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BIP SULFONAMIDES AS

DUAL ANGIOTENSIN ENDOTHELIN RECEPTOR ANTAGONISTS

Field of the Invention
The present invention relates to biphenyl sulfonamide
compounds which are combined angiotensin and endothelin receptor
antagonists, to methods of using such compounds in the treatment of
10 conditions such as hypertension and other diseases, and to pharmaceutical

compositions containing such compounds.

Summary of the Invention

The present invention provides biphenyl sulfonamide compounds of
15 the following formula I and salts thereof:
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R, is hydrogen; halogen, -CHO, alkyl, haloaikyl, (cycloalkyl)alkyl, alkenyl,

alkynyl, alkoxyalkyl, haloalkoxyalkyl, alkoxy, alkoxyalkoxy, cyano,
5 hydroxy, hydroxyalkyl, nitro, -CH(OR,)XOR,,), -(CH,),Y; with the

provigo that when R, is B, R, is not hydrogen, halogen, alkyl,

haloalkyl, alkoxy, hydroxyalkyl mtro, -(CH)),NRR,, or NHSO,

R, is heteroaryl; : :

R, and R, are each independehtly élkyl, cycloalkyl or alkoxyalkyl, or R,

10 and R, together form a _éyclobutyl, cyclopentyl, cyclohexyl,
tetrahydfoﬁlranyl or tetljahydropyranyl ring;

R, is alkyl, haloalkyl, cycloalkyl, alkoxy or alkoxyalkyl;

R, is -CO,R,,, (C=0)NR,,R,,, -CH,OH, tetrazolyl, oxadiazolyl or triazolyl

| wherein said tetrazolyl, oxadiazolyl or triazolyl may optionally be
15 substituted with hydr,d_g’en, alkyl or halogen;

R, R, R, and R,zare each indépendently hydrogén halogen, alkyl,
cycloalkyl aryl, heteroaryl arylalkyl alkylthloalkyl alkoxy or
alkoxyalkyl

R, and R,,, are each independently hydrogen, alkoxy, or together form a

20 carbonyl ::
R, and R, are alkyl or together form a five to six-membered ring;
R,, R, and R,., are mdependently hydrogen, alkyl cycloalkyl orarylor R,

and R,, may together form a four to s1x-—mem_bered heterocyclic ring;
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nislor2; ~

wis0, 1, or'2; - _
Y is -COOH, -COOR,,, -NR,,R,,, -NR, (C=O)R,,, -NR,,(C=O)NR R,
-NR,,(C=0)OR,,, -NR, SO,R,,, -SO,R,,, Q, R or S:

i ¢

H)i..(-lm
e

Ris © ;
e
Y'E

Sis 50( ;

Ry Rig Ry, R, and R,, are each independently hydrogen, alkyl, cycloalkyl,
or R, and R,, may together form a four to seven-membered
heterocyclic ring;

R,, and R,, are each independently hydrogen, alky! or cycloalkyl, or may
together form a three to seven membered cycloalkyl ring;

S

Z is oxygen, or ;

xis2,30r4;

R, R, and R,, are each independently hydrogen, alkyl or cycloalkyl, or R,
and R,, may together form a three to seven-membered cycloalkyl
ring; | |

wherein said rings; aryl alone or as part of another groﬁp; or
heteroaryl aloné or as part of another group may each optionally be
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.
. l_’r_efeged Compounds
Compounds of the formula I and salts thereof wherem one or more,

and especially all, of R,, R, R, R, R, R, R,, R, R,, Ry Rw Ry By Ry,

R Ry, Ry, Rm.Rzo" R., Ross Rae’ Rz‘ Ry, Ry Ry, 0, w, Y, Q, Z, and x are
selected from the followmg deﬁmtzons are preferred compounds of the

present 1nvent10n
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Bi2 Riz M .
’ ! ' - : 101,. - ’

R, is alkyl, halo'aikyl (cycloalkyl)alkyl alkoxyalkyl, haloalkoxyalkyl,
- alkoxy, alkoxyalkoxy, hydroxyalkyl, or ~(CIL),Y;

i<

-Ryis 1soxazolyl pynd1zmyl pyrazmyl or pyrimidinyl, each optionally

substltuted with one to three of the followmg substituents:
hydrogen halogen, ano alkyl alkoxy, triflucromethyl or nitro;

R, and R, are each mdependently alkyl, cycloalkyl orR,and R, together
form a cyclobutyl cyclopentyl or cyclohexyl rmg

R, is alkyl, haloalkyl, cycloalkyl or alkoxy; '

R,is -COR,, —(C-O)NR,SR,, r -CH,OH;

R, R, R, and R, are each mdependently hydrogen, halogen, alkyl,
cycloalkyl, alkoxy or alkoxyalkyl

R,and R, are each mdependently hydrogen, alkoxy, or together form a

carbonyl;
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R, R,, and R, 4f¢ independent}

ydrogen, aliéy¥or cycloalkyl or R,, and

R,, may together form a four to six—membered heterocyclic ring;

nislor2;

wis O, 1, or 2;
Y is -COOR,,, -NR,,(C=0)R,,, -NR,,(C=0)NR,R,,, -NR, (C=0)OR,,,
-NR,,SO,R,,, -SO,R,, or Q ;

ye

X

ﬁrN}f‘ .

Qis o ; | .

Ry Ry Ry R, and R,, are each independently hydrogen, alkyl, cycloe;lkyl,
or R, and R,, may together form a four to seven-membered
heterocyclic ring;

R,, and R,, are each independently hydrogen, alkyl or cycloalkyl, or may
together form a three to seven membered cycloalkyl ring;

Z is oxygen, or ;

xis 2, 3 or 4; ', :

R,;; R, and R,, are each independently hydrogen, alkyl or cycloalkyl, or R,,

and R,, may together forni a three to seven-membered cycloalkyl

ring;

Compounds of the formula I and salts thereof wherein one or more,
and especially all, of R,, R, R;, R,, R, R, R, Ry, R, Ry, Ry, Ry, Ry, Ry,
Ru» Rigy Rogy Rpy Ryyy Ry Reyy Ryps Ry, Ry, Ry, 0, w, Y, @, Z, and x are
selected from the following definitions, are more preferred compounds of

the present invention:
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R,is a _, " _ , or
Rg /'\ i; Ry

u ;

R, is alkyl, haloalkyl, (cycloalkyl)alkyl, alkoxyalkyl, haloalkoxyalkyl,
alkoxy, hydroxyalkyl,or (CH,),Y;

R, is isoxazolyl, optionally subsﬁt'ute'd with one or two of the following
substltuents - hydrogen, halogen, cyano, alkyl, alkoxy,
tnﬂuoromethyl or nitro; . '

R, and R,, are each mdepender;tly alkyl, cycloalkyl, or R, and R, together
form a cYélobutyl, cyclopentyl or cyclohexyl ring;

R, is alkyl, haloalkyl, cycloalkjrl or alkoxy;

R, is -CO,R,, or (C=O)NR,R,,;

R,, R, and R, are each independently hydrogen, halogen, alkyl, cycloalkyi

alkoxy or alkoxya]kyl |

R,andR,, together form a carbonyl

R, R,and R, are 1ndependently hydrogen, alkyl, or cycloalkyl or R, and
R, may together form a four to six-membered heterocychc ring;

nis2;

wis 0,1, or2;

Yis NR,I(C—O)R,,, NRzl(C—O)N'R,,R“, -NR,,(C—O)OR,,,
-NR,,SO.R,,, -SO,R22 or Q ;

Qis
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R, R,, R,; R, and R,, are each independently fidrogen, alkyl, cycloalkyl,
or R, and R,, may together form a four to seven-membered
heterocyclic ring;

R,, and R,, are each independently hydrogen, alkyl or cycloalkyl, or may
together form a three to seven membered cycloalkyl ring;

Rog
JI‘N—Fx-,,—, Rer

Z is oxygen, ‘{ or ;
xis 2,3 or4;
R,., R, and R,, are each independently hydrogen, alkyl or cycloalkyl, or R,,

and R,, 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, of Ru Rz’ Rs: R, Rs’ Rsv Rx’ Ry Rm le Rls’ Rns’ Rzo’ sz
R, R, R,,, R,, Ry, Ry, W, Y, Q, Z, and x are selected from the following

definitions, are most preferred compounds of the present invention:

4
Rs R In Fe
m/@"ﬁo 'ﬁt ns/fﬁﬂm “G/g‘g“’
M Fro ' Ri4
R, is A E , S or L] ;
R, is alkyl, haioalkyl, (cycloalkyl)alkyl, alkoxyalkyl, haloalkoxyalkyl,
alkoxy, alkoxyalkoxy, hydroxyalkyl, or -(CH,).Y;
R, is isoxazol-6-yl or isdxazol-s-yl independently substituted with two of
following substituents: alkyl or halogen;
R, and R, are each independently alkyl, cycloalkyl, or R, and R, together
form a cyclobutyl, cyclopenty! or cyclohexyl ring;
R, is alkyl, halo alkyl, cycloalkyl or alkoxy;
R, is -CO,R,, or -(C=O)NR,R,, ;
R, and R, are independently H, alkyl, cycloalkyl, alkoxy or alkoxyalkyl;
nis 2;

wis0,1,0r2;
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Y is -NR,(C=O)Ry, -NR,(C=OINR,R,,, -NR,(C=0)OR,,, NR,SOR,, orQ;

e . _
(5);
Qis ﬁorN?r' ;o
R, Ry, By, Ry, and R,, are each independently hydrogen, alkyl, cycloalkyl,
or R, and R,, may togethér form a four to seven-membered
heterocyeclic ring; ' '
R,, and R,, are each independe_nf_ly_hydrqg_en,’ alkyl or cycloalkyl, or may
together form a three to'-seven membered cycloalkyl ring;
Roe
Zis or 3
xis 2; _ .
R,,, R, and R,, are each indepehdently hydrogen, alkyl or cycloalkyl, or'R26
and R,, may together form a three to séven—membei'ed cycloalkyl ring;

j)etailed Description of the Invention

The following are definitions of terms used in this specification.

~ The initial definition providr-;d 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 "alk" or “alkyl" refer to straiéht or branched chain
hydrocarbon groups having 1 to 12 carbon zitoms, preferably 1 to 8 carbon
atoms. Lower:alkyl groups, that is, alkyl groups ofltod carbon atoms,
are most preferred. o | _ : _

The term “alkoxy” refers to.an alkyl gi'oup bonded through an
oxygen (-O-). o | | .

The terms “ar” or "aryl” refer to phenyl, naﬁhthyl and biphenyl.
Phenyl is a preferred aryl group. Aryl groups may be optionally

-8-
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sui)stituted with one or more (such as one to three) of the following
substituents: hydrogen, halogen, cyano, alkyl, alkoxy, nitro or
trifluoromethyl groups.

The term "cycloalkyl" refers to fully saturated cychc hydrocarbon
groups having 3 to 8 ring carbon atoms.

The terms "halogen" and "halo" 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,
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.

The terms "heterocyclic" or "heterocyclo” refer to optionally
substituted, non-aromatic cyclic groups, for example, 4 to 7 membered
monocychc, 7 to 11 membered bicyclic, or 10 to 15 membered tricyclic rmg
systems which have at least one heteroatom in at least one carbon
atom-containing ring. Each ring of the heterocyclic group containing a

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 oxidized and the nitrogen heteroatoms may
optionally be quaternized. The heterocyclic group may be attached at any
heteroatom or carbon atom of the ring or ring system.

Exemplary monocyclic heterocyclic groups include azetidinyl,
pyrrolidinyl, oxetanyl, imidazolinyl , oxazolidinyl, isoxazolinyl,
thiazolidinyl, isothiazolidiny], tetrahydrofuranyl, piperidinyl, piperazinyl,
2-oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrrolodinyl, 2-oxoazepinyl,
azepinyl, 4-piperidonyl, tetrahydropyranyl, morpholinyl, thiamorpholinyl,
thiamorpholinyl sulfoxide, thiainorpholinyl' 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 heteroafoms selected from N, O and
/or S, also referred to as heterocyclo), wh_er.e, as used herein, each of which
(homocyclic or heterocyclic) may be satm_'ated or partially or completely
unsaturated (such as heteroaryl), and each of which (homocyclic or
heterocyclic) may optionally be substituted by one or more (such as one to
three) hydrogen, halogen, cyano, alkyl, alkoxy, nitro or trifluoromethyl
groups. | _ :
Throughout the specification, groups and substituents thereof may
be chosen to provide stable moieties and compounds.

The compounds of formula I form salts which are also within the
scope of this invention. Re_fe:_re_hce to a compound of the formula I herein is

understood to include reference to salts thereof, unless otherwise

‘indicated. The term "salt(s)", as employed herein, denotes acidic and/or

basic salts formed with inorganic and/or oggan.ic_: a,.cidsE and bases. In

addition, when a compound of formula I contains both a basic moiety and

- an acidic moiety, zwitterions ("inner salts") may be formed and are

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

acceptable (i.e., non-toxic, physiolqgica_.l_ly acceptable) salts are preferred,

- although other salts are also useful; e.g., in isolation or pm_'iﬁ_cation steps

‘which may be employed during preparation. Salts of the compounds of the

formula I may be formed, for example, by reacting a compound I with an
amount of acid-o:; base, such as an _equiyalent_am@unt, in _a_medium such
as one in which the salt precipitates or in an aqueous medium followed by
lyophilization. . | - _ N

The compounds of formula I which contain a basic moiety may form
salts with a var_jéty of organic and inorganic acids. Ekemp_lax_'y acid
addition salts iné_lude acetates (such as those formed with acetic acid or
trihaloacetic acid, for example, trifluoroacetic acid), ;édjpates-, alginates,

ascorbates, aspartates, benzoates, ben_zenesglfqnates, bisulfates, borates,

-10-
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butyrates, mtrateé, ca'mphorates,*;%é;mphorsto}gg’tgs, '
cyclopentanepropionates, digluconates, dodecylsuifates, ethanesulfonates,
fumarates, glucoheptanoates, glycerophosphates, hemisuifates,
heptahoates', hexanoates, hydrochlorides (formed with hydrochloric acid),
hydrobromides (formed with hydrogen bromide), hydroiodides,
Z-hydroxyethanesulfonates, lactates, maleates (formed with maleic acid),
methanesulfonates (formed with methanesulfonic acid),
2-naphthalenesulfonates, nicotinates, nitrates, oxalates, pectinates,
persulfat'es.,' 3-phenylpropionates, phosphates, picrates, pivalates,
propionates, salicylates, succinates, sulfates (such as those formed with
sulfuric acid), sulfonates (such as those mentioned herein), tartrates,
thiocyanates, toluénesulfonates such as tosylates, undecanoates, and the
like.

The compounds of formula I which contain an acidic moiety may
form salts with a variety of organic and inorganic bases. Exemplary basic
salts include am;nonium salts, alkali metal salts such as sodiuni, 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, dicyclohekylamines, hydrabamines (formed with
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 and iodides), dialkyl sulfates (e.g.
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.
Prodrugs and solvates of the compounds of the invention are also
contemplated herein. The term "prodrug", as employed herein, denotes a
compound which, upon administration te 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 solvate thereof. Solvates of the compounds of
formula I are preferably hydrates. Any tautomers which may exist are
also contemplated herein as part of the present invention.

. All stereoisomers of the present compounds, suchl as those which

may exist due to asymmetric carbons on the R substituents, including

-enantiomeric forms (which may exist even in the absence of asymmetric

carbons) and diastereomeric forms, are contemplated within the scope of
this invention. Individual st_eréois_o_mers of the compounds of the

invention may, for example, be substantially free of other isomers, or may

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

stereoisomers. The chiral cent_e_rs of the present invention can have the S

- or R configuration as defined by the IUPAC 1974 Recommendations.

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

 the field of angiotensin antagonists to obtain additional novel compounds

possessing pot;ént antagonist'!a.c_:tivity at both endothelin and angiotensin
receptors. In particular, a large number of groups (known to be useful

within the field of angiotensin receptor antagonists) can be substituted at

the R, position o_f Formula I vﬁfhout departing from the scope of the -

present invention.. The table below outlines exa_mples of additional

suitable R, groups.

Patent No. O . Description of R,

—JP 09291078 . Substituted imidazoles

JP 09301956 T Substitated imidazoles

JP 09323991 carboxy methylidene cyclohepta imidazoles
WO 97/40040 . . : Pyrimidin-4-ones .

US 5674879 . . tetrahydro-imidazopyridines

WO 97/30036 _ N-acylaminoacid derivatives

-12-
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JP 09110691 “Imidazotetraliydropyridines
JP 08208640 Benzimidazoles
- JP 08165292 purine derivatives
- JP 08143552 Cyclohepta imidazoles
JP 08113572 Imidazopyridines
- WO 96/10669 Ureas
EP 708103 Imidazolones
WO 96/08476 Pyrimidinones
JP 08041053 Pyrimidines
JP 08034780 Cyclohept:imidazoles
WO 96/05195 naptho-fused lactams
WO 96/04273 Pyrazoles
EP 696583 Benzimidazoles
JP 07316055 Pyrimidines
WO 95/34564 Pyridylimidazoles
JP 07309871 Hydrazotriazoles
WO 95/32198 Pyridylimidazoles
AU 95/16257 Imidazopyridines
WO 95/24902 Imidazoles
DE 4407488 Pyridones
WO 95/22543 Imidazoles
WO 95/21838 Pyridylimidazoles
JP 07157485 fused pyrimidinones .
US 5411980 N-arylsubstituted-1,2,4-triazolinones
WO 95/16677 pyrimidine/pyrimidinones
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 07112976 Amino-azoles
DE 4339868 4-oxo-imidazo-pyridazines
WO 95/12598 benzazepinyl urea macrocycles
EP 648763 Imidazoles
WO 95/09632 - benzazepin-3-yl-ureas
EP 647627 pyridinones.
JP 07048357 aminoacids
WO 95/03290 benzofused lactams
DE 4342724 2-0x0-1,2-dihydro-pyridines
‘WO 93/17023 - pyrazolopyrimidines
US 5385894 6-aminoquinazolines

-13-
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JP 07002776 _ N-arylmethlpyridines
JP 06340668 . pyrazolotriazoles
US 5380719. quinoxalines and its N-oxides
GB 2280438 carboxymethyhdene cycloheptlmldazoles
WO/95/00517 "~ imidazoles
US 5378704 benzo- and pyrido-1,2,4-thiadiazines
JP 06287182 ' alkylglycines
EP 623610, pyridine and pyridones
US 5358947 . pyrazolotriazinones
WO 94/22838 pyrazoles
EP 621276. 2,3,6-substituted quinazolinone derivatives
WO 94/21629. ' 1-phenyl-1m1dazol—2—ones
JP 06211814 thioureas
EP 618207 8-d1hydro-6H—pyndo-pynm1dm—7-ones
DE 4305279 . triazolopyrimidines
WO 94/17069. ' pyrazoles
WO 94/17067 _ " pyrimidones.
US 5338736 . 2, 3 6-subst1tuted quinazolinone derivatives
JP 06184086 thioureas =
DE 43009:12. 3 1- benzyl 1,2,3,4-tetrahydroquinazolin-2-ones or
- related analogs
US 5330987 pyridopyrimidinones
EP 607077 4-pyrimidinones
WO 94/13675 pyrazolotriazoles
US 5326776 5-membered heterocychc rmgs comprising 1-4 N or
: RN -2 N and 1 O and comprising 0-2 double bonds
- EP 602521 imidazopyridines
WO 94/11379 . pyridooxazinones
‘WO 94/11012 dipeptide analogs
EP 591891 benziniidazoles
US 5315013 . pyrazoles
JP 06100541 pyrazolinones
WO 94/04516 -membered ring heterocyles containing 1-4
. B heteroatoms
JP 06087833 vinyl imidazoles
EP 594022 2-pyridones
EP 594019: 2-pyridones
JP 06073008 alkoxy-pyridines.
JP 06072985 ureas and thioureas
- DE 4233590  benzimidazoles
dihydrobenzimidazolones

-14 -
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JP 06056858" . * quind%ilines
EP 589665 4,5,6,7-tetrahydro-1H-imidazo[4,5-c] pyridine-6-
; carboxamides
JP 06041122 quinoxalines
DE 4230464 imidazolylbenzimidazoles
US 5296480 - 2-alkyl-5,6,7,8-tetrahydro-pyrido (4,3-d)-
: pyrimidine-4-ones
US 5294617 quinazolinones
US 5294611 quinazolinones
US 5292734 quinazolinones
JP 06032782 pyrazoles
US 5290780 quinazolinones
JP 06025250 thieno[3,4-d}Jimidazoles
JP 06025229 imidazoles
WO 94/03453 pyrazolyl[4,3-clpyridines
WO 94/03449 imidazoles
WO 94/03435 imidazole-5-carboxylic acids
US 5288720 quinazolinones
JP 06016661 imidazoles
US 5284853 quinazolinones
US 5284852 quinazolinones
JP 06009638 pyrazolopyrimidines
WO 94/02467 imidazoles
US 5281604 quinazolinones
US 65281603 quinazolinones
US 5281602 pyridopyrimidines
DE 4224133 benzimidazoles
US 5276048 imidazoles
GB 2268743 pyridines/pyrazines/pyrimidines
JP 06310696 pyridines
FEP 574846 = imidazopyridines
DE 4237656 . benzimidazoles
FR 2690442 pyrazolopyrimidines
GB 2267089 cycloheptimidazoles
EP 573218 imidazoles
WO 93/23391 indoles, T-azaindoles
US 5260325 N-linked amides or thioamides
-DE 4212748 benzimidazoles
EP 566020 benzimidazoles
DE 4212250 benzimidazoles
US 5250548 . aminopyridines

-15-
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GB 2265900 pyrazoles -
. EP 562936 " imidazolines
WO 93/18035 aza-phthalimides
WO 93/17682 - bicyclic heterocycles _
~WO 93/17681° 5-membered ring heterocycles
EP 561252 * 2-oxoquinolines -
JP 05201994 . . pyridazinones
GB 2264709 imidazopyridines
JP 05194418 2-aminopyrimidines
WO 93/16049 4-oxo-dihydropyridines
JP 05178836 -pyridines.
EP 556080 - pyrazolo[1,5-a]pyridines or imidazo[1.5-a]pyridines
US 5231094 . triazolopyrimidines
EP 554107 1,2 4-triazole .
EP 554098 imidazo[4,5b]pyridines
WO 93/14086 1-isoquiinolones
EP 552765 benzimidazoles
JP 05155884 - benzopyrazines or pyridopyrazines
WO 93/13077 hydantoins connected to imidazoles
US 5225408 ' ' oxadiazinone
JP 05140152 quinazolindione *
EP 550313 pyrazolone and pyrimidinones
US 5219856 imidazoles
EP 547514 imidazopyridines
US 5218125  imidazoles -
GB 2262096 4-aminopyrimidines
US 5214153 - imidazoles
US 5212195 indoles, azaindoles
EP 543263 benzimidazoles -
DE 4221583 pyridones
US 5208234 imidazolephosphonic acids
WO 93/08193 imidazo-tetrahydropyridazines
WO 93/08171 pyrimidocycloalkanes
WO 93/08169 aminopyrimidines
EP 539086 pyrimidinolactams
EP 537937 pyrazinopyrimidinones
- DE 4132632 ~ imidazolylpropenoic acids
EP 535465 imidazolylpropenoic acids
EP 535463 imidazolylpropenoic acids
EP 535420 imidazoles
quinazolinone or pyridopyrimidinones

EP 534706
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WO 93/05044 pyrazolotriazines
WO 93/05025 - pyrazoles
WO 93/04059 imidazoles - .-
WO 93/04045 imidazolinones
JP 05032661 imidazolinones
EP 532410 imidazolinones and larger ring analogs
EP 531876 imidazoindolizines
EP 531874 4,6,6,7-tetrahydroimidazo(4,5-c]pyridine-4-
carboxylic acids
EP 530702 1,2-dihydro-2-oxopyridines
WO 93/03040 thienopyrimidin-4-ones
WO 93/03033 imidazo[4,5-d]pyridazines
WO 93/03018 pyrimidines
US 5187168 quinazoline derivatives
JP 05017480 thienoimidazoles
US 5185340 oxypyrimidines
US 5182288 lactams
FR 2677016 acyl amino acid derivatives
WO 93/00341 imidazoles
WO 92/22533 4-aminoquinolines
US 5124335 fused pyrroles
EP 490820 acylamino derivatives
EP 490587 pyrazolo-pyrimidine and imidazopyridazines
EP 495626 oxypyridines, oxyquinolines, and imidazoles
EP 497150 3-quinazolin-4-ones '
EP 497121 imidazoles
EP 498721 1,4-dihydroquinolin-4-ones
US 5132216 imidazopyridines
EP 499416 oxypyridines
EP 499415 aminopyridines
EP 499414 Fused oxypyridines
EP 500409 - 4-pyrimidones
EP 500297 2-pyridones and 2-pyrimidones
EP 502725 fused pyrimidones
EP 502575 1-(2H)-isoquinolinones
EP 502314 - benzimidazoles
EP 505098 imidazoles
EP 503785 imidazoles
JP 04230683 7-aza and 4- azabenzimidazoles (i.e.,
_ imidazopyridines)
EP 507594 quinolines
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JP 04235988 " imidazopyridazinediones
EP 505893 imidazopyridines
FR 2672891 pyrazolones
US 5145699 pyridopyrimidines
EP 515265 ~  pyrimidine derivatives
EP 511791 _ pyrrolopyridines
JP 04257564 benzimidazoles, imidazopyridines,
_ L ' imidazopyrazines
WO 92/16524 . benzo-fused lactams
‘EP 516392 : naphyndones and pyrido[c,b]pyrrolidones
WO 92/19211 " imidazobenzoquinones
JP 04295478 "imidazo(4,5-b}pridines
EP 5212768 triazolo pyrimidines
WO 92/21666 thiazole derivatives
EP 518033 mndazo[4 5-c]pynd1ne-4-carboxylates and other
' L ' " heterocycles
US 5087702 3H-imidazo-[4,6-b} pyridines
US 5087634 N-substituted imidazol-2-ones
WO 92/00977 ~ imidazoles
EP 475206 - * various 6-membered heterocycles
WO 92/02508 oxyquinolines -
WO 92/04343 _ tetrahydrohenzazoles
WO 92/04335 . 1H-1,2/4-triazoles
EP 475898 ' Azacychc compounds including imidazolinones
EP 481448 ‘dihydropyrimidines
QO 92/05161 1, 3 ,5-trisubstituted 1,2,4-triazoles
WO 92/07852 xanthine derivatives
JP 04120072 " pyrimidine derivatives
EP 487252 quinolines and 1,5-naphthyridine derivatives
EP 483683 "~ thienoimidazoles”
EP 470543 fused imidazoles
EP 468470. .fused imidazoles
- EP 467207 . purines
WO 91/19715 - imidazo[4 5-d]pyndaz1nes
WO 91/19697 pyridines
EP 465368 imidazoles
EP 465323 pyrimidines
WO 91/18888 - triazolones
EP 461039 - benzimidazoles
US 5066586 pyridoimidazoles

EP 459136 .

benzimidazoles
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WO 91/17 48 ® “tH|§doles -
- EP 456510 pyridoimidazoles
EP 456442 quinolines
WO 91/15479 - imidazoles, oxazoles, thiazoles
WO 91/15209 pyrimidines
EP 453210 pyridines
WO 91/14679 imidazolinones or pyrimidinones
US 5053329 imidazopyridines
US 5049565 conjugated imidazopyridines
- EP 449699 pyrazoles
EP 446062 pyrazoles _
EP 445811 pyridin-4-ones and pyrimidin-4-ones
EP 443983 amides, sulfonamides, carbamates
EP 443568 thienopyridin-4-ones, thienopyrimidin-2,4-diones
EP 442473 pyrimidin-2,4-diones
EP 435827 pyrimidinones -
EP 434038 fused imidazoles
EP 432737 cycloheptimidazolones
WO 91/07404 azaquinolines
EP 430300 xanthines
EP 426021 fused imidazoles
EP 425921 benzimidazoles
EP 424317 pyrimidines
EP 420237 fused imidazoles
EP 419048 pyrimidinones
EP 415886 fused imidazoles
EP 412848 oxyquinolines
EP 412594 triazolinones
EP 411766 quinazolinones
EP 411507 pyrazole-3-carboxylates
WO 91/00281 imidazoles
WO 91/00277 imidazoles
EP 409332 triazoles
‘EP 407342 pyrimidinones
EP 407102 fused imidazoles
EP 401030 fused imidazoles
EP 400974 fused imidazoles
EP 400835 benzimidazoles
EP 399732 benzimidazoles
EP 399731 fused imidazoles
EP 392317 benzimidazoles
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EP 890719 imidazoles:
EP 323841 . " pyrroles, pyrazoles, and friazoles
EP 291969 biphenyltetrazoles
EP 253310 imidazoles .
WO 95/28419 indazoles
EP 638572 - fused imidazoles
DE 4320432 ammopyndyl imidazoles, fused imidazoles
JP 06279437 . imidazoles
EP 624583 pyridones
EP 623611 “pyridines or 2-pyridones
US 5348955 diacyl piperazines
WO 94/07486 benzo-fused lactams
JP 06128256 - " imidazopyridines
. US 5298517 imidazoles .
US 5286729 quinazolinones
DE 4203872 imidazo[1,2-a]pyridines
GB 2263637 fused imidazoles
US 5177097 imidazolones
EP 519831 imidazoles and pyrimidines
US 5153347 _phosphonates or phosphinates
' DE 4084728 - " thienoimidazoles
DE 4032522 thienoimidazoles
EP 461040 . fused imidazoles
DE 4006693 " benzimidazoles
US 4916129 imidazoles
US 4880804 benzimidazoles
WO 97/15556 3-spiroindolin-2-ones
US 5266583 " imidazoles
EP 573218 imidazoles
US 5264447 imidazoles
EP 569794 . benzopyndones or pyridopyridones
US 5091390 - fused imidazoles -
US 5256658 “morpholines, piperidines, piperazines,
thiomorpholines
EP 546358

_ mthods of Preparat;on

- The compounds of the present 1nvent10n may be prepared by

5 methods such as those illustrated in the following Schemes I to XIII.
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Sclvents, tempsidtures, pressurelfand other réi¢tion conditions may be
selected by one of ordinary skill in the art. Starting materials are

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

art.

The following are the définitions of symbols used throughout

Schemes I to XTII:

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

BB suitable nitrogen protecting group, exemplified by
methoxymethyl- [MOM], benzyloxymethyl- (BOM], 2-
(trimethylsilyl)ethoxymethyl- {[SEM], methoxyethoxymethyl-
[MEM], or ¢-butyl groups;

DD S,2 or S,1 leaving group exemplified by halogen (Cl, Br, I) and
sulfonates (-OS0O,-aryl (e.g., -OSO,Ph or -OSO,PhCH,), or
-080,-alkyl (e.g., -OSO,CH, or -OSO,CF,));

'EE halogen (chloro, bromo, iodo) or -OSO,CF,;

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;

Jd -CN, -CHO, or -CO,R,, wherein R, is hydrogen or C, to C, 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 Organic Synthesis, John Wiley & Sons, Inc, New
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

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 Synthesis, John Wiley & Sons, Inc,
New York, 1991, pp. 175-276.
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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. Greéne and P. G. M. Wuts, Protecting
) Groups in Organic Sznthe'sig, 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
(SEM) 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(0), palladium(II) chloride or palladium(II) acetate. The
preferred palladium catalyst is tetrakis(triphenylphosphine) palladium(0).

Exemplary bases include tertiary amines, such as, but not limited to,
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triethylamine, or aqueous potassium, sodium, or oesium carbonate. The
preferred base is aqueous sodium carbonate. Exemplary solvents include
tetrahydrofuran, 1,4-dioxane, aoetonitrile', toluene, benzene, or straight
chain alcohols, or Ia combination thereof. The preferred solvent is a

mixture of toluene and ethanol;; Exemplary reaction temperatures are

_ between about 25°C to 125°C, preferably between about 65°C and 110°C.

Con'lpounds of formula III may be prepared from a compound of
formula IV via displacement of_the leaving group (DD) by the conjugate
base of a compound R,-H, wherein R, l_s_ as previously defined, using a base
in an inert solvent. Exemplari bases include sodium carbonate,
potassium carbonate, cesiu_in earbonate, sodium hydride, potassium
hydride, or alkyl llthiums. | T-he pre_ferred base is sodium hydride.
Exemplarj inert.s__-'olvents include ethers (tetrahydrofuran, 1,4-dioxane,
diethyl ether), or'N N -d.imethylforxn'amide The preferred solvent is N,N-
dlmethylformamlde Exemplary reactlon temperatures are between about
0°C to 154°C, preferably between about 65°C and 110°C.

Compounds of formula III may also be prepared via a Mitsunobu

reaction between a compound of formula VI and the conjugate acid R-H, .

preferably usmg a phosphme and oxldlzmg agent in an inert solvent.

Exemplary phosphmes 1nclude tnalkylphosphmes, triarylphosphines and

. polymer supported tnarylphosphmes The preferred phosphine is

tnphenylphosphme Exemplary oxxdxzmg reagents include diethyl
azodlcarboxylate dnsopropyl azodlcarboxylate or carbon tetrabromide.
The preferred ox1d1z1ng reagent is d1ethyl azodicarboxylate. Exemplary
inert solvents 1nclude ethers (tetrahydroﬁlran 1,4-dioxane, diethyl ether),
acetonitrile or N ,N dlmethylformamlde The preferred solvent is N, N-
d1methylformam1de Exemplary reactmn temperatures are between about
0°C to 154°C preferably between about 20°C and 65°C.

Compound_s of formula IV (epec1ally, where DD is -0S0,Ph,

-OSO,PhCH,, -OSO,CH,, -OSO,CF,) may be prepared from the reaction of
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a compound of fo¥hula VI with C180,Ph, CISOIBHCH,, CISO,CH, or
(CF,S0,),0in 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
solvent. ' '

Compounds of formula VII are either commercially available or
available by means known to one skilled in the art.

Compounds of formula VIII may be prepared via lithiation of a
compound of formula IX wherein AA is hydrogen or a halogen (chloro,
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
protecting amines, such as those described in T. W. Greene and P. G. M.
Wats, Protecting Groups in Organic Synthesis, John Wiley & Sons, Inc,

_New York, 1991,

Compounds of formula XI may be prepared from the reaction of a

" compound of formula XII with a compound R,-NH,.

Compounds of the formula XII are either commercially available or

.available by means known to one skilled in the art.
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Compounds of formula I may be prepared from the deprotection of a
5 compound of formula II as described in Scheme L.

Compounds of formula IT may be prepared from a compound of
formula XIV via displacement, of the leaving group (DD) by the conjugate
base of a compound R,-H, wherein R, is as previously defined, using a base
in an inert solvent. Exemplary bases inélude sodium carbonate,

10 . potassium carbonate, cesium carbonate, sodium hydride, potassium
hydride, or alkyl lithiums. The preferred base is sodium hydride.
Exemplary inert solvents inclﬁde sthers (tetrahydrofuran, 1,4-dioxane,
diethyl ether), or N,N-dimethylformamide. The preferred solvent is N,N-
dimethylformamide. Exemplary reactit;n temperatures are between about

15 0°C to 154°C, preferably between about 25°C and 110°C.

Compounds of formula II may also be prepared via a Mitsunobu
reaction between a compound of formula XV and the conjugate acid R,-H
using a phosphine and oxidizing agent in an inert solvent. Exemplary
phosphines include trialkylphdsphines, triarylphosphines and polymer

20 supported triarylphosphines. The preferred phosphine is
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triphenylphosp.iine. Exemplary oxidizing reagents include diethyl
azodicarboxylate, diisopropyl azodicarboxylate, or carbon tetrabromide.
The preferred oxidizing reagent is diethyl azodicarboxylate. Exemplary
inert solvents include ethers (tetrahydrofuran, 1,4-dioxane, diethyl ether),
acetonitrile or I¥,N-dimethylformamide. The preferred solvent is N,N-
dimethylforma nide. Exemplary reaétion temperatures are between about
0°C to 154°C, preferably between about 20°C and 65°C.

Compouids of formula XIV may be prepared from compounds of
formula XV using methods well known in the art. For example,
compounds of furmula XIV (DD = Br) may be prepared by the treatment of
compound XV with carbon tetrabromide and triphenylphosphine in a
suitable solveni such as toluene or tetrahydrofuran.

Compoui ds of formula XV may be prepared from reduction of a
compound of formula XVI using a suitable reducing agent in an inert
solvent. R, is pieferably not an amide, an ester, a carboxylic acid or an
aldehyde durin ; this operation.

Compour.ds of formula XVI méy be preparéd from a palladium
catalyzed coupl'ng of a compound of formula VII with a compound of
formula IX in the presence of a suitable base and an inert solvent as
described in Sclieme I _

Compourds of formula VII are available by means known to one
skilled in the ait.
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- Compounds of formula XVII (which are compounds of formula I
wherein R, is R,, where R,, is -CH,N(R,J(C=O)N(R Ry,
-CH,N(R,XC=0)OR,, or -CELN(R,(C=O)R,,), may be prepared from
coxhpounds of fonhulé. XVIII_ (éiiéo édmpdunds of formula I, where R, is
-CH,NHR,,) by reaction of a compound of formula XVIII with an active
ester (i.e., from a carboxylic a'é'i'd such as R,,COOH in the presence of a
suitable coup]iné_ agent such aS _dicyclohexylcarbodimide (DCC)), or an
acid chloride (i.e., R,,(C=0)CD), or an isocyanate (i.e., R,,N=C=0), or a
chloroformate (i.e., R,;,0(C=0)Cl) in the presence of a suitable base such as
triethylamine and catalyst such as 4;dimethy1aminopyridine in an inert
solvent. This step may, for example, be conducted combinatorially and a
library of such cqmpounds created.

Compounds of formula XVIII may be prepared from reductive
amination of compounds of fof_rhula XIX (compounds of formula I where R,

is
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| -CﬁO) using a pnmary amine suci as R,INHZf 1fi‘ﬁhe presence of a suitable
reducing agent such as sodium triacetoxyborohydride 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 1.

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 compoun& R-H, wherein R, 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 XXIT.

| Compounds of formula XXII may also be prepared via a Mitsunobu
reaction between a compound of formula XXIV and the conjugate acid .
R,-H using a phosphine and oxidizing agent in an inert solvent. .
20 Exemplary phosphines include trialkylphosphines, triarylphosphines aﬁd
- polymer supported triarylphosphines. Exemplary oxidizing reagents
include diethyl azodicarboxylate, diisopropyl azodicarboxylate, or carbon
tetrabromide. Exemplary inert solvents include ethers (tetrahydrofuran,
1,4-dioxane, diethyl ether), acetonitrile'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 conipound 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 agent such as diisobutylaluminum hydride, with

subsequent reduction of the aldehyde to hydroxymethyl using an agent
such as sodium borohydnde _ . -.

Methods for the preparation of compounds XXV and XXVI are
known in the art [H.-Y. Zhang, et al., Tetrahedron, 50, 11339-11362

- (1994)].

- Compounds of formula XXIX (which are compounds of formula I
where R, is -CH,Y) 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 prepa.red from a compound of

- formula XXXT via displacement of the leaving group (DD) by the conjugate

base of a compound Y-H, wherein Y is as previously deﬁned usmg a base

_in an inert solvent. Exemplary bases include sodium carbonate,

- potassium carbonate, cesium carbonate, sodmm hydride, potassium

hydride, or alkyl lithiums. The preferred base is sodium hydride.
Compounds of formula XXXI may be prepared from compounds of
formula XX using methods well known in the art For example, compounds
of formula XXX] (DD = Br) may be prepar_ed from componnd XX in two
steps: first by reducing the aldehyde to .a. hy_droxymethyl. gi‘oup using a
suitable reducing agent such as sodium borohydride, and aecond,
conversion of tﬁe hydroxymethyl group to the bro_momethyl function using
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carbon tetrabromide and triphenylphosphine in a suitable solvent such as

toluene or tetrahydrofuran.
SCHEME V
° ;
' !
Hac ’ R14°
EE R3O0 EE :
XXXVill XXXVh - XXXVI
H4 RS . as ?(Rf;
- N R
Y(NH Protect 2 XtV 1 4
RECH(O-aIkyl)a '
T Ry40
* OHC'
Ry30 EE R430 EE EE
XXX ] 000

Compounds of formula XXXTI (which may be employed, for example,
in the methods of the preceding Schemes) may be prepared by cyclization
of compouhds of formula XXXIII i_n- 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.

Compounds of formula XXXIII (e.g., where R, and R,,, together
with the atoms to which they are bonded, form the five-membered ring

&

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

15 ) may be prepared from compounds of formula XXXVI in two steps:
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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coﬁdition_s and suitable nitrogen protecting groups an-_d the corresponding
deprotection condi_tions may be found in T. W, Greene and P. G. M. Wuts,
Protecting Groups in Organic Synthesis, John Wiley & Sons, Inc, New
York, 1991, pp. 309-405. .

Compounds of formula XXXVI may be prepared via reduction of a
compound of formula XXXVII using an appropriate reducing agent such as
diborane or hthlum alummum hydnde in an approprlate solvent such as
tetrahydrofuran ’

Compounds of formula XIQCVII may be prepared from compounds of
formula XXXVIII ¢ as described in Scheme III.

Compoundé ‘of formula XXXVIII may be prepared by methods
known in the art '_ a |

 SCHEME VI

Compounds of formula I may be prepared from the deprotection of a
compound of formula II as descnbed in Scheme I. '

Compounds of formula II may be prepared by a palladmm catalyzed
coupling of a compound of formula IX (as described in Scheme I) wherein
AA here is -OSOECFa ora hal&_gen (chlorine, bromine, or iodine; preferably
bromine or iodine) with a -conipound of formula XXXIXa, wherein GG is a
bofonic acid oi' ester, in the pi'.esence of a base and an inert solvent as
described in Scheme L
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Compoﬁfi"ﬂ'é’"-of formula IT m&y also be prépﬁred by a palladium or
nickel catalyzed coupling ofa compound of formula IX (as described in
Scheme I) wherein AA is a halogen (chlorine, bromine, 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(0)
and dichlorobis(triphenylphosphine)nickel(IT).

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 ITI may be prepared by the methods

15  described in Scheme I.

' 'SCHEME VII

XL

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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R%X, wherein X is a halogen (fluorine, chlorine, bronﬁne, 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
include N,N-d_imethylforma’mide and N,N-dimethylacetamide. Exemplary
reaction tempera_tﬁres are between about 80°C and 150°C, preferably
between 110°C and 180°C.. .- |

Compount_l$ of formula I may also be prepared from the reaction of a

~ compound of formula XL with a heterocyclic compound of formula R-X,

wherein X is a halogen. (chlorix-ie, bromine, or iodine), in the presence of a
palladium catalyét a phosphine ligand, a base, and an inert solvent.
Ezemplary palladmm catalysts include palladium acetate and
tns(deenzyhdeneacetone)palladmm(O) and the preferred palladium
catalyst is pallachum acetate., ‘The preferred phosphine ligand is 2,2'-
bls(dlphenylpho_sphmo)-l,1'-_b1__;1aphthy1. Exemplary bases include sodium
hydride and sodiim t-butoxide. .The preferred base is sodium hydride.
Exemplary reaction temperé;tpres are between about 20°C and 110°C,
preferably between 85°C and ?]:,1050; |

Compounds of formula XL Imay be prepared by deprotection of a
compound of forﬁmla XLI, whei'ein'BB is a suitable nitrogen protecting

. group. Exemplary condltxons for protection and deprotection of nitrogen
" functionalities may be found in T W. Greene and P. G. M. Wuts,

tecting Groups in Organ_l_c_E_im__ thells, John Wiley & Sons, Inc., New
York, 1991, pp. 309-405 The preferred protecting group BB for Scheme

VIlis tertwry-butyl Exemplary deprotection conditions include the use of
acids, such as tnﬂuoroaceuc acld. _

Compounds of formula XLI may be prepared by a palladium
catalyzed couplmg ofa comppund of formula III (as described in Scheme
I) wherein EE i;s a halogen (ciiloﬂne, bromine, dr iodine; preferably

bromine or iodi_;ie) with a coiﬁpqur;d_ of formula XLII, wherein GG is a
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bofonic acid of’%@ér, in the presé%c'e of a base SHid: an 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 ¢-
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 VII1
Ry
O XX
Ry 02 |

R

<y |
@ rad BN XXIX

OH 0, Y. 0

OHC

S.,.-Rs 02
|'1 Ry S\, ,-Ra
O BB \& / O H

XXX

0>

<
- BB

Compounds of formula XXTX (which are certain compounds of

15

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

from a compound of formula XIX (which is a compound of formula I where
20 R, is-CHO, as described in Scheme III) via a two step process: 1)

reductive amination of XIX in the presence of a primary amine R,)NH,
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wherein R,, is carboxyalkyl, alkoxycarbonylalkyl, hydroxyalkyl, or

aminoalkyl, using a suitable reducing agent such as sedium

- triacetoxyborohydride, yields an intermediate amine; 2) subsequent

cyclization using an appropriate cyclization reagent yields a compound of
formula XXIX. When R,, is carboxyalkyl, appropriate cyclization reagents
include carbodiimides such as diisopropylcarbodiimide. When R, is
hydroxyalkyl or aminoalkyl, apﬁmpriate cyclization reagents include
phosgene and 1,1’-carbonyldiimidazole. When R,, is alkoxycarbonylalkyl,
appropriate cyclization reagents include tertiary amine bases such as
triethylamine and N,N-diisoprépylethylamine.

Compounds of formula XIX may be prepared via deprotection of a
compound of fonhula 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.

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.

-36-



WO 00/01389 : PCT/US99/15063

SCHEME IX

Rz ) Rz o
A_s: R s’ N,Ra
"NerilNen
BB H
b ~ Compounds of formula XLIV (which are compounds of formula I

wherein R, is D as defined for formula I) may be prepared from the
. deprotection of a compound of formula XLV as described in Scheme I.
Compounds of formula XLV may be prepared via the acylation of a
compound of formula XLVI using either a carboxylic acid such as R,COOH
10 in the presence of a suitable coupling agent such as
dicyclohexylcarbodiimide, or the correspbnding acid chloride or acid
anhydﬁde in the présence of a suitable base such as triethylamine.
Compounds of formula XL.VI may be prepared from reduction of a
compound of formula XLVII in the presence of a primary amine such as
15 H,NCHR,R, in the presence of .a suitable reducing agent such as sodium
triacetoxyborohydride. |
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Compounds of formula XLVII may be prepared via reduction of a
compound of formula XVI, as described in Scheme II, wherein JJ is -CN,
or -CO;R,, wherein R,, is hydrogen or C, to C, alkyl, using means known to
one skilled in the art.

5 Compounds of formula XLVII may also be prepared via oxidation of
‘a compound of formula XV, as d_eﬁ_ned in Scheme II, using means known

to one skilled in t;he art,

10

Compounds of _formu]a_X[..IV (which are compdunds of formula I
~ wherein R, is D as defined for formula D mej; be prepared by the acylation
15 ofa compound of formula LXI usmg e1ther a carbozxylic acid such as
R,COOH in the presence ofa sultable couplmg agent such as
dlcyclohexylcarbodumlde or the correspondmg ac1d chlonde or acid
anhydride in the presence of a su1tab1e base such as tnethylamme
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,NCHR,R, in the presence of a suitable reducmg agent such as sodium
triacetoxyborohydride.
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Compouﬁds of formula I 'l"-"""'"ma'y be prepﬁl‘ed via deprotection of a
compound of formula LXIII (which is a compound of formula XVI wherein

JJ is CHO), as described in Scheme I.

- SCHEME X1
Ry

LXVIlt LXViI vl
NO3 ——— NOj 0, — NH2
“r SRS
BB o
Ry
: v LXIV
— thl 02 —- R20‘
R‘g O S\N, R19 S\ ;Ra
- H

Compounds of formula LXIV (which are compounds of formula I
wherein R, is -N(R,,)R,,) 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 R, is ~NHR,;) 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 R, is -NH,) may be prepared by reduction of 2 compound of
20 formula LXVII using a suitable reducing agent such as tin (IT) chloride
dihydrate in a suitable solvent such as ethyl acetate.

-39-



WO 00/01389 PCT/US99/15063

10

15

20

25

Compounds of formula LXVII (which are cpmpbunds of formula I
wherein R, is -NO,) may be prepared by deprotection of a compound of
formula LXVIII as described in Scheme I. _

Compounds of formula LXVIII (which are compounds of formula I
wherein R, is -NO,) may be prepared by the methods described for the

preparation of compounds of formula I in Schemes I and II.

SCHEME XII -

Compounds of formula LXIX (which are compounds of formula I

wherein R, is -N(R,,)(C=0)R,,) may be prepared via acylation of a

_compound of forniula LXVa (prepared as described in Scheme XI for a

compound of formula LXV) using either= a carboxylic acid such as R,,COOH
in the presence of a suitable couplmg agent such as
dicyclohexylcarbodiimide, or. the corresponding acid chloride or acid |
anhydride in the presence of a suitable base such as triethylamine.
Compounds of formula LXX (which are compounds of formula I
wherein R, is -N(R,,)SO, R”) may be prepared via sulfonylation of a

' compound of formula LXVa usmg exther a sulfonyl chloride such as

R,,SO.Cl or the correspondmg sulfomc anhydride, in the presence of a

suitable base such as tnethylamme.-
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SCHEME XIII

Ry Ry
Raas
H O Xvill SO, LXXI
N ~N
Rai 0, — o PR <s)2 .
g SN
H H

Compounds of formula LXXT (which are compounds of formula I
wherein R, is —-CH,N(R,,(SO,R,,)) may be prepared via sulfonylation of a
compound of formula XVIII (prepared as described in Scheme III) using
either a sulfonyl chloride such as R,,SO,Cl or the corresponding sulfonic

%]

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

The present invention further provides the following novel
compounds, which may be employed as intermediates in the preparation of
compounds of the formula I and salts thereof:

15

wherein R, and R, are as defined for a compound of formula I, R, is

hydroxy, chloro, bromo, iodo, -0SO,-alkyl, or -OSO,-aryl, and R,, is
20  hydrogen, -CH,0CH,CH,0CH,, -CH,0CH,CH,Si(CH,),, -CH,0CH,,

-CH,OCH,-aryl, or other suitable nitrogen protecting group;
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(LVD

wherein R,, R, and R, are as déﬁned for a compound of formula I and BB is
-CH,0CH,CH,OCH,, -CH,0CH,CH,Si(CH,),, -CH,0CH,, -CH,0CH,-aryl, or
other suitable nitrogen protecﬁng group; and

Ry

Lvit
Rsz

wherein R, and R, are as defined for a compound of fo_rmulé I,and R,,is .

chloro, bromo, iedo, or -OSO,CF,.

The present invention also provides the following novel method for

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

_said method comprises the steps of:

a) displacement of a leaving group R,, via the anion of a

compound R,-H from a compound of the formula

wherein R, R, é{ud R, are as defined for a compound of formula I, R, is

hydroxy, chloro, bromo, iodo, -OSO,-alkyl or -OSO,-aryl, and R, is
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hy;imgen or a suitable nitrogen protecting group, using a Mitsunobu
reaction or S_1 or S 2 displacement reaction, with removal of said nitrogen

protecting group as appropriate;

b) removal of the nitrogen protecting group R, from a compound

of formula
Ry

g

R! 02

wherein R,, R, and R, are as defined for a compound of formula I, and R,

is a suitable nitrogen protecting group;

¢) organometallic coupling of a compound of formula
R

{Lvi

with a compound of formula

S
Rgy

wherein R, R, and R, are as defined for a compound of formula I and R;, is
a suitable nitrogeh ﬁrotecting group. When R,, is chloro, bromo, iodo or
-0S0,CF,, then R, is a boronic acid, boronic ester or stannane derivative.
When R, is a boronic acid, boronic ester or stannane derivative, then R,, is
chloro, bromo, iodo or -OSO,CF,.

d) acylé,tion of a compound of the formula
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wherein R, and R, are as deﬁhe_d for a compound of formula I, and R, is
hydrogen or a suitable nitrogen protecting group, with an acylatiﬁg agent
of the formula R,(C=O)R,,, R,N=C=0, R,-CO,R,,, R SO,R,,, wherein R,,
5 R,andR, are as defined for a _coxhpound of formula I and R, is an
activating group for an acid, or madé using an acid activating agent, with

removal of said nitrogen protecting group as appropriate; or

e) reductive amination of a compound of formula
Ry

O X
OHC 0,
'_ | O S\';"Ra
10 ? Rg
~ wherein R, and R, are as defined for a compound of formula I, and R;, is -

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

-formula

hydrogen or alkyl—Q™ NH,

£Xu

15
wherein R,,, R,,, and x are as deﬁned fora compound of formula I, with

removal of said nitrogen protecting group as appropriate.
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Utility
The compoﬁnds of formula I and salts thereof are antagonists of
both endothelin (especially, ET-1) and angiotensin II (especially, subtype
AT)) receptors (“dual angiotensin endothelin receptor antagonists”) and
are useful in treatment of conditions associated with increased ET levels

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

‘angiotensin TI-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
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
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

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 cbmpounds of the present invention are also useful in the
treatment of endotoxemia or endotoxin éhock as well as hemorrhagic
shock. _

The compounds of the present invention are alo 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
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-
arrhythmic a"genfs; anti-anginal agents; anti-fibrillatory agents; anti-
asthmatic agents; anti-atherosclerotic and anti-arteriosclerotic agents;
additives to cardioplegic solutions for cardioplxlmonary bypasses; adjuncts
to thrombolytic therapy; and anti-diarrheal agents. The compounds of
this invention maj be useful in- ﬁherapy for myocardial infarction; therapy
for peripheral vé.écular diseasé_ (e.g., Raynaud’s disease and Takayashu’s

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

cardiomyopathy); treatment of primary pulmonary hypertension (e.g.,
plexogenic, embolic) in adults and in the newborn and pulmonary
hypertension secondary to heart failure, radiat_,iox__i and chemotherapeutic
injury, or other trauma; treatment of central nervous system _va_scular
disorders, such as stroke, migr?.ine and subarachnoid hemorrhage;
treatment of central nervous system behavioral disorders; treatment of

gastrointestinal diseases such as ulcerative colitis, Crohn’s disease, gastric

‘mucosal damage, ulce} and ié_chemic bbwel disease; treatment of gail

bladder or bile _duct-baéed diseases such as cholangitis; treatment of
pancreatitis; regulation of cell growth; freatment of benign prostatic
hypertrophy; res_._tenosis. followitx_g angioplasty or following any procedures
including transplantation; therapy for congestive heart_ failure including

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

and dysfunction; and treatment of hepatotoxicity and sudden death. The
compounds of this invention are useful in the treatment of sickle cell
disease includihg the initiation and/or evoluﬁon_ of the pain crises of this
disease; treatment of the deleterious coﬁ_sequencés of ET_-producing :
tumors such as hypertension resulting from hemangiopericytoma;
treatment of early and advanced liver disease and injury including
attendant complications (e.g., hepatotoxicity, fibrosis and cirrhosis);
treatment of spastic diseases of the urinary tract and/or bladder;
treatment of hepatorenal syndi'ome; treatment of immunological diseases

involving vasculitis such as lupus, systemic sclerosis, mixed
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cfs;og'lbbulinemié.; and treatment of fibrosis associated with renal
djsﬁmctiﬂﬁ and hepatotoxicity. The compounds of this invention are
useful in therapy for metabolic and neurological disorders; cancer; insulin-
depéndent and non insulin-dependent diabetes mellitus; neuropathy;
i‘etinopathy; maternal respiratory distress syndrome; dysmenorrhea;-
epilepsy; hemorrhagic and ischemic stroke; bone remodeling; psoriasis;
and chronic inflammatory diseases such as rheumatoid arthritis,
osteoarthritis, sarcoidosis and eczematous dermatitis (all types of
dermatitis).

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, spinal cord injury, radical prostatectomy, psychogenic
etiology or any other cause) and women by improving blood flow to the
genitalia, especially, the corpus cavernosum.

The present invention thus provides methods for the treatment of
all endothelin-dependent or angiotensin II-dependent disorders, .
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
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
compbund(s) of the present invention.

The effective amount of a compound of the present invention may
be determined by one of ordinary skill iﬁ 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,
which may be administered in a single dose or in the form of individual
divided doses, such as from 1 to 4 times per day. It will be understood
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that the specific dose level and frequency of dosage fol' any particular
subject may _be varied and will depen_d 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

health, sex and diet of the subject, the mode and time of administration,
rate of excretion, drug combination, and severity of the particular
condition. Preferred subjects fo_r tre_e_.t_ment include animals, most
preferably mammelian species Such as humans, and domestic animals
such as dogs, cats’ and the like,: subject to endothehn-dependent or
angiotensin II-dependent dlsorders B _

The present mventlon also prov1des pharmaceutmal compositions
comprising at least one of the c_ggnp_ounds of the forx_nula_ I capable of
treating an endotl;elin-depéndent or angiotensin II-dependent disorder in

an amount effective therefor, and a _.ph_a_rm_aceuticfally acceptable vehicle or

-diluent. The compositions of the Ppresent invention may contain other

therapeutic agents as descnbed below and may be formulated, for

example, by employmg conventmnal sohd or hqmd vehlcles or diluents, as

- well as pharmaqeutmal additives of a type appropriate to the mode of

desired administration (for. example, excipients, binders, preservatives,
stabilizers, flavors, etc.) according_to techniques such as those well known
in the art of pharhlaceutical.fo;rlnulation or called for by accepted
pharmaceutical practme -

The compounds of the formula I may be administered by any

- suitable means, for example, orally, such as m the form of tablets,

capsules, granules or powders, subhngually, buccally, parenterally, such
as by subcutaneous, 1ntravenous intramuscular, or mtrastemal injection
or infusion techniques (e.g., ;asil sterile injectable aqueous or non-aqueous

solutions or suspensions)' '-naSé;lly s'uch as by inhalation spray; topically,

- such asin the form ofa cream or ointment; or rectally such as in the form

of suppositories; in dosage umt formulatlons oontalmng non-toxlc
pharmaceutically acceptable veh1c1es or d11uents The present compounds
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may, for exampis; be administerédin a form sititéble for immediate
release or extended release. Immediate release or extended release may
be achieved by the use of suitable pharmaceutical coinpositions comprising
the present compounds, or, particularly in the case of extended release, by
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
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

_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

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,
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 cellﬁlose, dicalcium

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

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

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 cﬁmpound(s) with fast

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

Also included in such formulations may be high molecular weight
excipients such as celluloses (aﬁcel) or polyethylene glycols (PEG). Such
formulations may also include an excipient to aid mucosal adhesion such
as hydroxy propyl cellulose (HPC), hydroxy propyl methyl cellulose
(HPMC), sodium carboxy methyl cellulose (SCMC), maleic anhydride
copolymer (e.g., Gantrez), and agents to control release such as polyacrylic
copolymer (e.g., Carbopol 934). Lubricants, glidants, flavors, coloring
agents and stabilizers may aiso be added for ease of fabrication and use.
Exemplafy compositions for nasal aerosol or inhalation
administration include solutions in saline which may contain, for example,
benzyl aléohol or other suitable 'preservatives, absorption promoters to
enhance bioavailability, and/o;; other solubilizing or dispersing agents
such as those known in the art, - _
Exemplé.ry'compositi_qns_ for parenteral administration include
inj ectable soluﬁops.or.suspenSions 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 .. .

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 w_hich may contain, for example, a suitable non-irritating
excipient, such as cocoa butter; synthet_i;: glyceride esters or polyethylene
glycols, which are solid at ordinary temperatures, but liquify and/or
dissolve in the rectal cavity td_. release the drug. | _

Exemplaiy compositions for topical administration include a topical
carrier such as Plastibase (mineral oi] gelled with polyethylene). For

example, the compounds of the invention may be administered topically to
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trca-a;t'peripheral vascular diseases and as 'such may'Bé fofmulate_d asa
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
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
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 eﬁdopeptidase
(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
chlorothiazide, hydrochlorothiazide, flumethiazide, hydroflumethiazide,
bendroflumethiazide, methylchlorothiazide, trichloromethiazide,
polythiazide or benzothiazide as well as ethacrynic acid, tricrynafen,
chlorthalidone, furosemide, musolimine, bumetanide, triamterene,
amiloride and spironolactone and salts of such compounds; thrombolytic
agents such as tissue plasminogen activ'ator (tPA), recombinant tPA,
streptokinase, urokinase, prourokinase and anisoylated plasminogen
streptokinase 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 described

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
hemodialysis. o | |

The above other therapeutlc agents when employed in
combination w1th the compounds of the present mventlon, may be used,

(PDR) or as otherw1se detennmed by one of ordmary skill in the art.

The folloﬁving assays may be employed in ascerta.ining _the degree
of activity of a compound (“drug"") as an endothelin and angiotensin II
receptor antagomst Compounds described in the following Examples

have been tested in these assays, and have shown activity.

ET,, Attached cell binding assay

CHO-KI cells expressmg either the human endothelin A or
endothelin B receptor were cultured in Ham’s F12 media (Gibeo/BRL,
Grand Island, NY) with 10% fetal bovine serum (Hyclone), supplemented .
with 300 pg/mL Genetlcm ( G-418 Gibco BRL Products, Grand Island, NY)

"and mamtalned at 37°C with- 5% CO, in a humidified incubator. Twenty

four hours prior to assay, the cells were treated with 0.25% trypsin-EDTA
and were seeded in Falcon, 96 well tissue culture plates at a density of 1.8
x 10* cells/ well (the monolayer should reach 80-90% confluency by the day
of assay). !

In the attached cell assay, culture media was aspirated from each
well and the monolayers were Washed with 50 pl of PBS (Mg", Ca" free).
The binding aSSéy was per'fom'ied' in a total volume of 125 pl consisting of
assay buffer (50 mM Pris, pH 7.4, including 1% BSA and 2 pM
phosphoramldon) and 25 pl of elther 500 nM ET-1 1 (to define nonspecific
binding) or competmg drug. ;Tl_;_e reaction was initiated with the addition
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of 25 pl of 0.25 KM [*I-ET-1 (Né%’England Nﬁ?:léar) 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
dissociated by the addition of 100 ul of 0.5N-NaOH 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.

RASMC binding assay

Assays were conducted in a total volume of 250 L in 96 well
microtitre plates. The incubation mixture contained 50 pL [125]I-Sar-Ile-
Angiotensin II (0.2 nM), 25 nL of drug dissolved in DMSO, or angiotensin
II (1 pM) to define non-specific binding. Binding to rat aortic smooth
muscle cells (RASMCs) was conducted in RPMI 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

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 IC,, concentration of less than 5 micromolar
versus either or both [125]I-Sar-Tle-Angiotensin II or [**I}-ET-1, ideally
against both ligands. More preferred compounds within the scope of this
invention are compounds that have an IC,, concentration of less than 1
micromolar versus either or both [125]I-Sar-Ile-Angiotensin II or [*1}-ET-
1, ideally against both ligands.

All documents cited in the present specification are incorporated

herein by reference in their entirety.
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The following Examples illustrate embodimen_fs of the present
invention, and are not intended to limit the scope of the claims.
Abbreviations employed h_e_rein- are defined below. Compounds of the
Examples are identified by the example and step in which they.are
prepared (for example, “1A” denotes the title compound of step A of
Example 1), or by :the example only where the compound is the title
compound of the example (for example, “4” denot_eé the title compound of
Example 4). Compounds prepared for use as synthetic intermediates are
identified by the Preparation number and step in which thejf appear,
prefaced by the letter "P." For éxample, “P1A" denotes the compound
generated in step A of Preparation 1, while "P1" denotes the title

compound of Preparation 1.
Abbreviations

Ac = acetyl

(S)-BINAP = (S)-(-)2 2’-b1s(dlphenylphosphmo)-1 1’—b1naphthyl
BOC = t-butoxycarbonyl

n-Bu = n-butyl

- BSA = bovine serum albumin.
-CDI = 1,1' carbonyldiimidazole

d=days

DBU = 1,8-diazabicyclo{5.4.0}jundec-7-ene

DIBALH = diisobutylaluminum hydride

DMF =N N-dimethylformamiﬁie

DMSO = dimethylsulfoxide

EDCI = 1-ethyl-3- [3-(d1methylam1no)propyl]carbod11m1de hydrochloride
EDTA = ethylenediaminetetraacetic acid

eq = equivalents

Et = ethyl

ET = endothelin
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ET-1 = endothelin-1

EtOAc = ethyl acetate

EtOH = ethanol

h = hours

Me = methyl

MEM = methoxyethoxymethyl
MeOH = methanol

min = minutes

mp = melting point

Ms = methanesulfonyl

NBS = N-bromosuccinimide
PBS = phosphate buffered saline
Ph = phenyl

n-Pr = n-propyl

SEM = 2-(trimethylsiloxy)ethoxymethyl
Rochelle’s salt = potassium sodium tartrate tetrahydrate

RT = room temperature
TFA = trifluoroacetic acid
THF = tetrahydrofuran
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General Methods .
The following General Methods were employed in the Preparations and

Examples.

General Method 1: Suzuki Coupling of Aryl
 Bromides with Arylboronic Acids

ABr + ArBOR) —»  ArAr

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 reagentj was sparged with nitrogen for 15 minutes.
Tetrakis (triphenylphosphine)palladium (0).(0.05 eq) and 2 M aqueous .
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

- hexanes/ethyl acetate as eluant to yield the biaryl product.

Arylboronic acids used: [2-[[(3,4-dimethyl-5-isoxazolyl)[(2-
methoxyethoxy)-methyllamino]-sulfonyllphenyliboronic acid (or the
corresponding SEM-protected compound, both of which were prepared as
described in U.S. Patent No. 5,612,359); [2-[[(4,5-dimethyl-3-isoxazolyl)[(2-
methoxyethoxy)methyllamino}-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]borenic acid (prepared according to Chang, L. L. et
al.,J. Med Chem., 38, 3741-3758 (1995)). |
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Arylboronate ester used: N-[(2-methoxyethoxy)methyl]-N-(3,4-dimethyl-5-
isoxazolyl)-2-(4,4,5 5-tetramethyl-1,3,2-dioxaborolan-2-
yl)benzenesulfonamide (prepared as described in WO 97/29747).

General Method 2: Conversion of Primary
Alcohols to Alkyl Bromides

RCH-0H — RCHJ-Br

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 stirred at 0 °C for 4 h, diluted with 10 parts 2:1 hexanes/ethyl
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.

General Method 3: Conversion of Primary
Alcohols to Alkyl Methanesulfonates

RCHOH  ———b RCHZOMs

To a 0.15 M solufion of the alcohol in 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.
The aqueous layer was extracted once with dichloromethane and the
combined organic layers were dried over sodium sulfate and concentrated
to yield the crude alkyl methanesulfonate. |
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General Method 4: Alkylation of Heterocycles or Aliphatic A_lcohols

RCHX ~——»  RCHy—heterocycle OR RCHy—OR'
X = Br, OMs - |

Sodium hydnde (60% dlspersmn in mmeral 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
mizture was allowed to warm to RT and was stirred for 16-24 h. The
~ reaction mixture Wé.s diluted with EtOAc and washed with water and

brine. The organic layer was dned over sodium sulfate and concentrated,

as eluant to yield the alkylatlo__n product.

Hgt.erpcy-cles Used:
wNEN e | 2-ethyl-5, 7-d1methyl 3H- = | Senanayake, C.H.,et. al.
’ H ) . lmldazo[4 5_b yndlne ) Heteroq‘ycles 1996, 42, 821-
= o : ' 830.
ve ) ﬁ
M\ 2-butyl-1,3- i Bernhart, C. A, et. al. J.
"”“'2 a | -1-en- Med. Chem., 1998, 36, .
b diazaspiro(4 4]non 1-en-4-one 33715380,
' "3 5-di-n-but 1-1 2 4-tr1azole 'Reitz, D.B., et al. Biorganic
MNk}_\—\ . y & Medzcmal chemistry
e ' Letters, 1994, 4(1), 99-104
_(Q " |'2-propyl-1,3- ' - | Bernhart, C. A., et. al. J.
P -l-an- Med. Chem., 1998, 36,
; _d1azasp1ro[4 4]non l-en 4-one 3371-3380.
Me | 7-0x0-2,4- d1'méthy1—5 6,7,8- Hullar, T. L.; French, W. C.
N Y d]pyrlmldme 4 :
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WBradbury, R.H. et al. o,

- H
em "Med. Chem. 1992, 35,
X 4027-4038.
; - ome thyl- 4 ( ].H)" quinolone commel‘cially available

? =
b}
x
| ogx o-g

2-propyl-4(1H)-quinolone

Bradbury, R.H.; et. al. J.
Med. Chem. 1992, 35,
4027-4038.

| 2-ethyl-5,6,7,8-tetrahydro-

Bradbury, R.H.; et. al. J.

' - Med. Chem. 1998, 36,
E\(?:) 4(1H)-quinolone 19451008
Q methyl 2-(N- De, B.; et. al. J. Med. Chem.
Mg carboxylate

2,7-diethyl- 5H—pyrazolo[1 5-
b] [1,2,4)triazole

U,S, Patent No. 5,475,114

s.

=3
Seim:e
¢ ¥

3-methoxy-2,6-dimethyl-

4(4H)-pyridinone

Voss. G.; et. al. Liebigs Ann
Chem. 1982, 1466-1477

3

&
+o

o

2-butyl-4(3H)-quinazolinone

Allen, E.C. ;et. al

. Biorganic & Medicinal
Chemistry Let. 1998, 3(6),
1293-1298

F

R
:

N- (2-butyl-3,4-dihydro-4-
0xX0-6- quinazolinonyl)-N’-
isopropyl-N'methylurea

Laszlo, S.E.; et al
Biorganic & Medicinal
Chemistry Let. 1998, 3(6),
1299-1304

General Méthod 5: Reductive Amination

AICHO + RNHp [or RNHpsHC] —  ArCH,—NHR

To a mixture 6f an aromatic aldehyde (1.0 eq) and a primary amine
(1.2eq)in dichloromethane (0.1 M aldehyde concentration) was added 4 A
molecular sieves (6g per mmol aldehyde). [Alternately, a primary amine
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 triacétoxyborohydride (1.5 eq) was added. The
mixture was stirred vigorously at RT, while the course of the reaction was
monitored by HPLC. If the rquﬁori had not reached completion within
several hours, additional sodiurn tri.acétoxybor'ohydﬁde (1.0 eq) was added
and monitoring was contmued When the reaction was complete the
mixture was ﬁltered through cehte, aqueous sodium bicarbonate solution
was added to the filtrate, and the aqueous layer was extracted with
dichl,oromethane." The com_binéd orgunic extracts were dried over sodium

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

. purification. .

" In general reductive ammatmn w1th a 4-am1nobutan01c acid
resulted in a lactam product In a few cases, cychzatlon was promoted by

treatment of a 0 1 M solution of the crude amino acid product in

_dlchloromethaue-wmh 10eq or'_' dnsopropylcarbodumlde for 1 h at RT.

General Me(;h hod 6: Amine Agx._ lation

ACH~NHR 4 . RCOCl — Ar’\ujiﬁw

R = H, alkyl R

A 0.15 M solution of a i:prim_ary or socondary .amine (1.0 eq) and
N,N-diisopropylethylamine (20 eq)in dichloromethane was treated at RT
with an acyl ch_loride (1.5 eq)-.'" 'A_fl:er 1.5h, metlranol (10 eq) was added,
followed by aqueous sodiu'm.ogrbonate solution. The aqueous layer was
extracted with dichloromethdue and the combined organic extracts were

oombined diréd over sodium sulfate and concentrated The residue was

provide the product tertlary amlde
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Protecting Groups Using Hydrochloric Acid/Ethanol

O 02 - .
heteroaryt
A ,,S\Hz Iy N N,haamql
H

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 HCI, 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
reacidified 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.

General Method 8: Hydrolysis of SEM or MEM Sulfonamide
_ Protecting
20 Groups Using Hydrogen Chloride in Dioxane/Alcohol

Oz . Oz
heteroaryl )
AN H, ry AN N,heteroaryl
H

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. Tf;e residue wés purified by reverse-phase
preparative HPLC, or by extraction with ethyl acétate from aqueous
potassium phosphate adjusted to pH 5-6, followed by silica gel
chromatography. . | -

.. General Method 9: Cleavaggg , of SEM or MEM Sulfonamide
Protecting

Groups Using Trimethylsilyl Iodide

A,/ngheter_caw' A~ N,heteroaryl
R = MEM, SEM

To a 0.1 M solution of of a SEM- or MEM-protected N-heteroaryl
sulfonamide in acetonitrile was added trimefhylsilyl chloride (8 eq)
followed by sedium iodide (8 eq). The mixture 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 wés then dried

over sodium sulfate and concentrated. The residue was purified by

' reverse-phase '_;;reparative HPLC or by silica gel chromatography.

General Method 10: Cleéwage of SEM Sulfonamide Protecting
Groups Using Tetrabutylammonium Fluoride

O

heteroaryi
AI/S\'ér . w — A A N,hetefoaryl
EM H

- To 2 0.05 M solution of ? SEM-proteci_;_ed N-heteroaryl sulfonamide
in THF was added freshly activated 4A molecular sieves (20 g per mmol
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sulfonamide), 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
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.

General Method 11: Reduction of Aryl Aldehvdes to Benzylic
Alcohols Using Sodium Borohydride

ACHO ——» ArCH,—OH

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

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
purified by silica gél chromatogré.phy using hexanes/ethyl acetate as

eluant.

General Method 12: Amide Formation using 1,1
| Carbonyldiimidazole
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ACOOH + R{ANH —n .'Rk?,jxn
| | Y

1,1- Carbonyldnmldazole (2.0 eq) was added to a 0.1 M solution or
suspensmn of an appropnate carboxyhc acid (1.0 eq) in THF. The mixture
was heated at 50 °C for 1h, and was ‘then cooled toRT. An appropriate
amine (5-10 eq) was then added, and the miture was stirred at RT for 12
h. Ethyl acetate and aqueous sod1um bicarbonate solution were added
and the aqueous layer was ext_racted with ethy] acetate. The combined
organic layers were dried over sodium sulfate an'd concentrated. The
residue was punﬁed by reverse-phase preparatwe HPLC or by silica gel

chromatography

General Method'13: Benzylic Bromination
Usim N-Bromosuccinimide

AICH; ——» ArCHy—Br

To a 0.4 M solution of a methyl-substituted aromatic compound in

carbon tetrachloride was added N-bromosuccinimide (1.05 eq) and henzoyl

" 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 us'ingl hexanes/ethyl acetate as eluant to provide the

mono-brominated product.

General Method'14: Reduction of an Aromatic
Nitrile to an Aromatic Aldehyde Using DIBAL-H

AICN ———» 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 92:1
toluene/dichloromethane. The solution was stirred at 0 °C for 1-4 h, and
was then treated with excess methanol. After 15 min, 2N hydrochlorie

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 vié. silica gel chromatography using

10 hexanes/ethyl acetate as eluant.

General Method 15: Ester Hydrolysis Using Lithium Hydroxide

RCOOR' -———» RCOOH
15 | | |
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

_ layers with sodium sulfate, concentration, and silica gel chromatography

using methanol/chloroform or hexanes/acetone as eluant.

General Method 16: Displacement of a
25 Benzylic Bromide or Mesylate with Cyanide

ArCHpX =——»  AICH;—CN
X =Br, OMs

Sodium cyanide (1.2 eq) was added at RT to a 1.0 M solution of a

30 benzylic bromide or mesylate in DMF. The mixture was stirred at RT for
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16 h. The reaction mixture was diluted with ethyl acetate and partitioned
against aqueous sodium bicarbonate. The organic layer was dried over
sodium sulfate and concentrated, and the residue chromatographed on
silica gel with hexanes/ethyl acetate as eluant to yield the nitrile product.

General ethod 17: S Oxidation of a
B g_zyhc Alcohol to an Aromatic Aldehxd

ACHOH ——» ACHO

Oxalyl chloﬁde (1.5 eq) wés added dropwise to a solution of DMSO

(2.0 eq)in dlchloromethane at -—78 °C. After 5 min, a solution of benzyhc

alcohol substrate (10eq)in dlchloromethane was added and the mixture
(0.2 M final substrate concentratmn) was stirred at —78 °C for 15 min.
Tnethylamme (4 0 eq) was added and the mixture was stirred and allowed
to warm to RT.. Aqueous sodmm blcarbonate solution was added, the

layers were separated and the aqueous layer was extracted with one

. 'portion of d1chloromethane The combined organic layers were dried over

sodium sulfate, concentrated, and the residue was purified by silica gel

chromatography using hexaxigg/éthyl_ acetate as eluant.

General Method 18: Reduction of an Aromatic Nitro Group
to an Aromatic Amine Using Tin (I) Chloride Dihydrate

ANO; ——  AmH,

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 mm The mixture was cooled, half-saturated

aqueous sodium"c_arbona_te scluﬁuu was added, and the layers were

. separated. The aqueous l?yei'{ was extracted once with ethyl acetate, and

-66 -



WO 00/01389 ' _ ' S PCT/US99/15063

the combined o¥gknic layers wer‘é'ﬂned over sofitim sulfate and
concentrated. The residue was chromatographed on silica gel using

hexanes/ethyl acetate as eluant to provide the product aromatic amine.

5 General Method 19: Hydrolysis of a
2-Aryl-1 3-Dioxolane to an Aromatic Aldehyde

| I:O)-Ar ———» AICHO
o

10 A 0.2 M solution of a 2-aryl-1,3-dioxolane (1.0 eq) in THF was
treated with 1IN hydrochloric acid (1.5 eq), ar_ld 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.

General Method 20: Ester Formation Usin
1,1'-Carbonyldiimidazole and DBU

20

RCOOH + R{OH —» R1~0j\g

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
256 was heated at 50 °C for 1h. 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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concentrated. The residue was purified by rev.é_r_se-pliase preparative
HPLC or by silica gel chromatography.

Generul Method 21: Phase-Transfer Al tion uf Imidazoles

- AICHpX AfCHz—"(;—

5 ' ' X= Br, OMs

A solution of an appropriate imidazole (0.1 M) in toluene was
treated with 50% aqueous sodium hydroxide sqlution (0.5 ml per mmol
imidazole), tetrabutylammonium hydrogen sulfate (0.05 eq), and an

10 appropnate benzylic alkyl bromide or mesylate (0.95 eq). The mixture
was stirred v1gorous1y 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 prowde the crude product which was either

15 punﬁed by silica gel chromatography or was carried on crude. I.m1dazo]e

used 2-propyl-4,5,6 7-tetrahydro-8-oxocycloheptmudazole (Yanagisawa,
.T., et. al. Biorg. Med. Chem. Lett. 1998, 3, 1559-1564).

20 General Method 22: Tmidazole or Phenol Alkylation
_CHoAr
AICHoX — AICHZ—@R OR
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 and water. The ethyl acetate Iéyér 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
alkylation was determined by NOESY spectroscopy.

Imidazoles Used:

- 2-n-butyl-4-chloro-5- Watson, S.P. Synth. Comm.,
O
“P'—‘ﬁj::l,o ethyl 2-n-propyl-4- Carini, D. J., WO 92/00977
H & ethylimidazole-5-carboxylate
[¢]
e 2.n,propy] -4-chloro-5- . | Watson, S.P. Synth. Comm.,
H formylimidazole 1992, 22, 2971-2977
[+

General Method 23: Cleavage of SEM Sulfonamide Protecting
Groups Using Cesium Fluoride

Oz Op
A,/s\g‘;:n etercary A l,S\ N,heteroaryl
H

To a 0.05 M solution of a SEM-protected N-heteroary! sulfonamide
in DMF was added cesium fluoride (5.0 eq), and the resuilting mixture was
heated at 130 °C for 3 h. The reaction mixture was cooled and the solvent
evaporated. Aqueous potassium dihydfogen phosphate solution was added
(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.
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General Method 24: Sulfonylation of Aromatic Amines

» ANHSOA

ArNHz

To a 0.1 M solution of an aromatic amine (1.0 eq.) in _
dichloromethane élt -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 agueous
layer was exﬁﬁgt_ed with dichlbroinethane. The ¢61ﬁbinéd organic extracts
were washed with water and brine, and were then dried over sodium
sulfate and cohce'ntrated. The. .feéidue was chromatographed on silica gel

using dichlorométhane/methanql as eluant.

General M_ethod 25: Ogxidation of Aromatic Aldehydes to Carboxylic
o . Acids

ArCHO ———» ArCOOH

A 0.1 M solution of an é,._zb_matic aldehyde in 1:1 THF/water was
treated at 0 °C with sulfamic acid (1.5 eq) and sodium chlorite (1.5 eq).

- Afterih aqueo;is potassium bisulfate solution was added and the mixture

was extracted with ethyl acej:é_i:e. 'The combined organic extracts were
washed with bripe, dried over sodium sulfate and concentx__'ate_d to provide

the crude carbb;cylic acid, whlch was used without further purification.
General Précédure: Pmiﬁcaﬁon by Anion Exchange Chromatography

Anion e_xbhange chrqmatogi'aphjr was performed on Varian SAX
cartridges (acetate form, 1.5-3 g) or United Chemical Technologies
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. Elutioh 6f impurities with dichloromé_‘i:f.ﬁéne', followed by elution

 of the desired product with 1-3% TFA in dichloromethane or

dichloromethane/methapol, provided the purified product.

General Procedure: Purification by Reverse-Phase Preparative HPLC

Reverse-phase preparative HPLC was performed with Shimadzu 8A
liquid chromatographs using YMC S5 ODS columns (20 x 100, 20 x 250, or
30 x 250 mm). Gradient elution was performed with methanol/water

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.

Analytical HPL.C Methods Emploved in Characterization of
~ Examples

Analytical HPL.C was performed on Shimadzu LC10AS liquid
chromatographs using the following methods::

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 S5 ODS Ballistic 4.6 x 50 mm
Flowrate: 4 ml/min | o
Solvent A: 0.1% trifluoroacetic acid, 90% water, 10% methanol
Solvent B: 0.1% trifluoroacetic acid, 90% methanol, 10% water

B.  Linear gradient of 0 to 100% solvent B over 30 min, with 5 min hold
at 100% B, _
UV visualization 'ét 254 nm
Column: YMC S3 ODS 6 x 150 mm
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Flowrate: 1.5 ml/min S o
Solvent A: 0.2% phosphoric acid, 90% water, 10% methanol
Solvent B: 0.2% phosphoric acid, 90% methanol, 10% water

Linear grad.ient of 0 to 100% solvent B over 4 min, with 1 min hold
at 100% B

- UV visualization at 220 nm

Column: YMC S5 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 ml/min

Solvent A: 0.2% phosphoric acid, 90% water, 10% methanl
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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UV visualization at 220 nm

Column: Phenomenex Primesphere 4.6 x 30 mm

Flowrate: 5 ml/min

Solvent A: 0.1% trifluorcacetic acid, 90% water, 10% methanol
5 Solvent B: 0.1% trifluoroacetic acid, 90% methanol, 10% water

I 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
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.

15 - ' Preparations

Preparation 1:
- N-(8 4-Dimethyl-5-isoxazolyl

trimethylsiloxy)ethoxymethyll[1.1'-biphenv]]-2-sulfonamide

20

Q2

A.  4-Bromo-3-(bromomethyl lbeggog;.'trile
The product was prepared according to General Method 13 starting
25 from 12.0 g 4-bromo-3-methylbenzonitrile. Partial pﬁriﬁcation 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-(acetoxymethylbenzonitrile - L
A mixture of P1A (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.
The ethyl acetate layer was driéd over sodium sulfate and concentrated.
The solid residue was partially purified by crystallization from ethyl
acetate, yielding 4.5 g of a slightly yellow solid. .

C. 4-Bromo-3-(hydroxymethyl)benzaldehyde
P1B (4.4 g) was treated with DIBAL-H according to General

Method 14, using 3.5 eq of the r'_edu_cing.'agent rather than 1.5 eq. The
crude product was an orange oil (4.8 g), judged by 'HNMR to be
approximately 75% pure by weight..

trimethylsiloxy)ethoxymethyll[1.1"-biphenyll-2-sulfonamide

P1C (4.7 g) was subjected to Suzuki coupling according to General
Method 1, yielding 7.6 g of the product as an orange oil following silica gel
chromatography (2:1 hexanes_/eft_hyl acetate eluant). | |

Preparation 2:
N-(3.4-Dimethyl-5-isoxazolyl)-4"-bromomethyl-2'-

(methoxymethyl)-N-
2-methoxvethoxy)methyll{1,1-biphenyl}-2-sulfonamide

[« 8
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A 4-Bromo-3-(bromomethyl)benzonitrile
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

concentrated. The residue was chromatographed on silica gel using 100:3

_and then 100:10 hexane/EtOAc to afford P2A (16 g, 58%). Re=0.15, silica

gel, 10:1 hexane/EtOAc.

B. 4-Bromo-3-(Methoxymethyl)benzonitrile

To a solution of P2A (6.95 g, 25.28 mmol) in 10 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
sulfate and concentrated. The residue was chromatographed on silica gel

using 100:6 hexane/EtOAc to afford P2B (4.70 g, 82%). Rf=0.5, silica gel,
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 solverit. 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. Rf=0.4, silica gel,
5:1 Hexane/EtOAc. -

methoxyethoxy)methyll[1,1 biphenyl]-2-sulfonamide
P2C (6.2 g) was subjected to Suzuki coupling according to General

Method 1, giying P2D as an oil in 83% yield after silica gel

chromatography.
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E.  N3.4-Dimethyl-5-isoxazolyl-4"-hydroxymethyl-2'-
(methoxymethyl)-N-{( 2—Iileth0ﬂéth0§¥ )methyl]| i, 1’-biphenyl]-2-
sulfonamide _ | L | _ | _ |
P2D (2.8 g) was reduced with sodium borohydridé according to

5 General Method 11, to provide 2.8 g P2E. ' |

N-[(2-methoxyethoxy)methyli]| 1,1’-biphenxll-2-sulfonm' ide
P2E (2.8 g) was treated with triphenylphosphine and carbon
10 tetrabromide according to General Méthod 2; pfov*iding .th'e title compound
(2.3 g) in 72% yield.

15 trimethylsilo ethox thyll[1.1"biphen 1-2-spifonamide

N [+
Mo
- SEM

20 trimethylsiloxy)ethoxyr ethyll[1.1-biphenyl _-2-sulfonanﬁde
acetoxime . _ o
Hydroxylamine hydrochloride (1.13 g) was added to a solution of 7.0
g P4 in 20 ml pyridine and the mixture was stirred af RT for 2 h. Acetic
anhydride (5.1 ml) was added and the mixture was stirred for 1 h at RT.
25 Ethanol (56 ml) wfas added and the mixture was concentrated under
reduced pressﬁ:e. The residué was take_n 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 prbvide P3A as an

orange oil.

trimethylsiloxy)ethoxymethyl][1.1'-biphenyl]-2-sulfonamide

 P3A 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 hydrochioric acid, then once with half-saturated aqueous
sodiurn carbonate solution. The ethyl acetate layer was dried over sodium

sulfate and concentrated to give P3B as an orange oil.

trimethylsiloxvlethoxymethyl][1,1"biphenyll-2-sulfonamide

P3B was dissolved in 150 ml methanol, potassium carbonate (1.5 g)
was added, and the mixture was stirred at RT for 2h. 2N Hydrochloric
acid (5.5 ml) 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
sulfate and concentrated to yield 5.7 g of the crude title compound, which

was used without further purification.

Preparations 4 through 22 were performed by application of the
General Methods and are listed in the following Table.
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Preparations by General Methods
No. Structure Name Starting Starting Material | General
’ Material Reference Methods
_ ) . Applied
1 : - (yield, %)
P4 H N-3 4—Dxmethyl-5-|so- Zhang, H-Y.etal., |} 19(95);
xazolyl)-2-formyl-4’- Tetrahedron, 1994, | 1(81)
™ o ([l[lydroxymethyl)-N- 50. 11339-11362.
2- : Br
%L, | GrimethylsilyDethoxy] |
' -methyll{1,1- A
| biphenyl]-2-
| sulfonamide . :
P5 o 12 Chloro-N-(3 4- 0 | Casida, J. E.; Elliott, | 1(83)
dimethyl-5-iso- ' ’& M.; Pullmann, D. A.,
xazolyl)-4’-formyl- cr | EP 294229
N-[[2-(trimethylsily})- o '
.ethoxy]-methyl][l 1-
biphenyl)-2-
sulfonamide
PG N-(3,4-Dimethyl-5- © | DoAmaral, J. R.; 101D
: _1soxazolyl)-4 -formy}- _ J5 French, F. A.; Blanz,
2’-{tnﬂuoromethyl)-N- R E.J. Jr.; French, D,
] (2 - L A.J. Med. Chem.
(tnmethylsﬂyl)ethoxy] ' 1971. 9, 862-866.
methyl)|1,1"biphenyl}-
2-su1fonam1de
P7 o | N-(3, 4-mepthyl-5- o | Pine, S.H.;et.al. J. | 1(77)
1soxazoly[)—4'—formyl— “,5 Org. Chem. 1871,
0, N—[{2—méthoxyeﬂxoxy)— : " .36, 984-91.
Mo methyl]-z'-m'ethylll 1- Br
MEM 4. | biphenyl]-2- .
sulfonamide
P8 o N-«(3,4-Dimethyl-6- -5" Palmer, C. J.; 1(50)
isoxazolyl)-2*-fluoro-4™ Casida, J. E.;
Gy - formyl-N-[(2- i Larkin, J. P. US
w | methoxyethoxy)methyl & Patent 5,061,726
MEM J[1,1"-biphenyl]-2-
sulfonamide
P9 bs 2'-11(3,4-Dimethy}-5- P8 11(90);
isoxazolyl)(|2- 3(75)
5 o (tritiathylsilyl)ethoxy)
\,(?w. methyl}ammo]sulfonyl
sem b }2- o '
(inﬂuoromethyl)[l 1-
biphenyl}-4-methanol
metlmnesulfonate
-78 -
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2-Chloro-2-[[(3;4:
dimethyl-5- "
isoxazolyl)({2-
(trimethylsilyl)ethoxy]
methyl]amino]sulfonyl
1{1,Y-biphenyl}-4-
methanol T
methanesulfonate

P1

11 (90);

3(83)

’~(Bromomethyl)-N-
(3,4-dimethyl-5-
isoxazolyl)-2-fluoro-N-
Ie-
methoxyethoxy)methyl
101,1*-biphenyl]-2-
sulfonamide

P8

11(98);

2(67

P1

2-[[(3,4-Dimethy}-5-
isoxazolyl)[[2-
(trimethylsilyl)ethoxy)
methyljamino]sulfonyl
]-4- '
(hydroxymethyl){1,1-
biphenyl]-2-methanol
methanesulfonate

Pl

3 (99);
11(76)

P1

4’-
{(Methanesulfonyloxy)
methylj-N-(3,4-
dimethyl-5-isoxazolyl)-
N-[{2-methoxyethoxy)-
methyl)-2'-methyl{1,1'-
biphenyl}-2- .
sulfonamide

P7

11;
(62)

-8

P1

>-{[(3.4-Dimethyl-5-
isoxazolyl)[[2-
(trimethylsilyl)ethoxy)
methyl)aminojsulfonyt
]-2- '
(hydroxymethyl){1,1'-
biphenyl}-4-methanol
methanesulfonate

P1

P4

3(90);
11.(35)

N-(3.4-Dimethyl-5-
isoxazolyl)-4’-formyi-
2-methyl-N-{{2-
(trimethylsilyl)ethoxy]
methyl)(1,1-biphenyl]-
2-sulfonamide

P1

2

Br

Pine, S. H.; et. al. J.
Org. Chem. 1971,
36, 984-91.

1(52)

N«(3,4-Dimethyl-5-
isoxazolyl)-4'-formy)-
N-{[2- )
(trimethylsilyl)ethoxy]
-methyl}{1,1’-
biphenyl]-2-
sulfonamide

4-bromo-
benz-
aldehyde

1(67)
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Pl

Cz

N-(3.4-Dimethyl-5-
isoxazolyl)-4-formyl-
N-fi2--. . .

methoxyethoxy}methyl :
(1.1%-biphenyl]-2- .

sulfonamide

} 4-brémo-

benz-
aldehyde

1(80)

P1

4'-Bromomethyl-N-
(3.4-dimethyl-5-
isoxazolyl)-N-(2-
methoxyethioxymethyl)
{1.3-biphenyl]-2-
sulfonamide

P17

11,2
(80)

P1

N-(3.4-Dimethyl-3- .

isoxazolyl)-4- .
[tmethanesulfonyloxy)
methyl}-N-{[2-

(trimethylsilyl)ethoxy} -

methylj[1.1-biphenyl]-
2-suifonamide -

P16

11(83);
3(90)

X-(3.4-Dimethyl-5-
isoxazolvl-4-formyl-
N-[[2- _
tzrimethylsilyDethoxy)
-methyl](1,1-
biphenyl]-2-
sulfonamide _

“P2C

1(72)

Oo"

N-(3.4-Dimethyi-5-
isoxazolyl}-2-formyl- -
#-(hydroxymethyi)-N-
[[2- '

methoxyethoxyjmethyl |.

1{1.1-biphenyl}-2-
sulfonamide

Zhang, H-Y.etal.,.

Tetrahedron. 1994,

50, 11339-11362.

19 (95);
177

N

4’-[(2-Butyl-4-0x0-1,3-
diazaspirol4.4}non-1-
en-3-ylimethyl)-N-(3.4-
di-methyl-5- :
isoxazolyl)-N-({2-

methox_vﬁgthoxyimethyl _

|

2-nitro{1.1-biphenyl}- |

2-sulfonamide

4-bromo-
3-nitro-
toluene

13 (53);

1 4(74);
1(50)
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5 dimethyl-3-isoxazolyl){1,1’-biphenyl]-2-sulfonamide

®
o 0, N-
(Y
H
CH,

A N-(4,5-Dimethyl-3-isoxazolyl)-4’-(hydroxymethyl)-N-{(2-
10 methoxyethoxy)methyl][1.1'-biphenyl]-2-sulfonamide
4-Bromobenzyl alcohol (750 mg, 4.0 mmol) was coupled with {2-
([(4,5-dimethyl-3-isoxazolyl) [(2-
methoxyethoxy)methyllamino]sulfonyl]phenyllboronic 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 1A (730
.mg, 66%) as a colorless gum: R=0.26, silica gel, 2:3 hexane/EtOAc.

B. 4'-Bromomethyl-N-(4,5-dimethyl-3-isoxazolyl)-N-[(2-
methoxyethoxy)methyl][1.1'-biphenyl]-2-sulfonamide

20 1A (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 1B (750
mg, 90%) as a colorless gum: R,=0.66, silica gel, 1:1 hexane/EtOAc.
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sulfonamide
1B (255 mg; 0.5-mmol was reacted with 2-butyl-1,3-
diazaspiro[4.4]Jnon-1-en-4-one hydrochloride according to General Method

4. The crude residue was chromatographed on silica gel using 3:4
hexane/EtOAc to afford 1C as a gum: R=0.32, silica gel, 1:1
hexane/EtOAc.

dimethzl-3—'isoxazg_lxlzi1.1'-bip_h_ enyl]-2-sulfonamide

1C 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.
Analysis calculated for C,H,N,OS «1.0H,0: Calc'd: C, 63.02; H, 6.57; N,
10.14; S, 5.80. Found: C, 62.75; H, 6.16; N, 9.85; 8, 5.54.
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A 4-Bromo'$:formyl-benzonitiile

To a solution of 4-bromo-3-me1:]_:1yl 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
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
anhydrous DMSO (30 mL) under argon, was added anhydrous
trimethylamine 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
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 (6.1 g, 47% for
two steps). '

B.

2A (3.0 g, 14 mmol) was subjected to Suzuki coupling with N-[(2-.
methoxyethoxy)methyl]-N-(3,4-dimethyl-5-isoxazolyl)-2-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)benzenesulfonamide according to
General Method 1. The crude residue was chromatographed on silica gel
using 2:1 hexane/EtOAc to afford 3B (4.5 g, 68%) as a colorless gum.

C. 4-Cyano-2-(N-methylaminomethy]))-N-(3.4-dimethyl-5-isoxazolyl)-
N-(2-methoxyethoxymethyl) [1.1"-biphenyl]-2-sulfonamide
To 2B (2.2 g, 4.69 mmol), MeNH, (8.03 M in EtOH, 2.33 mL, 18.74
mmol) and 3A molecular sieves in CH,Cl, (47 mL), glacial acetic acid (1.13
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g, 18.74 mmol) was added followed by NaB(AcO),H (3.98 g, 18.74 mmol).
The reaction mixture was stirfegi at'RT,o_/verhight, diluted with EtOAc and
filtered through celite. ‘The ﬁlt;:ate was washed with H,0, dried and
concentrated. The residue was chromatographed on silica .gel using 100:5 |
CH,Cl1,/MeOH to afford 2C (1.24 g, 55%) as a col_orless gum: R=0.2, silica
gel, 100:5 CH,Cl/MeOH.

D. 2’-;N-t-Butqgxcarbonyl-N—rﬁethxlaminomethgl)—4'—91&;12_ o-N-(3.4-
dimethyl-6-isoxazolyl)-N-(2-methoxvethoxymethyl) [1,1-biphenyl]-
2-sulfonamide o . |
To 2C (1.3 g, 2.68 mmol), triethylamine.(434 mg, 4.3 mmol) and 4-

dimethylaminopyﬁdine (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 reaction mixture was stirred at RT for 3 h. 10% aqueous

NH,Cl was added, and the mixture was extracted with EtOAc. The

extracts were washed ﬁth H,O and brine, dried and concentrated. The

residue was chromatographed on silica _gei- using 7:4 hexane/EtOAc to

afford 2D (1.1 g, 70.%).as a colo_rléss 'gum: R~=0.57, silica gel, 2:3

" hexane/EtOAc.

- sulfonamide - _ o
To 2D (1.03 g, 1.76 mmol) in THF (18 mL), d_iisébutylaluminum
hydride (1M in CH,Cl,, 5.29 mL, 5.29 mmol) was added dropwise. The
reaction mixture was stirred at RT for 4 h. MeOH (20 mL) was added, and

' the mixture was stirred for 20 min. The mixture was then added into H,0

and extracted with EtOAc. The combined extracts were washed with H,O
and brine, dried a.nd cpncentraf,ed. The residu_e Was _ch,romatographed on
silica gel using 5:6 hexéne/Ei;QAc to afford 2E (325 mg, .31%) as a colorless
gum: R=0.37, silica gel, 1:1 hexane/EtOAc. |
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F. 2-(N-¢-Butoxycarbonyl-N-methylaminomethy])-4'-Hydroxymethyl-
N-=(3.4-dimethyl-5-isoxazolyD)-N-(2-methoxyethoxymethyl) [1.1'-
biphenyl]-2-sulfonamide
2E was reduced using sodium borohydride according to General

Method 11 to provide 2F, which was used in the next reaction step without

any purification.

G.  4-Bromomethyl-2’-(N-t-butoxycarbonyl-N-methylaminomethyl)-N-
§3,' 4-dimethyl-5-isoxazolyl)-N-(2-methoxyethoxymethyl) {1.1'-
biphenyl]-2-sulfonamide
2F was treated with carbon tetrabromide and triphenylphosphine

according to General Method 2 to provide 2G in 78% yield.

H. = 2-(N-t-Butoxycarbonyl-N-methylaminomethyl)-4'-[(2-butyl-4-0xo-
' 1,3-diazaspiro[4.4]non-1-en-3-yDmethyll-N-(3 4-dimethyl-5-

isoxazolylz-N-g2-methoxzethomethxl) [1,1'-biphenyl]-2-

sulfonamide

2G was treated with 2-n-butyl-1,3-diazaspiro[4.4|non-1-en-4-one
hydrochloride according to General Method 4 to provide 2H in 79% yield.

I

 sulfonamide
2H (170 mg, 0.22 mmol) was depz.'otected according to General
Method 7 to p'row)ide the title compound in 67% yield: R=0.39, silica gel,
10:1 CH,C1/MeOH; mp: 194-200 °C; LRMS (m/z) 578 (MEL).

(3,4-dimethyl-5-isoxazolyl)-[1,1'-biphenyl]-2-sulfonamide
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6 methoxyetho eth 1 1 1'-b1 henyl -2-s onamide
A mixture of 2B (1 28g, 2 73 mmol) ethylene glycol (1.69 g, 27.3

mmol) and p-toluenesuifonic ac;d (38 mg) in toluene (30 mL) was heated

at 130°C for 5 h, while a Dean-:_S__tark water separei;qr was used. After

cooling, the miktdre was diluted with EtOAc. The organic 1iqu1'd was

10 separated and _\_va;shed with H,O'and brine, dried and concentrated. The .

: residue was chrqxdatographed d_n silica gel using 5:4 hexane/EtOAc to
' afford 3A (1.1 g, 79%) es'a.colq_x'fles.s gum: R=0.57, silica gel, 1:2
. hexane/EtOAc. o -

15 B.

metho_:ggethomethzl) l1,1'—b1ghenyl]-2-sulfonam1de
To 8A (1 1g,2.14 mmol) in THF (21 mL) at 0°C was added DIBAL-

H (IM in CH,Cl,, 4.28 mL 4. 28 mmol) dropvcnse The reaction was stirred
at RT overnight. MeOH (20 mL) was added and the reaction was stirred
20 for 5 min. The mlxture was poured mto cold 0.1 N HCI solution (150 mL),
shaken for 5 mm, and then exl:racted with 3: 1 EtOAc/hexane The
combined organic extracts were washed with H,0 and brine, dried and

concentrated. The residue was chromatographed on silica gel using 3:4
hexane/EtOAc to aﬂ"or_d 3B_(7i() mg, 64%) as a coloriess gum: R=0.45,
25 silica gel, 2:3 hexane/EtOAc.
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F.

isoxazolyl)-N-(2-methoxyethoxymethyl) {1.1'-biphenyl]-2-

sulfonamide

3B (710 mg, 1.4 mmol) was subjected to sodium borohydride
reduction according to General Method 11 to afford 3C, which was used for
the next reaction step without further purification.

N-(2-methoxyethoxymethyl) [1.1-biphenyl]-2-sulfonamide

8C was treated with carbon tetrabromide and triphenylphosphine
according to General Method 2. The crude residue was chromatographed
on silica gel using 3:2 hexane/EtOAc to afford 8D (750 mg, 94%) as a
colorless gum: R=0.74, silica gel, 1:2 hexane/EtOAc.

E.

met etho ethyl) [1,1'-biphenyll-2-sulfonamide

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 mmol)
according to General Method 4. The crude residue was chromatographed

- on silica gel using 100:1.7 CH,C1,/MeOH to afford 3E as a gum (830 mg,

93%): R=0.40, silica gel, 100:5 CH,Cl/MeOH.

3E (830 mg, 1.20 mmoi) was subjected to deprotection according to
General Method 7. The crude residue was chromatog}aphed on silica gel
using 100:1.5 and then 100:4 CH,Cl, /MeOH to afford the title compound
as a gum (480 mg, 72%): R,=0.18, silica gel, 100:5 CH,CL/MeOH.
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' To 3F (110 mg, 0.20 mmol) in CH,C], (4 mL) was added 4-amino-
2,2-dimethylbutanoic acid hydfochloride (98 mg, 0.59 mmol) [Scheinmann,
et al., J. Chem. Research (S), 41 4-415 (1998)] 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 sf.irred for 8 minutes, and
NaB(AcO),H (124 mg, 0.59 mn_l'ol).was_ then added. The reaction mixture
was stirred at RT for 2 h, diluted with EtOAc and filtered through celite.

The filtrate was washed with I-LO and brine, dried and concentrated. This
material was dissolved in CH,CI, (6 mL) and 1,3-diisopropylcarbodiimide

(32 mg, 0.25 mmol) was added_,:- The reaction mixture was stirred at RT for
2 h and diluted with CH,Cl,, washed with H,0 and brine, dried and

- concentrated. The residue was purified by preparative HPLC to provide

the title compound as a white solid (40 mg, 31%, for two steps): mp 104-
110°C. Analysis caleulated for C;H,N,0,S * 0.8 H,0: Cale'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.
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(8.4-dimethyl-5-isoxazolyl)-[1,1'-biphenyl]-2-sulfonamide (Alternative
' o Preparation for 3F)

A. 2-[(2'-Bromo-5'-formyl)phenyl)]-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 of 2-[(2'-bromo-5'-cyano)phenyl)]-1,3-
dioxolane (103 g, 404 mmol, 1.0 eq) [Zhang, H.-Y. et al., Tetrahedron, 50,
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

- 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.

B.  2-[(2“Bromo-5"-hydroxymethyl)phenyl)]-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
stirred and allowed to warm to room texhperature. 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 5B as a

yellow oil, which was used without further purification.
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C. 2 -Bromo-5’-bromomethyl !phenxl)l-l,&dioxnlane
Triphenylphosphine (62.7 g, 199 mmol, 1.05 eq) was added in
portions over 15 minutes to a solution of crude 5B (49.0 g, approximately
189 mmol, 1.0 eq) and carbon tetrabromide (69.0 g, 208 mmol, 1.1 eq) in
THF at 0 °C. After 2 hours, Satu;ated aqueous sodium bicarbonate
solution (20 mL) was added, andthe mixture was allowed to warm to room
temperature and was then COnéentrated. Ether .(50.0 mL) was added, and

the resulting mlxture was filtered. The filtrate was dried over magnesium

. sulfate and concentrated The res1due was chromatographed on silica gel
- (8:1 hexanes/ethyl acetate as eluant) to give 5C as a white solid (31.1 g,

51% yield ﬁ'om-_2.-[(2'-brom9-,5'-igjano)phenyl)] -1,3-dioxolane).

en-8- met lbrom benzene .

Sodium hydnde (60% dlspersmn in mineral oil, 9.65 g, 241 mmol,
2.5 eq) was added in portmns Qv_ex_'_ 15 minutes to a mixture of 2-n-butyl-
1,3-diazaspiro[4. 4]non-1—en-4-one' hydrochloride (18.7 g, 96.5 mmol, 1.0 eq)
in DMF (400 mL) at 0°C, The Imxture was stirred and allowed to warm to
Toom temperature over 15 mmutes To this mixture was added via canula
a solution of 5C (31.1g, 96.5_15;1:_101-, 10 eq) in DMF (100 mL). After 14

- . hours, the mixture was concentfated in vacuo and partitioned between
- ethyl acetate (500 mL) and 10% ‘aqueous sodium dihydrogen phosphate
(300 mL). The. orgamc layer was dned over sodium sulfate and

concentrated to glve crude’ 5D as an orange oil (42.7 g), which was used
without further purification. ...

formzl-bromobenzen -
A solutmn of crude 5D (6.0 g, approxxmately 13.6 mmol 1.0eq)in
THF (180 mL) and 1IN hydrochlon_c acid (30 mL) was heated at 65°C for

1.5 hours. The mixture was cooled and then treated with saturated
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aqﬁeous sodiuni ‘#arbonate soluff%j (75 mLi and;éthyl acetate (200 mL).

" The organic layer was removed and dried over soditim 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.

This material was used without further purification.

F.

formyl-N-(3,4-dimethyl-5-isoxazolyl)-N-(2-methoxyethoxymethyl)
[1.1'-biphenyl]-2-sulfonamide

Palladium catalyzed Suzuki coupling of 5E and [2-[[(3,4-dimethyl-5-
isoxazolyl)[(2-methoxyethoxy)methyl]amino]sulfonyllphenyl}boronic acid

was performed according to General Method 1 to yield 5F in 60% yield.

G.

Deprotection of 5F according to General Method 7 provided the title
compound (5G = 8F) in 73% yield: R=0.2 (silica gel using CH,Cl,/MeOH
[100:5)).

dimethyl-5-isoxazolyl )-2'-[(3,3-dimethyl-2-0x0-1-
~ pyrrolidinylymethyll[1.1"-biphenyl]-2-sulfonamide (Alternative
' ' Preparation for 4) -

The title compound (6 = 4) was obtained as a white solid from 5G
using é procedure similar to that described in Example 4 (945 mg, 35%):
mp 104-110°C. Analysis calculated for C,;H,N,0,S * 0.8 H,0: 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.
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A. 4’-[(2-Butyl-4-0x0-1.3-diazaspiro{4.4lnon-1-en-3-yDmethyl]-N-(3.4-

To a solution 0of 0.3 g (0 46 mmol) of 5F in CH Cl, (15 mL) was
added SA molecular sieves (1 mL), N-methyl ethylened1am1ne (0.051 g,

0.69 mmol) and glacial acetic acld (0.828 g, 1.38 mmol), and the resulting
mixture was stirred under argon for 15 min. Sodmm |
triacetoxyborohydride (0.292 & 1.38 mmol) was then added to the m1xture,

- and the resulting mixture was stirred at room temperature for 3h. The

solution was then filtered thrpugh celite, and the celite was washed with

- CH,CL, (25 mL). The combined filtrates were washed with water (2x50

mL), dried and evaporated to aﬁ'ord a colorless gum (0.32 g). This gum
was redissolved in CH,Cl, (10 mL), and carbonyld11.m1dazole was then
added (0.112 g, 0.69 mmol). ‘The resultlng mxture was stirred at room
temperature for 24 h. The mlxture was then washed w1th 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

gum.

-92 .-



WO 00/01389 o B  PCT/US99/15063

10

15

20

26

- imidazolidinyl)methyli[1,1’-biphenyl]-2-sulfonamide
To a solution of 7A (0.165 g, 0.225 mmol) in 95% EtOH (2 mL) was

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
water and dried and evaporated. The residue was purified on silica gel
using 6% MeOH in methylene chloride to provide the title compound (0.13
g, 89%) as a light yellow solid: '"H NMR (CDCL,) § 0.89 (t, J=7.0 Hz, 3H),
1.26-1.60 (m, 4H), 1.87 (s, 3H), 1.97 (m, 8H), 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,
7H). S -

Example 8

Dmethyl]-2"-formyl(1,1>-biphenyl]-2-sulfonamide
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Crude 5E (8.3 g, approximately 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 hexanes/ethyl acetate eluant) to
yield 8A (5.03 g, 71% from 5C) as an orange oil.

yDmethyll-2'-[(3,3-dimethyl-2-o0x0-1-pyrrolidinylmethyl][1,1"-
biphenyl]-2-sulfonamide | :

- A mixture of 8A (2.0 g, 3.81 mmol, 1.0 eq), 4-amino-2,2-
dimethylbutanoic acid hydrochloride (1.28 g, 7.64 mmol, 2.0 eq), freshly-
activated 3A 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 cyanoborohydride (120 mg,
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 mixtuire was ﬁ]teréd, 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 room temperature for 17
hours. Saturafed aqueous soc_iipm carbonate solution (100 mL) was added
and the aqueous layer was exﬁtacted with dichloromethane (3 x 150 mL).
The combined organic extracts were dried over sodium sulfate and
concentrated to give 8B (2.50 g) as a crude yellow oil used directly without
further purification. ;

sulfonamide . _
Crude 8B (2.50 g) was dissolved in _tri_ﬂuoroacgt_ic acid (16 mL) and

the resulting solution was stirred a_f room tempera_.tur_é for 7 hours. The

resulting mixture was conceht:fated, and saturated'aqueous sodium
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bicarbonate solution was added td the residue.” This mixture was
extracted with ethyl acetate (3 x 50 mL), and the combined organic
extracts were dried over sodium sulfate and concentrated. Silica gel
chromatography of the residue (5% methanol in dichloromethane as
eluant) gave 8C (0.98 g, 45% from 8A) as a yellow solid.

D.

biphenyll-2-sulfonamide
A solution of 8C (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 nﬁnutes, 2-chloropyrazine
(68 pl, 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,
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

organic extracts 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-exchange chromatography to give the pure title compound
(8 mg, 6%) as a white powder after lyophilization: 'H NMR (CDC,, 400
MHz) § 8.52 (s, 1H), 8.29 (dd, J=1 and 8 Hz, 1H), 8.16 (d, J=3 Hz, 1H), 7.97

(s, 1H), 7.60 (dt, J=1 and 7 Hz, 1H), 7.55 (dt, J=1 and 7 Hz, 1H), 7.20 (dd,

- J=1 and 7 Hz, 1H), 7.01 (s, 2H), 6.96 (s, 1E), 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
(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).

-95-



WO 00/01389 PCT/US99/15063

10

15

20

A solution of 8C (100 mg, 0.18 mmol, 1.0 eq) in DMF (1.8 mL) was

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 heaﬁed at 60°C for 3 hours, then at 85°C for 14 hours, and
then at 120°C fof 5 hours. Workup and purification as described in
Example 8 yielded the title compound (7.4 mg, 10%) as a white powder
after lyophilization: 'H NMR (CDCI,, 400 MHz) & 8.40 (dd, J=1 and 8 Hz,
1H), 8.0 (m, 2H), 7.68 (dt, J= 1 and 7 Hz, 1H), 7.61 (dt, J=1 and 7 Hz, 1H),
7.22 (dd, J=1 and 7 Hz, 1H), 7:16 (s, 1H), 7.05 (d, J =8 Hz, 1H), 6.89 (d,
J=8 Hz, 1H), 6.85 (br s, 2H), 4.87 (AB quartet, J=16 Hz, 2 H), 4.1 d, J=16
Hz, 1H), 4.15 (d; J=16 Hz, 1), 3.16 (m, 2ED, 2.82 (¢, J=7 Hz, 2H), 1.90-
2.20 (m, 8H), 1.82 (m, 2H), 1.66 (m, 2H), 1.38 (sextet, J=7 Hz, 2H), 1.22 (s,
3H), 1.14 (s, 3H), 0.92 (¢, J=7 Hz, 3H) ppm; LRMS m/z 677, 679 (ESI+
made); m/z 675, 677 (ESI- mode),
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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 95- .
10 * 100°C; 'H NMR (CDC1,) § 0.90 (t, J=7.3 Hz, 3H), 1.36 (Ih, 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, 7H).

15

biphenyl]-2-sulfonamide

20
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A mixture of 8C (200 mg, 0.86 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 (6 mL) was sparged with nitrogen for 10 minutes. 2-Chloro-3,6-
dimethylpyrazine (83 pl, 0.71 mmol, 2.0 eq) was added via syringe,
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 dilute&_ Wit_:h ethyl acetate and partiﬁoned
against 10% aqueous sodium phosphate adjusted to pH 5-6, and the
aqueous layer was extracted w1th two additional portions of ethyl acetate.

The combined organic extract$ igvgre dried over sodium sulfate,

- concentrated, and evaporated _tq' 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: "H NMR (CD,0OD, 400 MHz)  8.14 (4,
J=7 Hz, 1H), 7.75 (br s, 1H), 7.49 (m, 2D, 7.11 (dd, J = 1 and 7 Hz, 1H),
6.87 (s, 2H), 6.70 (s, 1H), 4.65 (br s, 2 H), 4.11 (s, 2H), 3.95 (m, 2H), 2.92
(m, 25D, 2.29 (br s, 2HD), 2.17 (8, 3HD), 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 (t, J = 7 Hz, 3H); LRMS m/z 671 (ESI+ mode); m/z 669 (ESI- mode).

‘Example 12
( 2-But' 1-4-0x0-1 3-d1azas' iro[4.41non-1-en-3 112methyl|-2 -[[(3.4-
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To 21 (34.7 mg, 0.06 mmol) in CHLCL, (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. '

10
dimethylethyl)-N-methylurea |
_ HN\I/ | |
o E_ O-n
uH

15
© To2I(34.7 mg, 0.06 mmol) in CH,CL, (0.6 mL) and DMF (0.15 mL),
t-butylisocyana_te (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.

dimethyl-5-isoxazolyDaminolsuifonyl][1,1’-biphenyl]-2-
25 yllmethylimethylearbamic acid ethyl ester
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The title co;npéund was prepared from 21 and ethyl chloroformate
5 using a procedure similar to thg one described in Exainple_ 12 (90%).

Characterization recorded _With ._Example 75.

10 dimethyl-§-isoxazolyDaminolsulfonylli1.I"biphenyll-2-

lmethylimethylcarbamic acid 2-methylpropyl ester
15 The title compound was prepared from 2I and isobutyl

chloroformate using a procedure similar to the one described in Example
12 (90%). Characterization recorded with Example 76.
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Example 16

biphenyll-2-sul ide

. o
wdgm

The title compound was prepared from 8C (486 mg, 0.86 mmol) and
2-chloro-3-methoxypyrazine (250 mg, 1.72 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 crude
product after extractive workup gave the title compound (24 mg, 4%) as an
off-white solid after lyophilization: 'H NMR (CDCL,, 400 MHz) 5 10.8 (br s,
2H), 8.36 (dd, J=1 and 8 Hz, 1H), 7.50-7.65 (m, 4H), 7.19 (dd, J=1 and 7
Hz, 1H), 7.15 (s, 1H), 7.01 (s, 2H), 4.92 (AB quartet, J=16 Hz, 2H), 4.20

15 (AB quartet, J=16 Hz, 2H), 3.99 (s, 3H), 3.18 (m, 2H), 2.82 (m, 2H), 2.18

-(m, 4H), 1.96 (m, 4H), 1.82 (m, 2H), 1.63 (m, 2H), 1.32 (m, 2H), 1.21 (s,
SH), 1.12 (s, 3H), 0.87 (t, 3H, J=7 Hz, 3H); LRMS m/z 673 (ESI+ mode);
m/z 671 (ESI- mode); HPLC retention time 25.52 minutes (Method B).

20 Example 17

(4.5-dimethyl-3-isozazolyl)-[1,1 biphenyll-2-sulfonamide
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formyl-N-(4.5-dimethyl-3-isoxazolyl)-N-(2-methoxyethoxymethyl

5 [1.1"-biphenyll-2-sulfonamide .
Palladium catalyzed Suiuki coupling of 5K and [2-[[(4,5-dimethyl-3-

isoxazolyD[(2-methoxyethoxy)methyllamino}sulfonyl]phenyl]boronic acid

was performed according to General Methodll to afford 17A (81%)

following silica-gel chromatography.

10

Treatment of 17A with 6N aqueous hydrochloric acid ag_cording to
General Method 7 provided the title compound (85%): Rf = 0.38, 5% MeOH
15  in methylene chloride. ' '
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biphenyl]-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; '"H NMR
10 (CDCL) §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). ' ' '

Tmethyll-N-[2-methy]l-1-(3-methyl-1 2.4-oxadiazol-5-
ylpropylipentanamide

20
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A, {8)-5-(3-amino-2-methylpropyl)-3-methyl-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 (2.06 g, 10.0 mmol) in dichloromethane (5 mL).
After 1 hour the white solid which had formed was removed by filtration
and the filtrate conce_ntrat_ed under reduced pressure. The residue was
dissolved in pyridine' (15 mL) .'aud treated with acetamidoxime (488 mg,
6.6 mmol) in pyndme (5 mL) and the mlxture heated at reflux for 1 hour.
The pyridine was evaporated under reduced pressure and the residue
partitioned between ethyl acetate and water. The organic phase was
washed several times with water, dried over magnesmm sulfate and
concentrated. The residue was ehromatographed on silica gel using 10%
ethyl acetate in hexanes to elute Ith,_e product (0.62 g, 256%) as a white solid.

A solution of the above product in 3 M hydrochloric acid (10 mL)
was stirred at room tem'perature for 1 hour. The mixture was evaporated
to dryness under reduced pressure and then azeotroped with toluene. This
gave 19A as a white sohd (100%)

arboxaldehyde _ o
P17 (0. 35 g, 0.79 mmol) was subjected to deprotectxon accordmg to

General Method 7. Extractmn and eoncentrat1on gave 200 mg (71%) of

19B as a yellow solid which 'vra.s_':used without purification.

zl_x_geﬂlj' lammol-2-methylpropyll-3-methzl 1.2 4-oxadiazole

A mixture of 19B (100 mg, 0.28 mmol) and 19A (53 mg, 0.28 mmol)
in dlchloroethane (8 mL) was’ treated with sodmm triacetoxyborohydride

(74 mg, 0.35 mmol) in one portmn and the mixture stirred under argon at
room temperature After 1 hour more sodium tnacetoxyborohydnde (32
mg, 0.15 mmol) was added to the mixture which stirred for 45 minutes
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more and the mixture was adjusﬁié@fci topH®6 w1trhs,aturated sodium
bicarbonate solution. The mixture was diluted with 50 mL
dichloromethane and the organic phase washed with water, dried over
magnesium sulfate and concentrated to give crude 19C (110 mg, 79%)

which was used without purification in the next step.

D. S)-N-[[2’-[[(3.4-Dimethyl-5-isoxazolyl)aminolsulfonvl}[1.1-

vlpropylipentanamide
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
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 press.ure was chromatographed on silica gel
uSing 30 to 50% ethyl acetate in hexanes to elute the title product (73 mg,.
63%) as a white foam: ESIMS (NH,) m/z 580 (MH* 100), 597 (M + NH,,

. 20), 1176 (2M +NH,’, 10); HRMS calcd for CQOH,?NE,OSS (MH") 580.2593,
- found 580.2619.

yDmethyll(1,1"biphenyll-2-sulfonamide
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olidiny)methyll-4*hydroxymethyl-N-(2-
| mei:ho ethox ethyD 1 1-biphenyl]-2-sulfonamide
| Preparatlon P21 (4.25 g, 9.0 mmol) was reacted with ethyl 4-amino-
2, 2-d1methvlbutanoate hydrochlonde (2 13 g, 10.9 mmol) according to

General Method 5. The crude resxdue was chromatographed on silica gel

| (6% methanoi in dichlorométh_a_?xe eluant) to yield 3.05 g of 20A (59%) as

an orange oil.

blpzndme-3-zl )methzll-N =( 2—methogyetho_>_gmethxl M{1.1-biphenyl]-
2-sulfggam1dc _
" 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- d1methy1—3H—1m1dazo[4,5-
blpyridine (184 mg, 1.1 mmol, 1.2 eq) in tetrahydrofuran (5 mL) was
treated at 0°C with diethylazodicarboxylate (206 nl, 1.3 mmol, 1.5 eq).
The mixture was allowed to warm to room i;e-_inperatﬁfe, was stirred for 16
hr, and then cohgentrated. The msi'due was chromatographed on silica gel
(3:2 hexanes/acetone as eldaﬁt) to giire 320 mg of a mixture containing
20B and 2-ethyl-5, 7-dlmethyl-3H-umdazo[4 5-b]pynd1ne (approximately
3:1 ratio by welght)
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C.

blpyridine-3-yDmethvi[1.1"-biphenyl]-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 Iyophilization; mp
95-104 °C; MS m/e 641 (ESI+ mode); MS m/e 639 (ESI- mode); HPLC
10 retention time 3.43 minutes (Method C).

15

A Methyl 1-[(3-methoxy-1-oxopropylamino clopentane-1-
carboxylate ‘

20 3-Methoxypropanoic acid (1.65 mL, 17.6 mmol, 2.1 eq) was added to
a mixture of EDCI (1.77 g, 9.24 mmol, 1.1 eq), triethylamine (3.5 mL, 25.2
mmol., 3.0 eq), 4-dimethy1aminopyridihe (20 mg, 0.18 mmol, 0.02 eq), and

dichloromethane (100 mL) at room temperature. After 5 minutes, methyl

l-aminocyclopentahe—1-carboxy1ate 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 1N hydrochloric acid
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and the aqueous phase was extracted once with dichloromethane. The
combined orgamc 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 21A (67%) as a colorless oil.

. B. 3-Metho -1-oxo 0p lammo 1¢ entane-l-carbo hc acid --

A mixture of 21A (1 25 g, 5.5 mmol, 1.0 eq), hthmm hydroxlde

. hydrate (300 x_ng, 7.1 mmol, 13 eq)? THF (10 mL), and water (10 mL) was
- stirred at room temperature for5 .5 hours..- 1IN 'hydrochloric acid (10 mL)

was added and the mixture was saturated with solid sodium chloride, then
extracted with ethyl acetate (3x30 mL). ‘The combmed organic extracts
were dried over sodmm sulfate and concentrated to provxde 0.95 g of 21B
(80%) as a whlte sohd

C. -Metho -1-oxo roj azmne c clo e- rboxamid

A suspensmn of ZIB (0 95 g, 4.4 mmol, 1 9 eq) in THF (20 mL) was
treated with 1 1’-carbonyldnm1dazole (930 mg, 5 7 mmol, 1.3 eq) at room.
temperature Aﬂ:er 30 mmutes, the mixture was cooled to -78 °C and
ammonia gas was introduced, The resulting heterogeneous mixture was
allowed to warm to room temperature and was stirred for. 16 hours. The
solvent was evaporated and 1N hydrochlonc acid saturated with sodium
chloride was added to the res1due The aqueeus mixture was extracted
over sodium sulfate and concentrated to y1eld 500 mg of 21C (53%) as a
white solid.

D. !2—Metho;yethyl 2—1 3-dtazasplro|4 4lnon-1-en-4-on

A solution of 21C (460 mg, 2. 15 mmol, 1 0 eq), potassium hydroxide
(288 mg, 4.30 mmol, 2.0.eq) and methanol (15 mL) was heated at reflux for
20 hours. The mixture was edoled, solid ammonjum, chloride.was added,

and the solvent was evaporated. Water was added and the mixture was
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extracted with ‘étliyl acetate (3x804mL)." The combmed organic extracts
were dried over sodium sulfate, concentrated, and the residue
chromatographed on silica gel (4% methanol in dichloromethane as
eluant) to yield 162 mg of 21D (38%) as an amber oil.

E. N<( 3,4-D1methxl 5-1soxazolyl )-4’-[2-(2-methoxyethyl)-4-ax0-1.3-

21D (75 mg, 0.38 mmol, 1.0 eq) was alkylated with P18 (195 mg,
0.38 mmol, 1.0 eq) according to General Method 4. The resulting crude
orange oil was dissolved in méthanol (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.
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 lyophilization: MS m/e
537 (ESI+ mode); MS m/e 535 (ESI- mode); HPLC retention time 3.35
minutes (Method A).
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A.  Methyl 1-[(2-ethoxyethanoyl)aminolcy. clopentane-1-carboxylate
2-Ethoxyacetic acid (3.3 mL, 35 mmol, 2.1 eq) was added to a
mixture of EDCI (3.38 g, 18 mmol, 1.1 eq), triethylamine (7.0_:nI1_L, 50

' mmol, 3.0 eq), 4-dimethylaminopyridine (20 mg, 0.18 mmol, 0.01 eq), and

dichloromethane (100 mL) at room temperatﬁre. After 5 minutes, methyl
1-aminocyclopentane-1-carboxylate hy_drochloz_'ide (3.0__g, 17 mmol, 1.0 eg)
was added and the mixture was stirred at room temperature for 18 hours.
The solvent was evaporated and the rgsiﬂue partitioned between ether

and 1N hydrochloric acid. The organic layer was washed once with 1N

hydrochloric acid, then twice with saturated aquegus sodium bicarbonate,
and once with brine. The organic layer was dr_i_ed over magnesium sulfate

and concentrated to give 2.0 g of 22A (52%} as a pink oil.

B.  2A2-Ethoxymethyl)-1.3-diazaspiro{4.4Inon-1-en-4-one

A mixture of 224 (2.0 g, -8.7 mmol, 1.0 eq), lithium hydroxide
hydrate (440 mg, 10.5 mmol, 1.2 eq), THF (10 mL), and water (3 mL) was
stirred at room temperature for 16 hours. 2N hydrochloric acid (6 mL)

was added and the solvents were evaporated. The residue was dried

* azeotropically with toluene, then dissolved in THF (156 mL) and treated

with 1,1-carbonyldiimidazole (2.8 g, 17.3 mmuol, 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 si}iz_ffed _for 16 ho_uré, after which the solvent
was evaporated. The residue Was sﬁspended in. methanol (15 mL), solid
potassium hydroxide (2.9 g, 43 I.mimol, 5 'gaq) was added, and the mixture
was heated at reflux for 72 hours. After cooling, the mixture was treated
with solid ammonium chloride and the solvent was e\faporated. Water
was added and the mixture wés_ extracted with ethyl acetate (3x30 mL).
The combined organic extracts were dried over sodium sulfate,
concentrated, and the residue';:cl._lmmatographed on silica gel (4% methanol
in chloroform as eluant) to yield 370 mg of 22B_(22%) as an orange oil.
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The title compound was pfepared 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 m/e 537 (ESI+ mode); MS m/e 535 (ESI- mode); HPLC
retention time 3.51 minutes (Method A).

15

sulfonamide

L
. Bk

Al 2’-Formy]-N-(3.4-dimethyl-5-isoxazolvl)-4’-[(methanesulfonvloxvl-

- 25 N-(2-methoxyethoxymethyl){1,1-biphenyl]-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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methoxyethoxymethyl)(1.1 biphenyll-2-sulfonamide
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 silica gel using 1:3 hexanes/ethyl acetate as

eluant to provide 1.8 g 23B as a colorless oil.

methoxyethoxymethyl)1.1-biphenyl l-2-su1fonamide
23B (1.5 g) was subJected to reductive amination with ethyl 4-

ammobutanoate hydrochlonde according to General Method 5. The
reaction mixture was alloyv.e_d to stir for 24 h to allow time for cyclization .
of the amino ester to the corresponding lactam. The crude product after
workup was purified by silica gel chromatography (1:1 hexanes/acetone
eluant) to provide 23C (O._'SO g) as a yellow oil.

| bipl_lenz'll_ -2-sulfonémidé: "
23C (0. 50 g) was subjed‘:ﬁed to sulfonamide deprotection using

HCVdioxane/ethanol accordmg to General Method 8. The crude product
was purified by silica gel chromatography (90:9:1
dlchloromethane/methanollammomum hydroxide eluant), and the purified
product was partitioned betw_éen ethyl acetate and pH 5 potassium
phosphate buffer. The ethy1 écetate layer was dried over sodium sulfate
and concentrated to prov1de 310 mg of the title compound as a white solid;
mp 98-102 °C; MS m/e 613 (ESI+ mode); HPLC retention time 3.09 min
(Method A); HPLC purity 97%.
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-Example 24
2-Ethyl-5.7-dimethyl-3H-imidazo[4.5-b

5 _ biphenyl]-2-sulfonamide

10

isoxazoly)-N-(2-methoxvetho ethyD[1.1'-biphenvyl]-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.

isoxazolyl)[1,1'-biphenyl]-2-sulfonamide
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24A (0.50 g) was subjected to sulfonamide depfotection according to
General Method 8. The crude product was purified by reverse-phase
preparative HPLC to yield 140 mg of the title icorﬁpou_nd as a white solid
following lyophilization; MS m/e 628 (ESI+ mode); HPLC retention time
5  3.08 min (Method A); HPLC purity 97%.

1imethyl]-N-(1-oxopentyl)amino]-3.N-dimethylbutanamide

15 A.  N-(3-Methyl-5-isoxazolyl)-2-bromobenzenesulfonamide -
. 5-Amino-3-methylisoxazole (3.84 g) was added at RT in portions to a
solution of 2-bromobenzenesulfonyl chloride (10.0 g) in pyridine (40 ml).

10

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 ac_:id. The ethyl acetate layer was dried over
sodium sulfate and concentrated to give 25A. (8.8 g).

B.  N-[(2-TrimethylsilyDethoxymethyl]-N-(3-methyl-5-isoxazolyl)-2-
: bromobenzenesulfgnam__ide '
25 2-(Trimethylsilyl)ethoxymethyl chloride (5.2 ml) was added to a
mixture of 256A ( 8.8 g), potassium 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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and washed with Water and brin&¥ The ethyl atétite 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 26B
(6.6 g) as an oil.

trimethylsilyDethoxymethyil[1.1’biphenyl]-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
chromatographed on silica gel using 9:1 hexanes/ethyl acetate as eluant to
yield 0.75 g 25C as a colorless oil.

D. (S)-2-IN-[2-[[N- 3_-Meth 1-5-isoxazolyl)-N-[(2-
trimethylsilvDethoxymethyllaminolsulfonyll1,1’-biphenvl]-4-
yllmethyll-amino}-3.N-dimethylbutanamide

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.

E.

trimethylsilyDethoxymethyllaminolsulfonyll[1.1"-biphenyl]-4-
ylimethyl]-N-( l-dxopent_:yl Jamino]-3,N-dimethylbutanamide

25D (0.93 g) was subjected to acylation with valeryl chloride
accordmg to General Method 6. The crude product was chromatographed
on silica gel using 2:3 hexanes/ethyl acetate as eluant to yield 0.78 g 25E

as a colorless oil.

biphenyl]-4-yiimethyl]-N-(1-oxopentyl)amino]-3.N-
dimethylbutanamide
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. 25E (0.78 g) was deprotected with HCl/methanol according to
General Method 8. The crude product was purified by silica gel
chromatography using 3:7-hex#heslethyl acetate as eluant, providing the
title compound (210 mg) as a white solid; MS m/e 541 (ESI+ mode); HPLC
retention time 31.32 min (Method B); HPLC purity >98%.

Example 26 .

A solution of 25 (75 mg) in chloroform (1.5 ml) was treated with
NBS (25 mg) at RT. After 1h, the mixture was diluted with

_dichloromethane and partitioned against water. The orgahic layer was

dried over sodium sulfate and ¢onceri1_:rafed, and the residue was
chromatographed on silica gel_' _i:sing 3:7 hexanés/ethyl acetate as eluant to
provide the title compound (25 ﬁlg) as a white solid; MS m/e 619, 621
(EST+ mode); HPLC retention time 31.83 min (Method B); HPLC purity
>99%.
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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 ethyltriphenylphosphonium bromide (6.42

g, 17.3 mmol) in 100 mi of 1:1 THF/ether at -15 °C. The mixture was
stirred for 3h at RT and then was cooled to -50 °C. 2A (4.0 g, 19.0 mmol)
in THF (10 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
as an E/Z mixture (3.5 g, 83%).

B. 4-Bromo-3-propylbenzonitrile
A mixture of 27A (1.5 g) and 150 mg of PtO, in 40 ml EtOH was

hydrogenated at 35 PSI for 40 min. Filtration and concentration gave
1.44 g of 27B (85%).

C. 4-Bromo-3-propylbenzaldehvde .
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.

methoxyethoxy)methyl][1.1-biphenyl]-2-sulfonamide
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27C (1.4 g) was subjected to Suzuki coupling aéoording to General
Method 1 to provide 27D (27%) as an oil.

metho:_:geth.__ OXY }m: et]_:'lz. 11[ 1,: 1’-biphenylI-2—sulfonamide
27D (810 mg) was reduced with sodium borohydride in methanol
according to General Methbd 11 to provide 27E (32%) as an oil.

F. N+(3.4-Dimethy]-5-isoxazoly])-4"- methanesulfonyl)oxymethyl-2’-
propyl-N-[(2-methoxy vethoxy)methyll[1,1’-biphenyll-2-sulfonamide
27E (250 mg) was cdnvéftfed to the corresponding methanesulfonate

ester according to General Met.hidd 3 to provide 27F (68%) as an oil.

"bighénxl'l-245u1fonanﬁ&e- o

27F.(T100 mg) was used to alkylate 2-butyl-1,3-diazaspiro{4.4Jnon-1-
en-4-one according to General Method 4. 27G: (100 mg, 85%) was

produced as an oil.

27G (100 mg) was deprotected according to General Method 7. The
crude product was. purified by:prepa;'ative HPLC to provide 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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4’-[(7-Methoxycarbonyl-2-ethoxybenzimidazol-1-vl)methvl]-

COOMe

Ma

A N-g2-Methoxvcarbonxl-6-nitrop'henzl2-4-bromobemlamine

Triethylamine (5.2 ml, 37 mmol) was added to a mixture of methyl

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
organic extracts were dried over sodium sulfate and concentrated, and,the
residue was crystallized from ethyl acetate to give 28A (3.2 g)as a yellow
solid.

B. 4’-{(2-Methoxycarbonyl-6-nitrophenyl)aminomethvl]-N-(3.4-

sulfonamide

28A (3.5 g, 9.6 mmol) was subjeded to Suzuki coupling according to
General Method 1, providing 28B as a yellow oil (3.1 g) following silica gel
chromatography using 5:1 hex'anes/ethyl acetate as eluant.

C. 4-[(2 -Methoz_:zcarbonxl-ﬁ-ammophengl2am1nomethyl|-N-§3,4-

sulfonamide

-119-




WO 00701389 PCT/US99/15063

10

15

20

25

28B (2.4 g, 3.6 mmol) was 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.

sulfonamide

28C (1.3 g), tetraethylorthocarbonate (6 ml), and acetic acid (0.2 ml)

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 (1.1 g)

as a brown oil.

dimethyl—S-isoxazolxl )-[1.1'-biphenyl}-2-sulfonamide

28D (1.1 g) was subjected to sulfonamide deprotection using TBAF
in THF according to General Method 10. The crude product was purified
.by silica gel chrométography using 2:1 hexanes/acetone as eluant to
provide 0.75 g of the title compound as a white solid; mp 105-110 °C; MS
m/e 561 (ESI+ mode); HPLC retention time 3.96 min (Method A); HPLC
purity 96%. -

Eﬁﬁm le 29

( 3,4—din_1ethyl-5-isoxazolgl )-[1,1"-biphenvl]-2-sulfonamide
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28 (0.70 g) was subjected to ester hydrolysis according to General
Method 15 to provide ﬁhe 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%.

Example 30
4’-[(7-Methoxycarbonyl-2-ethylbenzimidazol-1-vI)methyl]-N-

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 miiture was allowed to come to RT.
After 2.5 h, aqueous sodium bicarbonate solution was added to the
mixture and the aqueous layer was extracted with twb 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
from 100 ml methanol and 11 ml (200 mmol) 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 phosp_hate buffer adjusted to pH 4. The combined
ethyl acetate extracts were dned ﬁver sodium sulfate and concentrated.
The residue was chromatographed on silica gel using 1:2 hexanes/acetone
as eluant to provide the titie compound (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%.

Exﬁm_ple 31

30(2.6 g, 4.8 mmol) was'subjeéted 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
a white solid. The solid wés céllle'cl_:_'gd on a filter, rinsed with water, and
dried to provide 2.4 g of the title compound; MS m/e 531 (EST+ mode);
HPLC retention time 2.94 min:: _(M_ethod -A); HPLC purity 95%.

Example 32
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A. 2-[(6’-Aminomethyl-2-bromo)phenyl)]-1,3-dioxolane _
Borane*THF (100 ml of a 1.0 M solution in THF, 100 mmol) was
added at O °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
mmol) in 25 m]l 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
with 10 ml methanol and was then evaporated. The residue was taken up
in 150 m! ethyl acetate and was washed with 1N aqueous sodium
hydroxide, followed by water and brine. The organic layer was dried over
magnesium sulfate and concentrated to give crude .32A (11.0g) as an

amber oil, which was estimated (HPLC) to be 80% pure. -

B. . N-(2-
yDbenzylamine

Triethylamine (4.8 ml, 34 mmol) was added to a mixture of methyl
2-chloro-3-nitrobenzoate (4.9 g, 23 mmol) and 82A (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 aquéoué sodium bicarbonate
solution. The organic layer was concentrated and the residue purified by
silica gel column chromatography using 3:1 hexanes/ethyl 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-(2-Methoxycarbonyl-6-nitrophenyi)-4-bromo-3-
formyDbenzylamine

32B (6.6 g, 15 mmol) was subjected to acetal hydrolysis according to
General Method 19 providing 32C as a crude yellow solid following

extractive workup

biphenyl] -2_%u1fonamidef i

Crude 32C ‘was subj ected to Suzuki couplmg according to General
Method 1, prowdmg 32D 5.9 g) as a yellow oil following silica gel
chromatography usmg 2:1 hexanes/ethyl acetate as eluant.

sulfonamide

- 32D (4.3 g) was subjected to reductive ammatlon with ethyl 4-
amino-2, 2-d1methy1butanoate hydrochlonde accordmg to General Method

5. The reaction mixture was alilow_ed to stir for 60 h at RT to allow time

-for cyclization: o_f the amino ester to the corresponding lactam. The crude

product after workup was pﬁriﬁed by silica gel chromatography, using 3:2
hexanes/ethyl acetate as eluant, to provide 32E (2.8 g) as a yellow oil.
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sulfonamide -

32E (2.8 g, 3.6 mmol) was treated with tin (II) chloride dihydrate
(3.2 g) in ethyl acetate (200 nl) according to General Method 18. The
crude product (3.5 g) was used without further purification.

G.

methoxycarbonylbenzimidazol-1-yDmethyll-N-(3,4-dimethyl-5-
isoxazolyD)-N-(2-trimethylsiloxymethyl)[1,1>-biphenyl]-2-

sulfonamide

A mixture of 32F (1.5 g, 2.0 mmol), tetraethylorthocarbonate (6 ml),
and acetic acid (0.15 ml) was heated under a nitrogen atmosphere at 70 °C
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.

(methoxycarbonyl)benzimidazol-1-yl)methyl]-N-(3.4-dimethv]-5-
isoxazolyl)-[1.1'-biphenyl]-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
by silica gel chromatography using 3:2 héxanes/aéetone as eluant to
provide 0.55 g of the title compound as a white solid; mp 101-103 °C
(decomp); MS m/e 686 (ESI+ mode); HPLC retention time 3.91 min
(Method A); HPLC purity >98%.
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- biphenyl]-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 (Method A); HPLC purity 82%.

15 ethylcarbamo lbenzimidaiol-l- Dmethyl}-N-(8.4-dimethyl-5-isaxazol D-
1.1’-biphenyl}-2-sulfonamide |

20
33 (80 mg) was subjected to amide formation aécording 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 retent_ion time 3.39 min (Method A); HPLC purity
25 81%.
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dimethylcarbamoyl)benzimidazol-1-vl)methyl]-N~(3.4-dimethvl-5-

5 isoxazolyl)-[1.1-biphenyl]-2-sulfonamide
Eo—(::Q
2 o CONMe, :
[« 1%
E ’;&(?‘Ma
H ]
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% [contaminant

156  (34%) is the corresponding imidazolin-2-one].

_ Example 36
4’-[(2-Ethvlquinolin-4-yl)oxymethyl}-N-(1.3.5-trimethvlpyrazol-4-yi

1.1’-biphenyl]-2-sulfonamide

20

A.  4-[(4-Bromophenyl methoxy]-2-ethyl uinoline
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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 foﬁ.r times with water, then once with brine.
The organic layer was dried iovéz_' 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.

B.  4-i(2-Ethylquinolin-4-yloxymethyll-N-(tert-butyl)-[11"-biphenyl]-2-
sulfonamide o |
A mixture of 36A (1.5 g, 4.4 mmol) and [2-(N-tert-

' butylsulfamoyl)phenYI]borom'q acid (2.3 g, 8.7 mmol) was subjected to

Suzuki coupling according to General Method 1. The crude product was
chromatographed on silica gel using 1:1 hexanes/ethyl acetate as eluant to
provide the 363-(1.8 g)asa yeﬂow solid.

C.  4-[(2-Eth 1 uinolin-4-yl)oxymethyl]-[1.1-biphenyl]-2-sulfon

A solutiqn:of 36B (1.8 g, 3.8 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
solvent was evaporated and the residue partitioned between ethyl acetate
and aqueous s_oc_lium b_icarbbnéte. A small amount of a solid precipitate
was retained with the organic :lla_yér.. The organic layer was washed twice
with water, then was con@:entrébed. The crude product was crystallized

from 1:1 toluenelethy] acetate to provide 36C (1.2 g) as a yellow solid.

A suspension of 36C (1.1 g, 2.7 mmol) in 25 ml acetonitrile was |

treated at 0 °C with nitrquni;_im tetrafluoroborate (370 mg, 3.2 mmol).
After 30 min the mixture was:_ allowed to warm to RT and was stirred at
RT for 4 h. The mixture was concentrated to provide 36D (1.2g)asa
crude white solid. | |
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E.  4-[(2-Ethylquinolin-4-yl logy_x_nethzll-N-ﬂ1,3,5-trimethylmazol—4—
yDI1.1-biphenyl]-2-sulfonamide '
A suspension of 36D (100 mg, 0.24 mmol) in thionyl chloride (4 ml)
5 was treated with DMF (10 pl). 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 212-215l °C (decomp); MS m/e 527 (ESI+ mode); HPLC retention
time 3.18 min (Method C); HPLC purity 94%.

15
[1,1"-biphenyl]-2-sulfonamide
€
02
8\ Me

20 ~ ot

A suspension of the product of 36D (370 mg, 0.88 mmol) was
subjected to the proceduré uSed for Example 36, Si;ép E, substituting 5-
25 amino-3-methylisoxazole as the aini_n_e com'ponent.' The crudé product was
purified by reverse-phase preparative HPLC to prbvide the title compound
(8 mg) as an amorphous tan solid: MS m/e 500 (EST+ mode); HPLC
retention time 3.32 min (Method A); HPLC purity >98%.
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Example 38
4- [(5-Acety1-2-n-propyl-4-chlor01m1dazol-1-yl)methyl]-N-(3 4-
dimethyl-5-isoxazolyl)-(1,1"-biphenyl]-2-sulfonamide

A, 5-(1-Hydroxvethvl)-2-n-propyl-4-chloroimidazole

A solution of 2-n-propyl-4-chloroimidazole-5-carboxaldehyde
(Watson, S.P. Synth. Comm., 1992, 22, 297 1-2977) (1.5 g, 8.7 mmol) in
THEF (50 ml) was treated dropwise at 0 °C with methylmagnesium
bromide (8.7 ml of a 3.0 M solution in ether). Upon cofnpletion of the
addition, the mixture was allowed to warm to RT and was stirred for 2h.
The mixture was cooled again to 0 °C and was quenched with the addition
of 1N hydrochloric acid. The mixture was adjusted to pH 8-9 by the
addition of aqueous dipotassimh hydrogen phosphate solution, then was
partitioned against ethyl acetate. The ethyl acetate layer and an-

. accompanying precipitate were collected and the solvent was evaporated

to provide 88A (1.6 g) as a slightly yellow solid.

B. 5-Acetyl-4-chloro-2-n-propyl-imidazole
A mixture of 38A (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 celité ahd the filter cake was rinsed with

dxchloromethane The combmed filtrates were evaporated and the res1due
was chromatographed on silica gel using 3:1 hexanes/ethyl acetate as
eluant. The product was furl:her purified by trituration with 9:1
hexanes/ethyl acetate, prov1d1_ng 0.6 g 38B as_an orange solid.
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sulfonamide
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.

dimethyl-5-isoxazolyl)-[1,1>-biphenyl]-2-sulfonamide
Deprotection of 38C (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
white solid: MS m/e 528 (ESI+ mode); HPLC retention time 3.75 min .
(Method A); HPLC purity 98%.

sulfonamide
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P19 (300 mg) was used to alkylate 2-n-propy1-4—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.

sulfonamide _ _ .

Sodium chlorite (19 mg, 0.21 mmol) was added to a mixture of 39A
(90 mg, 0.14 mmol) and sulfa.mi.(;.acid (20 mg, 0.21 mmol) in 1:1
THF/water (8 ml) at 0 °C. The mixture was stirred at 0 °C for 1h, then

saturated potassium bisulfate solution was added. The aqueous layer was

extracted twice with ethyl acetate. The combined organic extracts were

washed once with brine, then were dried over sodium sulfate and

“concentrated to provide 39B (62 mg) as a yellow oil.

39B (62 mg) was deﬁrotgéted according to General Method 8, using
water in place of an alcohol as co-solvent. Crude 39C (54 mg) was a yellow

oil.

g3,4—dlmethxl-5-1soxazolylz 1,1‘-b1phenyll-2—sulfonam1d

39C (54 mg) was subJected to ester formation according to General

Method 20. Reverse-phase preparatxve HPLC provided the title compound
(9 mg) as a white solid: MS _m_/e 544 (ESI+ mode); HPLC retention time
8.94 min (Method A); HPLC purity >98%
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3.4-dimethyl-5-isoxazolyl)-N-(2-methoxvetho ethyl)f1,1-
biphenyl]-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

regioisomeric alkylation products.

B.

dimethyl-5-isoxazolyl)-[1.1’-biphenyl]-2-sulfonamide

A solution of 40A (0.45 g) in dioxane (3 ml) and 6N hydrochloric

~ acid (3 mi) was heated at 70 °C for 2 h. The mixture was cooled to RT and

made basic (pH > 14) with the addition of 45% aquebus potassium
hydroxide solution. Additional dioxane .and water were added to obtain a
clear solution and the mixture was sﬁrred at RT for 16 h, followed by
heating at 70 °C for 3 h. The pH was adjusted to 2-3 §vith the additioﬁ of
6N hydrochioric 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. 5-(IN N-dJmeth lcarb ovl)-2-n-pro l-4oeth limidazol-1-

§u1fonam1de Ny
40B (110 mg) was subjected to amide formation aocordmg to

General Method 12 usmg dimethylamine as the amine component. The
crude material was subjected to reverse-phase preparative HPLC to
provide the title compound ( 19mg)asa white solid: MS m/e 550 (ESI+
mode); HPLC retention time 19.54 min (Method B); HPLC purity 74%.
The contaminant (24%) is the isomeric product arising from N-3 alkylation
of the imidazole in Step A (HPLC retention time 19.77 min). '

Example 41 .

h dfo et 11 1’-b1 e l -2- ulf na d _

P14 (243 mg, 0 41 mmol) was used to alkylate 2-buty1-4-oxo—1 3-
d1azasp1ro[4 4]non- -ene hydrochlonde accordmg to General Method 4.
41A (100 mg, 35% y1eld) was 1solated asa shghtly yellow oil after silica

gel chromatography using 1 1 hexanes/ethyl acetate as eluant
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. 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):
MS m/e 565 (ESI+ mode); HPLC retention time 3.21 min (Method A);
HPLC purity >98%.

10 ' : Example 42

15

dimethyl-5-isoxazolyl)-N-{(2-methoxvethoxy)methyl]}-2'-

hydroxymethyl[1.1-biphenyl]-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 chromatographed 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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dimethyl-6-isoxazelyl-N-[(2-methoxvethoxy)methyll-2"

ethomethyl[l,l’-biphenyl 1|-2-sulfonamide

A mixture of 42A (100 mg, 0.15 mmol), iodoethane (960 mg, 6.1
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 mmol) and silver (I)

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
organic layer was dried over sodium sulfate and was then concentrated.
The residue was chromatographed 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.

42B (61 mg) was deprotected according to General Method 7 to
afford the title compound in 80% yield following preparative reverse-phase
HPLC puriﬁcatic_i'n: white solid; m.p. 74-80"C (amorphous); 1H NMR
(CDCl, )30.87(tr, J=7Hz, 3H), 0.99(tr, J=7Hz, 3H), 1.32(m, 2H), 1.59(m,
2H), 1.75-2.02(m, 11H), 2.16(s, 3H), 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); H_PLC purity >97%.
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methoxvethoxy)methyll-N-(3.4-dimethyl-5-isoxazolyl)-2'-(2-

methoxyvinyl)[1,1-biphenyl}-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.

dimethyl-é-isoxazolyl }-2’-methoxyethylf1.1>-biphenyll-2-sulfonamide

43A (18 mg) was treated with triethylsilane and TFA according 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
mm (Method B); HPLC purity >98%. '

A. N-(3-Methoxy-5-methyl-2-pyrazinyl)-2-bromobenzenesulfonamide
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2-amino-3-methoxy-5-methylpyrazine (1.50 g, 10.8 mmol;
synthesized according to Bradbury, R. L, et al. J. Med. Chem. 1997, 40,
996-1004) and 2-bromobehzenesulfonyl chloride (2.80 g, 11.0 mmol) were
reacted accordmg to the procedure of Example 25, Step A. 44A was a pink
solid, 2.0 g (52%).

B. N- 3-Metho -5-meth 1- 2- -N-[2-
!tnmethzlsﬂzl)ethox_xmethyl|-2-bromobenzenesulfonamlde
44A (2.0 g) ‘was reacted w1th 2-(tnmethylsﬂyl)ethoxymethyl
chloride (1.15 ml) 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. |

meth 1-2- azinyD[L.1’ b1 henyl -2-sulfona ide
A solution of 5E (2.()- g, 4.6 mmol) in ether (45 ml) was treated at -78
°C with t-butyllithium (1.7 M 1n pentane, 5.9 ml, 10.1 mmol). After

stirring at -78 °C' for 10 min, the mixture was treated with

tnmethylborate (1.3 ml, 11.5 mmol) and was then allowed to warm to RT.

- The mixture was concentrated and the residue azeotroped twice with

methanol to produce a pale yellow sohd (3.5 g)

The crude solid was subJected to Suzuk1 coupling with 44B (2.37 g)
according to General Method 1. Silica gel chromatography using 1:1
hexanes/ethyl acetate as eluant prowde 1.45 g 44C (39%) as a yellow oil.

gtllﬁmg
44C Q. 45 g 1.9 mmol) was treated with 2M sulfuric acid (11 ml)
and ethanol (11 ml) at RT for 6 h. Agueous sodium bicarbonate was added
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: LAy ﬂ.i;“-i, : . r k-
(final pH 7) and the mixture was Bxtracted with thyl acetate. The
combined organic extracts were dried over sodium sulfate and
concentrated to provide crude 44D (0.91 g) as an off-white solid.

pyrazinyl)(1.1’-biphenyl]-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
purified by silica gel’ (':olunrﬁ 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 (ESI+ mode); HPLC retention time
3.58 min (Method A); HPLC purity 95%.

Example 45

A.  N-(2-methoxyethoxymethyl)-N-(3-methyl-5-isoxazolyl)-2-

bromobenzenesulfonamide
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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sulfon; l hen lboromc acld

n-Butyllithium (1. 35 M solution in hexanes, 9.7 ml 13 mmol) was

added dropwise over 5 min to a 0 2 M solution of the45A (4.8 g, 12 mmol)
in THF at -90 °C After 10 min, tnmethylborate (1.6 m], 14 mmol) was
added and the mixture was allowed to warm to RT and stirred for 30 min.
The mixture was cooled to 0 °C and t_rggtgd with 21 ml of 3N hydrochloric
acid, after which it was allowed i'.o warin to RT over 30 min. Brine was
added and the mixture was extracted with dJchloromethane The .
combined extracts were dried over sodium sulfate and concentrated to give

45B (5.3 g) as a yellow oil. -

methog:efhoxzmethﬂ -N -(3-methyl-5-isoxazolyl)-2'-formyl{1.1'-
45B (4.5 g) was sub;ected to Suzukl coouplmg with 5E according to
General Method 1 Silica gel chromatography usmg 1:2 hexanes/ethyl
acetate as eluant’ provide 45C (1.30 g, 17%) as a yellow oil.

45C (420 iﬁg, 0.66 mmol) was reacted with ethyl 4-amino-2,2-

dimethylbutanoate hydrochloride and sodium cyanoborohydride using a
procedure sumlar to that of Example 8, Step B. The crude residue was
chromatographed on silica gel ﬁing_ 1:3 hexanes/_ethyi acetate as eluant to
provide 45D (150 mg) as a yellow 011 o
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methyl-5-isoxazolyl)-2’-[(8,3-dimethyl-2-0xo-1-
pyrrolidinyl)methyll[1.1’-biphenyl]-2-sulfonamide
45D (110 mg) was deprotected according to General Method 7. The

crude residue was chromatographed on silica gel using 95:5

chloroform/methanol as eluant to provide 45E (50 mg) as a white solid.

F.

pyrrolidinylimethyll[1.1-biphenyl]-2-sulfonamide

45E (33 mg) was brominated using NBS according to the procedure
used for Example 26. Preparative TLC purification of the crude residue
providéd 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
98%.

Examples 46 to 97
The following compounds 46 to 97 were prepared by a solution

phase combinatorial chemistry method using 2I and the corresponding

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.
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Ex.
No.

Compound Name

- HPLC

Retention
Time
~ (min)

LRMS
(MH']

46

4’-{(2-Butyl-4-0x0-1,3-
diazaspiro(4.4]Jnon-1-en-3-
ylimethylj-N-(3,4-dimethyl-5-
isoxazolyl)-2*-((formylmethylamino)-
methyl}{1,1-biphenyl]-2-
sulfonamide

. M%
- H

3.23

606

47

N-[14-{2-Butyl-4-ox0-1,3-
diazaspiro[4.4]non-1-en-3-
yhmethyl)-2'-{[(3,4-dimethyl-5-
isoxazolyllamino)sulfonylj(1,1"
biphenyl)-2-ylimethyl}-N-
methylpropanamide

3.28

634

48

N-{l4-{i2-Buty)-4-0x0-1,3-
diazaspiro(4.4jnon-1-en-3-
ylmethyl}-2"-(1(3,4-dimethyl-5-
isoxazolyllamino}sulfony1}{1,1"-
biphenyl]-2-yllmethyl)-N-
methylevclopropanecarbox-amide

333

646

49

N-[[4-1{2-Buty}-4-0x0-1,3-
diazaspiro[4.4)non-1-en-3-
yhimethyl)-2-[{(3.4-dimethyl:5-
isoxazolyl)amino}sulfonyl}[1,1"-
biphenyl}-2-yllmethyl}-N,2- -
dimethylpropanamide

341

648

50.

N-[[4-{(2-Butyl-4-0x0-1,3-
diazaspiro[4.4]non-1-en-8-
yimethyl}-2"[{(3,4-dimethyl-5-
isoxazolyDaminojsulfonyl){1,1°-
biphenyl]-2-ylimethyl]-N-
methylbutanamide

3.45

648

b1

N-{{4-[(2-Butyl-4-oxo-1,3-
diazaspiro[4.4)non-1-en-3-
ylmethyl]-2"-{[(3,4-dimethyl-5-
isoxazolyl)amino)sulfonyl} (1,1~
biphenyl]-2-yllmethyl]-2-methoxy-
N-methylacetamide

3.29

650

52

N-[[4-{(2-Butyl-4-ox0-1,3-
diazaspiro(4.4jnon-1-en-3-
ylimethyl}-2-({(3,4-dimethyl-5-
isoxazolyljaimino]sulfonyl}{1,1"-
biphenyl}-2-yllmethyl}-N-methyl-4-

pentynamide '

Mq 0
- N’K/\ ca_CH

3.32

6568
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N-{[4-[(2-Butyl-4-0x0-1,3-
diazaspiro{4.4jnon-1-en-3-
ylimethyll-2-{I(3,4-dimethy)-5-
isoxazolyl)amino}suifenyl] (1,1
biphenyl}-2-yllmethyl}-N-
methyleyclobutanecarbox-amide

- 3.50

660

N-[{4-{(2-Butyl-4-0x0-1,3-
diazaspiro[4.4)non-1-en-8-
yDmethyll-2-[{(3,4-dimethyl-5-
isoxazolyl)amino]sulfonyl}{1,1'-
biphenyl)-2-ylimethyl)-N,3-
dimethylbutanamide

3.67

662

65

N-{[4-{(2-Butyl-4-axo-1,3-
diazaspiro[4.4]lnon-1-en-3-
ylmethyl]-2*-[i(3,4-dimethyl-5-

isoxazolyl)amino]sulfonyl][1,1-

biphenyl)-2-yllmethyl}-N,2,2-
trimethylpropanamide

3.80

662

56

N-[i4-[(2-Butyl-4-0x0-1,3-
diazaspiro[4.4)non-1-en-3-
ylmethyl}-2"-([(8,4-dimethyl-5-
isoxazolyl)amino)sulfonyl][1,1-
biphenyl)-2-yllmethyl}-3-methoxy-
N-methylpropanamide

o)
tﬁNJK/\O/

3.38

664

57

N-[(4-[(2-Butyl-4-ox0-1,3-
diazaspirol4.4Inon-1-en-3-
yDmethyl]-2-1i(3,4-dimethyl-5-
isoxazolyl)amino]sulfonyi][1,1-
biphenyl}-2-ylimethyl)-2-ethoxy-N-
methylacetamide

:‘NJK/O\/

3.26

664

658

N-{{4-{(2-Butyl-4-0x0-1,3-
diazaspiro[4.4Jnon-1-en-3-
ylimethyl]-2'-{{(3,4-dimethyl-5-
isoxagolyl)aminolsulfonyi}{1,1-
biphenyl]-2-ylimethyl})-N-methyl-2-

furancarboxamide

3.30

672

69

N-[{4-[(2-Butyl-4-0x0-1,3-
diazaspiro{4.4jnon-1-en-3-
yDmethyl]-2-{{(8,4-dimethyl-5-
isoxazolyl)aminc)sulfonyl} (1,1’
biphenyl}-2-ylimethyl]-N,4-
dimethylpentanamide

3.95

876
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N-{{4-[(2-Butyl-4-0x0-1,3-
diazaspiro[4.4)non-1-en-3-

yhmethyl}-2-{((3,4-dimethyl-5-

isaxazolyl)amino]sulfonyl}{1,1’-
biphenyl]-2-yllmethylj-N-
 methylbenzamide

' 3.66

682

61

N-l{4-{(2-Butyl-4-0x0-1,3-
diazaspirol4.4)non-1-en-3-
vi)methyl}-2-{{(3,4-dimethyl-5-
isoxazolyl)amino)sulfenyl}{1,1'-
biphenyl]-2-yljmethyl}-N-methyl-3-
thiophenecarboxamide.

3.59.

688

62

N-{4-[(2-Butyl-4-0xc-1,3-
di_azaspipolé.ﬂnqx_\___-l-en-a-
ylmethyl}-2*-{l(3,4-dimethyl-5-
isoxazolylamino}sulfonyl}{1,1"-
biphenyl}-2-ylimethyl}-N-
methylcyclopentaneacet-amide

3.82

688

63

N-{14-1(2-Butyl-4-0x0-1,3-
diazaspiro[4.4]non-1-en-3-

¥Dmethyl)-2-[I(3,4-dimethyl-5- |

3soxazolyl)ammo]mﬂfunyl]l1 1-
b:pheny]]-?—yl]meﬂ:yl]-N— i
methylcyclohexanecarbox—amlde

3.76

688

N-{{4- [(2-Butyl~4—oxo—1,3- '
diazaspirol4.4)non-1-en-3-

ylmethyl]-2-{((8,é-dimethyl-5- | * »

moxazolyl)ammolsulfonyll 11,1-
b:phenyll-z-yllmethyll-N,S- ’
dlmethylbenzamnde

3.82

696

66

N-{ l4-[(2-Buty1-4-oxo-1.3-
dlazaspn'o(‘l .4]non-1-en-3-
ylmethy))-2-[[(3,4-dimethyl-5-
isoxazolyDamino}sulfonyl](1,1"-
biphenyl)-2-yllmethyl)-N-
met.hylbenzeneaeetamxde

3.78

696

66

N-[4-[(2-Butyl-4-0x0-1,3-
diazaspiroj4.4)non-1-en-8-
yDmethyl)-2*-1((3,4-dimethyl-6- -
moxazolyl)ammolsnlfonyl]ll.l’
biphenyl]-z-yl]methyll-z—ﬂuoro-N-
' methylhenzamnde

3.46

700

N-((#((Z-Butyl—@oxo—l 3-
diazaspiro|4.4)non-1-en-3-
yl)methyll-2’-ﬂ(3 4-dimethyl-5-
jsoxazolyl)amino)sulfonyl)[1,1*-
bxphenyl]-z-yllmethull-s-ﬂuoro-N-
methylbenzamzde -

3.63

700
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N-{i4-[(2:Butyl-4-ox0-1.3-

diazaspiro(4.4jnon-1-en-3- =

yl)methyl]l-2-[((3,4-dimethyl-5- -
isoxazolyl)amino)sulfonyl}{1,1'-
biphenyl]-2-yllmethyl]-4-fluoro-N-
methylbenzamide

3.72

700

69

N-[[4-1(2-Butyl-4-0x0-1,3-
diazaspirol4.4Inon-1-en-3-
vmethyl)-2'-[[(3,4-dimethy)-5-
isoxazolvliamino)sulfonyl){1,1-
biphenyl)-2-yl)methyl)-N-
methylcyciohexaneacet-amide

3.96

702

70

N-[i4-[(2-Butyl-4-0x0-1,8-
diazaspiro{4.4)non-1-en-3-
ylmethyl)-2'-[[(3,4-dimethyi-5-
isoxazolvl)aminojsuifonyl] [1,1"-
biphenyl]-2-yl}methyl]-2-fluoro-N-
methylbenzeneacetamide

3.79

714

71

N-[l4-[(2-Butyl-4-0x0-1.3-
diazaspirol4.4jnon-1-en-3-
ylimethyl}-2"-[{3.4-dimethyl-5-
isoxazolyl)amino)sulfonyl){1,1'-
biphenyl)-2-yl)methyl}-3-fluoro-N-
methylbenzeneacetamide

3.82

714

72

N-[(4-[(2-Butyl-4-0x0-1,3-
diazaspiro{4.4]non-1-en-3-
ylimethyl)-2'-1{(8,4-dimethy}-5-
isoxazolyl)amino)sulfonyll{1,1"-
biphenyl]-2-yllmethyl)-4-fluoro-N-
methylbenzeneacetamide

3.82

714

73

N-{{4-{(2-Butyl-4-0x0-1,3- -
diazaspiro[4.4)non-1-en-3-
yDmethyl]-2'-[{(3,4-dimethyl-5-
isoxazolyl)amino)sulfonyl](1,1-
biphenyl]-2-ylimethy])-N.N°,N*-
trimethylurea

3.44

649

4

N-[i4-{(2-Butyl-4-0x0-1,3-
diazaspiro{4.4Jnon-1-en-8-
ylimethyl}-2-[[(3,4-dimethyl-5-
isoxazolyllamino)sulfonyl]{1,1-

" biphenyl)-2-yllmethyl)-N'-(1,1-

dimethylethyl)-N-methylurea

3.74 -

677
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{{4-{(2-Butyl-4-ox0-1,3-
diazaspirol4.4Jnon-1-en-3-
yhmethyl)-2-{1(3,4-dimethyl-5-
isoxazolyl)amino}sulfonyl}{1,1"-
bxphenyl]-2—
) yl]methyl]methylcarhamm acid -
ethvl ester

 3.69

650

76

[14-[(2- Butyl-4-oxo-1 3-
dzazasprroM Alnon-i-en-8-
ylimethylj-2-(l(3,4-dimethyi-5-
1soxazolv1)ammo]sulf0nyl]ll 1-
- biphenyl)-2- .

vlimethyllmethylearbamic aczd 2-

' methvlpropyl ester

4.01

678

N- ll4-l(2-But.v]-4-nxo—],3 )
diazaspiroi4.4lnon-1-en-3- -
ylmethy}]-2-(((3,4-dimethyl-5-
isoxazolyl :ammolsulfonyl][l 1-
biphenyl)-2-ylimethyl)-N,3;3-
trimethvlbutanamide

676

78

N-{(4-[¢ 2-Butvl-4~oxn-1 3-.
diazaspirol4 dlnon-1-en-3-
ylmethyl}-2-[(8,4-dimethy)-5-
isoxazolyliaminolsulfonyl){2.1-

biphenyll-2-vljmethyll-N-methyl-2- |

pyridinecarboxamide

3.33

683

79

N- ll4-I(2-Butvl-4-oxo-1.3~ .
diazaspirol4.4lnon-1-en-8-:
yhmethvlrz’ {(3,4-dimethyl-5-
isoxazolyl)aminolsulfanyl}{1,1’~

bxphenvl]-2—vllmethyl]-N-methyl-3— B

pyridinecarboxamide -

3.16

80

N-[[4-l(2-Butyl-4-oxo—1" -
diazaspiro{4.4jnon:1-

ylmethyl)-2-[[(3 4-ditethyl-5- .

xsomazolyl)ammo]aulfonyl] i1,1-

biphenyl}-Z:ylimethyl)-N-methy}-3- -

pvridinecarboxamide -

3.27

684

81

N-{[4:((2-Butyl-4-0x0-1,3- "
dinzaspiro{4.4)non:)-en-8-
yhmethyl)-2*-{((3,4-dimethyl-5-
isoxazolyl)aminojsulfonyl}(1,1-
biphenyl)-2-ylimethyl}-N,1-

3.64

685-

dimethy)-1H- gvrrole-z-carboxamide

82

N-ﬂ4-[(2-Butyl-4-oxo—1'3-,
_diazaspiro{4.4Jnon;1-
yl)lnethyll~2’ s, 4-d1met.hy1-5-
isoxazolyhamino}sulfonyl}[1,1-

biphenyl]- 2-y1]methyl]-N-meﬂ1y!— _

3.36

690

1.2 3-th1adxazole~4~carboxam1de )
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A
L

N-(I4-{ZButyl-4-0x0-13- | . - .+ N

diazaspifol4.4)non-1-en-3-
ylmethyl}-2-{[(3,4-dimethyl-5-
isoxazolyl)amino}sulfonyl}{1,1’-

biphenyl]-2-yllmethyl}-N.5-
dimethyl-2-pyrazinecarboxamide

AN

3.37

| 698

N-[[4-[(2-Butyl-4-0xc-1,3-
diazaspirol4.4]non-1-en-3- -
yhmethyl)-2*[[(3,4-dimethyl-5-
isoxazolyl)amino]sulfonylj{1,1-
biphenyl)-2-ylimethyl}-N,3,5-

trimethvl-4-isoxazolecarboxamide

f-{:
N\ O
z

\
7

7
¥

3.42

701

85

N-{{4-{(2-Butyl-4-0x0-1,3-
diazaspiroj4.4]non-1-en-3-
yhmethyl})-2*-[[(3,4-dimethyl-5-
isoxazolyBaminolsulfonyll{1,1-
biphenyl]-2-yllmethyl]-N.3-
dimethyl-2-thiophenecarboxamide

)

\
F

H
¥

3.66

702

86

N-[(4-{(2-Buty}-4-0x0-1,3-
diazaspiro(4.4]non-1-en-3-
yl)methyl}-2'-[{(3,4-dimethyl-5-
isoxazolyl)amino)sulfonyl}(1,1*-
biphenyl)-2-yllmethyl]-N.5-
dimethyvl-2-thiophenecarboxamide

%\
P
N

\
7
2

-3.72

702

87

N-{4-1(2-Butyl-4-0x0-1,3-
diazaspiro(4.4)non-1-en-3-
ylmethyl]-2-[{(3,4-dimethyl-5-
isoxazolyl)amino}sulfonyl){1,1'-
biphenyl]-2-yllmethyl}-3-cyano-N-
methylbenzamide :

P

\
z
5

345

88

N-{{4-[(2-Butyl-4-0x0-1,3-
diazaspiro[4.4)non-1-en-3-
yl)methyl}-2"-[[(3,4-dimethyl-5- .
isoxazolyl)amino)sulfonyl)[1.1™-
biphenyl]-2-yllmethyl)-4-cyano-N-
methylbenzamide

§

\
F
¥

3.49

707

89

N-{[4-{(2-Butyl-4-0x0-1,3-
diazaspirol4.4)non-1-en-3- -
yDmethyl)-2'-[{(3,4-dimethy}-5-
isoxazolylaminojsulfonyl][1,1'-
biphenyl])-2-yllmethyl}-2-methoxy-
N-methvlbenzamide

0

\
F
5

3.63

712

90

N-[{4-[{2-Butyl-4-0xc-1,3-
diazaspiro{4.4Inon-1-en-3-
ylimethyl}-2-{[(3,4-dimethyl-5-
isoxazolyl)aminojsulfonyl}{1,1'-
biphenyl)-2-ylimethyl]-2-chloro-N-

methylbenzamide

by

\
7

F
Q

3.77

717

91

N-[{4-[(2-Butyl-4-0x0-1,3-
diazaspiro(4.4]non-1-en-3-
yhmethyl]-2-{[(3,4-dimethyl-5-

isoxazolyl)amino]sulfonyl}(1,1- .
biphenyl}-2-ylimethyl]-3-chioro-N-
methylbenzamide

P

\
2

3.84

717
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diazaspirof4.4Inon-1-en-3-
ylimethyl)-2'-[[(3,4-dimethy)-5-
isoxazolyl)amino]sulfonyl}{1,1"-
biphenyl)-2-yllmethyl)-4-chloro-N- |. /N‘Mé
methylbenzamide :

N-(14-12-Butyl-4-ox0-1,3- .
N

887

- 17

93

N-[{4-{(2-Butyl-4-0x0-1,3-
diazaspirol4.4Jnon-1-en-8- -
yDmethyl)-2"-{[(3,4-dimethyl-5-
isoxazolyl)amino}sulfonyl}(1,1- _ e
bipheny))-2-vl)methyl)-2,3-difluoro- e
N-methylbenzamide .

3.66.

718

94

N-[[4-((2-Butyl-4-ox0-1,3-
diazaspirof4.4)non-1-en-3-
yimethyl)-2"-{l(3,4-dimethy}-5-
isoxazolyl)aminojsulfonyl] (1,1
biphenyl}-2-ylimethy1)-8,4-diflucro- AN e

. N-methylbenzamide :

95

N-{{4-{(2-Butyl-4-ox0-1,3-
diazaspirol/4.4]non-1:en-3-
ylimethyl)-2-[{(3,4-dimethy)-5-
isoxazolyl)amino)sulfonyi}{1,1-
biphenyl)-2-yl)methyl}-8,5-difluoro-
N-methylbenzamide

3.76

718

3.76

718

96 4-Acetyl-N-[|4-[(2-buty]-4-0x0-1,3-
diazaspirof4.dlnon-1-en-3- -

vhimethyl]-2'-(((8,4-dimethyl-5-

isoxazolyl)amino}sulfonyl)(1.1'-
biphenyll-2-ylimethyl)-N-

" . methylbenzamide -

3.48

724

97

: e
N-[{4-[(2-Buty}-4-oxo0-1,3- -
diazaspirol4.4]non-1-en-8- :
ylmethyll-2-{{(3.4-dimethyl-5- S O

isoxazolyl)amino)sulfonyl][1,1*- M., OEt
biphenyl)-2-ylimethyl)-8-ethoxy-N- - '
methyl-2-thiophenecarboxamide

3.63

782

The following examples were synthésized by combinations of the General

Methods.
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© s

CETETY-ETEL)

Mz
(ME)*

Purity

HPLC ret
time, min
tmethod)

98

£

o Me

i

4’-[(2-Butyi-4-oxo-
. 1,3
diazaspiro[4.4Jnon
-1-en-3-yDmethyl}-
N-(8.4-dimethyl-5-
isoxazolyD)(1,1'-
biphenyll-2-
sulfonamide

Do ummar® 0Zwanran

4,7
(32)

535

>98

15.00
(D

29

4°-{(2-Butyl-4-oxo-
- 1,8-
diazaspiro(4.4]non
-1-en-3-ylimethyl)-
N-(3.4-dimethyl-5-
isoxazolyl)-2*-
{tpropylsulfonyl)a
mino){1,1-
biphenyl}-2-
_sulfonamide

123

i 24 (67" -

656

98

14.58
(E)

100

M Mt}:
N%*r?»

N-[[2"-{[(8.4-

. Dimethyl-5-
isoxazolyl)amino)s
. ulfonyll[1,1-
biphenyl]-4-
yllmethyl}-N-(1-
oxopentyl)-L-
valine methyl
ester

Pi7

5,6
(16);
9 (60)

556

>98

16.27
(F)

101

o
WY

-]

o.(?w

N-l{2-{i(3,4-
Dimethyl-5-
isoxazolyl)amino)s
ulfonyl] (1,1
biphenyl]-4-
ylimethyl)-N-(1-
oxopentyl)-L-
valine methyl

ester

100

15 (40)

542

>98

13.55
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| N-(3.4-Dimethyl-5-

isoxazolyl)-2>-((8,3-
dimethyl-2-ox0-1-
pvrrolidinyl)methy
1}-4-(2-propyl-4-
oxo-1,3-
diazaspiro{4.4Inon
-1'en-3-

Yimethyl]{1,1-

biphenyl)-2-
_sulfonamide

5C .

“4(65); ;
19,1 .
(70);

5 (36);
9 (50)

646

97 7.92

(E)

<t

108

N-[12-[((8,4-
Dimethyl-5-
isoxazolyl)amino}s
ulionyl)-4-|(2-

- ethy)5,7-
dimethyl-3H-

" imidazo[4,5-
“bipyridin-3-
yhmethyll[1,1-
biphenyl}-2-
ylimethyl)-N,3,3-
trimetliylbutanam
! ide

4(32)
7.6 |
(80)

657

26.46
(B)

>98

104

o REf12-(((34-
Dimethy}-5-
isoxazolyl)aniino)s
. uMonyl}(1,1- -
biphenyl)os-
vlimethyl]-N*(1-
" oxopentyl)-L-
valinamide

101

12,
NH,
(70) 1

541

98 11.39

(B}

106

TN[12-((8,4-
Dimethyl-5-

isoxazolyl)amino)s -

" ulfonyll{1,1-
biphenyl}-4-
yllmethyll-N-
methyl-N*(3-
oxopentyl)-1~
valinamide

101

12,
MeNH,
67

o8 11.27 -

(F)

106

NL{(2-{(34- .
Dimethyl-5- -
isoxazolyl)aminols
ulfonyl)[1,1-
biphenyl}-4-
ylimethyl}-N,N.- .
dimethyl-N’«(1-
oxopentyl)-L-
. valinamide

101

12,

Me,NH
12y

12.28
¢ )

94
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w%w%

4"-|(2-Butyl-4-oxo-
13-
diazaspirol4.4lnon
-1-en-3-ylmethyll-
N-(8,4-dimethyl-5-
isoxazolyl)-2-
2,2,2-
trifluoroethyl)ami
nojmethy3(1,1-
biphenyl}-2-
sulfonamide

P4

,:2(90); .
437); |

5 (56);
8,
EtO
(31)

646

>99

3.46
(4)

108

4-1(2-Butyl-4-oxo-
13-
diazaspiro{4.4lnon
-1-en-3-yl)methyl)-
2-{1(8,4-dimethyl-
by

immlyl)anﬁno)s
ulfonyl){1,1-
biphenyl]-2-
carboxylic acid

110

15(62)

678

95

109

4*-{(2-Buty)-4-oxo-
1,3
diazaspirold.4)non
-1-en-8-yl)methyl)-
isoxazolyl)-2"-
(trifinoromethyl{1
»1"-biphenyl}-2-
sulfonamide

P9

4 (60);
10 (90)

603

94

2.33
(D)

110

"4-[(2-Butyl-4-oxo-
e
diazaspiro[4.4}non
-1-en-3-ylmethyl}-
2"-[1(8,4-dimethyl-

" B

'} isoxazolyl)aminojs

ulfonyl}(1,1*-

biphenyl}-2-
carboxylic acid
methy] ester

methyl
2-bro-

methyl-
benzo-
ate

13,4
(61);
1(50);

MeOH
- (3

593

342
(A)

11

™-((2-Butyl-4-oxo0-

13-
diazaspiro(4.4inon
-1-en-8-yhmethyl]-
N-(8,4-dimethyl-5-

isoxazalyl)-2"-
(methoxymethyl)(1

,1-biphenyll-2-
sulfonamide

4 (53);
7(58)

579

>98

16.26
(E)
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4-{(2-Butyl-4-oxo-
13-
diazaspiro{4.4jnon
-1-en-3-yl)methyl)-
N-(8,4-dimethyl-5-
isoxazolyl)-2'-
fluoro(1,1'-
biphenyl]}-2-
__sulfonamide

P12

4 (82);
7(85)

>99 | 25.80

(B)

113

2'«(Cvanomethyl)-
N-(8,4-dimethyl-5-
isoxazolyl)-4™-[(2-
ethyl-5,7-
dimethyl-3H-

. imidazof4,5-
blpyridin-3-
ylmethyl)[1,1"-
biphenyl}-2-
sulfonamide

P12

16,8.4
(35); 8,
EtOH
"(81)

[+
(<
[<4]

97 3.16

(A)

114

4-{(2-Butyl-4-oxo-
©18
diazaspiro{4.4)non

-1-en-3-yl’methyl]-.

2'-{cyanométhyl)-
N-(3,4-dimethyl-5-
isoxazolyl}(1,1™-
-biphenyl)-2-
sulforiamide

P12.

16, 3,4
(35); 8,

" (62)

96 3.36

a)

115

4'-((2-Butyl-4-oxo-
- 1,8

diazaspiro(4.4jnon

-1-en-8-yDmethyl)-
2'-(cyanomethyl)-

N-(3,4-dimethy}-5- |

_isoxazolyD{,1- -
biphenyl-2- -
sulfonamide

P3

3(88):
4 (45});
10 (40)

560

>97 3.31

(©)

116

*|(2:Butyl-4-oxo0-
©.1.8
diazaspiro|4.4]non
-1-en-3-yDmethyl)-
N-(3,4-dimethyl-5-
isoxazolyl)-2'- -
me;hylllyl"
biphenyl)-2-

P?7

11
(83);
2(87);
4(70);
1(85);
7(20)

549

27.21
(B)

o8

SUBSTITUTE SHEET (RULE 26)

sulfonamide

. -152-



Ak
SIRXC

WO 00/01389

PCT/US99/15063

117

2.Cyano:N-(3,4-
dimethyl-5-
isoxazolyl)-4'-[(2-
ethyl-5,7-
dimethyl-3H-
imidazo{4,5-
bjpyridin-3-
yhmethyl)(1,1™-
biphenyl}-2-

sulfonamide

P3 3:2:; 541 | 98 | 3.10 |
4 5 '
10 (38) (4)

118

12-[1(8.4-
Dimethyl-5-
isoxazolyllamino)s
ulfonyl)-2-
methyl|1,1-
biphenyl)-4-

C:
'\f?‘w ylmethyl}-N-
. methyl-N’-(1-

oxopentyl)-L~
valinamide

P15 gggg;:; 569 | >99 215
10(303| ® -

e e e b

119

N-(3.4-Dimethy]-5-
isoxazolyl)-4'-[(2-
ethyl}-5,7-
dimethyl-3H-
imidazol4,5-
bipyridin-8-
ylimethyl)-2
(l2,2,2-
trifluorcethyllami
nolmethyl}[1,1'-
biphenyl)-2-

sulfonamide

P4 53‘23’: © 627 89 3.10
1 448);

© o 5(83y ¢ &)

10(15 |

120

N-[4-[(2-Butyl-4-
axo0-1,3-
diazaspiro{4.4inon
-1-en-3-yl)methyl]-
2'-[[(8,4-dimethyl-
-

isoxazolyl)amino]s
uifonyll(1,1"-
biphenyl}-2-
yllbenzene-
acetamide

122 | 6(27) { 668 97 14.97
60

121

N-f4-{(2-Butyl-4-
0x0-1,3-

. diazaspiro{4.4Jnon

-1-en-8-y)methyl)-
2-{[(3,4-dimethyl-
5

isoxazolyl)amino]s
ulfonyljl1,1- -
biphenyl}-2-y1)-8,3-
dimethylbutanami
~_de

122 | 6(36) | 648 >98 16.38
(N

- 158 -
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122

-Amino-4’-[(2-
buty)-4-oxo0-1,3-
diazaspirol4.4inon
-1-en-3-yl)methyl}-
N-(8,4-dimethy)-5-
isoxazolyl}{1,1-
biphenyl)-2-
sulfonamide

123

18(75) ;

550

>98 | 839(D

123

4'-{(2-Butyl-4-oxo0-
1,8
diazaspirol4.4jnon
-1-en-3-yl)methyl]-
N-(3,4-dimethyl-5-
isoxazolyl)-2'-
. nitro{1,1-
biphenyl]-2-
sulfonamide

P22

793

580

1117
4y

>98

124

N-[[2-[(3.4-
Dimethyl-5-

isoxazolyl)amino)s

ulfonyl){1,1-

biphenyl)-4-
ylhmethyl)-N-
methyl- N*(1-
oxopropyl)-L-
isoleucinamide

P16

5(85);
6, 10
162)

1.00

96
(@

L ‘Nz-.
{Cyclopropylearbo

nyh- N*-{[2-{[(3.4-

- dimethyl-5-
isoxazolyl)amino}s
ulfonyll(1,1-

" methyl-L-

isoleucinamide

P16

5(85n
6.10
(62)

6553

1.09
(@)

96

126

N-[(2-(I(38.4-
Dimethyl-6-
isoxazolyllamino)s
ulfﬂnyll [1!1 T
biphenyl}-4-
Yimethyl]-N-
methyi- N*-(1-oxo-
8-phenylpropyl)-L-
isoleucinamide

P16

6 (855
6,10
(64)

617

- 1.63
Q)

96

127

NL{[2-1((3,9-

- ‘Dimethyl-5- -
isoxazolyDamino}s
uHonyl}(1,1-
biphenyl]-4-
ylmethyll-N-
methyl- N*-{3-
methyl-1-
oxobutyl)-L~

Pi6

5 (85);
6,10
(58)

569

147
@

o8

_isoleucinamide

v -154 -
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W,'}?ﬂ,‘m
T

N-[12-[(8,4-
Dimethyl-5-
isoxazolyl)amino}s
ulfonyl}{1,2-
biphenyl}-4-
ylimethyl)-N-
methyl- N*4(1-
oxohexyl)-L-

isoleucinamide -

Pile

5(86); ¢
6,10
(75)

583

98 1.74
Q)

129

3

N-[[2-l(3,4-
Dimethy)-5-
isoxazolyljamino]s
ulfonyl] (1,1~
biphenyl]-4-
yllmethyl)-N-
methyl- N*<(1-
oxobutyl)-L-

isoleucinamide

P16

. 5(85); :

6,10 i
(62)

o - i ot o b

o
o1
o

96 131
- G)

130

N-[[2-[(3,4-
Dimethyl-5-
isoxazolyl)amino)s
ulfonyl){1,1"-
biphenyl}-4-
vi)methyl]-N-
methyl- N*(1-
oxopropyl)-1-
leucinamide

P16

5(83);

6,10 .

(75}

541

90 1.01
(G}

131

(Cyclopropylcarbo
nyl)- N*-([2-[1(3.4-
dimethyl-5-
isoxazolyl)amino}s
ulfonyli{1,1-
biphenyll-4-
ylimethyl]-N-

m -L-

leucinamide

P16

" {79). !

5(83);
6,10 |

o
[34}
o

95 111
(G)

132

f2-[(3,4-
Dimethyl-5- -
isoxazolyl)amino]s
ulfonyl}{1,1-
biphenyl}-4-
ylimethyll-N-
methyl- N*-(1-oxo-
3-phenylpropyl)-L-
leucinamide

Pi6é

5(83);
6,10 -
(20)

617

95 1.08
(¢

138

rett
St

N-[12-1K3,4- "
Dimethyl-5-
isoxazolyl)aminols
ulfonyl}(1,1-
biphenyl]-4-
yilmethyl}-N-
methyl- N
(phenylacetyl}L-

leucinamide

P18

5(88) i
6,10
(20)

603

95 1.68
()]

- 165 -
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134 - ‘ N-{[2-(((8.,4- P16 | 5(83% | 569 | 90 151
M’Q Dimethyl-5- 6,10 | @)
isoxazolyl)amino)s .(62)
- ulfonyl}f1,1-
o, biphenyll-4-
\.(?*m ‘'ylImiethyl)-N-
- oM methyl- N°«8-
: methyl-1-
oxobutyl)}-L-
‘leucinamide

N*-[]2-[1(3,4- P16 | 5(88); | 588 97 | 176
Dimethy}-5- 6, 10 @)
isoxazolyl)amino]s 47

ulfonyl){1,1- 1

bipbenylj4-
yilmethyl]-N-
methyl- N*-(1-
‘oxohexyl)-L-
léucinamide

186

136 } N™-{[2-]i(8,4- P16 | 5(83; | 555 | 94 1.29
P Dimethyl-5- 6,10 @

N . 1soxazolyl)ammo]s (64)
' ulfonyi}{1,1- '
0, biphenyl)-4-
Me yl]metlwl}-N-

H E niethyl- N°(1-
oxobutyl)-L-
Jeucinamide

187 Z N2 (18,4 Pie | 5(89)% | 527 90 0.73
y E H Dunethyl-ﬁ- 6,10 . I(e))
Me isoxazolylamino}s (39}
' . ‘nlfonyl)[1,1-
biphenyl)-4-
ylimeéthyl)-N-
metbyl- N-(1-

PAN% S Ple 56 (3193; 539 98 | 0.89
(Cydopropylcarbo 1 6, ()
nyl)- N*-(12{1(8,4- (66) @
dimethyl-ﬁ-
1suxazolyl)ammo]s
lfenylliL,1

' yl]methyl]I;N-

138

~ - -166-
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139

N-{12'}3,4-
Dimethyl-5-
isoxazolyl)amino)s
ulfonyl}{1,1*
biphenyl}-4-
‘yllmethyl]-N-
methyl- N°(1-oxo-
3-phenylpropyl)-L-
valinamide

P16

1:5.188)
176,10

®

. 608

95 1.63
(G)

140

{12-3,4-
Dimethy)-5-
isoxazolyl)amino]s
uifonyl}(1,1*-
biphenyl}-4-

Me yllmethyl)-N-

methyl- N*-
(phenylacetyl)-1-
valinamide

P16

5 (89);
6,10
(54)

589

93 1.63
| @

141 ""C—enzl:ﬁ

N.[[2-[(3,4-
Dimethyl-5-
isoxazolyl)amino]s
ulfonyl}(1,1-
biphenyl]-4-
Ne ylimethyl}-N-
methyl- N>(8-
‘methyl-1-
oxobutyl)-L-
valinamide

P18

5(89);
6,10
(45)

556

98 1.37
' (@

142

NE-(12-11(8,4-
Dimethyl-5-
isoxazolyl)amino}s
ulfonyl}{1,1-
biphenyl)-4-
yllmethyl}-N-
methyl- N°(1-
oxohexyl)-L-
valinamide

P16

5(89),
6,10
{61)

569

98 1.58
Q)

148

N-[[2-[((3,4-
‘Dimethyl-5-
isoxazolyl)aminols
ulfonyl){1,1-

" biphenylj-4-
ylimethyl)-N-
methyl- N°(1-

oxobutyi)-L-
valinamide

P16

5 (89);
6,10
(43)

541

o8 1.66
@G)

144

N-{(2-[K3,4-
Dimiethyl-5-
isoxazolyl)amino)s

ulfonyl)(1,1'-.
biphenyl)-4-
ylimethyl)-N-
ethyl- N(1-
oxopentyl)-L-
valinamide

P17

5(87);
6 (98);
9 (65);

(85); -
12 (85)

569

>97 | 12.94
1)

- 1567 -

SUBSTITUTE SHEET (RULE 26)




WO 00/61389

PCT/US99/15063

146

N-{[2-{i(3,4-
Dimethyl-5-
isoxazolyl)aminojs
ulfonyn 11.1"
biphenyl)-4-
vl}methyl]-N-
_hexyl- N*(1-
oxopentyl)-1-

valinamide

P17

5(87; -
6(93); :
9 (66); |
15 .
(85)%;
12(85) |

625

>98 | 2219

(F)

148

N-[]2-1(8,4

ulfonyl}-2-
cyanoll1,1*

: blphenylH-
vhimethyl]-N-
methylFN(1-
oxopentyl)-L-

!gpamade

Dunethyl—5— L
isoxazolyllamino)s

17
{58);
5,6
(49); -

10 (14)

380

>98 | 3.78

<

147

e

o
Yo
¥)methyl}-N-

N-{12"-[1(3,4-
Dxmethy]-5-
isoxazalyl)aminols
- ulfonyll-2-
hvdroxymethylll 1

enyl)-4-

- methy}N*(1-
oxopentyl)-L-

P}

ST,
6192); :
10(17)

- 985

94 3.82,
3.90
{A)
{two di-
astere-
omers)

148

4-[(2-But}'l-4-oxo- .
18-
: d:azaspxroM 4)naon

Il 3,4-dimethyl-

1soxazolyl)ammols
ulfonyl] [l.1-
biphenyl}-2-

108

12(331

578

29 3.16
(A)

_ carboxarnide

149

N N-Diméthy}-4-

((2—bntyl-4foxo-l 3-
diazaapiroi4.4jnon
-1-en-3-yl)methyl]-
2- ([(3,4-d1methyl-

biphenyll-2-
carboxamtde

108

12(61)

606

99 3.22
(A)
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150

N-Meth¥d-1(2-
butyl-4-oxo-1,3-
diazaspiro{4.4Jnon
-1-en-8-ylmethyll-
2-{{(3.4-dimethyl-
5.

isoxazolyhaminols
ulfonyll(1,1-
biphenyl]-2-
carboxamide

99 3.17
(A)

151

N-(3,4-Dimethyl-5-
isoxazolyl)-4"-
l( 1.415r6)7’8'
hexahydro-8-oxo-
2-propyl-1-

cycloheptimidazoly

1imethyl]-2-
(methoxymethyl)[1
.1-biphenyl)-2-
suifonamide

P2

11
(87);
3 (38);

8(42)

11.58
(E)

>98

152

N-(3.4-Dimethyl-5-
isoxazolvl-4"-[|(3-
methoxy-2.6-
dimethyl-4-
pyridinylioxylmet
hyl)-2"-methyl(1,1"-
biphenyl)-2-
sulfonamide

P13

4(20);
727

508

153

Me O; ?
H

N-(8,4-Dimethyl-5-
isoxazolyl)-4™-
[(1.4,5.6,7,8-
hexahydro-8-oxo-
2-propyl-1-
cycloheptimidazoly
methyl)-2-
methy}(1,1"-
biphenyl}-2-
sulfonamide

P13

21
(60);
7(20)

1 >98

154

N-[[2-]((3.4-
Dimethyl}-5-
isoxazolyl)amino]s
" ulfonyl)-2-
(methoxymethyl)(1
+1"-biphenyl)-4-
‘ylimethyl]-N-

" methyl-N(1-
oxdpentyl)-L-
valinamide

P20

5 (90;
6 (90);
742)

599

12.71,
12.95 (F),
migrates

as
diastere-
omers

>98

-~ 169 -
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156

" N8 4-Dimethyl-5-

isoxazolyl)-4’-
{( 1;.4|5|697 '.8'
hexahydro-8-oxo-
2-propyl-1-
cycloheptimidazoly
Dmethyl)-2'-
(hydroxymethyl)[1,
1" -biphenyl}-2-
sulfonamide

P14

21° | 563 | >98 | 2.99
29y . ' (A)
8.
EtOH
(82)

166

2'-Chloro-N-(3,4-
dimethyl-5-
isoxazolyl)}-4*-
[i¢5,6,7.8-
tetrahydro-2-ethyl-
. 8
quinolinylloxylmet
hyli{1,1-biphenyl]-
2-sulfonamide

P10

4,8 . 553 a7 1.69

157

N-[{2-1((3,4-
Dimethyl-5-
isoxazolyl)amino)s

ulfonyl}-2-
fluorofl, 1"
biphenyl]-4-
yllmethyl]-N-
methyl-N-(1-
oxopentyl)-L~
valinamide

Ps

5(30); ; 573 >98 30.02
6(34); (B)
7 145) i

158

4%[(2-Butyl-4-oxo-
18-
diazespiro[4.4)non
-1-en-3-ylimethyl}-
N-(3,4-dimethy)-5-
isoxazolyl)-2'-
{phengxymethyl)[1
+1"-biphenyl)-2-
sulfonamide

42A

3(705 | 641 94 19.91

22
(68); . M
7(76)

159

N-l2-[(8,4-
Dimethyl-5-
isoxazolyl)amino)s
ulfonyll-2-(1H-
pyrazol-}-
ylmethyl){3,1-
biphenyl)-4-
vi}methyl]-N-
methyl-N"-(1- .

oxopentyl)-L-

Pl

1 8(99),

5(77); | - 635 95 4.08
6 (92); (A)

4 (69);
23 (18)

v_alinamide

-160 -
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N°.
(Cyclopropylcarbo
nyl)-N*-[(2"-[(3,4-
dimethyl-5-
isoxazolyl)amino)s
- ulfonyll(1,1-
biphenyl]-4-
yl)methyl]-N,N-
dimethyl-L-
valinamide

P16

6,10
(28)

5 (B5); '

558

258
(D)

88

161

N.{[2-1((3,4-
Dimethyl-5-
isoxazolyl)amino)s

/  ulfonyl}i1,1-
biphenyl)-4-
ylimethyl)-N,N-
dimethyl-N*-(1-
oxobutyl)-L-
valinamide

P16

5 (85);
6,10
(33)

566

93 | 2.82

(D)

162

N
(Cyclopropyicarbo
nyl)- N*-{{2-[{(3,4-

dimethyl-5-
isoxazolyl)amino]s
ulfonyl}-2-
{methoxymethyl){1
,1-biphenyl]-4-
ylimethyl]-N,N-
dimethyl-L-
valinamide

5 (50);
6, 8,
EtOH
(56)

597

>08 | 2.50,2.63

(migrates
as

omers)

168

N-[I2"{i(3,4-
Dimethy)-5-
isoxazolyl)aminols
uifonyl]-2-
{methoxymethyl)[1
,Y-biphenyl)-4-
y¥llmethyl]-N,N-

_ dimethyl-N’<(1-

oxobutyl)-L-

P2

5 (60);
6,8,

G

599

2,92, 3.02
(D)
(migrates
as
diastere-
omers)

96

valinamide _

1164

N*{{2-Chloro-2"-

P

5 (69);
6,10

50

590

96 3.03

(D)

-161 -
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166

N*[[2-[I(3,4-
Dimethyl-5-
nsoxazolyl)ammo]s

ulfonyl]-2-
(trifluoromethyl){1
;1"-biphenyl)-4-
yllmethyl]-N-
methyl-N'-(1-
. oxopentyl)-L-
valinamide
Nl

P6

5(80);
6, 10
(83)

623 | 95 2,93, 3.05

(migrates

diastere-
omers)

167

(Cyclobutylcarbnn
YD-N-[12-11(3 4~

dnnethyl-ti- '
{ isoxazolyl)amino)s
_ulfonyl}{1,1-
 biphenyl)-4-
- yimethyl)-N-

methyl-L-
valinamide

Pie

5

(85); .

(35)

563 | 98 .| 282

(D)

1-((2—Chloro-2'-
{[¢3,4-dimethy]-6-
isoxazolyl)aminols
* ulfonyl){1,1-
biphenyl)-4-
. yl]methyll-al—ethyl-
" 2-propyl-1H-
imidazole-5-

168 |

. | -1-en-3-ylimethyl)-

._carboxylic acid
4- l(2-Butyl-4—oxo—

P10

8,

22
(60);

EtOH I
(90);
1 16(989)

>98 3.04

(A)

' dlazaspn'oh 4)non -

N-(3 Mmethyl—E-

169

122

24 (25)

628

>98 | 11.48

E)

101

12 (43)

624

>98 | 28.26

®)

- -~162-
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170

%
s

(S)-N-[[2%]((3,4-
Dimethyl-5-
isoxazolyl)amino]s
ulfonyl}{1,1-
biphenyl}-4-
ylimethyl]-N-(2-
methyl-1-[(4-
methyl-1-
piperazinyl)carbon
yllpropyllpentana

_mide -

101

1:12180) |

609

>98

34.45
(B)

171

):E,.

“~

N-(8,8-
Dimethylbutyl)-
N-{12-[K(8,¢-
dimethyl-5-
isoxazolyl)amino]s
ulfonyl}ll,1-
biphenyl]-4-
methyl)-N*-(1-
oxopentyl)-L-

valinamide

101

12(38)

625

>08

38.97
(B)

172

(-]
Me
1

N[[2-(1(8,4-
Dimethyl-5-
isoxazolyl)amino)s
“lf‘myn l111'°
biphenyl}-4-
ylimethyl]-N-{(4-
fluorophenyl)meth

yl-N*(1-
oxopentyl)-1-
valingmide

101

12(38) |

649

>08

32.90
(B)

178

4"-{(2-Butyl-4-oxo-
1,3-
diazaspirol4.4Jnon
-1-en-3-yl)methyl)-
N-(3,4-dimethyl-5-
isoxazolyl)-2'-
((methylethoxy)me
thyll(1,1-
biphenyl]-2-
sulfonamide

- 42A

2(6e7);
4 (61);
7(62)

607

97

13.59
(E)

174

4-[(2-Butyl-4-oxo-
‘1,8
diazaspirol4.4Jnon
-1-en-3-y)methyl}-
N-(3,4-dimethyl-5-
isoxazolyl)-2-
(propoxymethyl)i1,
"biphenyl)-2-
sulfonamide

42A

2(67);
4 (49);
7 (68)

607

>97

20.61
(E)

-168 -
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4-Chloro-1-{{2'-

1i(3,4-dimethyl-5-
isoxazolyl)amino)s

ulfonyl){1,1*-

biphenyl}-4-

‘yllmethyl)-2-

propyl-1H-

" imidazole-5-

carboxamide

P19

22 .

(87);
25
47);.
8,HO
(99);
12(85)

529

>98 | 3.69
(A)

176

N-(3,4-Dimethyl-5-
isoxazolyl)-2*-
fluoro-4*

l( 1,4;5»61718'-
hexahydro-8-oxo-
2-propyl-1-
cycloheptimidazoly
Dmetbyl)(1,1-
biphenyl]-2-
sulfonamide

]

21
(15);
7(16)

551

>98 | 6.78 (J)

177

4'-[(2-Butyl-4-oxo-
18
diazaspiro(4.4]non
-1-en-3-vimethy})-
2"[(3,2-dihydro-2-
. oxol-
pyﬁdin_jrl")méthyll-
N-(3,4-dimethyl-5-
_ isoxazolyl){1,1-
biphienyl}-2-

42A

2(67):
4(72);
T(21)

642

>897 | 13.59
(E)

sulfonamide

178 |

4-[(2-Butyl-4-0xo-
. 18-
diazaspiro[4.4)non
-1-en-8-yDmethyl}-
N-(3,4-diinethyl-5-
isoxazolyl)-2’-{1H-
pyrazolfl-
¥lmethyl){1,1-
biphenyl)-2-
sulfonamide

P1

3 (98);
4,11
(35)

8,4,7
(18)

615

97 3.42
a)

178

2-Buty):4-chlore-1-

o l2-llas-
dimethyl-5-
isoxazelylaminols
ulfonyll{1,1*

~ biphenyl}-4-
ylimethyl}-1H- -
imidazole-5-

r1o

(43);
25; 8,
H0;12
(19)

543

94 3.82
A)

catpo;amiae

-164 -
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180 DR N«(8,4-Difitethyl-5- | P18 }:4{79% ;: 500 98 224 |
Nm . isoxazolyl)-4"-{(2- 18 B)
' methyl-4- EtOH
. quinolinyloxy)met (26)
hyl}[1,1-biphenyi])-
% (?_ - 2-sulfonamide
H i
81| *® N-(3,4-Dimethyl-5- [ P18 | 4(49); | 514 | 93 23.25
m isoxazolyl)-4"-[{(2- 8, B)
o ethyl-4- EtOH ; :
quinolinyloxy)met 30) :
hyll(1,1-biphenyl]-
x (?_ 2-sulfonamide
H " -
182 ¢® N-(3,4-Dimethyl-5- | P18 | 4(79: i 518 93 3.49
m isoxazolyl)-4"-[[(2- 8, (A)
" ethyl-5,6,7.8- EtOH
tetrahydro-4- 3
. quinolinyl)oxylmet
& v | BYDILY-biphenyl)-
o 2-sulfonamide i
183 : N-(3,4-Dimethyl-5- | P18 | 4(47): . 528 97 3.50
m- isoxazolyl)-4*-{l(2- 8 (A) |
.propyl-4- EtOH
quinolinyl)oxy)met (20)
hyl)(1,1’-biphenyl)-
by (?, 2-sulfonamide
" Me . _ )
184 "\r N-(3,4-Dimethyl-5- | P18 | 4(79); 518 >98 3.0b
isoxazolyl)-4* 8, (A)
1(5,6,7.8- EtOH
: ) tetrahydro-2,4- (20)
dimethy)-7-
Y e oxopyrido|2,3-
" d]pyrimidin-8-
yhmethyll[1,1’-
biphenyl]-2-
_ sulfonamide
185 € [[(2-Ethy)-4- P18 | 4(20); | 639 93 3.43
T;O quinolinyhoxylmet 8, (A)
- hyl)-N-(3,4- EtOH
dimethyl-5- (33)
isoxazolyl)-2-[(8,3-
& dimethyl-2-0xo-1-
H ' | pyrrolidinyl)methy
1}(1,1*-biphenyl]-2-
sulfonamide
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T N34 Dimethyl 5

isoxazolyl)-2-{(8,3-
dimethyl-2-oxo0-1-

| pyrrolidinyl)methy

1]-4"-1115.5,7,3':

. | tetrahydro-2-ethyl-

4-

quinolinyl)oxyjmet

hyl)[1,1-bipheniyl)-
2-sulfonamide

P18

4(63); |
8,
EtOH
®

643

92

3.79
O

187

3-([2-[K8,4-
" Dimethyl-5-
isoxazolyl)amino)s
‘ulfonyl}f1,1-

. biphenyl}-4-

Ylimethy))-2-ethyl-

. N-methyl-3H-
benzimidazole-4-
carboxamide

31

12(12)

92

2.80
(A)

188

1-{[2-[1(3,4-

Dimethyl-5- -
isoxazolyl)amixio)s

ulfonyl](1,1- -

_ biphenyl}-4-
yl)methyl]-2-ethyl-
1H-benzimidazole-
7-carboxylic-acid
phenylmethy]

5

20(55) ,

621

96

3.95
(6},

189 [

1-[[2-([(8,4-
- Dimethyl-6-

" | inoxazolyl)amino)s

ulfonyl}[1,1"-
biphenyl}-4-
yllmethyl}-2-ethyl-
1H-benziniidazole-
7-carboxylic acid
2-phenylethyl
" _ester

31

20(12)

635

>98

4.03
©)

190

2-{{2"-[1(8,4-
Dimethyl-5-
isoxazolyl)aminojs
ulfonylj{1,1
- biphenyll-4- -
ylimethyl)-2-ethyl-
1H-benzimidazole-
7-carboxylic acid:
2-(2-0x0-1- " .

pyrrolidinyDethyl

31

20 (48)

642

>98

3.15
©

ester
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0,
S,

P

o'

1-[12-((3,4-
Dimethyl-5-

 isoxazolyl)amino)s

ulfonyl)[1,1-
bipheny}}-4-
yllmethyl)-2-ethyl-
1H-benzimidazole-
7-carboxylic acid
3-(2-0x0-1-
pyrrolidinyl)propyl
ester

81

20 (303

656

>98

3.21
(C)

192

2-Cyano-N«3,4-
dimethyl-5-
isoxazolyl)>-4*-([(2-
ethyl)-4-
quinolinyloxy)met
hyll{1,1-biphenyl)-
2-sulfonamide

Ps

3,4
(59);
10(60)

539

>98

3.01
©)

193

2’«(Cyanomethyl)-
N-(3,4-dimethy}-b-
isoxazolyl)-4'-
I(1,4,5,6,7,8-
hexahydro-8-0xo-
2-propyl-1-
cycloheptimidazoly
l)methyl)[1,1-
biphenyl]-2-
sulfonamide

riz

16,3

(73); |

46);

EtOH(
16)

96

2.95
(A)

194

3-[[2%1(3,4-
Dimethyl-5-
isoxazolyl)aminols
ulfonyu [191 - ’
biphenyl}-4-
ylimethyl)-5-ethyl-
N-methyl-2-
imidazoje-4-
carboxamide

40B

12,

ag) |

536

>98

'2.88

()

195

1-{(2-Chloro-2'-
[[(3,4-dimethyl-5-
isoxazolyl)aminojs
ulfonyl)(1,1-
biphenyl}-4--
ylimethyl]-4-ethyl)-
2-propyl-1H-
imidazole-5-

167

12,

NH,
an

657

>98

3.08
A)

" carboxamide
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3.[[2-[[(3,4-
Dimethyl-5-

isoxazolyl)amino)s |

ulfonyl}(1,1-
biphenyl}-4-
yiimethyl]-5-ethyl-
- 2-propyl-3H-
imidazole-4-
carboxaniide

40B

(16)

| 522

>98 | 2.79

(©

187

8-[12-[K(8,4-
Dimethy}-5-
isoxazolyl)amino)s
ulfonyn _[1’1" :
biphenyl)4-
ylimethyl}-2-
ethoxy-N-methyl-
SH-benzimidazole-
4-carboxam1de

12,
(32)

560

>898 | 3.31

(A)

198

3-[[2'-[|(3 4-
Dunethyl-s-
1soxaznlyl)ammols
_ ulfonylj{1,1"-
b:phenyl]-4-

carboxamide -

29

12,

(5)

574

>08 | 342

(A)

199

2-{12" ll(3,4-
D:methyl-s—
mumly])ammo]s
ulfonyl}(1,1-
biphenyl)-4-
yl)methyl}wowla
mno]-s-
yndmecnrboxylic
ac:d

P18

4,15,7
(34)

521

99 | 234
' (B)

200

={(3, 5-Dibutyl-

ris

4,7
)

522

99 28.4
(B)

201

N—(3 4-D;methyl-5-
_isoxazolyl)}4- -
[(1,4.5,6 7.8-
hexahydro-8-oxo-
2-propyl:1-
cycloheptxmxdazoly
Dmethylj[2,1-
biphenyl]-z-

su Ifonaxi;_ide

P18

21,7
(55)

533

99 2156
(B)
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202

| 4-(2,7:Djethyl- .

5H-pyrazolo{1,5-
bl{1,2,4}triazol-5-
yhmethyl)-N-(3,4-
" dimethyl-5-
isoxazolyD)(1,1-
'biphenyl}-2-
sulfonamide

P18

505

929 21.8

(B)

203

N-[2-Butyl-8-[{2"-
iI(3,4-dimethyl-5-
isoxazolyl)amino}s
ulfonyl){1,1-
biphenyl}-4-
yilmethy1)-3.4-
dihydro-4-oxo-6-
quinazolinyl}-N'-
methyl-N'-(1-

methylethvlurea

Pis

4,7
7N)

657

28.7
(B)

99

204

2-{{12-[[(3,4-
Dimethyl-5-
isoxazolyl)amino)s
ulfonyi}{1,1-
biphenyl}-4-
yllmethyllpropyla
mino}-N-methyl-3-
pyridinecarboxami
de

189

12 (98)

534

99 23.8

(B)

205 b

*-{[(38-Methoxy-
2,6-dimethyl-4-
pyridinyl)oxy)met
hyu'N‘(3)4°
dimethyl-5-
isoxazolyl){1,1’-
bipheny)}-2-
sulfonamide

P18

4 (59);
8(74)

494

98 | 6.99(I)

206

N-(8,4-Dimethyl-5-
isoxazolyl)-2'-[(8,3-
dimethyl-2-ox0-1-
pyrrolidinyl)methy
1}-4-[[(3-methoxy-
2,6-dimethyl-4-

pyridinyloxylmet
hyl]{1,1-biphenyl}-
2-sulfonamide

20A

2(82);
4 (82);
8 (81)

- 619

96 14.02

(E)

207

N-(3,4-Dimethyl-5-
isoxazolyl)-2'-[(3,3-
dimethyl-2-oxo-1-.
pyrrolidinyl)methy
1)-4-11,4,5,6,7,8-
hexahydro-8-oxo-
2-propyl-1-
cycloheptimidazoly
Dmethyl)[1,1™-
biphenyl)-2-

sulfonamide

2(82);
21,9
(54)

658

97 15.66

(E)
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.} N-(3,4-Dimethyl-5-

isoxazolyl)-4™([(8-
. methoxy-2,6-
dimethyl-4-
pyndmyl)o:w]met
‘hyl}-2-
(methoxymethyl){1
,1*-biphenyl]-2-
. Sulfonamide

- 4 (45);

- (63)

538

99 | 10.60

(E)

209

" 8-l[2-13,4-
. Dimethyl-5-
isoxazolyl)amino)s
ulfonyl)(1,1-
biphenyl]-4-
ylimethyi]-2-ethyl-
. 5-methyl-8H-
- imidazole-4-
carboxamide

P19

(85);
767

494

>97 7.96

210

" 4-{(2-Butyl-34- -
dihydro-4-oxo-3-
quinazolinyl)meth
- yI-N«84-
dimethyl-5--
isoxazolyl)l1,1-
. biphenyl)-2-
sulfonamide

Pis

1s)

65438

g8 25.52

@

211

[(_2~Butyl-4~oxo-

18 :
diazaspirel4.4)non
-1-en-3-yDmethyl}-
N-(4,5-dimethyl-3-
isoxazolyl}-2-[(8,3-
dimethyl-2-oxo-1-
pyrrohdmyl)methy
1)[1,1%-biphenyl)-2-

‘sulfonamide

17

5(36)

660

14.51
Y]

- NH2-(B4-
Dimethyl-s-
:soxamlyl)ammols

. ulfonyll-2-1(3,8-

dlmetlwl—ﬂ-oxo-l-

pyrrohdmyl)methy

11(1,1biphenyl}-4-
yllmethy!J~N-
-N"-(1-
uopentyl)-L—

20A

17
(80%
5 (95);
6 (95);

7(42)

680

13.18,

97
14.66 (F)

diastere-
omers

valmamzde

-170 -

SUBSTITUTE SHEET (RULE 26)




- WO 00/01389 ;

#

. PCT/US99/15063

213

-

18-
diazaspirol4.4lnon
-1-en-3-ymethyl)-
N-(3,4-dimethyl-5-
isoxazolyl)-2™-{(4,4-

dimethyl-2-oxc-1-
112,7"-biphenyl)-2-
sulfonamide

568

660

>98

24.60

(B)

214

Mhm

0

4 [(315‘Dihlltyl-
1H:1,2,4-triazal-1-
yDmethyl)-N-(8,4-
. dimethyl-5-
isoxazolyl)-2™-1(3,3-
dimethyl-2-oxo-1-

pyrrolidinyl)methy
u ll,l’-bipheny]]_z_

sulfonamide

20A

4(62);

9(67)

647

97

28.63

- (D

215

N-[2-([{2-{1(3,4-
Dimethyl-5-
im”(’lyl)mo] s
ulfonylj-4-{(2-
ethyl-5,7-
dimethyl-8H-
imidazol4,5-
blpyridin-3-
yhmethyl}[2,1
biphenyl]-2-
yiimethyl}methyla
minojethyllacetam
“jde

5,12
4);
8(15)

644

89

2.69
(A)

216

4-{(2-Ethyl-5,7-
dimethyl-8H-
imidazold,5-
b)pyridin-3-
ylmethyl)-2-
1((8,4-dimethyl-5-
isoxazolyl)amino}s
ulfonyli(1,1-
biphenyl)-2-acetic
acid ethyl ester

113

602

90

3.41

217

NL{(2-[1(3,4-
Dimethyl-5-
isoxazolyl)amino]s
ulfonyl)[1,1-
biphenyl)4- -
¥llmethyl)-N(1-
oxopentyl)-N-
propyl-L-

101

12 (65)

583

>08

14.97

—_valinamide
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N.[{2"((8,4- -
Dimethyl-5-
isoxazolyl)amino]s
ulfonyl]i1,7-

_ biphenyll-4-
yllmethyl)-N*(1-
oxopentyl)-N-
[(tetrahydro-2-
furanyl)methyl}-L-

valinamide

101

12(43)

625

>98

14,06

)

219

".Chloro-N-(3,4-
. dimethyl-5-
isoxazolyl)-4-[((2-
ethyl-4-
guinolinyl)oxy)met
hyl)Q,1"-biphenyl)-
. 2-sulfonamide

P10

4 (90);
8 (65)

549

.98

1.68
(D)

N-(3,4-Dimiethyl-5-
isoxazolyl)-4*-{[(2-
ethy)-4-
quinolinyl)oxyjmet

~ - hyl}-2-
{triffuoromethyl){1
»1-biphenyl]-2-
sulfonamide

Po

{30)

582

97

1.75
(D)

4-1(2-Butyl-4-oxo-
18-
diazaspiro[4.4}non
-1-en-3-yl)methyl)-
2'-chloro-N-(8,4-
" dimethyl-5-
isoxazolyl){1,1-
biphenyl}-2-

sulforiamide

P10

(42)

570

98

2.13
(D)

4-{(2-Butyl-4-axo-
. 1 '8-_
diazaspirol4.4Jnon
-1-en-3-ylimethyl)-
N«(8,4-dimethy}-5-
isoxazalyl)2"-[(2-
methylpropoxy)me
thyll{3,1-
biphenyl]-2-

sulfonamide

2(67);
4 (49);
7(85)

621

>98

28.07
(B)

*-{(2-Butyl-4-oxo-
:1,3-

diazaspiro[4.4)non ‘|

-1-en-3-yDmethyl)-
N-(8,4-dimethyl-5-
isoxazolyl)-2-
{(ethylsulfony))ami
no}{1,1-biphenyl)-

123

24 (38)

642

98

14.32

(E)

2-sulfonamide
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224 4-[(2-Butyl-4-ox0- | P2A | . 4, 647 | >97 |20.15
1,8- F,CCH (E)
diazaspiro{4.4]non LOH
-1-en-3-yl)methyl]- 89);
N-(3,4-dimethyl-5- 14
-isoxazolyl)-2'- (76); 1
i(2,2,2- (67);
trifluoroethoxy)me 11
thyll{1,1*- (95);
biphenyl]-2- 2(90);
sulfonamide 4 (85);
: 7 (85)
225 4-[(2-Butyl-4-oxo0- | P2A 4, 611! >97 |15.94
13- FCHC (E)
diazaspiro{4.4lnon H.OH
o -1-en-3-yl)methyl}- (72);
L W 1 N-(3,4-dimethyl-5- 14
isoxazolyl)-2'-[(2- (65); 1
fluorcethoxy)meth (68);
y11(1,1-biphenyl]- 1
- 2-gulfonamide (95);
2 (85);
4 (80)
. . 7(90)
226 Mo Ry Me N-(3,4-Dimethyl-5- | P2A 4, | 552197 12.60
um, isoxazolyl)-4-{((3- EtOH ®
m -2,6~ (77);
dimethyl-4- 14
o pyr_idinhil)oxy]met (80);1
* 1)-2'- (75);
f?"' ethoxymethyl(1,1% 11
biphenyl)-2- (95);
sulfonamide 2(77);
: 22
(43);
: 7(74)
227 “ “[(2-Butyl-4-oxo- | P2A 4, 503 [>08 | 18.75
N)‘:XJ - 18- EtOH (E)
° diazaspiro[4.4)non aTy;
© o -1-en-3-yl)methyl)- 14
_E ? N-(4.5-dimethyl-3- (80); 1
isoxazolyl)-2'-[(2- (70);
. ethoxy)methyll}{1,1 11
“-biphenyl]-2- (98);
sulfonamide 2 (80);
o . 4(83);
7 (86)
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228 N«84-Dimethyl-5- | P2A | 4, :© 591(>98 |[20.07
isoxazolyl)-4- - | EtOH (B)
’hexahydro-8-oxo- o
 2-propyll- . (80)%; 1
cyclcheptimidazoly { - | (75)
I)methyl]-2- 11
(ethoxymethyl)(1,1 | (96)
“biphenyl)-2- 2775
sulfonamide 21();
: 70

A ummmmﬁmmmm

A solution of 3—hromo-4-jpethoxybenzaldehyde ( 19.2 g, 89 mmol)
and trimethylérl_‘.hoformatg (14.8 ml, 140 mmol) _in 150 ml methanol was
treated at RT w:th concentratqd sulfuric acid (10 pl). After stirring for 16
b, the mixture was treated with ﬁbtassium carbonate (70 mg) and the

- solvent was evap_orated. The fesidué was partitioned between

dichlorometha'n:é_ and aqueous sodium bicarbonate. The organic layer was
dried over sodium sulfate and concentrated to provide 220A (22.6 g) as a
brown oil, which was used without further purification.

B. -tho-3-33—'_ox'-] dehyde di

174 -
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A solutitti‘of 229 (15.8 760 mmol) in aryTHF (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
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 f:ransferred via canula away from excess
magnesium and into a separate flask containing copper (1) iodide (575 mg,
3.0 mmol) under a nitrogen atmosphere. To this mixture was added 1-
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
hexanes/ethyl acetate as eluant provided 7.7 g of a mobile, slightly yellow
oil, which was a 6:1 (mol ratio) mixture of 229B and 4-
methoxybenzaldehyde dimethyl acetal, as determined by proton NMR.

This mixture was used without further purification.

C. 4-Methoxy-3-(3,3.3-triflucropropyl)benzaldehyde -
The 229B 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) of 229C and 4-methoxybenzaldehyde,
and was used without further purification. :

D.  4-Hydroxy-3-(3,3.3-trifluoropropyl)benzaldehyde

A solution of the 229C mixture (8.0 g, 35 mmbl) in dichloromethane
(6 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
stirred for 2 h. Aqueous 10% dipotassium hydrogen phosphate solution
was added, and the aqueous layer was extracted with two portions of
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dichloromethane. The combined organic extracts wefe 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-A(triflucromethanesulfonyloxy)-3-(3.3.3-

trifluoropropyl)benzaldehyde

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
treated dropwise at —78°C with trifluoromethanesulfonic anhydride (1.9
ml, 11 mmol). The mixture was stirred at that temperature for 156 min
following the completion of the addition. Aqueous sodium bicarbonate
solution was added and the mixture was stirred and allowed to warm to

RT. The layers were separated and the aqueous layer was extracted with

* two portions of dichloromethane. The combined organic extracts were

dried over sodium sulfate, évaporated, and the residue was
chromatographed on silica gel using hexaneslethyl acetate as eluant to
provide first recovered 229D (540 mg), and then the product fraction (380
mg) as an orange oil. The piod_uct fraction was a 2:1 mixture (mol ratio) of

229E and 4-(trifluormethanesulfonyloxy)benzaldehyde, as determined by

. proton NMR.

[(2-trimethylsilyDethoxymethyl] [1.1"biphenyl]-2-sulfonamide

A solution of 229F (380 mg, 1.1 mmol) and [2-{[(3,4-dimethyl-5-
isoxazolyD{(2-(trimethylsilyl)ethoxy)methyllamino]-
sulfonyl]phenylJboronic acid (926 mg, 2.2 mmol) in dioxane (10 ml) was

sparged with nitrogen for 15 min. _
Tei:rak.is(tﬂphenylpho_sphine)pa.lladium(O) (130 mg, 0.11 mmol) was
added, followed by powdered potassium phosphate (460 mg, 2.2 mmol).
The mixture was heated at 85 °C for 5 h, theﬁ the solvent was evaporated.
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The residue wéé 'éhromatograp}fgé on silica geiiﬁéing 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) of 229F and the
corresponding 2’-H product, as judged by proton NMR.

G. N-(3.4-Dimethyl-5-isoxazolyl)-4’-hydroxymethyl-2’-(3.3.3-
trifluoropropyl)-N-[(2-trimethylsilyDethoxymethyll [1.1-biphenyl]-2-
sulfonamide '

The 229F mixture (550 mg, 0.9 mmol) was subjected to sodium _
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) of 229G and the
corresponding 2"-H product, as judged by proton NMR. -

H. N-(3.4-Dimethyl-5-isoxazolyl)-4’-(methanesulfonyloxy)methyl-2’-

(3.3.3-trifluoropropyl)-N-[(2-trimethylsilvl)ethoxymethyl] [1,1'-
biphenyl}-2-sulfonamide

The 229G mixture (350 mg, 0.63 mmol) was converted to the
corresponding methanesulfonate ester according to General Method 3.
The entire crude product 229H was used directly in the next step.

L 4'-

dimethyl-5-isoxazolyl)-2*-(3,3,3-trifluoropropyl)}-N-{(2-

trimethylsilyl)ethoxymethyl] | 1,i';bighenzll-2—su1fonan1ide

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
fraction was a 2:1 mixture (mol ratio) of 2291 and the corresponding 2™-H

product, as judged by proton NMR

-177 -



. WO 00/01389 ' PCT/US99/15063

10

15

20

25

The 2291 mixtue was deprotected according to General Method 8.
The crude product (which contained the 2-H contaminant) was purified by
reverse-phase preparative HPLC, followed by extractmn with ethyl acetate
from pH 8 potassium phosphate buffer. Fmally, s1hca gel chromatography

- using 2:1 hexanes/acetone as eluant provided the title compound (120 mg)

as a white foam, LRMS m/z 631 (ESI+ mode); HPLC retention time 3.78
min (Method C); HPLC purity >98%.

Example 230

A. Methzl 3-(2-propenyl 2—4—{ tnﬂuoromethanesulfonyloxx )benzoate
Methyl 4—hydroxy-3-(2-propeny1)benzoate (12.0 g, 62.4 mmol,

prepared according to W. dJ. Greenlee ef. al., WO 91/11999) was treated
with tnﬂuoromethanesulfomc anhydnde accordmg to the procedure of
Example 229 Step E. The crude product was chromatographed on silica
gel using 3:1 hexanes/ethyl acetate as eluant to y1eld 17.4 g of 230A as a

yellow oil.
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(trifluoromethanesulfonyloxy)benzoate
Borane-THF complex (1.0 M solution in THF, 32 ml,32 mmol) was

added to a solution of 280A (8.5 g, 26 mmol) in THF at 0 °C. The mixture

"was stirred at RT for 16h and fhen 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
chromatographed on silica gel using 1:1 hexanes/ethyl acetate as eluant to
yield 4.3 g of 230B as a yellow oil.

C.

{methoxvearbonyD)-N-[(2-trimethvisilyl)ethoxymethyl] [1,1'-

biphenyll-2-sulfonamide , '

Suzuki coupling of 230B (1.3 g, 3.8 mmol) according to the
procedure of Example 229, step F, provided 230C (750 mg) as an orange
oil following silica gel chromatography usingl:lhexanes/ethyl acetate as
eluant. '

D.

(methoxycarbonyl)-N-[(2-trimethylsilyl)ethoxymethyl] [1.1'-

biphenvll:2-sulfonamide =~ = = . -

A solution of 280C (750 mg,1.3 mmol) in dichloromethane (3 ml)
was treated at -78 °C with (diethylaniin;))sulmr 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

hexanes/ethyl acetate as eluant to provide 230D (175 mg) as a yellow oil.
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hydroxymethyl)-N-[(2-trimethvlsilyDethoxymethyll [1,1" biphenyll-
2-sulfonamide : _
A solution of 230D (175 mg,O 3 mmol) in THF (5 ml) was treated

- with DIBAL-H (0.53 ml of a 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 ml) and ether (10 ml) _we_re added and the
mixture was stirred at RT for 2h. The mixture was filtered and the
filtrate concentrated to provide crude 230E (110 mg) as a colorless oil.

(methanesulfonyloxyimethyl-N- 2-tz'ime£h IsilyDethoxymethyl
l1,1'—b1ghenxl|-2-§ulfonamlde |
230E (110 mg,0.2 mmol) was converted to the corresponding
methanesulfonate ester accordmg to General Method 3. The entire crude
product 230F__wa_s used dl_re_ctly in the next step.

d1methzl-5-1soxazolzl)-2’-( 3- ﬂuoropropxl )-N—l§2- -

rxmethy_lllzl Jethoxym ethzll l1,1'-bxphenyll-z-sulfonamm

230F v_v,lfa.s. ',ju_sed_ to alkylate 2-butyl-1,3—di_azaspiro [4.4lnon-1-en-4-one
according to General Mei;hqjd 4, to provide 23OG (124 mg)asa colorless oil,

which was used without further purification.

sulfonamide _, _

230G (124 mg, 0.2 inmbl) was deprotected according to General
Method 8 (EtOH). The crude product was purified by silica gel
- chromatography using 1:1 hexanes/ethyl acetate as eluant provided the
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title compound {93 mg) as a whith foam; LRMS”fn*f/z 595 (ESI+ mode);
HPLC retention time 2.10 min (Method D); HPLC purity >98%.

Example 231

A, 5-Bromo-2-(trifluoromethanesulfonvloxy)acetophenone

5-Bromo-2-hydroxyacetophenone (3.3 g, 15 mmol) was treated with
trifluoromethanesulfonic anhydride according to the procedure of Example

229, Step E. The crude residue was taken up in ether and washed twice

‘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.

B. 3-(1.1.-Difluoroethyl)-4-(trifluoromethanesulfonyloxy)bromobenzene

231A (4.4 g, 13 mmol) was treated at RT with neat
(diethylamino)sulfur trifluoride (2.5 ml, 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
extracted with thl_'ee portions of dichloromethane. 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.  38-«1.1.-Difluoroethyl)-4-(trifluoromethan esulf'gny:lo_xj )benzaldehyde

A solution of 231B (3.8 g, 10 mmol) and DMF (1.2 ml, 15 mmol) in
dry THF (60 ml) was treated dfo_pwise at —78 °C with n-butyllithium (5.0
ml of a 2.5 M solution in hexanes, 13 mmol). 10% aqueous potassium
dihydrogenphosphate solution waé added and the reulting mixture was
allowed to warm to RT. 1:1 hexaneé/ethjl 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
hexanes/ethyl acetate as eluant to provide recovered 231B (1.4 g), followed
by 281C ( 1.0 g), which was an orange oil. |

D. 2'-(1. l-DiﬂUOmethvll_-N -(8.4-dimethylisoxazol-5-yl)-4'"-formyl-N-{(2-
trime;hz_léilyl)ethoxzmefhxll [1.1'-biphenyll-2-sulfonamide
Suzuki céﬁpling of 2310j ( 10g,32 mmoij according to the
procedure of Example 229, step F, provided 281D (640 mg) as an orange
oil following siﬁcé gel chrbmatbgraphy using 3 1 hexanes/ethyl acetate as -

eluant.

E.  2'(1.1Difluorcethyl)-N-(3.4-dimeth 1iso__xazol-5- 1)-4"-
hydroxymethyl-N-[(2-trimethylsilvDethoxymethyl] {1.1"-biphenyl}-2-
sulfonamide | o
231D ( _64Q mg, 1.2 mmol) was subjected to sodium borohydride

reduction accdf&ing to General Method 14. The crude residue was

éhromatographeri on silica gel using 1:1 hexanes/ethyl acetate as eluant to

provide 231E (550 mg) as a brown oil.

1.1-Difluoroethvl)-N-(3.4-dimethylisoxazol-5- : _
(methanesulfonyloxy)methyl-N-[(2-trimethylsilyDethoxymethyll
[1.1"-biphenyl]-2-sulfonamide. :
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231E ( 360'mg, 0.7 minol)ivas converteggéﬁga;thé corresponding
methanesulfonate ester according to General Method 3. The entire crude
product 231F was used directly in the next step.

G.

trimethylsilyl)ethoxymethyl] [1.1’-biphenyll-2-sulfonamide
231F 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 231G

(170 mg) as a yellow oil.

H.

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 m/z 599 (ESI+ mode); HPLC retention
time 3.58 min (Method A); HPLC purity >98%.

Example 232
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A.  Methyl 4-bromo-3-(bromomethyl Jbenzoate

Methyl 4rbromo-3-méthy1benzoate (20 g, 87 mmol) was brominated
according to Gené_;‘a_l 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-§-§_2,2,2-triﬂ_u_oroethxl )benzoate

Methyl 2,2-diﬂuoro-2{ﬂuorosu]fonyl)ace_tate (3.1 ml, 25 mmol) was
added to a mixture of 232A ( 7.0 g, 22 mmol) and copper(I) iodide (420 mg,
2.2 mmol) in DMF (45 ml} under a nitrogen atx__nos_phere. The mixture was
heated to 85 °C foi' 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 sodm.m sulfate and concentrated to give a yellow solid (6.0
g), which contamed 232A and 232B. _

The solid: Was dissolved in DMF (15 mli) and stlrred at RT with
potassium ace__tate (1.0 g, 10 mmol) for 3 h. The solvent was evaporated
and the residde';pé.rtitioned betvteeri_ ethyl acetate and water. The organic
layer was driod ffoﬁrer sodium sﬁlfate and concentrated, and the residue was
chromatographed on silica gel using 4:1 hexaries/ethyl acetate as eluant to
provide 232B (3.4 g) as a white solid.

C.  NA84-Dimethylisoxazol-5-yl)-4'(methoxycarbonyl)- 242.2.2-

i\;l.tb_nmd_
Suzuki couphng of 232B (1 8g,59 mmol) accordmg to the

procedure of Example 229 step F, prov:ded 232C (1.3 g) as a yellow solid

following sﬂlca gel chromatography using 3:1 hexaneslethyl acetate as

eluant.
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trifluoroethyl)-N-[(2-trimethylsilyDethoxymethyl] [1,1*biphenyl]-2-
' sulfonamide _

232C ( 1.3 g, 2.2 mmol) was treated with DIBAL-H according to the
procedure of Example 230, step E, to provide 232D (650 mg) as an oil
following silica gel chromatography using 3:1 hexanes/ethyl acetate as

eluant.

E. N-(3.4-Dimethylisoxazol-5-y1)-4’-(methanesulfonyloxy)methyi-2’-
2.2 2-trifluoroethyl)-N-[(2-trimethylsilyl)ethoxymethyl} [1.1’-
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.

trimethylsilylethoxymethyl] [1.1"-biphenyl]-2-sulfonamide
282E 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 hexanés/ethyl acetate as eluant to provide 232F

~ (440 mg) as a yellow oil.

G.

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
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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A, 2-Bromo-5-met, henol

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 W#.S kept below 10 °C by addition of ice chips. The diazonium

salt solution was then added m portions over a per_iod. of 30 min to a

'boiling mixture of copper(I) bromide (6.4 g, 22 mmol) and 48%

hydrobromic acid (5 ml). The result'ihg mixture was refluxed for an
additional 30 min, then was cooled and extracted with ether (2x100mD).
The combined organic ext;acfs_were_ washed with water, dried over
magnesium sulfate, and evapbrated. The residue was chromatographed on

silica gel using 98:2 hexanes/ethyl acefate to afford 233A (1.6 g, 20%) as

an oil. .

B. 4Bromo-3< 2-methxlmgpog)toluéne o

Iso_butyi bromide (0.70 ml, 6.4 mmol) was added to a mixture of
233A (800 mg, 4.3 mmol), potassium carbonate (1.2 g, 8.5 mmel), and
DMF (2 ml). The mixture was stirred for 36 h at 45°C and was then cooled
and concentrated uﬁder 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 sulfai:e-to give 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 (1.1 g, 86%) was used
without further purification.

methylpropoxy)-1-bromobenzene
233C (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.

dimethylisoxazol-5-v1)-2"-[(2-methyl)propoxy]-N-[(2-
trimethylsilyl)ethoxymethyll [1.1"-biphenyll-2-sulfonamide

Suzuki coupling of 233D (550 mg, 1.3 mmol) according to General
Method 1 provided 233E (660 mg, 60%) as an oil following silica gel
chromatography using 2:3 hexanes/ethyl acetate as eluant.

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 acei:ate (3 X 50ml). The combined organic extracts

were washed with water and dried and evaporated. The residue was
chromatographed on silica gel ﬁsing 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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m/e 607 (ESI+ mode); HPLC retention time 26.32 min (Method B); HPLC
purity >98%.

A.  4-Bromo-3-(2-methoxyethoxy)toluene
233A (800 mg, 4.3 mmol) was alkylated with 1-bromo-2-

'methoxyethané (0.89 g, 6.4 mmol) éccording to the procedure of Example

233, step B, to give 234A (840 mg, 81%) as an oil.

B. 4-Brom§:meth11_—2—(_ 2-methoxy: rethoxv)- 1-bromobenzene

234A (840 mg, 3.4 mx#ol) was subjected to NBS bromination
according to'General Method 13. The crude 234B (510 mg, 46%) was used
without furi:_h_ef puﬁﬁcation_. _

: - methoxyethoxy)-1-bromobenzene

234B (510 mg, 1.6 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 gﬁhr’omatograph_.ed on silica gel using 4:1 hexanes/ethyl acetate
as eluant to provide 234C (600 mg, 88%) as an oil.
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trimethylsilylethoxymethyl] [1.1"-biphenyl]-2-sulfonamide

Suzuki coupling of'234C (600 mg, 1.4 mmol) according to General
Method 1 provided 234D (550 mg, 54%) as an oil following silica gel
chromatography using 2:3 hexanes/ethyl acetate as eluant.

- dimethylisoxazol-5-yD-2"-(2-methoxyethoxy)[1.1'-biphenyl]-2-
' 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
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%;_ '

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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was chromatogré.phed on silica gel using 9:1 hex_aneé/ethyl acetate to
afford 235A (2.2 g, 49%) as an E/Z mixture. |

B. 4-Bromo-3-_butzlbehzonitﬁle

A mixture of 285A (2.2 g, 9.3 mmol) :and 210 mg of PtO, in 40 ml
EtOH was hydrogenated at 35 PSI for 40 min. Filtration and
concentration gave 1.4 g of 285B (62%). | '

C. ﬂmmo-S-bgtylbe_r_lgaldehyd
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.

trimethylsilylethoxymethyl]| l,i'-bip. hexllx-ll-z-sulfonamig
235C (1.2 g, 5.1 mmol) was subjected to Suzuki couphng accordmg
to General Method 1 to provide 235D as a crude oil.

trimethyisilyl !etho:_:méthxll [1,1-biphenyl]l-2-sulfonamide
- 285D (entire sample) was reduced with sodium borohydride in
- methanol accozfd_ing to General Méthod 11 to provide 235K (1.4 g, 50%
from 235C) as an oil.

F. N-(3.4-Dimethyl-5-isoxazolyl)-4'-(methanesulfonyl)oxymethyl-2'-
butyl-N-I(2-trimethvlsilyDethoxymethyll[1.1 biphenyll-2-
sulfonamide
235K (1.4 g, 2.5 mmol) was converted to the corresponding

methanesulfonate ester according to General Methed 3 to provide 235F

(14g,90%) asanoil.
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N-[(2-trimethylsilylethoxymethyll-N-(3,4-dimethyl-5-
isoxazolyl)[1.1’-biphenyll-2-sulfonamide

235F (1.3 g, 2.1 mmol) was used to alkylate 2-butyl-1,3-
diazaspiro[4.4Inon-1-en-4-one according to General Method 4. 235G (1.3

g, 85%) was produced as an oil.

N-(3,4-dimethyl-5-isoxazoly})[1.1’-biphenyll-2-sulfonamide

235G (1.2 g, 1.7 mmol) was deprotected according to General
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 2-[[(8-methyl-5-isoxazolyDI[(2-trimethylsilyl)ethoxylmethyllamino]
sulfonyllphenyllboronic acid .
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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nmethzlsxlzl !etho:_:xmethxllll,l blpl_menxll-2-sulfonam1d
236A (8 0 g, 20 mmol) was subJected to Suzuln coupling with P6

according to General Method 1. thca gel. chromatography using 2:1
hexanes/ethyl apetate as eluant p_r_owded_ 1.8 g of a mixture of 236B and a
highly crystall_in_é impurity. Trituration with 2:1 hexénes/ethyl acetate to
remove this 1mpunty provided. 2368 (1.0 g) as an orange oil.

[(2- mmethzlsﬂgnethomethg 1111,1"biphenyll-2-sulfonamide
236B (880 mg, 1.6 mmol) was reduced with sodium borohydride (0.3

eq.) in ethanol accardmg to General Method 11, The crude residue was

chromatographed on silica gel usmg 2:1 hexanes/ethyl acetate as eluant to

provide 286C (450 mg) as a yellow 011

: sﬁlfonamide

236C (450 mg) was con\férted to the corresponding

- methanesulfonate ester according to General Method 3. The entire crude

product 236D \fvas used in the next reaction step.

trlmethylsﬂxl )ethomethxll|1,1’~b1phenxl|-2-suljonam1d
236D was used to alkylate 2-buty1 1 3—d1azasp1ro[4 4]non-1-en-4-

one acoordmg to General Method 4. The crude residue was

chromatographed on silica gel using 2:1 hexanes/acetone as eluant to

provide 236E ( 17 Omg)asa yellow oil.
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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

diazas. iro[4.4lnon-1-en-3-ylDmethyl]-2’-trifluoromethyl {1.1’-

biphenyll-2-sulfonamide

N
[
FC o, -N
&N/Q)m
H Br

15

Bromine (33 mg/ml solution in acetic acid, 18 mg, 0.11 mmol) was
added in portions to a solution of 236 (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
chromatographed 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%. |

Example 238
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Clorox blegch_(5_.25% sodium hypochlorite solution, 225 pl) was
added in portions to a solution of 236 (32 mg, 0.054 mmol) in THF (2 m})

at RT. The soli_«é_nt_ was evaporéi;ed and the residue was purified by

10 reverse-phase '_p_'r.e'parative HPL.C,' followed by preparative thin-layer silica
gel chromatography using 10% methanol in dichloromethane as eluant,
providing the fi_tl_e combound (1.0 mg) as a white powder following
lyophilizat_:ion:: MS m/e 624 (E_SI+ mode); HPLC retention time 3.53 min
(M_ethod A); HPLC i)urity_ 95%.

15

Example 239

20
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methylaminomethyl)-N-[(2-methoxyethoxy)methyl] [1,1’-biphenyll-

2-sulfonamide
P21 (230 mg, 0.48 mmol) was subjected to reductive amination with

N-methoxy-N-methylamine according to General Method 5, yielding 289A
(169 mg, 69%) as an oil.

B.

methylaminomethyl)-N-[(2-methoxyethoxy)methyl] [1.1"-biphenyl]-

2-sulfonamide _
239A (165 mg, 0.33 mmol) was converted to the corresponding
bromide according to General Method 2, yielding 239B (174 mg, 92%) as

an oil following silica gel chromatography using hexanes/ethyl acetate as

eluant.

methoxyethoxy)methyl](1.1'-biphenyl]-2-sulfonamide

239B (170 mg, 0,30 mmol) was used to alkylate 2-butyl-1,3-

| d1azasp1ro[4 4]non-1-en-4-one according to General Method 4. The crude

- residue was chromatographed on silica gel using hexanes/ethyl acetate as

eluant to provide 289C ( 155 mg, 72%) as a yellow oil.

D.

239C (150 mg) wasldeprotected according to Géneral Method 7. The
crude product was pu.riﬁed by reverse-phase preparative HPLC to provide
the title compound (117 mg, 89%) as a white solid: MS m/e 608 (ESI+
mode); HPLC retention time 17.75 min (Method E ); HPLC purity >97%.
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A Methxl 4-b;omo~3i hy_d;gmethxl lbenzoat
A mlxture of methyl 4-bromo-3-methylbenzoate (168 g 735 mmol),

N—bromosuccxmm1de (141 g, 792 mmol), benzoyl perox1de (8. 5 g, 15 mmol),
and carbon tetrachloride (900 ml) was refluxed for 17 h. The mixture was
cooled and filtered, and the filtrate was washed once with water and once
with brine. The" filtrate was theli dried over sodidm sulfate and
concentrated to prov1de an orange oil (261 g) wh1ch was judged (HNMR)
be about 70 mol% methyl 4-bromo-3—(bromomethyl)benzoate

The crude orange oil (261 g) was dissolved in 400 ml DMF and

~ treated w1th potassium acetate (74 g 750 mmol) at 0°C. The mixture was

allowed to warm to RT and was st1r1_'_ed for 54 h. The solvent was
evaporated and the residue w_as' taken up ia 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 2), whlch was Judged to contain about 70

- mol% methyl 47bromo-3-(acetoxyxnethy1)benzoate.

The crude acetate mixture (208 2 was dissolved in methanol (1 1)
and treated w1th potassium carbonate (12 g, 87 mmol) 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 1N 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, ahd the residue was chromatographed on silica gel using 2:1
hexanes/ethyl acetate. The product fractions were combined, evaporated,
and triturated with 1:1 hexanes/ethy! acetate to provide 240A (102 g) as a
white solid.

B. Methyl 4-bromo-3-[(tetrahydro-2H-pyran-2-yloxymethyllbenzoate

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 1h 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)

as a slightly yellow oil.

2H-pyran-2-vl)o ethyl]-N-[(2-trimethylsilvDethoxymethyl][1.1'-
biphenyl]-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 héxanes/ethyl acetate as elnant provided 240C (14 g) as a yellow oil.

D.

pyran-2-yl)oxymethyl]-N-(2-trimethylsilylethoxymethyll[1.1'"-

biphenyl]-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, 35 mmol) at —78 °C.
The temperature was allowed to rise to —25 °C and the mixture was
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,
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and the mixture was washed three times with aquem_is 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.

tetrah; d:l';)-2H- an-2-ylox ethyl]-N-[(2- _
trimethy. ls{:ijlxl)etho;methg 1)[1,1’-bipheny. I 11-2-sulfonamide
240D (4.5 g, 7.5 mmol) was converted to the corredponding
methanesnﬂfongté ester according to General Method 3. The entire crude

product 240E was used in the next i'eaction step.

240E Was used to alkylate 2-‘butyl-1,3-diazaspir_ol4.4]non—1-en-4-one
according to General Method 4. The crude residue was chromatographed
on silica gel using 3:2 hexanes?_éthjl acetate as eluant to provide 240F (6.0
g) as a slightly yellow oil.

trimethylsilylethoxymethyll[1.1"bi hen enamide
A solutlon of 240F (6 0 g 7. 7 mmol) and 2N hydrochloric acid (6 ml,
12 mmol) in m_ethanol (150 ml) was stirred fo_r 16 h at RT. The mixture

was neutralized with aqueous sodium bicarbonate solution and the

methanol was evaporated. Aqueous sodium bicarbonate solution was
added and the'-x_n_ixture 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.
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ylmethyll-N-(3 4-dimethyl-5-isoxazolyl) -N-[(2-

240G (590 mg, 0.85 mmol) was converted to the corresponding
bromide according to General Method 2, providing 240H (373 mg, 58%) as
a yellow oil following silica gel chromatography using hexanes/ethyl

© kb

acetate as eluant.

trimethylsilylethoxymethyll[1.1biphenyl]-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 chroinatography using hexanes/ethyl acetate

as eluant.

2-sulfonamide

2401 (205 mg, 0.27 mmol) was deprotected according to General

Method 7. The crude product was purified by reverse-phase preparative
HPLC to provide the title cOxﬁpound (104 mg, 60%) as a white solid: MS
m/e 629 (ESI+ mode); HPLC rétention time 17.18 min (Method E ); HPLC
purity >97%. ' ‘ o '
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A. Methyl 3-( 2-hxdroxethzl 1z-gjtriﬂgoromethggegu_lﬁonxlog )benzoate
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}i sparged with nitrogen to remove excess

_ozone, then tﬁphe_nylphosp_lﬁne (10 g, 38 mmol) was added in portions.

The cooling bath was removed and the mixture was allowed to warm RT,
then was concentrated. Ethanol (_1_00 ml) was added fo the residue and
the resulting mixture was cooied to 0 °C. Sodium borohydride (1.9 g, 51
mmol) was added. After 1h, the mixture was allowed to warm to R’I_._‘ and
the solvent was évaporat_ed. The residue was taken up in 10% agueous
p(_)tassiﬁm dihydrogen phosphate solution and was extracted with ethyl -
acetate. Thej cc};ﬁbined organic éxtr_act_s were dried over sodium sulfate
and concentraté;d, and tl.lé. résidue. chromatographed on silica gel using 1:1

hexanes/ethjl géQMte as eluant to yield 241A (4.5g) as a colorless oil.

(methoxyearbonyl)-N-I(2-trimethylsilyethoxymethyl] [1.1"
bipheny. i_l;2-sulfon;iﬁlide o o

Suzuki'._é_Qupling of 241A (4.5 g, 14 mmol) according to the procedure
of Example 229, step F, provided 241B (4.1 g) as a yellow solid following
silica gel chromatography usmgi:lhexanes/ethyl acetate as eluant.

C.  N-34-Dimethyl-6-isoxazolyl)-2’-(2-flucroethyl)}-4*
methoxycarbonyl)-N-[(2-trimethylsilyl)ethoxymethyll {1,1"
biphenyll'-z-sulfonamide
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A mixtrifé6f 241B (1.0 g,'}:8 mmol) and(diethylamino)sulfur
trifluoride (0.71 ml, 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
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.

D.

N-[(2-trimethyisilyl)ethoxymethyll [1.1'-biphenyl]-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

E. N-(3.4-Dimethyl-5-isoxazolyl)-2’-(2-fluoroethyl)-4’- , :
(methanesulfonyloxy)methyl-N-[(2-trimethylsilvl)ethoxymethyl]
[1,1'-biphenyl]-2-sulfonamide
241D (320 mg) was converted to the corresponding

methanesulfonate ester according to General Method 3. The entire crude
product 241E was used diréctly in the next step.

F.

dimethyl-5-isoxazolyl)-2’-(2-fluoroethyl)-N-[(2-

trimethylsilylethoxymethyl] [1.1biphenyl]-2-sulfonamide

241F was used to alkylate 2-butyl-1,3-diazaspiro[4.4]non-1-en-4-one
according to General Method 4, to provide 241F (300 mg) as a yellow oil,

which was used without further purification.

G.

sulfonamide
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~ Crude 241F (300 mg) was deprotected -according to Géneral Method 8
- (ethanol). The crude product was purified by silica gel chromatography

using hexanes/ethyl acetate as eluant provided the title compound (16 mg)
as a tan solid; LRMS m/z 581 (ESI+ mode); HPLC retention time 2.05 min
(Method H); HPLC purity 97%.

_trimethylsilyDethoxymethyl][1,1"

2H-pyran-2- l(_)x eth 1.-N-"2

biphenyll-2-sulfonamide |
Pyridinium _p—toluengsﬁ_lfonate (2 mg) was added 1_;6 a solution of

' 241B (1.0 g, 1.8 mmol) and 3 4-dihydro-2H-pyran (0.48 ml, 5.4 mmol) in

dichloromethane (4 ml) at 0 °C. After 48h aqueous sodium bicarbonate

| soluf,ion was addéd, the layers were separaﬁ_éd,_ and.the oi‘ganic layer was

dried over sbdium sulfate and concentrated. The residue was
chromatographed on silica gel usmg 2:1 hexanes/ethyl acetate to provide
242A (320 mg) as a slightly yellow oil.

B.  N-(8.4-Dimethyl-5-isoxazolyl)-4-(hydroxymethyl)-2-(2-[(tetrahydro-
2H-pyran-2-yDoxylethyll-N-[(2-trimethyisilyDethoxymethyl] {1.1-

biphenyl I—g-sulfonamidé
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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.

tetrahydro-2H-pyran-2-yl)oxylethyll-N-{(2-
trimethylsilyl)ethoxymethyl] [1.1'-biphenyl]-2-sulfonamide
242B (250 mg) was converted to the corresponding

methanesulfonate ester according to General Method 3. The entire crude
product 242C was used in the next reaction step.

N-[(2-trimethvlsilvl)etho: éth l 1,1'-biphenyl]-2-sulfonamide

242C was used to alkylate 2-butyl-1,3-diazaspiro(4.4]non-1-en-4-one
according to General Method 4. The crude 242D was used without further

purification.

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 eluant to provide the title compound (45
mg) asa white solid following lyophilization: MS m/e 579 (ESI+ mode);
HPLC retention time 1.42 min (Method H ); HPLC purity >98%.
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A 4 Bromc~3; 3-meth -l-b t n l benzomtnl

2A (2.0 g, 9 5 mmol) was reacted with
1sobutyltnphenylphosphomum bromlde followmg the procedure of
Example 27, step A The crude residue was chromatographed on silica gel
using 9:1 hexanes/ethyl acetate to afford 243A (2 2g, 91%) as an E/Z

mixture.

" B. Bromo-3-! 3-methxlbutzl zbenzgmtnl

A mlxture of 243A (2.2 g) and 220 mg of PtO in 30 ml EtOH was

hydrogenated at 35 PSI for 20 min. F11trat10n and concentratlon gave 1.9

g of 243B (86%)

C.. 4-Brgmo 3—!3—methxlbutyl !benzaldehyd

243B (1 9.g) was treated with- DIBAL-H accordmg to General

. Method 14 to provide crude 2430 (810 mg, 43%) as an oil.

memogethog lr_nethy:ll | 1 ,1'-blphenyl l-2-sulfonam1de

243C (810 mg) was subJected to Suzukx couphng accordlng to
General Method 1 to provide 243D as a crude 011

. N-Ifz-metho;gzethogy Zmethyjll [ 1,1'-blphenxl|-2-su1fonam1d

243D (entxre sample) was reduced with sodmm borohydnde in
methanol accordmg to General Method 11 to prowde 243E (490 mg, 30%
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from 243C) as ‘Ait'oil following sitica gel chromﬁﬁwgraphy using

hexanes/ethyl acetate as eluant.

[(2-methoxyethoxy) methyl][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.

G.

methylbutyl)-N-[(2-methoxyethoxy)methyl]-N~(3.4-dimethy]-5-

isoxazolyl)(1.1'-biphenyll-2-sulfonamide

243F (430 mg) was used to alkylate 2-butyl-1,3-diazaspiro{4.4lnon-
1-en-4-one according to General Method 4. 243G (300 mg, 58%) was

produced as an oil following silica gel chromatography using hexanes/ethyl

acetate as eluant.

H.

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 27.42 min (Method B ); HPLC purity
>97%. ' B '
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A. 4- 2-Meth 1-2- n lo n1tnle

. A mixture of 4-cyanophenol (9 0 g, 75 mmol), potassmm carbonate
(21 g, 150 mmol), and DMF (50 i) was treated with methallyl bromide
(7.8 ml, 77 mmol) at 0 °C. The mixture was stirred at RT for 16 h, then
was added to w_a;ter and extracted Wlth ethyl acetate (3 X 100 ml). The
combined orgahi_c extracts were washed with water and dried and
evaporated to give 244A (13 .g, 99%) as an oil.

B.  4-Cyano-2-(2-methyl-2-propenyl her_x@l .

A solution of 244A (13 g,75 mmol) and BHT (165 mg) in 1,2,4-
trichlorobenzéne (40 ml) was heated at 200 °C for 5 days. The mixture
was cooled and diluted with ethyl acetate, then the organic layer was
extracted with 10% NaOH solutlon 3X 200m1) The agueous phase was
made acidic with hydrochloric acid and extracted with ether (3 X 100ml).

. The combined ether extracts were washed with water and dried and

evaporated. The residue was chromatographed on silica gel using 9:1
hexanes/ethyl acetate to afford 244C (5.8 g, 45%) as a solid.

C.  4Cyano-2-(2-methylpropyDphenol
A mixture of 244B (1.1 g) and 110 mg of PtO, in 20 ml EtOH was

hydrogenated at 35 PSI for 15 min. Filtration and concentration gave
0.73 g of 244C (66%).

D. 4-Hydro_1gz_ -3-(2-methylpropyl)benzaldehyde

- 206 -
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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-( triﬂuoromethanésﬁlfonxloz_:g)benzaldehxde

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
hexanes/ethyl acetate to give 244E (295 mg, 33%) as an oil.

F.

methoxyethoxy)methyl][1.1'-biphenyl]-2-sulfonamide
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.

N-[(2-methoxyethoxy)methyl][1.1-biphenyll-2-sulfonamide

244F (170 mg) was reduced with sodium borchydride in methanol
according to General Method 11 to provide 244G (67 mg, 39%? as an oil.

N-[(2-methoxyethoxy)methyl][1.1'-biphenyll-2-sulfonamide

244G (67 mg) was converted to the corresponding bromide
according to General Method 2 to provide 244H (42 mg, 56%) as an oil.

iggmazolxl)l1,1'-biphenxl|-2-sulfonamide '
244H (42 mg) was used to alkylate 2-butyl-1,3-diazaspiro[4.4]non-1-

en-4-one according to General Method 4. 2441 (36 mg, 45%) was produced
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as an oil following silica gel chromatography using hexanes/ethyl acetate

as eluant.

ﬂ_l&_ng;dg _

2441 (36 mg) was deprotected accordmg to General Method 7. The
crude product was purified by reverse-phase preparatwe HPLC to provide
the title oompound (25 mg, 86%) as a white sohd mp 58-61 °C MS m/e
591 (ESI+ moc_l_e),_ HPLC retentlon time 28.21 min (Method B ); HPLC
purity >98%. - |

A. Methyl 1-[;3,3-d1ﬂuorobutanoxl zammolczclopentane—l—ﬂboglate

A solutmn of 4 4-D1ﬂuoropentano,1c acid (600 mg, 4.4 mmol,
prepared accq_rd;ng to Larsson, U., Carlson, R.; Leroy, J. Acta Chem.
Scand. 1993,:4;77 , 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
mmol) and DMF (10 ul). Aﬂ;er 20 min the mixture was evaporated and 10
ml fresh dichloromethane was added. The mixture was cooled to 0 °C and
methyl 1-amin6cyclopentane{1-cafboxylate hydrochloride (1.6 g, 8.8 mmol)
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was added, foll6Wéd by triethylaffine (3.6 ml, ﬁsmmou 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
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.

B. 2-(3.3-Difluorobutyl 2—1,3-diaza§pirol4.4Inon-l-en-4-one

245A (5620 mg, 2.0 ﬁlmol) 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.

methoxyethoxy)methyl[1.1'-biphenyl]-2-sulfonamide
245B (75 mg, 0.42 mmol) was alkylated with 4-bromomethyl-N-

(3,4-dimethyl-5-isoxazolyl)-2'-ethoxymethyl-N-(2-
methoxyethoxy)methyl[1,1'-biphenyl] -2-sulfonamide (prepared as _
described in Example 226) according to General Method 4. Crude 245C
(220 mg) was used without further purification.

D.

yllmethyl]-N-( 3,4—dimgthxlisoxaz.ol—5-vl )-2"-(ethoxymethyD)[1.1"-
. biphenyl]-2-sulfonamide , o
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 prwidde the title
compound (57 mg) as a white lyophilized powder; MS m/e 629 (ESI+
mode); HPLC retention time 3.79 min (Method A); HPLC purity 96%.
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Example 246 : .
N-(3.4-Dimethyl-5-isoxazolyl)-4-[[(3-methoxy-2,6-dimethy]

dm lox methyl]-2'- 3 3 3-trifluoropro: -N- 2-

229H (400 mg, 0. 60 mmol)'was used to alkylate 3-methoxy-2,6-
dxmethyl-4-(4H) pyridinone accordmg ‘to General Method 22. The crude
product was punﬁed by silica gel chromatography using 1:2 hexanes/ethyl
acetate as eluant to prov1de 246A (130 mg) as a slightly yellow oil.

sulfon_a_' mide

246A (13_(:_).mg,'0.'18 mmol) was deprotected according to General
Method 8 (EtOI-D The crude product was purified by silica gel
chromatography using 5% methanol in chloroform as eluant to provide the

title cdmpouhd '(82 mg) as a pale orange powder after lyophilization; MS
m/e 590 (ESI+ mode) HPLC retention time 3.35 min (Method A); HPLC
purity 97%.

Ezample 247
-210-
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A, Methyl 4-bromo-3-[(1,1-dimethylethoxy)methyl|benzoate
To a solution of 240A (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 sodiﬁ_m bicarbonate was
added and the mixture was stirred 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..

methoxycarbonyl-N-[(2-trimethylsilylethoxymethyllfl ,. 1'-biphenyl}-

2-sulfonamide

20 247A (5.3 g, 17.5 mmol) was subjected to Suzuki coupling according
to General Method 1. Silica gel chromatography using hexanes/ethyl
acetate as eluant provided 247B (6.4 g, 88%) as an oil.

C.
25 hydroxymethyl-N-(2-trimethylsilyDethoxymethyll[1.1'-biphenyl]-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.

D.

dimethylethoxy)methyll-N-[(2-trimethylsilyDethoxymethyll[1.1'
247C (5.5 g, 9.6 mmbi-)_ was converted to the corresponding bromide
according to General Method 2, providing 247D (5.6 g, 92%) as a yellow oil

following silica gel chromatqgraphy using hexanes/ethyl acetate as eluant.

E.

247D (380 mg, 0.60 mmol) was used to alkylate 2-butyl-1,3-
dia_zé.spiro[4.4]n9n-‘1—en-_4'-'or';e _é.cé,o_rding to General Method 4. The crude

residue was chromatographed on silica gel using hexanes/ethyl acetate as

eluant to provide 247E (4’10_ mg, 92%) as a slightly yellow oil.

biphenyll-2-sulfonamide |

247E'(4ld mg, 0.55 mtﬁol) was deprotected with TBAF according to
General Method 10. Thecrude product was purified by reverse-phase
preparative HPLC to prO\‘.rid.e'. f_h_e title compound (230 mg, 66%) as a white
solid: MS mve 621 (ESI+ mode); HPLC retention time 20.97 min (Method
E); HPLC purity 96%. = |
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X T T
A R N A Methods
M U A R | Applied | pim | "o s | tin o
P C M T (yield, Purity | (method)
L T E I %)
E U N
R G
E
M
A
T
E
R
I
A
L
248 "~ |4-4-Ethyl-l-[[2- | P2 | 22(39); | 566|095 [2.79
ATE 1 [[(3.4-dimethyl-5- 8. i (C)
- T | isoxazolyl)amino} EtOH, ;
~Y ¢ o | sulfonyl-2- 15 (96);
:)' ™ | methoxymethyl]( 12 (38)
1.1-biphenyl}-4-
vllmethyl}-2-
propyl-1H-
imidazole-5-
carboxamide
249 NN i 4-[4-Ethyl-1-[[2- | P2 | 22(39); | 580 |96 2.90
A 1 13, 4-dimethyl-5- 8, (©)
- E isoxazolyl)amino] EtOH,
r & o sulfonyl-2- 15 (96,
@g’h‘:/ﬁ:&"e methoxymethyl}{ 12 (34)
1.1-biphenyl}-4-
vljmethyl]-N-
methyl-2-propyl-
1H-imidazole-5-
carboxamide
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250 [ Mo 4-[4-Ethyl-1-[[2- | P13 | 22 (56); | 536 | 95 2.90
< r - 1 [{(8,4-dimethyl-5- 8, (C)
e isoxazolyl)amino} EtOH, j
e o : sulfonyl-2- 15 (94);
&u’?‘“‘ methyl[1,1- 12 (38)
' biphenyl]-4-
yllmethyl]-2-
propyl-1H-
imidazole-5-
carboxamide
251 NN 4’-[4-Ethyl-1-[[2'- | P13} 22 (66); | 55097 2.99
4 NJ—:I- (((8,4-dimethyl-5- 8, ©
ﬂd’L ¥ isoxazolyl)amino} EtOH.
W o o sulfonyl-2- 15 (94); |
Y™ | methyll1,1- 12 (37) |
Ma . :
biphenyl]-4- i
vijmethy}]-N-
methyl-2-propyl-
1H-imidazole-5- !
carboxamide
-214 -
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1 A'com_pound of the following formula I or a salt thereof:

wherein:
R
£ ed VL pm 5 L oy
N N O)\N Ry |
vwlA/ ,VL~, vle» AN
R,1 is s B R D , E
R:\N SN 3 |
>\
i Ri2

.o N M
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R, is hydrogen, halogen, -CHO, alkyl, , haloalkyl, (cycloalkyDalkyl,
alkenyl, alkynyl, alkoxyalkyl, haloalkoxyalkyl, alkoxy,
alkoxyalkoxy, cyano, hydréx_y, 'hydrqual_kyl_, nitro, -CH(OR)(OR,,),
-(CH,),Y; with the proviso tha_t when R, is B, R, is not hydrogen,
halogen, alkyl, haloalkyl, alkoxy, hydroxyalkyl, nitro, -(CH,) NR,R,,
or NHSO,R,,;

R, is heteroaryl;

R, and R, are eac_ﬁh independently alkyl, cycloalkyl or alkoxyalkyl, or R,
and R, together form a cyclobutyl, cyclopentyl, cyclohexyl,
tetrahydrofuranyl or tet:ahYd;opyranyl ring;

R, is alkyl, haloalkyl, cycloalkyl, alkoxy or alkoxyalkyl;

R.is -CO,R,,, (C=O)NR R,,, -QH,OH, tetrazolyl, oxadiazolyl or triazolyl
wherein said tetrazol_yl; oxadiazolyl or tﬁazolyl may optionally be
substituted with hydi'dgeh,' alkyl or halogen,;

R, R, R,, and R, are each independéntly’ hydrogen, halogen, alkyl,
cycloalkyl, aryl, heteroaryl, arylalkyl, alkylthioalkyl, alkoxy or
alkoxyalkyl; ' '

R, and R, are each independently hydrogen, alkoxy, or together form a

ca_rbon_yl;.' ! _
R,and R, are a___'.lkyl or togéiihér form a five to six-membered ring;
R, R, and R,; are independently hydrogen, alkyl, cycloalkyl or aryl or R,

and R, may together form a four to six—-membered heterocyclic ring;

. nislor2

wis0,1,o0r2;

Y is -COOH, -COOR,,, -NR Ry, -NR,(C=0)R,,, -NR,(C=0)NR,R,,
-NR,,(C=0)OR,,, -NR,,;SO,R,,, -SO,R,,, Q, R or 5;

(5.

R

Q

—_—

e R o 1
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Ris ﬁ:{“}r‘ ; .
Sis %';N?\j;

Ry, Ry, Ry, R, and R,, are each independently hydrogen, alkyl, cycloalkyl,

- or R,; and R,, may together form a four to seven-membered

5 heterocyclic ring;
R,, and R,, are each mdependently hydrogen, alkyl or cycloalkyl, or may

together form a three to seven membered cycloalkyl ring;

- R
-I'I-\M__st 26

. -, Ror
Z is oxygen, or ;
xis 2,3 or4;

10 R, R, and R,, are each independently hydrogen, alkyl or cycloalkyl, or R,
and R,, may together form a three to _seven-me:hbered 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.

A compound of claim l wherem
Re Reny”
/(‘f J'; .
.~l~

R,is A , D E

Ry
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n Fo Re
\ I I
R , R1 1a N '
Ryq \O\
G H Rq2 ! Ri2

e
~r

M : , _
R, is alkyl, haloalkyl, (cycloalkyl)alkyl, alkoxyalkyl, haloalkoxyalkyl,
- alkoxy, alkoxyalkoxy, hydroxyalkyl, or -(CH,),Y;

5 R, isisoxazolyl pyridizinyl, pyrazinyl or pyrimidinyl, each optionally
substituted with one to three of the following substituents:
hydrogen, halogen, cyano, alkyl, alkoxy, trifluoromethy! or nitro;

R, and R, are eéch indepéndéntly alkyl, c};cloalkyl or R, and R, together
form a cyclobutyl, cyclopentyl or cyclohexyl ring;
10 R, is alkyl, haloalkyl, cycloalkyl or alkoxy;
' R, is -CO,R,,, -(C=O)NR,R,, or -CH,0H;
R, R, R,, and R,2 are each independently hydrogen, halogen, alkyl,
cycloalkyl, alkoxy or alkoxyallkyl;
R,,and R, are each mdependently hydrogen, alkoxy, or together form a
15 carbonyl;
R, R, and R, are independently hydrogen, alkyl or cycloalkyl or R,, and
R,, may together form a four to six—membered heterocyclic ring;
nislor2; '
wis 0, 1, or 2;
20 Yis-COOR,, -NR,(C=0)R,,, -NR, (C=0)NR R, -NR, (C=0)OR,,
‘NR,SO,R,,, -SOR, or Q; |

L
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5
A7
Y

Qis © ;

R, R, Ry, R, and R, are each independently hydrogen, alkyl, cycloalkyl,
or R,, and R,, may together form a four to seven-membered
heterocyclic ring;

5 R, and R,, are each independently hydrogen, alkyl or cycloalkyl, or may
together form a three to seven membered cycloalkyl ring; '

Z is oxygen, or :

xis 2,3 0r4;

Ry, Ry and Ry, are each independently hydrogen, alkyl or cycloalkyl, or R,

10 | and R,, may together form a three to seven-membered cycloalkyl
ring.

3. A compound of claim 1, wherein:

Re
Rs
Bsiﬁ R,;\Nj\gn, ¢ )
NW N
D

A ’ - » ’ » OT

im
o

R, is
Re
-y
.
15 M ;

R, is alkyl, haloalkyl, (cycloalkyl)alkyl, alkoxyalkyl, haloalkoxyalkyl,
alkoxy, hydroxyalkyl,or -(CH,),Y;



' WO 00/01389 _ PCT/US99/15063

10

15

20

25

R; is isoxazolyl, optionally substituted with one or two of the following
substituents: hydrogen, halogen, cyano, alkyl, alkoxy,
trifluoromethyl or nitro; _

R, and R, are each independently alkyl, cycloalkyl, or R, and R, togei:her
form a cyclobutyl, cyclopentyl or cyclohexyl ring;

R, is alkyl, haloalkyl cycloalkyl or alkoxy, '

R, is -CO,R,, or (C-O)NRme P

R;, R, and R,, are each 1ndependent1y hydrogen halogen, alkyl cycloalkyl,

alkoxy or alkoxyalkyl

R,and R, together form a carbonyl

R, R, and R, are independently hydrogen, alkyl, or cycloalkyl or R,; and
R,. may together form a four to six—~membered heterocyclic ring;

nis2;

wis 0,1, 0r2; : _ _

Y is -NR,,(C=0)R,,, -NR,(C=O)NR,R,,, -NR, (C=0)OR,,, -NR,;SO,R,,,

-SO,R,, or Q;

(5%

X

bl

Qis o

R,, R‘,, R,» R,, and R,, are each 1ndependently hydrogen alkyl, cycloalkyl,
or R, and R,, may together form a four to seven-membered
heterocyc_hc ring;

R,; and R,, are each independently hydrogen, alkyl or cycloalkyl, or may

together form a three to seven membered cycloalkyl ring;

A
J'I-\N-Rﬁ L R

/ Rz
Z is oxygen, ‘-"/' or 3
xis 2,3 or4;
R,,, R,; and R,, are each independently hydrogen, alkyl or cycloalkyl, or R, -

and R,, may together form a three to seven-membered cycloalkyl ring.
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A compound of claim 1, wherein:

£ B g

R,is A , OF ;

R, is alkyl, haloalkyl, cycloalkyl)alkyl, alkoxyalkyl, haloalkoxyalkyl,
alkoxy, alkoxyalkoxy, hydroxyalkyl,or -(CH,),Y;

R, is isoxazol-5-yl or isoxazol-3-yl independently substituted with two of
following substituents: alkyl or halogen;

R, and R, are each independently alkyl, cycloalkyl, or R, and R, together
form a cyclobutyl, cyclopentyl or cyclohexyl ring;

R, is alkyl, haloalkyl, cycloalkyl or alkoxy;

R, is <(C=O)NR R,; |

R,, and R,, are independently H, alkyl, cycloalkyl, alkoxy or alkoxyalkyl;

nis 2; '

wis0, 1, or2;

Y is -NR,,(C=O)R,,, -NR,(C=0)NR,,R,, -NR, (C=0)OR,,, -NR, SOR,,

or Q; '

5

x x
e

Qis © ;

R, R, Ry, R,, and R,, are each indepefxdently hydrogen, alkyl, cycloalkyl,
or R, and R,, may together form a four-, five-, six- or to seven-
membered heterocyclic ring; |

R,, and R,, are each independently hydrogen, alkyl or cycloalkyl, or may
together form a three to seven membered cycloalkyl ring;

- 221 -
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~ R Ras

£ Rar
Zis or ;
xis 2;

R, R;; and R,, are each independently hydrogen, alkyl or cycloalkyl, or R,,
and R,, may together form a three-, four-, five, six- or seven-membered

5 cycloalkyl ring.

5.  Acompound of claim 1, wherein R, is isoxazol-5-yl or
isoxazol-3-yl independently substituted with two of following substituents:

alkyl or halogen.
10
Rs
U
&r*ﬁ o)
NLN
6. A compound of claim 5, wherein R, is A
7. A compound of claim 6, wherein R, is alkyl, haloalkyl,
alkoxyalkyl or haloalkoxyalkyl.
15
8. A compound of claim 6, wherein R, is -CH,Y;
9. A compound of claim 8, wherein Y is Q;
10. A compound of claim 5, wherein R, is E
20 | |

11. A compound of claim 10, wherein R, is alkyl, haloalkyl,
alkoxyalkyl or haloalkoxyalkyl.

-222-
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12. A compound of claim 10, wherein R, is -CH,Y;

18. A compound of claim 12, wherein Y is Q;

10

5
1 )n
Rg¢ { Ry 1a
Ryq
14. A compound of claim 5, wherein R, is <
15. A compound of claim 14, wherein R, is alkyl, haloalkyl,
alkoxyalkyl or haloalkoxyalkyl.
16. - A compound of claim 14, wherein R, is -CH,Y;
17. A compound of claim 16, wherein Y is Q;
15 18. _ A compbund of claim 1, wherein R, is alkoxyalkyl alkyl,

haloalkyl or haloalkoxyalkyl
_ 19. A compound of claim 18, wherein R, 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 R, is ~CH,Y.
_ 21. A compound of claim 20, wherein R, is isoxazol-5-yl or
25  isoxazol-3-yl independently substituted with two of following substituents:

alkyl or halogen.

22. A compound of claim 20, wherein Y is Q.

- 228 -
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23.- A compound of claim 22, wherein R, is isoxazol-5-yl or
isoxazol-3-yl independently substituted with two of following substituents:
alkyl or halogen.. '

24. A compound of claim 1, wherein said compound is selected

from the group consisting of:

4’-[(2-Butyl-4-oxo-1,3-diazaspiro(4.4Inon-1-en-3-yl)methyl]-N-(4,5-
dimethyl-3-isoxazolyl)(1,1’-biphenyl}-2-sulfonamide;
4’-[(2-Butyl-4-0x0-1,3-diazaspiro[4.4Inon-1-en-3-yl)methyl])-N-(3,4-
dimethyl-5-isoxé.zolyl)—2’- {(methylamino)methyl]{1,1’-biphenyi]-2-
sulfonamide;
4'-[(2-Butyl-4-0x0-1,3-diazaspiro{4.4]non-1-en-3-yl)methyl]-2’-
formyl-N-(3,4-dimethyl-5-isoxazolyl)-(1,1'-biphenyl]-2-sulfonamide;
4'-[(2-But__yl-4—ox0'-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]{1,1'"-
biphenyl]-2-sulfonamide; _
4'-[(2-Butyl—4-oxo-1,3-diazaspiro[4.4]non—1—en-3-y1)methyl] -N-(3,4-
dimethyl-5-isoxazolyl)-2'-[(3-methyl-2-o0xo-1-imidazolidinyl)methyl][1,1'-
biphenyl]-2-sulfonamide; '
4'-[(2-Butyl-4-0x0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl}-2'-[(3,3-
dimethyl-2-oxo-1-pyrrolidinyl)methyl]-N-(2-pyrazinyl) [1,1'-biphenyl]-2-
sulfonamide;
4‘-[(2-Buty1-4-oxo—1,3-diazaspiro[4.4]non—1-en-3-y1)methyl]—N—(3-
chloro-2-pyrazinyl)-2'-[(8,3-dimethyl-2-oxo0-1-pyrrolidinyl)methyl}{1,1'-

‘biphenyl]-2-sulfonamide;

4'-[(2-Butyl-4-0x0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyi]-N-(3,4-
dimethyl-5-isoxazolyl)-2'-{(2-oxo-1-pyrrolidinyl)methyl] [1,1-biphenyl]-2-

sulfonamide;

-224 -

* c L M S *



© ‘WO 00/01389

10

15

- 20

‘25

30

PCT/US99/15063

4’-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2-[(3,3-

| dimethyl-2-oxo-1-pyrrolidinyl)methyl]-N~(3,6-dimethyl-2-pyrazinyl)[1,1-

biphenyl]-2-sulfonamide;

4’-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-[(3,3-
dimethyl-2-oxo-1-pyrrolidinyl)methyl]-N-(3-methoxy-2-pyrazinyl)[1,1- _
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)-[1,1'-biphenyl]-2-sulfonamide;

4'-{(2-Butyl-4-oxo0-1,3-diazaspiro[4.4]non-1-en-3-ymethyl]-N-(4,5-
dimethyl-3-isoxazolyl)-2'-[(2-oxo-1-pyrrolidinyl)methyll[1,1'-biphenyl]-2-
sulfonamide;

(8)-N-{[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl}[1,1'-
biphenyl]-4-ylimethyl]-N-[2-methyl-1-(3-methyl-1,2,4-oxadiazol-5-
yl)propyllpentanamide;

' N-(3,4-Dimethyl-5-isoxazolyl)-2-[(3,3-dimethyl-2-0x0-1- -
pyrrolidinyl)methyl}-4’-[(2-ethyl-5,7-dimethyl-3H-imidazo[4,5-b] pyridin-3-

" ylmethyl][1,1'-biphenyl}-2-sulfonamide;

N-(3,4-Dimethyl-5-isoxazolyl)-4'-[2-(2-methoxyethyl)-4-0xo-1,3-
diazaspiro[4.4]non-1-en-3-yl)methyl](1,1'-biphenyl]-2-sulfonamide; _
N-(3,4-Dimethyl-5-isoxazolyl)-4'-[2-(2-ethoxymethyl)-4-0x0-1,3-
diazaspiro[4.4]non-1-en-3-yl)methyll(1,1'-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)[1,1"-biphenyl]-
2-sulfonamide; o
’-{(2-Ethyl-5,7-dimethyl-3H-imidazo{4,5-blpyridin-3-yl)methyl}-2-
[(3-methyl-2-oxo-1-imidazolidinyl)methyl]-N-(8,4-dimethyl-5-
isoxazolyl)[1,1'-biphenyl]-2-sulfonamide;
(8)-2-[N-[2"-[[N-(3-Methyl-5-isoxazolyl)amino]sulfonyl] [1,1'-
biphenyl]-4-yljmethyl]-N-(1-oxopentyl)amino]-3,N-dimethylbutanamide;
(8)-2-[N-[2"-[[N-(4-Bromo-3-methyl-5-isoxazolyl)amino]sulfonyl]}[1,1'-
biphenyl]-4-ylJmethyl]-N-(1-oxopentyl)amino]-3,N-dimethylbutanamide;
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4’~[(2-Butyl-4-oxo-1 3-diazaspiro[4.4]non—-1-en-3—yl)methy1]
-N~(3,4-dimethyl-5-isoxazolyl)-2'-propyl{1,1'-biphenyl]-2-sulfonamide;

4’-[(7-Methoxycarbonyl-2-ethoxybenzimidazol-1-yl)methyl]-
N-(38,4-dimethyl-5-isoxazolyl)-[1,1-biphenyl]-2-sulfonamide;

4- [(7-Carboxy-2-ethoxyben21m1dazol~1-yl)methyl]-N -

(3 4-d1methyl-5-1soxazolyl) {1,1-biphenyl]-2-sulfonamide;

4- [(7-Meij.hoxycar.bonyl~2—ethy1benz:m1dazo_1 -1-yl)methyl}-N-
(3,4-dimethyl-5-isoxazolyl)-[1,1"-biphenyl]-2-sulfonamide;

4’-[(7-Cérﬁbxy-2¥ethylbenzimida_zol-l-yl)methyll-N-
(3,4-dimethyl-5-isoxazoly)-[1, 1biphenyl}-2-sulfonamide;

2’-[(3,3-l_)ijnethyl-2-oxopy1‘z‘olidin—1-yl)methyl]-4’-[(2-ethoxy-7 .
(methoxycarbonjl)ben’zimidazol-l-yl)methyl]-N-(3,4-dimethyl-5-
isoxazolyl)-{1, 1" b1phenyl]-2—su1fonam1de,

2-[(3 3—D1methyl 2-oxopyrrolidin-1-yl)methyl]-4’-[(2-ethoxy-7-
(carboxy)benzlrmdazol- -yl)methyl]-N—(3 4-d1methyl-5-1soxazolyl) [1 -
biphenyl]- 2-su1fonam1de, ' '

2’-[(3 3-D1methyl-2-oxopyrrohd1n- -yl)methyl] 4- [(2-ethoxy-7-(N-
methylcarbamoyl)benz:midazol- -yl)methyl]-N-(3 4-d1methyl-5-1soxazoly1)—
(1, 1’-b1pheny1]-2-sulfonam1de '

2’-[(3 3-D1methy1—2-oxopyn'ohd1n-1—yl)methyl]-4’ -[(2-ethoxy-7-(N,N-
dimethylcarbar_poyl)benzxmld_azol~ 1-ylimethyl]-N-(3,4-dimethyl-5-
isoxazolyl)-[1, 1’—biphenyl}-2-sulfonamide; _ :

4- {(2-Ethylqmnohn-4-y1)oxymethy1}~N—(1 3 5-tnmethvlpyrazol-4-yl)

1 1’~b1phenyl]-2-sulfonam1de,

4 [(2-Ethylqmnohn-4—yl)oxymethy1]-N-(3-methyhsoxazol—5-yl) (1,1-
biphenyl)-2-sulfonamide;

4-[( 5-Acety1-2-n-propyl-4-chlor01m1dazol- -yl)methyl}-N—(S 4-
dimethyl- 5-1sp_xazoly1)—[1,1’_-b1phenyl]; -2-gulfonamide;

4-[( 5-Methoxy’carbony1—2-n-propyl-4-chloroi_midazol-l—yl)methyl]-N -
(3,4-dimethyl-5-isoxazolyl)-[1,1biphenyl]-2-sulfonamide;
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4 54(N3Nidhnethylcubé.inoyl)-2-ﬁ-prd§3ii%4-éhloroimidazol—1-
yl)methyl]—N—’(3,4-di.methyl-5-isoxazolyl)-[1,1’-bipheny1];2-su1fonamide;
4-[(2-Butyl-4-0xo0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl}-N-(3,4-
dimethyl-5-isoxazolyl)-2-hydroxymethyl[1,1*-biphenyl]-2-sulfonamide
4-[(2-Butyl-4-oxo0-1,3-diazaspiro[4.4Inon-1-en-3-yl)methyl]-N-(3,4-
dimethyl-5-isoxazolyl)-2’-ethoxymethyl[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’-propyl[1,1’-biphenyl]-2-sulfonamide;
4’-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2’-[(3,3-
dimethyl-2-oxo-1-pyrrolidinyl)methyl}-N-(3-methoxy-5-methyl-2-
pyrazinyl)[1,1’-biphenyl]-2-sulfonamide; '
4’-[(2-Butyl-4-0x0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(4-
bromo-3-methyl-5-isoxazolyl)-2’-[(3,3-dimethyl-2-oxo-1-
pyrrolidinylmethyl][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 -1soxazolyl) 2'-[(formylmethylamino)-methyl](1, T-biphenyl]-2-.
sulfonamide; .
N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-ymethyl]-2’-
[[(3,4-dimethyl-5-isoxazolyl)aminolsulfonyl][1,1-biphenyl]-2-ylJmethyl]-N-
methylpropanamide;
N-[[4-[(2-Butyl-4-oxo0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2"-
[[(3,4-dimethyl-5-isoxazolyl)aminolsulfonyl] [1,1-biphenyl]-2-yl}methyl]-N-
methylcyclopropanecarbox-amide;
N-[[4-[(2-Butyl-4-ox0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2-
(s 4-d1methyl-5.1soxazolyl)ammo]sulfonyl] 1 1’-b1phenyl]-2-y1]methy1]
N,2-dimethylpropanamide;
N-[[4-[(2-Butyl-4-0x0-1,3-diazaspiro{4.4}non-1-en-3-yD)methyl]-2"-
[[(3 4-d1methyl-5—1soxazolyl)ammo]sulfonyl] [1,1-biphenyl]-2-yllmethyl]-N-
methylbutanamide;

- 227 -

%* c L M S *



WO 00/01389 PCT/US99/15063

10

15

20

25

30

N-[[4-[(2-Buty1-4-oxo—1,3-_diazaspirq[4;4]non-l_{en-3-y1)methyl]—2’~
[1(3,4-dimethyl-5-isoxazolylaminolsulfonyll[1,1"-biphenyl}-2-yljmethy1]-2-
methoxy-N-methylacetamide; ' _ | _

N-[[4—[(2_—]_3utylf4-oxo-1,3-diazaspiro_[4.4]non—l-en-B-yl)methyl]-2’-
[[(3,4-dimethyl-5-isoxazolyl)amino}sulfonyl][1,1-biphenyl]-2-yllmethyl}-N-
methyl-4-pentynamide;

N-[[4-[(2-Butyl-4-0x0-1, 3-d1azasp1ro[4 4]non-1-en-3-yl)methyl]-2'-
[[(3,4-dimethyl-5-isoxazolyl)amino}sulfonyl] [1,1*-biphenyl}-2-yllmethyl)-N-
methylcyclobutapecarboxamide; _ | |

N-[[4-[(2-Butyl-4-0x0-1,3-diazaspiro[4.4]non-1-en-3-yDmethyl]-2’-
[1(3,4-dimethyl-5-isoxazolyl)amino}sulfonyl]| 1,1"-biphenyl]-2-yllmethyl]-

N,3-dimethylbutanamide;

N-[[4-[(2-Butyl-4-ox0-1 3-d1azasp1ro[4 4]non- -en-3-yl)methyl]-2'’-
[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl] [1,1-biphenyl]-2-yllmethyl}-
N,2 2-tnmethy1propanam1de,

N-[ [4-[(2-Butyl-4—oxo-l 3-d1azasp1ro[4 4]non-1 -en-3-y1)methy1] -2-
[[(3,4-dimethy]- a-lsoxazolyl)ammo]sulfonyl] [1,1’-b1pheny1]-2~yl]methyl]-3- .
methoxy-N-methylpropanamide; _ :

N-[[4-[(2-Butyl-4-ox0-1 3-dxazasp1ro[4 4]non-1-en-3-y1)methyl]-2’

f(3 4—d1methy1-5—1soxazoly1)am1no]sulfonyl][1,1’—b_1phenyl]-2-y1]methyl]-2-

. ethoxy-N-methylacetamide;

N-{{4-{(2-Butyl-4-oxo-1 ,3-diazaspiro(4. 4]non-l-en-3—yl)methy1]-2’
[[(3 4-(hmethyl-5-1soxazolyl)ammo]sulfonyl][1_,1’-b1phenyl]-2-y1]methyl] -N-
methyl-2-furancarboxamide; -

N-{[4- -[(2-Butyl-4-ox0-1 3-d1azasp1ro[4 4]non-1 -en-3-y1)methyl} 2-
[i(3, 4-d1methy1-5-lsoxazoly1)ammo]sulfonyl] [1,1-biphenyl}-2-yllmethyl}-
N,4-dimethylpentanamide; '

N—[[4—[(2-Butyl 4-0x0-1,3-diazaspiro[4.4]non- l-en-3-y1)methyl]-2 -
[[(3,4-dimethyl-5-isoxazolyl)amino}sulfonyl){1,1-biphenyl}-2-ylimethyl]-N-
methylbenzamide;
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N-[{4-[(2-Butyl-4-ox0-1,3-diazaspiro [4.4]non-l-én—3_-yl)methy1]—2’-

{[(8,4-dimethyl-5-isoxazolyl)amino]sulfonyll[1,1™-biphenyl]-2-yllmethyl]}-N-

methyl-3-thiophenecarboxamide;
N-[{4-[(2-Butyl-4-0x0-1,3-diazaspiro{4.4]non-1-en-3-yl)methyl]-2’-

" [(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl][1,1*-biphenyl]-2-ylimethyl}-N-

methylcyclopentaneacetamide;

N-[[4-[(2-Butyl-4-oxo0-1,3-diazaspiro{4.4]non-1-en-3-yl)methyl]-2’-
[[(3,4-dimethy1-5-is6xazolyl)amino]sulfonyl][1,1’-biphenyl]-2-yl]methyl]-N—
methylcyclohexanecarboxamide;

~ N-{[4-[(2-Butyl-4-0xo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2’-
[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyll[1,1-biphenyl]-2-yllmethyl]-
N,3-dimethylbenzamide;

N-[[4-[(2-Butyl-4-0x0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyi]-2’-
[{(3,4-dimethyl-5-isoxazolyl)amino)sulfonyl][1,1’-biphenyl]-2-yl]methyl]-N-
methylbenzeneacetamide;

N-[[4-[(2-Butyl-4-0x0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]- 2’
[((3,4-dimethyl-5-isoxazolyl)amino]sulfonyl][1,1"-biphenyl}-2-ylimethyl]-2-
fluoro-N-methylbenzamide; R |

N-{[4-[(2-Butjl—4-oxo—1,3-diazaspiro [4.4Inon-1-en-3-yl)methyl}-2’-
[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl}[1,1’-biphenyl]-2-yllmethyl]-3-
fluoro-N-methylbenzamide;

N-[[4-[(2-Butyl-4-0x0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2’-
[[(3,4-dimethyl-5-isoxazolyl)amino}sulfonyl][1, 1’-b1pheny1] 2-ylimethyl]-4-
ﬂuoro-N—methylbenzam1de,

N-[[4-{(2-Butyl-4-oxo-1, 3-d1azasp1ro[4 4]non-1-en-3-yl)methyl]-2’-
[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl] (1,1’ b1pheny1]-2-y1]methy1]-N—
methylcyclohexaneacetamide;

 N-[[4-{(2-Butyl-4-0x0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl}-2-
[[(8,4-dimethyl-5-isoxazolyl)amino]sulfonyl}[1,1-biphenyl}-2-yllmethyl]-2-

fluoro-N-methylbenzeneacetamide;
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-N-[[-4-—[(2-Butyl-4—oxo-1,3-diazaspiro[4.4]non—l;en-S-yl)methy1]-2’-
([(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl] (1,1"-biphenyl]-2-yllmethyl]-3-
fluoro-N-methylbenzeneacetamide;

 N-{[4-{(2-Butyl-4-0xo-1,3-diazaspirol4. £non-1-en-3-yDmethyl}-2-
[[('3,4-d1methyl.-5=1soxazolyl)am1no]sul_fonyl][1,1’-b_1phenyl]-2-y1]methy1]-4-
ﬂuomN-methylbemeneacetamide;

N-[[4-[(2-Buty1-4-oxo-.1,'3_-diazaspiro[4.4]non-l-_en-_3-yl)methyl]-2’-
[[(3,4-dimethyl-5-isoxazolyl)aminolsulfonyl] [1,1-biphenyl]-2-yllmethyl]-
N,N°,N". tnmethylurea,

N—[[4-[(2-Butyl—4-oxo-1 3-d1azasp1ro[4 4]non- -en-3-yl)methyl]-2’
(i3 4-dmethy1-5-1soxazolyl)ammo]sulfonyl]_[1,1’-b1phenyl] -2-ylimethyl]-N’-
(1,1-dimethylethyl)-N-methylurea; |

[[4-[(2- Buty1~4-oxo-1 3-d1azasp1ro[4 4]non- 1-en—3-yl)methyl]-2 -
{3 4—d1methyl-5-1soxazolyl)ammo]sulfonyl] [1,1-biphenyl}-2-
yl]methyl]methylcarbamlc acid ethyl ester;

[[4-[(2-Butyl—4-oxo—1 3-diazaspirof4. 4]non-1-en-3-y1)methyl]-2 -
[[(3,4- d1methy1¢5-1soxazolyl)a_r_m_no]s_ulfonyl][1,]_.’-b1phenyl]-2—
yl]methyl]méthylcarbamic acid Z-methylpropjl ester;

‘N-[[4- [_(2.:Butyl-4-oxo-1,3—diazaspiro[4.4}non-'1—en-3-y1)methyl]-2’-
(6] 4-dimethyi—5.-isoxazollyl)an:1ino] sulfonyl}[1,1-biphenyl]}-2-ylJmethyl]-
N,3 3-tnmethylbutanam1de

- N-[[4- [(2-Butyl-4-oxo-1 3-d1azasp1ro[4 4]non-1-en-3—yl)methyl]-2’

- [K38 4-d1methyl 5-xsoxazolyl)am1no]sulfonyl][1 1-biphenyl]-2-yllmethyl]-N-

methyl-2—pyr1d1necarboxam1de,

N-[[4-[(2-Butyl-4-oxo-1 3-d1azasp1ro[4 4Jnon-1- en-3-yl)methy1]-2 -
{[(3 4—d1methyl 5—1soxazolyl)am1no]sulfonyl][1,1’-b1phenyl]-2-y1]methy1]-N-
methyl-3-pynd1necarboxam1de

N -[[4-[(2-Buty1—4-oxo—1 3-diazaspiro[4.4] non-l-en-3-yl)methyl]-2’
[[(3,4-d1methy1-5-lsoxaquy1_)a_m1no] sulfonyll[1, _l’-b;phenyl] -2-yljmethyl}-N-
methyl-3-pyrid_iﬁecarboxami(__l__e; '
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N-[[4-[(2:Biityl-4-oxo-1,3-diazaspiro[4.4]86: 1-en-3-ymethyl)-2-
[[(8,4-dimethyl-5-isoxazolyl)amino}sulfonyl][1,1>-biphenyl]-2-ylimethyl]-
N,1-dimethyl-1H-pyrrole-2-carboxamide; 3

" 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-yllmethyi]-N-
methyl-1,2,3-thiadiazole-4-carboxamide;

N—[{4—[(2-Butyl-4-oxo-1,3-diazaspi_ro[4.4]non-l-en-3-yl)methy1]-2’-
[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl}[1,1’-biphenyl]-2-ylimethyl]-
N,5-dimethyl-2-pyrazinecarboxamide; _
' N—[[4-[(2-Butyl—'4-oxo—-1 3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-
[[(3,4- d1methy1-5-1soxazolyl)am1no}sulfonyl][1 1’-biphenyl]-2-ylimethyl]-
N.,3,5-trimethyl-4-isoxazolecarboxamide;

N-([4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2'-
[((8,4-dimethyl-5-isoxazolyl)amino]sulfonyli[1,1’-biphenyl]-2-yllmethyl]-
N,3-dimethyl-2-thiophenecarboxamide; :

N-[[4-[(2-Buty1—4-oxo-1,3-diazaspiro[4.4]non-1-en-3-y1)methy1]-2’-
[i(8,4-dimethyl-5-isoxazolyl)aminolsulfonyl][1,1-biphenyl]-2-yljmethyl]-
N,5-dimethyl-2-thiophenecarboxamide; _,

N-[[4-[(2-Butyl-4-o0xo0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2’-
[[(8,4-dimethyl-b-isoxazolyl)amino]sulfonyl}[1,1’-biphenyl]-2-yllmethyl]-3-
cyano-N-methylbenzamide;

N-[{4-[(2-Butyl-4-0x0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl}-2’-
[[(3,4-dimethyl-5-isoxazolyl)aminolsulfonyl][1, 1’-b1phenyl]-2-yl]methyl]-4-
cyano-N-methylbenzamide; S :

N-[[4-[(2-Butyl-4-0xo-1,3-diazaspiro[4.4]non-1-en-3-y)methyl]-2*-
[[(3,4-dimethyl-5-isoxazolyl)Jamino]sulfonyl}i[1,1’ b1phenyl] 2-yllmethyl}-2-
methoxy-N-methylbenzamide;

N-[[4-[(2-Butyl-4-ox0-1,3-diazaspiro[4.4]non-1 -en-3-yl)methyl] 2’-
[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl] [1,1’-biphenyl]- 2-y1]methyl] 2-
chloro-N-methylbenzamide;
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N-[i4- [(2-3uty1h4-oxo-1-,3-diaz_aspiro[4.4]no_n-1-én-3-yl)methy1]-2’-
[(s 4-dimethyl-5-isoxazolyl)amino]s_ulfonyl] [1,1-biphenyl]-2-ylimethyl]-3-
chloro-N-methylbenzamide;

N-[[4-[(2-Butyl-4-ox0-1 3-d1azasp1ro[4 4]non l-en-3-y1)methyll-2 -

[[(3,4-dimethyl-6-isoxazolyl)aminolsulfonyl][1,1"-biphenyl]-2-yljmethyl]-4-

chloro-N-methylbenzam1de

N-[[4-[(2-Butyl—4-oxo—1 3-diazaspiro[4. 4]non-1—en-3-y1)methy1]—2’
[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl]{1,1"-biphenyl]-2-yljmethyl]-
2,3-difluoro-N-methylbenzamide;

N-{[4-[(2-Butyl-4-ox0-1,3-diazaspiro4. 4]non— 1-en~3-yl)methy1]-2’
fis 4~d1methyl-5-1soxazolyl)am1no]sulfonyl] [1,1’-biphenyl] -2-y1]methyl]-
3,4-difluoro-N-methylbenzamide; .

- N-[{4-[(2-Butyl-4-oxo0-1,3-diazaspiro[4. 4]non-1-en-3-yl)methyl] 2’-
[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl] [1,1’-biphenyl]-2-yllmethyl]-
3,5-difluoro-N-methylbenzamide; -

- 4-Acetyl-N-{{4-[(2-butyl-4-oxo-1,3-diazaspiro{4.4]non-1-en-3-

. ylimethyl]-2"-[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl}[1,1-biphenyl]-2-

yl]methyl]-N—méthylbenza_mide;

- . N-[[4-[(2-Butyl-4-0x0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2’-
(L3, 4-dimethyl-5-isoxazolyl)amino]sulfonyl][1,1’-biphenyl]-2-y1]methyl]-3-
ethoxy-N-methyl- 2-th1ophenecarboxam1de, |

4 [(2-Butyl-4-oxo 1,3-diazaspiro(4.4]non- -en-3-y1)methy1]-N-(3 4-
dimethyl-5-1sox_a_.zolyl)[1,1’-b1pheny1]-2-sulfonam1de,

4’-[(2-Butyl-4-oxo—1 3-diazaspiro{4.4]non-1-en-3-y)methyl]-N~(3,4-
dimethyl-5-isoxazolyl)-2" [(propylsulfonyl)amlno] [1,1’-biphenyl]-2-
sulfonamide; .

N-[[2-[I[(3 4-D1methy1-5-1soxazoly1)ammo]sulfonyl] [1,1’-biphenyl}-4-
yllmethyl]-N-(1-oxopentyl)-L-valine methyl ester;

' N-[[2’-[[(8,4-Dimethyl-5-isoxazolyl)amino}sulfonyli[1,1’-biphenyl]-4-
yllmethyl]-N-( 1-oxopentyl)-L—valme methyl ester;
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N-(3,4-Dimethyl-5-isoxazolyl)-2-[(3,3-dimetkiyl-2-oxo-1-

‘pyrrolidinyl)methyl]-4’-[(2-propyl-4-oxo-1,3-diazaspiro(4.4Inon-1-en-3-

ylmethyl]l[1,1’-biphenyl]-2-sulfonamide;
N—[[2’-[[(3,4‘-Dimethyl-5-isoxazolyl)amino]sulfonyl]-4-[(2—ethyl-5,7-
dimethyl-3H-imidazo[4,5-blpyridin-3-yl)methyl][1,1’-biphenyl]-2-
yllmethyl]-N,3,3-trimethylbutanamide;
N2-[[2-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl][1,1-biphenyl]-
4-yllmethyl)-N2-(1-oxopentyl)-L-valinamide;
N2-{{2-[[(3,4-Dimethyl-5-isoxazolyl)amino}sulfonyl}(1,1-biphenyl]-
4-yllmethyl]-N-methyl-N2-(1-oxopentyl)-L-valinamide; -
‘N2-[[2-[[(8,4-Dimethyl-5-isoxazolyl)amino}sulfonyl]l{1,1"-biphenyl}-
4-yllmethyl]-N,N-dimethyl-N2-(1-oxopentyl)-L-valinamide;
4’-[(2-Butyl-4-ox0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(3,4-
dimethyl-5-isoxazolyl)-2’-[[(2,2,2-trifluoroethyl)amino]methyl][1,1’-
biphenyl]-2-sulfonamide; :
4-[(2-Butyl-4-oxo0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2’- [[(3 4-
dimethyl-5-isoxazolyl)amino]sulfonyl}(1,1’-biphenyl]-2-carboxylic acid; .
4’-((2-Butyl-4-oxo0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(3,4-
dimethyl-5-isoxazolyl)-2’-(trifluoromethyl){1,1’-biphenyl}-2-sulfonamide;
4-{(2-Butyl-4-0x0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2’-[[(3,4-

_ d1methyl-5-1soxazolyl)ammo]sulfonyl] {1,1-biphenyl]-2-carboxylic acid

methyl ester;
4’-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1 -en-3-yl)methyl]-N—(3 4-
dimethyl-5-isoxazolyl)-2’- (methoxymethyl)[l 1’-biphenyl}-2-sulfonamide;
4’-[(2-Butyl-4-oxo-1,3-d1azasp1ro[4.4]non- -en-3-yDmethyl])-N-(3,4-
dimethyl-5-isoxazolyl)-2’-fluoro[1,1’-biphenyl]-2-sulfonamide; -
2’-(Cyanomethy1)-N—(3,4-dimethy1-5-isoxazolyi)-4’-[(2-ethy1-5,7-
dimethyl-3H-imidazo[4,5-b}pyridin-8-yl)methyl][1,1’-biphenyl]-2-
sulfonamide; _
4£-[(2-Butyl-4-0xo-1,3-diazaspiro[4.4]non-1-en-3-ymethyl]-2"-.
(cyanomethyl)-N-(3,4-dimethyl-5-isoxazolyl)[1,1-biphenyl]-2-sulfonamide;
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: 4’-[(2-Buty1-4-oxo-l,3-diaz,aspiro[4.4]non-l_-en-3-yl)methyl]-2’-
(cyanomethyl)-N-(3,4-dimethyl-5-isoxazolyl)[1,1’-biphenyl])-2-sulfonamide;
4’-[(2-Butyl-4-0xo0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N~(3,4-
dimethyl-5-isoxazolyl)-2-methyl[1,1"biphenyl]-2-sulfonamide;
2’-Cyano$_T—(3,4-dimethyl,-5_-isoxazolyl)_-,_4’-_[(2-ethyl-5,7-dimethyl-3H~
imidazo [4,5-b]py1".idin-3.-yl)methy1] [1,‘1’-bipheny1];-2-su1fonamide;
N2-[[2"-[[(3,4-Dimethyl-5-isoxazolyl)amino}sulfonyl]-2-methyl(1,1-
biphenyl]-4-yllmethyl]-N-methyl-N2-(1-oxopentyl)-L-valinamide;
N-(3,4-Dimethy1-5.-isoxazoly1)-4’-[(2_-ethy_l-_5,7-djmethyl-3H-
imidazo[4,5-blpyridin-3-ymethyl]-2-{[(2,2,2-. -
trifluoroethyl)aminojmethyl}(1,1’-biphenyl]-2-sulfonamide;
N-[4-[(2-Butyl-4-0x0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2’-
[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyll[1,1’-biphenyl}-2-
yl]benzeneacetamlde, _ . _ :
N-[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4. 4]non—1-en—3-yl)methyl]-2 -
(i3, 4-dnnethyl-5-1soxazolyl)am1no]sulfonyl] [1,1-biphenyl]-2-yl}-3.3-
dlmethylbutanamlde : S
2’-Amino-4’-[(2-butyl-4-0x0-1, 3-d1azasp1ro[4 4]non-1-en-3-ylmethyl}-
N-(3,4-dimethyl-5-isoxazolyl){1,1-biphenyl]-2-sulfonamide;
4’-[(2-Butyl-4-0x0-1,3-diazaspiro(4.4]non-1-en-3-yl)methyl]-N-(3,4-

. dimethyl-5-isoxazolyl)-2"-nitro[1,1’-biphenyl}-2-sulfonamide;

N2-[[2"-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl][1,1-biphenyl]-
4-yllmethyl]-N-methyl- N2-(1-oxopropyl)-L-isoleucinamide;

N2-(Cyclopropylcarbonyl)- N2-[[2"-[[(3,4-dimethy]-5-
isoxazolyl)amino]sulfonyl][1,1’-biphenyi]-.4~y1]methyl].-N-methyl-L- -
isoleucinamide; _ o

N2-[[2-[{(3 4~D1methyl-5-1soxazolyl)am1no]sulfonyl] [1 1’—b1phenyl]-
4-yl]methy1]-N—methyl- N2-(1-ox0-3-phenylpropyl)-L-isoleucinamide;

N2-[[2-[[(8 4-Dimethyl-5-isoxazolyl)amina)sulfonyl}[1,1-biphenyl-
4-ylimethyl]-N-methyl- N2-(3-methyl-1-oxobutyl)-L-isoleucinamide;
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N2-[[2-[[(3,4-Dimethyl-5-isoxazolyl)amino] sulfoﬂyl][l,l’-biphenyl]—
4-yllmethyl]-N-methyl- N2-(1-oxohexyl)-L-isoleucinamide; -
| N2-[[2’-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyll{1,1-biphenyl]-
4-yllmethyl]-N-methyl- N2-(1-oxobutyl)-L-isoleucinamide;
5 N2-[[2-[[(3,4-Dimethyl-5-isoxazolyl)amino}sulfonyl][1,1-biphenyl]-
4-yllmethyl]-N-methyl- N2-(1-oxopropyl)-L-leucinamide;
N2-(Cyclopropylcarbonyl)- N2-[[2’-[[(3,4-dimethyl-5-
isoxazolyl)amino]sulfonyl][1,1-biphenyl]-4-yllmethyl]-N-methyl-L-
leucinamide;
10 N2-[[2’-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl] [1,1-biphenyl]-
4-yllmethyl}-N-methyl- N2-(1-oxo-3-phenylpropyl)-L-leucinamide;
N2-[[2-[[(8,4-Dimethyl-5-isoxazolyl)amino]sulfonyl][1,1"-biphenyl}-
4-ylimethyl]-N-methyl- N2-(phenylacetyl)-L-leucinamide;
N2-[[2"-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl] [1,1"-biphenyl]-
15  4-ylimethyl]-N-methyl- N2-(3-methyl-1-oxobutyl)-L-leucinamide; _
' N2-[[2-[[(3,4-Dimethyl-5-isoxazolyl)aminolsulfonyl] [1,1’-biphenyl}-
4-yllmethyl]-N-methyl- N2-(1-oxohexyl)-L-leucinamide; .
N2-[[2’-[[(8,4-Dimethyl-5-isoxazolyl)amino]sulfonyl] [1,1’-biphenyl]-
4-yllmethyl]-N-methyl- N2-(1-oxobutyl)-L-leucinamide; _
20  N2-[[2-[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyll{1,1-biphenyl}-
. 4-yllmethyl]-N-methyl- N2-(1-oxopropyl)-L-valinamide; .
N2-(Cyclopropylcarbonyl)- N2-[[2-[[(8,4-dimethy]-5-
isoxazolyl)amino]sulfonyll[1,1-biphenyl}-4-yllmethyl}-N-methyl-L-
valinamide; _ o
25 N2-[[2"-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl)[1,1*-biphenyl]-
4-yllmethyl]-N-methyl- N2-( 1-0xo-3-pheny1’pr0py1)-L-valinamide;
N2-{[2"-[((3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl][1,1*-biphenyl]-
4-yllmethyl]-N-methyl- N2-(phenylacetyl)-L-valinamide;
N2-[[2°-[[(8,4-Dimethyl-5-isoxazolyl)aminolsulfonyl] [1,1*-biphenyl]-
30 4-ylimethyl]-N-methyl- N2-(3-methyl-1-oxobutyl)-L-valinamide;
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N2-[[2’-[[(3,4-Dimethyl-5-iso_x_azolyl)amino]sulfonyl] [1,1’-biphenyl]}-
4-yllmethyl]-N-methyl- N2-(1-oxohexyl)-L-valinamide; _

N2-f[2" [[(3 4-Dimethyl-5-isoxazolyl)amino]sulfonyl}[1,1’-biphenyl}-
4-yljmethyl] -N-methyl- N2-(1-oxobutyl)-L-valinamide;

N2-[[2-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl][1,1"-biphenyl]-
4-y1]methyl]-Neéf;hyl- N2-(1-oxopentyl)-L-valinamide;

N2-{[2’-[(3,4-Dimethyl-5-isoxazolyl)amino)sulfonyl][1,1’-biphenyl]-
4-yl]methy1]-N-hexyl— N2-(1-oxopentyl)-L-valinamide;

N2-[[2-[[(3,4-Dimethyl-5-isoxazolyl)amino}sulfonyl}-2- cyano{l 1-
biphenyl]-4-yl]methyl]—N -methyl-N2-(1-oxopentyl)-L-valinamide;

N2-[[2*-[[(3,4-Dimethyl-5-isoxazoly)amino]sulfonyl}-2-
hydroxymethyl[1,1*-biphenyl}-4-yljmethyl]-N-methyl-N2-(1-oxopentyl)-L-
valinamide; - . .
4-[(2-Butyl-4-oxo-1, 3-d1azasp1ro[4 4]non-1-en-3-yl)methyl]-2-{{(3, 4-
dimethy1-5—1sox_azoly1)ammo] sult_‘onyl] {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’-[[(3,4—dimethyl-_5-isoxazoly1)amino] sulfonyl][1,1’-biphenyl]-2-
carboxamide; : _

N-Methyl-4 [(2-butyl-4-oxo—l 3- d1azasp1ro[4 4]non-1-en-3-
ylrmethyl]-2'-[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyll[1,1"-biphenyl]-2-
carboxamide;

N-(3 4—D1methyl-5-1soxazolyl)—4’ [(1 4,5.6,7 8-hexahydro-8-oxo-2-

propyl-1 -cycloheptlmldazolyl)methyl]-2’-(methoxymethyl)[1 1-biphenyl]-2-

sulfonamide;
N~(3,4-Dimethyl- 5-isoxazolyl)-4"-[[(3-methoxy-2, 6—d1methyl 4-.
pyridinyloxyjmethyl]-2"-methyl[1,1*-biphenyl]}-2-sulfonamide;
N-(3,4-Dimethyl-5-isoxazolyl)-4-((1,4,5,6,7,8- hexahydro-8-0x0-2-
propyl-l-cycloheptlmldazolyl)methyl]-2’-methy1[1 1’-b1phenyl] -2-

sulfonamide;
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N2-[[2’-[[(3,4-Dimethy1-5-isoxazoly1)amino]éulf@nyl]-2-
(methoxymethyl)[1,1’-biphenyl]-4-y1]methyl]-N—methyl'—N2-(l-oxopentyl)-L-
valinamide;

N-(3,4-Dimethyl-5-isoxazolyl)-4’-[(1,4,5,6,7,8-hexahydro-8-oxo-2-
propyl-1-cycloheptimidazolyl)methyl]-2’-(hydroxymethyl)(1,1’ -biphenyl]-2-
sulfonamide;

2’-Chloro-N-(3,4-dimethyl-5-isoxazolyl)-4’-[{(5,6,7,8-tetrahydro-2-
ethyl-4-quinolinyl)oxylmethyll[1,1’-biphenyl]-2-sulfonamide;

N2-[{2-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl}-2-fluoro[1,1’-
biphenyl]-4-yllmethyl]-N-methyl-N2-(1-oxopentyl)-L-valinamide;

’-[(2-Butyl-4-oxo0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(3,4-
dimethyl-5-isoxazolyl)-2'-(phenoxymethyl)(1,1’-biphenyl}-2-sulfonamide;

N2-([2’-[[(3,4-Dimethyl-5-isoxazolyl)Jamino}sulfonyl}-2-(1H-pyrazol-
1-ylmethyl)[1,1’-biphenyl}-4-yljmethyl]-N-methyl-N2-(1-oxopentyl)-L-
valinamide; : '

N2-(Cyclopropylcarbonyl)-N2-[[2-[[(3,4-dimethy]-5-
isoxazolyl)amino]sulfonyll[1,1-biphenyll-4-yllmethyl]-N,N-dimethyl-L-
valinamide; '

N2-[[2’-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl] [1,1’-biphenyl]-
4-ylJmethyl]-N,N-dimethyl-N2-(1-oxobutyl)-L-valinamide;

N2-(Cyclopropylcarbonyl)- N2-[[2’-[{(3,4-dimethyl-5-.
isoxazolyl)aminojsulfonyl}-2-(methoxymethyD(1, 1’-b1pheny1]—4—yl]methyl]-
N,N-dimethyl-L-valinamide;

N2-[[2’-[[(3,4-Dimethyl-5-isoxazolyl)aminojsulfonyl]-2-
(methoxymethyl){1, 1’-b1phenyl]-4-yl]methyl]-N N-dlmethyl-N 2-(1- -
oxobutyl)-L-vahnamlde, ,

N2-[[2-Chloro-2’-[[(3,4-dimethyl-5-isoxazolyl)amino}sulfonyl}{1,1’-
biphenyl}-4-ylimethyl]-N-methyl-N2-(1-oxopentyl)-L-valinamide;

N2-[[2-[{(3,4-Dimethyl-5-isoxazolyl)amino)sulfonyl]-2-
(trifluoromethyl)(1,1’-biphenyl]-4-yllmethyl]-N-methyl-N2-(1-oxopentyl)-L-
valinamide;
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- N2-(Cyclobutylcarbonyl)-N2-[(2’-{[(3,4-dimethyl-5-
isoxazolyl)amino]sulfonyl][1,1’-biphenyl}-4-yllmethyl]-N-methyl-L-
valinamide;

1-[[2-Chloro-2’-[[(3,4-dimethyl-5-isoxazolyl)aminol}sulfonyl][1,1’-
biphenyl]-4-ylimethyl]-4-ethyl-2-propyl-1H-imidazole-5-carb oxylic_ acid;
4’-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]nori-1-en—3-.y1)methyl]-N-(3,4-
dimethyl-56-isoxazolyl)-2’-[(methylsulfonyl)amino](1,1’-biphenyl]-2-
sulfonamide; _
(S)-N-[[2"-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl] (1,1’
biphenyl]-4-ylimethyl]-N-[2-methyl-1-[(4-methyl-1-
piperazinyl)carbonyl]lpropyllpentanamide; S
. (S)-N-[[2’-.[[(3,4-Dimethyl-_5-isoxazolyl_)amino] sulfonyl}[1,1-

 biphenyll-4-ylimethyl]-N-[2-methyl-1-[(4-methyl-1-

piperazinyl)carbonyl] propyllpentanamide;.
N-(3,3-Dimethylbutyl)- N2-[{2-[[(3 4-d1methy1—5-
1soxazolyl)ammo]su1fony1] (1, 1’-b1phenyl]-4-yl]methyl]-N2 (l-oxopentyl)-L- _

. valmamlde

. N2-[[2-[[(3, 4-D1methy1—5-1soxazolyl)ammo]sulfonyl] {1,1-biphenyl}-
4-y1]methyl].-N-[_(4-ﬂuorophenyl)methy1_]-N2-(l-oxopentyl)-lrvahnamxde;
4-((2-Butyl-4-ox0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(3,4-

_ dimethyl-5-isoxazolyl)-2™-[(methylethoxy)methyll(1,1’-biphenyl]-2-

_ sulfonamide;

4’-[(2-Butyl-4-oxo-1, 3-d1azasp1ro[4 4]non-1-en—3-yl)methyl]-N—(3 4-
dimethyl-s-lsoxazolyl)-Z -(propoxymethyl)[1,1’-biphenyl]-2-sulfonamide;
4-Chlom-1_—[[2’-[[(3,4-dimethyl-:5-_isoxazolyl)amino]sulfonyl][1,1’-
biphenyll-4-yllmethyl]-2-propyl-1H-imidazole-5-carboxamide;
N-(3,4-Dimethyl-5-isoxazolyl)-2’-fluoro-4’-[(1,4, 5 ,8,7,8-hexahydro-8-
0xo-2-propyl-1-cycloheptimidazolyl)methyl][1,1’ -biphenyl]-2-sulfonamide;
4’-{(2-Butyl-4-0xo-1,3-diazaspiro(4.4]nén-1-en-8-yl)methyl]-2™-[(1,2-
dihydro-z-oxo-i_-pyridinyl)methyl] -N-(3,4-dimethyl-5-isoxazolyl)[1,1-
biphenyl]-2-sulfonamide; |
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4-[(2-Butyl-4-0x0-1,3-diazaspiro[4.4]nont1-en-3-yDmethyl]-N~(3 4-
dimethyl-5-isoxazolyl)-2"-(1H-pyrazol-1-ylmethyl)[1,1’-biphenyl)-2-
sulfonamide; '

2-Butyl-4-chloro-1-[[2’-[{(3,4-dimethy]-5-
isoxazolyl)amino]sulfonyl][1,1-biphenyl]-4-ylJmethyl]-1H-imidazole-5-

' carboxamide;

N-(3,4-Dimethyl-5-isoxazolyl)-4*-[[(2-methyl-4-

quinolinyl)oxylmethyl] [1,1’-biphenyl}-2-sulfonamide;

N-(3,4-Dimethyl-5-isoxazolyl)-4’-[[(2-ethyl-4-quinolinyl)oxylmethyl]
[1,1-biphenyl]-2-sulfonamide; - . :
N-(8,4-Dimethyl-5-isoxazolyl)-4’-[[(2-ethyl-5,6,7,8-tetrahydro-4-

" quinolinyl)oxy]methyl][1,1-biphenyl]-2-sulfonamide;

N-(3,4-Dimethyl-5-isoxazolyl)-4"-[[(2-propyl-4-
quinolinyl)oxy]methyl] {1,1-biphenyl]-2-sulfonamide; -

N-(3,4-Dimethyl-5-isoxazolyl)-4’-{(5,6,7,8-tetrahydro-2,4-dimethyl-7-
oxopyrido[2,3-d]pyrimidin-8-yl)methyl][1,1’-biphenyl]-2-sulfonamide;

4-[[(2-Ethyl-4-quinolinyl)oxylmethyl]-N-(3,4-dimethyl-5-isoxazolyl)-

* 2'-[(3,3-dimethyl-2-oxo-1-pyrrolidinyl)methyl][1,1>-biphenyl]-2-

5 sﬁlfonamide; :

N-(8,4-Dimethyl-5-isoxazolyl)-2’-[(3,3-dimethyl-2-o0xo-1-

_ pyrrolidinyl)methyl]-4’-[[(5,6,7,8-tetrahydro-2-ethyl-4-

quinolinyloxylmethyl] [1,1’-biphenyl}-2-sulfonamide;

o 3-[[2-[[(3,4-Dimethyl-6-isoxazolyl}Jamino}sulfonyl}[1,1’-biphenyl]-4-

yllmethyl]-2-ethyl-N-methyl-3H-benzimidazole-4-carboxamide;
1-([2-[[(3,4-Dimethyl-6-isoxazolyl)amino] sulfonyl}[1,1’-biphenyl]-4-

ylimethyl]-2-ethyl-1H-benzimidazole-7-carboxylic acid phenylmethyl ester;

 1-[[2[[(8,4-Dimethyl-5-isoxazolyl)amino]sulfonyl][1,1’-biphenyl}-4-

yl]niethyl]-z-ethyl-1H-beniimidazole-7 -carboxylic acid 2-phenylethyl ester;

1-[[2’-[{(3,4-Dimethyl-5-isoxazolyl)amino}sulfonyl][1,1’-biphenyl}-4-

' yl]methyl]-2-ethy1—1H-benzimidazole—7-carboxylic acid 2-(2-oxo-1- :.

pyrrolidinyl)ethyl ester;
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1-[[2’-[[(_3,_4.-Dimethyl-5-isoxazolyl)amino]su.lfohyl] f1,1-biphenyl]-4-
yllmethyl]-2-ethyl-1H-benzimidazole-7-carboxylic acid 3-(2-oxo-1-
pyrrohdmyl)propyl ester;
Cyano-N-(3 4—d1methyl-5-1soxazoly1)—4’ [[(2-ethy1-4-
qmno]myl)oxy]methyll [1,1 b1phenyl]-2-su1fonam1de e _ :
2(Cyanomethyl)-N-(3 4-d1methyl-5-1soxazoly1)—4’ 1(1,4,5,6,7,8-

- hexahydro-8-oxo-2-propyl-1-cycloheptimidazolyl)methyl} [1,1’-biphenyl]-2-

sulfonamide;

- 3-f{2-{I(3, 4-D1methyl-5—1soxazolyl)am1no]squonyl] [1,1-biphenyl]-4-
yl]methyl]-5-ethyl-N-methyl—z-pro,pyl-BH-lmldazole-4-carboxam1de,

1-{[2-Chloro-2*{[(3,4-dimethy}-5-isoxazolyDamino]sulfonyl]{1,1*-
biphenyl]-4-y1]ni{ethyl]-4-ethyl—2—propyl—1H-imida'zole-5-ca1jboxamide;

3- [[2’-[[(3;4—Dimethyl-5_-isoxazolyl)amino]_sulfonyl] [1,1-biphenyl]-4-
yllmethyl]-5-ethyl-2-propyl-3H-imidazole-4-carboxamide;

3-[[2"- [[(3 4-Dunethyl 5-isoxazolyl)amino]sulfonyl}{1,1’ b1pheny1]-4-
ylimethyl]- 2-ethoxy-N-methyl.-3H-benzlm1dazo.le:-4-carbcxa_mxde;

. 3-[[2’-[[(3;4-Dimethyl-5—isoxazolyl)aminb]sul_fonyl][1,1’-biphenyl]-4-

yllmethyl]-2-ethoxy-N,N-dimethyl-8H-benzimidazole-4-carboxamide;

2-[[12"-i(3, 4-Dimethyl-5-isoxazolyl)amino] sulfonyll(1,1-biphenyl]-4-
yllmethyl] propylammo]-3-pyndmecarboxyhc ac1d

4’-[(3,5-Dibutyl-1H-1,2,4-triazol-1-yl)methyl]-N-(3 4-d1methyl-5-
isoxazolyl)[1,1-biphenyl}-2-sulfonamide; g

N-(3,4-Dimethyl-5-isoxazolyl)-4’-[(1,4,5,6,7,8-hexahydro-8-oxo-2-
propyl-l-cyclohept1m1daznlyl)methyl}[1 1’-biphenyl]-2-sulfonamide;

4-[(2,7-Diethyl- 5H—pYI'aZ_010[1,5-b] [1,2,4]triazol-5-yl)methyl]-N-(3,4-
dimethyl—ﬁ-isokgzolyl)[1,-1’-biphényl]-2-su1fonamide; _

N-[2-Buty1-3-[[2’-{[(3,4fdiinéthyl-5-isoxazolyl)émino]sulfonyl] [1,1-
biphenyl] -4-y11ii1ethy1]-3,4-dihjdr_o-4-oxo-6-quinazolinyl]-N’-methyl-N’-( 1-
methylethyl)urea, . , | .

2-{[[2- [[(3 4~D1methy1-6-1soxazolyl)ammo]sulfonyl] [1,1’-biphenyl]-4-
yl}methyl]propylammo]-N-met_hyl- -pyridinecarboxamide;
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£-{[(3-Méthioxy-2,6-dimetliyl-4-pyridinyljssyimethyll-N-(3,4-
dimethyl-5-isoxazolyl)(1,1-biphenyl]-2-sulfonamide;

N-(3,4-Dimethyl-5-isoxazolyl)-2’-[(3,3-dimethyl-2-oxo-1-
pyrrolidinyl)methyl]-4-[[(3-methoxy-2,6-dimethyl-4- -
pyridinyl)oxylmethyl][1,1-biphenyl]-2-sulfonamide;

N-(3,4-Dimethyl-5-isoxazolyl)-2’-[(3,3-dimethyl-2-0x0-1-

pyrrolidinyl)methyl]-4’-[(1,4,5,6,7,8-hexahydro-8-0x0-2-propyl-1-

cycloheptimidazolyl)methyl}{1,1’-biphenyl}-2-sulfonamide;
N-(3,4-Dimethyl-5-isoxazolyl)-4-[[(3-methoxy-2,6-dimethyl-4-
pyridinyloxylmethyl]-2’-(methoxymethyl)[1,1’-biphenyl]-2-sulfonamide;
3-[[2’-([(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl][1,1’-bipheny]]-4-
yllmethyl)-2-ethyl-5-methyl-3H-imidazole-4-carboxamide; -
4’-[(2-Butyl-3,4-dihydro-4-oxo0-3-quinazolinyl)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-(4,5-

- dimethyl-3-isoxazolyl)-2’-[(3,3-dimethyl-2-oxo-1-pyrrolidinyl)methyl][1,1’-

biphenyl]-2-sulfonamide;
N2-[[2’-[{(3,4-Dimethyl-5-isoxazolyl)amino}sulfonyl]-2-[(3,3-
dimethyl-2-oxo-1-pyrrolidinyl)methyll[1,1-biphenyl]-4-ylimethyl]-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’-[(4,4-dimethyl-2-ox0-1-pyrrolidinyl)methyl)[1,1"-
biphenyl}-2-sulfonamide;

- 4-[(3,5-Dibutyl-1H-1,2 4-triazol-1-yl)methyl]-N-(3,4-dimethyl-5-
isoxazolyl)-2’-[(3 3-d1methyl-2-oxo-1-pyrrohd1nyl)methyl][1 1’-biphenyl]-2-
sulfonamide; _

N-[2-[[[2’-[[(8 4-Dimethy]~5'-isoxazolyl)aminolsu]fonyl]—4~[(2—ethyl—

* 5,7-dimethyl-3H-imidazo[4,5-b]pyridin-3-yl)methyl] [1 1’-b1phenyl]-2-

yllmethyllmethylamino}ethyl]acetamide;
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4-[(2-Et_hyl-5,7-dimethyl_-3H-imidazo{4,5-b]pyridin-3—y1)methyl]-2’-
[[(8,4-dimethyl-5-isoxazolylamino]sulfonyl}{1,1-biphenyl]-2-acetic acid
ethyl ester; | - .
N2-[[2-((3 4—D1methy1—5—1soxazolyl)am1no]sulfonyl] {1,1-biphenyl]-
4-ylimethyl] -N2-(1—oxopenty1)-N-propyl-L'-vaJmam1de, _

N2-[[2'-[[(3,4-Dimethyl-5-isoxazolyl)amino]sulfonyl}[1,1"-biphenyl]-
4-yllmethyl]-N2-( 1—oxopentyl)-N-[(tetrahydro-2-ﬁ1ranyl)methyl]-L-
valinamide;

’-Chloro-N-(S 4-dimethyl-5-isoxazolyl)-4*-[[(2-ethyl-4-
qmnohnyl)oxy]methyl][l 1’-biphenyl]-2-sulfonamide;

N-(3,4-Dimethyl-5-isoxazolyl)-4- [[(2—ethyl-4—qu1nol1ny1)oxy]methyl]-
’-(tnﬂuoromethyl)[l,1’-b1phenyl]—2-su_lfonam1de,

4’-[(2-Buty1-4-oxo-1,3-d_iazaspiro[4‘4]rion-1—en-3-y1)methyl]-2’-chloro-
N-(3,4-dimethyl-5-isoxazolyl)[1,1-biphenyl]-2-sulfonamide;

4-{(2-Butyi-4-0xo-1,3-diazaspiro[4.4Inon-1-en-3-yDmethyll-N-(3,4-
d1methyl-5-1soxazolyl)-2’-[(2-methylpropoxy)methyl] [1,1’-biphenyl]-2-

. sulfonamide;

4’-[(2-Butyl-4-ox0-1,3-diazaspiro[4. 4]non-1-en-3-yl)methyl]-N (3,4-

- dimethyl-5-isoxazolyl)-2’-[(ethylsulfonyl)amino] {1,1’-biphenyl]-2-

20

25

30

sulfonamide; -

4-[(2-Butyl-4-oxo-1, 3-diazaspirol[4.4]non-1 -en-3-yl)methy1]-N -(3 4-
dimethyl-5-isoxazolyl)-2’-{(2,2,2-trifluoroethoxy)methyl](1,1'-biphenyl]-2-
sulfonamide;

4'- [(2-Buty1-4-oxo-1 3-diazaspiro[4. 4]non-1-en-3-yl)methyl]-N -(3.4-
dimethyl-5-1soxazolyl)-2’-{(2-ﬂuoroethqu)methyl][1,1'-b1ph_eny1]-2- .
sulfonamide;

- N-8 4-D1methyl-5-1soxazolyl)-4' [[(3-methoxy-2,6-dimethyl-4-
pyridinyl)oxy] mgthyl]-z‘-ethoxymethyl[1,1'-b1pheny1]-2—su_1fonam1de;

N-(3,4-Dimethyl-5-isoxazolyl)-4*-[(1,4,5,6,7,8-hexahydro-8-0x0-2-
propyl-1-cycloheptimidazolyl)methylj-2'-(ethoxymethyl)[1,1'-biphenyl]-2-

sulfonamide;
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4’-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1 -en?3-yl)methy1]-N—(3,4-
d1methyhsoxazol—5-yl)-2’-(3 3,3-trifluoropropyl) [1,1*-biphenyl]-2-
sulfonamide; -

4’-[(2-Butyl-4-oxo-1,3-diazaspiro{4.4]non-1-en-3-yl)methyl}-N-(3,4-

| dimethylisoxazol-5-y1)-2’-(3-fluoropropyl) {1,1-biphenyl}-2-sulfonamide;

4’-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2’(1,1-
difluoroethyl)-N-(3 4-dimethyhsoxaiol-5-yl) (1,1-biphenyl]-2-sulfonamide;

4’-[(2-Butyl-4-0x0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl}-2°<(2,2,2-
trifluoroethyl)-N-(3,4-dimethylisoxazol-5-yl) [1,1’-biphenyl}-2-sulfonamide;

4’-[(2-Butyl-4-ox0-1,3-diazaspiro(4.4]non-1-en-3-yl)methyl}-N-(3,4-
dimethylisoxazol-5-y1)-2’-[(2-methyl)propoxy] (1,1'-biphenyl}-2-
sulfonamlde

4'-[(2-Butyl-4-0x0-1,3-diazaspiro[4.4]non-1-en-3 -yl)methyl]-N-(3 4-

dimethylisoxazol-5-y1)-2’<(2-methoxyethoxy) [1,1'-biphenyl]-2-sulfonamide;

4'-[(2-Butyl-4-oxo-1,3-diazaspirof4.4]non-1-en-3-yl)methyl]-2’-butyl-
N-(3,4-dimethylisoxazol-5-y1)[1,1"-biphenyl]-2-sulfonamide;
4'-[(2-Butyl-4-ox0-1,3-diazaspiro[4.4]Jnon-1-en-3-yl)methyl]-N-(3-

* methylisoxazol-5-y1)-2-trifluoromethyl[1,1'-biphenyl}-2-sulfonamide;

N-(4-Bromo-3-methyl-5-isoxazolyl)-4'-[(2-butyl-4-0x0-1,3-
diazaspirol4.4]non-1-en-3-yl)methyl]-2'-trifluoromethyl [1,1'-biphenyl]-2-
sulfonamide; '

4'-[(2-Butyl-4-oxo0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(4-
chloro—3-methy1-5-1soxazolyl)—2'-tnﬂuoromethyl (1, 1'-b1phenyl] 2- |
sulfonamide; ' :

4'-[(2-Butyl-4-oxo-1,3- d1azasp1ro[4 4]non-1-en-3-yl)methyl]-N-(3 4-
dimethyl-s-xsoxazolyl)-2'-(N-methoxy—N-methylammomethyl) 1,1'-
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-d.1methyhsoxazol-5—yl)[1 1'-biphenyl}-2-

sulfonamide;
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4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-ylDmethyl]-N-(3,4-
dimethylisoxazol-5-y1)-2’-(2-fluoroethyl)[1,1'-biphenyl]-2-sulfonamide;

4'-[(2-Butyl-4-oxo0-1, 3-diazaspiro[4.4}non-l;en-s-yl)methyll -N-(3,4-
dimethylisoxazol-5-y1)-2" ~(2-hydroxyethyl)(1, 1'-biphenyl]-2-sulfonamide;

4"-[(2-Butyl-4-ox0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(3,4-
dimethylisoxazol-5-yl)-2’-(3-methylbutyl)[1,1"-biphenyl}-2-sulfonamide;

4'-[(2-Butyl-4-0x0-1,3-diazaspiro[4.4)non-1-en-3-yl)methyl}-N-(3,4-
d.imethylisoxazolf5-yl)—2’-(2-methypropyl)[-1,l’fbiphe_nyll-z-sulfonamide;

4'-{(2(3,3-Diflucrobutyl)-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-
yllmethyl]-N-(3,4-dimethylisoxazol-5-y1)-2"-(ethoxymethyl)[1,1"-biphenyl]-
2-sulfonamide; . : . |

N-(3,4-Dimethyl- 5—lsoxazo]y1)-4' [[(3-methoxy-2 6—d.1methyl-4-

pyridinyl)oxylmethyl}-2'«(3,3,3-trifluoropropyD(1,1"-biphenyl]-2-
sulfonamide; . : . _

. 4'-[(2-Butyl-4-oxo-1, 3-dxazasp1ro[4 4]non— -en-3-yl)methy1]-N-(3 4-
dimethylisoxazol-5-y1)-2’-[(1, 1-d1methy1ethoxy)methyl][1 1-biphenyl]-2- .
sulfonamlde, ' '

4'-[4-Ethyl-1-[[2"-[((3,4-dimethy]- 5-1soxazoly1)ammo]sulfony1 -2-
methoxymethyl] _[1,1 “-biphenyl]-4-ylimethyl]-2-propyl-1H-imidazole-5-
carboxamide; .

4'-[4-Ethyl- 1-[[2' fl3 4-dlmethyl 5-1soxazoly1)ammo]sulfonyl 2-
methoxymethyl]{1,1-biphenyl]-4-ylJmethyl)-N-methyl-2-propyl-1H-

: 1m1dazole-5-carboxam1de

4'-{4-Ethyl-1-{[2-[[(3 4—d1methyl-5-1soxazolyl)ammo]sulfonyl-z-
methyl][1,1'-biphenyl] -4-y1]methy1]-2_-propy1—1H-1m1dazole—o -carboxamide;

4[4-Ethyl-1-[[2-[[(3 4 dimethyl-5-isoxazolyhamino]sulfonyl-2-
methyl}[1,1-biphenyl}-4-yllmethyl]-N-methyl-2 -propyl-lH-imi.dazole-5-

carboxamide; and salts thereof.
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-d.iazaspiro[4.4]non-l-en-3-yl)methyl] -N-(3,4-
dimethyl-5-isoxazolyl)[1,1"-biphenyl]-2-sulfonamide;
4’-[(2-Butyl-4-ox0-1,3-diazaspiro{4.4]non-1-en-3-yl)methyl]-N-(4,5-
dimethyl-3-isoxazolyl)-2'-[(methylamino)methyl)[1,1’-biphenyl]-2-
sulfonamide;
4'-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2’-
formyl-N-(4,-5-dim_ethyl-3—isoxazolyl)—[1,1'-bipheny1] -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'-[(3,3-dimethyl-2-oxo-1-pyrrolidinyl)methyl]}{1,1'-
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'-[( 3-methyl-2-oxo-1-imidazolidinyl)methyl][1,1'-
biphenyl]-2-sulfonamide;
4'-[(2-Butyl-4-0x0-1,3-diazaspiro[4.4]non-1-en-3-yl ) methyl]-N-(4,5-
dimethyl-3-isoxazolyl)-2'-((2-0xo-1-pyrrolidinyl)methyl] [1,1"-biphenyl]-2-

" sulfonamide;

4'-((2-Butyl-4-ox0-1,3-diazaspiro{4.4Inon-1-en-3-yl)methyl}-2’-
formyl-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'-[(2-0xo-1-pyrrolidinyl)methyl]) [1,1-biphenyl]-2-
sulfonamide;
- (8)-N-[[2"-[[(4,5-dimethy]-3-isoxazolyl)Jamino]sulfonyl][1,1'-
biphenyl]-4-ylimethyl]-N-[2-methyl-1-(3-methyl-1,2,4-oxadiazol-5-

'yDpropyllpentanamide; -

'N-(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-
yDmethyl]{1,1"-biphenyl}-2-sulfonamide; .

N-(4,5-dimethyl-3-isoxazolyl)-4"-[2-(2-methoxyethyl)-4-0x0-1,3-
diazaspiro{4.4]non-1-en-3-yl)methyll[1,1'-biphenyl}-2-sulfonamide;

N-(4,5-dimethyl-3-isoxazolyl)-4-[2-(2-ethoxymethyl)-4-0x0-1,3-
diazaspiro[4.4]non-1-en-3-yl)methyl][1,1'-biphenyl]-2-sulfonamide;
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_ 4-[(2-Ethyl-5,7-dimethyl-3H-imidazo[4,5-blpyridin-3-ylimethyl]-2™-
{(2-0x0-1-pyrrolidinyl)methyl]-N-(4,5-dimethyl-3-isoxazolyl)[1,1'-biphenyl]-
2-sulfonamide;

-[(2-Ethyl-5,7-dimethyl-3H-imidazo[4,5-b]pyridin-3-ylmethyl}-2'-
[(3-methy1-2—oxo.-1-imidazolidinyl)methyl]-N-(4_,5-dimethyl-3- _
isoxazolyl)[1, 1'-b1phenyl]-2-51ﬂfonam1de

(8)-2-[N-[2'- [[N-(3-Methyl—5-1soxazolyl)a.m1no]sulfonyl] [1,1-
biphenyl]—4-y1]methyl]-N-( 1-oxopentyl)amino)-3,N-dimethylbutanamide;

(S)-2-[N-[2' [[N-(4-Bromo-3-methyl-5-isoxazolyl)amino}sulfonyl][1,1'-
b1phenyl]-4—y1]methyl]-N—( 1-oxopentyl)amino}-3 N-dmethylbutanamlde

4'- [(2-Butgy_1-4-oxo—1,3-d1azasp1ro[4.4]non—lren-3—yl)methy1]
-'N-(.4,5-dimeth_yl-‘3-isoxazolyl)—2'-propyl[1,1'-biphenyl]_-z-sulfonamide;

4'-[(7-M§tl;1bxycarbony1-2-ethoxybenzim_idazol-l—yl)methyl]-

‘N -(4,5-dimethy1§$—isoxazolyl)— (1,1-biphenyl]-2-sulfonamide;

4'-[(7-Carboxy-2-ethoxybenzimidazol-1-yl)methyl]-N-
(4,5-dimethy1-_3-._i,soxazolyl)—'[1,1'-biphenyl]-2-su1fonamide;
) 4'- [(74Mefi10xycarbonyl-2-ethylbenzimidazol— 1-yl)methyli-N-
(4,5-dimethyl-3-isoxazolyl)-[1,1-biphenyl]-2-sulfonamide;
4'-[(7-Carboxy-2-ethylbenzimidazol-1-ymethyl}-N-
(4,5~ d1methy1-3-1soxazoly1)—[1 1'-biphenyl]-2-sulfonamide; _
23, 3-D1methyl 2—oxopyrrol1d1n-1-y1)methyl]-4’ [(2-ethoxy-7-
(methoxycarbonyl)benz:mldazol 1-yl)methyl].-N-(4 5-dimethyl-3-
isoxazolyl)-[l,1'-i;iphenyl]'-2-sul_fo'namide;
9(3,3-Dimethyl-2-oxopyrrolidin-1-yDmethyl]-4'-[(2-ethoxy-7-
(carboxy)benzihiidaiol—1‘-yl)méthy1]-:N-(.4,5-di1__nethy1-3-isoxazolyl)—[1,1'-
b1phenyl]-2-su]fonamlde,
2'- l(3 3 D1methy1—2-oxopyrrohdm-1-yl)methyl]-4‘ [(2—ethoxy-7-(N—
methylcarbamoyl)benmmdazol—1-y1)methyl]-N—(4 5-dimethyl-3-isoxazolyl)-
(1,1-biphenyl]-2-sulfonamide;
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2-((3,3-Disilbthyl-2-axopyrrolidin-1-yDm&Hi§1}-4" [(2-ethoxy-7-(N,N-
dimethylcarbarnoyl)benzimidazol-1-yl)methyl}-N-(4,5-dimethyl-3-
isoxazolyl)-[1,1-biphenyl]-2-sulfonamide;

4’-[(2-Ethylquinolin-4-yl)oxymethyl]-N-(3-methylisoxazol-5-yl)
[1,1’-biphenyl]-2-sulfonamide;

- 4’-[( 5-Acetyl-2-n-propyl-4-chloroimidazol-1-yl)methyl]-N-(4,5-

dimethyl-3-isoxazolyl)-[1,1-biphenyl]-2-sulfonamide;

4’-{( 5-Methoxycarbonyl-2-n-propyl-4-chloroimidazol-1-yl)methyl]-N-
(4,5-dimethyl-3-isoxazolyl)-[1,1’-biphenyl]-2-sulfonamide;

4’-[( 5-(N,N-dimethylcarbamoyl)-2-n-propyl-4-chloroimidazol-1-
yl)methyl]-N-(4,5-dimethyl-3-isoxazolyl)-[1,1-biphenyl]-2-sulfonamide;

4-[(2-Butyl-4-ox0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(4,5-
dimethyl-3-isoxazolyl)-2’-hydroxymethyl[1,1’-biphenyl}-2-sulfonamide;

4-[(2-Butyl-4-ox0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(4,5-
dimethyl-3-isoxazolyl)-2’-ethoxymethyl(1,1’-biphenyl}-2-sulfonamide;

4’-[(2-Butyl-4-ox0-1,3-diazaspiro{4.4]non-1-en-3-yl)methyl]
-N-(4,5.-d.imethyl-‘3-isoxazolyl)-2’-propyl[1,1’-biphenyl]-2-sulfonamide;

4’-{(2-Butyl-4-ox0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl)-N-(4-

" bromo-3-methyl-5-isoxazolyl)-2’-[(3,3-dimethyl-2-oxo0-1-

pyrrolidinyl)methyl][1,1’-biphenyl]-2-sulfonamide;
4’-[(2-Butyl-4-0x0-1,3-diazaspiro(4.4]non-1-en-3-yl)methyl]-N-(4,5-
dimethyl-3-isoxazolyl)-2’-[(formylmethylamino)-methyll[1,1’-biphenyl]-2-
sulfonamide; ' o o :
N-{[4-[(2-Butyl-4-0x0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2’-
{[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl][1,1"-biphenyl]-2-yllmethyl}-N-
methylpropanamide; - ' ' '
N-[[4-[(2-Butyl-4-oxo0-1,3-diazaspiro[4.4Inon-1-en-3-yl)methyl]-2"-
[[(4,5-dimethyl—3-isoxazolyl)amino] sulfonyl}[1,1-biphenyl]-2-yllmethyl]-N-

methyleyclopropanecarbox-amide;
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N-[[4-[(2-Butyl-4-_oxo-1,3-diazaspiro[_4.4_]non_fl;en73-yl)methy1]-2’-
[{(4,5-dimethyl-s—-isoxazolyl)amino] sulfonyll[1,1"-biphenyl]-2-yllmethyl}-

N ,2-dimethy1pr§panamide; |

"N-[ [4-[(2-Butyl-4-oxo-1 8-diazaspiro{4.4]non-1-en-3-yl)methyl}-2-
[i(4 5-d1methy1-3-1soxazolyl)ammo]sulfonyl] [1,1 blphenyll-2-y1]methyl]-N-
methylbutanamide; o

N-[[4-[(2-Butyl-4-oxo-1 ,3-diazaspiro[4. 4]non-1-en-3—yl)methyl]-2 -
{[(4, 5-d1methyl-3~1soxazolyl)ammo]sulfonyl][1 1’-b1pheny1]-2-y1]methyl]-2-
methoxy-N—methylacetam1de,

N-[{4- [(2-Butyl-4-oxo-1 ,3-diazaspiro[4. 4]non—l-en-3-yl)methy1]-2’
[[(4,5-d1methyl-.;i,-lsoxazolyl)amno]sulfony_l][1,1’-b1pheny1]—2-yl]methyl]—N-
methyl-4-pentynamide;

N -[[4-[(2-.Butyl-4-oxo-1 ,3-diazaspiro{4.4]non-1-en-3-yl)methyl]-2™-
{[(4,5- dlmethyl-s-lsoxazolyl)anuno]sulfonyl] [1 1’—b1phenyl]-2-y1]methyl]-N-

N-{[4- [(2-Butyl-4—oxo- 3—d1azasp1ro[4 4]non-1-en-3—y1)methyl]-2 -
L[4, 5-d1methyl 3-1soxazolyl)ammo]sulfonyl][1 1-biphenyll- 2—yl]methyl]-
N,3- d1methy1butanam1de, .

N-{{4-[(2-Butyl-4-oxo-1, 3-d1azasp1ro[4 4]non-1-en-3-yl)methyl}-2*
([(4 5-d1methy1—3—1soxazolyl)am1no_] sulfonyl}[1,1-biphenyl]-2-yl]methyl}-
N,2 2—tnmethylpropanam.1de |

N-[{4-[(2-Butyl-4-oxo-1, 3-d1azasp1ro[4 4]non-1-en-3-y1)methyl] -2-
{4 5-d1methy1-3-1soxazoly1)am1no]sulfonyl][1,1’-b1pheny1] -2-yllmethyl}-3-

. methoxy—N-methylpropanam1de,

N—[[4-[(2-Butyl-4-oxo—l 3- d1azasp1ro[4 4]non-1-en-3-yl)methyl] 2’-
[[(4, 5-d1methyl 3-1soxazolyl)ammo]sulfony1] [1,Y-biphenyl]-2-yllmethyl]-2-
ethoxy-N~methy1acetam1de .

N-[[4-[(2-Butyl-4-oxo—1 3- d1azasp1ro[4 4]non-1-en-3-yl)methyl}-2 -
{[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl][1,1" b1pheny1}-2—yl]methyl]-N -
methyl-2-ﬁ1rancarboxam1de,
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N-[[4-[(2:Biityl-4-oxo-1,3-diazaspirol4.4]tis1-en-3-yl)methyl)-2"-
[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl]{1, 1’-biphenyl] -2-yllmethyl}-
N,4-dimethylpentanamide;

N-[[4-[(2-Butyl-4-ox0-1,3-diazaspiro [4.4]non—1-en-3-yl)methy1] -2-

 [[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl}{1,1-biphenyl]-2-yllmethyl])-N-

methylbenzamide;
N-[(4-[(2-Butyl-4-0x0-1,3-diazaspiro(4.4}non-1-en-3-yl)methyl}-2’-
[{(4,5-dimethyl-3-isoxazolyl)amino}sulfonyl}[1,1-biphenyi]-2-yllmethyl}-N-
methyl-3-thiophenecarboxamide; _
N-{[4-[(2-Butyl-4-0xo-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-
methylcyclopentaneacetamide;
N-[[4-[(2-Buty1-4-oxo-1,3-diazaspiro{4.4inon-l—en-3-yl)methyl] -2-
[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl][1,1’-biphenyl]-2-yllmethyl]-N-
methylcyclohexanecarboxamide; . N
N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro(4.4]non-1-en-3-yl)methyl]-2"-

© [[(4,5-dimethy]-3-isoxazolyl)aminojsulfonyl][1,1’-biphenyl}-2-yllmethyl]-

N,3-dimethylbenzamide; _ _ -
- N-[[4-{(2-Butyl-4-oxo-1,3-diazaspiro{4.4]non-1-en-3-ymethyl]-2’-
[{(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl][1,1-biphenyl]-2-yljmethyl]-N- |
methylbenzeneacetamide;
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-yljmethyl]-2-
fluoro-N-methylbenzamide; : R
N—[[4-[(2-Butyl-‘4-oxo-1,3-diazaspfro[4-.4]non-l-en-3-y1)methyl]-2’-
[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyll[1,1’-biphenyl}-2-yl)methyl}-3-
fluoro-N-methylbenzamide; ' :
N-[[4-[(2-Butyl-4-ox0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2’-
[[(4,5-dimethyl-3-isoxazolyl)Jamino]sulfonyll[1,1’-biphenyl]-2-yllmethyl]-4-
fluoro-N-methylbenzamide;
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N-{{4-[(2-Butyl-4-0xo-1,3-diazaspirol4.4]non-1-en-3-yl)methyl)-2*-
[[(4,5-dimethyl-3-isoxazolyl)Jaminolsulfonyl][1,1™-biphenyl]-2-yijmethyl]-N-
methylcyclohexaneacetamide; _

N-[[4-[(2-Butyl-4-0x0-1,3-diazaspiro(4. 4]non-1-en—3—yl)methy1]-2 -
[[(4,6-dimethyl-3-isoxazolyl)amino]sulfonyll[1,1-biphenyl]-2-ylimethyl]-2-
fluoro-N-methylbenzeneacetamide;

N-[[4-[(2_-Butyl-4-oxo-1,34diazasp_iro[4.4]_no_n-1-en-,3~y1)methyl]-2’-
[[(4,5-dimethy1-3—isoxazolyl)amino]snlt_‘onyl][i,l’-biphenyl]-2_-yl]methyl]-3-
fluoro-N-methylbenzeneacetamide; _ o

N-[[4-[(243utyl-4—oxo—1,3—d.iaz__aspiro[4.4jnon—l—en-3-yl)methyl]-2’-
[[(4,5-dimethy]-8-isoxazolyl)amino]sulfonyl}[1,1"-biphenyl}-2-yllmethyl}-4-
fluoro-N -methylbenzeneacetamlde,

N -[[4-{(2-Butyl—4-oxo-1 3-diazaspiro(4.4Inon-1- en-3~y1)methy1]-2 -
[[(4,5-dimethyl- 3-1soxazolyl)ammo]sulfonyl][1 1’-b1pheny1]-2-y1]methy1]-
NN’ N’-tnmethylurea .

N-[{4- [(2-Butyl-4-oxo-1 3-diazaspiro[4. 4]non- -en—3-y1)methyl]-2 -
[[(4,5-dimethyl- 3-1soxazoly1)ammo]sulfonyl] [1,1"-biphenyl]-2-yllmethyl]-N'-
(1,l-dimethylch_yl)—N—methylurea; T

[[4-[(2-B_1§tyl-4-oxo-1,3-diazaspiro{4.4]non-1-en—3-yl)methy1]-2’-
[[(4,6-dimethyl-3-isoxazolyl)amino]sulfonyl][1,1-biphenyl]-2-
yl]methyl]met__hirlcarbanﬁc acid ethyl ester; .

[[4-[(2—B{;ty1—4-oxo—1,3-diazaspiro_[4.4]non—l-en-3-yl)methyl]-2’-
[[(4,5-dimethy1-3—isoxazolyl)amino]sulfonyl] [1,1-biphenyl]-2-
ylimethyllmethylcarbamic acid 2-methylpropyl ester;

N-{{4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yDmethyl]-2-
[[(4,5-dimethyl:3-isoxazolyl)amino}sulfonyl][1, 1’-b1pheny1]-2-yl]methyl]-
N,3 3-tnmethylbutanam1de, , :

N-({4- [(2-Butyl-4—oxo-1 ,3-diazaspiro(4. 4]non-1-en-3—yl)methyl]-2 -
{[(4,5- d1methy1-3—1soxazolyl)am1no]sulfonyl][1 1’-biphenyl}-2-yllmethyl}-N-
methy]-2-pynd;_necarboxam1de,
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' 'N-[[4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non‘-l-én;3-yl)methy1]-2’;
{[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl}(1,1’-biphenyl}-2-yljmethyl]-N-
methyl-3-pyridinecarboxamide;

N-[[4-[(2-Butyl-4-0x0-1,3-diazaspiro[4.4lnon-1-en-3-yl)methyl]-2’-
[[(4,5-dimethyl-3-isoxazolyl)aminolsulfonyl]{1,1’-biphenyl]-2-ylJmethyl]-N-
methyl-3-pyridinecarboxamide;

N-[[4-{(2-Butyl-4-0x0-1,3-diazaspiro[4.4]non-1-en-3-yDmethyl]-2*-
{[(4,5-dimethyl-3-isoxazolyl)amino}sulfonyl][1,1’-biphenyl]-2-yllmethyl]-
N,1-dimethyl-1H-pyrrole-2-carboxamide;

N-[[4-[(2-Butyl-4-0x0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl}-2’-
[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyll[1,1-biphenyl]-2-yllmethyl]-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]sulfonyli[1,1’ b1phenyl]-2-yl]methyl]-
N,5-dimethyl-2-pyrazinecarboxamide;

N-[[4-[(2-Butyl-4-ox0-1,3-diazaspiro[4.4Inon-1-en-3-yl)methyl}-2’-
[[(4,5-dimethy]-3-isoxazolyl)amino]sulfonyl}[1,1-biphenyl]-2-ylimethyl]-
N,3,5-trimethyl-4-isoxazolecarboxamide;’

N-[[4-[(2-Butyl-4-0x0-1,3-diazaspiro{4.4]non-1-en-3-yl)methyl]-2’-
[[(4,5-dim'ethy1-3-isoxazolyl)amino]sulfonyl][1,1’-biphenyl]-2-yl]methyl]-
N,3-dimethyl-2-thiophenecarboxamide;

N-[[4-[(2-Butyl-4-0x0-1,3-diazaspiro[4.4]Jnon-1-en-3-y)methyl)-2’-
[[(4,5-dimethyl-8-isoxazolyl)amino}sulfonyl}[1 1’-b1phenyl] 2-ylimethyl]-
N,5-dimethyl-2-thiophenecarboxamide; -

N-[[4-[(2-Butyl-4-oxo-1, 3-d1azasp1ro[4 4]non-1-en-3-ylmethyl}-2’-
[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl}{1,1" b1phenyl]-2-y1]methyl]-3-
cyano-N-methylbenzamide;

N-{[4-[(2-Butyl-4-0x0-1,3-diazaspiro[4.4Jnon-1-en-3-yDmethyl}-2’-
[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl] [1,7’-biphenyl]-2-ylimethyl]-4-
cyano-N-methylbenzamide;
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N-[[4-((2-Butyl-4-oxo-1,3-diazaspiro{4.4Jnon-1-en-3-yDmethyl]-2*-
[[(4,5-dimethyl-3-isoxazolyl)amino}sulfonyl][1,1-biphenyl]-2-yllmethyl]-2-
methoxy-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] (1,1 -biphenyl}-2-yljmethyl]-2-
chloro—N—methylbenzamlde, _ . :

N-[[4-[(2-Butyl-4-ox0-1, 3-d1azasp1ro{4 4]non- -en-3-yl)methyl]-2’
[[(4,5-dimethyl-3-isoxazolyl)amine}sulfonyl]{1,1’-biphenyl]-2-yilmethyl]-3-
chloro-N-methylbenzamlde

N-[[4-[(2-Butyl-4-0x0-1,3- d1azasp1ro[4 4]non- -en-3-yl)methyl]-2’-
[[(4,5-dimethyl- 3-1soxazolyl)ammo]sulfonyl][1,17-b1phenyl]-2-y1]methy1]-4-
chloro-N. -methylbenzam1de, _ : _

N-{[4- [(2-Butyl-4—oxo-1 3- d1azasp1ro[4 4]non- -en-3-yl)methyl]-2-
[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl}[1,1™-biphenyl}-2-yl]methyl]-
2, 3-d1ﬂuoro-N -methylbenzamide; - '

N-[[4-[(2- Butyl—4—oxo-1 3-diazaspiro(4.4]non-~ 1-en-3-yl)methyl] -2
[[(4, 5-d1methy1-3-1soxazolyl)ammo] sulfonyl](1,1-biphenyl] -2-yllmethyll-
3,4-difluoro-N. -methylbenzamlde, o

N-[[4-[(2- Butyl-4-o0xo0-1,3- d1azasp1ro[4 4]non- -en-3-yl)methyl}-2'-
[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl][1,1*-biphenyl}-2-yllmethyl]-
3,5-difluoro-N-methylbenzamide;

4-Acetyl-N-[[4 {(2-butyl-4-oxo0-1, 3-d1azasp1ro[4 4]non-1-en-3-
yl)methyli]-2'- [[(4 5-dimethyl- 3-1soxazolyl)am1no]sulfonyl][1 1’-biphenyl]-2-
yl]methyl]-N—methylbenzam1de, _ '

N-[[4-[(2-Butyl-4—oxo-1 3-d1azasp1ro[4 4]non-1-en-3-yDmethyl}-2'-
[[(4 5-d1methyl-3-1soxazoly1)am1no]sulfonyl][1,-.1’-_b1pheny1]-2-yl}methyl]-3-
ethoxy-N-methyl-2—th10phenecarboxam1de, '

[(2-Buty1-4-oxo°l 3-diazaspiro[4.4]non-1 -en-3-yl)methyl]-N~(4 5-
dimethyl-3-1s_oxazolyl)[1,1’-b1pheny1]-2-su1fonam1de,
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4-[(2-Buityl:-4-0x0-1,3-diaZaspiro[4 4Inoftilén-3-ymethyl]-N-(4,5-
dimethyl-3-isoxazolyl)- ’-[(propjlsulfonyl)amino] t-l,‘ 1-biphenyl]-2-
sulfonamide; '

h N-[[2'-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl][1,1’-bipheny1]-4-

yllmethyl]-N-(1-oxopentyl)-L-valine methyl ester;

N-[[2’-[[(4,5-dimethyl-3-isoxazolyl)aminolsulfonyl][1,1’-biphenyl]}-4-
yllmethyl]-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-

' yDmethyl][1,1’-biphenyl]-2-sulfonamide;

N-{{2’-[[(4,5-dimethyl-3-isoxazolyl)Jamino]sulfonyl]-4-[(2-ethyl-5,7-
dimethyl-3H-imidazo{4,5-b]pyridin-3-yl)methyl][1,1’-biphenyl]-2-

yllmethyl]-N,3,3-trimethylbutanamide;

N2-[[2’-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl]{1,1-biphenyl]-4-
yl]methyll-N2-(1-oxopentyl)—L-valinamide; : o
N2-[[2’-[[(4,5-dimethy]-3-isoxazolyl)amine]sulfonyl][1,1-biphenyl]-4-
yllmethyl]-N-methyl-N2-(1-oxopentyl)-L-valinamide; . y
N2-f[2*-] [(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl][1,1’-biphenyl]-4-
yllmethyl]-N,N-dimethyl-N2-(1-oxopentyl)-L-valinamide; ,
© 4’-[(2-Butyl-4-ox0-1,3-diazaspiro{4.4]non-1-en-3-yl)methyl]-N-(4,5-
dimethyl-3-isoxazolyl)-2’-[[(2,2,2-trifluoroethyl)aminojmethyl}{1,1-

' biphenyl]-2-sulfonamide;

4-[(2-Butyl-4-oxo-1,3-diazaspirol4.4]non-1-en-3-yl)methyl]-2’-[[(4,5-
dimethyl-3-isoxazolyl)amino]sulfonyl][1,1-biphenyl] sZ-carbokylic acid;
4-[(2-Butyl-4-0xo-1,3-diazaspiro[4.4Jnon-1-en-3-y)methyl]-N-(4,5-
dimethyl-3-isoxazolyl)-2*-(trifluoromethyl)[1,1-biphenyl]-2-sulfonamide;
4-[(2-Butyl-4-ox0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2*-[[(4,5-
dimethyl-3-isoxazolyl)aminojsulfonyl}[1,1’-biphenyl]-2-carboxylic acid
methyl eéter; o
4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-ylmethyl]-N-(4,5-
dimethyl-3-isoxazolyl)-2’-(methoxymethyl)[1,1-biphenyl]-2-sulfonamide;
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4- [(2—Buty1-4—oxo—1 3-diazaspiro[4. 4]non-1-en-3-y1)methy1]-N-(4,5-
dimethyl- 3-1soxazoly1)-2 -fluoro(1, 1’-b1phenyl] 2-sulfonamide;

2’-(Cyanomethyl)-N-(4,5-dimethyl-3-isoxazolyl)-4’-[(2-ethyl-5,7-
dimethyl-3H-imidazo[4,5-blpyridin-8-y)methyl}(1,1"-biphenyl]-2-
sulfonamide; | _ .

4- [(2-Butyl 4-oxo-1 3-d.1azasp1ro[4 4]non-l-en-3~y1)methyl]-2 -
(cyanomethyl);N:(é:,5-dJmethyl-3-1soxazoly1).[1,1’.-_b1pheny1]-e2_-su1fonamide;
4’-[(2-Bﬁi:y14-oxo-l,3-diazaspiro[4.4]no;__i,-1_-e1_1-3;-y1)methyl]-2’-
(cyanomethyl)¥N-f'(4,5-d_imethyl-3-isoxazolyl)[1;1’7biphe_nyl]-2-811]fonaxnide;

4’-[(2-Bﬁ%y14-oxo-1,3—d.i_azas_piro[4.4]_non-Len—3-yl)met_hyl]—N—(4,5-

. djmethyl—3-is¢xgzolyl)-2’-methyl[1,1’-biphenyl_].-_2-sulfonamide;

"-Cyano-N-(4,5- -dimethyl-3-isoxazolyl)-4-{(2-ethyl-5,7-dimethyl-3H-

imidazo{4 5—b]pyndm-3-y1)methyl] 1,1- blphenyll -2-sulfonamide;

N2-[[2- [[(4 5-d1methyl-3clsoxazolyl)am1no]sulfonyl]-z-methylll 1-
biphenyl]- 4-y1]methyl]-N-methyl-N2-(1-0xopenty1)—L—vahnamzde .

N-(4,5- dxmethyl-3—1soxazolyl)—4’ [(2-ethyl-5,7-dimethy]-3H-
imidazo[4 5—b]pynd1n-3—yl)methy1]-2’ ([2,2,2- _.
tnﬂuoroethyl)ammo]methyl] [1,1’-biphenyl] -2-sulfonam1de,

N-[4-[(2 Butyl-4-oxo-1 ,3-diazaspiro(4. 4]non- -en-3-y1)methy1]-2 -

_ [[(4 5-d1methyl-3-1soxazolyl)ammo]sulfonyl][1 1’-b1pheny1]—2-

yl]benzeneacetamlde,

N-[4-[(2-Buty1—4-oxo-l 3- d1azasp1ro{4 4] non-l-en-3-yl)methyl]-2’
[[(4,5- d1methyl-3-1soxazol_y1_)ammq]sulfonyl] {1,1’-biphenyl]-2-y1]-3,3-
d.lmethylbutanam1de, ) |
_ 2 -Am1no-4’ [(2-butyl-4-0xo-1, 3-<hazasp1ro [4. 4]non—1-en-3-y1)methyl]-
N-(4,5-d1met1}y1e3-1soxazplyl)[_1,__1’-_b1phenyl]-2_:-su1fonam1de,

4~ {(2_-B_ﬁtyl-_4—ox6¢1,3.-di'_az_aspiro[4.4]non- 1-en-3-ylimethyl]-N-(4,5-
dimethy1-3-i_sq;_:az_oly1)- ’—'nitro[l,1’-}Jipheny1]-2-s:u1f;)n_amide;

N2-({2-[[(4,5-dimethyl-3-isoxazolyl)aminojsulfonyll[1,1"-biphenyl]-4-
ylimethyl] -N:méthyl_- N2~ 1-61@0propyl_)—L—iso_l§u<’:inam_ide;
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N2-(Cyclsfiropylearbonyl)- N2-[[2*-[[(4;54iiiethy]-3-

isoxazolyl)amino]suifonyl][1,1’-biphenyl] -4-y1]fné£hy1] -N-methyl-L-

isoleucinamide:

N2-[[2’-[[(4,5-dimethyl-3-isoxazolyl)Jamino]sulfonyl]l(1,1’-biphenyl]-4-
yllmethyl]-N-methyl- N2-(1-0x0-3-phenylpropyl)-L-isoleucinamide;
N2-[[2"-[[(4,5-dimethyl-3-isoxazolyl)amino)sulfonyl]{1,1’-biphenyl}-4-
ylimethyl]-N-methyl- N2-(3-methyl-1-oxobutyl)-L-isoleucinamide;
N2-[[2-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl][1,1’-biphenyl]-4-
ylimethyl]-N-methyl- N2-(1-oxohexyl)-L-isoleucinamide;
N2-[[2’-[[(4,5-dimethy]-3-isoxazolyl)amino]sulfonyl][1,1’-biphenyl}-4-
yllmethyl]-N-methyl- N2-(1-oxobutyl)-L-isoleucinamide;
N2-[[2’-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl] (1,1 -biphenyl]-4-
yllmethyll-N-methyl- N2-(1-oxopropyl)-L-leucinamide; -
N2-(Cyclopropylcarbonyl)- N2-[[2’-[[(4,5-dimethyl-3-
isoxazolyl)amino]sulfonyl](1,1’-biphenyl]-4-yljmethyl}-N-methyl-L- -
leucinamide; ' : : .
N2-([2'-[ [(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl]{1,1’-biphenyl]-4-
yllmethyl]-N-methyl- N2-(1-0x0-3-phenylpropyl)-L-leucinamide;

N2-[{2-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl}[1,1-biphenyl]4-

yllmethyl]-N-methyl- N2-(phenylacetyl)-L-leucinamide;
N2-[[2’-{[(4,5-dimethy]l-3-isoxazolyl)amino]sulfonyl]{1,1-biphenyl]-4-
yllmethyl]-N-methyl- N2-(3-methyl-1-oxobutyl)-L-leucinamide;
N2-[[2’-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl}{1,1’-biphenyl}-4-
ylimethyl]-N-methyl- N2-(1-oxohexyl)-L-leucinamide; '
N2-[[2’-[[(4,5-dimethyl-3-isoxazolyl)amino}sulfonyl] [1,1-biphenyl]-4-
yllmethyl]-N-methyl- N2-(1-oxobutyl)-L-leucinamide; -
N2-[(2*-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl] [1,1’-biphenyl]-4-
yllmethyl]-N-methyl- N2-(1-oxopropyl)-L-valinamide;
N2-(Cyclopropylcarbonyl)- N2-[f2’-[[(4,5-dimethyl—3--
isoxazolyl)amino}sulfonyl][1,1-biphenyl]-4-ylimethyl] -N-methjrl-L-

valinamide;
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N2-[[2-[[(4 5-d1methyl-3—1soxazolyl)ammo]sulfonyl] 1 1’-b1phenyl]-4-
ylimethyl}-N -methyl- N2-(1-0xo0-3-phenylpropyl)-L-valinamide;

N2-[[2-[[(4,5-dimethyl-3-isoxazolyl)amino}sulfonyl][1,1-biphenyl}-4-
yllmethyll-N-methyl- N2-(phenylacety])-L-valinamide;

N2-[[2’-_[[(4,5-dimethyl-3zisoxazol_yl)ami_no] sulfonyl][1,1’-biphenyl]-4-
yllmethyl] -N-méthyl— N2-(3-methyl-1-oxobutyl)-L-valinamide;

. N2-[[2’-['[(4,5—dimethyl-3-isoxazolyl)ami,_no]sulfonyl][1,1’-biphenyl]-47

yllmethyl]-N-methyl- N2-(1-oxohexy])-L-valinamide;

N2-{[2*-[[(4,5-dimethyl-8-isoxazolyl)amino}sulfonyl][1,1-biphenyl]-4-
yl]methyl]-N-.-r_pethyl— N2-(1-oxobuty1)-L-v_alinamide_; :

N2- [[2’-[[(4,5-djmethyl_-3-isoxazolyl)am_ipo]sulfqnyl] [1,1’-biphenyl]-4-

. yllmethyl]-N-ethyl- N2-(1-oxopenty1)-1rvalin§;nide; :

N2-[{2*-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl][1,1-biphenyl]-4-
ylimethyll-N-hexyl- N2-(1-oxopenty})-L-valinamide;

N2-[[2"-{[(4,5-dimethyl-3-isozazolylamino]sulfonyl]-2-cyano[1,1*-
biphenyl]-4-yllmethyl]-N-methyl-N2-(1-oxopentyl)-L-valinamide;

N2-[[2"-{[(4,5-dimethy-3-isoxazolyDaminolsulfonyl]-2-
hydroxymethyl_[-i,_1’-bipheny1]-4-yl]methyl]-N_-methyl-NZ-( 1-oxopentyl)-L-
valinamide; - [ : .

4-[(2-Buty1-4-oxo-1 3-dlazasp1ro[4 4]n0n-1-en-3-y1)methyl] 2’-{{(4,5-

' d.imethyl-3_—1§oxgzolyl)ammo]sulfonyl] [1,1’.-b1-p_h¢_anyl]-2-carboxam1de,

N,N-Diin,ethyl-4_-[(2-buty_,1~4-oxo-1,3—diazaspiro[4.4lnon~1-en-3-
yDmethyl] -2’—[[(4,5-dimethy1-3-_isoxazol'yl)an_ijno]sulfonyl] [1,1’-biphenyl]-2-
carboxamide; 3 -

. N-Methyl-4-[(2-butyl-4-0xo-1,3-diazaspiro{4.4]non-1-en-3-
yDmethyll-2'-[i(4, 5-dimethyl_-3-isoxazolyl)am_ino]suifonyl] [1,1’-biphenyl]-2-
carboxamide; - ‘

N-(4 5-d1methy1-3-lsoxazolyl)-4’ [(1,4,5,6,7,8-hexahydro-8-0x0-2-
propyl-1-cycloheptimidazolyl)methyl]-2’ (methoxymethyl)[l 1’-biphenyl]-2-

- sulfonamide;:
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N -(4,5-dimethy1—3-isoxazolyl)—4’:-[[(3-methoxy-2','é,-:dimethyl-4-
pyridinyl)oxylmethyl]-2’-methyl[1,1>-biphenyl] -2-sulfonamide;

N-(4,5-dimethyl-3-isoxazolyl)-4>-[(1,4,5,6,7,8-hexahydro-8-oxo-2-
propyl—1-cycloheptimidazolyl)methyll-2’-methyl [1,1-biphenyl]-2-
sulfonamide;

N2-[2’-[[(4,5-dimethyl-3-isoxazolyl)amino}sulfonyl]-2-
(methoxymethyl)[1,1-biphenyl]-4-yllmethyl}-N-methyl-N2-(1-oxopentyl)-L-
valinamide; _

N-(4,5-dimethyl-3-isoxazolyl)-4’-[(1,4,5,6,7,8-hexahydro-8-0x0-2-
propyl-1-cycloheptimidazolyl)methyl]-2*-(hydroxymethyl)[1,1’ -biphenyl]-2-
sulfonamide; o

’-Chloro-N- -(4,5-dimethyl-3-isoxazolyl)-4>-[[(5,6,7,8-tetrahydro-2-
ethyl-4-quinolinyl)oxylmethyl][1,1’-biphenyl]-2-sulfonamide;

N2-[[2"-[[(4,5-dimethyl-3-isoxazolyDamino]sulfonyl]-2-fluoro(1,1’-
biphenyl]-4-yllmethyl]-N-methyl-N2-(1-oxopentyl)-L-valinamide;

4’-|(2-Butyl-4-0x0-1,3-diazaspiro(4.4] non—1-en-‘3-yl)methy1]-N-(4,5-
dim'ethyl-3-isoxazoly1)-2’-(phenoxymethyl)[1,1’-biphenyl] -2-sulfonamide;

N2-[[2-[[(4,5-dimethy]-3-isoxazolyl)amino]sulfonyl]-2-(1H-pyrazol-1-
ylmethyl)[1,1-biphenyl]-4-yllmethyl]-N-methyl-N2-(1-oxopentyl)-L-
valinamide; : :

N2-(Cyclopropylcarbonyl)-N2-[{2-[[(4,5-dimethyl-3--
isoxazolylamino}sulfonyl}[1,1-biphenyl]-4-yllmethyl]-N,N-dimethyl-L-

valinamide;

N2-({2-[[(4,5-dimethyl-3-isoxazolyl)amino)sulfonyl}[1,1>-biphenyl]-4-
yllmethyl]-N,N-dimethyl-N2-(1-oxobutyl)-L-valinamide;

N2-(Cyclopropylcarbonyl)- N2-{[2-[[(4,5-dimethyl-3- |
isoxazolyl)amino]sulfonyl]-2-(methoxymethyl)[1,1’-biphenyl) -4-yljmethyi]-
N, ,N-dimethyl-L—valinamide;

N2-[[2™-[[(4,6-dimethyl-3-isoxazolyl)amino]sulfonyl]-2-
(methoxymethyl)[1,1'-biphenyl]-4-yllmethyl}-N,N-dimethyl-N2-(1- -
oxobutyl)-L-valinamide; '
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- N2-{{2-Chloro-2-{[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyi}[1,1-
biphenyll-4-yllmethyl]-N-methyl-N2-(1-oxopentyl)-L-valinamide;
N2-([2"-[[(4,5-dimethyl-3-isoxazolyl)Jamino)sulfonyl]-2-
(trifluoromethyl)[1,1’-biphenyl}-4-yllmethyl]-N-methyl-N2-(1-oxopentyl)-L-
valinamide;
- N2-(Cyclobutylcarbonyl)-N2-[[2’-[{(4,5-dimethyl-3-

- 1soxazolyl)am1no]su1fonyl][1 T b1pheny1]-4-yl]methyl]-N—methyl—L—

valinamide;
1-[[2-Ch10r0-2’-[[(4,5-dimethy1-3-isoxazo_lyl)amino]sulfonyl][1,1’-.
biphenyl]-4-yl]m_ethyl]-4-ethyl;-2-_propyl-1H-imidazole-5-carboxylic acid;
4'-[(2-Butyl-4-oxo0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]}-N-(4,5-
dimethyl-3-isoxazoly])-2-[(methylsulfonyl)amino)[1,1-biphenyl}-2-
sulfonamide; . . .
' (S)—N—[[2’ [i(4,5-dimethyl- 3-1soxazolyl)am1no]sulfony1] [1,1-
biphenyl]-4-y1]m_ethyl]—N-[2-methyl-1—[(4-meth_yl—1-

' piperazinyl)carbonyl]propyllpentanamide;.

(S)-N-{[2’-[[(4,5-dimethyl-3-isoxazolyl)Jamino]sulfonyl} [1,1-
biphenyl}-4-yljmethyl]-N-[2-methyl-1-[(4-methyl-1-
piperazinyl)carbonyl]propyljpentanamide; -

N-(3,3-Dimethylbutyl)- N2-[[2*-{[(4,5- d1methyl-3— _
1soxazolyl)ammo}sulfonyl] (1,1’-biphenyl] -4-y1]methyl] -N2—(1—oxopenty1)-L-
valinamide; .

N2-[[2’-{[(4,5- d1methyl~3-1soxazolyl)ammo]sulfonyl}[1 T’-biphenyl]-4-
ylJmethyl]-N-[(4-fluorophenyl)methyl]-N2-(1-oxopentyl)-L-valinamide;

4-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4jnon-1-en-3-yDmethyl)-N-(4,5-
d1methyl-3-1soxazolyl)—2’ [(methylethoxy)methyl]{l 1’-b1phenyl]-2-
sulfonamide; -~ .

4- [(2-Butyl-4-oxo-1 3-chazasp1ro[4 4]non-1—en-3-yl)methy1]—N (4,5-
dimethyl-S-lgqgtazolyl)-Z «(propoxymethyD[1,1-biphenyl}-2-sulfonamide;

4-Chloro-1-[[2’-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl][1,1"-
biphenyl]-4-yllmethyl]-2:-propyl-1H-imidazole-5-carboxamide;
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N-(4,5-difﬁéthyl-3-isoxazolyl)-2’-ﬂuor0¢4*§_i(-{i,4,5,6,7,8-hexahydro—8-
o0x0-2-propyl-1-cycloheptimidazolyl)methyl][1,1’-biphenyl]-2-sulfonamide;

4’-[(2-Butyl-4-ox0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2*-[(1,2-
dihydro-2-oxo- 1-pyridinyl)methyl]-N-(4,5-dimethyl-3-isoxazolyl)[1,1-
biphenyl]-2-sulfonamide;

4’-[(2-Butyl-4-ox0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(4,5-
dimethyl-3-isoxazolyl)-2’-(1H-pyrazol-1-ylmethyl)(1,1-biphenyl}-2-
sulfonamide;

2-Butyl-4-chloro-1-[[2’-[[(4,5-dimethy]-3-
isoxazolyl)amino]sulfonyl}[1,1’-biphenyl]-4-yllmethyl]-1H-imidazole-5-

" carboxamide;

N-(4,5-dimethyl-3-isoxazolyl)-4-[[(2-methyl-4- -

quinolinyl)oxylmethyl] {1,1’-biphenyl]-2-sulfonamide;

N-(4,5-dimethyl-3-isoxazolyl)-4"-[[(2-ethyl-4-quinolinyl)oxylmethyl]
(1,1’-biphenyl]-2-sulfonamide;
N-(4,5-dimethyl-3-isoxazolyl)-4’-[[(2-ethyl-5,6,7,8-tetrahydro-4-
quinolinyl)oxylmethyl][1,1’-biphenyl}-2-sulfonamide;
N-(4,5-dimethyl-3-isoxazolyl)-4’- [[(2-propyl-4-qu1nohnyl)oxy]methyl]
[1,1-biphenyl]-2-sulfonamide;
N-(4,5-dimethyl-3-isoxazolyl)-4"-[(5,6,7,8-tetrahydro-2, 4-d1methyl-7-
oxopyrido[2,3-d]pyrimidin-8-yl)methyl][1,1’-biphenyl]-2-sulfonamide;
 4-[{(2-Ethyl-4-quinolinyoxylmethyl}-N-(4,5-dimethyl-3-isoxazolyl)-

2-[(3,3- dJmethyl-2-oxo- -pyrrohdmyl)methyl] 1, 1’-b1pheny1]-2—

25

30

sulfonamide;

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)oxylmethyl] [1,1’-biphenyl]-2-sulfonamide;

3-[{2’-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl][1,1-biphenyl]-4-
yllmethyl]-2-ethyl-N-methyl-3H-benzimidazole-4-carboxamide;

1-[[2-[[(4,5-dimethy]l-3-isoxazolyl)amino]sulfonyl] (1,1’-biphenyl]-4-
yllmethyl]-2-ethyl-1H-benzimidazele-7-carboxylic acid phenylmethyl ester;
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- 1-([2{[(4,5-dimethyl-3-isoxazolyl)Jamino]sulfonyl}[1,1-biphenyl]-4-
yl]methyl]—2-et_hy1_-1H—benzimi_dazol&7—carquylic aci_d 2-phenylethyl ester;
1-[[2-[[(4,5-dimethyl-3-isoxazolyl)amino}sulfonyl][1,1’-biphenyl}-4-
yllmethyl}-2-ethyl-1H-benzimidazole-7-carboxylic acid 2-(2-0xo-1-
pyrrolidinyl)ethyl ester; _
1-[[2*-[[(4,6-dimethyl-3-isoxazolyl)amino}sulfonyl]l[1,1"-biphenyl]-4-
yl]methyl]-2-ethy1-1H-benzimidazole—7—carboxyl_ic acid 3-(2-oxo-1-
pynolldmyl)propyl ester;
2’-Cyano-N-(4 5-dimethyl-3-isoxazolyl)-4’- [[(2-ethyl-4-
qmnohnyl)oxy]methyl][l I’-biphenyl]-2-sulfonamide;
-(Cyanomethyl)—N—(4 5-dimethyl-3-isoxazolyl)-4’- IC 1 ,4,5,6,7 8-
hexahydro-S—oxo-Z-propyl-l-cycloheptnm1dazoly1)methyl][1 T’-biphenyl}-2-
sulfonamide; . :
3-[[2-1[(4, 5 d1methyl 3-1soxazoly1)ammo]sulfonyl] {1,1’-biphenyl]-4-
yllmethyl]- 5-ethy1-N—methyl—2-propy_l-3H-lmldazole-4-carboxam1de,.
1-[[2-Ch;ldro-2’ [f(4, 5-dimethyl-3-isoxazoly1)amino]sulfonyl][1 -

' b1phenyl]-4—y1]methyl]-4-ethyl-2-propyl-lH-1m1dazole-5 carboxamide;

3-[[2- [[(4 5—d1methyl-3-lsoxazolyl)ammo]sulfonyll[1 1’-biphenyl}-4-
yl]methyl]-5-e_t_}__1y1-2-propyl-3H-un1dazole-4-carboxam1d_e_, .
3-{(2-{ f(4;‘,5__-dimethy_l-3-isoxaquyl)amino]_s‘u1fonyl] (1,1’-biphenyl}-4-

3-[[2-[[(4, ,5-dimethyl-3-isoxazolyl)amino]sulfonyl] (1,1 -biphenyl]-4-
yl]methy]]-Z—qthpxy-N,N_-&me_thyl~3H-ben21m1dazole-4-carboxam1de;

2-[[[2- [[(4 5- diineth‘yl-3-isoxazolyl)amindlsulfonyl] [1,1f-biphenyl]-4-
yl]methyl]propylamno]—3-pyndmecarboxyhc acid; -

4'-[(3,6-Dibutyl-1H-1,2,4-triazol- 1-y1)methy1]-N-(4 5—d1methyl~3-
isoxazolyl){1, 1’-b1phenyl]-2-sulfonam1de, _

N-(4 5-d1methy1-3~1soxazolyl)-4’ [(1,4,5, 6 7,8- hexahydro-s-oxo-z-
propyl—l-cyclohepnmldazolyl)methyl] (1,1’-biphenyl]-2-sulfonamide;

4'-{(2 7-D1ethyl-5H-pyrazolo[1 5-b](1,2 4]tnazol-5-yl)methyl]-N-(4 5-
dimethyl- 3-1soxazolyl)[1 1’-b1pheny1]-2-sulfonam1de
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N-{2-But$ii8-{[2*[[(4,5-ditnethyl-3-iscxad{f)aminolsulfonyl][1,1*-
biphenyl]-4-yllmethyll-3,4-dihydro-4-oxo-6-quinazolinyl}-N’-methyl-N’-(1-
methylethyl)urea;

2-{[[2’-[[(4,5-dimethyl-3-isoxazolyl)Jamino]sulfonyl}{1,1’-biphenyl]-4-
yllmethyllpropylamino}-N-methyl-3-pyridinecarboxamide;

4’-[[(3-Methoxy-2,6-dimethyl-4-pyridinyl)oxylmethyl]-N-(4,5-
dimethy1—3-isoxazoiyl)[1,1’-bipheny1]-2-sulfonamide;

N-(4,5-dimethyl-3-isoxazolyl)-2’-[(3,3-dimethyl-2-0x0-1-
pyrrolidinyl)methyl]-4’-([(3-methoxy-2,6-dimethyl-4-
pyridinyl)oxylmethyl]{1,1’-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][1,1’-biphenyl]}-2-sulfonamide;

N-(4,5-dimethyl-3-isoxazolyl)-4’-[[(3-methoxy-2,6-dimethyl-4-
pyridinyl)oxylmethyl]-2'-(methoxymethyl)[1,1-biphenyl]-2-sulfonamide;

3-[[2-[[(4,5-dimethyl-3-isoxazolyl)amino]sulfonyl}[1,1’-biphenyl]-4-
yllmethyl]-2-ethyl-5-methyl-3H-imidazole-4-carboxamide;

- 4’-[(2-Butyl-3,4-dihydro-4-o0x0-3-quinazalinyl)methyl}-N-(4,5-
dimethyl-3-isoxazolylD)[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"-[(3,3-dimethyl-2-oxo-1-pyrrolidinyl)methyl] [1,1-

biphenyl]-2-sulfonamide;
N2-[[2’-[[(4,5-dimethy]-3-isoxazolyl)amino]sulfonyl]-2-[(3,3-
dimethyl-2-oxo-1-pyrrolidinyl)methyl][1,1-biphenyl]-4-yllmethyl]-N-
methyl-N2-(1-oxopentyl)-L-valinamide;
4’-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4Inon-1-en-3-yl)methyl]-N-(4,5-
dimethyl-3-isoxazolyl)-2’-[(4,4-dimethyl-2-oxo-1-pyrrolidinyl)methyl][1,1’-
biphenyl]-2-sulfonamide;
4-[(3,5-Dibutyl-1H-1,2 4-triazol-1-yl)methyl]-N-(4,5-dimethyl-3-

1isoxazolyl)-2*-((3,3-dimethyl-2-oxo-1-pyrrolidinyl)methyl]{1,1’-biphenyl}-2-

sulfonamide;

-261 -

T O A U



- WO 00/01389 : PCT/US99/15063

10

15

20

25

30

N-{2-[[[2’-[[(4,5—dimethyl_-3~isoxazolyl)amino]sizl_fonyl]-4—[(2-ethy1-
5,7-dimethyl-8H-imidazo[4,6-b]pyridin-3-yl)methyl}{1,1’-biphenyl]-2-
yllmethyl)methylamino)ethyllacetamide; |

4-[(2-Ethy_l-5,'f-dimethyl-SH-im_idazo[4,5-b]pyridin.—3-yl)methy1]-2’-
[[(4,5-dimethy1-3;isoxazolyl)amino}sulfony]] [1,1-biphenyl]-2-acetic acid
ethyl ester;- . . _ . _

N2-[[2’-[[(4,5-dimethyl-3-isoxazolyl)amino}sulfonyl][1,1"-biphenyl)-4-
ylimethyl]-N2-(1-oxopentyl)-N-propyl-L-valinamide; -

N2-[[2’-[-[(4,5-dimethyl-3—isoxazolyl)ami_nq]_sulfonyl][1,1’-biphenyl]-4—
yllmethyl]-N2-(1-oxopentyl)-N- [(tetrahydro-2fﬁ1r:any1)methyl] -L-
valinamide; |

2™-Chloro-N-(4,5-dimethyl-3-isoxazolyl)-4"-[[(2-ethyl-4-
quinolinyDoxylmethyll[1,1"-biphenyl]-2-sulfonamide;

N-(4,5-dimethyl-3-isoxazolyl)-4- [{(2-ethyl-4-quinolinyDoxylmethyi]-
2 (trifluoromethyD[1,1biphenyl)-2-sulfonamide; |

4’-[(2-Bt_1_t'yl-4-oxo-1,3-d_iazaspiro[4.4lnoﬁ-1.-en-3-yl)methyl]-2’-chloro-
N-(4,5-dimethyl-3-isoxazolyl){1,1’-biphenyl}-2-sulfonamide;

4-[(2-Butyl-4-0xo-1,3-diazaspiro[4.4lnon-1-en-3-yDmethyl]-N-(4,5-
dimethyl-3-isoxazolyl)-2’-.[(2-methylpropoxy)methy1][i,l’-biphenyl]-z-
sulfonamide;.. » _ BRI .
4’-[(2-Butyl-4-oxo0-1,3-diazaspiro[4.4]non-1-en-3-y)methyl]-N-(4,5-
dimethyl-3-isoxézolyl )-2-[(ethylsulfonyl)amino][1,1’-biphenyl]-2-
sulfonamide; - . oo _
4’-[(2-Butyl-4-ox0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl}-N-(4,5-
dimethy1-3-i_soxla'zolyl)-2'- [(2,2,2—tﬁﬂuofoethoéty)methyl] [1,1-biphenyl}-2-
sulfonamide; ' _ _
4'-[(2-Buty1-4-oxo-1,3—diazaspiro[4.4}non-1-en-3-yl)methyl]-N—(4,5-
dimethyl-3—isoxazolyl)—2’_— [(2-fluoroethoxy)methyl}[1,1'-biphenyl}-2-
sulfonamide; | o |

N—(4,5rljimethyl—3-iédxazolyl)-4'-[[(3-mefhoxy—2,6-_dimethy1—4-

pyridinyl)oxy_]rﬁethyl]-2'-ethoxymethyl[1,1'-biphenyl]-z-sulfonamide;
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' N-(4I,S-ﬁ'i"fﬁ"ethyl—S-isoxazblyl)-'4’-‘[(1',4,'5;§§€Zi:84héxahydro-8-oxo-2-
propyl-1-cycthepﬁmidazolyl)methyll-2’-(ethoxjméthyl)[1,1’-biphenyl]-2-
sulfonamide; o -

4’-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-8-yl)methyl}-N-(4,5-
dimethyl-3-isoxazolyl)-2'-(3,3,3-trifluoropropyl) [1,1-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) [1,1’-biphenyl}-2-sulfonamide;
’-[(2-Buty1-4-oxo’-1,3-diazaspiro[4.4]non-l-en-3-yl‘)methyl}-2’-(1,1-
difluoroethyl)-N-(4,5-dimethylisoxazol-3-y1) [1,1’-biphenyl]-2-sulfonamide;
4’-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-1-en-3-yl)methyi]-2’(2,2,2-
trifluoroethyl)-N-(4,5-dimethylisoxazol-3-yD) [1,1-biphenyl]-2-sulfonamide;
4’-[(2-Butyl-4-0xo-1,3-diazaspiro{4.4]non-1-en-3-yl)methyl}-N-(4,5-
dimethylisoxazol-3-yl1)-2’-[(2-methyl)propoxy] [1,1'-biphenyl]-2-
sulfonamide;
| 4'-[(2-Butyl-4-oxo0-1,3-diazaspiro[4.4]non-1-en-3-ylmethyl]-N-(4,5-
dimethylisoxazol-3-yl1)-2’-(2-methoxyethoxy) [1,1-biphenyl]}-2-sulfonamide;
| 4'-[(2-Butyl-4-0x0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2’-butyl-
N-(4,5-dimethylisoxazol-3-y1)[1,1'-biphenyl]-2-sulfonamide;
4'-{(2-Butyl-4-0x0-1,3-diazaspiro(4.4]non-1-en-3-yl)methyll-N-(4,5-
dimethyl-3-isoxazolyl)-2'«(N-methoxy-N-methylaminomethyl) [1,1'-
biphenyl]-2-sulfonamide;
4'-[(2-Butyl-4-0x0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-2’-(2,2-
difluoroethoxymethyl)-N-(4,5-dimethylisoxazol-3-y1)[1,1'-biphenyl]-2-
Sulfonamide; . .
4’-[(2-Butyl-4-oxo-1,3-diazaspiro[4.4]non-l-en-3-yl)methy1]-N-(4,5-
dimethylisoxazol-3-y1)-2'(2-fluoroethyl)[1,1"-biphenyl}-2-sulfonamide;
4'-[(2-Butyl-4-ox0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(4,5-
dimethylisoxazol-3-y1)-2’-(2-hydroxyethyl)[1,1"-biphenyl]l-2-sulfonamide;
' 4'-[(2-Butyl-4-0x0-1,3-diazaspiro[4.4]non-1-en-3-y)methyl]-N-(4,5-
dimethylisoxazol-3-y1)-2'-(3-methylbutyl)[1,1'-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-
dimethylisoxazol-3-y1)-2"-(2-methypropyl)(1,1-biphenyl]-2-sulfonamide;
4‘-[[2-(3,3-Diﬂuorobutyl)-4-bxo-1,3-diazasj:iro[4.4]non—1_-en—3-
ylimethyl]-N-(4,5-dimethylisoxazol-8-yl)-2-(ethoxymethyl)(1,1'-biphenyl]-
-sulfonam1de, : _ : _
N-(4 5-Dunethyl-3-1soxazolyl)—4' [[(3-methoxy-2 6—d1methyl-4-
pyridinyloxylmethyl}-2'<(3,3,3-trifluoropropyl)[1,1'-biphenyl]-2-

- sulfonamide;

4'-[(2-Butyl-4-0x0-1,3- dxazasp1r0[4 4]non-1-en-3-yl)methyl]-N (4,5-
dimethyhsoxaz_o_l_- -yl)-2’-[(1,1-d1methylgthoxy)_m_ethyl]_[1,1'-b1pheny1]—2-
sulfonamide; | | |

4'- [4-Ethyl-1-[[2’ -{i(4 5-damethyl-3~1soxazolyl)am1no]sulfonyl-z-
methoxymethyl]{1,1-biphenyl]-4-yllmethyl]- 2-propyl-_1H-1m1dazole-5-
carboxamide; |

4'-[4-Ethyl-1-[[2-{[(4 5—d1methyl-3~1soxazoly1)ammo]sulfonyl-z-
methoxymethyl]{1, 1'-blphenyl]-_4-yl]methy1]—N -methyl-2-propyl-1H-

- imidazole-6-carboxamide;

4'—[4-Ethyl 1-[[2'-][(4, 5-d1methyl-3-150xazolyl)ammo]sulfonyl-z-
methyli[1,1'-biphenyl]-4-yll methyl]_-2-propyl_-1H-1_m1<1_azole-5-carboxam1de;_
. 4-[4-Ethy)-1-[[2[[(4,5-dimethy]-3-isoxazolyDaminolsulfonyl-2-
methyl] [1,1-biphenyl]-4-yllmethyl]-N-methyl-2-propyl-1H-imidazole-5-
carboxamide; axid salts thereof.

26.. A method for the treatment of an _éndpthelin-dep_endent or
angiotensin II-dependent disorder, comprising the step of administering to
a subject in need thereof an amount effective therefor of at least one

compound of claim 1.

27. A method for the treatment of hyperténsion, comprising the
step of administering to a subject in need thef_eof 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 subject 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.

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,
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

thereof an amount effective therefor of at least one compound of claim 1.

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 com;f:ound of claim 1.

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
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

at least one compound of claim 1.

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 c{n_n_pound of claim 1.

40. A method for the treatment of asthma, comprising the step of
administering to a subject in need thereof an amount effective therefor of

at least one compound of claim 1.

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 subarachnoid hemorrhage,
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 at least one compound of claim 1.

45. A method for the treatment of acute or chronic renal failure,
comprising the step of administering to a subject in need thereof an

amount effective therefor of at least one compound of ¢laim 1.

46. A pharmaceutical composition for the treatment of an
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.

47. A compound of the formula
Rso

wherein

R, and R, are as defined in claim 1;

R,, is hydroxy, chloro, bromo, iodo, -OSO,-alkyl, or -OSOz-aryl; and
R, is hydrogen, or a suitable nitrogen protecting group.

48. The compound of claim 47, wherein R,, is
-CH,0CH,CH,0CH,, -CH,0CH,CH,Si(CH,),, -CH,0CH,, or -CH,0CH,-aryl.
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49. A compound of the formula

. O ()
R2 02
l . S\v,ﬂa'
wherein R, R, and R, are as defined in claim 1; and

5 R, is a suitable nitrogen protecting group.

50. . The compound of claim 49, wherein R,, is -CH,0CH.CH,OCH,;, -
CH,OCH,CH,Si(CH,),, -CH,0CH,, or -CH,OCH,-aryl.

10 51. A compound of the formula
Ry

(Lvin)

Rz

wherein »
R, and R, are as defined in claim 1; and

15 R, is chloro, bromo, iodo, or -OSO,CF,.

52. A compound of 'cla_im 51

wherein
o " .
. ) 7
nré‘,,‘/éo i\
A, t Rio
20 R,is A , E S,

* c L M S * .



* WO 00/01389 PCT/NIS99/15063

53. A process for the preparation of a compound of claim 1,

comprising the following steps:

a) displacement of a leaving group R, via the anion of a

5 compound R-H from a compound of the formula
| ' Rso

O )
R o,
O S\';rR;;
Rs1
wherein R, R, and R, are as defined in claim 1, R;o is hydroxy, chléro,
bromo, iodo, -OSO,-alkyl or -OSO,-aryl, and R,, is hydrogen or a suitable
nitrogen protecting group, using a Mitsunobu reaction or S,1 01" S.2

10 displacement reaction, with removal of said nitrogen protecting group as

appropriate;

b) removal of the nitrogen protecting group R,, from a compound
of formula
_ R,

O {Lv1)
Ry 0, |
S\N, Ra
i o,
wherein R, R, and R, are as defined in claim 1, and R, is a suitable
nitrogen protecting group; .
| ¢) organometallic coupling of a compound of formula

Ry

(Lviy

20 Rs
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S\'lr Ry (LIX)
Rs

wherein R,, R, and R, are as defined | for a compound of formula I and R,, is
a suitable nitrogen protecting group; when R, is chloro, bromo, iodo or
-OSO,CF,, R,, is a boronic acid, boronic ester or stannane derivative; when
R,, is a boronic acid, boronic ester or stannane derivative, R,, is chloro,

bromo, iodo or -OSO,CF,.

d) acylation of a compound of the formula

s\vlas
Rsy

- wherein R, and R, are as defined in claim 1, and R;, is hydrogen or a

suitable nitrogen protecting group, with an acylating agent of the formula
R,,-(C=0)R,;, R,;N=C=0, R-CO.R,;, R;SO,R,,, wherein Rw,. R, and R,, are.
as defined in da.i_in 1 and R, is an activating group for an acid, or made
using an acid activating agent, with removal of said nitrogen protecting

group as apprdpriate; or

e) reductive amination of a compound of formula

20 wherein R, and R, are as defined in claim 1, and R,, is hydrogen or a

suitable nitrogen protecting group, with an amine of the formula
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?
hydrogen or alkyl—O NH,
LXI

|Rgs Raq

‘wherein R, R_W 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]lnon-1-en-3-yDmethyl]-N~(3,4-
dimethyl-5-isoxazolyl)-2"-ethyl(1,1'-biphenyl}-2-sulfonamide;
4'-{(2-Butyl-4-oxo-1,3-diazaspiro4.4]non-1-en-3-y)methyl]-N-(3,4-
dimethyl-5-isoxazolyl)-2-(2,2-dimethylpropyl)(1,1'-biphenyl]-2-
sulfonamilde; |
4'-[(2-Butyl-4-0xo-1,3-diazaspiro[4.4)non-1-en-3-yl)methyl]-N~(3,4-

" dimethyl-5-isoxazolyl)-2’-(2-ethoxyethyl)(1,1'-biphenyl}-2-sulfonamide;

4'-[(2-Butyl-4-o0x0-1,3-diazaspiro[4.4]non-1-en-3-yDmethyl]-N-(4.5-
dimethyl-3-isoxazolyl)-2"-ethyl[1,1"-biphenyl]-2-sulfonamide;

: 4'-[(2-Butyl-4-0x0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(4.5-
dimethyl-3-isoxazolyl)-2’-(2,2-dimethylpropyl)[1,1*-biphenyl]-2-
sulfonam_ide;

4'-[(2-Butyl-4-0x0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]l-N-(4.5-
dimethyl-3-i(;xazolyl)-2’-(2-éthoxyethy‘1)[1,1'—biphenyl}-2-sulfonamide;

N-(3,4-Dimethyl-5-isoxazolyl)-2’-ethyl-4'-[[(3-methoxy-2,6-dimethyl-
4-pyridinyl)oxy}methyl](1,1'-biphenyl} -2—sulfonamidé;

N—(3,4-Dimethy1—5-iSoxazolyl)-2’-(2,2-dimethylpropyl)-4'—[[(3-
methoxy—2;6-dimethyl4—pyﬁdinyl)oxy]methyl] [1,1'-biphenyl]-2-

sulfohamide;
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N—(3,4-Dimethyl-5-i_so_xazolyl)-z’-(2-ethoxyeth)"l).-4'-[[(3-methoxy—2,6—
dimethyl-4-pyridinylloxy}methyl}[1,1"-biphenyl]-2-sulfonamide;

-1, 1-Dihxethylethoxy)ﬁethy1] N-(3,4-dimethyl-5-isoxazolyl)-4'-
[[(3-methoxy-2 6-d1methy1-4-pyndmyl)oxy]methyl][1 1'-biphenyl]-2-
sulfonamide;

N-(4, 5-D1methyl-3-1soxazolyl) 2’-ethyl-4'-[[(3-methoxy-2,6-dimethyl-
4~pynd1nyl)oxy]methy1][1 1'-b1pheny1]-2-sulfonam1de,

N-(4 5~D1methyl—3-1soxazolyl)—2’-(2 2-d1methylpropyl)-4‘ fis-
methoxy-2,6- d1methyl—4—pyr1dmyl)oxy]methyl] [1 1'-biphenyl]-2-
sulfonamide; - _

N-(4 5-D1methy1-3-1soxazoly1)—2’-(2-ethoxyethyl) 4'-[[(3-methoxy-2,6-
d1methy1—4-pyndmyl)oxy]methyl] [1 1'-b1phenyl]-2-su1fonam1de

2-[(1, 1-D1methy1ethoxy)methy1] N-3 4-d1methy1—5-lsoxazolyl)-4 -
[[(3-methoxy-2 6—d.1methyl-4-pynd1nyl)oxy]methyl]{1 1'-biphenyl]-2-
sulfonamide; " : . _ . _

N-(4 5-D1methy1-4—1soxazolyl)-2’-ethy1—4' [(1 4,5,6,7,8-hexahydro-8-
oxo-2-propyl-1-cycloheptumdazolyl)methyl] 1, 1-'-b1phenyl] -2-sulfonamide;

N-3 4-D1methy1~ -1soxazolyl)-2’-(2 2-d1methylpropy1)—4—

[(1,4,5,6,7 8-hexahydro-8-oxo-2-propy1—1-cycloheptlmldazolyl)methyl] [1,1'-
blphenyll-z-sulfonamlde,

N-3 4—D1methy1—5-1soxazolyl)—2’-(2-ethoxyethyl)—4' [1,4,5,6,7,8-
hexahydro—8-oxo- -propyl- 1-cyclohept1m1dazoly1)methy1][1 1'-biphenyl]-2-
sulfonamide;: - . :

2’-[(1, 1-D1methylethoxy)methyl]-N-(3 4-d1methyl- -isoxazolyl)-4'-
(1,4,5,6,7 8-hexahydro-8-oxo-2-propyl—1-cyc10hept1m1dazolyl)methyl] f1,1-
b1pheny1]-2-sulfonam1de,

N-(4 5-D1methy1-3-1soxazoly1)-2’-ethy1—4' [(1 4.5,6,7,8-hexahydro-8-
oxo-2-propyl 1 cycloheptlmdazolyl)methyll 1, 1'-b1phenyl]-2-su]fonam1de,

N-(4 5-D1methyl-3-1soxazolyl)—2’-(2 2- dlmethylpropyl)—4’

{1,4,5,6,7 8-hexalwdro-8—oxo—2-propy1—l-cyclohept1m1dazoly1)methyl] (1,1-
b1pheny1]-2-sulfonam1de, .
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N-(4 5-D1ﬁ1ethyl-3—1soxazoly1)—2 -(2-ethoxy; 1)-4-[(1,4,5,6,7,8
hexahydro-8-0x0-2-propyl-l—cycloheptnmdazolyl)methyl] [1,1'-biphenyl]-2-
sulfonamide;

*-[(1 1-D1methylethoxy)methyl]-N-(4 5-dimethyl-3-isoxazolyl)-4'-

[(1,4,5,6,7,8-hexahydro-8-oxo-2-propyl-1-cycloheptimidazolyl)methyll[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’-(1-hydroxyethyl)(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’-(1-hydroxy-1-methylethyl)[1,1'-biphenyl]-2-
sulfonamide;

4'-[(2-Butyl-4-oxo0-1,3- d1azasp1ro[4 4}non-1-en-3-yl)methyl}-N-(3,4-
dimethyl-5-isoxazolyl)-2-(1,2,3,4-tetrahydrofur-1-yl)(1,1"-biphenyl}-2-
sulfonamide;

N-(4,5-Dimethyl-3-isoxazolyl)- 4'-[[(3-methoxy-2,6-dimethy}-4-
pyridinyl)oxylmethyl]-2’-(1-hydroxyethyl)[1,1'-biphenyl]-2-sulfonamide;

N-(4,5-Dimethyl-3-isoxazolyl)- 4'-[[(3-methoxy-2,6-dimethyl-4-
pyridinyl)oxy]methyl])-2’-(1-hydroxy-1-methylethyl)[1,1-biphenyl}-2-
sulfonamide;

N-(4,5-Dimethyl-3-isoxazolyl)- 4'-{[(3-methoxy-2,6-dimethyl-4-
pyridinyl)oxylmethyl}-2’(1,2,3 4—tetrahydrofur— -yD[1,1'-biphenyl]}-2-
sulfonamide;

N-(3,4-Dimethyl-5-isoxazolyl)- 4'-[(1,4,5,6,7,8-hexahydro-8-ox0-2-
propyl-1 -cycloheptlm1dazolyl)methyl]-2 -(1-hydroxyethyl){1,1'-biphenyl]-2-
sulfonamide; .

N-(3,4-Dimethyl-5-isoxazolyl)- 4'-[(1,4,5,6,7,8-hexahydro-8-0xo-2-
propyl-1-cycloheptimidazolyl)methyl]-2’-(1-hydroxy-1-methylethyl)[1,1'-
biphenyl]-2-sulfonamide; .

" N«(3,4-Dimethyl-5-isoxazolyl)- 4'-[(1,4,5,6,7,8-hexahydro-8-0x0-2-
propyl-1-cycloheptimidazolyl)methyl}-2’-(1,2,3,4-tetrahydrofur-1-y1){1,1'-
biphenyl]-2-sulfonamide;
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4’-[(2-Buty174~oxo-1,_3-diazaspiro[4.’4]non;l;en-i’»-yl)methyl]-N ~(4,5-
dimethyl-3-isoxazolyl)-2"-(1-hydraxyethyl)(1,1"biphenyll-2-sulfonamide;

4'- [(2-Butyi—4 oxo-1 3~diazaspiro[4 4]non-l-en—3-y1)methy1]-N—(4 5-
dmethyl-3-1soxazolyl)-2’-(1-hydroxy 1-methylethyl)1,1'-biphenyl]-2-
sulfonamide; : o : _

4'- [(2-Butyl-4-oxo-1 3-d1azasp1ro[4 4]non—1-en-3-yl)methy1] -N-(4,5-

' dlmethyl-S-lsoxazolyl)—Z’-(1 2,3,4-tetrahydrofur-1-y1)(1,1"-biphenyl}-2-
“sulfonamide; -

N-(3 4-D1methyl-5-1soxazolyl)— 4- [[(3-methoxy-2 6-dimethyl-4-
pyndmyl)oxy]methyl]-z (l-hydroxyethyl)[l 1'-biphenyl]-2-sulfonamide;

N-(3 4-D1methy1-5-1soxazolyl)— 4'- [[(3—methoxy-2 6-dimethyl-4-
pyndmyl)oxy]methyl]—2’-(l-hydroxy-l-methylethyl)[l 1'-biphenyl)-2-
sulfonamide; . ' . S

N-(3 4-D1methyl 5-1soxaz01y1)- 4'- [[(3-methoxy-2 6-dimethyl-4-
pyndmyl)oxy]methyl]-Z’-(l 2 3 4-tetrahydrofur—1—yl)[1 1'-biphenyl]-2-
sulfonamide; - : ' :

- N-(4,5-Dimethyl- 3-1soxazo1yl)- 4'-{(1,4,5,6,7 8-hexa.hydro-8-oxo—2-
propyl-1 -cyclohept1m1dazolyl_)methyl]-2’-( 1-hydroxyethyD[1,1'-biphenyl]-2-
sulfonamide; | '

N-(4 5-D1methyl-3-1soxazolyl)- 4-[(1,4,5, 6, 7 8-hexahydro—8-oxo—2—
propyl-l-cvcloheptxm1dazolyl)methyl]-2’-( 1-hydroxy-1 -methylethyl)[l 1-
biphenyl]- 2-su1fonam1de '

N-(4 5-D1methy1-3-1soxazolyl)— 4'-[(1,4,5,6,7,8- hexahydro-S-oxo-2-
propyl-1-cycloheptmdazolyl)methyl]-z -(1,2,3 4-tetrahydrofur- -yDI1,1-
b1pheny1]-2-sulfonam1de, _ ' : .

N-(3,4-Du_nethyl—5—.;soxazolyl),—' 4'-[[(3-methoxy-2,6-dimethyl-4-

pyridinyloxy}methyl]-2*-3,3,3-trifluoropropyl)[1,1-biphenyl]-2-
sulfonamide; .- _i -' _

N-(4 5-D1methyl—3-1soxazolyl)- 4 [[(3-methoxy—2 6-dimethyl-4-
pyridinyl)oxylmethyl]-2’<(3, 3 3-tnﬂuoropropyl)[1 1'-biphenyl]-2-
sulfonamide;:

-_—
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N-(4,5- .-hexahydro—8-0x0-2-

thyl-3-1soxazolyl)- 4-[(1, 4 5; é%B

ot
‘propyl-1-cyclo] ept1m1dazoly1)methyl]-2’-(3 3 3-ti'1fluoropropyl)[1 1-

biphenyl]-2-sulfonamide;

N-(3,4-Dimethyl-5-isoxazolyl)- 4'-[(1,4,5,6,7,8-hexahydro-8-0x0-2-
propyl-1-cycloheptimidazolyl)methyl]-2’-(3,3,3-trifluoropropyl)[1,1'-
biphenyl]-2-sulfonamide;

N-(3,4-Dimethyl-5-isoxazolyl)- 4'- [[(3-methoxy-2 6-dimethyl-4-
pyridinyl)oxylmethyl]-2’-propyl[1,1'-biphenyl]-2-sulfonamide;

N-(4,5-Dimethyl-3-isoxazolyl)- 4'-[[(3-methoxy-2,6-dimethyl-4-
pyridinyl)oxy]methyl]-2-propyl[1,1'-biphenyl}-2-sulfonamide;

N-(4,5-Dimethyl-3-isoxazolyl)- 4'-{(1,4,5,6,7,8-hexahydro-8-oxo0-2-
propyl-1-cycloheptimidazolyl)methyl]-2’-propyl[1,1*-biphenyl}-2-
sulfonamide;

N-(3,4-Dimethyl-5-isoxazolyl)- 4'-[(1,4,5,6,7,8-hexahydro-8-0xo-2-
propyl-1-cycloheptimidazolyl)methyl]-2-propyl[1,1'-biphenyl]-2-
sulfonamide;

N-(3,4-Dimethyl-5-isoxazolyl)- 4'-([(8-methoxy-2,6-dimethyl-4-

yndmyl)oxy]methyl]-2’-(2-ﬂuoroethoxymethyl)[1 1'-biphenyl]-2-

:sulfonamlde,

N-(4,5-Dimethyl-3-isoxazolyl)- 4'-[[(3-methoxy-2,6-dimethyl-4-
pyridinyl)oxylmethyl]-2’-(2-fluoroethoxymethyl)[1,1'-biphenyl]-2-
sulfonamide;

N-(4,5-Dimethyl-3-isoxazolyl)- 4'-[(1,4,5,6,7,8-hexahydro-8-0xo-2-
propyl-1-cycloheptimidazolyl)methyl]-2’-(2-ﬂuoroethoxymethy1)[1,1'-
biphenyl]-2-sulfonamide; '

N-(3 4-D1methy1—5-1soxazolyl)— 4'-[(1,4,5,6,7,8-hexahydro-8-oxo-2-
propyl-1-cycloheptimidazolyl)methyl]-2’-(2-fluoroethoxymethyl)[1,1'-

biphenyl]-2-sulfonamide; -

(22 ,2-Difluorobutyl-4-0xo-1,3-diazaspiro[4.4]non-1-en-3-
yl]methyl]-N-(4 5-d1methyl-3-1soxazolyl)-2’-propyl[1 1'-b1pheny1]-2-
sulfonamlde
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4-[[2-(2 2-D1ﬂuorobutyl-4—oxo-1 3-d1azasp1ro[4 4]non-1-en-3-
yl}methyl]—N-(S 4-d1methyl-5-1soxazolyl)—2’-propyl[1 1"-biphenyl]-2-
sulfonamide;

4'-[12-(3, 3 3—Tr1ﬂuorobutyl-4-oxo—l 3-d1azaSp1ro[4 4]non-1-en-3-
yl]methyl]-N-(4 5-d.1methyl 3-isoxazolyl)-2" (ethoxymethyl)[l 1*-biphenyl]-
2-sulfonam1de, 3'_- -

4'-[[2-(3, 3 3-Tnﬂuorobutyl-4—oxo-1 3-d.1azasp1ro[4 4]non-1-en-3-
yl]methyl]—N—(:S 4-d1methyl—5—1soxazolyl)- ’-(ethoxymethyl)[l 1'-biphenyl]-
2-sulfonamide; - ; - .

4-{(2-3,3, 3- Tnﬂuorobutyl—4—oxo—1 3-d1azasp1ro[4 4]non-1-en-3-
yl]methyl]-N-(4 5-dlmethyl-3-xsoxazolyl)-2’-propyl [1,1'-biphenyl]-2-
sulfonamide; : : B

4'-[[2-(3 3 3-Tr1ﬂuorobutyl—4-oxo—1 3- d1azasp1ro[4 4]non-1 -en-3-
yl]methyl]-N-(S 4-d1methy1-5,-1_soxa_zolyl)_—2’-prqpyl[1,1'-b1pheny1]-2-
sulfonamide; : . - . _

4'-[[2-(3,3 3~'1‘r1ﬂuoropropy1 4-ox0-1 3-d1azasp1ro[4 4]non-1 -en-3-

_yl]methyl]-N—(4 5-dunethy1-3-1soxazoly1)—2’ (ethoxymethyl)[l 1'-biphenyl]-

2-sulfonam1de, i , S

4'-[[2-(8, 3 3-Tr1ﬂuoropropy1-4—oxo—1 3-dJazasp1ro[4 4]non-1-en-3-
yl]methyl]—N—(3 4—d1methyl—,5-_1soxazoly1)— ’-.(ethqumethyl)[1,1'-b1phenyl]-
2-sulfonamide; " _ -

4'- [[2—(3 3, 3 Tnﬂuoropropyl-4-oxo-1 3- d1azasp1ro[4 4]non-1-en-3-

--yl]methyl]-N-(4 5-dlmethyl-3-1soxazolyl)-2 propyl[l 1'-b1phenyl]-2-

sulfonamide; . _ , :

4. [[2-(3 3 3-‘1‘nﬂuoropropyl-4-oxo—1 3-d1azasp1ro[4 4]non-1-en-3-
yl]methyl]-N—(3 4- d:lmethyl-5-1s_oxa_zolyl) _2’-propy1[1,1'-b1pheny1]-2-
sulfonamide; | _

N-3 4-D1methyl 5-1soxazolyl)-4' [[(3-methoxy-2 6-d1methyl-4-
pyndmyl)oxy]methyl]-z -(1 l-dlﬂuoropropyl)[l 1'-biphenyl}-2-sulfonamide;
N -(4,5-.D;_methyl -3-isoxazolyl)-4'- _[[(3-me§hoxy—2,6-d1methyl—4—
pyridinyl)oxy].m'éthyl]-2’-(l,1-djﬂuoropropyl)[1,1'—biphenyl]-2—su]fonamide;
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' N-(4,5-ﬁ:ié§?¢thy1-3-isoxazolyl)-4’-[(1',455',@5 m’%— iéxahydro-S-oxo-Z-
propyl-1-cycloheptimidazolyl)methyl]-2'-(1, 1-diflibropropyD(1,1-biphenyl]-

2-sulf0namide§ _ )

N -:(3,4-Dimethyl-5-ioxazolyl)-4‘- [(1,4,5,6,7,8-hexahydro-8-oxo0-2-
propyl-1-cycloheptimidazolyl)methyl}-2’-(1,1-difluoropropyl)(1,1'-biphenyl]-
2-sulfonamide; '

4'-[(2-Butyl-4-oxo0-1,3-diazaspiro[4.4]non-1-en-3-yl)methyl]-N-(4,5-
dimethyl-B-ioxazolyl)—2’-(1,1-diﬂuoropropyl)[1,1'—bipheny1] -2-sulfonamide;

4'-[(2-Butyl-4-oxo-1 ,3-diazapiro[4.4]non-1-en-3-y1)methy1}-N-(3,4-
dimethyl-5-isoxazolyl)-2’-(1,1-difluoropropyl)[1,1'-biphenyl]-2-sulfonamide;
and salts thereof.; '

4'-[4-Ethyl-1-[[2-[[(3,4-dimethy]-5-isoxazolyl)amino]sulfonyl-2-
ethylj[1,1'-biphenyl] -4-yl]methyl]-N-methyl-Z—propyl- 1H-imidazole-5-
carboxamide;

4'-[4-Ethyl-1-[[2'-[[(3,4-dimethyl-5-isoxazolyl Jamino]lsulfonyl-2-

* propyll[1,1-biphenyl}-4-yl}methyl]-N-methyl-2-propyl-1H-imidazole-5-

carboxamide;
4'-[4-Ethyl-1-[[2"-[[(3,4-dimethy1-5-isoxazolyl)amino] sulfonyl-2-(2-

' ﬂuoroethoxymethyl)] (1,1'-biphenyl]-4-yllmethyl]-N-methyl-2-propyl-1H-

imidazole-5-carboxamide; -

© 4'-[4-Ethyl-1-[[2"-[[(3,4-dimethyl-5-isoxazolyl)amino]sulfonyl-2-
(ethoxymethyl)][1,1'-biphenyl]-4-yljmethyl]-N-methyl-2-propyl-1H-
imidazole-5-carboxamide; . .
4'-[4-Ethyl-1-[[2-[[(3,4-dimethy}-5-isoxazolyl)amino]sulfonyl-2-
ethyl](1,1"biphenyl}-4-yllmethyl}-2-propyl- 1H-imidazole-5-carboxamide;
4- [4-Ethy1-1-[[2'-[[(3,4-dimethy1-5-isoxaz6lyl)amino]su.lfonyl-z-
propyll[1,1'-biphenyl}-4-ylimethyl]-2-propyl-1H-imidazole-5-carboxamide;
4'-[4-Ethyl-1-[[2'-[[(3,4-dimethy]-5-isoxazolyl)amino]sulfonyl-2-(2-
fluoroethoxymethyl)l[1,1"-biphenyl]-4-ylimethyl]-2-propyl-1H-imidazole-5-

carboxamide;
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4'-{4-Ethyl-1-[[2"-[[(3,4-dimethyl-5-isoxazolyl)aminojsulfonyl-2-
(ethoxymethyl)][l 1’-b1phenyl]-4-yl]methyl] 2-propyl-1H-imidazole-5-
carboxamide; . _

4’- {4-Ethyl-1—[[2 -{[(4,5-dimethyl-3-isoxazolyl)Jamino}sulfonyl-2-

ethyll(1, 1’-b1phe_ny1]A—yl]methyl]_-N-.m_ethyl-2_-propy1—1H-1m1dazole-5-

carboxamide;

4-[4-Ethyl-1-[[2-[[(4, 5-d1methyl~3-1soxazolyl)ammo]sulfonyl-2-
propyll{1,1’-biphenyl]-4-yllmethyl] TN'-methyl-_2-pr_opyl-1H-1m1_dazole-5-
carboxamide; | . .

4-[4-Ethyl-1-[[2*-[[(4,5-dimethy]-3-isoxazolyDaminolsulfonyl-2-2-
fluoroethoxymethyl)}[1, 1’-b1pheny1] -4-ylJmethyl]l-N-methyl-2-propyl-1H-
imidazole-5-carboxamide;

4'- [4-Ethyl-1-[[2’ -[[(4, 5 d1methyl-3-1soxazoly1)am1no]sulfonyl -2-
(ethoxymethyl)[1, 1’-b1pheny1] -4-yl]methy1]-N—methyl-2—propyl-1H-

imidazole-5-carboxamide; -

4’-[4-Ethyl-1—[{2’-[[(4,5-dim_ethyl-3-isoxa._zolyl)amino]sulfonyl-2-
ethyl](1,1"-biphenyll-4-yllmethyl}-2-propyl-1H-imidazole-5-carboxamide;

-[4-Ethyl-1-[[2*-[[(4,5 'dimethy1-3-isoxazoly1)amino]sulfonyl-z-
propyl]{1,1* blphenyl]-4-y1]methy1]—2-propyl-1H-1m1dazole—5-carboxam1de
4-[4-Ethyl-1-[[2"-[[(4,5-dimethyl-3 -isoxazolyl)amino]sulfonyl-2-(2-

_ ﬂuoroethoxyméthyl)][1,1"’-bipheny'l]-4—y1]methyl_]-2-propy1-1H-imidazole-5-

carboxamlde,
4- [4-Ethy1-1 -[[2’-[[(4, 5—d1methy1-3-1soxazolyl)ammo]sulfonyl~2-

: (ethoxymethyl)][l 1’-b1phenyl]-4—y1]methy1] 2-propyl-1H-imidazole-5-

carboxamide;

- 55. A compound of formula LXX

.
e
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wherein R, is as defined in ci_aim 1;.
~ R, is isoxazol-5-yl or isoxazol-3-yl independently substituted with two of
following substituents: alkyl or halogen; and
5 R, is any group such that the resulting compound demonstrates affinity
(IC;,) for both the AT, receptor and ET, receptor of less than 5

~ micromolar at both receptors.

AL
adne

56. A compound of claim 5, wherein R,is M
10 57. A compound of claim 56, wherein R, is alkyl, haloalky],
alkoxyalkyl or haloalkoxyalkyl.

58. A compound of claim 56, wherein R, is -CH,Y;

15 59. A compound of claim 58, wherein Y is Q;

* [ L N H] *
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