etbyl-6,6, 7 ,8- EtOH 

tetrahydro-4- (3) . 

quinolinyl)oxy)met 
I hyl)[l,1'-biphenyl)-

2-sulfonamide I 
183 ~~. N-<3,4-Dimethyl-5- P18 i 4(47): 528 97 3.50 

iso::uzolyl)-4'-{((2- I s· (A) 

b 
propyl-4- EtOH 

quinolinyl)oxy)met I (20) 
hyl) (1,1'-biphenyl]. 

I 2-sulfonamide 

184 

ln 
N-<3,4-Dimethyl-5- P18 4 (79); 518 >98 3.06 

isoxazol.vl>-4'· 8, CA) 
[(5,6,7,8- EtOH 

tetrahydro-2,4- (20) 
dbnetbyl-7-

oxoJ)yrido(2.8-
0 :1 l. Me d)pyrimidin-8-

yl)methy)Jll,1'-
biphenyl]-2- I sulfonamide 

186 Ew 4 '-(((2-Ethyl-4- Pl8 4 (20); i 639 93 3.43 I 

quinolinyl)oxy)met 8, (A) 

~. 
hyl]-N-CS,4- EtOH 
dimetbyl-0- (33) 

iisoxazOlyl)-2'-((8,3-
dimethyl•2-oxo-l-

pyn'Oliclinyl)methy 
l}(l,1'-biphenyl]-2-

sulfonamide 

-165-
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186 El:(O N-<3;4-Dimethyl-5- Pl8 4 (68}; i 643 92 3.79 
isoxazolyll-2'·1<8,S- s, I CC) 

~~ 
dimethyl-2-oxo-1· EtOH j 

pyrrolidinyl)metby (8) I 

11-4'-(((5,6, 7,~ 
tetrahym-o"-2-ethyl-

4-
qujnolinyl)oxy)met 
hyl)(l,l'~bipheQyl)-
· 2-snlf'onamide I 

187 

r 
S-((2'-(((3,4- 31 12(12) ! 544 92 2.80 
Dimethyl-6- CA) 

iaoxazolyllamino)s 
ulf0nyl)ll,1'~ 

~~ 
b.iphenyl)-4- I 

. yl)methyJ)-2-ethyl- I N-methyl-aH-
benzimidazole-4- I 

carboxamide I 
188 Er-/ 1-((2'-IJ(S,4, 

I 
31 . 20(55) ; 621 96 3.95 

Dimethyl-:5- I 
I (C) 

C"9" isoxazolyUam:bio)s I ulfonyl)(l,1 '- I 

t~~ . biphenyl)-4- I 

yl)metbylJ-2.-etbyl-
lH-beiminidazole-
7-earhQxylic acid 

phenylmeihyJ 
ester' 

189 

~ 
1·([2'·1lCS,4- 81 20(12) 635 >98 4.03 
Dinlethyl-5-. . (C} 

iaoxazolyl>amtnoJs 
uJfonyl}(l,l'· 

~ 
biphenyl]-4-

yl)methyll-2-ethyl-
lH-beilziniidazole-
7-c..-boxylic acid 

2-phenylethyl 
. esier 

190 E~ 
1-((2'·11<3,4- 31 20 (40) I 642 >98 3.15 
DimethyM>· {C) 

~ 
isoxazo)yl>amino)s 

u)fqnyl]{l,l'· 
bipbenyl)-4-

yl)metbylJ-2-etbyJ~ 
lH-benzimi<)azole-
7-carbosylic acid'. 
~o-1· 

pyrroliclinyJ)ethyl 
ester · 
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191 1-112'-[[(3,4- 31 20 (80) I 656 :>98 3.21 
Dimethyl-5· CC) 

isox8Zolyl)amino)s 
ulfonyl) (1,l'· 
biphenyl)-4-

yllmethyl) .. 2-etbyl-
lH·benzimidazole-
7-carboxylic acid 

3..(2-oxo-l-
pyrrolidinyl)propyl 

ester 
192 2'~yano-N-<3,4- PS 8,4 539 :>98 3.01 

dimethyl-5- (59); (C) 
isoxazolyl)-4'.([(2- 10(60) 

ethyl-4-
quinolinyl)oxy)met 

Me 
byl](l,l'-biphenyl)-

2-sulfonamide 

193 2'-<Cyanomethyl)- P12 16,3 l 572 96 2.96 
N-<8,4-dimethyl-6- (73); i (A) I 

isoxazolyl)-4'. 21 I 
((1,4.5,6,7,8- (46); I : bexahydro-8-mo- 8, ! 

2-propyl-l- EtOHC ; 

cycloheptimidazoly 16) 
Umethy]Jll,l'-
biphenyl)-2-
sulfonamide 

194 8•((2'-(((3,4- 40B 12, I 536 :>98 ·2.ss .. 
DimetbYl..S.: M~ CC) NltMe 

isoxazolyl)amino)s (12} 
ulfonyUll,1'-
bipbeayl)-4-

yl)metbyl)•5-ethyl-
N-methyl-2-
propy1-3H-

ilnidazole-4-
carboxamide 

19& 1-112-~2'- 167 12, 557 >98 3.08 
Nlto (((3,4-dimethyl-5- NH, (A) 

isoxazolyl)amino)s (17) 
ulfonyl)(l,1'· 
biphenyl)-4-. 

yl]metbyl)-4-ethyl-
2-pzopyl·lB· 
imiduole-5-
carboXamide 
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196 

t· 
3-((2'-([(3,4· 408 . 12, 522 >98 2.79 
Dimetbyl-5·. NHa (C} isoxazolyl)amino)s (16) 
ulfoiiyl](l,l'-

. t~Me 
biphenyQ-4-

yl)metbyl]-5~1-
2-pi:opyl-SH-
imidazole+ 
carbOxanude 

197 

~ 
3-((2'-llCS,4- 29 12, 560 >98 3.31 l PunetbyJ.§. M~ (A) 

isoxazolyJ)mnjno]s (32) 

·~~ 
uJf~l)[l,l'. 
bip}ienyl)-4-
y~)~l)~2-

eth~~N~m•l-. 
' 8H-b~mid8Zi>le-

..:w~~~iQe 
198 Eo-f ~-I l2' ".U<S,4- 29 12, 574 >98 3.42 

~~tb,y~~5~ Me.NH (A) I 
co~ isoxazolyl)anlinols I IS) I ulfon:Y•Jli,1;. i i I 

~~ bjl'henylJ:..~ I 
&,.H . Ml ylJ~~u-i-

. eth~~~~ 
dun~I411J-

beriZinlidazole-4-
. carbt>~~lcle 

199 ~H 
: 2-u12r~uca.~ PlS 4, 15, 7 521 99 23.4 

DiJMtb i~ (34) <BJ 

~~ 
ism~i:~iiioJs 

uliiiiiYlJ 11~1 ·-
mPJi~~· 

yl)methylJJ>J"OPYlB 
. DQDoJ.:i-

pyridi~~Jic 

200 

~ 
4'~'(3,~I,:>Jl:J.jltyl- P18 4,7 522 99 28.4 
lH-1~ 4,;trliiZoJ.1- (77) CB) ylliQ~)~N,-(3,4-
~;.o-

_i~=i2·-
: SUlfObaitilcle 

201 N.($,+..DJP.i@ifl-5- PIS 21,7 533 99 21.6 
-~~H'·. (65) (B) 

0 . C<:J,4~5.tS~ 7 ,a-
h~S-Oxo-

~~-
2'pi'Qpyl~l-

cycl0hept;iinid8.zoly H . 
l)m~lill,1'-
bi~yll-2-
sulfonamide 

.. 
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202 h . 'i./·-~. 4'-[(2,7~l)j,ethyl~ ' PlB,. :\'::~. 7· 505 99 21.8 .:-_:,_. 

sH-pyra~di.0(1,s- ·•":{SS) . 
CB) 

bl (l,2,4)triazol-5-
yl)methyl]-N·C3,4· 

~+ 
dimethyl-5-

isoxazolyl)(l,l '· 
biphenyll-2· 
stilfonamide 

203 

r:: 
N-(2-Butyl-S-{(2'· PlB 4,7 I 657 99 28.7 
11(3,4-dimethyl-6· {71) (B) 

isoxazolyl)amino}s 
ulfony1J(l,i'-
biphenyl)-4-

yl]methyl]-3,4-
dihydro-4-oxo-6-
quinazolinyl]-N'- I methyl-N'-Cl· 
methvJethvl)urea 

204 

~~-
2-1[{2'-[[{3;4- 199 12(~) I 534 99 23.8 
Dimethyl-5- CB) 

~ 
isoxazolyl)amino)s I ulfonyl) (1,1 '· I biphenyl)-4- I 

yl)meth_v)]propyla ! i 
mino]-N-methyl-3- ! 
pyridinecarboxami I de 

205 M~ u ... 4'-(1(3-Metboxy- P18 4 (59); 494 98 6.99 (!) 
Me 2,6-dimethyl-4· 8(74) 

pyridinyl)ox.y)met 
hyll-N·CS,4· 

o.~ 
dimetbyl-5-

isoxazolyl)(l,1 '· 
biphenyl)-2-
sulfonamide 

206 

~ 
N-cs;4-Diineth.vl-5- 20A 2 (82); . 619 96 14.02 
isoxazolyl)-2'-[CS.S· 4 (82); (E) 

~~ 
dimethyl-2-oxo-l- 8(31) 

pyrrolidinyl)methy 
1)-4'-[[CS-methoxy-

2,6-dimeihyl-4-
pyridinyl)oxy)met 
hyl](l,1'-biphenyl)· 

2-suJfonamide 
207 .. N-CS,4-Dimethyl-5- 20A 2 (82); 658 97 15.56 

ism:azolyl).2'-((3,3· 21,9 CE) 
0 dimetbyl-2-oxo-1-. (54) 

~l pyrrolidinyl)methy 
I -~~· 1)-4'. [(1.4.5,6, 7 .8-

hexahydro-8-oxo-
2-propyi-l-

cycloheptimidazoly 
l)methyij [1,1'· 
bipheny0-2· 
sulfonamide 
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208 N-<a,4~l)im~-S- P2 4 (45); i 538 99 10.60 .I isoxazolyl)-4'-([(8- 8 I CE) 
metl,umy-2,6- . (63) I 

dimetbyl-4-
pyridinYl)my)met 

.. byll-2'-
(me~etbyl){l 

,1'-bjphenyU-2· 
sulfoilamide 

209 

t 
3-112'~(((3,4- P19 22 494 >97 7.96 
Dimethyl-6- (35); (E) 

isoxazolyl)amino)s 7 (67) 
ulfooyl][l,1'· 

'~~ biphenylJ-4-
. H . y)JmethylJ-2-etbyl-

5-methyl-SH-
imidazole-4-
carbimmiide 

210 . 4'-((2-:Butyl~.4- PIS 4, 7 i 543 98 25.52 n 

.I 
dihydro-4-oxo-3- (18) (l) 

quinazolinyJ)meth 
. y)J~N..(3,4-

I 
~ethyl-5-· I 

isonzo}yl)(l,1'-
mplienylJ~ 
sulfonBJDidie 

211 4'·1C2~Butyl-4-oxo- 17 5(86) 660 98 14.51 
l,S-' (I) 

diazaapirol4.4}non 
-1-en-3-yl)methyl)~ 
N-c~.~-dimetbJl~ 

Me iso.X~l)."2'-l<S.S-
dim~l~2-axo-1-
py?ro~dinyl)niethy 
l] 11.1~~bipli8nyQ-2-

'aulfcmamide 
212 w..~n2·~ms,4- 20A 17 680 97 18.13, 

' DhD9thy1~ ', (80); 14.66(F) 
isoS.aZOJyl)aminoJs 5 (95); migrates 

ulfopyU-.•r<a.s- 6 (95); .. 
dun.•1-kio-1- 7 (42)' ctiaaiere-

~l)methy omen 

1) (l,l'.;~phieD.yl).+ 
yU~N-
m~?r-<1· 
ox~tYD-L- . 
vBliiiamide 

" 

: 
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218 M~ 4'-lC2-Bu!y1+oxo- 3 .·. '::~·(58) . 660 >98 24.60 
1.S- CB) 

~ 
diuaspiro(4.4)non 
-1-eo-S-yl)metbyl)· 
N-C3,4-dimetbyl-5-
isoxazo]yl}-2'-((4,4-
dimethyl~2-oxo-1-

pyrrolidinyl)methy 
llll,l'-bipbenyl)-2-

sulfonamide 
214 4'-((3,5-Dibutyl- 20A 4 {52); 647 97- 23.53 

lB-1,2,4-triazol-l- 9(67) (I) 
yl)metbyl)-N-{3,4· 

diniethyl-5-
iso.nzolyl)-2'-((3,3-
dimethyl-2-oxo-l-

pyrrolidinyl)methy 
lJ 11,1'-biphenyl)-2-

sulfonamide 
215 

~ 
N-(2-[(12'-(((3,4· 23B 5, 12 644 89 2.69 

Dimetbyl-5- (4); CA) 
isoxazolyl)amino}s 8C15) 

ulfonyl)-4-[(2· 
etbyl-5,7-

dimethyl-SH· 
bnidazol4,5-
b)pyrictin-8-

yl)metbyl}[l,1' • 
biphenylJ-2· 

yl)metbyl)methyla 
mino)etbyllacetam 

ide 
216 4-((2-Etbyl-5, 7. 113 8, 602 90 3.41 

dimethyl-3H- EtOH (A) 
imidazol4.~ (18) 
b)pyr:idin~ 

yl)methyll-2'· 
(((8,4-dimetbyl-5-

iaoxazolyl)amino)a 
ulfcmyl)[l,1'· 

bipbenyl]-2-acetic: 
acid eth eater 

217 ·U2'-U<8,4- 101 12(65) 583 >98 14.97 
Dimetb,yl-5- (F) 

iscmazolyl)amino)s 
ulfonyQ[l,1'· 
bipbenyl)-4- . 

yl)metbyl)-N' .(1-
oxopentyl)-N-

propyl-L-
valinamide 
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218 N;:t:;O . N 1-U?'·((C8,4- 101 12 (48) 625 >98 14.06 
Dimethyl+ CF) - - _.. isoxazolyl)amino]s - bQ ulfonylJll,l'. 
biphenyll-4-

-~ 1"t. yl]methy]J-N'.(1· 
U]l.Mt oxopenty~N-

ICtetrahydnJ..2- . 
furanyl)metbyJJ..L-

valinamide 
219 E~ 2'·Chloro-N-<S,4- PlO 4 (90); 549 98 1.68 

dimethyl+ 8(65) CD) 

~ 
isoxazolyl)-4' • (((2-

ethyl~· · . 
QUinolinyl)oXy})Det 
hyl]ll,1'-bipbenyll· 
. 2-sulfonauiidfi-

220 E~ N-<3,4-Di.methyl-5- P9 4,8 582 97 1.75 
isoxazolyl)-4'-{[{2- (30) (D) 

-~~ 
ethyl-4-

quinolinyl)oxy)met 
bylJ-2'· 

ctrifuioromethyl)(I 
,1'-hiphenyll-2-

sulfonamide 
221 

~ 
4'-IC2-Butyl-4-oxo- PIO 4,8 570 98 2.13 

:'l,3- (42) CD) 

c ~~ 
diazaspiro(4.4)non 
-l-en~3-yl)metby]J-
2'-chloro-N-(8,4-

. diiaethyl-S-
isoxuolyl)ll,l'·. 

bipheayl)•2-
sulfonamide 

222 

~~~~ 
4'-((2-Butyl+a&o- 42A 2 (67); 621 >98 23.07 

. 1,8~ 4 (49); CB) 
diazaspirol4.4)non 7 (85) 
·l-m-8-yl)metbylJ· - --"Cl~- N..CSµimetbyl•&-
iaozazolyl).2'-IC2· 

metbylpropoq)me 
tb)-llll;l'-

biPhenYJJ-2-
sulfonamide 

.223 

~ 
4'-((2-8\ityl-4-oxO' 118 24 (38) 642 98 14.82 ·1.a- CE) 

0 diazaspjro[4.4]non 
0. -1-en-8-yl)met.b.Jll· 

El""..... ~~-- N.(3,~etbyl.0. 
jsouzolyl)-2'.: 

l<ethylsuJ.fonyJ)ami 
: 

no) (1,1'-biphenyl)-
2-sulfonamide 
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224 

~-H lit 

225 

~ 
~-

226 Me~Me 
Olllt 

~~ 
22'1 M~ 

~ 

··;.·.··.·~:· ·: ~:·· •;."•\'l"'!'·' •• ' ' 

.···.· .. 

'·i1>1fi 

¥11~ 

4'·[(2-BUtyl-4-oxo-
1.S-

diazaspi.ro(4.4)non 
-l-en-3-yl)methyl]-
N-(3,4-dimethyl-5· 

·isoxazolyl)-2'· 
1(2,2,2· 

trifluoroethoxy)me 
thyllll,l'-

biphenyl]-2-
sulfonamide 

4'·((2-Butyl-4-oxo-
1,3-

diazaspiro(4.4]non 
-l-en-3-yl)methyl]-
N ·(3,4-dbnethyl-5-
isoxazolyl)-2'-IC2-

fluoroethoxy)meth 
yl) (1,1 '-biphenyl)-

2-suJfonamide 

N-<3,4-Dbnethyl-5· 
isoxazolyl)-4'-11<3· 

metboxy-2,6-
dimetbyl-4-

pytjdinyl)oxy)met 
hyU-2'-

etbozymethyl[l,1'-
biphenyl)-2· 
sulfonamide 

4 '-((2-Butyl-4-oxo-
1,3· 

diazaspiro(4.4)non 
·l·en-3-yl)metbyl}-
N-(4.5-dimetbyl-3-
isoxazolyl)-2'-[(2-

etboxy)methyU(l,l 
'-biphenyl]-.2-
sulfonamide 

.. 
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N-<S,4-DimethyJ-0-
iaoxazolyl)-4'-
1(1,4,6,6,7,8-. 

hexabYdro-8-m:o-
2-propyl-1-

cycloh,eptjniidazoly 
l)methyl)~2·­

(,nhmymethyl)[l,l 
'-biphE!D)"l)~2-
812li'Onamide 

Elsimple 229 

P2A 4, 
EtOH 
(77); 
14 

.(80); 1 
(75); 
11 

(95); 

2 (77); I 
21 (); 
70 : 

591 >98 

4'-IC2-But]71-4;.oxo-l .8-diaza~pirol4.4lnon-l-en-3-yl)Jpethyll-N.<3.4-

. 5 dimethylisoXazoJ-5-y)l-2'-(3.8.3,.trifluoropropyl) ll.l'-biphenyJJ-2-

sulfonamide 

10 

A. 3-Bromo-4-methoxvbenzaldehyde dimethyl acetal 

A solution of3-bromo-4-piethoxybenzaldehyde (19.2 g, 89 mmol) 
. . . 

and trimethylorthoformate (1_4~.8 ml, 140 mmol) in 150 ml methanol was 

treated at RT with concentrated sulfuric acid (10 µl). Aft.er stining for 16 
··,, 

. 16 h, the mixture "1V8S treateci with potassium carbonate (70 mg) and the 

solvent was evaporated. The residue was partitioned between . 

dichlorometha~e and aqueous sodium bicarbonate. The organic layer was 

dried over sodium sulfate and concentrated to provide ~29.A (22.6 g) as a 

brown oil, which was used without further purification. 

20 

B. 4-Methou-3-CS.3.3-trifluoropropy])benzaldehyde dimethyl acetal 
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A solutibii'of 229A (15.8 WSO mmol) in ~ij(:THF (120 ml) was added 

to magnesium turnings (4.1 g, 170 mmol) at RT. The mixture was heated 

to 60 °C for 5 min, which initiated an exothermic reaction. The heating 

bath was removed and the mixture was allowed to reflux gently. Upon 

5 subsidence of the reaction (approximately 5 min), the mixture was heated 

to reflux for an additional 20 min and then was allowed to cool to RT. The 

clear green supernatant was ~ransferred via canula away from excess 

magnesium and into a separate flask containing copper (l) iodide (575 mg, 

3.0 mmol) under a nitrogen atmosphere. To this mixture was added 1-

10 iodo-3,3,3-trifluoropropane (15 g, 67 mmol) and the resulting mixture was 

allowed to stir for 16 h, during which time a thick white precipitate 

developed. Aqueous ammonium chloride solution, ethyl acetate, and 

hexanes were added, and the organic layer was dried over sodium sulfate. 

Evaporation followed by silica gel chromatography of the residue using 3:1 

15 hexanes/ethyl acetate as eluant provided 7. 7 g of a mobile, slightly yello"'.: 

oil, which was a 6:1 (mol ratio) mixture of229B and 4-

methoxybenzaldehyde dimethyl acetal, as determined by proton NMR. 

This mixture was used without further purification. 

20 C. 4-Methoxv-3-(3.3.3-trifluoropropyDbenzaldehyde 

25 

The 2298 mixture (7. 7 g) was subjected to hydrochloric acid 

hydrolysis according to General Method 19. The resulting crude yellow oil 

(8.0 g) was a 6:1 mixture (mol ratio)of229C and 4-methoxybenzaldehyde, 

and was used without further purification. 

D. 4-Hydroxv-3-(3,3.3-trifluoropropyl)benzaldehyde 

A solution of the 229C mixture (8.0 g, 35 mmol) in dichloromethane 

(5 ml) was treated at 0 °C with boron tribromide (55 ml of a 1.0 M solution 

in dichloromethane). The mixture was allowed to warm to RT and was 

30 stirred for 2 h. Aqueous 10% dipotassium hydrogen phosphate solution 

was added, and the aqueous layer was extracted with two portions of 

-175 -



··WO 00/01389 PCTIUS99/15063 

5 

dichloromethane. The combined organic extracts were dried over sodium 

sulfate and evaporated. The residue was chromatographed on silica gel 

using 3:1 hexanes/ethyl acetate as eluant to provide 2.0 g of 229D as an 

orange solid (contaminated with 4-hydroxybenzaldehyde). 

E. 4-(trifluoromethanesulfonyloxy)-3-(3.3.3-, 

trifluoropropyllbenzaldehyde 

A solution of the 229D mixture (2.0 g, 9 mmol) and N,N­

diisopropylethylamine (2.4 ml, 14 mmol) in dichloromethane (40 ml) was 

10 treated dropwise at -78 °C with trifl:uoromethanesulfonic anhydride (1.9 

ml, 11 mmol). The mixture was stirred at that temperature for 15 min 

following the completion of the addition. Aqu_eous sodium bicarbonate 

solution was added and the mixtµre was stirred and allowed to warm to 

RT. The layers were separated and the aqueous layer was extracted with 

15 two portions of dichloromethane. The combined organic extracts were 

dried over sodium sulfate, evaporated, and th~ residue was 

chromatographed on-silica gel "Q.Sing hexaneslethyl acetate as eluant to 

provide first recovered. 229D (540 mg), and then the product fraction (380 

mg) as an orange oil. The product fraction was a 2: 1 mixture (mol ratio) of 

20 229E and 4-(trifluormethanesulfonyloxy)benzaldehyde, as determined by 

. proton NMR. 

25 

F. N-(3.4-Dimethyl-5-isoxazolyl).4,-formyl-2'-(3,3.3-trifluoropropyD-N­

{(2-trimethylsilyl)ethoxymethyll £1.1'-biphenylJ-2-sulfonamide 

A solution of 229E (380 mg, 1.1 mmol) and [2-[[(3,4-dimethyl-5-

isoxazolyl)[(2-Cmmethylsilyl)ethoxy)methy1Jamino]-

sulfonyl]phenylJboronic acid (92? mg, 2.2 mm.cl) in dioxane (10 ml) was 

sparged with nitfogen for 15 min. 

Tetrakis(triph,enylphosphine)palladium(O) (130 mg, 0.11 mmol) was 

30 added, followed by powdered potassium phosphate (460 mg, 2.2 mmol). 

The mixture was heated at 85 °C for 5 h, then the solvent was evaporated. 
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The residue was Chromatograph~d on silica gel"tiSing hexanes/ethyl 

acetate as eluant to provide the product fraction (550 mg} as an orange oil. 

The product fractionwas a 2:1 mixture (mol ratio) of229F and the 

corresponding 2'-H product, as judged by proton NMR. 

G. N-C3.4-Dimethyl-5-isoxazolyD-4' -hydroxymethyl-2' -(3.3.3-

trifluoropropyD~N-[(2.;trimethylsilyDetho:xymethyll [l.1'-biphenyll-2-

sulfonamide 

The 229F mixture (550 mg, 0.9 mmol) was subjected to sodium 

10 borohydride reduction according to General Method 14: The crude residue 

was chromatographed directly on silica gel using 3:1 hexanes/ethyl acetate 

as eluant to provide the product fraction (355 mg) as an amber oil. The 

product fraction was a 2:1 mixture (mol ratio) of229G and the 

corresponding 2'-H product, as judged by proton NMR. 

15 

H. N-(3.4-Dimethyl-5-isoxazolyll-4'-(methanesulfonyloxy)methyl-2' -

(3.3.3-tritluoropropyD-N-[(2-trimethylsilyl)ethmcymethyll [l.1'­

biphenyll-2-sulfonamide 

The 229G mixture (350 mg, 0.63 mmol) was converted to the 

20 corresponding methanesulfonate ester according to General Method 3. 

25 

The entire crude product 229H was used directly in the next step. 

I. 4'-[(2-Butvl-4-oxo-1.3-diazaspiro[4.4Jnon-1-en~3-yDmethyll-N-(3.4-

dimethyl-5-isoxazolyl)-2'-(3.3.3-tritluoropropyD-N-[(2-

trimethylsilyDethoxymethylJ fl.1 '-biphenyll-2-sulfonamide 

229H was used to alkylate 2-butyl-1,3-diazaspiro[4.4]non-1-en-4-

one according to General Method 4. The crude residue was 

chromatographed on silica gel using 2:1 hexanes/ethyl acetate as eluant to 

provide the product fraction (370 mg) as a slightly orange oil. The product 

30 fraction was a 2:1 mixture (mol ratio) of2291 and the corresponding 2'-H 

product, as judged by proton NMR 
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J. 4'-[(2-Butyl-4-oxo-1.3 .. dig.zaspiro(4.4Jnon-1-en-3-yl>methyl1-N-(3.4-

dimetbylisoxazol-5-yl)-2'-(3,3,3-trifluoropropyD [1.l'-biphenylJ-2-

sulfonam.ide 

5 The 2291 mixtue was deprotected according to General Method 8. 

The crude product(which cont~ned ~e 2'-:H contaminant) was purified by 

reverse-phase pr~parative HPLC, followed by. ~raction with ethyl acetate 

from pH 8 potassium phosphate buffer. Finall~-, silica gel chromatogra~hy 

· using 2:1 hexanes/acetone as eluant provided tpe title compound (120 mg) 

10 as a white foam; LRMS m/z 631 (ESI+ mode); HPLC retention time 3.78 
.... , . . . . . .. ··· 

min (Method C); HP1'C purity :::98%. 

Example 230 

4'-r<2-Butyl~4-oxo-1.3-~iaz.asnirol4.4lnon-1-en-3-yDmethyll-:N-C3.4-

15 dimethylisoxazol-5-yD-2'-(3.;fiuoropropyll Cl.1 '-biphenyll-2-sulfonamide 

20 A. Methyl 3-(2-propenyD-4-( trifluoromethanesulfonyloxy)benzoate 

Methyl 4-bydroxy-3-(2.,~ropenyl)benzoa~ (12.0 g, 62.4 mmol, 

prepared according to W.J. Greenlee, et. al., WO 91/11999) was treated 

with trifluoromethanesulfonic anhydride according to the procedure of 

Example 229, Step E. The c~de product was chromatographed on silica 

25 gel using 3:1 h~anes/ethyl acetate as eluant to yield 17.4gof230A as a 

yellow oil. 
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B. 
( tritluorometha:nesulfonyloxy)benzoate 

Borane-THF complex (1.0 M solution in THF, 32 ml,32 mmol) was 

added to a· solution of2SOA (8.5 g, 26 mmol) in THF at 0 °C. The mixture 

5 was stirred at RT for 16h and then cooled to 0 °C. A 1.0 M solution of 

sodium/potassium phoshate buffer (pH 7, 50 ml) was added, followed by 

30% aqueous hydrogen peroxide (9.0 ml). The mixture was allowed to 

warm to RT, then water and EtOAc were added. The organic layer was 

dried over sodium sulfate and evaporated. The crude product was 

10 chromatographed on silica gel using 1:1 hexanes/ethyl acetate as eluant to 

yield 4.3 g of 2SOB as a yellow oil. 

15 

20 

c. N-(3.4-Dimethyl-5-isoxazolyl)-2'-(3-hydroxypropyl)-4'­

(methoxvcarbonyD-N-[(2-trimethylsilyDethoxymethyll [l.1 '­

biphenyll-2-sulfonamide 

Suzuki coupling of 230B (1.3 g, 3.8 mmol) according to the 

procedure of Example 229, step F, provided 2SOC (750 mg) as an orange 

oil following silica gel chromatography usingl:lhexanes/ethyl acetate as 

eluant. 

D. N-(3.4-Dimethyl-5-isoxazolyD-2'-(3-tluoropropyD-4'~ 

(methoxycarbonyD-N-[(2-trimethylsilyl )ethoxymethyll [l.1 '­

biphenyll~2-sulfonamide · 

A solution of2SOC (750 mg,1.3 mmol) in dichloromethane (3 ml) 

25 was treated at -78 °C with (diethylamino)sulfur trifluoride (0.21 ml, 1.6 

mmol). The mixture was allowed to warm to RT. After 15 min, water was 

added and the aqueous layer was extracted with two portions of 

dichloromethane. The organic extracts were dried over sodium sulfate, 

concentrated, and the residue was chromatographed on silica gel using 2:1 

30 hexanes/ethyl acetate as eluant to provide 230D (175 mg) as a yellow oil. 
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E. N-(3.4-Dimethyl-5-isoxazolyD~2'-(3-fluoropropyD-4' ~. 

(hy<irox;ymethyl>-N-{<2-trimethylsilyDethoxymethylJ Cl. 1 '-biphenyll-

2-sulfonamide 

_A solution of 230D (175 mg,0.3 mmol) in THF (5 ml) was treated 

5 . with DIBAL-H (0.53 ml of~ 1.5 M solution in toluene, 0.8 mmol) at -78 

°C. The temperature was allowed to rise to -:25 °C and the mixture was 

stirred for 2 h. Water (2 Jll}) and ei;her (10 ml) were added and the 

mixture was stir.fed at RT for 2 h. The mixture was filtered and the 

:filtrate concentrated to provide cru~e 230E (110 mg) as a colorless oil. 

10 

F. N-C3.4-Dimethyl-5-isoxazolyl).,2'-(3.,fluoropropyD-4'­

cmethanesulfonyloxy)methyl-N-C<2-trim~thylsilyDethoxvmethylJ 

(l.l '-biphenylJ-2-sulfonamide 
: •;. . 

280E (110 mg,0.2 mm.ol) was converted to the corresponding 

15 methanesulfonate ester according to General Method 3. The entire crude 

product .280F :Was used directly in the next step. 

G. 4'-[(2-Butyl-4-oxo-1.3-diazaspirof4.4Jnon-1-en-3-yDmethyll-N-C3.4-

dimethyl-5-isoxazolyl)-2'-(3-fluoropropyD-N-((2-

20 trimethylsilyl)ethoxvmethyll Cl.1 '-biphenyll-2-sulfonamide 

230F was .used to alkylate 2-butyl-l,3-diazaspiro[4.4]non-1-en-4-one 
. . 

according tQ General Method 4, to provide 2SOG (124 mg) as a colorless oil, 

which was used without further purification. 

25 H. 4'-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4lnon-1-en-3~yl)methyll-N-(3,4-

dimethylisoxazol-5-yl)..2'-(3-fluoropropyl) fl.l'-biphenyll-2-

sulfonamide 

230G (124 mg, 0.2 mm.al) was deprotected according to General 

Method 8 (EtOH). The crude product was purified by silica gel 

30 chromatography using 1:1 h,~ane~ethyl acetate as eluant provided the 
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title compoundt~3 mg) as a whil:t·roam; LRMBt.fWz S95 (ESI+ mode); 

HPLC retention tiine 2.10 min (Method D); HPLC purity >98%. 

Example231 

5 4' -CC2-Butvl-4-oxo-1.3-diazaspiro[4.4lnon-1-en-3-yDmethyll-2'-( 1.1-

10 

difluoroethyl)-N-( 3.4-dimethylisoxazol-5-yD [l.1'-biphenyll-2-sulfonamide 

A. 5-Bromo-2-(trifluoromethanesulfonyloxy)acetophenone 

5-Bromo-2-hydroxyacetophenone (3.3 g, 15 mmol) was treated with 

tritluoromethanesulfonic anhydride according to the procedure of Example 

229, Step E. The crude residue was taken up in ether and washed twice 

15 with 10% aqueous potassium dihydrogenphosphate solution and once with 

brine. The ether solution was dried over magnesium sulfate and 

concentrated to provide crude 231A (4.7 g) as an orange oil, which was 

used without further purification. 

20 B. 3-Cl.1.-DifluoroethyD-4-( trifl.uoromethanesulfonyloxv>bromobenzene 

231A (4.4 g, 13 mmol) was treated at RT with neat 

(diethylamino)sulfur trifluoride (2.5 mf, 19 mmol) and the resulting . 

solution was stirred at RT for 40 h. The mixture was poured onto ice, 

aqueous sodium bicarbonate solution was added, and. the mixture was 

25 extracted with three portions.ofdichloromethane. The combined extracts 

were dried over sodium sulfate and concentrated, and the residue was 

chromatographed on silica gel using 5:1 hexanes/ethyl acetate as eluant to 

provide 231B ( 4.0 g} as an orange oil. 
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C. 8-(1.1.-DifluoroethyD-4-Ctritluoromethwiesulfonyloxy)benzaldehyde 

A solution of 231B (3.8 g, 10 mmol) and DMF (1.2 ml, 15 mmol) in 

dry THF (60 ml) was treated dropwise at -78 °C with n-butyllithium (5.0 

. 5 ml· of a 2.5 M solµfi_on in hexanes, 13 mmol). 10% aqueous potassium 

dihydrogenphosph,ate soluti.on was added and the resulting mixture was 

allowed to warm to RT. 1:1 hexanes/ethyl acetate and brine were added 

and the organic layer was collected, dried over sodium sulfate, and 

evaporated. The residue was chromatographed on silica gel using 3:1 

10 hexanes/ethyl acetate as eluant to provide recovered 231B (1.4 g), followed 

by 231C ( 1.0 g), which was an orange oil. 

D. 2'-(1.1-DifluoroethyD-N-<3.4-dimethylisoxazol-5-yl)-4'-formyl-N-[{2-

trimethylsilyl )ethoxvmethyll f 1. l '-biphenyll-2-sulfonamide 

15 Suzuki coupling of 231C (1.0 g, 3.2 mmol) according to the 

procedure ofExample229, step F, provided 281D (640 mg) as an orange 

oil following silica gel chromatography using 3:.1 hexanes/ethyl acetate as 

eluant. 

20 E. 2'-(1.1-Difluoroethyll-N-(3A-dimethylisoxazol-5-yl}4'­

hydroxvmethyl-N-[(2-trimethylsilvDethoxvmethyll £1.l'-biphenyll-2-

sulfonamide 

231D { 640 mg, 1.2 mmoD was subjected to sodium borohydride 

reduction according to General Method 14. The·crude residue was 

25 chromatographed on silica gel using 1:1 haxanes/ethyl acetate as eluant to 

provide 231E (550 mg) as a brawn oil. 

F. 2'-(l.1-DifluoroethyD-N~(3.4-dimethylisoxazol-5-yl)-4'­

(methaiieSulfonyloxv>methyl-N-I<2-trimethylsilyl)ethoogrmethyll 

80 [l.l 1-biphenyll-2-sulfonamide · 
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231E ( 360•mg, 0.7 minoOr!was converteQ;j~~~,the corresponding 

methanesulfonate ester according to General Method 3. The entire crude 

product 231F was used directly in the next step. 

5 G. 4'-[(2-Butvl-4-oxo-1.3-diazaspiro[4.4lnon-l-en-3-yDmethylJ-2'-(1.1-

difluoroethyl)-N-<S.4-dimethylisoxazol-5-yD-N-[{2-

trimethylsilyllethoxymethyll [1.1 '-biphenyll-2-sulfonamide 

231F was used to alkylate 2-butyl-l,3-diazaspiro[4.4]non-1-en-4-one 

according to General Method 4. The crude residue was chromatographed 

10 on.silica gel using 1:1 hexanes/ethyl acetate as eluant to provide 231G 

(170 mg) as a yellow oil. 

15 

H. 4'-[(2-Butvl-4-oxo-1.3-diazaspirof4.4lnon-1-en-3-y})methyll-2'-(1.1-

difluoroethyl)-N-C3.4-dimethylisoxazol-5-yll-[1.1'-biphenyll-2-

sulfonamide 

231G (150 mg, 0.2 mmol) was deprotected according to General 

Method 8 (EtOH). The crude product was chromatographed on silica gel 

using 1:1 hexanes/ethyl acetate as eluant to provide the title compound 

(36 mg) as a white foam; LRMS mlz 599 (ESI+ mode); HPLC retention 

20 time 3.58 min (Method A); HPLC purity >98%. 

25 

Example232 

4'-f(2-Butyl-4-oxo-1.3-diazaspirof4.4Jnon-1-en-3-yl)methyll-2'-(2.2.2-

trifluoroethyl}-N-(3.4-dimethylisoxazol-5-vl) [1.1' -biphenylJ-2-sulfonamide 
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5 

A. Methyl 4-bromo-3-<bromomethyl)benzoate 

Methyl 4~b~omo-3-methylbenr;oate (20 g, 87. mmol) was brominated 

according to General Method 13. The crude orange solid was triturated 

with 4:1 hexanes/ethyl acetate to provide 232A ( 14. 7 g) as a white solid. 

B. Methyl 4-bromo-8-(2.2.2-trifluoroethyDbenzoate 

Methyl 2,2-ditluoro-2"."(fluorosulfonyl)ac~tate (3.1ml,25 mmol) was 

added to a mixture of 232A ( 7.0 g, 22 minol) and copper(!) iodide (420 mg, 

2.2 mmol) in Dlv.lF (45 ml) under a nitrogen atmosphere. The mixture was 

10 heated to 85 °C for 16 h. The ,mixture was cooled to RT and the solvent 

was evaporated. Hexanes and brine were added, and the organic layer 

was dried over so<fium sulfate and concentrated to give a yellow solid (6.0 

g), which contaille,d 232A and 23~B. 

The soli4 was dissolved in DMF (15 ml) and stiITed at RT with 

15 potassium acetate (1.0 g, 10 mmol) for 3 h. The solvent was evaporated 

and the residue partitioned between ethyl acetate and water. The organic 

layer was dried 9ver sodium sulfate and concentrated, and the residue was 

chromatographeci on silica gel using 4:1 hexanes/ethyl acetate as eluant to 

provide 232B (3.4 g) as a white solid. 

20 

C. N-(3.4-Dimethylisoxazol-5-yl)-41-(methoxycarbonyl>- 2'-(2.2.2-

trifluoroethyl)·N-£(2-trimethylsilyl)ethoxvmethyll Il.l 1-biphenyll-2-

sulfonamide 

Suzuki c~upling of 232B (1.8 g, 5.9 mmol) according to the 

25 procedure of Example 229~ step F, provided 232C (1.3 g) as a yellow solid 

following silica gel chromatography using 3:1 hexanes/ethyl acetate as 

eluant. 

-184-



' : . . . . . . . . ~ . -·~ · .. 
. . '"!(¥.·· 

W000/01389 PCT/US99/15063 

D. N-(3!~-Dimethylisoxilizol-5-yD-4'-hWfi>xYmethyl-2'-(2.2.2-
tritluoroethyD-N-[{2-trimethylsilyDetholllllethyll [1.1 '-biphenyll-2-

sulfonamide 

2S2C ( 1.3 g, 2.2 mmol) was treated with DIBAL-Haccording to the 

5 procedure of Example 230, step E, to provide 232D (650 mg) as an oil 

following silica gel chromatography using 8:1 hexanes/ethyl acetate as 

eluant. 

10 

15 

E. N-(3.4-Dimethylisoxazol-5-yD-4'-(methanesulfonylo:zy)methyl-2'­

(2.2.2-trifluoroethyD-N-[(2-trimethylsilyDethoxvmethyll [l.1'­

biphenyll-2-sulfonamide 

232D (650 mg, 1.1 mmol) was converted to the corresponding 

methanesulfonate ester according to General Method 3.' The entire crude 

product 232E was used directly in the next step. 

· F. 4'-[(2-Butyl-4-oxo-1.3-diazaspiro[4.4Jnon-1-en-8-yDmethyll-N-(3.4-

dimethylisoxazol-5-yD-2'-(2.2.2-trifluoroethyD-N-[(2-

trimethylsilyDethoxymethylJ [1.l'-biphenyll-2-sulfonamide 

232E was used to alkylate 2-butyl-1,3-diazaspiro[4.4]non-1-en-4-one 

20 according to General Method 4. ·The crude residue was chromatographed 

on silica gel using 2:1 hexanes/ethyl acetate as eluant to provide 232F 

(440 mg) as a yellow oil. 

25 

G. 4'-[{2-Butyl-4-oxo-1.3-diazaspiro[4.4lnon-1-en-3-yDmethyll-N-(3.4-

dimethylisoxazol-5-yl)-2'-(2.2.2-trifluoroethyll [1.l'-biphenyll-2-

sulfonamide 

232F was deprotected according to General Method 8 (EtOH). The 

crude product was purified by reverse-phase preparative HPLC, followed 

by an extraction with ethyl acetate from pH 5 sodium phoshpate buffer to 

30 provide the title compound ( 78 mg) as a white foam; LRMS m/z 617 (ESI+ 

mode); HPLC retention time 1.69 min (Method H); HPLC purity >98%. 
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10 

Example 288 . 

4'-[(2-Butyl-4-oxo-113-diazaspiro[4.4Jnon-1-en-3-yl)methyl1-N-C3.4-

dimethylisoxazol-5-yl)-2'-[{2-methyl}prqpoxyl [1.11-biphenyll-2-sulfonamide 

A. 2-Bromo-5-methylphenol 

A solution of sodium nitrite (2.8 g, 41 mmol) in 5 ml water was 

added rapidly with stirring to an ice-cooled mixture of 6-amino-m-cresol 

(5.0 g, 41 mmol) and 48% hydrobromic acid (17 ml, 100 mmol}. The 

temperature was kept below 10 °C by addition of ice chips. The diazonium 

salt solution was then added i~ portions over a period of 30 min to a 

15 ·boiling mixture of copper(!) bromide (6.4 g, 22 nimol) and 48% 

hydrobromic acid (5 ml). The resulting mixture was refluxed for an 

additional 30 min, then was cooled and extracted with ether (2xl00ml). 

The combined organic extracU; were washed with water, dried over 

magnesium sulfate, and evaporated. The residue was chromatographed on 

20 silica gel using 98:2 hexaneslethyl acetate to afford 233A (1.6 g, 20%) as 

an oil. 

B. 4-Bromo-3-(2-methylprnpoxy)toluene 

Isobutyl bromide (0. 70 ml, 6.4 mmol) was added to a mixture of 

25 233A (800 mg, 4.3 mmol), potassium carbonate (1.2 g, 8.5 mmol), and 

DMF (2 ml). The mixture was stirred for 36 h at 45°C and was then cooled 

and concentrated under vacuum. The residue was added to water and 

extracted with ethyl acetate (3 X 50ml). The combined organic extracts 
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were washed with water and dried over sodium sulfate· to giye 233B (960 

mg, 93%) as an oil. 

c. 4-Bromomethyl-2-(2-methylpropoxy)-1-bromobenzene 

233B (960 mg, 3.9 mmol) was. subjected to NBS bromination 

according to General Method 13. The crude 233C (1.1g,86%) was used 

without further purification. 

D. 4-[(2-Butvl-4-oxo-1.3-diazaspiro(4.4Jnon-1-en-3-vDmethylJ-2-(2-

10 methylpropoxy)-1-bromobenzene 

15 

283C (1.1 g, 3.4 mmol) was used to alkylate 2-butyl-1,3-

diazaspiro[4.4]non-1-en-4-one according to General Method 4. The crude 

residue was chromatographed on silica gel using 1:1 hexanes/ethyl acetate 

as eluant to provide 233D (550 mg, 40%) as an oil. 

E. 4' -IC2-Butyl-4-oxo-1.3-diazaspiro[4.4Jnon-l-en-3-yDmethyll-N-<3.4-

dimethylisoxazol-5-yD-2'-[(2-uiethyDpropoxyJ-N-«2-

trimethylsilyDethoxymethylJ [l.l 1-biphenyll-2-sulfonam.ide 

Suzuki coupling of 2SSD (550 mg, 1.3 mmol) according to General 

20 Method 1 provided .238E (660 mg, 60%) as an oil following silica gel 

chromatography using 2:3 hexanes/ethyl acetate as eluant. 

25 

F. 4'-[(2-Butyl-4-oxo-1.3-diazaspiro[4.4Jnon-1-en-3-yl)methyll-N-(3.4-

climethylisoxazol-5-yll-2'-[(2-methyl)propoxyl [1.l'-biphenyll-2-

sulfonamide 

233E (660 mg) was deprotected according to General Method 8 

(EtOH). Water was added to the crude residue and the mixture was 

extracted with ethyl acetate (3 X 50ml). The combined organic extracts 

were washed with water and dried and evaporated. ·The residue was 

30 chromatographed on silica gel using 1:1 hexanes/ethyl acetate to provide 

the title compound (270 mg, 60%) as a white solid, mp 58-61°C ; LRMS 
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mle 607 (ESI+ mode); HPLC retention time 26.32 min (Method B); HPLC 

purity >98%. 

5 Example 234 

10 

4'-[{2-Butyl-4-oxo-1.3-diazaspiro[4.41non-1-en-3-yDmethyl1-N-(3.4-

dimethylisoxazol-5-yl )-2'-( 2-methouethoxy) fl.1 '-biphenyll-2-sulfonamide 

A. 4-Bromo-3-(2-methoxyethoxy)toluene 

. 2SSA {890 mg, 4.3 mmol) was alk:ylated with 1-bromo-2-

methoxyethane (0.89 g, 6.4 mmol) according to the procedure of Example 

15 233, step B, to give 284A (840 mg, 81%) as an oil. 

B. 4-Bromomethyl-2-(2-methoocyethoxy)-1-bromobenzene 
. ' . . . ' . . 

234A (840 mg, 3.4 mmol) WfiS subjected to NBS bromination 

according to General Method 13. The crude 234B {510 mg, 46%) was used 

20 without further purification. 

C. 4-[(2-Butyl-4-oxo-1.3-diazaspirof4.4Jnon-1-en-3-yDmethyll-2-(2-

methoxyethoxy)-1-bromobenzene 

2S4B (~10 mg, 1.6 mmol) was used to alkyfo.te 2-butyl-1,3-

25 cliazaspiro[4.4]non-1-en-4-one according to General Method 4. The crude 

residue was chromatograp~ed on silica gel using 4:1 hexanes/ethyl acetate 

as eluant to provide 284C (600 mg, 88%) as an oil. 
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D. 4'-[(2-ButYl~-oxo-1.3-di~~ipiro[4.4lnorl~l~~-S-yDmeth;ll-N-(3.4-
dimethylisoxazol-5-yl)-2'-C2-methox;yethoxy);.N~rc2-

trimethylsilyDethoxymethylJ [1.1'-biphenyll-2-sulfonamide 

Suzuki coupling of-234C (600 mg, 1.4 mmol) according to General 

5 Method 1provided234D (550 mg, 54%) as an oil following silica gel 

chromatography using 2:3 hexanes/ethyl acetate as eluant. 

E. 4'-[{2-Butyl-4-oxo-l.3-diazaspiro[4.4Jnon-1-en-3-yl)methyll-N-(3.4-

dimethylisoxazol-5-yl)-2'-(2-methoxyethoxy) [l.l '-biphenylJ-2-

10 sulfonamide 

234D (550 mg, 0.8 mmol) was deprotected according to General 

Method 8 (EtOH). Water was added to the crude residue and the mixture 

was extracted with ethyl acetate (3 X 50ml). The combined organic 

extracts were washed with water and dried and evaporated. The residue 

15 was purified by reverse-phase preparative HPLC to provide the title . 

compound (125 mg, 30%) as a white solid, mp 55-58 °C ; MS m/e 609 (ESI+ 

mode); HPLC retention time 22. 75 min (Method B); HPLC purity >98%. 

Example235 

20 4'-[(2-Butyl-4-oxo-1.3-diazaspiro[4.4Jnon-1-en-3-yl)methylJ-2'-butyl-N-(3.4-

25 

dimethylisoxazol-5-yl)(l.1'-biphenylJ-2-sulfonamide 

A. 4-Bromo-3-(1-butenyl)benzonitrile 

2A (4.0 g, 19 mmol) was reacted with propyltriphenylphosphonium 

bromide following the procedure of Example 27, step A. The crude residue 
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5 

10 

wa.S chromatographed on :silica gel using 9:1 hexanes/ethyl acetate to 

afford 235A (2.2 g, 49%) as an EIZ mixture~ 

B. 4-Bromo-3-:butylbenzonitrile. 

A mixture 9f285A (2.2 g, 9.3 mmoD and 210 mg of Pt02 in 40 ml 

EtOH was hydrogenated at 35 PSI for 40 min. Filtration and 

concentration gave 1.4 g of23GB (62%). 

c. 4-Bromo~3-butylbenzaldehyde 

235B (1.4 g, 5.8 mmol) was treated with DIBAL-H according to 

General Method 14 to provide crude 235C (1.2 g, 90%) as an oil. 

D. N-(3.4-Dimethyl-5-isoxazolyD-2'-butyl-4'-formyl-N-r<2-

trimethylsilyDethoxymethylJ [1..l '-biphenyll-2-sulfonamide 

15 235C (1.2 g, 5.1 mmol) was subjected to Suzuki coupling according 

to General Method 1 to provide 235D. as a crude oil. 

E. N-(3.4-Dimethyl-5-isoxazolyl)- 2'-butyl-4'-hydroxymethyl-N-[(2-

trimethylsilyDethoxymethylJ [1, 1'-bl.phenyll-2-sulfonamide 

20 . 235D (entire sample) was reduced with sodium borohydride in 

25 

30 

methanol according to General Method 11 to provide 235E {1.4 g, 50% 

from 235C) as an oil. 

F. N-(3.4-Dimethyl-5-isoxazolyD-4'-:fmethanesulfonyl)o.xymethyl-2'­

butvl-N-[(2-trimethylsilyDethoxymethyll [1.1 '-biphenyll-2-

sulfonamide 

235E (1.4 g, 2.5 mmol) was converted to the corresponding 

methanesulfonate ester according to General Method 3 to provide 235F 

(1.4 g, 90%) as an oil. 
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G. 4' -r<2-Butyl-4-oxo-1.3-diazaspiro[4.4lnon-1-en-3-yDmethyll-2' -butvl­

N-ff2-trimethylsilyl)ethoxvmethyll-N-(3.4-dimethyl-5-

isoxazolyl)[l.l' -biphenyll-2-sulfonamide · 

235F (1.3 g, 2.1 mmol) was used to alkylate 2-butyl-1,3-

5 diazaspiro[4.4)non-1-en-4-one according to General Method 4. 285G (1.3 

g, 85%) was produced as an oil. 

H. 4'-f<2-Butyl-4-oxo-1.3-diazaspiro[4.4lnon-1-en-3-yl)methylJ-2'-butvl­

N-C3.4-dimethyl-5-isoxazolyD[l.l'-biphenylJ-2-sulfonamide 

10 235G (1.2 g, 1.7 mmol) was deprotected according to General 

15 

20 

Method 7. The crude product was purified by reverse-phase preparative 

HPLC to provide the title compound {620 mg, 62%) as a solid, mp 58-61°C; 

MS m/e 591 (ESI+ mode); HPLC retention time 26.67 min (Method B); 

HPLC purity >98%. 

A. 

Example236 

4'-[(2-Butyl-4-oxo-1.3-diazypiro[4.4lnon-1-en-3-yDmethyll-N-(3-

methylisoxazol-5-yl )-2' -trifluoromethyHl. l '-biphenyll-2-sulfonamide 

[2-[[{3-methyl-5-isoxazolyl)[[(2-trimethylsilyl)ethoxy1methyllaminol · 

sulfonylJphenyllboronic acid 

25 25B (14 g, 31 mmol) was converted to the corresponding boronic 

acid according to the procedure of Example 45, step B. The crude product 

236A (16.5 g, estimated purity 60%) was produced as an amber oil, and 

was used without further purification. 
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B. 4' -Formyl-:N-C3-methyl-5-isoxazolyD-2' -trifluoromethyl-N-ff2-

trimethylsilyl)ethoxymethyll [l.l'-biphenyll-2-sulfonamide 
. ;· . . . . . .;' . . . 

236A (RO g, 20 mmol) w~ s~bjected to Suzuki coupling with P6 

5 according to Gen~ral Method 1. ·Silica gel chromatography using 2:1 

hexanes/ethyl acetate as eluant provided 1.8 g of a mixture of 236B and a 

highly crystalline impurity. Trituration with 2:1 hexanes/ethyl acetate to 

remove.this i~pµrity provided 2368 (1.0 g) as an orange oil. 

10 c. 4'-Hydroxymethyl-N-(3-methyl-5-isoxazolyD-2'-trifluoromethyl-N­

[{2-trimeth~lsilvl)etho~e~hylJ(l.1'-biphenylJ-2-sulfonamide . .· ·. '··. ' . . ... 

286B (88() mg, 1.6 :mmol), W~$ reduced with sodium borohydride (0.3 

eq.) in ethanol a~cording to General Method 11~ The crude residue was 

chromatographed on silica gel using 2:1 hexanes/ethyl acetate as eluant to 

15 provide 286C (450 mg) as a yellow oil. 

D. 4' -CMethanesulfonyloJC;Y):nlethyl-.N-f 3~methyl-5-isoxazolyD-2' -

trifluoromethyl-N-[(2-trimethvlsilyl)ethoxymethylJ[l.1'-biphenyll-2-

sulfonamide 

20 236C (45() mg) was converted to the corresponding 

25 

· methanesulfon~te ester aecorcling to General Method 3. The entire crude 

product 236D was used in the next reaction step. 

E. 4' -C<2-Butyl-4-oxo-1.3-diazaspirof 4.4lnon-1-en-3-yDmethyll N-<3-
. . . ·.: .. . . 

methyl-5-isoxazolyl)-2' .;trifluoromethyl-N-f<2-

trimethylsilyl)ethmmnethyll [1.l'-biphenyll-2-~ulfonamide 

286D was used to alkylate 2-butyl-l,3-diazaspiro[4.4]non-1-en-4-

one according to General Method 4~ The crude residue was 
. . ' 

chromatographed on silica gel using 2:1 hexanes/acetone as eluant to 

30 · provide 236E (170 mg) as a y¢lfow oil. 
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F. 4'-[C2-Bui{tf24-oxo-1.3-diaz~kiro[4.4Jnon~-S-yl)methyll N-<3-

methyl-5-isoxazolyD-2' -trifluoromethyl fl. l'-biphenvll-2-

sulfonamide 

236E (100 mg) was deprotected according to General Method 8 

5 (ethanol) to provide the title compound as the hydrochloride salt (77 mg), 

which required no additional purification: MS m/e 589 (ESI+ mode); HPLC 

retention time 3.72 min (Method C); HPLC purity 97%. 

10 

15 

Example237 

N-( 4-Bromo-3-methyl ~5-isoxazolyD-4'-[(2-butyl-4-oxo-1.3-

diazaspirof 4.4lnon-1-en-3-yDmethyll-2' -trifluoromethyl [1.l'­

biphenyll-2-sulfonamide 

Bromine (33 mg/ml solution in acetic acid, 18 mg, 0.11 mmol) was 

added in portions to a solution of236 (53 mg, 0.09 mmol) and sodium 

acetate (35 mg, 0.42 mmol) in acetic acid (4 ml) at RT. The solvent was 

20 evaporated, aqueous potassium phosphate solution was added, and the pH 

was adjusted to 8. The mixture was extracted with ethyl acetate, and the 

combined organic layers were dried over sodium sulfate. The residue was 

ch.romatographed on silica gel using 1:3 hexanes/acetone as eluant to 

provide the title compound (31 mg) as a white powder following 

25 lyophilization: MS m/e 667, 669 (ESI+ mode); HPLC retention time 3.83 

min (Method C); HPLC purity 94%. 

Example238 
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5 

. . 
4'-K2-Butvl-4-0Jc:o-l.3-diazaspiro(4.4Jnon-l-en-3-yl)methylJ-N-(4-chloro-8-

methyl-5-isoxazolyD-2' -trifluoromethyl [l.1'-biphenylJ-2-sulfonamide .. ':• . . . . . .. 

Clorox ble~ch (5.25% sodium hypochlorite solution, 225 µ1) was 

added in porti()n~ to a solution of 2~~ (32 mg, 0.054 mmol) in THF (2 ml) 

at RT. The solvent was evaporated and the residue was purified by 

10 reverse-phase preparative HPLC, followed by preparative thin-layer silica 

gel chromatography using 10~ methanol in dichloromethane as eluant, 

providing the title compound {~.O mg) as a white powder following 

lyophilization: MS m/e 624 (E~I+ mode); HPLC retention time 3.53 min 

(Method A); HPLC purity 95%. 

15 

20 

Example 239 

4'-[(2-Butyl-4-oxo-1.3-diazaspiro[4.4Jnon-1-en-3-yDmethylJ-N-(3.4-

dimethyl-5-isoxazoly))-2' -CN-methoxy-N-methylaminomethyD [1.l'­

biphenyll-2-sulfonamide 
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A. N-C3.4-Dimethyl-5-isoxazalyl)-4'-hyclroxti#ethyl .. 2'-CN-methoxy-N­

methylaminomethyD-N-r<2-methox,yethoxy)methylJ [1.1'-biphenyll-

2-sulfonamide 

P21 (230 mg, 0.48 mmol) was subjected to reductive amination with 

5 N-methoxy-N-methylamine according to General Method 5, yielding 239A 

(169 mg, 69%) as an oil. 

10 

15 

B. 4' -Bromomethyl-N-(3.4-dimethyl-5-isoxazolyD-2'-(N-methoxy-N­

methylaminomethyD-N-ff2-methoxyethoxvlmethyll [1.l'-biphenyll-

2-sulfonamide 

239A (165 mg, 0.33 mmol) was converted to the corresponding 

bromide according to Generai Method 2, yielding 2398 (174 mg, 92%) as 

an oil following silica gel chromatography using hexaries/ethyl acetate as 

eluant. 

C. 4'-[(2-Butyl-4-oxo-l.3-diazaspiro[4.4lnon-1-en-3-yl)methyll-N-C3.4-

dimethyl-5-isoxazolyl)-2'-(N-methoxy-N-methylaminomethyD-N-[(2-

methoxyethog)methyll fl.l '-biphenyll-2-sulfonamide 

289B (170 mg, 0,30 mmol) was used to alkylate 2-butyl-1,3-

20 diazaspiro[4.4]non-1-en-4-one according to General Method 4. The crude 

residue was chrrimatographed on silica gel using hexanes/ethyl acetate as 

eluant to provide 2S9C ( 155 mg, 72%) as a yellow oil. 

25 

D. 4'-[(2-Butyl-4-oxo-1.3-diazaspiro[4.4Jnon-1-en-3-yDmethylJ-N-(3.4-

dimethyl-5-isoxazolyD-2'-(N-metho:gy-N-methvlaminomethyDC1.1'­

biphenyll-2-sulfonamide 

239C (150 mg) was deprotected according to General Method 7. The 

crude product was purified by reverse-phase preparative HPLC to provide 

the title compound (117 mg, 89%) as a white solid: MS m/e 608 (ESI+ 

30 mode); HPLC retention time 17.75 min (Method E ); HPLC purity >97%. 
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10 

A. 

Example240 

4'-II2-Butyl-4.,oxo-1.3-diazaspiroC4.4lnon-1-en-3-yl)methyll-2'-(2,2-

difluoroethoxymethyD-N-C3.4-diniethylisoxazol-5-yl)[l,11-biphenyll-2-

sulfonamide 

Methyl 4-bromo-3-(hydfoxymethyllbenzoate 

A mixture of methyl 4-bromo-3-methylb.enzoate (168 g. 735 mmol), 

N-bromosuccinimide <141 g, 792 mmol), benzoyl peroxide (8.5 g, 15 mm.al), 

and carbon tetrachloride (900 ml) was refluxed for 17 h. The mixture was 

cooled and filter~. and the :filtrate was washed once with water and once 

with brine. The :filtrate was then dried over sodium sulfate and 

15 concentrated to provide an orange oil (261 g), which was judged (1H NMR) 

be about 70 mol% methyl 4-bromo-3-(bromomethyDbenzoate. 

The crude orange oil (261 g) was dissolved in 400 ml DMF and 

treated with potassium acetate (74 g, 750 mmoD at 0 °C. The mixture was 

allowed to warm to RT and was stirred for 54 h. The solvent was 

20 evaporated and the residue was taken up in 1:1 hexanes ethyl acetate and 

washed twice with half-saturated brine, then once with saturated brine. 

The organic layer was dried over sodium sulfate and concentrated to 

provide a new orange oil (208 g), which was judged to contain about 70 

mol% methyl 4-bromo-3-(acetoxymethyl)benzoate. 

25 The crude acetate mixture (208 g) was dissolved in methanol (11) 

and treated with potassium carbonate (12 g, 87 mm.ol) at 0 °C. The 
. . 

mixture was allowed to warm to RT and was stirred for 18 h. The solvent 

was evaporated and the residue was treated with 130 ml lN hydrochloric 
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acid at 0 °C. The mixture was extracted once with 1:3 hexanes/ethyl 

acetate, once with 1:1 hexanes/ethyl acetate, and once with ethyl acetate. 

The combined organic layers were dried over sodium sulfate and 

concentrated, and the residue was chromatographed on silica gel using 2:1 

5 hex.anes/ethyl acetate. The product fractions were combined, evaporated, 

and triturated with 1:1 hexanes/ethyl acetate to provide 240A (102 g) as a 

white solid. 

B. Methyl 4-bromo-3-[(tetrahy<iro-2H-man-2-yDoxymethyllbenzoate 

10 p-Toluenesulfonic acid hydrate (50 mg) was added to a solution of 

240A (10 g, 41 mmol) and 3,4-dihydro-2H-pyran (10 g, 120 mmol) in 

dichloromethane (100 ml) at 0 °C. After lh aqueous sodium bicarbonate 

solution was added, the layers were separated, and the organic layer was 

dried over sodium sulfate and concentrated to provide crude 240B (16 g) 

15 as a slightly yellow oil. 

20 

25 

c. N-(3.4-Dimethyl-5-isoxazolyl)-4'-methoxycarbonyl-2'-[(tetrahydro-

2H-pyran-2-yDoxymethyll-N-[C2-trimethylsilyDethoxymethyll (l.l'­

biphenylJ-2-sulfonamide 

Crude 240B (10 g, aproximately 25 mmol) was subjected to Suzuki 

. coupling according to General Method 1. Silica gel chromatography using 

3:1 hexanes/ethyl acetate as eluant provided 240C (14 g) as a yellow oil. 

D. N-(3.4-Dimethyl-5-isoxazolyD-4 '-hydroxymethyl-2'-(( tetrahydro-2H­

pyran-2-yDoxymethyll-N-C2-.trimethylsilyDethoxymethylJ f 1.11-

biphenyll-2-sulfonamide 

A solution of 240C (10.5 g, 17 mmol) in THF (200 ml) was treated 

with DIBAL-H (23.4 ml of a 1.5 M solution in toluene, 85 mmol) at - 78 °C. 

The temperature was allowed to rise to -25 °C and the mixture was 

30 stirred for 2 h. Water (10 ml) and ether (100 ml) were added and the 

mixture was stirred at RT for 2 h. Ethyl acetate and hexanes were added, 

-197 -

I 



W000/01389 PCT/US99/15063 

. . . 

and the mixture was washed three times with. aqueous .sodium 

bicarbonate solution .. The organic layer was dried over sodium sulfate and 

concentrated to provide crude 240D (9 g) as a deep maroon-colored oil. 

5 E. N-<3.4-Dimetbyl-5-isoxazolyD-4,·Cmethanesulfonyloxy)methyl-2,-
. . . ': ~ ; . . . ' . 

f(tetrahydro-2H-pyran-2.:yl)oxvmethyll-N~rc2-

trimethylsilyl)etho21;ymethyll [1.1' -biphenylJ-2-sulfonamide 

240D (4.5 ~· 7 .5 mmol) was converted to the correSponding 

methanesulfon~t~ ester according to General Method 3. The entire crude 

10 product 240E Wf:iS used in the next reaction step. 

F. 4'-({2-Butyl-4-oxo-1.3-diazasmro[4.4lnon-1.,en-3-yDmethyll-N-(3.4-

dimethyl-5~isoxazolyl),·2'-[{tetr8hydro-2H-pyran-2-yl)o.xvmethylJ-N-
. . ' 

((2-trimethylsilyDetho;yinethyll fl.1' ~biphenyll-2-sulfonamide 

15 240E was used to alkylate 2~butyl-l,3-diazaspiro[4.4Jnon-1-en-4-one 

according to General Method 4. The crude residue was chromatographed 

on silica gel using 3:2 hexan~ethyl acetate as eluant to provide 240F (6.0 

g) as a slightly yellow oil. 

·20 G. 4'-[(2-Butyl-4-oxo-1.3-diazaspiro[4.4Jnon-1-en-3-yDmethylJ-N-(8.4-

dimethyl ~5-isoxazolyD-2'-hydroxvinethyl-N-[(2-

trimethylsilyl)ethoxymethyll ll.1,-biphenyll-2-sulfonamide 

A solutio11 of240F (6.0 g, 7.7 mmol) and 2N hydrochloric acid (6 ml, 

12 mm.al) in methanol (150 ml) was st~ITed for 16 h at RT. The mixture 

25 was neutralized with aqueous sodium bicarbonate solution and the 

methanol was evaporated. Aqueous sodium bicarbon~te solution was 

added and the mixture was extracted twice with ethyl acetate. The 

combined organic extracts were dried over sodium sulfate and 

concentrated to provide 240G (5.0 g) as a crude orange oil. 

30 
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H. 2' -Brombrlr~thyl-4'-[(2-butYI-4-oxo-1.3;.d~ifu;piror4.41non-1-en-3-
yllmethyll-N-C3.4-dimethyl-5-isoxazolyD -N-r<2-

trimethylsilyDethoxymethyll [1.1'-biphenyll-2-sulfonamide 

2400 (590 mg, 0.85 mmol) was converted to the corresponding 

5 bromide according to General Method 2, providing 240H (373 mg, 58%) as 

a yellow oil following silica gel chromatography using hexanes/ethyl 

acetate as eluant. 

10 

I. 4 '-[(2-Butyl-4-oxo-1.3-diazaspiro[4.4lnon-1-en-3-yDmethylJ- 2' -(2.2-

difluoroetho:xymethyD-N-C3.4~dimethyl-5-isoxazolyl) -N-[(2-

trimethylsilyDethoxvmethyll [1.1 '-biphenylJ-2-sulfonamide 

240H (370 mg, 0.49 mmol) was used to alkylate 2,2-difluoroethanol 

according to General Method 4. 2401 (209 mg, 56%) was produced as a 

yellow oil following silica gel chromatography using hexanes/ethyl acetate 

15 as eluant. 

J. 4'-((2-Butyl-4-oxo-1.3-diazaspiro[4.4lnon-1-en-3-yllmethyll-2'-(2.2-

difluoroethoxvmethyD-N-(3.4-dimethylisoxazol-5-yD[l.1'-biphenyll-

2-sulfonamide 

20 2401 (205 mg, 0.27 mmol) was deprotected according to General 

25 

Method 7. The crude product was purified by reverse-phase preparative 

HPLC to provide the title compound (104 mg, 60%) as a white solid: MS 

mle 629 (ESI+ mode); HPLC retention time 17.18 min·(Method E ); HPLC 

purity >97%. 

Example241 

4'-[(2-Butyl-4-oxo-1.3-diazaspiro[4.4lnon-1-en-3-yDmethyll-N-(3.4-

dimethylisoxazol-5-yD-2'-(2-fluoroethyl)[l.l '-biphenyll-2-sulfonamide 

-199-



·WO 00/01389 PCT/US99/15063 

A. Methyl 3-(2-hydroxethyD-4-Ctrifluoromethanesulfonyloxy)benzoate 

5 An ozone/oxygen gas mixture was bubbled through a solution of 

230A (8.3 g, 26 mmol) in methanol (100 ml) at-78 °C until a light blue 

color persisted. The solution was sparged with nitrogen to remove excess 

. ozone, then triphenylphosphine (10 g, 38 mmol} was added in portions. 

The cooling bath was removed and the mixture was allowed to wartn RT, 

10 then was concentrated. Ethanol (100 ml) was added to the residue and 

the resulting mixture was cooled to 0 °C. Sodium borohydride (1.9 g, 51 

mmoD was adde~. After lh, the mixture was allowed to warm to RT and 

the solvent wa~ evaporated. The residue was taken up in 10% aqueous 

potassium dihydrogen phosphate solution ancl was extracted with ethyl. 

15 acetate. The cc;>:rpbined organic extracts were dried over sodium sulfate 

and concentrate~, and the residue chromatographed on silica gel using 1:1 

hexanes/ethyl acetate as ehiant to yield 241A (4.5 g) as a colorless oil. 
! .', • 

B. N-C3.4,-Dimethyl-5-isoxazolvD-2'-(2-hvdroxethyll-4' -

20 . (methoxycarbonvD:N-r<2-trimethylsilyDethoxymethyl1 ll.1 '­

biphenylJ~2-sulfonamide 

25 

Suzuki c~upling of 24~ (4.5 g, i4 mmol) according to the procedure 

of Example 229~ step F, provided 241B (4.1 g) as a yellow solid following 

silica gel ~~tography usingl:lhexanes/eth.yl acetate as eluant. 

C. N-(3.4-Dimethyl-5-isoxazolyl)-2'-(2-fluoroethyll-4·­

(methoxycarbonyD-N-[(2-trimethylsilyDethoxymethyll 11.1 '­

biphenyll-2-sulfonamide 
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A mixttite-·i>f241B (1.0 g/f;s mmol) and~;(dtethylamino)sulfur 
trifluoride (0.71ml,5.4 mmol) was stirred at RT for 20 h. The mixture 

was poured onto ice. Aqueous sodium bicarbonate solution was added and 

the mixture was extracted with two portions of dichloromethane. The 

5 organic extracts were dried over sodium sulfate, concentrated, and the 

residue was chromatographed on silica gel using 1:1 hexanes/ethyl acetate 

as eluant to provide 241C (230 mg) as a yellow oil. 

10 

D. N-(3.4-Dimethyl-5-isoxazolyD-2'-(2-fluoroethyD-4'-ChydroxymethyD­

N-[(2-trimethylsilyl)ethoxymethylJ [1.l '-biphenyll-2-sulfonamide 

241C ( 230 mg, 0.41 mmol) was treated with DIBAL-H according to 

the procedure of Example 230, step E, to provide crude 241D (320 mg) as a 

yellow oil 

15 E. N-<3.4-Dimethyl-5-isoxazolyD-2' -(2-fluoroethyD-4'­

(methanesulfonyloxy)methyl-N-[(2-trimethylsilyl)ethoumethyll 

Cl. l 1-biphenyll-2-sulfonamide 

241D (320 mg) was converted to the corresponding 

methanesulfonate ester according to General Method 3. The entire crude 

20 product 241E was used directly in the next step. 

F. 4'-[(2-Butyl-4-oxo-1.3-diazaspiro[4.4lnon-1-en-3-yDmethyll-N-(3.4-

dimethyl-5-isoxazolyD-2' -C2-fluoroethyl}-N-r<2-

trimethylsilyl )ethoxymethyll [1.l'-biphenyll-2-sulfonamide 

25 241E was used to alkylate 2-butyl-1,3-diazaspiro[4.4]non-1-en-4-one 

30 

according to General Method 4, to provide 241F (300 mg) as a yellow oil, 

which was used without further purification. 

G. 4'-IT2-Butyl-4-oxo-1.3-diazaspiro[4.4]non-1-en-3-yDmethylJ-N-(3.4-

dimethylisoxazol-5-yD-2'-C2-fluoroethyD (l.l '-biphenyll-2-

sulfonamide 
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Crude 241F (300 mg) was deprotected·according to General Method 8 

(ethanol). The crude product was purified by silica gel chromatography 

using hexaneslethyl acetate as eluant provided the title compound (16 mg) 

as a tan solid; LR.MS m/z 581 (ESI+ mode); HPLC retention time 2.05 min 

5 {Method H); HPLC purity 97%. 

10 

15 

A. 

Example242 

4'-r<2-Bu071-4-oxo-1.3-diazaspiro[4.4lnon-1-en-3-yDmethylJ-N-(3.4-

dimethylisoxazol-5-yl}-2'-(2-hydroxyethyDfl.1'-biphenyll-2-sulfonamide 

M7i'O . 
~D~~-v-crN Me 

H 
. Me 

N-(3.4-Dimethyl-5-isoxazalyD-4'-methox;ycarbonyl-2' ·f2-r<tetrahydro-

2H-pyran-2-yDoxy]ethylJ-N-fC2-trimethylsilyl)ethoxvmethylJ f 1.1 ' -

biphenyll-2-sulfonamide 

Pyridinium p-toluenesulfonate (2 mg) was added to a solution of 

. 241B ( 1.0 g, 1.8 mmol) and 3,4-dihyd.ro-2H-pyran (0.48 ml, 5.4 mmol) in 

dichloromethane (4 ml) at 0 °C. After 48h aqueous sodium bicarbonate 

20 solution was added, the layeri:; were separated, and the organic layer was 

dried over sodium sulfate and concentrated. The residue was 

chromatographed on silica gel using 2:1 hexanes/ethyl acetate to provide 

242A (320 mg) as a slightly yellow oil. 

25 B. N-(3.4-Dimethyl-5-isoxazoly1)-4'-(hyd.roumethyD-2'-(2-[(tetrahydro-

2H-pyi;an-2-yDmcyl ethyll-N-[C2-trimethylsilyDethoxvmethyll [1.1 '­

biphenyll-2-sulfonamide 
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242A ( 320 mg, 0.50 mmol) was treated with DIBAL-H according to 

the procedure of Example 230, step E, to provide crude 242B (250 mg) as a 

yellow oil. 

5 c. N-(3.4-Dimethyl-5-isoxazolyD-41-{methanesulfonviozylmethvl-2'-[2-

[(tetrahydro-2H-pyran-2-yDoxylethyll-N-r<2-

trimethylsilyDethoxymethylJ [l.1'-biphenyll-2-sulfonamide 

242B (250 mg) was converted to the corresponding 

methanesulfonate ester according to General Method 3. The entire crude 

10 product 242C was used in the next reaction step. 

D. 4'-[(2-Butyl-4-oxo-1.3-diazaspirol4.4lnon-1-en-3-yl)methyll-N-(3.4-

dimethyl-5-isoxazolyD-21-(2-[(tetrahydro-2H-pvran-2-yl)oxylethyll­

N-r<2-trimethylsilyDethoxymethylJ ll. l 1-biphenyll-2-sulfonamide 

15 242C was used to alkylate 2-butyl-l,3-diazaspiro[4.4]non-1-en-4-one 

20 

according to General Method 4. The crude 242D was used without further 

purification. 

E. 41-r<2-Butvl-4-oxo-1.3-diazaspiro[4.4lnon-1-en-3-yUmethyll-N-C3.4-

dimethyl-5-isoxazolyD-2'-{2-hydroxyethyl)[l.1'-biphenyll-2-

sulfonamide 

242D was deprotected according to General Method 8 (ethanol). 

The crude product was purified by silica gel chromatography using 3% 

methanol in dichloromethane as eluan~ to provide the title compound (45 

25 mg) as a white solid following lyophilization: MS mJe 579 (ESI+ mode); 

HPLC retention time 1.42 min (Method H ); HPLC purity >98%. 

Example243 

41-[(2-Butyl-4-oxo-1.3-diazaspiro[4.4Jnon-1-en-3-yDmethylJ-N-(3.4-

30 dimethylisoxazol-5-yl)-2'-(3-methylbutyl)[l.l '-biphenyll-2-sulfonamide 
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10 

15 

A. 4-Bromo-3~(3-methvI-1-butenyDbenzonitnle 

2A (2.0g, 9,.5 mmol) w~ reacted with 

isobutyltripheny~phosphonium bromide following the procedure of 
·.,··:::· : ·. . . : : . 

Example 27, step A. The crude.residue was chromatographed on silica gel 

using 9:1 hexanes/ethyl acetate to afford 248A. (2.2 g, 91%) as an E/Z 

mixture. 

B. 4-Bromo-3-(3-methylbutyl>benzonitrile 

A mixt~ of.243A (2.2 g) and ·220 mg of Pt02 in 30 ml EtOH was 

hydrogenated at,35 PSI for 20 ~n. Filtration and concentration gave 1.9 

g of243B (86%). 

C. 4-Bromo~3;.(3~methylbutyl)benzaldehyde 

24SB (1.9.g) was treat~d with-DIBAL-H according to General 

. Method 14 to provide crude 243C (810 mg, 43%) as an oil. 

20 D. N-C3.4-Di~ethyl-5-isox~golyD-4'-formyl-2'-(3-methylbutvl)-N-[(2-
. . . . 

methoxvethoxy>methyll [1.1 '-bipheny11-2~sulfonamide 

24SC (810 mg) was subjected to Suzuki coupling according to 

General Method 1 to provide USD as a crude oil. 

25 E. N-(3.4-Dimethyl-5-isoxazolyD-4'-hydroxymethyl-2'-(3-methylbutyD-
. :- • =.: . : . •. :.. . 

N-[(2-niethoxyethoxy)methyll £1.1 '-biphenyll-2-sulfonamide 
.. • • •j • . . 

. . 
243D (entire sample) was reduced with sodium borohydride in 

. . ' 

methanol accorcling to General Method 11 to provide 243E (490 mg, 30% 
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5 

&Om 243C) as ~iYt>il following siiica gel chronii~kraphy using 

hexanes/ethyl acetate as eluant. 

F. 4'-Bromomethyl-N-(3.4-dimethyl-5-isoxazolyll-21-(3-methylbutyD-N­

((2-methoxyethoxy) methyll [1.1'-biphenyll-2-sulfonamide 

243E (490 mg) was converted to the corresponding bromide 

according to General Method 2 to provide 243F (430 mg, 78%) as an oil 

following silica gel chromatography using hexanes/ethyl acetate as eluant. 

10 G. 4'-[(2-Butyl-4-oxo-1.3-diazaspirof4.4lnon-1-en'-3-yDmethyll-2'-(3-

methylbutyD-N-[ (2-methoxvethox,y)methyll-N-(3.4-dimethyl-5-

isoxazolyDf l.l '-biphenylJ-2-sulfonamide 

243F (430 mg) was used to alkylate 2-butyl-1,3-diazaspiro[4.4]non-

1-en-4-one according to General Method 4. 248G (300 mg, 58%) was 

15 produced as an oil following silica gel chromatography using he~~mes/ethyl 

acetate as eluant. 

H. 41-[(2-Butyl-4-oxo-1.3-diazaspirof4.4lnon-1-en-3-yDmethy11-N-(3.4-

dimethylisoxazol-5-yl)-2'-(3-methylbutyl)[l,l'-biphenyll-2-

20 sulfonamide 

243G was deprotected according to General Method 7. The crude 

product was purified by reverse-phase preparative HPLC to provide the 

title compound (165 mg, 63%) as a white solid: mp 50-53 °C; MS m/e 605 

(ESI+ mode); HPLC retention time 27.~2 min (Method B ); HPLC purity 

25 >97%. 

30 

Example 244 

4'-[(2-Butyl-4-oxo-1.3-diazaspirof4.4lnon-1-en-3-yDmethylJ-N-(3,4-

di.methylisoxazol-5-yD-2'-(2-methypropyl)[l.1'-biphenyll-2-sulfonamide 
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A. 4-((2-Methyl-2,-prnpenyDouJbenzonitrile 

5 A mixture of 4-cyanophenol (9.0 g, 75 mmol), potassium carbonate 

(21 g, 150 mmol), and DMF (50 ml) was treated with methallyl bromide 

(7 .8 ml, 77 :imµQl) at 0 °C. The mixture was stirred at RT for 16 h, then 

was added to water and extracted with ethyl acetate (3 X 100 ml). The 

combined organic extracts were washed with water and dried and 

10 evaporated to giyc244A(13 g, 99%) as an oiL 

B. 4-Cyano-2-(2-methyl-2-propenyDphenol 

A solution of 244A (13 g,75 mmol) .and BHT {165 mg) in 1,2,4-

trichlorobenzene (40 ml) was heated at 200 °C for 5 days. The mixture 

15 was cooled and diluted with ethyl acetate, then the organic layer was 

extracted with 10% NaOH solution (3 X 200ml). The aqueous phase was 

made acidic with hydrochloric acid and extracted with ether (3 X lOOml). 

The combined ether extracts were washed with water and dried and 

evaporated. The residue was chromatographed on silica gel using 9:1 

20 hexanes/ethyl acetate. to afford 244C (5.8 g, 45%) as a solid. 

C. 4-Cyano-2-(2-methylpropyl)phenol 

A mixture of 244B (1.1 g) and 110 mg of Pt02 in 20 ml EtOH was 

hydrogenated at 35 PSI for 15 min. Filtration and concentration gave 

25 0.73 g of244C (66%). 

D. 4-Hydrozy-3-(2-methylpropyDbenzaldehyde 
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244C (0. 73 g) was treated with DIBAL-H according to General 

Method 14 to provide crude 244D (530 mg, 72%) as an oil. 

E. 3-(2-Methylpropyl)-4-Ctrifluoromethanesulfonyloxy)benzaldehyde 

244D (530 mg) was converted to the corresponding 

trifluoromethanesulfonate ester according to the procedure of Example 

229, step E. The residue was chromatographed on silica gel using 4:1 

hexaneslethyl acetate to give 244E (295 mg, 33%) as an oil. 

10 F. N-(3.4-Dimethyl-5-isoxazolyD~4' -formyl-2'-(2-inethylpro.PyD-N-ff2-

methoxyethoxv)methyll [1,l '-biphenyll-2-sulfonamide 

15 

20 

25 

Suzuki coupling of 244E (295 mg) according to the procedure of 

Example 229, step F, provided 244F (170 mg, 36%) as a yellow solid 

following silica gel chromatography using hexanes/ethyl acetate as eluant. 

G. N-(3.4-Dimethyl-5-isoxazolyl)-4'-hydroxvmethyl-2'-(2-methylpropyl)­

N-[(2-methoxvetho:x;y)methyll ll.1 '-biphenyll-2-sulfonamide 

244F (170 mg) was reduced with sodium borohydride in methanol 

according to General Method 11 to provide 244G (67 mg, 39%) as an oil. 

· H. 4'-Bromo-methyl-N-(3.4-dimethyl-5-isoxazolyD-2'-(2-methylpropyD-

N-£(2-metho:x;yethoxy)methyll [l.1 '-biphenyll-2-sulfonamide 

244G (67 mg) was converted to the coITesponding bromide 

according to General Method 2 to provi~e 244H (42 mg, 56%) as an oil. 

I. 4'-ff2-Butyl-4-oxo-1.3-diazaspiro[4.4Jnon-1-en-3-yl)methyll-2'-(2-

methylpropyll-N-lC2-metho:x;yethozy)methyll-N-(3.4-dimethyl-5-

isoxazolyDCl.1'-biphenyll-2-sulfonamide · 

244H (42 mg) was used to alkylate 2-butyl-l,3-diazaspiro{4.4]non-1-

30 en-4-one according to General Method 4. 2441 {36 mg, 45%) was produced 

- 207 -
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as· an oil following silica gel chromatography using hexanes/ethyl acetate 

as eluant. 

J. 4' -r<2-Butyl-4-oxo-1.3-diazaspirof4.4Jnon-1-en-3-yDmethylJ-2' -(2-

methylpropyD-N-{3.4-dimethyl-5-isoxazolyDfl.1' -biphenyll-2-
. -~ : •. . . - . : . . . . . . . 

sulfonamide 

2441 (36 ipg) was deprotected according to General Method 7. The 

crude product w~s purified by reverse-phase preparative HPLC to provide 
: : 

the title compoui;id (25 mg, 86%) as a white solid: mp 58-61 °C; MS m/e 

10 591 (ESI + mode); HPLC retention time 28.21 min (Method B ); HPLC 
. . .. . . . . . 

purity >98%. 

. : ~ ... 

. Example 245 
' . . . . . . 

4'-[[2-(3.3-Difluorobutyll-4-oxo-1.3-diazaspiro(4.4lnon-1-en-3-yl1methyll-N-
. . '·. . . . . . . .. . . 

15 (3.4-dimethylisoxazol-5-yl>-2' -( ethox;ymethyl)[l.l 1-biphenyll-2-sulfonamide 

20 A. Methyl 1":((3.3-difluorobutanoyDaminoJcyclopentane-1-carboxylate 

A solution of 4,4-Difluoropentanoic acid (600 mg, 4.4 mmol, 

prepared accordi,ng to Larsso11, U.; Carlson, R.; Leroy, J.Acta Chem. 

Scand. 1993, 47~ 380-90)in dichloromethane (10 ml) was treated at RT 

with oxalyl chloride (4.4 ml of a 2.0 M solution in dichloromethane, 8.8 

25 mmol) and DMF (10 µl). A:fter 20 min the mixture was evaporated and 10 

ml fresh dichloromethane w:~s added. The mixture was cooled to 0 °C and 

methyl 1-aminocyClopentane-1-catboxylate hydrochloride (1.6 g, 8.8 mmol) 
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was added, foll6.W~d by triethylailiine (3.6 ml, $~~m.ol) and DMAP (10 

mg). The mixture was stirred at RT for 3 hours. Aqueous sodium 

bicarbonate solution was added and the mixture was extracted three times 

with dichloromethane. The combined organic extracts were dried over 

5 sodium sulfate and concentrated. The residue was chromatographed on 

silica gel using 1:2 hexanes/ethyl acetate as eluant to give 245A (520 mg, 

46%) as an orange oil.. 

10 

B. 2-(3.3-DifluorobutyD-1.3-diazaspiro[4.4Jnon-1-en-4-one 

245A (520 mg, 2.0 mmol) was treated according to the procedure of 

Example 22, step B. The crude residue was chromatographed on silica gel 

using 1:3 hexanes/ethyl acetate as eluant to yield 245B (150 mg, 33%) as a 

yellow oil. 

15 c. 4'-U2-(3.3-DifluorobutyD-4-oxo-1.3-diazaspiro[4.41non-1-en-3-

yllmethyll-N-C3.4-dimethylisoxazol-5-yD-2' -Cethoxymethyl )-N-(2-

methoxyethoxy)methyl[l.1 '-biphenyll-2-sulfonamide 

245B (75 mg, 0.42 mmol) was alkylated with 4'-bromomethyl-N­

(3,4-dimethyl-5-isoxazolyl)-2'-ethoxymethyl-N-(2-

20 methoxyethoxy)methyl[l,l'-biphenyl]-2-sulfonamide (prepared as 

described in Example 226) according to General Method 4. Crude 245C 

(220 mg) was used without further purification. 

25 

D. 4'-[[2-(3.3-Difluorobutyl )-4-oxo-1.3-diazaspiro[4.4Jnon-1-en-3-

yllmethyll-N-(3.4-dimethylisoxazol-5-vD-2'-(ethoxymethyD[l .1 '­

biphenyll-2-sulfonamide 

245C (220 mg) was deprotected according to General Method 8 

(EtOH). The crude product was purified by preparative thin-layer silica 

gel chromatography using 1:1 hexanes/acetone to proviode the title 

30 compound (57 mg) as a white lyophilized powder; MS m/e 629 CESI+ 

mode); HPLC retention time 3. 79 min (Method A); HPLC purity 96%. 
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10 A. 

Example246 

N-( 3,4-Dimethyl-5-isoxazolyD-4'-[[(3-methoxy-2.6-dimethyl+ 

pyridinyDo:zylmethyll-2'-(3.3.3-trifluoroprqpyDll.l'-biphenyll-2-

sulfonamide 

N-(3.4-Dimethyl-5-isoxazolyl)-4'-[[(3-methoxy-2.6-dimethyl-4-

pyridinyDoxylmethyll-2'~(3.3.3-trifluoropropyll-N-[(2-

trimetbylsilyl)ethoxymetfrillll.1'-biphenyll-2-sulfonamide 

229H (400 mg, 0.60 mmol)was used to alkylate 3-metho.xy-2,6-

dimethyl-4-(4H)-pyridinone according to General Method 22. The crude 

15 product was purified by silicageI·chromatography using 1:2 hexanes/ethyl 

acetate as elua~t to provide 246A (130 mg) as a slightly yellow oil. 

.. . . . 

B. N-(3.4-Dimethyl-5-isoxazolyD-4'-UC3-methoxy-2.6-dimethyl-4-

pyridinyDoxvJmethylJ-2'-(3.3.3-trifluoropropyDC1.l'-biphenyll-2-

20 sulfonamide 

246A (130 mg, 0.18 mmol) was deprotected according to General 

Method 8 (EtOH). The crude product was purified by silica gel 

chromatography using 5% methanol in chloroform as. eluant to provide the 

title compound (82 mg) as a pale orange powder after lyophilization; MS 

25 m/e 590 CESI+ mode); HPLC retention time 3.35 min (Method A); HPLC 

purity97%. 

Example247 
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4,-[(2-Butyl..\~oxo-1.3-diazaspirof4.4Jnon-l~~lii;3.y})methyll-N-(3.4-

dimethylisoxazol-5-yD-2' -[(1.1-dimethylethoxy)methyll [l.1 '-biphenyll-2-

sulfonamide 

A. Methyl 4-bromo-3-((1.1-dimethylethoxy)methyllbenzoate 

To a solution of240A (4.90 g, 20 mmol) in 40 ml cyclohexane and 20 

10 ml dichloromethane was added t-butyl 2,2,2-trichloroacetimidate (4.81 g, 

22 mmol) followed by 0.4 ml boron trifluoride .diethyl etherate. The 

mixture was stirred at RT for 4 hours. 1 g solid sodium bicarbonate was 

added and the mixture was stiITed for 10 min. The mixture was 

chromatographed directly on silica gel eluting with 20:1 hexanes/ethyl . 

15 acetate to give compound 247A as an oil (5.33 g, 88%). 

B. N-(3.4-Dimethyl-5-isoxazolyl)-2'-[{1.1-dimethylethoxy)methylJ-4'­

methoxycarbonyl-N-f(2-trimethylsilyDetho:x;ymethvlJ[l.1'-biphenylJ-

2-sulfonamide 

20 247A (5.3 g, 17.5 mmol) was subjected to Suzuki coupling according 

25 

to General Method 1. Silica gel chromatography using hexanes/ethyl 

acetate as eluant provided 247B (6.4 g; 88%) as an oil. 

c. N-(3.4-Dimethyl-5-isoxazolyD-2'-[(1.1-dimethyiethoxy)methyll-41
-

hydroxymethyl-N-(2-trimethylsilyDethoxymethylJ [1.1 '-biphenyll-2-

sulfonamide 
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247B (6.4 g, 10.7 mmol) was reduced with DIBAL-H according to 

the procedure of Example 280, step _E, to provide crude 247C (5.5 g, 89%) 

as an orange oil. 

5 D. 4'-Bromomethyl-N-<:3.4-dimethyl-5-isoxazolyD-2'-Kl.1-

dimethylethmzy)methyll-N-[(2-trimethylsilyI>ethozymethylI [l.l 1-

biphenvll-2-sulfonamide 

24'7C (5.5 g, 9.6 mmol) was converted to the corresponding bromide 

according to General Method 2, providing 247D (5.6 g, 92%) as a yellow oil 

10 following silica g~l chrom!ltography using hexanes/ethyl acetate as eluant. 

15 

E. 4'-[(2-Butyl-4-oxo-1~8-diazaspirol4.4Jnon-1-en.;.3-yDmethyll-N-(3.4-

dimethyl-'5-isoxazolyl)~2'-[(1.1:.dimethylethoxy)methyll-N-K2-

trimethyl~ilyl)ethoJitylnethylJ [l.l 1-biphenyll-2-sulfonamide 

247D (380 mg, 0.60 mmpll was used to alkylate 2-butyl-1,3-

diazaspiro[4.4Jnon...;1-en".'4~one according to General Method 4. The crude 

residue was chromatograp;b.ed ·on silica gel using hexanes/ethyl acetate as 

eluant to proviq°e 247E (410 mg, 92%) as a slightly yellow oil. · 

20 E. 41-r<2-Butyl+ox~l.3~diazaspiro[4.4lnon-1-en-3-yDmethylJ-N-C3.4-

dimethyl-5-isoxazolyU-2'-f( i.1-dimethylethoxy>methyll [1.1 '­

biphenyll-2-sulfonamide 

247E (410 mg, 0.5l) minol) was deprotected with TBAF according to 

General Methoq 10. The e.rude product_ was purified by reverse-phase 

25 preparative HPLC to proVide the title compound (230 mg, 66%) as a white 

solid: MS m/e 621 (ESI+ mode); HPLC retention time 20.97 min (Method 

E ); HPLC purity 96%. 
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4'-(4-Ethyl-1~[[2'- I P2 
[[(3.4-dimethyl-5- ' 
isoxazolyl>amino} 
sulfonyl-2-
methoxymethyl] [ 
1,l'-biphenyll-4- 1 

yl]methylJ-2-
propyl-lH­
imidazole-5-
carboxamide 

I 4'-[4-Ethyl-1-[[2'­
llC3,4-dimethyl-5-
isoxazolyl)amino] 
sulfonyl-2-
methoxymethyl] [ 
l.1'-biphenyl)-4- ,. 
yl}methyl]-N­
methyl-2-propyl-

I lH-imidazole-5-
carboxamide 
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250 7f: 
4'-14-Ethyl-1-([2'- P13 22 (56); 1_ 536 95 2.90 
[[(3,4-dimethyl-5- 8, (C) 

~ 
isoxazolyl)amino} EtOH. 
sulfonyl-2- 15 (94); 
methyl)[l,l'- . 12 (38) 
biphenylJ-4-
yl]methyl]-2-
propyl-lH-
imidazole-5- ; 

carboxamide 

251 Ma~ 4'-[4-Ethyl-1-[[2'- P13 22 (56); 550 97 2.99 ,_,N:;-a [[(3,4-dimethyl-5- 8, (C) 
! ;.. ~Ma 

t) ~ isoxazolyl)aminoJ EtOH. 
w"V-~ sulfonyl-2- 15 (94); . ~ . 

"'v"' . Me methyl)[l,l'- 12 (37> . i· !( 

L ~ .• Mo 

. biphenyl]-4- I i 

! I yl]methy]]-N-
I 

I 
r 

I I I I I methyl-2-propyl-
I 

lH-imidazole-5- ·· i i I 

I I i j I 1 carboxamide 
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What is claimed is: 

1. A compound of the following formula I or a salt thereof: 

R2 
. (I) 

02 
s, ,..Rs 

N 
H 

5 

wherein: 

Ra 

·f~ ~~Ro }-N!R ·;b Rs_.(N 0 IN N N 
~ ~ o~ 7 ~ R10 

R1 is A 1! .Q .E 

~ ~~ R ~ 
Rs R11a 

1 

E g H ~2 ! , 

10 .b 

or I Jf f 1~ 11111UllU11 
" s .. -
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R2 is hydrogen, halogen, -CHO, alkyl, , haloalql, (cycloalkyl)alkyl, 

alkenyl, alkynyl, alkoxyalkyl, haloalkoxyalkyl, alkoxy, 

alkoxyalkoxy, cyano, hyqroxy, hydroxyalkyl, nitro, -CHCOR.i3)(0R,_4), 

-(CH2)..,Y; with the proviso that when R1 is B, ~is not hydrogen, 

5 halogen, alkyl, haloalkyl, alkoxy, hydroxyalk.yl, nitro, -(CH2) ... NR19R.zc, 

orNHS02Rn; 
R:i is heteroaryl; 

R4 and R5 are each independently alkyl, cycloalkyl or alkoxyalkyl, or R, 

and Rs together form a cy-clobutyl, cyclopentyl, cyclohexyl, 

10 tetrahydrofuranyl or tetrahydropyranyl ring; 

R6 is alkyl, haloalkyl, cycloalkyl, alkoxy or alkoxyalkyl; 

~ is -CO~m -CC=O)NR16Rm -C~OH, tetrazolyl, oxadiazolyl or triazolyl 

wherein said tetrazolyl, oxadiazolyl or triazolyl may optionally be 

substitu~ed with hydrogen, alkyl or halogen; 

15 Ra, ~ R10 and R12 are each independently hydrogen, halogen, alkyl, 

cycloalkyl, aryl, heteroaryl, arylalkyl, alkylthioalkyl, alkoxy or 

alkoxy~lkyl; 

R11 and R11• are each independently hydrogen, alkoxy, or together form a 

carbonyl; 

20 R13 and R14 are ~lkyl or together form a five to six-membered ring; 

R15, R16 and R17 are independently hydrogen, alkyl, cycloalkyl or aryl or His 
and RI., may together form a four to six-membered heterocyclic ring; 

n is 1or2; 

w is 0, 1, or 2; 

25 Y is -COOR, -900R18, -NR.i9~, -~1<c'=O)Ra, -~1(C=O)NRA, 
-~1(C=O)OR18, -NR21S02R22, -802}\2, Q, R or§,; 
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tit 
~is O 

R18, R19, Itii0, Riii and Ru are each independently hydrogen, alkyl, cycloalkyl, 

or R19 and R:io may together form a four to seven-membered 

5 heterocyclic ring; 

~ and R24 are each independently hydrogen, alkyl or cycloalkyl, or may 

together form a three to seven membered cycloalkyl ring; 

Z is oxygen, 

xis 2, 3 or4; 

or 

r.v.R25 
~'R21 

10 Ru, Riia and Rii7 are each independently hydrogen, alkyl or cycloalkyl, or Rii6 

and ~ may together form a three to seven-membered cycloalkyl 

ring; 

wherein said rings; aryl alone or as part of another group; or 

heteroaryl alone or as part of another group may each optionally be 

15 substituted by one or more hydrogen, halogen, cyano, alkyl, alkoxy, nitro 

or trifluoromethyl groups. 

2. A compound of claim 1, wherein: 

A 
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'. 
Re 

~-1:~ 
M 

~is alkyl, haloalkyl, (cycloalkyl)alkyl, alkoxyalkyl, haloalkoxyalkyl, 

alkoxy, alkoxyalkoxy, hydroxyalkyl, or -(C~)wY; 

5 Ra is isoxazolyl pyridizinyl, pyrazinyl or pyrimidinyl, each optionally 

substituted with one to three of the following substituents: 

hydrogen, halogen, cyano, alkyl, alk~xy, trifluoromethyl or nitro; 

R4 and R5 are each independently alkyl, cycloalkyl, or R4 and ~ together 

form a cyclobutyl, cyclopentyl or cyclohexyl ring; 

10 Ra is alkyl, haloalkyl, cycloalkyl or alkoxy; 

R, is -C0~15, -(C=O)NR16R11 or-C~OH; 

R8, Ilg, R10 and R12 are each independently hydrogen, halogen, alkyl, 

cycloalkyl, alk.oxyor alkoxyalkyl; 

R11 and R11• are each independently hydrogen, alkoxy, or together form a 

15 carbonyl; 

Rm R16 and R17 are independently hydrogen, alkyl or cycloalkyl or R18 and 

&i1 may together form a four to six-membered heterocyclic ring; 

n is 1or2; 

w is 0, 1, or 2; 

20 Y is -C00~8, -NR:z1(C=O)Ra, -NR.z1(C=O)NR1~, -~1(C=O)OR.i8, 

-~1S02R,2, -SO~ or .Q ; 

· I 111111111111111111 1111111 1111 
* C L M s * 
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(RX-) x 

Z'r(Ni 
Qis o 
R18, R19, R20, ~1 and ~2 are each independently hydrogen, alkyl, cycloalkyl, 

or R19 and~ may together form a four to seven-membered 

heterocyclic ring; 

5 R23 and R24 are each independently hydrogen, alkyl or cycloalkyl, or may 

together form a three to seven membered cycloalkyl ring; 

.f, . 1-R2! 
Z is oxygen, 

xis 2, 3 or 4; 

R25, R26 and ~7 are each independently hydrogen, alkyl or cycloalkyl, or ~ 

10 and ~ may together form a three to seven-membered cycloalk:yl 

ring. 

3. A compound of claim 1, wherein: 

15 M 

~ is alkyl, haloalkyl, (cycloalkyl)alkyl, alkoxyalkyl, haloalkoxyalkyl, 

alkoxy, hydroxyalkyl,or -(CH2)wY; 

'llDf If 1DJu11u1· 
... 
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Ra is isoxazolyl, optionally substituted with one or two of the following 

substituents: hydrogen, halogen, cyano, alkyl, alkoxy, 

trifluoromethyl or nitro; 

R4 and·R,; are each independently alkyl, cycloalkyl, or R4 and~ together 

5 form a cyclobutyl, cyclopentyl or cyclohexyl ring; 

R, is alkyl, haloalkyl, cycloalkyl or alkoxy; 

R., is -C0~15 or -(C=O)NR16R11 ; 

R8, Rg and R10 are each independently hydrogen, halogen, alkyl, cycloalkyl, 

alkoxy or alkoxyalkyl; 

10 R11 and R11• together form a carbonyl; 

R15, R16 and R17 are independently hydrogen, alkyl, or cycloalkyl or R16 and 

R1~ may together form a four to six-membered heterocyclic ring; 

nis 2; 

w is 0, 1, or 2; 

15 Y is -N~1(C=O)~, -~1(C=O)NR1~. -NR:i1CC=O)OR18, -~1S0~2, 

-SO~or 2; 

(R~)x 
~Ni 

Qis O 

R18, R19, R20, ~. and ~ are each independently hydrogen, alkyl, cycloalkyl, 

or R19 and ~ may together form a four to seven-membered 

20 heterocyclic ring; 

~ and R24 are each independently hydrogen, alkyl or cycloalkyl, or may 

together form a three to seven membered cycfoalkyl ring; 

Zia oxygen, 

xis2,3 or4; 

25 ~' ~ and R27 are each independently hydrogen, alkyl or cycloalk.yl, or R. 
and R.t., may together form a three to seven-membered cycloalkyl ring. 
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4. A compound of claim 1, wherein: 

.~;~f~~~·:?;~ 

·~~i~;~~~~\ 
PCT/US99/15063 

Riis A g G ,or M 

~is alkyl, haloalkyl, (cycloalkyl)alkyl, alkoxyalkyl, haloalkoxyalkyl, 

5 alkoxy, alkoxyalkoxy, hydroxyalkyl,or -(CH2)w Y; 

Ra is isoxazol-5-yl or isoxazol-3-yl independently substituted with two of 

following substituents: alkyl or halogen; 

R4 and R8 are each independently alkyl, cycloalkyl, or R4 and Rs together 

form a cyclobutyl, cyclopentyl or cyclohexyl ring; 

10 R6 is alkyl, haloalkyl, cycloalkyl or alkoxy; 

R., is -(C=O)NR16R11; 

R8, and R10 are independently H, alkyl, cycloalkyl, alkoxy or alkoxyalkyl; 

nis 2; 

w is 0, 1, or 2; 

15 Y is -NR111(C=0)~2, -N~1(C=O)NR19~0, -N~1(C=O)OR18, -N"Rz1S02~ 
or Q; 

(R)\) x 

~Ni 
Qis o 

R18, R19, ~' ~1 and Rn are each independently hydrogen, alkyl, cycloalkyl, 

or R19 and~ may together form a four-, five-, six- or to seven-

20 membered heterocyclic ring; 

~ and ~ are each independently hydrogen, alkyl or cycloalkyl, or may 

together form a three to seven membered cycloalkyl ring; 
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:t-~ ~ 
Zis or ; 

xis 2; 

Ru, ~6 and R27 are each independently hydrogen, alkyl or cycloalkyl, or~ 

and ~7 may together form a three-, four-, five, six- or seven-membered 

5 cycloalkyl ring. 

10 

15 

20 

5. A compound of claim .1, wherein. R3 is isoxazol-5-yl or 

isox~ol-3-yl independently substituted with two of following substituents: 

alkyl or halogen. 

6. A compound of clai.ln 5, wherein R1 is 

7. A compound of claim 6, wherein R:z is alkyl, haloalkyl, 

alkoxyalkyl or haloalkoxyalkyl. 

8. A compound of claim 6, wherein R:z is -CH2Y; 

9. A compound of claim 8, wherein Y is Q; · 

R::& 
..vl.v. ~o 

10. A compound of claim 5, wherein R1 is g 

11. A compound of claim 10, wherein~ is alkyl, haloalkyl, 

alkoxyalkyl or haloalkoxyalkyl. 
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5 

10 

.. ··· 

12. A compound of claim 10, wherein ~ is -CH:t Y; 

13. A compound of claim 12, wherein Y is ~; 

R~;,. 
14. A compound of claim 5, wherein R1 is G 

15. A compound of claim 14, wherein ~ is alkyl, haloalkyl, 

alkoxyalkyl or haloalkoxyalkyl. 

16. · A compound of claim 14, wherein R:z is -C~ Y; 

17. A compound of claim 16, wherein Y is Q; 

15 18. A compound of claim 1, wherein R2 is alkoxyalkyl alkyl, 

haloalkyl or haloalkoxyalkyl 

19. A compound of claim 18, wherein R3 is isoxazol-5-yl or 

isoxazol-3-yl independently substituted with two of following substituents: 

20 alkyl or halogen. 

20. A compound of claim 1, wherein ~ is -CH2Y. 

21. A compound of claim 20, wherein Ra is isoxazol-5-yl or 

25 isoxazol-3-yl independently substituted with two of following substituents: 

alkyl or haloge~. 

22. A compound of claim 20, wherein Y is Q. 
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23. A compound of claim 22, wherein Ra is isoxazol-5-yl or 

isoxazol-3-yl independently substituted with two of following substituents: 

alkyl or halogen. 

24. A compound of claim 1, wherei:o, said compound is selected 

from the group consisting of: 

4'-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methylJ-N-(4,5-

10 dimethyl-3-isoxazolyl)[l,1'-biphenyl]-2-sulfonamide; 

4'-[(2-Butyl-4-oxo-l,3-diazaspii'o[4.4)non-l-en-3-yl)methyl]-N-(3,4-

dimethyl-5-isoxazolyl)-2'-[(methylamino)methyl][l,r-hiphenyl]-2-

sulfonamide; 

4'-[(2-Butyl-4;..oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-

15 formyl-N-(3,4-dimethyl-5-isoxazolyl)-[l,l'-biphenyl]-2-sul.fonamide; 

4'-[(2-Butyl-4-oxo;..l,3-diazaspiro{4.4]non-1-en-3-yl>methylJ-N-(3,4-

dimethyl-5-isoxazolyl)-2'-[(3,3-dimethyl-2-oxo-1-pyrrolidinyl)methyl] [l,l'­

biphenylJ-2-sulfonamide; 

4'-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)m.ethyl]-N-(3,4-

20 dimethyl-5-isoxazolyl)-2'-[(3-methyl-2-oxo-l-imidazolidiny])methyl] [l,l 1-

biphenyl]-2-sulfonamide; 

4'-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4)non-l-en-3-yl)methyl]-2'-[(3,3-

dimethyl-2-oxo-1-pyrrolidinyl)methyl]-N-(2-pyrazinyl) [l,l'-biphenyl]-2-

sulfonamide; 

25 4'-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-!m-3-yl)methyl]-N-(3-

chloro-2-pyrazinyl)-2'-[(3,3-dimethyl-2-oxo-1-pyrrolidinyl)methyl][l,l1-

·biphenyl]-2-sulfonamide; 

4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4)non-l-en-3-yl)methyl]-N~3,4-

dimethyl-5-isoxazolyl)-2'-((2-oxo-1-pyrrolidinyl)methyl] [1,1 '-biphenyl}-2-

30 sulfonamide; 
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4'-[(2-Butyl-4-oxo-l,3-d.iazaspiro[4.4]non-1-en-3-yl)methyl]-2'-[(3,3-

dimethyl-2-oxo-1-pyrrolidinyl)methyl]-N-(3,6-dimethyl-2-pyrazinyl)[l,1'­

biphenyl]-2-sulfonamide; 

4'-[(2-Butyl-4-oxo-l,3-d.iazaspiro[4.4]non-1-en-3-yl)methyl]-2'-[(3,3-

5 dimethyl-2-oxo-1~pyrrolidinyl)methyl]-N-(3-methoxy-2-pyrazinyl)[l,l'- . 

biphenyl]-2-sulfonamide; 

4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'­

formyl-N-( 4,5-dimethyl-3-isoxazolyl)-[l, 1 '-biphenyl]-2-sulfonamide; 

4'-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl):methyl]-N-(4,5-

10 dimethyl-3-isoxazolyn-21-[(2-oxo-1-pyrrolidinyl)methyl] [l,l '-biphenyl}-2-

sulfonamide; 

(S)-N-[[2' -[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl] [1,l '­

biphenyl]-4-yl]methyl]-N-[2-methyl-l-(3-methyl-1,2,4-oxadiazol-5-

yl)propyl]pentanamide; 

15 N-(3,4-Dimethyl-5-isoxazolyl}-2'-[(3,3-dimethyl-2-oxo-1-

pyrrolidinyl)methyl]-4'-[(2-ethyl-5, 7-dimethyl-3H-imidazo[4,5-b]pyridin-3-

.yl)methyl] [1,l '-biphenyl]-2-sulfonamide; 

N-(3,4-Dimethyl-5-isoxazolyl)-4'-[2-(2-methoxyethyl)-4-oxo-l,3-

diazaspiro[ 4.4]non-1-en-3-yl)methyl] [10l '-biphenyl]-2-sulfonamide; 

20 N-(3,4-Dimethyl-5-isoxazolyl)-4'-[2-(2-ethoxymethyD-4-oxo-l,3-

diazaspiro[4.4)non-l-en-3-yl)methyl] [l,l '-biphenyl]-2-sulfonamide; 

4'-[(2-Ethyl-5,7-dimethyl-3H-imidazo[4,5-b)pyridin-3-yl)methyl]-2'­

[(2-oxo-1-pyrrolidinyl)methyl]-N .;(3,4-dimethyl;..5-isoxazolyl) [l,l '-biphenyl]-

2-sulfonamide; 

25 4'-[(2-Ethyl-5, 7-dimethyl-3H-imidazo[4,5'."b]pyridin-3-yl)methyl]-2' -

[(3-methyl-2-oxo-1-imidazolidinyl)methyl]-N-(3,4-dimethyl-5-

isoxazolyl)[l,l'-biphenyl]-2-sulfonamide; 

(8)-2-[N-[2'-[[N-(3-Methyl-5-isoxazolyl)amino]sulfonyl] [l,1 '­

biphenyl]-4-yl]methylJ-N-(1-oxopentyl)amino]-3,N-dimethylbutanamide; 

30 (S)-2-[N-[2'-[[N-( 4-Bromo-3-methyl-5-isoxazolyl)amino]sulfonyl] [l ,l '-

biphenyl)-4-yl)methyl]-N-(1-oxopentyl)amino]-3,N-dimethylbutanamide; 
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4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non.,-l-en-3-yl)methyl] 

-N-(8,4-dimethyl-5-isoxazolyl)-2~-propyl[l,1 '-bi~henyl]-2-sulfonamide; 

4' -[(7-Methoxycarbonyl-2-ethoxybenzimidazol-1-yl)methyl]­

N-(3,4-dimethyl-5-isoxazolyl)-[l;l'-biphenyl]-2-sulfonamide; 

5 4'-[(7-Carboxy-2-ethoxybenzimidazol-l~l}methyl]-N-

(3,4-dimethyl-&-i~oxazolyl)-[l,1'-biphenyl]-2-su!fonamide; 

4'-[(7-Metboxycarbonyl-2-ethylbenzimidazol-1'."'yl)methyl)-N­

(3,4-dimethyl~5-isoxazolyl)~[l,1' -biphenyl]-2-suµ'onamide; 

4'-[(7-Carboxy-2-ethylbenzimidazol-1-yl)inethyl]-N-

10 (3,4-dimethyI-5.,isoxazolyl)-[1,l'-biphenylJ-2-sulfonamide; 

2' -[(3,3-Di:rnethyl-2-oxopyrrolidin-1-yl)methyl]-4' -[{2-ethoxy-7-

(methoxycarbonyl)benzimidazol-1-yl)methyl]-N-(3,4-dimethyl-5-

isoxazolyl)-[l,l '-~iphenyl]-2-sulfonamide; 

2'-[(3,3.:Dimethyl-2-oxopyrrolidin-l-yl)methyl]-4'-{(2-ethoxy-7-

15 ( carboxy )benzimidazol-1-yl)methyl]-N-(3,4-dimetbyl-5-isoxazolyl)-[l,l'-. 

biphenyl]-2-sulfOilamide; 

2' -[(3,S-Dimethyl-2-oxopyrrolidin-1-yl)methyl]-4'-((2-ethoxy-7-<N­

methylcarbamO.yl)benzimidazol-1-yl)methylJ-N-(3,4-dimethyl-5-isoxazolyl)'."' 

[1,1'-biphenyl]-~.:.sulfonamide; 

20 2'-[(3,3~Dimethyl-2-oxopyrrolidin-1-yl)methylJ-4'-[(2-ethoxy-7-(N,N-

dimethylcarbam.oyl)benzimidazol-1'."'yl)methyl]'."'N-(3,4-dimethyl-5-

isoxazolyl)-[1,1 '~biphenyl}-2'."'Bulfonamide; . 

4'-[(2-Ethylquinolin-4-yl)oxymethyl]-N-(l,3,5-trimethylpyrazol-4-yl) 

[l,1'-biphenylJ-2-sulfonamide; 

25 4'-[(2-Ethylquinolin-4-yl)oxymethyl]-N'."'(3'."'methylisoxazol-5-yl) [l,l'-

biphenyl]-2-sulfonamide; 

4' -[( 5-,Acetyl-2-n-propyl-4-chloroimidazol-1-yl)methylJ-N-(3,4-

dimethyl-5-ismtazolyl)-[l,l'-biphenylJ-2-sulfonamide; 

4' -[( 5-Methoxycarbonyl-2-n-propyl-4-c41oroimidazol-1-yl)methyl]-N-

30 (3,4-dimethyl-5-isoxazolyl}-[l,l' -biphenylJ-2-sulfonamide; 
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4' -[( 5.;.(N;Nidimethylcarbamoyl)-2-:h-prdpltJ~-cltloroimidazol-1-
yl)methyl]-N~(3,4-dimethyl-5-isoxazolyl)-[1,1'-biphenyl].:2-sulfonamide; 

4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(3,4-

dimethyl-5-isoxazolyl)-2'-hydroxymethyl[l,l'-biphenyl]-2-sulfonamide 

5 4'-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(3,4-

dimethyl-5-isoxazolyl)-2' -ethoxymethyl[l,1 '-biphenyl]-2-sulfonamide; 

4'-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(3,4-

dimethyl-5-isoxazolyl)-2' .:propyl[l,1'-hiphenyl]-2-sulfonamide; 

4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-[(3,3-

10 dimethyl-2-oxo-1-pyrrolidinyl)methyl]-N-(3-methoxy-5-methyl-2-

pyrazinyl) [1, 1'-biphenyl]-2.:sulfonamide; 

4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(4-

hromo-3-methyl-5-isoxazolyl)-2' -[(3,3-dimethyl-2-oxo;.1-

pyrrolidinyl)methyl] [1,1' -biphenyl]-2-sulfonamide; 

15 4' -[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(3,4-

dimethyl-5-isoxazolyl)-2'-[(formylmethylamino)-methyl] [1,1'-biphenyl]-2- . 

sulfonamide; 

N-[(4-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'­

[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl] [l,l '-biphenyl]-2-yl]methyl]-N-

20 methylpropanamide; 

N-[[4-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4)non-1-en-3-yl)methyl]-2'­

[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl] [l,1'-biphenyl]-2-yl]methyl]-N­

methylcyclopropanecarbox-amide; 

N-[[4-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-

25 [((3,4-dimethyl-5-isoxazolyl)amino]sulfonyl] [1,1'-biphenyl]-2-yl]methyl]-. 

N,2-dimethylpropanamide; 

N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro(4.4Jnon-1-en-3-yl)methyl]-2' -

[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl] [l,l'-biphenyl]".2-yl]methyl]-N­

methylbutanamide; 
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N-[[4-((2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1".'.0n-3-yDmethyl]-2'­

[[(3,4-dimethyl-5,.isoxazolyl)amino]sulfonyl][l,l'-biphenyl]-2-yl]methyl]-2-

methoxy-N-methylacetamide; 

N-[[4-[(2~Butyl-4-oxo-1,3-diazaspiro[4.4)non-1-en-3-yl)methyl]-2'-

.5 [[(3,4-dimethyl,.5~is~xazolyl)amino]sulfonyl][l,l'-biphenyl]-2-yl]methyl}-N-

methyl-4-pentynamide; 

N-[[4-[(2-:Sutyl-4-oxo-,l,3-diazaspiro[4.4Jnon".'l-en-3-yl)methyl]-2'­

[[(3,4-dimethyl-5-isoxazolyl)amino)sulfonylJ [l,1'-biphenyl)-2-yl]methyl)-N­

methylcyclobu~necarboxamide; . , : 

10 N-[[4-[(2.,;Butyl-4-oxo-1,3-diazaspiro[4.4]non-l-en-3-yl)methylJ-2'-

[[(3,4-dimethyl-5.,.isoxazolyl)amino)sulfonyl] [1,1 '-biphenyl}-2-yl]methyl]­

N ,3-dimethylbutanamide; 

N-((4 ... [C2-:Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'­

([(3,4-dimethyl".'~-isoxazolyl)aminoJsulfonyl][l,l'-biphenyl)-2-yl]methyl]-

15 N,2,2-trimethylpropanamide; 

N-[(4-[(2-:Sutyl-4:..oxo-1;3".'diazaspiro(4.4]non-1-en-3-yl)methyl]-2' -

[[(3,4-dimethyl-,p-isoxazolyl)amino]sulfonyl) [l,l'-biphenylJ-2-yl]methyl)-3- . , 

methoxy-N-methylpropanamide; 

N-[[4-[(2-:Butyl-4-oxo-1,3-diazaspiro[4.4)non-1-en-3-yl)methyl]-2'-

20 [[(3,4-dimethyl-5-isoxazolyl)aminoJsulfonyl] [1, l '-biphenylJ-2-yl]methyl]-2-

ethoxy-N-meth~lacetamide; 

N-[[4.,[(2~Butyl-4-oxo-1,3-diazaspiro{4.4]non-1-en-3-yl)methyl]-2'­

[[(3,4-dimethyl'.'"5-isoxazolyl)amino]sulfonyl)[l,1'-biphenyl)-2-y1Jmethyl]-N­

methyl-2-furan~boxamide; 

25 N-[[4-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-

([(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl] [l, 1 '-biphenyl]-2-yl)methyl}­

N,4-dimethylpentanamide; 

N-([4-[(~-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'­

[[(3,4-dimethy1-5-isoxazolyl)amino)sulfonyl][l,l'-:biphenyl]-2-yl]methyl]-N-

30 methylbenzamide; 
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N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'­

.[[(3,4-dimethyl-5~isoxazolyl)amino]sulfonyl][l,1'-biphenyl]-2-yl]methyl]-N­

methyl-3-thiophenecarboxamide; 

N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-

5 [[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl] [1, 1'-biphenyl]-2-yl]methyl]-N-

methylcyclopentaneacetamide; 

N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl)-2'­

[[(3,4-dimethyl-5-isoxazolyl)amino}sulfonyl)[l,l'-biphenyl]-2-yl]methyl]-N­

methylcyclohexanecarboxamide; 

10 N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-

[[(3,4-dimethyl-5-isoxazolyl)amino] sulfonyl] [1, 1' -biphenyl]-2-yl]methyl]-

N ,3-dimethylbenzam.ide; 

N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2' -

[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl][l,1'-biphenyl]-2-yl]methyl]-N-

15 methylbenzeneacetamide; 

N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'­

I((3,4-dimethyl-5-isoxazolyl)amino]sulfonyl] [1,1'-biphenyll-2-yl]methyl]-2-

fluoro-N-methylbenzamide; 

N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl}-2'-

20 [[(3,4-dimethyl-5-isoxazolyl)amino}sulfonyl} [1,1'-biphenylJ-2-yl]methyl]-3-

fl.uoro-N-methylbenzamide; 

N.:.[[4-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en.;3-yl)methyl}-2'­

[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl] [l,l'-biphenyl]-2-yl]methyl]-4-

fluoro-N-methylbenzamide; 

25 N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-

[[(3,4-dimethyl-5-isoxazolyl)amino}sulfonyl][l,1'-biphenyl]-2-yl]methyl]-N­

methylcyclohexaneacetamide; 

N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'­

[[(3,4-dimethyl-5-isoxazolyl)amino] sulfonyl] [1,1' -biphenyl]-2-yl}methyl]-2-

30 fluoro-N-methylbenzeneacetamide; 
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N-[(4-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'­

(((3,4-dimethyl-5-isoxazolyl)amino]sulfonyl] [1,1 '-biphenyl]~2-yl]methyl]-3-

fluoro-N-methylbenzeneacetamide; 

N-[[4-[(2~Butyl-4.oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-

5 [[(3,4-dimethyI,.5,.isoxazolyl)amino]sulfonyl][l,l'-biphenyl]-2-yl]methyl]-4-

fluoro-N-methylbenzeneacetamide; 

N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'­

[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl] [l,l '-biphenyl]-2-yl]methyl]­

N ,N' ,N'-trimethylurea; 

10 N-[[4-[(2.,Butyl-4-oxo-l,3-diazaspiro[4.4Jnon-1-en-3-yl)m.ethyl]-2'-

[[(3,4-dimethyl-p;.isoxazolyl)~ino)sulfonyll[l,l'-biphenyl]-2-yl]methyl]-N'­

(1,1-dimethylethyl)-N-methylurea; 

[[4.[(2.,.Butyl-4-oxo-l,3-diazaspiro[4.4Jnon-1-en-3-yl)methyl]-2'­

[[(3,4-dimethyl-S-isoxazolyl)amino]sulfonyl][l,1'-biphenyl]-2-

15 yl]methyl]methylcarbamic acid ethyl ester; 

[[4-((2-Bµtyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'­

[[(3,4-dimethyl'.'5-isoxazolyl)allli~o]sulfonyl) [l,l' -biphenyl]-2-

yl)methyl]methylcarbamic acid 2-methylpropyl ester; 

N•[[4-[(2~Butyl-4-oxo-1,3-diazaspiro[4.4]non-l-en-3-yl)methyl]-2'-

20 (((3,4-dimethyl~S-isoxazolyl)amino]sUlfonyl] [l,l '-biphenyl]-2-yl]methyl]-

N ,3,3-trimethylbutanamide; 

N-[[4-r(~.,.:Sutyl-4-oxo-l,8-diazaspiro[4.4)non-1-en-3-yl)methyl]-2'­

[[{8,4-dimethyl-p-isoxazolyl)amino)sulfonyl][l,l'-biphenyl]-2-yl)methyl]-N­

methyl-2-pyriqinecarboxamide; . 

25 N-[[4-[(2~:Sutyl-4-oxn-l,3-diazaspiro[4.4Jnon-1-en-3-yl)methyl]-2' -

[[(3,4-dimethyl;.5-isoxazolyl)S,Jllino]sulfonyl][l,1'-biphenyl]-2-yl]methyl]-N­

methyl-3-pyrid.inecarboxamide; 

N-[[4-[(2-Butyl-4-oxo-1,3-diazE!Bpiro[4.4]non-1-en-3-yl)methyl]-2'­

[[(3,4-climethyl.;5-isoxazolyl)amino]sulfonyl][l,1'-biphenyl]-2-yl]methyll-N-. .. , . . 

30 methyl-3-pyridinecarboxami<l~; 
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N-[[4-[(2::::Bfityl-4-oxo-l,3-(Hazaspiro[4.4J~'R<.l~en-3-yl)methyl]-2' -

[[(3,~ethyl~5-isoxazolyl)amino]sulfonyl][l,l'-biphenyl]-2-yl]methyl]­

N ,1-dimethyl-lH-pyrrole-2-carboxamide; 

N-[{4-[(2-Butyl-4-oxo-1,3-diazaspiro(4.4]non-1-en-3-yl)methyl]-2'-

5 ([(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl] [l,l'-biphenyl]-2-yl]methyl]-N­

methyl-1,2,3-thiadiazole-4-carboxamide; 

N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4)non-1-en-3-yl)methyl]-2'­

[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl] [1, l'-biphenyl]-2-yl]methyl]-

N ,5-dimethyl-2-pyrazinecarboxamide; 

10 N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-

[[(3,4-dimethyl-5-isoxazolyl)amino1sulfonyl] [l,1'-biphenyl]-2-yl]methyl]­

N ,3,5-trimethyl-4-isoxazolecarboxamide; 

N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'­

[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl][l,1'-biphenyl]-2-yl]methyl]-

15 N ,3-dimethyl-2-thlophenecarboxamide; 

N-[[4-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'­

[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl] (l,l'-biphenyl]-2-yl]methyl]­

N,5-dimethyl-2-thiophenecarboxamide; 

N-[[4-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-

20 [[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl] [1,l'-biphenyl]-2-yl]methyl]-3-

cyano-N-methylbenzamide; 

N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'­

[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl] [l,l'-biphenyl]-2-yl]methyl]-4-

cyano-N-methylbenzamide; 

25 N-[[4-[(2~Butyl-4-oxo-1,3-diazaspiro[4.4)non-1-en-3-yl)methyl]-2'-

[[(3,4-dimethyl-5-isoxazolyl)amino)sulfonyl] [l,l'-biphenyl]-2-yl)methyl]-2-

methoxy-N-methylbenzamide; 

N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4Jnon-1-en~S-yl)methyl]-2' -

[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonylJ[l,l'-biphenyl]-2-yl)methyl]-2-

30 chloro-N-methylbenzamide; 
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N-[[4-[(2-B.utyl•4-oxo-1,3~azaspiro[4.4}non-1-en .. 3-yl)methyl]-2'­

[[(3,4-dimethyl-5-isoxazolyl)amino)sulfony1J [1,1 '-biphenyl)-2.,yl)methyl]-3-

chloro-N-methylbenzamide; 

N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-

5 (((3,4-dimethyl-5-isoxazolyl)amino)sulfonyl][l,1'-biphenyl)-2-yl]methyl]-4-

chloro-N-methylbenzamide; 

N-{[4-[(2-Butyl-4-oxo-1,3-dia~aspiro[4.4]non-1-e:t:t-3-yl)methyl)-2'­

[[(3,4-dimethyl-5•isoxazolyl)amino]sulfonyl][l,l'-biphenyl]-2-ylJmethyl]-

2,3-difluoro-N-methylbenzamide; 

10 N-[[4-[(2-B.utyl-4-oxo-1,3-diazaspiro[4.4)non-1-en-3-yl)methyl]-2'-

[[(3,4-dimethyl-5"'.isoxazolyl)amino)sulfonyl] [1,l'-biphenyl]-2-yl]methyl)-

3,4-difluoro-N-methylbenzamide; 

N-[[4-((2-~utyl-4-oxo-1,3•diazaspiro[4.4]non-1-en-3-yl)methyl]-2'­

[[(3,4-dimethyl-5~isoxazolyl)amino]sulfonyl][l,1'-biphenyl]-2-yl]methyl]-

15 3,5-difluoro-N-methylbenzamide; 

4-Acetyl-N-[[4-[(2-butyl-4-oxo-1;3-diazaspiro[4.4)non-1-en-3-

. yl)methyl]-2' -(((3,4-dimethyl ,;5-isoxazolyl)amino]sulfonyll [l,1 '-biphenylJ-2-

yl]methyl]-N-methylbenzamide; 

. N~[[4-[(2-B.utyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-

20 [[(3,4-dimethyl.-5-isoxazolyl)an;rino)sulfonyl] [l,1'-biphenylJ-2-yl]methyl] .. 3-

ethoxy-N-methyl-2-thiophtlnecarboxamide; 

4'-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(3,4-

dimethyl-5-isou.zolyl)(l,l'-biphenyl]-2-sulfonami4e; 

4'-[(2-Butyl-4-oxo-l,3-diazaspiro(4.4]non-1-en-3-yl)methyl]-N-(3,4-

25 dimethyl-5-isoxazolyl)-2' -[(propylsulfonyl)amino] (1,1 '-biphenyll-2-

sulfonamide; 

N-([2' -[[(3,4-Dimethyl-5-isoxazolyl)am,ino]sulfonyl] (1,1' -biphenyl]-4-

yl}niethyl]-N-(1-oxopentyl)-L .. valine methyl ester; 

N-[[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl][l,l'-biphenyl]-4-

30 yl]methyl]-N-(1-oxopentyl)-L-valine methyl ester; 
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N-(3,4-Dilnethyl-5-isoxazolyl)-2'-[(3,3-dihietliyl-2-oxo-1-

pyrrolidinyl)methyl]-4'-[(2-propyl-4-oxo-1,3-diazaspiro(4.4]non-1-en-3-

yl)methyl] [1,l'-biphenyl]-2-sulfonamide; 

N-[[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl]-4-((2-ethyl-5, 7-

5 dimethyl-3H-imidazo[4,5-b]pyridin-3-yl)methyl)[l,l'-biphenyl]-2-

yl]methyl]-N ,3,3-trimethylbutanamide; 

N2-[[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl][l,l'-biphenyl]-

4-yl]methyl]-N2-(1-oxopentyl)-L-valinam.ide; 

N2-([2'-[[(3,4-Dimethyl-5-isoxazolyl)am.ino]sulfonyl][l,l'-biphenylJ-

10 4-yl]methyl]-N-methyl-N2-(1-oxopentyl}-L-valinamide; . 

·N2-[[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino)sulfonyl][l,1'-biphenyl]-

4-yl]methyl]-N,N-dimethyl-N2-(1-oxopentyl)-L-valinamide; 

4'-[(2-Butyl-4-oxo:..1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(3,4-

dimethyl-5-isoxazolyl)-2' -[[(2,2,2-trifluoroethyl)amino]methyl] (l,l'-

15 biphenyl]-2-sulfonamide; 

4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-[[{3,4-

dimethyl-5-isoxazolyl)amino)sulfonyl] [1,l'-biphenyl]-2-carboxylic acid; 

4'-[{2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(3,4-

dimethyl-5-isoxazolyl}-2' -(trifluoromethyl)[l;l' -biphenyl)-2-sulfonamide; 

20 4-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-[[(3,4-

dimethyl-5-isoxazolyl)amino]sulfonyl] [1,1 '-biphenyl)-2-carboxylic acid 

methyl ester; 

4' -[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(3,4-

dimethyl-5-isoxazolyl)-2'-(methoxymethyl)[l,1 '-biphenyl]-2-sulfonamide; 

25 4~-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-l-en-3-yl)methyl]-N-(3,4-

dimethyl-5-isoxazolyl}-2' -fluoro[l,1' -biphenyl]-2-sulfonamide; 

2'-(Cyanomethyl)-N-(3,4-dimethyl-5-isoxazolyl)-4'-[(2-ethyl-5,7-

dimethyl-3H-imidazo[4,5-b}pyridin-3-yl)methyl] [1,l'-biphenyl]-2-

sulfonamide; 

30 4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-. 

(cyanomethyl)-N-(3,4-dimethyl-5-isoxazolyl)[l,1'-biphenyl]-2-sulfonamide; 
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4' -[(2-Butyl-4-oxo-1,3-diaz.aspiro[4.4]non-1".en-3-yl)methyl]-2' -

(cyanometb.yl)-N-(8,4-dimethyl-5".isoxazo)yl)[l,l '-biphenyl]-2-sulfonamide; 

4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4Jnon-l-en-3-yl)metb.ylJ-N-(3,4-

dimethyl-5-isoxazolyl).,.2'-methyl[l,1'-biphenylJ-2-sulfonamide; 

5 2'-Cyano-}f-(3,4-dimethyl:-5-isoxazolyl)".:4'-[(2-ethyl-5,7-dimethyl-3H-

imidazo[4,5-b]pyridin-3-yl)methylJ [l,1'-biphenyl)'."2-sulfonamide; 

N2-[[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino)sulfonyl]-2-methyl[l,l'­

biphenyl]-4-y1Jmethyl]-N-methyl-:N2-(1--oxopentyl)-L".valinamide; 

N-(3,4-Dimethyl-5-isoxazolyl)-4'-[(2:-ethyl-5, 7-dimethyl-3H-

10 imidazo[4,5-b)pyridin-3-yl)methyl]-2'.,.[[(2,2,2- . 

trifluoroethyl)amino)methyl] [1,l'-biphenyl]-2"'.sulfonamide; 

N-[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'­

[[(3,4-dimethyl-5.,.isoxazolyl)amino]sulfonyl] [l,l'-biphenyl]-2-

yl]benzeneacetamide; 

15 N-[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4Jnon-l~n-3-yl)methyl)-2'-

[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl)[l,1'-biphenyl]-2-yl)-3,3-

dimethylbutanamide; 

2'-Amino-4'-[(2-butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]­

N-{3,4-dimethyl-5-isoxazolyl)[l,l'-biphenyll-2-sulfonamide; 

20 4'-[(2-Butyl-4-oxo~l,3-diazaspiro[4.4]non:-1-en-3-yl)methyl]-N-(3,4-

. dimethyl-5-isoxazolyl)-2'-nitro[l, l' -biphenylJ-2-sulfonamide; 

N2-[[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl] [1,1'-biphenyl]-

4-yl]methylJ-N":'methyl- N2-(1-oxopropyl)-L-isoleucinamide; 

N2-{Cyclopropylcarbonyl)- N2-([2'-([(3,4-dimethyl"'.5"' 

25 isoxazolyl)amino}sulfonyl} [1,1'-biphenyl)~4-yl]methyl].,.N-methyl-L­

isoleucinamide; 

N2-[[2' -(((3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl] [l,l '-biphenyl]-

4-yl)methylJ-N-methyl- N2-(1-oxo-3-phenylpropyl)-L-isoleucinamide; 

N2-[[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl][l,l'-biphenyl]-

30 4-yl]methyl]-N.,.methyl- N2-(3-methyl-1-oxobutyl)-L-isoleucinamide; 
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N2-[[2'-[[(3,4-Dimethyl-5-isoxazolyl)aminoJsulfonyl][l,l'-biphenylJ-

4-yl]methylJ-N-methyl- N2-(1-oxohexyl)-L-isoleucinamide; 

N2-[[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl][l,1'-biphenyl]-

4-yllmethyl]-N-methyl- N2-(1-oxobutyl)-L-isoleucinamide; 

5 N2-[[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl][l,1'-biphenyl]-

4-yl]methyl]-N-methyl- N2-Cl-oxopropyl)-L-leucinamide; 

N2-(Cyclopropylcarbonyl)-·N2-[[2'-[[(3,4-dimethyl-5-

isoxazolyl)amino] sulfonyl] [l,l'-biphenyl)-4-yl]methyl]-N-methyl-L­

leucinamide; 

10 N2-[[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl] [l,l'-biphenyl]-

4-yl]methyl]-N-methyl- N2-(1-oxo-3-phenylpropyl)-L-leucinamide; 

N2-[[2' -[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl] [l,l'-biphenylJ-

4-yl]methyl]-N-methyl- N2-(phenylacetyl)-L-leucinamide; 

N2-[[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl] [l,l'-biphenyl]-

15 4-yl]methyl]-N-methyl- N2-(3-methyl-1-oxobutyl)-L-leucinamide; 

N2-[[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl] [1,l'-biphenyl]-

4-yl]methyl]-N-methyl- N2-(1-oxohexyl)-L-leucinamide; 

N2-[[2'-([(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl][l,l'-biphenyl]-

4-yl]methyl]-N-methyl- N2-(1-oxobutyl)-L-leucinamide; 

20 N2-[[2' -[[(3,4;.Dimethyl-5-isoxazolyl)amino]sulfonyl] [l,l'-biphenyl]-

. 4-yl]methyl]-N-methyl- N2-(1-oxopropyl)-L-valinamide; 

N2-(Cyclopropylcarbonyl}- N2-[[2'-[[(3,4-dimethyl-5-

isoxazolyl)amino]sulfonyl] [1,1'-biphenylJ-4-ylJmethyll-N-methyl-L­

valinamide; 

25 N2-[[2' -(((3,4-Dimethyl-5-isoxazoiyl)amino] sulfonyl] [1,l'-biphenyl]-

4-yl]methyl]-N-methyl- N2-(l-oxo-3-phenylpropyl)-L-valinamide; 

N2-[[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl][l,l'-biphenyl]-

4-yl]methylJ-N-methyl- N2-(phenylacetyl)-L-valinamide; 

N2-[[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl][l,l'-biphenyl]-

30 4-yllmethyl]-N-methyl- N2-(3-methyl-1-oxobutyl)-L-valinamide; 
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N2-[[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino)sulfonyl][l,1'-biphenylJ-

4-yl]methyl]-N-methyl- N2-(1-oxohexyl)-L-va1inamide; 

N2-[[2' -[[(3, 4-Dimethyl-5-isoxazolyl)aniino] sulfonyl) [1,1'-biphenyl)-

4-yl]methyl]-N-methyl- N2-( 1-oxobutyl)-L-valinamide; 

5 N2-[[2' -[[(3,4-Di:methyl-5-isoxazolyl)amino]sulfonyl] [1,1 '-biphenyl]-

4-yl]methyll-N-rethyl- N2-(1-oxopentyD-L-valinamide; 

N2-[[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl][l,1'-biphenyl]-

4-yl)methylJ-N-hexyl- N2-Cl-oxopentyl)-L-valinamide; 

N2-[[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl]-2-cyano[l,l' -

10 biphenyl)-4-yl]inethyl]-N-methyl-N2-Cl-oxopentyl)-L-valinamide; 

N2-[[2'-[[(3t4-Dimethyl-5-isoxazolyl)amino)sulfonyl]-2-

hydroxymethyl[l,1'"."biphenyl]-4-yl]methy1J-N-methyl-N2-(1-oxopentyl)-L­

valinamide; 

4-[(2-Butyl-4-oxo-1,3-diaz~spiro[4.4]non-1-en-3-yl)methyl]-2'-[((3,4-

15 dimethyl-5-isoxa:zolyl)amino]sulfonyl] {1,1' -biphenyll-2-carboxamide; 

N ,N -Dimethyl-4-[(2-butyl-4-oxo-l,3-cliazaspiro{4.4)non-1-en-3-

yl)methyl]-2' -[[(a,4-dimethyl~5-isoxazolyl)amino]sulfonyl] [l,1'-biphenyl]-2-

carboxamide; 

N-Methyl-4-((2-butyl-4-oxo-l,3-diazaspirof 4.4)non-1-en-3-

20 yl)methyl]-2'-.[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl][l,1'-biphenylJ-2-

carboxamide; 

N-(3,4-Dimethy1-5-isoxazo1yl)-4•-[(l,4,5,6,7,8-hexahydro-8-oxo-2-

.propyl-1-cycloheptimidazolyDmethyl)-2' -(methoxymethyl)[l,1'-biphenyll-2-

sulfonamide; 

25 N,.(3,4-D,imethyl-5-isoxazolyl)-4'-[[(3-methoxy-2,6-dimethyl-4-, 

pyridinyl)oxy)methyl]-2'-methyl[l,1'-biphenyl]-2-sulfonamide; 

N-(S,4-])imethyl-5-isoxazolyl)-4'-((1,4,5,6,7,8-hexahydro-8-oxo-2-

propyl-1-cycloheptimidazolyl)methyl]-2' -methyl[l,l'-biphenyl]-2-

sulfonamide; · 
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N2-[[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl]-2-

(methoxymethyl)[l,l' -biphenyl]-4-yl]methyl]-N-methyl:.N2-Cl-oxopentyl}-L­

valinamide; 

N-(3,4-Dimethyl-5-isoxazolyl)-4' -[(l,4,5,6, 7 ,8-hexahydro-8-oxo-2-

5 propyl-1-eycloheptimidazolyl)methyl]-2' -(hydroxymethyl)[l, 1' -biphenyl]-2-

sulfonamide; 

2'-Chloro-N-(3,4-dimethyl-5-isoxazolyl)-4'-[[(5,6,7,8-tetrahydro-2-

ethyl-4-quinolinyl)oxy}methyl] [1,1' -biphenyl]-2-sulfonamide; 

N2-[[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino}sulfonyl]-2-fluoro[l,l'-

10 biphenyl]-4-yl]methyl]-N-methyl-N2-(1-oxopentyl)-L-valinamide; 

4'-{(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl)-N-(3,4-

dimethyl-5-isoxazolyl)-2'-(phenoxymethyl)[l,1'-biphenylJ-2-sulfonamide; 

N2-[[2'-[[(3,4-Dimethyl•5-isoxazolyl)amino]sulfonyl]-2-(1H-pyrazol-

1-ylmethyl)[l,l'-biphenyl}-4-yl]methyl]-N-methyl-N2-(1-oxopentyl)-L-

15 valinamide; 

N2-(Cyclopropylcarbonyl)-N2-[[2'-[[(3,4-dimethyl-5-

isoxazolyl)amino]sulfonyl] [l,1'-biphenyl]-4-yl}methyl]-N,N-dimethyl-L- .. 

valinamide; 

N2-[[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl][l,1'-biphenyl]-

20 4-yl]methyl]-N ,N-dimethyl-N2-( 1-oxobutyl)-L-valinamide; 

N2-( Cyclopropylcarbonyl)- N2-[[2' -[((3,4-dimethyl-5-. 

isoxazolyl)amino]sulfonyl]-2-(methoxymethyl)[l,l'-biphenyl]-4-yl]methyl]­

N,N-dimethyl-L-valinamide; 

N2-([2'-[[(3,4-Dimethyl-5-isoxazolyl)amino]suifonylJ-2-

25 (methoxymethyl)[l,l'-biphenyl)-4-yl]methyl]-N ,N-dimethyl-N2-(l- · · 

oxobutyl}-L-valinamide; 

N2-[[2-Chloro-2' -[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl] [1,1'­

biphenyl]-4-yl]methyl]-N :.methyl-N2-Cl-oxopentyl)-L-valinamide; 

N2-[[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino)sulfonyl]-2-

30 (trifluoromethyl)[l,1'-biphenyl]-4-yl]methyl]-N-methyl-N2-(1-oxopentyl}-L-

valinamide; 
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N2-( Cyclo'butylcarbonyl)-N2-[[2' .,[[(3,4-dimethyl .. 5-

isoxazolyl)amino]sulfonyl] [l,1'-biphenyl)-4-yl]methyl)-N-methyl-L­

valinamide; 

1-[[2-Chloro-2' -[[(3,4-dimethyl-5-isoxazolyl)amino)sulfonyl] [l,1'-

5 biphenyl]-4-yl]methyl]-4-ethyl-2-propyl-lH-imidazole-5-carboxylic acid; 

4' -[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3.,yl)methyl]-N-(3,4-

dimethyl-5-isoxazolyl)-2' -[(methylsulfo11yl)amino] (1,1' -biphenyl]-2-

sulfonamide; 

(S)-N-[[2'-[[(3,4-Dimethyl-5-isoxazolyl)ami:no]sulfonyl][l,l'-

10 biphenyl]-4-yl]me:thyl]-N-[2-methyl-1-((4-methyl-1-

pipera.Zinyl)carbonyllpropyl]pentanamide; 

. (S)-N-[[2'.,.[((3,4-Dimethyl-5-isoxazolyl)amino)sulfonyl] [l,1'­

biphenyl)-4-ylbnethyl]-N-[2-methyl-1-[(4-methyl-1-

piperazinyl)carbonyl] propyl]pentanamide; 

15 N-(3,3-Dimethylbutyl)- N2-[[2'-[[(3,4-dimethyl-5-

isoxazolyl)amino]sulfonyl) [l,l'-biphenyl]-4-yl]methyll-N2-(1-oxopentyl)-L­

valinamide; 

N2-[[2'-{[(3,4-Dimethyl-5-isoxazolyl)amirio]sulfonyl][l,l'-bipheny11-

4-yl)methyl].,N-[( 4-fluorophenyl)methyll-N2-(1-oxopentyl)-L-valinamide; 

20 4'-((2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N.,(3,4-

. dimethyl-5-isoxazolyl)-2'-[(methylethoxy)methyl] [l, l'-biphenyl]-2-

sulfonamide; 

4'-[(2-Butyl-4-oxo-l,3-d.iazaspiro[4.4)non-1-en-3-yl)methyl]-N-(3,4-

dimethyl-5-isox~zolyl)-2'-(propoxymethyl)[l,1'-:biphenyl]-2-sulfonamide; 

25 4-Chloro-1'."'[[2' -(((3,4-dimethyl.,5-isoxazolyl)amino]sulfonyl] (l,l'-

biphenylJ-4-yl}methyl]-2-propyl-lH-imidazole-5-carboxamide; 

N-(3,4-Dimethyl-5-isoxazolyl)-2' -fluoro-4' -[(1,4,5,6, 7 ,8-hexahydro-8-

oxo-2-propyl-1-cycloheptimidazolyl)methyli [1,1' ~biphenyl]-2-sulfonamide; 

4'-[(2-Butyl-4-oxo-1,3-diazaspiro(4.4)n0n.-l-en-3-yl)methyl)-2'-[(1,2-

30 dihydro-2-oxo-1-pyridinyl)methyl]-N-(3,4-dim~thyl-5-isoxazolyl)[l,l'­

biphenyl]-2-sulfonamide; 
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4'-[(2-Butyl-4-oxo-1,3-diaza8piro[4.4]nonil.;en-3..;yl)methyl]-N-(3,4-

dimethyl-5-isoxazolyl)-2'-(1H-pyrazol-l-ylmethyl)[l,l'-biphenyl]-2-

sulfonamide; 

2-Butyl-4-chloro-l;.[[2'-[[(3,4-dimethyl-5-

5 isoxazolyl)amino]sulfonyl] [1,1 '-biphenyl]-4-yl]methyl]-lH-imidazole-5-

carboxamide; 

N-(3,4-Dimethyl-5-isoxazolyl)-4'-[[(2-methyl-4-

quinolinyl)oxy]methyl] [1,l'-biphenyl]-2-sulfonamide; 

N-(3,4-Dimethyl-5-isoxazolyl)-4' -[[(2-ethyl-4-quinolinyl)oxy]methyl] 

10 · · [1,l'-biphenyl]-2-sulfonamide; 

N-(3,4-Dimethyl-5-isoxazolyl)-4' -[[(2-ethyl-5,6, 7 ,8-tetrahydro-4-

quinolinyl)oxy]methyl] [l,l' ..;biphenyl)-2-sulfonamide; 

N-(3,4-Dimethyl-5-isoxazolyl)-4'-[[(2-propyl-4-

quinolinyl)oxy]methyl] [l,l'-biphenyl]-2-sulfonamide; 

15 N..;(3,4-Dimethyl-5-isoxazolyl)-4' -[(5,6, 7 ,8-tetrahydro-2,4-dimethyl-7-

oxopyrido[2,3-d]pyrimidin-8-yl)methyl] [1,l'-biphenyl)-2-sulfonamide; 

4' -[[(2-Ethyl-4-quinolinyl)oxy]methyl]-N-(3,4-dimethyl-5-isoxazolyl)­

. 2'-[(3,3-dimethyl-2-oxo-1-pyrrolidinyl)methyl)[l,1'-biphenyl]-2-

. sulfonamide; 

20 N-(3,4-Dimethyl-5-isoxazolyl)-2'-[(3,3-dimethyl-2-oxo-1-

. pyrrolidinyl)methylJ-4'-[[(5,6, 7 ,8-tetrahydro-2-ethyl-4-

quinolinyl)oxy]methyl) [1,l'-biphenyl)-2-sulfonamide; 

· - 3-((2'-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl] [l,l'-biphenyl]-4-

yl]methyl]-2-ethyl-N-methyl-3H-benzimidazole-4-carboxamide; 

25 1-[[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl][l,l'-biphenyl]-4-

yl]methyl]-2-ethyl-lH-benzimidazole-7-carboxylic acid phenylmethyl ester; 

1-[[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl][l,l'-biphenyl]-4-

yl]methyl]-2-ethyl-lH-benzimidazole-7-carboxylic acid 2-phenylethyl ester; 

1-[[2'-([(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl) [1,1' -biphenyl]-4-

30 · yl]methyl]-2-ethyl-lH-benzimidazole-7-carboxylic acid 2-(2-oxo-l­

pyrrolidinyl)ethyl ·ester; 
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1-[[2'-[[(3,4-DinlethyJ-5-isoxazolyl)amino]sulfonyl][l,1'-biphenyl)-4-

yl)methyl]-2-ethyl-lH"'.beniimidaz.ole-: 7-carboxylic acid 3".'(2-oxo-1-

pyrrolidinyl)propyl ester; 

2'-Cyano;.N-(3,4-dimethyl-·5-isoxazolyl)-4'-({(2-ethyl-4-

5 quinolinyl)oxy]1I1ethyl] [1,l'-biphenyl)-2-sulfonamide; 

2' -(Cyanomethyl)-N-(3,4-dimethyl-5-iso~zolyl)-4' -((1,4,5,6, 7 ,8-

hexahydro-8-oxo..;2-propyl-1-eycloheptimidazolyl)methyl] [1,1' -biphenyl]-2-

sulfonamide; 

3-[[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl][l,1'-biphenyl]-4-

10 yl]methyl]-5-ethyl-N-methyl-2-prQpyl-3H-imidazole-4-carboxamide; 

1-((2-Chl~ro-2'-[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl][l,1'­

biphenyl]-4-ylJniethyl]-4-ethyl-2-propyl-lH-imidazole-5-carbo:xamide; 
' . 

3-[[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl][l,1'-biphenyl]-4-

yl]methyl]-5-ethyl-2-propyl-3H-imidazole-4-carboxamide; 

15 ·3-[[2'-[[(3,4-Dimethyl-5-:isoxazolyl)arp.ino]sulfonyl] [1,l'-biphenyl]-4-

yl]methyl]-2-ethoxy-N-methyl-3H-benzimidazole.,.4-carboxamide; 

3-[[2' -[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl] (1,1' -biphenyl]-4-

yl]methyl]-2-ethoxy,.N ,N~dimethyl-3H-benzimidazol~-carboxamide; 

2-[([2' -(((3,4-Dimethyl-5-isoxazolyl)amino] sulfonyl] [1,1'-biphenyl]-4-

20 yl]methyl]propylaminoJ-3-pyridinecarboxylic acid;. 

4'-((3,5-Dibutyl-lH-1,2,4-triazol-1-yl)methyl]-N-(3,4-dimethyl-5-

isoxazolyl)[l;l'-biphenyl]-2-sulfonamide; 

N-(3,4-Dimethyl-5-isoxazolyl)-4' -[(1,4,5,6, 7 ,8-hexahydro-8-oxo-2-

propyl-1-cycloheptimidazolyl)methyl] [1,l '-bipheJiylJ-2-sulfonamide; 

25 4'-[(2, 7-Diethyl-5H-pyrazolo[l,5-b] [1,2,4]triazol-5-yl)methyl]-N-(3,4-

dimethyl-5-isoxazolyl)[l,l' -biphenyl]-2-sulfonamide; 

N-[2-Butyl-3-[[2' -[[(3,4-diinethyl-5-isoxazolyl)amino]sulfonyl] [1,1'­

biphenyl]-4-yl]:niethyl]-3,4-dihydro-4-oxo-6-quinazolinyl]-N' -methyl-N'-( 1-

methylethyl)utea; 

30 2-[[[2'-[[{?,4-Dimethyl-5-isoxazolyl)amino]sulfonyl] [l,1 '-biphenyl]-4-

yl]methyl]proJ>ylamino]-N-methyl-3-pyridinecarboxamide; 
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4' -[[(3-M~thbxy-2,6-dimethyl-4-pyridiny~i~JmethylJ-N-(3,4-

dimethyl-5-isoxazolyl)[l,l'-biphenylJ-2-sulfonainide; 

N-(3,4-Dimethyl-5-isoxazolyl)-2'-[(3,3-dimethyl-2-oxo-l­

pyrrolidinyl)methyl]-4'-H(3-methoxy-2,6-dimethyl-4-

5 pyridinyl)oxy]methyl] [l, l'-biphenyl]-2-sulfonamide; 

N-(3,4-Dimethyl-5-isoxazolyl)-2'-[(3,3-dimethyl-2-oxo-l­

pyrrolidinyl)methyl]-4'-[(l,4,5,6, 7 ,8-hexahydro-8-oxo-2-propyl-1-

cycloheptimidazolyl)methyl] [l, l' -biphenyl]-2-sulfonamide; 

N-(3,4-Dimethyl-5-isoxazolyl)-4'-[[(3-methoxy-2,6-dimethyl-4-

10 pyridinyl)oxy]methyl]•2'-(methoxymethyl)[l,1'-biphenyl]-2-sulfonamide; 

3-[[2'-[[(3,4-Dimethyl-5.;isoxazolyl)amino]sulfonyl] [1,1' -biphenyl]-4-

yl]methyl]-2-ethyl-5-methyl-3H-imidazole-4-carboxamide; 

4'-[(2-Butyl-3,4-dihydro-4-oxo-3-quinazolinyl)methyl]-N-(3,4-

dimethyl-5-isoxazolyl)[l,1'-biphenyl]-2-sulfonamide; 

15 4' -[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-( 4,5-

. dimethyl-3-isoxazolyl)-2'-[(3,3-dimethyl-2-oxo-1-pyrrolidinyl)methyl] [l,1'­

biphenyl]-2-sulfonamide; 

N2-[[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino)sulfonyl]-2-[(3,3-

dimethyl-2-oxo-l-pYJTOlidinyl)methyl] [l,l'-biphenyl]-4-yl]methyl]-N-

20 methyl-N2-(1-oxopentyl)-L-valinamide; 

4'-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4}non-1-en-3-yl)methyl]-N-(3,4-

dimethyl-5-isoxazolyl)-2'-[(4,4-dimethyl-2-oxo-1-pyrrolidinyl)methyl][l,1'­

biphenyl]-2-sulfonamide; 

4'-[(3,5-Dibutyl-lH-l,2,4-triazol-1-yl)methyl]-N-(3,4-dimethyl-5-

25 isoxazolyl)-2'-[(3,3-dimethyl-2-oxo-1-pYJTOlidinyl)methyl][l,1'-biphenyl]-2-

sulfonamide; 

N-[2-[[[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino)sulfonyl]-4-[(2-ethyl-

5,7-dimethyl-3H-imidazo[4,5-b]pyridin-3-yl)methyl][l,1'-biphenyl]-2-

yl]methyl]methylamino]ethyl] acetamide; 
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4-[(2-Ethyl-5, 7-dimethyl'.'3H-imidazo{4,5-b]pyridin-3-yl)methyl]-2'­

[[(3,4-dimethyl-S.,isoxazolyl)amino]sulfonyl] [l,l'~biphenyl]-2-acetic acid 

ethyl ester; 

N2-[[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl][l,1'-biphenyl]-

5 4-yl]methyl]-N2-(1-oxopentyl)-N-propyl-L•valinamide; 

N2-[[2'-[[(3~4-Dimethyl-5-isoxazolyl)amino]sulfonyl][l,l'-biphenyl]-

4-yl)methyl]-N2-(1-oxopentyl)-N-[(tetrahydro-2-furanyl)metbyl]-L­

valinamide; 

2'-Chloro-N-(3,4-dilliethyl-5-isoxazolyl)-4'-[[(2-ethyl-4-

10 quinolinyl)oxy]methyl] [l,1'-biphenyl]-2-sulfonamide; 

N-(3,4-Di~etbyl-5-isoxazolyl).-4'-[[(2-ethyl-4-quinolinyl)oxy]methyl]-

2'-(trifluoromethyl)[l,l'-biphenyl]-2-sulfonamide; 

4'-[(2-Butyl-4-oxo-1,3-diazaspiro{4.4]nc;>n-i-en-3-yl)metbyl]-2'-chloro­

N-(3,4-dimethyl-5-isoxazolyl)[l,l'-biphenyl]~2-sulfonamide; 

15 . 4'-((2-Butyi-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(3,4-

dimethyl-5-isoxazolyl)-2' -[(2-methylpropoxy)methyll [1, r-biphenyl]-2-

sulfonamide; 

4' -[(2-Buty1-4-oxo-1,3-diazaspiro[4.4)non-1'.'en-3-yl)methyl]-N-(3,4-

dimethyl-5-isoxazolyl)-2'-[(ethylsulfonyl)amino] [1,1' -biphenylJ-2-

20 sulfonamide; 

4'-[(2-Butyl-4-oxo-1,3-diazaspirof4.4]non-1-en-3-yl)methyl]-N-(3,4-

dimethyl-5-isox.azolyl)-2' -((2,2,2-trifluoroethoxy )methyl] [l,l '-biphenylJ-2-

sulfonamide; 

4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(3,4-

25 dimethyl-5-isoxazolyl)-2' -((2-fluoroethoxy)methyl) (l,1 '-biphenyl]-2- .. 

sulfonamide; 

N-(3,4-Dimethyl-5-isoxazolyl)-4 '-[[(3-methoxy-2,6-dimethyl-4-

pyridinyl)oxy]methyl]-2'-ethoxymethyl[l,1 '-biphenyl]-2-sulfonamide; 

N-(3,4-Dimethyl-5-isoxazolyl)-4'-[(l,4,5,6, 7,8-hexahydro-8-oxo-2-

30 propyl-1-cycloheptimidazolyl)methyl]-2'-(ethoxymethyl)[l,l '-biphenyl]-2-

sulfonamide; 
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4'-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(3,4-

dimethylisoxazol-5-yl)-2' -(3,3,3-tritluoropropyl) [1, l'-biphenyl)-2-

sulfonamide; 

4'-[(2-Butyl-4-oxo-1,3-diazaspiro(4.4]non-1-en-3-yl)methyl]-N-(3,4-

5 dimethylisoxazol-5-yl)-2'-(3-fluorc:>propyl) [1,l'-biphenyl]-2-sulfonamide; 

4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-(1,1-

ditluoroethyl)-N-(3,4-dimethylisoxazol-5-yl) [1,1' -biphenyl]-2-sulfonamide; 

4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-(2,2,2-

trifluoroethyl)-N-(3,4-dimethylisoxazol-5-yl) [l,l'-biphenyl]-2-sulfonamide; 

10 4'-((2-Butyl-4..;oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methy1]-N-(3,4-

dimethylisoxazol-5-yl)-2'-((2-methyl)propoxy] [l,l'-biphenyl]-2-

sulfonamide; 

4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4Jnon-1-en-3-yl)methyl]-N-(3,4-

dimethylisoxazol-5-yl)-2' -(2-methoxyethoxy) [l, 1 '-biphenyl]-2-sulfonamide; 

15 4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4)non-1-en-3-yl)methyl]-2'-butyl-

N-(3,4-dimethylisoxazol-5-yl)[l,11-biphenyl]-2-sulfonamide; 

4'-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-l-en-3-yl)methyl]-N-(3-

methylisoxazol-5-yl)-2' -tritluoromethyl[l, 1 '-biphenyl]-2-sulfonamide; 

N-(4-Bromo-3-methyl-5-isoxazolyl)-4'-[(2-butyl-4-oxo-1,3-

20 diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-tritluoromethyl [1,1'-biphenyl]-2-

sulfonamide; 

4'-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(4-

chloro-3-methyl-5-isoxazolyl)-2'-tritluoromethyl [l,l ';.biphenyl]-2-

sulfonamide;· 

25 4':-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N::..(3,4. 

dimethyl-5-isoxazolyl)-2'-(N-metho.xy-N-methylaminomethyl) [1,l '­

biphenyl]-2-sulfonamide; 

4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-(2,2-

difluoroethoxymethyl)-N-(3,4-dimethylisoxazol-5-yl) [l,1 '-biphenyl]-2-

30 sulfonamide; 
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4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4Jnon-1"'.en.-3-yl)methyl]-N-(8,4-

dimethylisoxazol-5-yl)-2' -(2-fluoroethyl) [1, 1 '-biphenyl]'."2-sulfonam.ide; 

4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4)no.p.-1-en-3-yl)methyl]-N-(3,4-

dimethylisoxazol ... 5-yl)-2',.(2-hydroxyetliyl)[l,1'-biphenyl]-2-sulfonamide; 

5 4'-((2-Butyl-4-oxo-l,3-diazaspiro[4.4)non-l~en-3-yl)methyl)-N-(3,4-

dimethylisoxazol-5-yl)-2' -( 3-methylbutyl)[l,1 '-biphenyl]-2-sulfonamide; 

4'-[(2-ButyJ'."4~xo-l,3-diazaspir9[4.41non-1-en-3-yl)methylJ-N-(3,4-

dimethylisoxazol-5-yl)-2'-(?-methypropyl)[l,1'-biphenyl]-2-sulfonamide; 

4'-[[2-(~;3-Difluorobutyl)'."4-oxo-1,3-diazaspiro[4.4]non-1".en-3-

10 yl]methylJ-N-(3,4-dimethylisoxazol-5-yl}-2'-(ethoxymethyl)[l,1'-biphenyl]-
. . 

2-sulfonamide; 

N-(3,4-Dimethyl-5-isoxazolyl)-4'-[[(3-methoxy-2,6-dimethyl-4-

pyridinyl)oxy]methyl]-2'-(3,3,3-trifluoropropyl)[l,l'-biphenyl]-2-

sulfonamide; : 

15 4'-[(2-Butyl-4-oxo-1,3..diazaspiro[4.4)non-1-en-3-yl)methyl]-N-(3,4-

dimethylisoxazol-5 .. yl)-:2'-[(l,1-dimethylethoxy)methyl)[l,l'-biphenyl}-2-

sulfonamide; 

4'-[4-Ethyl-1-[[2'-[[(3,4-dimethyl-5-isoxazolyl)aminoJsulfonyl-2-

methoxymethyl] [l,1'-biphenyl]~4-yl]methyl]-2'.'propyl-1H-imidazole-5-

20 earboxamide; 

4'-[4-E~yl-1-[[2'-[[{3,4.-dimethyl-5-isoxazolyl)amino]sulfonyl-2-

metho.xymethyl] [l,l'-biphenyl]-4-yl)methyl)-N-methyl-2-propyl-lH­

imidazole-5-carboxamide; 

4'-[4-Ethyl-1-([2'-[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl-2-

25 methyl] [1,1'-biphenyl]-4-yl]methyl]-2-propyl-lH-imidazole-5-carboxamide; 

4'-[4-Et)lyi-1-[(~'-[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl-2-

methyl] [l,1'-bippenyl}-4-yl]methyl]-N-methyl'.'2-propyl-lH-imidazole-5-

carboxamide; and salts thereof. 

30 25. A compound of claim 1, wherein said compound is selected 

from the group consisting of: 
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4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(3,4-

dimethyl-5-isoxazolyl)[l,l' -biphenyl]-2-sulfonamide; 

4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(4,5-

dimethyl-3-isoxazolyl)-2'-l(methylamino}methyl] [l,l'-biphenyl]-2-

5 sulfonamide; 

4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4Jnon-1-en-3-yl)methyl]-2'­

formyl-N-( 4;5-dimethyl-3-isoxazolyl)-[1,11-biphenyl)-2-sulfonamide; 

4'-[(2-Butyl-4-oxo-1,3.;.diazaspiro[4.4]non-l-en-3-yl)methyl]-N-(4,5-

dimethyl-3-isoxazolyl}-2'-[(3,3-dimethyl-2-oxo-1-pyrrolidinyl)methyl][l,l'-

10 biphenyl)-2-sulfonamide; . . 

4'-[(2-Butyl-4-oxo-1,3-diazaspiro(4.4]non-l•en-3-yl)methyl]-N-(4,5-

dimethyl-3-isoxazolyl)-2'-[(3-methyl-2-oxo-1-imidazolidinyl)methyl] [l,l'­

biphenyl)-2-sulfonamide; 

4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4A]non-1-en-3-yl)methyl]-N-(4,5-

15 dimethyl-3-isoxazolyl}-2'-[(2-oxo-1-pyrrolidinyl)methyl] [l,1 '-biphenyl]-2-

sulfonamide; 

4'.;((2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'­

formyl-N-(3,4-dimethyl-5-isoxazolyl}-[l,11-biphenyl]-2-sulfonamide; 

4'-[(2-Butyl-4-oxo-1,3-dfazaspiro[4.4]non-1-en-3-yl)methyl]-N-(3,4-

20 dimethyl-5-isoxazolyl)-2'-[(2-oxo-1-pyrrolidinyl)methyl] [1,1 '-biphenyl]-2-

sulfonamide; 

(8)-N-([2'-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl][l,l'­

biphenyl]-4-yl]methyl]-N-[2-methyl-1-(3-methyl-l,2,4-oxadiazol-5-

·yl)propyl]pentanamide; 

25 · N-C 4,5-dimethyl-3-isoxazolyl)-2'-[(3,3-dimethyl-2-oxo-1-

pyrrolidinyl)methyl]-4' -[(2-ethyl-5, 7-dimethyl-3H-imidazo[4,5-b]pyridin-3-

yl)methyl] (1,l '-biphenyl]-2-sulfonamide; 

N-(4,5-dimethyl-3-isoxazolyl)-4'-[2-(2-methoxyethyl)-4-oxo-1,3-

diazaspiro[4.4]non-1-en-3-yl)methyl] [l,1 '-biphenyl]-2-sulfonamide; 

30 N-( 4,5-dimethyl-3-isoxazolyl}-4'-[2-(2-ethoxymethyl)-4-oxo-1,3-

diazaspiro[4.4]non-1-en-3-yl)methyl] [l,l 1-biphenyl]-2-sulfonamide; 
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4'-[(2-Ethyl-5,7-dimethyl-3H-imidazo[4,5-b]pyridin-3-yl)methylJ-2'­

[(2-oxo-1-pYITOlidinyl)methyl]-N-(4,5-dimethyl-8-isoxazolyl)[l,l'-biphenyl]-

2-sulfonamide; 

4' -[(2-Ethyl-5, 7-dimethyl-3H-imidazo[4,5-b]pyridin-3-yl)methyl]-2' -

5 [(3-methyl-2-oxo .. I-im.idazolidinyl)methyll-N-( 4,5-dimethyl-3-

isoxazolyl)[l,1'-biphenyl]-2-sulfonamide; 

(S)-2-[N-[2'-[[N-(3-Methyl-5-isoxazolyl)amino]sulfonyl][l,l'­

biphenyl]-4-yl]m~thyl]-N-(1-oxopentyl)antino)-3,N-dimethylbutanamide; 

(8)-2-[N-(~'·[[N-(4-Bromo-3,.methyl-5-isoxazolyl)amino]sulfonyll[l,1'-

10 biphenyl]-4-yl11I1ethyl]-N-(1-oxopentyl)amino]-3,N-dim.ethylbutanamide; 

4•:..[(2-Buo/l-4-oxo-1,3-diazaspiro[4.4]non-l~n-3-yl)methyl] 

.:.N-(4,5-dimethyl.,3-isoxazolyl)-2'-propyl[l,l '-biphenylJ-2-sulfonamide; 

4'-[(7-Met4oxycarbonyl-2-ethoxybenzimidazol-1-yl)methyl]-
. . : 

N-( 4,5-dimethyl~3-isoxazolyl)-[l,1 '-biplienyl]-2-sulfonamide; 

15 4'-[(7-Carboxy-2-ethoxybenzimidazol-1-yl)methyl),.N-

( 4,5-dimethyl-3 .. isoxazolyl)-[l,1 '-bi phenyl]-2-sulfonamide; 

4'-[(7.:.Methoxycarbonyl-2-ethylbenzimidazol-1-yl)methylJ-N­

( 4,5•dimethyl-8-isoxazolyl)-[l,l '-biphenyl]-2-sulfonamide; 

4'-[(7-Carboxy-2-ethylbenzimidazol-1-yl)methylJ-N-

20 (4,5-dimethyl-3,.isoxazolyl)-[1,l'-biphenyl]-2-sulfonamide; 
. . 

2'-[(3,3-Dimethyl-2-oxopyrrolidin-1-yl)methyl]-4'-[(2-ethoxy-7-

(metho:xycarbonyl)benzimidazol-1-yl)methyl],.N-(4,5-dimethyl-3-

isoxazolyl}-[1,1 '-biphenyl]°-2-sulfonamide; 

2'-{(3,3'."Dimethyl-2-oxopyrrolidin-1-yl)methyl]-4'-[(2-ethoxy-7-

25 (carboxy)benziiD.idazol-1-yl)methyl].,N-(4,5-dimethyl-3-isoxazolyl)-[l,l'­

biphenyl]-2-sulfonamide; 

2'-[(3,3-Dimethyl-2-oxopyrrolidin-1-yl)methyl]-4'-[(2'."etho:xy-7-(N­

methylcarbamoyl)benzimidazol-1-yl)methyl]'."N-(4,5-dimethyl-3-isoxazolyl)­

(1,1 '-biphenyl]'."2-sulfonamide; 
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2'-((3,3-Dffiibthyl-2-oxopyrI-olidin-1-yl)m~jIJ-4'-[(2-ethozy-7-(N,N­
dimethylcarbamoyl)benzimidazol-1-yl)methyl]-N-( 4,5-dimethyl-3-

isoxazolyl)-[l,1' -biphenyl]-2-sulfonamide; 

4'-[(2-Ethylquinolin-4-yl)oxymethyl]-N-(3-methylisoxazol-5-yl) 

5 [1,1'-biphenyl]-2-sulfonamide; 

4' -[( 5-Acetyl-2-n-propyl-4-chloroimidazol-1-yl)methyl]-N-( 4,5-

dimethyl-3-isoxazolyl)-[l,1'-biphenyl]-2-sulfonamide; 

4'-[( 5-Methoxycarbonyl-2-n-propyl-4-chloroimidazol-1-yl)methyl]-N­

(4,5-dimethyl-3-isoxazolyl)-[1,l'-biphenyl]-2-sulfonamide; 

10 4' -[( 5-(N,N-dimethylcarbamoyl)-2-n-propyl-4-chloroimidazol-1-

yl)methyl]-N-( 4,5-dimethyl-3-isoxazolyl)-[l,l '-biphenyl]-2-sulfonamide; 

4'-((2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]_.N-(4,5-

dimethyl-3-isoxazolyl)-2'-hydroxymethyl[l,1'-biphenyl)-2-sulfonamide; 

4'-[(2-Butyl-4-oxo-103-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(4,5-

15 dimethyl-3-isoxazolyl)-2' -ethoxymetbyl[l,l' -biphenylJ-2-sulfonamide; 

4'-[(2-Butyl-4-oxo-l,3-diazaspiro{4.4]non-1-en-3-yl)methyl] 

-N-(4,5-dimethyl.;.3-isoxazolyl)-2' -propyl[l,1 '-biphenylJ-2-sulfonam.ide; 

4'-((2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(4-

bromo-3-methyl-5-isoxazolyl)-2' -[(3,3-dimethyl-2-oxo-1-

20 pyrrolidinyl)methyl] [l,1'-biphenyl]-2-sulfonamide; 

4'-[(2-Butyl-4~oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(4,5-

dimethyl-3-isoxazolyl)-2' -[(formylmethylamino)-methyl] (1, 1'-biphenyl]-2-

sulfonamide; 

N-[[4-[(2-Butyl-4-oxo-1,3-cliazaspiro[4.4]non-1-en-3-yl)methyl]-2'-

25 [[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl][l,l'-biphenyl]-2-yl]methyl]-N­

methylpropanamide; 

N-[[4-((2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2' -

[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl][l,l'-biphenyl]-2-yl]methyl]-N­

methylcyclopropanecarbox-amide; 
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N-[[4-[(2-Butyl-4'."oxo-1,3-diazaspiro[4.4]non'."1-en .. 3-yl)methyl]-2'­

[{(4,5-dimethyl-3•isoxazolyl)amino]sulfonyl] [l,1'-biphenyl]-2-yl]methyl]­

N ,2-dimethylpropanamide; 

· N-[[4-[(2-Butyl-4-oxo-1,3.,diazaspiro[4.4]non-1-en-3-yl)methylJ-2'-

5 {[{ 4,5-dimethyl-3-isoxazolyl)amino]sulfonyl] [l,1'-biphenyll-2-yl)methyl]-N-

methylbutanamide; 

N-[[4-1(2-~utyl-4-oxo-l,3-diazaspiro(4.4]non-1-en-3-yl)methyl]-2'-

[[( 4,5-dimethyl-3'."isoxazolyl)amino]sulfonyl] [1,1' '."biphenyl]-2-yl]methyl]-2-

methoxy-N-methylacetamid~; 
_., 

10 N-[[4-[(2.,:Qutyl-4-oxo-1,3-diazaspiro[4.4]no11-1-en-3-yl)methyl]-2'-
= . . . . 

[[(4,5-dimetbyl4,.isoxazolyl)amino]sulfonyl)[l,l'-biphenylJ-2-yl]methyl]-N-

methyl-4-pentyn'.amide; 

N-[[4-[(2-;Butyl-4-oxo-1,3-diazaspiro.[4.4]non-1-en-3-yl)methyl]-2'-

[[( 4,5-dimethyl-3-isoxazolyl)amino]sulfonyl] [1,l'-biphenyl]-2-yl]methylJ-N-

15 methylcyclobµt~ecarboxamide; 

N-[[4-[(~~Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'­

[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl][l,l'-biphenyll-2-yl]methyl]­

N,3-dimethylbt1tanamide; 

N-[(4-[(2".'Butyl-4-oxo-l,3-diazaspiro(~.4]non .. 1-en-3-yl)methylJ-2'-

20 [[( 4,5-dimethyl'."3-isoxazolyl)aniino]sulfonyl] [1,1'-biphenyll-2-yl]methyl]-

N ,2,2-trimethylpropanamide; 

N-{[4-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'­

[[(4,5-dimethyl.;3-isoxazolyl)amino]sulfonyl][l,l'-biphenyl]-2-yl]methyl}-3-

. methoxy-N-~ethylpropanamide; 

25 N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-

l[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl][l,1'-biphenyl}-2-yl]methyl]-2-

ethoxy-N-methylacetamide;. 

N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4~4]non-1-en..S-yl)methyl]-2'­

[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl][l,1'-biphenyl]-2-yl]methyl]-N-

30 methyl-2-fu.rancarboxamide; 
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N-[[4-[(2;;Btltyl-4-oxo-1,3-diazaspiro[4'.4]#.~B:Sl-en;,.a-yl)methyl]-2'­

[[( 4,5-dimethyl-3-isoxazolyl)amino]sulfonyl] [l,1'-biphenyl]-2-yl]methyl]­

N ,4-dimethylpentanamide; 

N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4lnon-1-en-3-yl)methyl)-2'-

5 [[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl][l,l'-biphenyl]-2-yl]methyl]-N­

methylbenzamide; 

N-[[4-[(2-Butyl-4-oxo-1.3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'­

[[(4,5-dimethyl-3-isoxazolyl)amino}sulfonyl][l,1'-bipheny1J-2-yllmethyl]-N­

methyl-3-thiophenecarboxamide; 

10 · N-[[4-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4)non-1-en-3-yl)methyl]-2'-

[[( 4,5-dimethyl-3-isoxazolyl)amino}sulfonyl] [1,1 '-biphenyl]-2-yl]methyl]-N­

methylcyclopentaneacetamide; 

N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-l-en-3-yl)methyl]-2'­

[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl)[l,l'-biphenyl]-2-yl]methyl]-N-

15 methylcyclohexanecarboxamide; 

N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'­

[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl] [1,1' -biphenyl]-2-yl)methyl]-

N ,3-dimethylbenzamide; 

N-[[4-[(2-Butyl-4-oxo-l,3-diazaspirof4.4]non-1-en-3-yl)methyl)-2'-

20 [[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl] [1,1'-biphenyl]-2-yl]methyl]-N­

methylbenzeneacetamide; 

N-[[4-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-

[[( 4,5-dimethyl-3-isoxazolyl)amino}sulfonyl] [l,l'-biphenyl]-2-yl]methyl]-2-

fluoro-N-methylbenzamide; 

25 N-[[4-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-

[[(4,5-dimetbyl-3-isoxazolyl)amino]sulfonyl)[l,l'-biphenyl]-2-yl]metbyl]-3-

fl.uoro-N-metbylbenzamide; 

N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'­

[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl][l,l'-bipbenyl]-2-yl]methyl]-4-

30 tluoro-N-methylbenzamide; 
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N-[[4-[(2-Butyl4-oxo-1,3-diazaspiro[4.4Jnon-,l-en-3-yDmethyl]-2'-

[[( 4~5-dimethyl-3-,isoxazolyl)amino)sulfonyl] [1, 1'-biphenyl]-2-yl]methyl)-N­

methylcyclohexaneacetamide; 

N-[[4-[(2-Butyl4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methy1J-2'-

5 [[(4,5-dimethyl-'3-isoxazolyl)amino]sulfonyl][l,1'-biphenyl]-2-yl]methyl]-2-

fluoro-N-methylbenzeneacetamide; 

N-[[4-[(2.,Butyl-4-oxo-l,3-0iazaspiro[4.4]:non-1-en-3-yl)methyl]-2'-

1[(4,5-dimethyl-3:..isoxazolyl)amino]sulfonyl][l,l'-biphenyl]-2-yl]methyl]-3-

fluoro-N-methylbenzeneacetamide; 

10 N-([4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-

[[(4,5-dimethyl-ff·isoxazolyl)am.ino]sulfonyl][l,l'-biphenyl]-2-yl]methylJ-4-

fluoro-N-methy~benzeneacetamide; 

N-[{4-[(2-Butyl-4-oxo-1,3-diazaspiro(4.4]non-l-en-3-yl)methyl]-2'­

[[( 4,5-dimethyl-~-isoxazolyl)amino]sulfonyl] [1,1' -biphenylh2-yl]methyl]-

15 N,N',N'-trimethylurea; 

N-[[4-[(2-Butyl-4 .. oxo-1,3-diazaspiro[4.4)non-1-en-3'."yl)methyl)-2'-

[[( 4,5-dimethyl-3-isoxazolyl)amino]sulfonyll [1,1' -biphenyl]-2-yl]methyl]-N'­

(1,l-dimethylethyl )-N-methylurea; 

[[4-({2-Butyl-4-oxo-1,3-diazaspiro{ 4.4]non-1-en-3-yl)methyl]-2' -

20 [[( 4,5-dimethyl-~-isoxazolyl)amino}stilfonyl] [1,1 '-biphenyl]-2-

yl)methyl}methylcarbamic acid ethyl ester; . 

[[4-((2-;Butyl-4-oxo-1,3-diazaspiro(4.4]non-1-en-3-yl)methyl1-2' -

[[(4,5-dimethyl-3-isoxazolyl)amino)sulfonylJ[l,l'-biphenyl]-2-

yl)methyl)methylcarbamic acid 2-methylpropyl es~r; 

25 N-[[4-[(2.,Butyl-4-oxo,.1,3-diazaspiro[4A]non-1-en-3-yl)methyl]-2'-

[[(4,5-dimethyl~3-isoxazolyl)amino]sulfonyl][l,l'-biphenyl]-2-yl1methyl]­

N ,3,3-trimethylbutanamide; 

N-[[4-((2-~utyl-4-oxo~l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'­

[[(4,5-dimethyl-3-isoxazolyl)amino}sulfonyll(l,l '-biphenyl]-2-yllmethyl]-N-

30 methyl-2-pyridinecarboxam.ide; 
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N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non;..1-en.;.3-yl)methyl]-2'-

[[( 4,5-dimethyl-3-isoxazolyl)amino] sulfonyl] [1,l'-biphenyl]-2-yl]methyl]-N­

methyl-3-pyridinecarboxamide; 

N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-

5 [[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl][l,1'-biphenyl]-2-yl]methyl]-N-

methyl-3-pyridinecarboxamide; 

N-[[4-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'­

[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl] [l,l'.:.biphenyl]-2-yl]methyl]-

N ,1-dimethyl-lH-pyrrole-2-carboxamide; 

10 N-[[4-[(2-Butyl-4;..oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-

[[( 4,5-dimethyl-3-isoxazolyl)amino]sulfonyl] [l, 1'-biphenyl]-2-yl]methyl]-N­

methyl-1,2,3-thiadiazole-4-carboxamide; 

N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-

[[( 4,5-dimethyl-3-isoxazolyl)amino]sulfonyl] [l,1'-biphenyl]-2.-yl]methyl]-

15 N ,5-dimethyl-2-pyrazinecarboxamide; 

N-[[4-[(2.:.Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl}-2'-

[[( 4,5-dimethyl-3-iso.xazolyl)am.ino]sulfonyl] [l,l'-biphenyl]-2-yl]methyl]-

N ,3,5-trimethyl-4-isoxazolecarboxamide; · 

N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-

20 [[( 4,5-dimethyl-3-isoxazolyl)amino)sulfonyl] [1,1' -biphenyl]-2-yl]methyl]-

N ,3-dimethyl-2-thiophenecarboxamide; 

N-[[4-[(2-Butyl-4•oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methylJ-2'­

[[( 4,5-dimethyl-3-isoxazolyl)amino)sulfonyl] [1,1' -biphenyl]-2-yllmethyl]­

N ,5-dimethyl-2-thiophenecarboxamide; 

25 N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-

[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl][l,1'-biphenyl]-2-yl]methyl]-3-

cyano-N-methylbenzamide; 

N-[[4-((2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-l•en~3-yl)methyl]-2'­

[[( 4,5-dimethyl-3-isoxazolyl)amino]sulfonyl] [1,1' -biphenyl]-2-yl]methyl]-4-

30 cyano-N-methylbenzamide; 
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N-[[4-[(2"'.Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methy1J-2'­

[[(4,5-dimethyl-3-isoxazolyl)amino)sulfonyl)[l,1'-biphenyl)-2-yl]methyl]"'.2-

methoxy-N-methylbenzamide; 

N-[[4-[(2-Butyl-4"'.oxo-1,3-diazaspiro[4.4)non-1-en-3-yl)methyl]-2' -

5 [[(4,5-dimethyl'."3'."isoxazolyl)amino)sulfonyl][l,1'-biphenyl]-2-yl]methyl]-2-

chloro-N-methylbenzamide; 

N-[[4-[(2-Butyl-4"'.oxe>-l,3-diazaspiro[4.4]non-1-en.-3-yl)methyl]-2'­

[[( 4,5-dimethyl-3;.isoxazolyl)amino)sulfonyl] [1,1'-biphenyl]-2-yl]methyl]-3-

chloro-N-methylbenzamide;. 

10 N-[[~[(2-B.utyl-4-oxo-1,3:.cliazaspiro[4.4Jnon-1-en-3-yl)methyl]-2'-

[[( 4,5-dimethyl-S~jsoxazolyl)amino]sulfonyl] [1,1' -biphenyl]-2-yl]methyl]-4-

chloro-N-methylbenzamide; 

N-[[4-[(2-Bµtyl-4-oxo-l,3'"diazaspiro[4.4l~on-1-en-3-yl)methyl]-2'­

[[( 4,5-dimethyl .;3-isoxazolyl)amino]Sulfonyl] [1,1' -biphenyl]-2-yl]methyl]-

15 2,3-difluoro-N~methylbenzamide; 

N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4)non-1-en-3-yl)methyl]-2'­

[[(4,5-dimethyl-3.;isoxazolyl)amino]sulfonyl][l,1'-biphenyl]-2-yl]methyl]-

3,4-clifluoro-N-methylbenzamide; 

N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-

20 [[( 4,5-dimethyl'."3~isoxazolyl)amino]sulfonyl] (1,1 ~-biphenyl}-2-yl]methyl)-

3,5-difluoro-N-methylbenzamide; 

4-Acetyl-N-[[4-[(2-butyl-4-oxo-l,3-diaz~piro[4.4)non-1-en-3-

yl)methyl)-2' .,[[(4~5-dimethyl-3-isoxazolyl)ami:q.o)sulfonyl] [1,1 '-biphenyl)-2-

yl]methyl)-N-methylbenzamide; 

25 N-[[4-[(2-B.utyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methylJ-2'-

[[(4,5-dimethyl-3"'.isoxazolyl)amino]sulfonyl][l;l'-biphenyl]-2-yl)methyl]-3-

ethoxy-N-methyl-2-thiophenecarboxamide; 

4'.,[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(4,5-

dimethyl-3-isoxazolyl)[l,l'-biphenyl]-2-sulfonamide; 
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4'-[(2-Butyl-4-oxo;.1,3-diataspiro[4.4Jnofi:!dl~n-3.:yl)methyl]-N-(4,5-

dimethyl ~3-isoxazolyl)-2'-[(propylsulfonyl)amino] [1; 1'-biphenyl]-2-

sulfonamide; 

N-[[2' -[[( 4,5-dimethyl-3-isoxazolyl)amino]sulfonyl] (1,1 '-biphenyl}-4-

5 ylJmethyl]-N-(1-oxopentyl)-L-valine methyl ester; 

N-[[2' -[((4,5-dimethyl-3-isoxazolyl)amino]sulfonyl] [l,l'-biphenyl]-4-

yl]methyl]-N-(1-oxopentyl}-L-valine methyl ester; 

N-(4,5-dimethyl-3-isoxazolyl)-2'-[(3,3-dimethyl-2-oxo-1-

pyrrolidinyl)methyl]-4' -[(2-propyl-4-oxo-1,3-diazaspiro[ 4.4]non-1-en-3-

10 · yl)methyl)[l,l'-biphenyl]-2-sulfonamide; 

N-[[2'-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl]-4-[(2-ethyl-5,7-

dimethyl-3H-imidazo[4,5-b]pyridin-3-yl)methyl][l,1'-hipheny1J-2-

yl]methyl]-N ,3,3-trimethylbutanamide; 

N2-[[2' -[((4,5-dimethyl-3-isoxazolyl)amino]sulfonyl] [l,l' -biphenyl]-4-

15 yl]methyl]-N2-(1-oxopentyD-L-valinamide; 

N2-[[2'-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl][l,l'-biphenyl]-4-

yl]methyl)-N-methyl-N2-( 1-oxopentyl)-L-valinamide; 

N2-[[2'-[[{4,5-dimethyl-3-isoxazolyl)amino]sulfonyl)[l,1'-biphenyl]-4-

yl]methyl]-N ,N-dimethyl-N2-(1-oxopentyl)-L-valinamide; 

20 4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(4,5-

dimethyl-3-isoxazolyl)-2' -[[(2,2,2-trifluoroethyl)amino)methyl] [1,1' -

biphenyl]-2-sulfonamide; 

4-[(2-Buty1-4.:oxo-l,3.;diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-[[{4,5-

dimethyl-3-isoxazolyl)amino]sulfonyl] [1,l'-biphenyl];.2-carboxylic acid; 

25 4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N~(4,5-

dimethyl-3-isoxazolyl)-2'-( trifluoromethyl)[l,l'-biphenyl)-2-suifonamide; 

4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-[[(4,5-

d.imethyl-3-isoxazolyl)amino]sulfonyl] [1,1'-biphenyl)-2-carboxylic acid 

methyl ester; 

30 4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(4,5-

dimethyl-3-isoxazolyl)-2'-(methoxymethyl)[l,l'-biphenyl]-2-sulfonamide; 
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4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non~1-en-3-yl)methyl]-N-(4,5-

dimethyl-3-isox~~olyl)-2'-fluoro[l,l'-biphenyl]-2~ulfonamide; 

2'-(Cyanoniethyl}-N-( 4,5-dimethyl-3-isoxazolyl)-4' "'.[(2-ethyl-5, 7-

dimethyl-3H-imidazo[4,5-b]pyridin-3-yl)methyl] [l,l'-biphenyl)-2-

5 sulfonamide; 

4'-[(2-B"q.tyJ-4-oxo-l,3 .. diazaspiro[4.4]non-l~n-3-yl)methyl]-2'­

(cyanomethyl).;-~,.·(4,5-dimethyl-3-isoxazolyl)[l,l',.biphenyl],.2-sulfonamide; 

4' -[(2-B~o/l-4-oxo-l,3-diazaspiro[ 4.4]nOik 1-en-3-yl)methyl]-2'­

(cyanomethyl)-~ ~(4,5-dimethyl-3-isoxazolyl)[l,1' "'.biphenyl]-2-sulfonamide; 

10 4' -[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methylJ-N-( 4,5-

dimethyl-3-iso:Xazolyl)-2' -methyl[l,l'-biphenyll-2-sulfonamide; 

2'-Cyan()-N-(4,5-dimethyl-3"7isoxazolyl)-4' -[(2-ethyl-5, 7-dimethyl-3H­

imidazo[4,5-b]p;vridin-3-yl)methyl] [l,l'-biphenyl}-2-sulfonamide; 

N2-[[2'7~[~4:,5-dimethyl-3:-i~ox~zolyl)amino]sulfonyl]-2-methyl[l,1'-. . . .· . 

15 biphenyl]-4-y~]!Ilethyl]-N-methyl-N2-(l'."oxope11tyl}-L-valinamide; 

N-( 4,5"'.di~ethyl-3-iso:xazolyl)-4' -((2-ethyl-~, 7-dimethyl-3H-
. ' 

imidazo[ 4,5-blpyndin-3-yl)methyl]-2'-[[(2,2,27 

trifluoroetbyl)w.Dino]methyl] [1,1' -biphenylJ-2-s~fonamide; 

N-[4-[(2.:.~utyl-4-oxo-l,3-diazaspiro(4.4]non-l-en-3-yl)methyl]-2'-

20 [[( 4,5-dimethyl,3-isoxazolyl)aJninoJsulfonyl1 [1,1' :biphenyl]-2-

ylJbenzenea~t!lmide; 

N-[4-[(2:-13utyl-4-oxo-1,3-diazaspiro[4.4]non-1-en~3-yl)methyl]-2'­

[(( 4,5-dimethyl~-isoxazolyl)aurino]sulfonyl} [1,1' ;biphenylJ-2-yl]-3,8-

dimethylbut~~µnide; 

25 2' ,.Amin9-4'-((2-butyl-4-oxo"'.1,S-diazasp~ro[4.4]non-1-en-3-yl)methyl]-

N-(4,5-dimethyl:3-isoxazolyl)[l,1'-:biphenyl]-2,sulfonainide; .... : . .. . . . 

. 4'-{{2"'.Butyl-4-oxo".l,3,.diazaspiro[4.4]non-1-e~-3-yl)methyl]-N-(4,5-

dimethyl-3-isoxazolyl)-2'-mtro[l,1'-biphenyl]-2-sulfonamide; 

N2-[[2'-[[{ 4,5-dimethyl-3-isoxazolyl)am.ino}sulfonyl] [1,1' -biphenyl)-4-

30 yl]methyl]-N-,methyl- N2:(1-oxopropyl)-L-isoleucinamide; 
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N2-(Cyctd~topylcarbonylF N2-[[2'-[[(4;5!c:i~ethyl-3-
· ... ·-.·· 

isoxazolyl)amino]sulfonyl] [1,l'-biphenyl]-4-yl]methyl]-N-methyl-L­

isoleucinamide; 

N2-[[2'-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl][l,1'-biphenyl]-4-

5 yl]methyl]-N-methyl- N2-(1-oxo-3-phenylpropyl}-L-isoleucinamide; 

N2-[[2'-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl][l,1'-biphenyl]-4-

yl]methyl]-N-methyl- N2-(3-methyl-1-oxobutyl)-L-isoleucinamide; 

N2-[[2' -[[( 4,5-dimethyl-3-isoxazolyl)amino]sulfonyl] [1,1'-biphenyl]-4-

yl]methyl]-N ;.methyl- N2-(1-oxohexyl)-L-isoleucinamide; 

10 N2-[(2'-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl] [l,l'-biphenyl]-4-

yl]methyl]-N-methyl- N2-(1-oxobutyl)-L-isoleucinamide; 

N2-[[2'-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl][l,1'-biphenyl]-4-

yl]methyl]-N-methyl- N2-(1-oxopropyl)-L-leucinamide; ·· 

N2-(Cyclopropylcarbonyl)- N2-[[2'-(((4,5-dimethyl-3-

15 isoxazolyl)amino]sulfonyl] [l,l'-biphenyl)-4-yl]methyl]-N-methyl-L- · 

leucinam.ide; 

N2-([2' -[[( 4,5-dimethyl-3-isoxazolyl)~no]sulfonyl] [1,l'-biphenyl)-4-

yl]methyl]-N-methyl- N2-(1-oxo-3-phenylpropyl)-L-leucinamide; 

N2-[[2' -[(( 4,5-dimethyl-3-isoxazolyl)amino}sulfonyl] [1, 1'-biphenyl]-4-

20 yl)methyl]-N;.methyl- N2-(phenylacetyl)-L-leucinamide; 

N2-[[2'-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl](l,1'-biphenyl]-4-

yl]methyl]-N-methyl- N2-(3-methyl-1-oxobutyl)-L-leucinamide; 

N2-[[2' -[[( 4,5-dimethyl-3-isoxazolyl)amino]sulfonyl] [1; 1' -biphenyl]-4-

yl]methyl]-N-methyl- N2-(1-oxohexyl)-L-leucinamide; · 

25 N2-[[2'-[((4,5-dimethyl-3-isoxazoiyl)amino]sulfonyl][l,1'-biphenyl]-4-

yl]methylJ-N-methyl- N2-(1-oxobutyl)-L-leucinamide; · 

N2-[[2'-[[{4,5-dimethyl-3-isoxazolyl)amino)slilf'onyl][l,l'-biphenyl]-4-

yl]methylJ-N-methyl- N2-( 1-oxopropyl)-L-valinam.ide; 

N2-(Cyclopropylcarbonyl)- N2-[[2'-[[( 4,5-dimethyl-3-· 

30 isoxazolyl)amino]sulfonyl] [1,l'-biphenyl]-4-ylJmethyl]-N-methyl-L­

valinam.ide; 
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N2-[[2'-[[(4,5-.dimethyl-3-isoxazolyl)amino]sulfonyl][l,l'-biphenyl]-4-

yl]methyl]-N-methyl- N2-(1-oxo4-phenylpropyl)-L-va1inarnide; 

N2-[[2'-[[(4,5-climethyl-3-isoxazolyl)amino]sulfonyl][l,1'-biphenylJ-4-

yl]methyl]-N-methyl- N2-(phenylacetyl)-L-valinamide; 

5 N2-[[2' "'.[[( 4,5-d.imethyl-3"'.isoxazolyl)amino]sulfonyl] [1,1'-biphenyl]-4-

yl]methyl]-N-methyl- N2-(3-methyl-1 .. oxobutyl)-L-valinamide; 

N2-([2'-[[{4,5 .. dimethyl-3-isoxa~olyl)am~~o]sulfonyl] [1,l'-biphenyl]-4 .. 

yl]methyl]-N-methyl- N2-Cl-oxohexyJ)-L-valinamide; 
. ~ . 

N2-[[2'-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl][l,l'-biphenyl]-4-

10 yl}methyl]-N-zp.ethyl- N2-(1-oxobutyD-L-valinamide; 

N2-[[2'-[[(4,5-dime~yl-3-isoxazolyl)amino]sulfonyl][l,1'-biphenyl]-4-

yl]methyl]-N .. ethyl- N2-(1-oxopentyD-L-valinapiide; . 

N2-[[2' "'.[[(4,5-dimethyl-3-isQxazolyl)amj.no]sulfonyl] [1, l' -biphenyl]-4-

yl]methylJ-N-hexyl- N2-(1-oxopentyl)-L-valinamide; 

15 N2-[[2'-([(4,5-di.methyl-3-isoxazolyl)amino]sulfonyl]-2-cyano[l,l'-

biphenyl]-4-yl]:methyl)-N-methyl-N2-( 1-oxopentyl)-L-valinamide; 

N2-[[2'-[[(4,5-db~1ethyl-3-isoxazolyDamino]sulfonyl]-2-

hydroxymethy~[l,l'-bipheny1]-4-yl]methyl]-N'.'"methyl-N2-(l-oxopentyl)-L­

valinam.ide; ··· . · 

20 4-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-l,-en-3 .. yl)methyl]-2'-[[(4,5-

dimethyl-3•isoxazolyl)amino]sulfonyl] [1,1'-biphenyl]-2-carboxamide; 

N,N-Dimethyl-4-[(2-butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-

yl)methyl]-2' -[[( 4,5-dimethyl-3-isoxazolyl)amino]s~fonyl] [1,1 '-biphenyl]-2-

carboxamide;. · 

25 · . N-Methyl-4-[(2-butyl-4-oxo-l,3-:diazaspiro(4.4]non-1-en-3-

yl)methyl]-2'-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl] [l,l'-biphenyl]-2-

carboxamide; 

N-(4,5"'.dbnethyl-3-isoxazolyl)-4'~[(1,4,5,6, 7 ,8-hexahydro-8-oxo-2-

propyl-1".cycloheptimidazolyl)methyl]-2' :-Cmethoxymethyl)[l,l' -biphenyl]-2-

30 sillfonamide;. · 
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N-(4,5-dimethyl-3-isoxazolyl)-4'-[[(3-methoxy-2.;67dimethyl-4-

pyridinyl)oxy]methyl]-2' -methyl[l;l '-biphenyl]-2-sulfonamide; 

N-( 4,5-dimethyl-3-isoxazolyl}-4' -[(1,4,5,6, 7 ,8-hexahydro-8-oxo-2-

propyl-1-cycloheptimidazolyl)methyl)-2'-methyl [1,1 '-biphenyl)-2-

5 sulfonamide; 

N2-[[2'-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl]-2-

(methoxymethyl)[l,l'-biphenyl]-4-yl]methyl]-N-methyl-N2-(1-oxopentyl)-L­

valinamide; 

N-(4,5-dimethyl-3-isoxazolyl)-4'-[(1,4,5,6, 7 ,8-hexahydro-8-oxo-2-
10 propyl-1-cycloheptimidazolyl)methyl]-2' -(hydroxymethyl)[l,1' -biphenyl]-2-

sulfonamide; 

2'-Chloro-N-(4,5-dimethyl-3-isoxazolyD-4'-[[(5,6,7,8-tetrahydro-2-

ethyl-4-quinolinyl)oxy]methyl][l,1'-biphenyl]-2-sulfonamide; 

N2-[[2'-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl]-2-fluoro[l,l'-
15 biphenyl]-4-yl]methyl]:..N-methyl-N2-(1-oxopentyl)-L-valinamide; 

4'-((2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en.;.3-yl)methy1J-N-(4,5-

dimethyl-3-isoxazolyl)-2' -(phenoxymethyl)[l, 1 '-biphenyl]-2-sulfonamide; 

N2-[[2'-[{{4,5-dimethyl-3-isoxazolyl)amino]sulfonyl]-2-(1H-pyrazol-1-

ylmethyl)[l,1'-biphenyl]-4-yl]methyl]-N-methyl-N2-(1-oxopentyl)-L-

20 valinamide; 

N2-(Cyclopropylcarbonyl)-N2-[[2'-[[(4,5-dimethyl-3- · 

isoxazolyl)amino]sulfonyl] [l,1'-biphenyl]-4-yl]methyl}-N,N-dimethyl-L­

valinamide; 

N2-([2'-[[( 4,5-dimethYl-3-isoxazolyl)amino]sulfonyl] [1,l'-biphenyl]-4-

25 yl]methylJ-N,N-dimethyl-N2-(1-oxobutyl)-L-valin~mide; 
N2-{ Cyclopropylcarbonyl)- N2-[[2'-[[( 4,5-dimethyl-3-

isoxazolyl)amino]sulfonyl]-2-(methoxymethyl) [l,l' -biphenyl]-4-yl}methyl]­

N,N-dimethyl-L-valinamide; 

N2-[[2'-[[(4,5-dimethyl-3-isoxazolyl)amino)sulfonyl]-2-

30 (methoxymethyl)[l,1'-biphenyl]-4-yl]methyl]-N,N-dimethyl-N2-(1-

oxobutyl)-L-valinamide; 
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N2-[[2-Chloro-2' -(((4,5-dimethyl-3-isoxazolyl)aiJUno]sulfonyl] [1,1'­

biphenyl]-4-yl]methyl]-N-methyl-N2-(1-oxopentyl)-L-valinamide; 

N2-[[2'-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl]".'2-

(trifluoromethyl)[l,1'-biphenyl]-4-yl]methyl]-N-methyl-N2-(1-oxopentyl)-L-

5 valinamide; 

N2-( CyclobutylcarbonyD-N2-[[2' -[[( 4,5 ... dimethyl-3-

isoxazolyl)amino]sulfonyl] [l,l' -biphenyl]-4-yl]methyl]-N-methyl-L­

valinamide; 

1-[[2-Chloro-2' -[[( 4,5-dimethyl-3-isoxazolyl)amino]sulfonyl] [l ,l'-

10 biphenyl]-4-yl]methylJ-4-ethyl-2-propyl-lH-imidazole-5-carboxylic acid; 

4' -H2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methylJ-N-C 4,5-

dimethyl-3-isoxazolyl)-2' -[(methylsulfonyDamino] (1,1' -biphenyl)-2-

sulfonamide; 

(8)-N-[[2' -(((4,5-dimethyl-3-isoxazolyl)amino]sulfonyl] [1,1'-

15 biphenyl]-4-yl]methyl)-N-[2-methyl-1-((4-methyl-1-

piperazinyl)carbonyl]propyl)pentanamide;. · 

($}-N-{[2' -[[{4,5-dimethyl-3-isoxazolyl)amino]sulfonylJ [l,1'­

biphenyl]-4-yl]methyl]-N-[2-methyl-1,. [(4-methyl-1-

piperazinyl)car})onyl]propyl]pentanamide;. 

20 N-(3,3-Dimethylbutyl)- N2-[[2'-[[{4,5-dimethyl-3-

isoxazolyl)amino}sulfonyl][l,l'-biphenyl]-4-yl]methyl]-N2-(1-oxopentyl)-L­

valinamide; 

N2-[[2'-[[( 4,5-dimethyl-3-isoxazolyl)amino]sulfonyl} [1, 1'-biphenyl]-4-

yl)methyl)-N-[(4,.fluorophenyl)methyl]-N2-{1-oxopentyl}-L-valinamide; 

25 4'-[(2-Butyl-4-oxo-l,3-diazaspirof4.4Jnon-1-en-3-yl)methyl]-N"'.(4,5-

dimethyl-3-isoxazolyl)-2'-[Cmethylethoxy)methyl][l,l'-biphenyl)-2-

sulfonamide;. ·. 

4' -[(2-B11tyl-4-oxo-l,3-diazaspiro[4.4]non'.' 1-en-;3-yl)methyl]-N-( 4,5-

dimethyl-3-isq~azolyl)-2' -(propo:xymethyl)[l,1' -biphenyl]-2-sulfonamide; 

30 4-Chloro•l-[[2' -[[( 4,5~imethyl-3-isoxaz;olyl)amino]sulfonyl] [1,1'-

biphenylJ-4-yl]J11ethyl]-2•propyl-1H-imidazole-5-:carboxamide; 
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N-( 4,5-di:rtl~thyl-3-isoxazolyl)-2' -fluor~4¥l<l,4,5,6, 7 ,8-hexahydro-8-
. . . 

oxo-2-propyl-1-cycloheptimidazolyl)methyl] [1,1' -biphenyl]-2-sulfonamide; 

4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4Jnon~l-en-3-yl)methyl]-2'-[(1,2-

dihydro-2-oxo-1-pyridinyl)methyl]-N-(4,5-dimethyl-3-isoxazolyl){l,1'-

5 biphenyl]-2-sulfonamide; 

4'-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(4,5-

dimethyl-3-isoxazolyl)-2' -(lH-pyrazol-1-ylmethyl)[l,l '-biphenyl]-2-

sulfonamide; 

2-Butyl-4-chloro-l-[[2'-[[(4,5-dimethyl-3-

10 isoxazolyl)amino]sulfonyl] [l,l'-biphenyl]-4-yl]methyl]-lH-imidazole-5-

carboxamide; 

N-( 4,5-dimethyl-3-isoxazolyl)-4' -[[{2-methyl-4-

quinolinyl)oxy)methyl] [1,1'-biphenyl]-2-sulfonamide; 

N-(4,5-dimethyl-3.;.isoxazolyl)-4'-[[(2-ethyl-4-quinolinyl)oxy]methyl] 

15 [1,1'-biphenyl]-2-sulfonamide; 

N-(4,5-dimethyl-3-isoxazolyl)-4' -[[{2-ethyl-5,6, 7 ,8-tetrahydro-4-

quinolinyl)oxy]methyl] [l, 1'-biphenyl]-2-sulfonamide; 

N-(4,5-dimethyl-3-isoxazolyl)-4'-[[(2-propyl-4-quinolinyl)oxy]methyl] 

[1,1 '-biphenyl]-2-sulfonamide; 

20 N~(4,5-dimethyl-3-isoxazolyD-4'-[(5,6,7,8-tetrahydro-2,4-dimethyl-7-

oxopyrido[2,3-d]pyrimidin-8-yl)methyl] (1, 1'-biphenyl]-2-sulfonamide; 

4'-[[(2-Ethyl-4-quinolinyl)oxy]methyl]-N-(4,5-dimethyl-3-isoxazolyl)-

2'-[(3,3-dimethyl-2-oxo-1-pyrrolidinyl)methyl][l,1'-biphenyl]-2-

sulfonamide; 

25 N-( 4,5-dimethyl-3-isoxazolyl)-2'-((3,3-dimethyl-2-oxo-1-

pyrrolidinyl)methyl]-4' -[[(5,6, 7 ,8-tetrahydro-2-ethyl-4-

quinolinyl)oxy]methyl] [l,l'-biphenyl]-2-sulfonamide; 

3-[[2'-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl][l,1'-biphenyl]-4-

yl]methyl]-2-ethyl-N-methyl-3H~benzimidazole-4-carboxamide; 

30 1-[[2'-[((4,5-dimethyl-3-isoxazolyl)amino]sulfonyl][l,l'-biphenyl]-4-

yl)methyl]-2-ethyl-lH-benzimidazole-7-carboxylic acid phenylmethyl ester; 
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· l-([2';.[[(4,5_dimethyl-3-isoxazolyl)amino]sulfonyl] [I,r-biphenyl]-4-

yl]methylJ-2-ethyl-lH-benzimidazol& 7-carboxylic acid 2-phenylethyl ester; 

1-[[2' -[[{ 4,5.,dimethyl.,3~isoxazolyl)amino]sulfonyl] [1,1' -biphenylJ-4-

yl]methyl]-2-ethyl"" lH-benzimidazole-7-carboxylic acid 2-(2-oxo-1-

5 pyrrolidinyl)ethyl ester; 

l-[[2'-[[(4,5-dimethyl-3-isoxazolyl)ami_no]sulfonyl] [l,l '-biphenyl]-4-

yl]methyl]-2-ethyl-lH-benzim.idazol& 7-carboxylic acid 3-(2-oxo-1-

pyrrolidinyl)propf 1 ester; 

2' -Cyano-N .. ( 4,5-dimethyl .. 3-isoxazolyl)-4' -[[(2-ethyl-4-

10 quinolinyl)oxylm,~thyl][l,1'-biphenyl]-2-sulfonamide; 

2' -( CyanoD1ethyl)-N-( 4,5-dimethyl-3-isoxazolyl)-4'-((1,4,5,6, 7 ,8-

hexahydro-8-ox<h2-propyl-1-cycloheptimidazolyl)methyl] [l,1'-biphenyl]-2-

sulfonamide; 

3-[[2'-[[(4,?~dimethyl-3-isoxazolyl)amino)sulfonyl](l,1'-biphenyl}-4-

15 y1Jmethyl]-5-ethyl-N-methyl-2-propyl-3H-imidazole-4-carboxamide; 

1-[[2-CblQ:ro-2'-[[(4,5-dimetbyl-3-isoxazolyl)amino]sulfonyl][l,r-. . . 

biphenylJ-4-yl]~~thyl]-4-ethyl-2-p:ropyl-lH~imidazole-5-carboxamide; 

3-[[2'-[[(4,~;.dimethyl-3-isoxazolyl)amino]sµlfonyl][l,l'-biphenyl)-4-

yl]methyl]-5-etJ:iyl-2-propyl-3H-imidazole-4-carboxamide; 

20 3-{[2'-[[( 4;5.-dimethyl-3-isoxazolyl)aminolsulfonyl] [l, 1'-biphenylJ-4-

yl)methyl]-2-ethoxy-N-methyl-3H-benzimidazole-4-carboxamide; 

3-[[2'-[[(~,5-dimethyl-3-isoxazolyl)amino}sulfonyl][l,l'-biphenyl]-4-

yl]methyl]-2-t}thpxy-N,N-dimethyl-3!l-benzimidazole-4-carboxamide; 

2-[[[2'-[[( 4,5-diinethyl-3-isoxazolyl)amino]sulfonyl) [l,l'-biphenyl]-4-

25 yl]methyl]propylaminoJ-3..:pyridj.necarboxylic acid; 

4'-[(3,5~I>ibutyl-1H-1,2,4'."triazol-l-yl)methyl1-N-(4,5-<Umethyl-3-

isoxazolyl)[l,l'".PiPhenylJ-2-sulfonamide; 

N-( 4,5-dllµethyl-3-isoxazolyl)-4' -[( 1,4,5,9, 7 ,8-hexahydro-8-oxo-2-

propyl-l-cycloh~ptimidazolyl)methyl] (1,l'-biphenyl]-2-sulfonamide; 

30 . 4' -[(2, 7-~ethyl-5H-pyrazolo[l,5-b] [1,2,4Jtriazol-5-yl)methyl]-N-( 4,5-

dimethyl-3-is9xazolyl)[l,1 '-biphenyll-2-sulfonamide; 
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N-[2-Buifit~-[[2'-[[(4,5-di.rii~thyl-3-isoxdi.1~bainino]sulfonyl][l,l'­
biphenyl]-4-yl)methyl]-3,4-dihydro-4-oxo-6-quinazolinyl]-N'-methyl-N'-(l­

methylethyl)urea; 

2-[[[2'-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl][l,1'-biphenyl)-4-

5 yl]methyl]propylamino]-N-methyl-3-pyridinecarboxamide; 

4' -[[{3-Methoxy-2,6-dimethyl-4-pyridinyl)oxy]methyl]-N-( 4,5-

dimethyl-3-isoxazolyl)[l,l' -biphenyl]-2-sulfonamide; 

N-( 4,5-dimethyl-3-isoxazolyl)-2'-[(3,3-dimethyl-2-oxo-1-

pyrrolidinyl)methyl]-4'-[[(3-methoxy-2,6-dimethyl-4-

10 pyridinyl)ox.y}methyl][l,l''-biphenyl]-2-sulfonamide; · · 

N-(4,5-dimethyl-3-isoxazolyl)-2'-[(3,3-dimethyl-2-oxo-1-

pyrrolidinyl)methyl]-4' -[( 1,4,5,6, 7 ,8-hexahydro-8-oxo-2-propyl-1-

cycloheptimidazolyl)methyl] [l,l '-biphenyl]-2-sulfonamide; 

N-(4,5-dimethyl-3-isoxazolyl)-4'-[[(3-methoxy-2,6-dimethyl-4-

15 pyridinyl)oxy]methyl]-2' -(methoxymethyl)[l, l'-biphenyl}-2-sulfonamide; 

3-((2' -[[( 4,5-dimethyl-3-isoxazolyl)amino]sulfonyl] [l,l'-biphenyl]-4-

yl]methyl]-2-ethyl-5-methyl-3H-imidazole-4-carboxamide; 

4'-[(2-Butyl-3,4-dihydro-4-oxo-3-quinazolinyl)methylJ-N-(4,5-

dimethyl-3-isoxazolyl)[l,1'-biphenyl]-2-sulfonamide; 

20 4' -[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(3,4-

. dimethyl-5-isoxazolyl)-2' -((3,3-dimethyl-2-oxo-1-pyrrolidinyl)methyl] [1,l'­

biphenyl]-2-sulfonamide; 

N2-[[2'-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl]-2-[(3,3-

dimethyl-2-oxo-1-pyrrolidinyl)methyl] [1,1'-biphenyl]-4.;yJ]methyl]-N-

25 methyl-N2-{1-oxopentyl}-L-valinamide; 

4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(4,5-

dimethyl-S-iso:xazolyl)-2'-[(4,4-dimethyl-2-oxo-1-pyrrolidinyl)methyl][l,1'­

biphenyl]-2-sulfonamide; 

4'-[(3,5-Dibutyl-lH-l,2,4-triazol-1-yl)methyl]-N-(4;5-dimethyl-3-

30 ·isoxazolyl)-2'-[(3,3-dimethyl-2-oxo-1-pyrrolidinyl)methyl][l,l'-biphenyl)-2-

sulfonamide; 
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N-[2-[[[2'-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonylJ-4-[(2-ethyl-

5, 7-dimethyl-3H:-imidazo[4,5-b]pyridin-3•yl)methyl] [1,1' -biphenyl)-2-

yl]methyl)methylamino]ethyl]acetamide; 

4-[(2-Ethyl-5, 7 :-dimethyl-3H-imidazo[4,5-b )pyridin-3-yl)methyl]-2' -

5 [[( 4,5-dimethyl-3-isoxazolyl)amino]sulfonyl] [1,1 '-biphenyl]-2-acetic acid 

ethyl ester; · 

N2-[[2' -[[(4,5-dimethyl-3-isoxazolyl)amino}sulfonyl] [1,1'-biphenyl]-4-

yl]methyl)-N2-(1-oxopeno/U-N-prppyl-L-valin~ide; 

N2-[[2'-[[(4,5-dimethyl-3-isoxazolyl)amino)sulfonyl) [l,l'-biphenyl]-4-

10 yl]methyl]-N2-(1-oxopentyl)'."N-[(tetrahydro-2-furanyl)methyl]-L­

valinamide; 

2'-Chloro-N-C4,5-dimethyl-3-isoxazolyl)-4'-[[(2-ethyl-4:­

quinolinyl)oxy]methyl] [l, l'-biphenyl]-2-sulfonamide; · 

N-( 4,5-d,imethyl-3-isoxazolyl)-4'-[{(2-ethyl-4-quinolinyl)oxy)methyl]-

15 2' -(tritluorom:ethyl)[l,l'-biphenyl]-2-sulfonamide; 

4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4Jno11-1-en-3-yl)methyl]-2'-chloro­

N-(4,5-dimethyl-3-isoxazolyl)[l,l'-biphenyl]-2:-sulfonamide; 

4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non:-1-en-3-yl)methyl]-N-(4,5-

dimethyl-3-isoxazolyl)-2' .. [{2-methylpropoxy)methyl][l,r-biphenyl]-2-

20 sulfonamide; 

4'-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(4,5-

dimetbyl-3-isoxazolyl)-2' -[(ethylsulfonyl)aminoJ [1,1' -biphenyl]-2-

sulfonamide; . 

4'-[(2-Butyl-4:-oxo-1,3-diazaapiro[4.4]non-1-en-3-yl)methyl]-N-(4,5-

25 dimethyl-3-isoxazolyl)-2'-((2,2,2-trifluoroethoxy )methyl] [1,1 '-biphenylJ-2-

sulfonamide; 

4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4Jnon-1-en-3-yl)methyl]-N-(4,5-

dimethyl-3-isoxazolyl)-2'-[(2-fluoroethoxy)methyl] [1, ~ '-biphenyl]-2-

sulfonamide; -, 

30 N-(4,5-Dimethyl-3-isoxazolyl)-4 '-[[(3-methoxy-2,6'."dimethyl-4-

pyridinyl)oxy]methyl]-2'-ethoxymethyl[l,1 '-biphenyl]-2-sulfonamide; 
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N-(4,5-Ditrl~thyl-3-isoxazolyl)-4'-[(1~4;5:,;1J8.;Jiexahydro-8-oxo-2-
propyl-1-cycloheptimidazolyl)methyl]-2'-( ethoxyniethyl)[l, l'-biphenyl]-2-

sulfonamide; 

4'-[(2-Butyl-4-oxo-l,3..;diazaspiro[4.4Jnon-1-en-3-yl)methylJ-N-(4,5-

5 dimethyl-3-isoxazolyl)-2'-(3,3,3-trifluoropropyl) [1,l'-biphenyl]-2-

sulfonamide; 

4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(4,5-

dimethylisoxazol-3-yl)-2' -(3-fluoropropyl) [l,1 '-biphenyl)-2-sulfonamide; 

4'-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-l..;en-3-yl)methylJ-2'-(1,1-

10 difluoroethyl)-N-(4,5-climethylisoxazol-3-yl) [l,l'-biphenyl)-2-sulfonamide; 

4'-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl)-2'-(2,2,2-

trifluoroethyl)-N-(4,5-dimethylisoxazol-3-yl) [l,l '-biphenyl]-2-sulfonamide; 

4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(4,5-

dimethylisoxazol-3-yl)-2'-[(2-methyl)propoxy] [l,1'-biphenyl]-2-

15 sulfonamide; 

4'-((2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(4,5-

dimethylisoxazol-3-yl)-2' -(2-methoxyetho]ty) [1,l '-biphenyl]-2-sulfonamide; 

4•.;[{2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-butyl­

N-(4,5-dimethylisoxazol-3-yl)[l,1'-biphenyl]-2-sulfonamide; 

20 4'-[(2-Butyl-4-oxo:.1,3-diazaspiro[4.4Jnon-1-en-3-yl)methyl]-N-(4,5-

dimethyl-3-isoxazolyl)-2'-(N-methoxy-N-methylaminomethyl) [1,l '­

biphenyl]-2-sulfonamide; 

4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methylJ-2'-(2,2-

difluoroethoxymethyl)-N-(4,5-dimethylisoxazol-3-yl}[l,l'-biphenyl]-2-

25 sulfonamide; 

4'-((2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(4,5-

dimethylisoxazol-3-yl)-2'-(2-fluoroethyl)[l,l'-bipheny1J-2-sulfonamide; 

4'-((2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(4,5-

dimethylisoxazol-3-yl)-2' -(2-hydroxyethyl)[l,l '-biphenylJ-2-sulfonamide; 

30 4'-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4)non-1-en-3-yl)methyl]-N-(4,5-

dimethylisoxazol-3-yl)-2'-(3-niethylbutyl)[l,l'-biphenylJ-2-sulfonamide; 
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4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4}non:-1-en-3-yl)methyl]-N-(4,5-

dimethylisoxazol-3-yl)-2' -(2'."methypropyl)[l,1 '-l>iphenyll-2-sulfonamide; 

41-[[2-(3,3-Difluorobutyl)-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-

yl]methyl]-N-(4,5'."dimethylisoxazol-3-yl)-2'-(ethoxymethyl)[l,l'-biphenyl]-

5 2-sulfonamide; 

N-(4,5-Dimethyl-3-isoxazolyl)-4'-[[(3-methoxy-2,6-dimethyl-4-

pyridinyl)oxy]me~hyl)-21-(3,3,3'."trifluoropropyl)[l,11-bipbenyl]-2-

sulfonamide; 

4'-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-( 4,5-

10 dimethylisoxaz()l-3-yl)-2' -[(1,1-dimethyletboxy)methyl] [l,l'-biphenyl]-2-

sulfonamide; 

4'-[4-EthyJ-1-[[2'-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl-2-

methoxymethyl] [1,l '-biphenyl]-4".'yl]methyl]-2-propyl'."lH-imidazole-5-

carboxamide; 

15 41-[4-Ethyl-1-[[2~-[[(4,5-dimethyl-3-isoxazolyl}amino]sulfonyl-2-

methoxymethyl] fl,l'-biphenyl)-4-yl]methyl]-N-methyl-2-propyl-lH­

imidazole-5-carboxamide; 

· 41-[4-Ethyl-1-[[21-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl-2-

methyl] [l,1'-biphenyl]-4-yl]methyl]'."2-propyl-1H~imi4azole-5-carboxamide;. 

20 . 41-[4-Ethyl:-1-[[2'-[((4,5-dimethyl-3-isoxazolyl)amino)sulfonyl-2-

methyl] [l,1 '-biphenylJ-4-ylJmethylJ-N-methyl'."2-propyl-lH-imidazole-5-

carboxamide; a11d salts thereof. 

26. A method for the treatment of an endothelin-dependent or 

25 angiotensin II-dependent disorder, comprising the step of administering to 

a subject in need thereof an amou,nt effective therefor of at least one 

compound of claim 1. 

27. A method for the treatment of hypertension, comprising the 

30 step of administering to a subject in need thereof an amount effective 

therefor of at least one compound of claim 1. 
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28. A method for the treatment of pulmonary hypertension, 

comprising the step of administering to a subje~ in need thereof an 

amount effective therefor of at least one compound of claim 1. 

29. A method for the treatment of primary pulmonary 

hypertension, comprising the step of administering to a subject in need 

thereof an amount effective therefor of at least one compound of claim 1. 

10 30. A method for the treatment of low renin ·hypertension, 

comprising the step of administering to a subject in need thereof an 

amount effective therefor of at least one compound of claim 1. 

31. A method for the treatment of male erectile dysfunction, 

15 comprising the step of administering to a subject in need thereof an 

amount effective therefor of at least one compound of claim 1. 

32. A method for the treatment of male or female sexual 

dysfunction, comprising the step of administering to a subject in need 

20 thereof an amount effective therefor of at least one compound of claim 1. 

25 

33. A method for the treatment of heart failure, comprising the 

step of administering to a subject in need thereof an amount effective 

therefor of at least one compound of claim 1. 

34. A method for the treatment of atherosclerosis, comprising the 

step of administering to a subject in need thereof an amount effective 

therefor of at least one compound of claim 1. 
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35. A method for the treatment of restenosis, comprising the step 

of administering to a subject in need thereof an amount effective therefor 

of at least one compound of claim 1. 

5 36. A method for the treatment of endotoxemia, comprising the 

step of administering to a subject in need thereof an amount effective 

therefor of at least one compound of claim 1. 

37. A method for the inhibition of cell growth, comprising the step 

10 of administering to a subject in need thereof an amount effective therefor 

of at least one compound of claim 1. 

38. A method for the treatment of cancer, comprising the step of 

administering to a subject in need thereof an amount effective therefor of 

15 at least one compound of claim 1. 

20 

39. A method for the treatment of migraine, comprising the step 

of administering to a subject in need thereof an amount effective therefor 

of at least one compound of claim 1. 

40. A method for the treatment of asthma, comprising the step of 

ad.ministering to a subject in need ther~of an amount effective therefor of 

at least one compound of claim 1. 

25 41. A method for the treatment of ischemia, comprising the step 

of administering to a subject in need thereof an amount effective therefor 

of at least one compound of claim 1. 

42. A method for the treatment of suba.ra:chnoid hemorrhage, 

30 comprising the step of administering to a subject in need thereof an 

amount effective therefor of at least one compound of claim 1. 
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.;. 

43. A method for the treatment of benign·prostatic hypertrophy, 

comprising the step of administering to a subject in need thereof an 

amount effective therefor of at least one compound of claim 1. 

44. A method for the treatment of renal, glomerular or mesangial 

cell disorders, comprising the step of administering to a subject in need 

thereof an amount effective therefor of a~ least one compound of claim 1. 

10 45. A method for the treatment of acute or chronic renal failure, 

comprising the step of adlninistering to a subject in need thereof an 

amount effective therefor of at least one compound of claim 1. 

46. A pharmaceutical composition for the treatment of an 

15 endothelin-dependent or angiotensin II-dependent disorder, comprising a. 

pharmaceutically acceptable vehicle or diluent and at least one compound 

of claim 1 in an amount effective therefor. 

20 

25 

47. A compound of the formula 

wherein 

R2 and R3 are as defined in claim 1; 

R60 is hydroxy, chloro, bromo, iodo, -OS02 alkyl, or-0802-aryl; and 

R61 is hydrogen, or a suitable nitrogen protecting group. 

48. The compound of claim 47, wherein R51 is 

-CliaOC~CH20CH3, -C~OC~CH2Si(CH3)3, -CH20CH3, or -C~OCRi-aryl. 
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49. A compound of the fQrmula 

(LVI) 

02 
S,N ... R3 

I 
R51' 

wherein R1, Rii and Ra are as defined in claim 1; and 

5 R51 is a suitable nitrogen protecting group. 

50. The compound of claim 49, wherein Rs1 is -C~OC~CH:PCH3, -

C~OC~C~Si(CH3)3,.-C~OCH3, or -C!lzOCIIz-aryl. 

10 51. A compound of the formula 

wherein 

R1 and R.i are as defined in claim 1; and 

15 R52 is chloro, bromo, iodo, or -OSO!CF:r 

52. A compound of claim 51 

wherein 

. R:b ~~ 1£ . IN 
Re ~ta Rs ~ L ~o 1 

g Si , or M 
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53. A process for the preparation of a compound of claim 1, 

comprising the following steps: 

a} displacement of a leaving group Rr;o via the anion of a 

5 compound R1-H from a compound of the formula 

(LV} 

02 
S,N ... R3 

I 

R51 

wherein R1, ~and Ra are as defined in claim 1, Rso is hydroxy, chloro, 

bromo, iodo, -0802-alkyl or -0802-aryl, and R51 is hydrogen or a suitable 

nitrogen protecting group, using a Mitsunobu reaction or Snl or Sn2 

10 displacement reaction, with removal of said nitrogen protecting group as 

appropriate; 

15 

20 

b) removal of the nitrogen protecting group R51 from a compound 

of formula 

wherein R1, R2 and R:r are as defined in claim 1, and R;1 is a suitable 

nitrogen protecting group; 

c) organometallic coupling of a compound of formula 

(LVll) 
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with a compound of formula 

R54 02· 

~S .... N .. ~ (LIX) v Am 
wherein R1, Rii and ~are as defined for a compound of formula I and R.g1 is 

a suitable nitrogen protecting group; when ~ is chloro, bromo, iodo or 

5 -OS02CF3, Rs. is a boronic acid, boronic ester or stannane derivative; when 

~ is a boronic acid, boronic ester or stannane derivative, R54 is chloro, 

bromo, iodo or -OS02CF3• 

10 

d) acylation of a compound of the formula 

wherein Ri and Ra are as defined in claim 1, and Rg1 is hydrogen or a 

suitable nitrogen protecting group, with an acylating agent of the formula 

~-(C=O>Ra, R1~=C=0, R66-C02R18, R50S0~2, wherein R18, Ris and ~are 

as defined in claim 1 and Rss is an activating group for an acid, or made 

15 using an acid activating agent, with removal of said nitrogen protecting 

group as appropriate; or 

e) reductive amination of a compound of formula 

R1 

OHC 

LXI 

02 
S,N ... R3 

I 
Rs1 

20 wherein R1 and Ra are as defined in claim 1, and Rsi is hydrogen or a 

suitable nitrogen protecting group, with an amine of the formula 
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5 

hydrogen or alkyl -o 
UC:ll 

x 

wherein~' ~' and x are as defined in claim 1, with removal of said 

nitrogen protecting group as appropriate. 

54. A compound of claim 1. wherein said compound is selected from the 

group consisting of: 

4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(3,4-

dimethyl-5-isoxazolyl)-2'-ethyl[l,l'-biphenyl]-2-sulfonamide; 

10 4'-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(3,4-

dimethyl-5-isoxazolyl)-2'-(2,2-dimethylpropyl)[l,l'-biphenyl]-2-
I 

sulfonamide; 

4'-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4}non-1-en-3-yl)methyl]-N-(3,4-

. dimethyl-5-isoxazolyl)-2'-(2-ethoxyethyl)[l,1 '-biphenyl]-2-sulfonamide; 

15 41-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methylJ-N-(4.5-

dimethyl-3-isoxazolyl)-CJ:-ethyl[l,11-biphenyl]-2-sulfonamide; 

4'-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(4.5-

dimethyl-3-isoxazolyl)-2'-(2,2-dimethylpropyl)[l,l'-biphenyl].:2-

sulfonamide; 

20 4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-( 4.5-

dimethyl-3-isoxazolyl)-2' -(2-ethoxyethyl)[l,l '-biphenyl]-2-sulfonamide; 

N-(3,4-Dimethyl-5-isoxazolyl)-2'-ethyl-4'-[[{3-methoxy-2,6-dimethyl-

4-pyridinyl)oxy]methyl] [l,l '-biphenyl]-2-sulfonamide; 

N-(3,4-Dimethyl-5-isoxazolyl)-2' -(2,2-dimethylpropyl)-4'-[[(3-

25 methoxy-2,6-dimethyl-4-pyridinyl)oxy)methyl] [l,1'-biphenyl]-2-

sulfonamide; 
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N-(3,4-Dimethyl-5-isoxS.zolyl)-2' -{2-ethoxyethyl)..4'-[[(3-methoxy-2,6-

dimethyl-4-pyri~nyl)oxy]methy~l [1,1'-biphenyJ]-2-sulfonamide; 

2'-[(l,l-D#nethyleijiolt)')n)ethyl]-N-(3,4-dimethyl-5-isoxazolyl)-4'-
. . . . . . , 

[[(3-methoxy-2,f3,dimethyl~4-pyridinyl)oxy]methyl] [l, l '-biphenylJ-2-
. . . . . . . . 

5 sulfonamide; 

N-(4,5-Dimethyl-3-jsoxazo1yl)~2'-ethyl-4'-[[(3-methoxy-2,6-dimethyl-
.. ; :- ·. . . 

4-pyridinyl)oxy~w.ethyl] [1,1 '"'.biphenyl)-2-sulfonainide; 

N-(4,5-Dimethyl-3-fso.xJlzolyl)-2':-(2,2-dim~thylpropyl)-4'-[[(3-
methoxy-2,6-4imethyl-4-pyri<Unyl)OXy]methyl] [l,1'-biphenyl]-2-

. :, .. 

10 sulfonamide;., · : .. 

N-(4,5-Dimethyl-3-isox~olyl)-2' -(2-etho~ethyl}-4 '-[[(3-methoxy-2,6-
. , . .. . . . .. ' :. . . ~ . . 

dimethyl-4-pYrl~nyl)oxy]piethyl] u.,1 '~biphenylJ-2-sulfonamide; 
. . . ,.· ..... '·. .. . . 

~ . . . . 

2'-[(l,I...P~methyle~p.qiy)!ll~~l]- N-(3,4-dimethyl-5-isoxazolyl)-4'-

[[(3-methoxy~~,6-dimethyl-4-p,rl~nyl)oxyJmethyl][l,1'-biphenylJ-2-
.:. . . . .:. . .. 

15 sulfonamide;··.'. 

N-(4,5-Dimethyl-4cisoxazolyl)-2'-ethyl-4'-[(l,4,5,6, 7 ,8-hexahydro-8-

oxo-2-propyl-l~cycloheptimiciazolyl)methyl] [l,l'~biphenyl]-2-sulfonamide; 
. : ,. :· ... ·. .. . 

N-(3,4-:p_imethyl-5..,iso~zolyl)~2'-(2,2-dimethylpropyl)-4'-

[(l,4,5,6,7,8;.hexahydro-8~oxo-2-propyl-1-cycloheptimidazolyl)methyl)[l,1'-

20 biphenyl]-2-s~fonamide;· 
' ' . 

N-(3,4-Dbnethyl-5-isoxa.zolyl)-2' -(2-ethoxyethyl)-4'-[(1,4,5,6, 7 ,8-
~ . . . . . . . . . . . 

hexahydro-8-~*~..,2-propy}.., 1-cycloheptimidazolyl)methyl] [1,l '-biphenyl]-2-

sulfonamide; · ·. · 

2'-[(1,1-Dimethylethox.y)mt}tpyl]-N-(3,4-dimethyl-5-isoxazolyl)-4'-
.. ·: . . . . .· .. ·· . ·; . 

25 [(1,4,5,6, 7 ,8-;hexahydro-8~qxo·2:-propyl-·1-cycl~heptim.idazolyl)methyl] [1,1 '-
, . ,: .: .. . : : '. .. 

biphenyl]-2-s1Jlfonamide;.• . . 

N-( 4,5~Dimethyl-3,.isoxa.zolyl)-2'-ethyl-4'-[(l,4,5,6, 7 ,8-hexahydro-8-

oxo-2-propyl~ l:~cycloheptµni.~olyl)methyl) [l,1'-biphenyl]-2-sulfonamide; 
. . . .. .... 

N-( 4,5-Dimethyl-3~i~oxazolyl)-2' "'.(2,2-dimethylpropyl)-41
- · 

30 ((1,4,5,6, 7 ,8-h~J[ahydro-8-~xo-~-p~o~yl-1-cycloheptimidazolyl)methyl] [1,1'­

biphenyl]-2-sW,fonamide; 
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,i.,tf-,'(: . ft%1~ ,; -
N-( 4,5-:Q~Jp:ethyl-3-isoxazolyl)-2'-(2-etho~ibil).,4 '-((1,4,5,6, 7 ,8-

. . ' .. · ·. ~.:· . 

hexahydro-8-0xo-2-propyl-l-cycloheptimidazolyl)methyl] [l,l 1-biphenyl]-2-

sulfonamide; 

2'-[(l,1-Dimethylethoxy)methyl]-N-(4,5-climethyl-3-isoxazolyl)-4'-

5 [(1,4,5,6,7,8-hexahydro-8-oxo-2-propyl-1-cycloheptimidazolyl)methyl][l,1'­

biphenyl]-2-sulfonamide 

_41-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(3,4-

dimethyl-5-isoxazolyl)-2' -(l-hydroxyethyl)(l,l'-biphenylJ-2-sulfonamide; 

4'-((2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(3,4-

10 dimethyl-5-isoxazolyl)-2' -{1-hydroxy-1-methylethyl)[l,1 '-biphenyl]-2-

sulfonamide; 

4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4)non-1-en-3-yl)methyl)-N-(3,4-

dimethyl-5-isoxazolyl)-2'-(l,2,3,4-tetrahydrofur-1-yl)[l,l'-biphenyl]-2-

sulfonamide; 

15 N-C 4,5-Dimethyl-3-isoxazolyl)- 4 '-[[(3-methoxy-2,6-dimethyl-_4-

pyridinyl)oxy]methyl)-2'-(1-hydroxyethyl)(l,1 '-biphenyl]-2-sulfonamide; 

N-(4,5-Dimethyl-3-isoxazolyl}- 4'-[[{3-methoxy-2,6-dimethyl-4-

pyridinyl)oxy]methyl]-2' -(l-hydroxy-1-methylethyl)[l,l '-biphenyl]-2-

sulfonamide; 

20 N-(4,5-Dimethyl-3-isoxazolyl)- 4'-[[(3-methoxy-2,6-dimethyl-4-

pyriclinyl)oxy)methyl]-2' -(1,2,3,4-tetrahydrofur-1-yl)[l,l '-biphenyl]-2-

sulfonamide; 

N-(3,4-Dimethyl-5-isoxazolyl)- 4'-((1,4,5,6,7,8-hexahydro-8-oxo-2-

propyl-1-cycloheptimidazolyl)methyl)-2'-( 1-hydroxyethyl)(l, 1 '-biphenyl]-2-

25 sulfonamide; 

N-(3,4-Dimethyl-5-isoxazolyl)- 4'-[(1,4,5,6, 7 ,8-hexahydro-8-oxo-2-

propyl-1-cycloheptimidazolyl)methyl)-2'-( 1-hydroxy-i-methylethyl)(l,1'­

biphenyl]-2-sulfonamide; 

N-(3;4-Dimethyl-5-isoxazolyl}- 4'-[(1,4,5,6, 7 ,8-hexahydro-8-oxo-2-

30 propyl-1-cycloheptimidazolyl)methyl]-2' -( 1,2,3,4-tetrahydrofur-1-yl)(l,1 '­

biphenyl)-2-sulfonamide; 
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4'-[(2-Butyl.-4-oxo-l,3-diazaspiro[4.4]non~l.,en-3-yl)methyl]-N-(4,5-. . . 

dimethyl-3-isoxa$olyl)-2'.-(1-llydroxyethyl)(l;l'-biphenyl]-2-su1fonamide; 

4'-[(2-Butyl-4-oxo-1,3-di~asP.4'o[4.4]non-1 .. en-3-yl)methyl)-N-(4,5-

dimethyl-3-isoxa~olyl)-2' -(~-hydroxy..,1~methylethyl)[l,l1-biphenyl]-2-

5 sulfonamide; 

4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4Jnon-,l~en-3-yl)metb.yl]-N-(4,5-

dimethyl-3-isoxa~olyl)-2'-( 1,2,3,~tetrahydrofur-1-yl)[l,l '-biphenyl]-2-

.. sulfonamide; 

N-(3,4-Din,iethyl-5-isoxazolyl)., 4~-[[(3-m~thoxy•2,6-dimethyl-4-

10 pyridinyl)oxy]methyl]-2'.,(l-hydroxyethyl)[l,l'-biphenyl)-2-sulfonamide; 

N-(3,4-Dilil.ethyl-5-isoxazoly~)- 4'-[[(3-methoxy-2,6-dimethyl-4-

pyridinyl)oxy]]Dethyl]-2'-(1-hydrc>xy-l-methylethyl)[l,l'-biphenyl)-2-

sulfonamide; 

N-(3,4-Dimethyl-5-isoxazoly~)- 4'-[[(3-methoxy-2,6-dimethyl-4-
. . 

15 pyridinyl)oxy}methyl)-2'-(i,2,3,4.;t~trahydrofur-1-yl)[l,l'-biphenyl]-2-

sulfonamide; 

N-(4,5-Diinethyl-3-isoxazolyl)., 4'-[(1,4,5,6,7,8-hexahydro-8-oxo-2-

propyl-1-cycloheptimidazolyl)methyl]-2'-( 1-hydroxyethyl)[l,l '-biphenyl]-2-

sulfonamide; 

20 N-(4,5-Dimethyl.,3-iso~olyl)- 4'-[(1,4,5,6, 7,8-hexahydro-8-oxo-2-

propyl-l-cycloheptimidazolyl)methyl]-2' -:-( 1-hydroxy-1-methylethyl)[l,l'­

biphenyl]-2-sulfonamide; 

N-(4,5-I)in;iethyl-3 .. isoxazolyl) .. 4'-[(1,4,5,6, 7,8-hexahydro-8-oxo-2-

propyl-1-cycloheptimidazolyl)metliylJ-2'-(l,2,3,4-tetrahydrofur-1-yl)[l,1 '-
. ... . ... 

25 biphenyl)-2-sulfonamide; 

N-(3,4-Dimethyl .. 5':'iso~azolyl}:- 4'-[[(3-methmcy-2,6-dimethyl-4-

pyridinyl)oxy]methyl]-2' -(~,3;3-tritlu()ropropyl)[l,1 '-biphenyl]-2-

sulfonamide; . · 

N-(4,5-Dimethyl-3:-iaoxazolyl),. 4'-[[(3-methoxy-2,6-dimethyl-4-

30 pyridinyl)oxy]methyl]-2'-(3,3;3,.tripuoropropyl)[l, l'-biphenyl]-2-

suJfonamide;·' 
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. N-( 4,5"'.nl.'ftl~thyl-3-isoxazolyl)- 4' -[{1,4;5~~[~S-hexahydro-8-oxo-2-
~. :-w~~ .. ;i~l . ~~:~~x~ 

propyl-1-cycloheptimidazolyl)methylJ-2' -( 3,3,a~HUiuoropropyl)[l,1 '-
biphenylJ-2-sulfonamide; 

N-(3,4-Dimethyl-5-isoxazolyl)- 4'•[(1,4,5,6,7,8-hexahydro-8-oxo-2-

5 propyl-1-cycloheptimidazolyl)methyl]-2' -(3,3,3-trifluoropropyl)[l,1 '­

biphenyl]-2-sulfonamide; 

N-(3,4-Dimethyl-5-isoxazolyl)- 4'-[[(3-methoxy-2,6-dimethyl-4-

pyridinyl)oxy]methyl]-2'-propyl[l,1 '-biphenyl]-2-sulfonamide; 

N-(4,5-Dimethyl-3-isoxazolyl)- 4'-[[(3-methoxy-2,6-dimethyl-4-

10 pyridinyl)oxy]methyl]-2'-propyl[l,1'-biphenyl);.2-sulfonamide; 

N-(4,5-Diinethyl-3~isoxazolyl)- 4'-[(1,4,5,6, 7,8-hexahydro-8-oxo-2-

propyl-1-cycloheptimidazolyl)methyl]-2' -propyl[l,1 '-biphenyl]-2-

sulfonamide; 

N-(3,~Dimethyl-5~isoxazolyl)- 41
-[( 1,4,5,6, 7 ,8-hexahydro-8-oxo-2-

15 propyl-1-cycloheptimidazolyl)methyl]-2'-propyl[l,1 '-biphenyl]-2-

sulfonamide; 

N-(3,4-Dimethyl-5-isoxazolyl)- 4'-([(3-methoxy-2,6-dimethyl-4-

pyridinyl)oxy]methyl]-2' -{2-fluoroethoxymethyl)[i,l '-biphenyl]-2-

. sulfonamide; 

20 N-(4,'5-Dimethyl-3.;isoxazolyl)- 4'-[[(3-methoxy-2,6-dimethyl-4-

pyridinyl)oxy}methyl]-2'-(2-fluoroetht>xymethyl)[l,1'-biphenyl]-2-

sulfonamide; 

N-(4,5-Dimethyl-3-isoxazolyl)-·4'-[(1,4,5,6,7,8-hexahydro-8-oxo-2-

propyl-1-cycloheptimidazolyl)methyl]-2' -(2-fluoroethoxymethyl)[l,l'-

25 biphenyl]-2-sulfon~ide; 

N-(3,4-Diinethyl-5-isoxazolyl)- 4'-((1,4,5,6, 7,8-hexahydro-8-oxo-2-

propyl-l-cycloheptimidazolyl)methyl]-2'-(2-tluoroethoxymethyl)[l,l 1-

biphenyl)-2-sulfonamide; 

4'-[[2-(2,2-Difluorobutyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-

30 yl]methyl]-N-(4,5-dimethyl-3-isoxazolyl)-2'-propyl[l,l'-biphenyl]-2-

sulfonamide; 
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4' -[[2-(2,~Ditluorobutyl"'.4-oxo-l,3•diazaspiro[4.4]non-1-en-3-

yl]methyl]-N-(3,4:-dilnethyl-5-iso~azolyl)-2' -propyJ[l, 1 '-biphenyl]-2-

sulfonamide; 

4'-[[2-(3,3,37 Trifluorobutyl-4'."oxo-l,3-dia7iaspiro[4.4]non-1-en-3-
. ~ : . 

5 yl]methyl]-N-(4;$~ethyl-3-isoxazolyl)-2'-(etho~ethyl)[l,1'-biphenyl]-

2-sulfonamide;· 

4'-[[2-(3,3,3;.Tzifluorobutyl-4-:oxo-1,3-dia~spiro[4.4]non-1-en-3-

Yl]methyl]-N-(3~~dimethyl-5-isoxazolyl)-2'-(etlioXyII1ethyl)[l,1'-biphenyl]-

2-sulfonamide;· · ; · 

10 4'-[[2-(3,3,~.,Trifluorobutyl-4-oxo-:1,3-diazaspiro[4.4Jnon-1-en-3-

15 

20 

yl]methyl] .. N-(4,15,":dimethyJ-3-isoxazolyl)-2'-propyl[l,l'-biphenyl]-2-

sulfonamide; ' .· · · 

4'-[[2-{3,3,~-Tritluorobutyl-4-oxo-l,3-diazaspiro(4.4}non-1-en-3-

yl}methyl]-N-(3,:4:-dimethyl-5.-isoxaz9lyl)-2'-propyl{l,1'-biphenyll-2-

swfonam.ide· : i 
. ' : 

4'-[[2-C3.,3,3-Tritluoropropyl,.4-oxo-l,3-diazaspiro[4.4]non-1-en-3-

yl]methyl]-N-(4,_5-dimethyl-3,.iso~zolyl)-2'-(ethoxymethyl)[l,l'-biphenyl]-

2-sulfonamide; ·) 

4'-[[2-(3,3,3-Tritluoropropyl-4-oxo-1,3-diazaspiro[4.4]non'."1-en-3-

yl]methylJ-N-(3,4-dimethyl75-isoxazolyl)-2',.(e~()Xymethyl)[l,1'-biphenyl1-

2-sulfonamide; : . 

4'-[[2-(:3,3,3-Trifluoropropyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-

yl]methyl]-N~(4,5-dimethyl-3".isoxazolyl)-2'-propyl[l,~ 1-biphenyl]-2-

sulfonamide; . 

25 4'-{[2-(;:J,3;3-Trifluoropropyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-

yl]methyl]-N-:(3,:4-dimethyl-5-isoxazolyl)-2' -propyl[l,1 '-biphenyl]-2-

sulfonamide; 

N-(3,4-Di~ethyl-5-isoxazolyl)-41-[[(3-m~thoxy-2,6-dimethyl-4-

pyridinyl)oxy]~~thyl)-2'-(1,1-difluoropropyl)[l,l'-biphenyl]-2-sulfonamide; 

30 N-(4,5-DiJDethyl-3-isoxazolyl)-41-[[(3-me~hoxy-2,6-dimethyl-4-

pyridinyl)oxy]methyl]-2'-(1,l-difluoropropyl)[l,1 '-biphenyl]-2-su1fonamide; 
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· N-(4,5-;dihl~thyl-3-isoxazolyl)-4'-[(1~4}5~~P4~~h~ydro-8-oxo-2-
propyl-1-cycl6heptimidazolyl)methyl]-2' -(l,1-difllibropropyl)[l,1 '-biphenyl]-

2-sulfonamide; 

N.;(3,4-Dimethyl-5-isoxazolyl)-4'-[(1,4,5,6,7 ,8-hexahydro-8-oxo-2-

5 propyl-1-cycloheptimidazolyl)methyl)-2'-(1, 1-ditluoropropyl)[l,1'-biphenyl]-

2-sulfonamide; 

4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4)non-1-en-3-yl)methyl]-N-(4,5-

dimethyl-3-isoxazolyl)-Z-(1,1-difluoropropyl)[l,l'-biphenyl)-2-sulfonamide; 

4'-[(2-Butyl-4-oxo-l,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(3,4-

10 dimethyl-5-isoxazolyl)-2' -(1,l-ditluoropropyl)[l,1 '.;.biphenyl]-2-sulfonamide; 

and salts thereof.; 

4'-[4-Ethyl-1-[[2'-[[(3,4-dimeth~l-5-isoxazolyl)amino]sulfonyl-2-

ethyl] [1;1 '-biphenylJ-4-yl]methylJ-N-methyl-2-propyl-lH-imidazole-5-

carboxamide; 

15 4'-[4-Ethyl-1-([2'-[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl-2-

propyll [l,l'-biphenyl)-4-yl)methyl]-N-methyl-2-propyl-lH-imidazole-5-

carboxamide; 

4'-[4-Ethyl-1-[[2'-[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl-2-(2-

fluoroethoxymethyl)] [l,1'-biphenyl)-4-ylJmethyl]-N-methyl-2-propyl-lH-

20 imidazo}e;.5-carboxamide; 

4'-[4-Ethyl-1-[[2'-[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl-2-

(ethoxymethyl)][l,1 '-biphenyl]-4-yl]methyl]-N-methyl-2-propyl-lH­

imidazole-5-carboxamide; 

4'-[4-Ethyl-1-[[2'-[[(3,4-dimethyl-5-isoxazolyl)amino)sulfonyl-2-

25 ethyl] [l,l '-biphenyl]-4-yl]methyl]-2-propyl-lH-imidazole-5-carboxamide; 

4'-[4-Ethyl-1-[[2'-[[(3,4-dim.ethyl-5-isoxazolyl)amino)sulfonyl-2-

propyl] [1,1 '-biphenyl)-4-yl]methyl]-2-propyl-lH-imidazole-5-carboxamide; 

4'-[4-Ethyl-1-[[2'-[[(3,4-dimethyl-5-isoxazolyl)amino)sulfonyl-2-(2-

fluoroethoxymethyl)] {l,l'-biphenyl)-4-yl]methyl]-2-propyl-lH-imidazole-5-

30 carboxamide; 
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4'-[4-Ethyl-1-((2'-[[(3,4-dimethyl-5-iaoxazolyl)aminolsulfonyl-2-

(ethoxymethyl)] [1,1' -biphenyl}-4-yl)methyl]- 2-propyl-lH-imidazole-5-

carboxamide; · 

4'-[4-Ethyl-1-((2'-[{(4,5-di.Inethyl-3-isoxa,zolyl)amino]sulfonyl-2'." 

5 ethyl] [1,l'-biphenyl]-4-yl)methyl]-N-methyl-2-propyl-lH-imidazole-5-

carboxamide; 

4'-[4-Ethyl-1-[[2'-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl-2-

propyl][l,1',.biphenyl]-4-yl]methyl]-:N•methyl-~-propyl-lH-imidazole-5-

carboxamide; 

.10 4'-(4-Ethyl-1-[[2'-[[(4~5-dimethyl-3'."isoxazolyl)amino)sulfonyl-2-(2-

fluoroethoxymethyl)) [l,l'~biphenyl]-4-yl]methyl]-N-methyl-2-propyl-lH­

imidazole-5-carboxamide; 

4'-[4-Ethyl-1-[(2'-[[(4,5-dimethy~-3-isoxazolyl)amino]sulfonyl-2-

(ethoxymethylH[l,1'-biphenyl]-4-yl]methyl]-N-methyl-2-propyl-lH-

15 imidazole-5-carboxamide; 

4'-[4-Ethyl-1-[(2'-[[(4~5-dimethyl-3-isoxazolyl)amino]sulfonyl-2-

ethyl] [l,l'-biphenyl]-4-yl]methyl]-2-propyl-lH-imidazole-5-carboxamide; 

4'-[4-Ethyl-1-[{2'-[[( 4,5.;dimethyl-3-isoxazolyl)amino)sulfonyl-2-

propyl] [l,1'-biphenyl]-4-yllmethyl]-2-propyl-lH-imidazole-5-carboxamide; 

20 4'-[4-Ethyl-1-[[2'-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl-2-(2-
. . . 

fluoroeth9xymethyl)J[l,l'-bipheny1J-4-yl]methyl)-2-propyl-1H-imidazole-5-

carboxamide; 

4' -[4-Ethyl-1-[[2' -[[( 4,5-dimethyl73-isoxazolyl)amino]sulfonyl-2-

( ethoxymethyl)] [1,l'-biphenyl)-4-yl)methyl]- 2-propyl-lH-imidazole-5-

25 carboxamide; .· 

55. A compound of fonnula LXX 

If If~ lllfl HlllH Ill/ 
. s * 
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wherein R2 is as defined in claim 1; 

··l· • ..... " ~-· 

., 
;~f ., ....... . 

·:::1·'.{ ., 
LXX. 

PCT/US99/15063 

R, is isoxazol-5-yl or isoxazol-3-yl independently substituted with two of 

following substituents: alkyl or halogen;.and 

5 R1 is any group such that the resulting compound demonstrates affinity 

(IC50) for both the AT1 receptor and ETA receptor of less than 5 

micromolar at both receptors. 

56. A compound of claim 5, wherein R1 is M 

10 57. A compound of claim 56, wherein ~ is alkyl, haloalk.yl, 

alkoxyalkyl or haloalkox.yalkyl. 

58. A compound of claim 56, wherein ~ is -C~ Y; 

15 59. A compound of claim 58, wherein Yis 2; 
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