WO 02/ 06276 PCT/ US01/ 16519 BETA3 ADRENERG C AGONI STS This application
clains the benefit of U S Serial No.'s 60/217,965; 60/241,614; and
60/ 292, 9880 05o@ETel d of | nvention The present invention isPCTvUSHelesisel d of

medi cine, particularly in the treatnment of Type Il diabetes and obesity.
More specifically, the present invention relates 10 to (33 adrenergic
receptor agonists useful in the treatnent of Type Il diabetes and obesity.

Background of the Invention The current preferred treatnent for Type ||
non- 15 insulin dependent diabetes as well as obesity is diet and
exercise, with a view toward mehgﬁ reductlon and inproved insulin
sensitivity. Patient conpllanc% oWEFEFRCTS ﬁgﬁﬁtﬁy poor. The problemis
conpounded by the fact that there are currently no approved nedi cations
t hat adequately 20 treat t her, Typ etes o besity e_.

t her apeutic opportu 1S ?ﬁ%ilﬂ%gl?%c%%?twsb fi b?%%%b i?gdﬁrﬁvg?$£§a%he
rel ati onsig pr Hes Wee17 pois®NecQr 241 [ eTLpt andsco b2l 988. and

anti - hyperglycem c effects. Conmpounds that act as R3 receptor agonists
have Been shown 25 to exhibit a marked effect on lipolysis, thernogenesis
and serum glucose levels in api8ph SPdehyeRtidype |1 (non- insulin
dependent) di abetes. The (33 rereptor, wicir 15 found in several types of
human- tlssue i ncl udiing buesent ainvessien hasinobhhl §180% oZ0mpEHBLEBEY toO

St milat | A 6 R A1 A 407 W BoPbos 76 P oot T6518° T3 ecept or s can

cause adv@bsslerecMersuspeasfia@hyzardha prasehytthantépntreh@t@s An

agoni st that is selectiye for the (33 receptor er th
rgceﬂfbrs ?SB3tﬁ€?@p§Fglc receptor agonis s usefu t

of Type ITI diabetes and obesity.

e trea ment

Background of the Invention

The current preferred treatment for Type II, non-
15 insulin dependent diabetes as well as obesity is diet and
exercise, with a view toward weight reduction and improved
insulin sensitivity. Patient compliance, however, is
usually poor. The problem is compounded by the fact that
there are currently no approved medications that adequately
20 treat either Type II diabetes or obesity.
One therapeutic opportunity that has recently been
recognized involves the relationship between adrenergic
receptor stimulation and anti-hyperglycemic effects.

Compounds that act as B3 receptor agonists have been shown

25 to exhibit a marked effect on lipolysis, thermogenesis and
serum glucose levels in animal models of Type II (non-

insulin dependent) diabetes.

The B3 receptor, which is found in several types
of human tissue including human fat tissue, has roughly 50%

30 homology to the B; and By receptor subtypes yet is

considerably less abundant. Stimulation of the B and By



nore desirable for treating Type Il diabetes or obesity 5 relative to a
non-sel ective agoni st. However, recent studies have suggested the presence
of an at wpbozabe2bet a receptor associated with atrial tachpCraUddIZI65T? rat s
(Br. J. of Pharmacol., 118:2085-2098, 1996). In other words, conpounds
that are not agonists of 10 the (31 and P2 receptors can still nodul ate
tachycardia through activation of a yet to be discovered (34 or through
sonme ot her unknown pat hway. A | arge nunber of publications have appeared in

recent ye@ééeﬁt‘?&?étéé‘lg éé'&&@sédﬁé‘rgéséﬁé&/s of,@geqt st 4 b calaigti mul ate
the R3 receptor. Despite these recent developnents, there remains a need to

devel op aaxehvehnya, 03r Feeopror a@@n@g@nmﬁtcﬁhﬁbslﬁ1ﬁ$h®¢ta@©nf@r activity
against the (31 and P2 rec r i nvention_The present
“nven or® ) s eﬂgeff%%%o%%ﬁn%l%fﬁlf%?mm ayecar%t%zs Rty @eqetorS A x
Het R3 2 e ni trogen
provi ded t%rg:dgg ?é%%% %%éAfpgégiﬂ%dﬁgg can gaﬁg%é%g%%aégégbg§06276

PCT/ USO1/4€bd8ive 3téled nenanebptioveal agosigsti tut ed, optlonally benzof used

5 or 6 menbered het Lic, d ndently H,
hal o, hydr oxy, %%$&¥§ %ﬁ&%% E%ﬁoxy, %ﬁgﬁzgﬁ%ﬁ & Eﬂgr 5 S02
(A-Co6 almyé$emce of an atyplcal beta receptor a55001ated with atrial

tachycardia in rats (Br. J. of Pharmacol., 118:2085-2098,

1996). In other words, compounds that are not agonists of
10 the B1 and By receptors can still modulate tachycardia
through activation of a yet to be discovered By or through

some other unknown pathway.
A large number of publications have appeared in

recent years reporting success in discovery of agents that

15 stimulate the B3 receptor. Despite these recent

developments, there remains a need to develop a selective fi3
receptor agonist which has minimal agonist activity against

the B1 and B, receptors.

20 Summary of Invention

The present invention relates to a compound of
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formula I:

25 wherein:
Al, A2 and A3 are carbon or nitrogen provided that

only one of Al, A2 and A3 can be nitrogen;



R2 is Hor Cl1-C6 alkyl; R3is Hor C1-C6 alkyl; R4 is Hor Cl1-C6 al kyl;

or R3 and R4 conbine with the carbon to which both 10 are attached to form
a C3-C6 ayabr/as2ré ng; or R4 and Xi conbine with the carbonP€DUsM/BRIY%OL h

are attached to forma C3-Cg cyclic ring; or R4 conbines with X1, the
carbon to which both are attached, and the phenyl group to which Xi is
attached 15 to formm R b n |l Rs axl-x!3-wherein: n and mare independently
0O, 1, 2, or 3 provided that the sumof n + mis < 4 and 20 that R3is H;

2 5 S8 O Agbong b et fospe Sty gt gl sapaiyg verr
optionélIbesubéﬁSe@tédophénmémberad heperonmtlycsubsgituted 5 or 6 menber ed

het er ocyclic ring; Rﬁ harnacEBtlcal salt thereof. WD 02/ 06276
PCT/ USO1/ 16519 -4 Fhe Bres%ﬁ@ RiiveftPoinarB8rerati8sEt olplBeesses for

preparingp é§o%§||CfscgoafkyphaéﬂaégubﬁﬁékyfOtﬂutgthQM§a199mtabB'ng, a
conpound o¥ formula 1. In anot hef erbodi nent, ~thé phar maceuti cal
fornulmat i 8as (0f - C@eabkgkémt invention may 5 be adapted for use in treating
Type Il diabetes and obesity and for agonizing the (33 receptor. The
present invention ak3oiselHabesCieCgethkdd;for treating Type || diabetes
and obesity, as well _as a nethod for agonizing the (33 receptor enploying
a compound of 10 foRAuia H.or C1-Cg alkyl;

R4 is H or C1-Cg alkyl;
or R3 and R% combine with the carbon to which both

10 are attached to form a C3-Cg cyclic ring;

or R4 and x1 combine with the carbon to which both

are attached to form a C3-Cg cyclic ring;

or R4 combines with X1, the carbon to which both

are attached, and the phenyl group to which x1 is attached
15 to form:

1b

X—X
R° M
wherein:
n and m are independently 0, 1, 2, or 3
provided that the sum of n + m is £ 4 and
20 that R3 is H;

X is OCHp, SCHy or a bond;
xl is a bond or a C1-Cg divalent hydrocarbon
moiety;
X2 is O, §, NH, NHSOp, SO,NH, CHy or a bond; and
25 X3 is optionally substituted phenyl or an

optionally substituted 5 or 6 membered heterocyclic ring;

or a pharmaceutical salt thereof.



In addition, the present invention relates to a conpound of fornmula I for
use in treating Type Il diabetes and obesity as well as a conpound of
formul a wWéoroa23e in agoni zing the (33 receptor. The preB€NUSIMGEI i ON i S
further 15 related to the use of a conpound of fornmula | for the

manuf acture of a medi canent for treating Type Il diabetes and obesity as a
wel | as for agonizing the (33 receptor_g_The present invention is also
related to a conpound of formula Il: Rla 2 3 5,gLN A-A\ RL 20 Het 11I;

which is useful as inter i . pre u la . 25
Det ai | ed Descriptidﬁgid?£§ﬁgﬁgu?%§§%§l§% %ﬁégpgggggggiﬁgeﬁ%Pg%gggg
di scl osedfandpcépanitdg heasi well hesf nbl7el nhatwaasuaiealdébirmetlabiebos. The

term "hal 0" represents fluoro, .chl.oro, brom, 0 or indo. 2/ 06276

per ot/ 1ei6PA RS e valReted SEararmpie Tha e SeatBrRy FoRER et ent
strai ght, theatkhedaeeucychiic fhyntbaat bong abi ehy phageng Lnosnohnentmwagi x and
one tq four carbon_atons, respectively. Cl- al .k roups .i ncl ude net hyl ,
ethyl > n gep?§%9F?di 85r8§§|}nc§5?85?ﬁéyT¥pﬁFﬁat9F¥£F885u ?ﬁ,gégﬁ}t%utyl,
t-butyl apgdycyclobytyi-iAg" EhaCl,hakbeabkyl” group is a Cl-C4 alkyl noiety
substituted wth up to siX halo 3tons, preferably one to three hal o atons.

An exanpl e of a hatpal kyksgheupnientibhl d0seneehykesAtdCGheChoabkoxy" group

10 is a Cl-C6 al kyl noi et onnect ed through an oxy |inkage.
treatfhgyType IIydga etes ané obes8ity, asywehT ag a method

for agonizing the B3 receptor employing a compound of
10 formula I.
In addition, the present invention relates to a

compound of formula I for use in treating Type II diabetes

and obesity as well as a compound of formula I for use in
agonizing the P3 receptor. The present invention is further
15 related to the use of a compound of formula I for the
manufacture of a medicament for treating Type II diabetes
and obesity as a well as for agonizing the f3 receptor.
The present invention is also related to a

compound of formula II:
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which is useful as an intermediate to prepare a compound of
formula I.
25 Detailed Description

For the purposes of the present invention, as
disclosed and claimed herein, the following terms are

defined below.

The term “halo” represents fluoro, chloro, bromo,

30 or iodo.



The term "di val ent hydrocarbon noiety" refers to a straight or branched
chain of carbon atons that may optionally have one or nore points of
unsat ur atwen2/06ehas, a hydrocarbon diradi cal accordi ng t oP€ChES@r®BSENt

i nvention 15 includes al kyl ene, al kenyl ene and al kyl i dene nvi eti es.
Exanmpl es include but are not intended to be limted to nethylene,

et hyl ene, propyl ene, butylene, -CH(CH3}pCH2- - CH(C2H5)CH2-,

-CH(CH3) CH(CH3) -, -CH2C(CH3)2-, -CH2CH(CH3)CH2-, -C(CH3)2CH2-, - CH=CHCH2-,
-CH=CH, 20 -C= - nd the,like. The term"optional ubstituted" as
used herein means éo%??%%ajc%h t?%%f%oﬁi% d%%—€% ?%%%%, preferably

one or two.grouns: i Hdependent | 58l @ed&dodt r PXO, h{Mit s Qarb&y 3 ehenyl
benzyl, hal'o, Cl-C6 al kyl,  Cl-C4 hal oal kyl 5 COR5, NR6R6, NR6COR5,

NR6S02R7, haoReg s, omB0RR7S 1sRmnd GTRTEO SO SATISoRR NRBIBS ) wherein R5 i s

H Cl-C6 d I, benayla1ds 02 k¥l uae NRORRPR, oLt Pba;n R6 and
R6a are if\éd%%ecnt ently H, @1-%6aal ylc&aélﬁ%)henyl ;m %0 og%?men t Wwo R6nor R6a

groupﬁ arlﬁr@%ﬁaﬁhﬂﬂo@@q}rjﬂr, seyiEl ot i PhLe Mm-ab byl sal st v, RSac-gr oups,
together with the WO 02/06276 PCT/USO1/16519 , - itrogen to which they are
attached,blmlr’:ei%/l'co‘hﬂri"r’f'eyfo"”"f1 r G ‘i”ﬁé}li di‘he, Chy 42#1?%?%@,‘3’{ group 18
hexamnet hyl enei r |, i Falek ; i - ahkyl of enyl. 5
The tern1%ﬁ2¥er gi%ﬁY%n$§ﬁgﬁyr%%¢%£%€§%e%n@%§%|%§ g%d%g?ated, pé???hlly

unsat ur at f dxdib )y UBsat s atefe®rha B ofedhe. I i A, esandlei 6f daving from one

to four heteroatons that,are jpdependently selected fromthe grou
consi sti nlbajo‘?al%f%ﬁ?u}axﬁﬁeﬁ?lgﬂﬁg]ﬁ?ﬁ‘?’g@%ﬁ: The hetee o2y EPE meyr BeP 10

het ortoycht o kst eflbarg Pt Sfestar! EnebiyR Mk Cory FREERERI 2 1
4, 5-di hydrooxazol e, Thyr @8xrm “divalent hydrocarbon moiety” refers to a
straight or branched chain of carbon atoms that may
optionally have one or more points of unsaturation. Thus, a
hydrocarbon diradical according to the present invention
15 includes alkylene, alkenylene and alkylidene moieties.
Examples include but are not intended to be limited to

methylene, ethylene, propylene, butylene, -CH(CH3)CHp-
~CH(CoHg)CHy~, ~CH(CH3)CH(CH3)-, -CH2C(CH3)2-,
-CH2CH(CH3)CH2-, -C(CH3)9CHp-, -CH=CHCH2-, -CH=CH-,

20 -C=CCH2-, and the like.

The term “optionally substituted” as used herein
means an optional substitution of one to three, preferably
one or two groups independently selected from oxo, nitro,

cyano, phenyl, benzyl, halo, C1-Cg alkyl, C1-C4 haloalkyl,
25 COR5, NROR6, NRO6CORS, NR6SO,R7, OR®, OCOR>, 0SO;R7, SRS,
SOR7, SOoR7 or SOoNROR®; wherein
RS is H, C1-Cg alkyl, phenyl, benzyl, C1-Cg haloalkyl,
NRO6AR62 or OR6E;
R® and R62 are independently H, C1-Cg alkyl or phenyl;

30 or when two R® or Rba groups are attached to the same

nitrogen atom, said R® or R6@ groups, together with the



i m dazol e, imdazolidine, isothiazole, isoxazole, norpholine, oxadiazole,
oxazol e, oxazol i di nedi one, 15 oxazol i done, piperazine, piperidine,

pyrazi new@yrexoé e, pyrazoline, pyridazine, pyridine, pyPCTUSIIMBS19YTT Ol €,
pyrrolidine, tetrazole, thiadiazole, thiazole, thiophene and triazole.
Represent ati ve "benzofused" heterocyclic rings include benzoxazol e,
benzi m dazol e, benzofuran, 20 benzot higphene, benzot hi azol e, azai ndol e, and
i ndol e. Further specific exanples of benzofused and non-benzof used

het er ocych £s,- gndgéc%h?8§ gﬁégméfg é@@a Egaarﬁg OEémﬁFgent EQ% or m xture

sections. The Term "suit | vent™ refers to ny SO

of soIven@sperh@lnetOPYHEObngbnﬁg hea@mebhyihae1msuéfoclmnrpbotohablIlzes
t he react@#%% o.afford a nedium wthin which to effect the desired
reaction tern1 patient” includes human and non-human aninmals such as

conpani on an|nnTslédggscgng1§§1sognghéﬁ§130 i ke) and |ivestock ani mal s.
leestock animals are anirmals raised for food production. Rum nants or

"cud- éhewi ng" ani ndhs sech aketemscyblitsrihel f eesreseéressa shebpe,

buf f al o, at d t el ope xa S of ck. O her
oxarpl o5 T ERoReFREr S0k Wi B uRetel OoRbE R pe R A TkE 15 <7
avi ans ( paubnay)csuthgassehiickieng, hautks, fromkeys aodfgeesheteﬂéatomber
exanpl es gﬁallvestoc |nclud§ fish crustaceans, raise

aquacul t ures - ATS% |nc?€8%%e% %yex%%egpegn%ﬁ8Ws€ﬁ§e%r?ﬁpf88ﬂsb?5ﬁﬂ%tP n such

as a||Iga$@lﬁurmabﬁyg5nbuéﬁé|DlﬂﬂdgeﬁtItEEe(hegeroeﬁUlerm&ﬁSbér ostriches).
The referégd ga i ent _of trea% nt?%s hu ating" and
u

e
"treat™, 3 herefHY PPt r%lf a%i%e%?ﬁﬁchﬂﬁﬁrngs i.e.
prevent|n@epr@m@ht@tiveghetesbcﬁtDi@grlﬁbbeynaluag 1amEa1@kalaﬂg, 10

sl owi ng, stoppin ever the,pro salon or seve of a

patholog|§a$ @Bﬂggf?o% § %%?a ?hé gbgy 58%%??82 urdn,
imidazole, 1m1dazolld1ne, isothiazole, isoxazole,
morpholine, oxadiazole, oxazole, oxazolidinedione,

15 oxazolidone, piperazine, piperidine, pyrazine, pyrazole,
pyrazoline, pyridazine, pyridine, pyrimidine, pyrrole,
pyrrolidine, tetrazole, thiadiazole, thiazole, thiophene and
triazole. Representative “benzofused” heterocyclic rings
include benzoxazole, benzimidazole, benzofuran,

20 Dbenzothiophene, benzothiazole, azaindole, and indole.
Further specific examples of benzofused and non-benzofused
heterocycles are described below in the Preparations and
Examples sections.

The term “suitable solvent” refers to any solvent,

25 or mixture of solvents, inert to the ongoing reaction that
sufficiently solubilizes the reactants to afford a medium
within which to effect the desired reaction.

The term “patient” includes human and non-human
animals such as companion animals (dogs and cats and the

30 1like) and livestock animals. Livestock animals are animals
raised for food production. Ruminants or “cud-chewing”
animals such as cows, bulls, heifers, steers, sheep,
buffalo, bison, goats and antelopes are examples of

livestock. Other examples of livestock include pigs and



herein. The ternms "preventing”, "prevention of", "prophylaxis",
"prophylactic" and "prevent" are used herein 15 interchangeably and refer
to reduciwgor/e7d i kel i hood that the recipient of a conmpoubpdrkofwstoul a |
will incur or develop any of the pathol ogical conditions, or sequela

t hereof, described herein. As used herein, the term"effective anount”
means 20 an anount of a conpound of f~grmula |I that is capable of treating
conditions, or detrinental effects thereof, described herein or that is

capabl e ofyag00i ghogh the) QRicH eLEPtRl ckdhe, LIk s seheetdye 433 §&88Ht OF
agoni st" nmeans a 25 conpound that displays preferential q?ongsn1of the (33
recept or YRterodpmni SR leheo D1l breg Bock ebeptvie fiels, $B3T1EkFlcande

Conpoundscégg%%%%-ﬁs GO S Sifd S b AeuIBIrL eCeRI 95 1AL 1LQUET a£ONELHEL @t ONs

than that ri for simlar agonismat the al and P2 receptors. A (33
sel ect i vearsionpbuidsSd & seoodhap Cebppotinds aharlbedriveras Wyt sts for

t he 3 r . a i Sts r 3 : tors. WO

02/ ogs 76 %%%17@%%1%@1@% Tﬂ%’ er f%l%ha%l?r%%éeuﬁ g&asz%P %ﬁgﬁged herein as

an adj ecthy eonebesred st aieiial ¢ posatedet et oushwmanhe recipient

patient. The tern1"$ﬁ%r%%fﬁéc*"re§§ih§"Pgﬁé”aﬁfgéﬁﬁajaégﬂgé é%é?ﬁ’ I'S
conpr t ient(s)

i ntended to enconpass a produc si ng e active ingre
(conpoundirdldde nuhait )germehlhe acoepted ngeaniezgs ( S) - € hatpnekenujpng he

carrier, as |1, as_an roduct whj results, directly or indirectly,
from co %%%& %%ﬁn%bnﬁ?%gﬁ Tom of %gg?%b%%}%i’d%m%n§é¥%%l%$'nDre 10 of the
i ngr édi end sowtig f rotooh sseci @t | cavetsing ohe pregoésside ongsederntyg, or

| nor edi orts. 4 SRS PGS FRRRLPRaceh FEAr S or PO SRT bhenBr o HESBr esent
herein.
The terms “preventing”, “prevention of”,
“prophylaxis”, “prophylactic” and “prevent” are used herein
15 interchangeably and refer to reducing the likelihood that
the recipient of a compound of formula I will incur or
develop any of the pathological conditions, or seguela
thereof, described herein.
Ag used herein, the term “effective amount” means
20 an amount of a compound of formula I that is capable of

treating conditions, or detrimental effects thereof,

described herein or that is capable of agonizing the B3

receptor.

The term “selective B3 receptor agonist” means a
25 compound that displays preferential agonism of the B3
receptor over agonism of the B; or B, receptor. Thus, f3

selective compounds behave as agonists for the B3 receptor

at lower concentrations than that required for similar

agonism at the PBq and Py receptors. A B3 selective compound
30 also includes compounds that behave as agonists for the B3

receptor and as antagonists for the B; and By receptors.



i nventi on enconpass any conposition made by adm xi ng a 15 conpound of the
present invention and a pharnaceutical <carrier. The term"unit dosage
form' refved92/027¢physically discrete units suitable as unPCaUg0IdBSEgEes for
human subjects and ot her non-human ani mals, each unit containing a 20
predeterm ned quantity of active material calculated to produce the
desired therapeutic effect, in associatg-on with a suitable pharnaceuti cal
carrier. Because certain conpounds of the invention contain an acidic

noiety (e.g., carboyy), ihe Q@H?EMQ eﬁéi%gimu%ﬁeﬁ 233 "BY¥rE8XhShgagna

pharmaceuti cal base addition salt thereo Such salts include those derived
from i norgdneéct busesesne hsubstamhbal b and-dekaterapdsatkakhfae earth netal
hydroxide§eci%§é99 5. pi carbonates, and the like, as well as salts
derived frombasi ¢ organi ¢ am nes such as aliphatic and 30 aromati c am nes,
al i phatic di anm nes, Thydtexy af&emiihesjionfd ashén|pkermBeeatseatertain

conpownds-Qf t i nvent j on ntakn, a i i et Q. ] he
conpo&nd ggr %?%Ef%n1 %anlnaﬁgégnggtegggggﬁggr%ﬁ%géﬁnglngkggééggtion
salt. Suchh¥\x021062vHgPeTi &501416%5d0mpeolndabtsfombilideI) heasdl thyl at e,

sul fate, rosulfate.. bisulfate, sulfite, bisulfite, phosphate, nono-

udr ogenproREhat 8O ShSRF DEbnoRSE RS UReEabhaebhaes, PI8, PRThoasnang.

chl ori de, phoéutdewvhi odi desuacef aflérebtpyopronadieredetanodtrem capryl ate,

acryl ate, formt isobutgrate t anoat e grogio%ate gxalate nmal onat e,
pagrel 9! ne?

succinate?O%Bb%?g?%?'s%%%B ?%?t+aﬁ§55t89gﬁﬁ by nEYC1°% WPt e,
3- hexyne- 2f bhdi bateedbenzoat er t€hbnar ahepzoatejonhydr oxgbenznatre, of
met hoxybepzoat e rggtha ate, 10 x Ig sul ongte phegz acet at e,
heny! pr oplBnsearCaLARRS! COFyFAPE, SCREFaF€PeF abf aFeRCheppt Fe, 1-
hydr oxybuiyteiactgbygobat énendtembee barthat éngredients.
Accordingly, the pharmaceutical formulations of the present
invention encompass any composition made by admixing a
15 compound of the present invention and a pharmaceutical
carrier.
The term “unit dosage form” refers to physically
discrete units suitable as unitary dosages for human
subjects and other non-~-human animals, each unit containing a
20 predetermined quantity of active material calculated to
produce the desired therapeutic effect, in association with
a suitable pharmaceutical carrier.
Because certain compounds of the invention contain
an acidic moiety (e.g., carboxy), the compound of formula T
25 may exist as a pharmaceutical base addition salt thereof.
Such salts include those derived from inorganic bases such
as ammonium and alkali and alkaline earth metal hydroxides,
carbonates, bicarbonates, and the like, as well as salts
derived from basic organic amines such as aliphatic and
30 aromatic amines, aliphatic diamines, hydroxy alkamines, and
the like.
Because certain compounds of the invention contain
a basic moiety (e.g., amino), the compound of formula I can

also exist as a pharmaceutical acid addition salt. Such



met hanesul f onat e, propanesul fonate, napht hal ene-1-sul fonate,

napht hal ene- 2-sul fonate, mandel ate and |ike salts. 15 Preferred acid

addi t i on w@abt/es2reicl ude the hem -funmarate, benzoate, saliRgl/ase/16519

R- mandel ate, hydrochloride and glycolate salts. It is recognized that

vari ous stereoisoneric forns of a conpound of fornula | exist. The
conpounds nmay be 20 prepared as racenatdes and can be conveniently used as
such. Therefore, the racemates, individual enantioners, diastereoners, or

m xtures ghergoinéonarpant 9h1the1Rresestl rhpyenbioBsulabess ot herw se
speci fied, whenever a congound I's described or referenced in this
1

speci fi capisnlhprtet hsudbikracehnubBifitadi PhetRPeeRantPBRErs, di aster eonmers,

or ”1XtUﬁﬁér&§§£§9$s§£§téDcéyﬂﬁérBQeﬁﬁﬁgsﬁﬁéﬁé?nﬁétgbhogﬁﬁﬁEéfti0“- It is
al so recogni zed that various tautoneric_forns of a conpound of fornula I
may exi stPyapehasphapet athbaride, f bramidee padidef ametpeesent invention

Unl ess;  ob pgpyg, §téPe&éééﬁgat$098§??§l§t&9n@@fﬁgaﬁé,d@é?ﬁﬁ?@g or

referenceq In tﬁls specification a tautoneric forms, or m xtures
t her eof , agebihriaded hertandaref epeppiobrtdesexapiion. MADOD2E06276

PCT! US01/ 466482240 Eusleceed Cogpoupds elukheelnvanibansOelayn, gonpounds

of the invention are articular Interesting and are preferred. e
follow ngl, 4 flisttag Sehsxpoe-geverdiogreupeentoptef erhédrobapooats. |t

will be u e LSLLN conbi ned with ot her
listings $g8%§%g?%n%§%%?igﬁgFﬂé¥%§%§E%$£éb%§?gﬁ¥% Egbnpounds. 10 a) A, A2
and A® arevtenbenlfb)atiet pkenvlahetatehoppesyipoapiehative to X; c) Het is

opt onal | v, subsii Luted_one, Lo L eg L] TEs | qdspendent by with hal o

hydroxybutyrate, glycolate, maleate, tartrate,
methanesulfonate, propanesulfonate, naphthalene-l-sulfonate,
naphthalene~-2-sulfonate, mandelate and like salts.

15 PpPreferred acid addition salts include the hemi-fumarate,
benzoate, salicylate, R-mandelate, hydrochloride and
glycolate salts.

It is recognized that various stereoisomeric forms
of a compound of formula I exist. The compounds may be

20 prepared as racemates and can be conveniently used as such.
Therefore, the racemates, individual enantiomers,
diastereomers, or mixtures thereof form part of the present
invention. Unless otherwise specified, whenever a compound
ig described or referenced in this specification all the

25 racemates, individual enantiomers, diastereomers, or
mixtures thereof are included in said reference or
description.

It is also recognized that various tautomeric
forms of a compound of formula I may exist, and all

30 tautomeric forms are part of the present invention. Unless
otherwise specified, whenever a compound is described or
referenced in this specification all tautomeric forms, or
mixtures thereof, are included in said reference or

description.



phenyl, benzyl, Cl1-C4 al kyl, Cl1-C4 hal oal kyl, Cl-C4 15 al koxy, CORS,

CO2R8, CONR8R8, NRBR8, NHCO(Cl1-C4 al kyl), NHCQ phenyl), NHCO(benzyl), SR8,
SO C1- 4 wabkgd2yqg S02( Cl-C4 al kyl), SO02(NRBR8), OCQ(Cl- CArPCHEIURYI165190002R3
or OCONRBR8 where R8 is independently at each occurrence H or Cl-C4 al kyl;
20 d) Het is an optionally substituted 5-nenbered, non- benzofused ring
containing one or two heteroatons that are independently selected fromthe
group consisting of sulfur, oxygen, —and nitrogen; e) Het is selected from
furan; isothiazole; isoxazole; 25 oxazole; and thiophene; wherein said Het
noi eties are optionally substituted once with fluorine, nethyl, cyano,
SO2NH2 o Qg_{;&@ f sel-e d en-2-yl; thien-3-yl;

t hi azol -%—ryl — S(C}Aggfjﬁmhas o g:;ﬁ\'l%LUllf v%?}}ﬁ%'n nd 30 isothiazol-5-yl; g) Het
is thien-2-yl opti Gaathynsabwpmd@d adnddewiintvenftlivor ienes net hyl , cyano,

SO02NH2 or 02/.06276. PCT/ USQ1/ 16519 11 h) t i ien-2- yI i)
o BR R LR i ARGRE ISRy T Rt PrEeEr el e PP ENE

Cl- Ch hallaakkwl, setssaﬁtCke@éraal Igy:lo)u.ps5 of) pRllefiesrdd reiipdundat hyIJ;t CF3,
chloro or uor o 1 net ch or or fluoro; RlL is Hor

f1 uor o; r]r;L&Rg émii‘e?fﬁg’ tﬁgt ar%ﬂ?f;l ﬁrﬁls S R or fluoro; 10
0) Ria |&0Hb1ﬁeﬁhwhth0bhhé® Qﬁéﬂummﬁtxpkrﬁb&el&dH;thd%ﬂJQﬁbdﬂsf&ﬁhy|,

ethyl, CE3, chloro or flu ry RRbis H nethyl, chloro or fluoro; s)
Rbis Hpreferred compoun

10 a) al, A2 and a3 are carbon;
b) Het is at the ortho-position relative to X;
c) Het is optionally substituted one to three times

independently with halo, hydroxy, oxo, cyano, nitro,

phenyl, benzyl, Cq1-Cyp alkyl, C1-C4 haloalkyl, C1-Cy4g
15 alkoxy, COR8, CO,R8, CONRSRS, NRBR8, NHCO(C;1-Cg4

alkyl), NHCO (phenyl), NHCO (benzyl), SR8, S0(C1-C4

alkyl), S09(C1-C4 alkyl), SO5(NR8R8), 0CO(C1-Cy

alkyl), OC02R8 or QCONR8R8 where R8 is independently
at each occurrence H or Cq-Cg alkyl;

20 d) Het is an optionally substituted S5-membered, non-
benzofused ring containing one or two heteroatoms
that are independently selected from the group
consisting of sulfur, oxygen, and nitrogen;

e) Het is selected from furan; isothiazole; isoxazole;

25 oxazole; and thiophene; wherein said Het moieties
are optionally substituted once with fluorine,

methyl, cyano, SOsNHj; or COCH3;

f) Het is selected from thien-2-yl; thien-3-yil;
thiazol-2-yl; isoxazol-3-yl; isoxazol-5-yl1; and
30 isothiazol-5-vy1;
g) Het is thien-2-yl optionally substituted once with
fluorine, methyl, cyano, SOsNHy or COCH3;



15t) RRis Hor C1-4 alkyl; u) RRis H v) R3 and R4 are independently H
or C1-4 alkyl; w R3is Hor nmethyl; x) R4 is Hor nethyl; 20 y) R3 and
R4 are bovdomei2hgl ; z) R8 is independently at each occurrpPaT@SH/BE19CL- C4

al kyl; aa) X is OCH2; bb) X1 is a bond, nethylene or ethylene; 25 cc) X
is nethylene; dd) X2 is at the para-position relative to Xi; ee) X2 is a
bond or 0; ff) X2 is 0 or CH2; gg) X21is 0; WO 02/ 06276 PCT/US01l/ 16519

-12 hh) X3 is optionally substituted one to three tines independently with

hal o, hydro G) phenyl, benzyl, Cl1-C4 alkyl, Cl-C4
hal oal kyl , & ot k)oéi%lc%ag%’&m% CONRSBR8, NR8R8, NHCO(Cl-C4 5 al kyl),

NHCO( phenyl )i) NH@@( beizylgng SRR 5 Ghdeheralda Ny }502'15(1@;1 @ih &yl), S02
(NR8RS) OCO(ClC4 al kyl), OCO2R8 or OCONRBR8; ii) X3 is enyl ,

pyridyl, thienyl adkyflur &mHCateelksizy , §31i-d34x31arﬂt§iaéltkyels, are @mlm ed one
to three tinmes 1Q wi_.th fluoro, chloro, cyano, hydroxy, nethyl, ethyl,
trifluoromethyl, ar%é‘tYdefy et hoxy, amino, CO2CH3, CORCH2CH3, CONR8R8, SCH3,

tsﬂ_gn ’ C?jb?any v??ner gt Sc%é/qsﬁl 3{}5@ C:_Ebs adrr)e é&s@ ed ongy{ Iodyl’
221“33 tbo”‘iélav“ cboidors, B ?&ﬁfwgél%% Wi, 55’3428%’ scecra br
SQRCH2CH3; 1) Rl is H or fluoro;
m) Rl is H;
n) Rla is H, methyl, ethyl, CF3, chloro or fluoro;
10 o) rRla ig m, methyl, chloro or fluoro;
D) rla is H;

a) rR1b is m, methyl, ethyl, CF3, chloro or fluoro;

) rR1b ig H, methyl, chloro or fluoro;
s) rR1P is H;

15 t) R2 is H or C1-Cg alkyl;
u) R?2 is H;

V) R3 and R% are independently H or C1-Cg alkyl;

w) R3 is H or methyl;

x) R4 is H or methyl;

20 v) R3 and R4 are both methyl;
z) R8 is independently at each occurrence H or C1-Cy
alkyl;

aa) X 1is OCHjy;
bb) x1l is a bond, methylene or ethylene;
25 - ce) x1 is methylene;
dd) X2 is at the para-position relative to XI1;
ee) X2 is a bond or O;
f£) X2 is O or CHy;

gg) X2 is 0;



kk) X3 is phenyl, pyridyl, thienyl or furanyl wherein 20 said X3 noieties
are substituted one to three times wth fluoro, am no, CO2CH3, CO2CH2CH3,
cyano, CONB2/062H2CH3 or SQRCH2CH3; 11) X3 is phenyl, pyrPdyUS@ri6s19
pyridazinyl wherein said X3 npoieties are substituted once or twice with
chloro, 25 cyano, CONH2 or SQ2CH3; mm) X3 is phenyl, pyridyl, thienyl or
furanyl wherein said X3 noieties are %ubstltuted once with cyano or

CONH2; WD 02/ 06276 PCT/ US01/ 16519 §'nn) X3 is phenyl or pyridyl wherein
said X3 noieties are substituted once with cyano or CONH2; 00) X3 is
pyridyl substh) tuxédlgn@ptmbhamyag@beuma onpproX8hiree5tdypano or

5- car boxam do-pyrid-2-yl; 5 ano _or 4-carboxam do- enyI rr)
X3 is 3-cyano orlgdﬁﬁﬁﬁéﬁﬁﬁﬂﬂowbgF ha%o MYH§Q¥YXSOF§ 1 25dg ARG BEQ

2- car boxam do- ph@ﬂghyltt%eha§1coagog@dapiyiprugL@4lhaSOankgaldC§ddgt|on
salt; uu) the conpound of formula | 'is the hydrochloride salt; 10 vv) the

CO”DOUHd of fornahﬁokylsthe ng%RBate0§RBR$,wmm8Rﬁe soapaardcaf formul a |
is the hem -funarate salt. Synt esis The conmpound of forrmula I may be

prepaged as 15 Q§§9i beﬁHb@ bhén ol |, omizng (Beheges , a3@8EX&mnb§sc4 Schene 1
la 2 s a A Het Conpoun + Fornula Il Rb NX

alkyl), soz(cl cq alkyl), SOp(NR8RS), oco<c1 Cyq
alkyl), OCO5R8 or OCONRERS;
ii) X3 is phenyl, pyridyl, thienyl or furanyl wherein
said X3 moieties are substituted one to three times
10 with fluoro, chloro, cyano, hydroxy, methyl; ethvl,
trifluoromethyl, methoxy, ethoxy, amino, COyCH3z,
CO,CH,CH3, CONRSBRS, SCH3, SCHpCH3, SOCH3, SOCHCH3,
S09CH3 or SO0pCHpCH3;
53) X3 is phenyl, pyridyl, thienyl or furanyl wherein
15 said X3 moieties are substituted one to three times

with fluoro, cyano, hydroxy, methyl, ethyl, methoxy,
ethoxy, amino, COpCH3, COpCHpCH3, CONHy, SCH3,

SCHpCH3, SOCH3, SOCHpCH3, SOpCH3 or S09CH,CH3 ;
kk) X3 is phenyl, pyridyl, thienyl or furanyl wherein

20 said X3 moieties are substituted one to three times

with fluoro, amino, CO9CH3z, COpCHpCH3, cyano, CONHjp,
SO9CH3 or SO0,CHpCH3;
11) X3 is phenyl, pyridyl or pyridazinyl wherein said x3
moieties are substituted once or twice with chloro,
25 cyano, CONHy or SOpCH3;
mm) X3 is phenyl, pyridyl, tﬁienyl or furanyl wherein

said X3 moieties are substituted once with cyano or

CONH3 ;



RB R4 1 X2 X3 111 20 The reaction of Scheme 1 may be carried out under
conditions appreciated in the art for the am nation of epoxides. For
exanpl e, wone2/e2oxi de of formula Il may be conbined wi th ROT/ERBSIf
formula I'll in a |ower alcohol, WO 02/06276 PCT/US01/16519 -14

di met hyl f or mam de, di nmet hyl sul foxi de, or acetone, preferably ethanol,

i sopropanol, n-butanol or t-butanal, atz3room tenperature to the ref |ux
tenperature of the reaction mxture, preferably betvveen 40C - 90C. The

reaction ma aI %o beé}c(1 rried out ynder conditions er al | )é described in
At ki ns, et Tet 18 @henyiy oppyripygs Whrkedd H‘?le AEFud&Sm xi ng

the reagent S in h® H1eSARGE Ricd kiRl ylsid Wr aesiam de in a polar aprotic
sol vent such as acetonitrile, dinethylformam de, acetone,

di met hyl sul fexi d&3 110 iraxgne suihsetihere ol i tii B o8t bekm, ;

tetrahydrofuran, or other polar aprotic solvents in ich the reagents are
sol ubl e. Thepomzdund of-hemlsa I5_wb@lx%gu%_@; @‘_Qd.y\z]_l a a Suzuki
coupling as shown in Schene 2. 15 Schene 2 423 Corrpound A X A + of

Formulsa | 11 adial &3RilsV &2 cylamdHoR RHrarRoxaMiXb-ABENRARA | X? X3 Het - B( OH)

, _ Conpound ) . i
rr) X3 is 3-cyano or 3-carboxamido-pyrid-2-vy1;

ss) X3 is 2-cyano or 2-carboxamido-phenyl;
tt) the compound of formula I is an acid addition salt;
uu) the compound of formula I is the hydrochloride salt;
10 vv) the compound of formula I is the glycolate salt;
ww) the compound of formula I is the hemi-fumarate salt.
Synthesis
The compound of formula I may be prepared as

15 described in the following Schemes and Examples.

Scheme 1
la
Azi ’ :
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X
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Het R
TT Compound of
2 + Formula T
| 1b
1 R
N X
e
H
R;;><:QJ\I::jf}_X£_X3
20 The reaction of Scheme 1 may be carried out under

conditions appreciated in the art for the amination of -
epoxides. For example, the epoxide of formula II may be

combined with an amine of formula III in a lower alcohol,



Aof halo RFormula I V A conpound of fornula IV may be reacted with a 20
conpound of fornula Il as described above in Schene 1. The conpound of
fornmul a WQanoarg| halide) may then be reacted wth a hepeTwaoyilsstvor oni c
acid, an aryl boronic ester, or an aryl boronic cyclic ester, preferably
an aryl boronic acid, under conditions appreciated in the art for the
coupling of 25 aromatic halides with aryl boronic acids and their
derivatives. This coupling is known in the art generally as WD 02/ 06276

PCT/ US01/ 46 Iﬂérﬁaﬁyéék' gﬁyﬂgulEbﬁlag"bﬁda@éﬁbﬁé“ 'é£ﬁ£§EQg”iZ?

that an ary tYiflate may a resent Suzu upling
as an alt@thamee l%o@m@p@gohg @nbﬁﬁ@mohabrdb bﬁh@ﬂ@box&@er@@nrtlng

ecoan zei NG L SPEF o5 2L a8 By” bie CRIPFEA LR LRe Chp Fagtigfo 3”23

Pat ent hbmlmt@ﬁe,SSﬂefEMabbEaheFmeent4%®©Irc%@?@n 1Tneogeackbmm may al., J.
Phar mg 9%a%9% 1§Bt13§8e%”9?n§fﬁﬁéﬁgc én&réfﬁ%bgéggkiﬁeéh

Preparatlons section r épr esentatirve and anal-dbgous procedures for
prepari nAthens epeki dés, oTetorhuta,|27ahd51v 19861 | | Tistsat eon@pokodes of

br ocedur e MEL AT ob F Gcrones P amers) TR bhe; BEERRRFe fand X s QO or
SCH2. 15 SehesehdlsilbylaacédZaBie/ AnT2 ﬁo@aﬁﬁabiﬁﬁié+$®BV¢ﬁtdyﬁeh3&s Al~ X
Het R 3- nltégggfgggfgyléggg£ﬁyf?tr£%ml e, aéa%one, dimethylsulfoxide,
10 dioxane, diethylene glycol dimethyl ether, tetrahydrofuran,
or other polar aprotic solvents in which the reagents are
soluble.
The compound of formula I may also be prepared via
a Suzuki coupling as shown in Scheme 2.

15

Scheme 2

‘Compound
&X_ﬁ
halo Formula IIT

rY2 H | 1 Rlb
3 N><X
A -

halo R Formula I

Y

A compound of formula IV may be reacted with a
20 compound of formula IIT as described above in Scheme 1. The
compound of formula V (an aryl halide) may then be reacted
with a heteroaryl boronic acid, an aryl boronic ester, or an
aryl boronic cyclic ester, preferably an aryl boronic acid,
under conditions appreciated in the art for the coupling of
25 aromatic halides with aryl boronic acids and their

derivatives. This coupling is known in the art generally as



Equi nol ar anounts of a conpound of formula VI and 20 (2S)-(+)-glycidyl
3-nitrobenzenesul fonate may be dissolved in an inert solvent such as
acetone amdore@ated with a slight excess of a weak base, PEDURIIASSIPOt assi um
carbonate. The suspension nay then be heated at ref lux for 16-20 hours
wWith stirring to provide a conpound of fornula Il (a). 25 Conpounds of
formula IV, where X is OCH2 or SCH2, oay_be prepared in an anal ogous
fashion. The amino starting materials enployed in Schenes 1 and 2 (formula

appr o0l B 20 B BheCRRPHPAA" | neCRo- bl 08 o2 4 PTY b01) 16630 ZE1E08F | For

exanpl e, an amyhetoffisteuhayl alsowber em¥2oiyed0in thy beepeepabedukdcordi ng

to the proced e detalled n__Schene, 4 b QZN IDb
HN 2 V1| CRIPRaTe SrpatiRET to, %I“R&&RPR@B’(RQW%F%?WB‘ "H2 NR3 R4
O X3 |/ ||| (a) A mhépépaﬁldé éaaﬁuhaglmaﬁaylbéspémpabgddbyn BeheinkeBg an

aryla%%yllaggghalmg§ 8rB¥£Sa¥£& %& Qecﬁ%ga%egSrecognized and

appreciated by one skilled in the art. See, e.g., U.S.
Patent No. 4,663,334; European Patent Application 171209;
Korn, et al., J. Pharm. Sci., 69(9):1010-13, 1980 and
references cited below in the Preparations section for

10 representative and/or analogous procedures for preparing the
epoxides of formula II and IV. To illustrate, epoxides of

formula II, where X is OCHy or SCHjp, may be prepared

according to the procedure detailed in Scheme 3 wherein R9

is OH or SH and X' is OCHy or SCHj.

15
Scheme 3
la la
7 T\ 9 , /i
A R (28) - (+)—glycidyl- > A% \ X!
Het"\—/"R 3-nitrobenzenesulfonate Het —_— Rl
VI II(a)

Equimolar amounts of a compound of formula VI and
20 (28)-{+)-glycidyl 3-nitrobenzenesulfonate may be dissolved
in an inert solveﬁt such as acetone and treated with a
slight excess of a weak base, such as potassium carbonate.
The suspension may then be heated at reflux for 16-20 hours
with stirring to provide a compound of formula II(a).

25 Compounds of formula IV, where X is OCHy or SCHp, may be

prepared in an analogous fashion.
The amino starting materials employed in Schemes 1
and 2 (formula III compound) may also be prepared by

techniques recognized and appreciated by one skilled in the



10 nol /equivalent) formula VIII conpound by nethods well known in the art
(see, e.g., Sh. Prikl. Kin., 45:1573-77, 1972). The reaction may al so be
carried ovoobge2mé xi ng the reagents in an aprotic sol vent PCpUSHErcaLy y

di gl yme, and adding potassiumt-butoxide (0.5 nol/equivalent). The
reaction is 15 typically heated at reflux until water present in the
reaction mxture is renoved (generally18-=8 hours). A conpound of fornula X
may then be prepared by hydrogenation of the correspondi ng conmpound of
formula | X over_a precious netal,catalyﬁt. The h droggnati B can_be

L{T ot od BFC20 BOFWECAMBOSantioB HOE OF RYAFBOSNLL br SFEPREI § 0505081y, and
wi th a vambgt peObrephreat scéprafiagabby tAet bapekdacet Hetaated) int enper at ur es
(preferably 50C), and catal ysts WD 02/ 06276 PCT/ US01/ 16519 -17 (preferably
5% pal | adPGRtBR &arbon wetted with ethanol denatured with tol uene) well
known in the art. A skilled artisan will appreciate that a conpound of
formula X could be coupled with a wde variety of halides 5 to yield the
clai med ethers. The coupling can beSehemeeff out according to procedures
wel |l known in the arty,and is preferably perforned by m xing the starting
material s ig. L N-didret hyl acet ami de and tol uene in the presence of

pot assi um c (?'Eh{a reaction is typicalliy then heated 10 to ref |ux

for 5 to 24 hour effect the oglctien and to re e water pg¥sent in

the reaction m xtuyre.- Conpounds of;f6rpu VL, ei t her
comrercial |y avai I'at e, ®kmown™ n Fhe &rt} can be piép Q¥et hods
known in the art or described herein. 15 e follow ng Prepa i ons,

Exanpl es and Formnul ations are provi déd so that the invegtion m ght be
nore fully undgﬁg;god. They shoul d not be construed as |limting the

invention in agy R¥. 20 Preparations Epoxides of Formula I| and IV
VIII 1b
H,N 3
R3 R4 0—X

III(a)

A compound of formula IX may be prepared by
reacting an arylalkyl alcohol of formula VII with excess (5
10 mol/equivalent) formula VIII compound by methods well known
in the art (see, e.g., Sh. Prikl. Kin., 45:1573-77, 1972).
The reaction may also be carried out by mixing the reagents
in an aprotic solvent, preferably diglyme, and adding
potassium t-butoxide (0.5 mol/equivalent). The reaction is
15 typically heated at reflux until water present in the
reaction mixture is removed (generally 2-8 hours). A
compound of formula X may then be prepared by hydrogenation
of the corresponding compound of formula IX over a precious
metal catalyst. The hydrogenation can be affected at
20 between 20 and 60 psi of hydrogen (preferably 50 psi), and
with a variety of solvents (preferably methanol/acetic

acid), temperatures (preferably 50°C), and catalysts



Epoxi des 1-21, 23-54 and 56-74 are prepared for use as described in Schene
1. Epoxides 22 and 55 are 25 prepared for use as described in Schene 2.
These epox@dees27@re pictured in Tables 1 and 2 bel ow. WO PCT/OS@7B519

PCT/ USO01/ 16519 -18 Table 1 O CO0 14, C Het Het = Het = Het = nNN NS M
M 312NKN -N456HNIN 809 7NV'NN ONH 10 11 12 1 I NNDb
Nl 4 13 14 15 WD 02/06276 PCT/US01/16519 -19 p NLD NN,/> N 16 17 18

(preferably 5% palladium on carbon wetted with ethanol
denatured with toluene) well known in the art.

A skilled artisan will appreciate that a compound
of formula X could be coupled with a wide variety of halides

5 to vyield the claimed ethers. The coupling can be carried
out according to procedures well known in the art and is
preferably performed by mixing the starting materials in
N,N-dimethylacetamide and toluene in the presence of
potassium carbonate. The reaction is typically then heated

10 to reflux for 5 to 24 hours to effect the reaction and to
remove water present in the reaction mixture.

Compounds of formula VI, VII and VIII are either
commercially available, known in the art, or can be prepared
by methods known in the art or described herein.

15 The following Preparations, Examples and
Formulations are provided so that the invention might be
more fully understood. They should not be construed as

limiting the invention in any way.

20 Preparations

Epoxides of Pormula II and IV

Fpoxides 1-21, 23-54 and 56-74 are prepared for
use as described in Scheme 1. Epoxides 22 and 55 are
25 prepared for use as described in Scheme 2. These epoxides

are pictured in Tables 1 and 2 below.
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% FICDs ss 484950 FsFO F~ 1iN s52 5153 | " FFI/ 1S\
| / G SF 555657 % %NQ@ F O 59 60 61 WO 02/06276 PCT/US01/ 16519

- 22 Epoxivde 0do67én xt ure of 2-(I-nethyl pyrazol -5-yl) phenol PCWUBS&E/ 1681901 , 810
my), (2S)-glycidyl 3-nitrobenzenesulfonate (5.58 5 mml, 1.45 Qg),

pot assi um carbonate (5.58 mvol, 771 ng) and acetone (40 m) are refluxed
for 16 hours, cooled to room tenperatzpe and the solids renoved via
filtration. The filtrate is concentrated and the crude product purified on

silica get—(#6%et llyl acet olL efhexane) to grve 956 ngofthe—10—titd
epoxi de. EpOXId Net hyl hydrazine~x(28.2 mol, 1. 23 n1%kr, added to| 15 a
sol ution| of 2- (3 xy 2- propen-li h- F)phenol Grem  Soc.
72:3396,| 1950), 54 g) in Tethanol
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(7 M) and the mxture is heated at 100C for one hour. After cooling, the
reaction mxture is diluted with water (100 m) and stirred for one hour.
The preciwdbzv@76é s 20 coll ected via filtration and puri fi PdT/@R0gIcki%ca ge
(30% ethyl acetate/ hexane) to give 811 ng of 2-(1-nethylpyrazol-
3-yl)phenol. A m xture of 2-(1-nethylpyrazol-3-yl)phenol (4.59 mmol, 800
ng), (2S)-glycidyl 3-nitrobenzenesul fepate (5.51 25 mmol, 1.42 g),

pot assi umt-butoxi de (5.51 nmol, 515 ng) and tetrahydrofuran (30 m) are
refluxed for 16 hours, cooled to room tenperature and poured into
sat ur at eg—aqueous—anmmon unT ghior T de:  The agueous|tayer 15 extracted with

et hyl acktatelN<{®x) and the gxtract Va Ori ne, wed over 30
magnesi um sul{ atg, and concentr at ed ) crude is
purified| on si ; 't hyl to g g of tlhe
title eppxide. LT/ UE Dxi de 6 A m gt yre of

2- (pyrazpl -5-yl) pheneg an, Chem Soc.
114(13):p039-48, 1992, 10 nmol, 1. , nyl am ne ( 40. 0 mrol , |5.6

m ), andj acetonitrjde (55 m) is cooledgin an ice|bath under’ N2 and tqeated
dropwisel _with chlorotrinethylsilane (12.0 mol, 1.52 nm). After the
addition|is conplete the colld bath is remoyved and the reaction nlxtHre
stirred gt anbi 't enperatune for 0 The| reasty PA xture is|then
treated with t chloride| (10.0 4.78 g)|and s ed at anbi gnt

tenperatpre ovefrnighty foll gwed b¥~ef™NxKing for{ 1 hours act i or
m xture | s concétitr &€d, treated Q thh saturated agueous sod
bi car bonpt e, and extracted wilth et yl acetate (3 k 50 15 m). The extnacts
are driefd over maggiesi um sul flate and concentratefd to a viscous oil. The

oil is cfystallized from 20%ethyl acé¥ate/hexane to;gLye3ﬁ 72 g of

Ntrityl;2- I(,pyrazq[-S-yI)pheenoIF .
%
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A solution of this internediate phenol (4.27 mmol, 20 1.72 g) is reacted
wth (2S)-glycidyl 3- nitrobenzenesul fonate (4.27 mol, 1.11 @)
subst ant ivad byo@36 decri bed for epoxi de 2 except that the per@so166®acti on
is refluxed for 48 hours and the crude product is purified via
crystallization fromethyl acetate to give 860 ng of the 25 title epoxide.
Epoxi de 7 Phenyl hydrazi ne (476 mmol, 5225 g) and 2 30 hydroxyacet ophenone
(476 mmol, 64.8 g) are stirred under reflux in dry ethanol (280 m) for 6

hours. After cooling, the crystal sz dd!tered off, washed with cold
et hanol and dried under vacuun1at'%%%7rv“yTeld 73 g (68% of the

hydrazone, which is then mxed with nickel chloride (7 g) WO 02/06276
PCT/ US01/ 16519 ‘24Aaﬂ9xﬁgéé?9fuﬂd?ﬂ-ﬁeﬁh i gggz?%Ug?g?fﬁﬁe£8124@§%E°r 3

hours. After cooling, t m xture I's suspen or omret hane (800
m ), sal tmnelyefdletigby f{RFlralvondahd3thetipbenaenepylfovntentbab8d. The

sul tg t al fj f LHhdiehl 50 m
T e R R SR Rk I
This pheaogkionpr 6d0cinli sareacteétiuwetth£O2S) 6ghyurdyl c8oled to room

ni t r obenz | fonat e b ntiall ribed.t i de to yield
t he titIe%§§§§F ePr%oaﬁéoﬁﬁgeg§§é§§y§§%§§§§e?§§h£%§%£§?3§8'nn% ? 30 g) is
stirred Emnlaraketiisecohcdnhebhyllf enfamhdecdudet hybdacet phirfiéie8 &b hours

at 70C, coeled_and.r stallised fromdiethylether. TRhe inter jate is
i seol vedotheary SelnabE “BBsL oS =kARS PFRiln areok¥el 08 (5 BT HABI . 63.5
g) islCaddedtlA epokiiieon of sodium (0.61 not, 14 g) in ethanol (450 M) is
added in several portions and the m xture is refluxed for 18 20 hours and
evaporated. Recrystallisation from

Epoxide 2

Methyl hydrazine (23.2 mmol, 1.23 ml) is added to
15 a solution of 2-(3-hydroxy-2-propen-l-on-lyl)phenol (J. Am.
Chem. Soc., 72:3396, 1950), 15.4 mmol, 2.54 g) in methanol
(7 ml) and the mixture is heated at 100°C for one hour.
After cooling, the reaction mixture is diluted with water
(100 ml) and stirred for ome hour. The precipitate is
20 collected via filtration and purified on silica gel (30%
ethyl acetate/hexane) to give 811 mg of 2- (l-methylpyrazol-
3-yl)phenol.
A mixture of 2- (l-methylpyrazol-3-yl)phenol (4.59
mmol, 800 mg), (28)-glycidyl 3-nitrobenzenesulfonate (5.51
25 mmol, 1.42 g), potassium t-butoxide (5.51 mmol, 515 mg) and
tetrahydrofuran (30 ml) are refluxed for 16 hours, cooled to
room temperature and poured into saturated aqueous ammonium
chloride. The agueous layer is extracted with ethyl acetate
(3x) and the extracts washed with brine, dried over
30 magnesium sulfate, and concentrated in vacuo. The crude
product is purified on silica gel (40%‘ethyl acetate/hexane)

to give 785 mg of the title epoxide.



di i sopropyl ether yielded 3.6 g (10% of 2-(pyrimdin-4- yl)phenol as a
solid. This phenolic product is reacted with (2S)-glycidyl

3-ni trobavaenewnd f onat e substantially as described for Eporivd&/b5t% yield
the title epoxide. 25 Epoxide 19 A m xture of 4-chloro-2-hydroxybenzoic
acid hydrazide (Chemical Abstracts, 93:7808, 475 ng, 2.55 mml) 30 and
triethylorthoformate. (3.6 n) is heate§3at 130C for 3.5 hours. After
cooling, a precipitate formed and is collected by filtration. The filter

cake is recrystallized from nethagﬁl tquiie 173 nmg (35% of

5-chloro-2-(1, 3, 4- oxadi azol -2-yl) is phenolic product is reacted
WO 02/ 06276 PCT/ USO01/16519 -25 with (2S)-glycidyl 3-nitrobenzenesul fonate

substantially as scri bed for. Epoxide t leld 17 699 of  the
Citle  epoxi e 5 ERORHICUSS REnfetdvaasPLrarhy| PASRPd: Qepbanzbat 655 48 o,
36.0 mol x1andyl, 2mdi eREROEkBanNe MAQLAsYEate- 49 8%992,4204mmBup! ) .66

heat ed. at 210C for 7 _hours. After cooling, the mxture i.s stirred with

aqueous 28 sodFtRtAYEFEAREe (4Rd0 BPlacPel W h @PﬁyﬁcﬁEQPéFéll?héSS

preci pi t afq@)WakChoborAEEn andite PheselhdkR Npaﬂagug@g§té@y§%op§1§@|Iected
by filtration and dried in vacuo to &IVE 1.3.9 29@

of
hydr oxyph¥a{h) Fhiaagerimethysstédanesd atpowmeﬂ 52" ml) . gfter the

2-(3- hydra&&9E§8M|lb”béﬁé@btee th@. é%&agbaﬁh5zsnyehbvba betr ahydrof uran (11
m) is added water (11 m), potaSS|un1carbonate (1.5 g, 10.8 mmol ), then

di - t - but yFearEaPBoRAKEULE. Btirrsdsafmpipicthe tPEBRGFRFHES FP¥t dr BOPE -stirred

0VerjﬂbghﬁthE@é@t§9H'ﬁh%@ﬁkedhsttHBhykrggtgﬁcﬁi99”€E§t§1zghﬁ9}16é added
and the stirring is continued for several hours. The m xture is diluted

with wat ed18n8 MBRis a8t &8 @t ANt FELraedt ateamphengr aAPETPaREE i s washed
overnight, followed by refluxing for 1 hour. The reaction

mixture is concentrated, treated with saturated agueous
sodium bicarbonate, and extracted with ethyl acetate (3 x 50
15 ml). The extracts are dried over magnesium sulfate and
concentrated to a viscous oil. The oil is crystallized from
20% ethyl acetate/hexane to give 1.72 g of N-trityl-2-
(pyrazol-5-vy1)phenol.
A solution of this intermediate phenol (4.27 mmol,
20 1.72 g) is reacted with (2S)-glycidyl 3-
nitrobenzenesulfonate (4.27 mmol, 1.11 g) substantially as
decribed for epoxide 2 except that the present reaction is
refluxed for 48 hours and the crude product is purified via
crystallization from ethyl acetate to give 860 mg of the
25 title epoxide.

Epoxide 7

Phenylhydrazine (476 mmol, 51.5 g) and 2-

30 hydroxyacetophenone (476 mmol, 64.8 g) are stirred under
reflux in dry ethanol (280 ml) for 6 hours. After cooling,
the crystals are filtered off, washed with cold ethanol and
dried under vacuum at 50°C to yield 73 g (68%) of the

hydrazone, which is then mixed with nickel chloride (7 g)



with brine, dried over sodiumsulfate, and concentrated under reduced
pressure. The residue is purified via 25 chromatography on silica gel with
di chl or ove® hamefet hanol (gradient up to 20:1) to give 6l1BCTySafisstobut yl
(2-(3- hydroxyphenyl) imdazolin-1-yl)carboxylate (42% . This Boc-
protected product (610 ng, 2.33 nmol) is reacted with (2S)- glycidyl
3-nitrobenzenesul fonate substantially-ag-described 30 for Epoxide 1 to
yield 720 ng (97% of the title epoxide. WD 02/06276 PCT/US01/ 16519 -26

Epoxi de 22,4 Hééwaeuﬂae% aoggek}eg@h é@mggsaﬂergztz BuBbe: £ok29) hgwgi. dyl

3-ni trobenzenesul fonate and potassium carbonat e
(3.44 g, 2fiterneob}ing, nﬁhﬁymexhyrﬁensn§u§950dﬁﬁ)lnsdnehﬂgxemetbﬁHQS hour s.

After Co?bbﬁg y'mn?%£t§sa FEmbGERY 5 ?¥1%££E£8£ ﬁgegtedE??Ffég cake is

rinsed thoroug di chl'oronet hane an es are
evaporatedon¢h3tr@3édue ThepuesﬁREdngocvyatalashrehfmhheugdapﬁﬁ on silica

gel u 'ng a ane:, hexane/ et h acet di ent t.o 90; 10) EpOXIde
23 15 OdlUﬁ]?é th 8%§H20r0m%%hﬁgea 5§d8§g g %% %ﬁaﬁgF ?o prepare a
sol ution éﬂOSOdoug1vetm6xﬂdg ofif Ren2-addboiyvdhphénglianRdine hyHischl ori de
(12. 41 q,

3- (di met h?fll 99165’ Er%‘iuﬁgd%xﬁﬁ&ﬁ?ii)wét%r6%8?1 cpl¥REYEs35 g 26. 15 mol ;

J. Het eroayekrbbefbhenesulfoddbe &QBEtahbeaQDynastﬂéecr$bbaafeﬂ Bboxkeflel ux
over ni ght. The r C£h§ .ﬁglvent g renoved under reduced pressure, and
the residte® tY%ﬁ?gd t FifdPePPOFAEer esul ting precipitate is col lected by
filtriedion and dried in vacuo to give 4.25 g of 2-am no-

4- (2- hydr oxyphenyl ) pyrim di ne (87%., Thlg Eyrlnidine pre 25 cursor is
reacted with (2S)-glycidyl 3-nitro fonate substantially as

described for Epoxide 1 to give 2.05 g of the title epoxide (37.5%.
Epoxi de 24 2-Hydroxyacetophenone (220 mmol, 30 g) is stirred
in a mixture of dimethylformamide-dimethyl acetal for 5
15 hours at 70°C, cooled and recrystallised from diethylether.
The intermediate is dissolved in dry ethanol (200 ml) and

formamidine acetate (0.61 mmol, 63.5 g) is added. A
solution of sodium (0.61 mol, 14 g) in ethanol (450 ml) is
added in several portions and the mixture is refluxed for 18

20 hours and evaporated. Recrystallisation from
diisopropylether yielded 3.6 g (10%) of 2-(pyrimidin-4-
v1l)phenol as a solid. This phenolic product is reacted with
(28) -glycidyl 3-nitrobenzenesulfonate substantially as
described for Epoxide 1 to yield the title epoxide.

25

Epoxide 19

A mixture of 4-chloro-2-hydroxybenzoic acid
hydrazide (Chemical Abstracts, 93:7808, 475 mg, 2.55 mmol)
30 and triethylorthoformate (3.6 ml) is heated at 130°C for 3.5
hours. After cooling, a precipitate formed and is collected
by filtration. The filter cake is recrystallized from
methanol to give 173 mg (35%) of 5-chloro-2-(1,3,4-

oxadiazol-2-yl)phenol. This phenolic product is reacted



30 A m xture of 3-hydroxyacetophenone (20.0 g, 146.9 nmmol) and

N, N- di net hyl f or mram de di nethyl acetal (26.26 g, 220.4 mmol) is heated over
ni ght at WO0twe62The excess of the acetal is renoved under PERUSCIEBSr eSsur e
and 3 WD 02/ 06276 PCT/US01/16519 -27

(di net hyl am no) - 1- ( 3- hydr oxyphenyl ) - 2- propen-1-one (10.32 g, 37% is
obt ai ned after chromatography on silicasgel with dichloromethane/ethanol
9:1. This internmediate enone is reacted with (2S)-glycidyl

3-nitrob : ial ribed_for ' 1_to give
5,02 g of FRe £ri o sbaY e C To0r Epbe aata50hn R ehphrraRtap iy ak” ¥
3- (di net hjkanirnbyd1£68- Ebpdideyphényiie2dpidpengl {688) (2£2the titHenmol)
and hydrgxxkg éne hydrochl oride (1.17 g, 16.8 mol) in 45 n

di oxane/ wat ef %11 is heated for 2 hours at 60C. The reaction is poured
into ice-water and the precipitate is 15 collected by filtration, washed

wth ter, and dried in vacuo toEEivegl.éig of 3-(5-isoxazol yl)phenol
(75.5% . This phenolic product is ith (2S)-glycidyl 3-

ni t robenzenesul fonate substantially as described for Epoxide 1 to give
1.33 g of the title_epoxide (7Q% . 20_Epoxide 26 ‘

2- Ami no- 4- ( 3- hydr ox§p éﬁ§FfﬁyPgﬁ%ﬁFﬁ¥} EFE§§F8§Yb§HEQ?5ﬁt#§rF§ ds descri bed
for 2-am Be-4-fiko2d Audr oxypbeaykinpygthahdi A6nokssieackedowsthg( 2% - gl yci dyl
3- nitrobenzggesulﬁonat sub%t%nti$lly describ%d for Epoxide .1 to give
the title™@Poxki 48 PEpoRFdBE361036 ¥8%ai oREHES 1185hFF FEO48BEd BRRet hoxy- 5-
fl uorophenykborenis aeci@red. 25t8, ad?te8uBMN) sodium hydroxide and

extracted with ethyl acetate. The precipitate which formed
and is present in the aqueous layer is collected by
filtration and dried in vacuo to give 1.3 g (22%) of 2-(3-
hydroxyphenyl)imidazoline.

15 To a solution of 2-(3-hydroxyphenyl)imidazoline
(0.895 g, 5.52 mmol) in tetrahydrofuran (11 ml) is added
water (11 ml), potassium carbonate (1.5 g, 10.8 mmol), then
di-t-butyl-dicarbonate (1.2 g, 5.5 mmol). The resulting
mixture is stirred over night before additional di-t-butyl-

20 dicarbonate (120 mg) is added and the stirring is continued
for several hours. The mixture is diluted with water and
extracted with ethyl acetate. The organic layer is washed
with brine, dried over sodium sulfate, and concentrated
under reduced pressure. The residue is purified via

25 chromatography on silica gel with dichloromethane/ethanol
(gradient up to 20:1) to give 615 mg of t-butyl (2-(3-
hydroxyphenyl)imidazolin-1-yl)carboxylate (42%). This Boc-
protected product (610 mg, 2.33 mmol) is reacted with (28)-
glycidyl 3-nitrobenzenesulfonate substantially as described

30 for Epoxide 1 to yield 720 mg (97%) of the title epoxide.



br onot hi ophene (3.65 g, 22.7 mmol, 0.9 eq.) and potassium carbonate (2M
37 m). Palladium (0) WO 02/06276 PCT/US01/16519 -28
t et r aki stwo ptreq2yé phoshine (.03 eq.) is then added and t hePCT@Sul/t6519g
m xture is heated to 85C for 3 hours. The reaction is cooled to room
tenperature and poured into ethyl acetate and water. The aqueous |ayer is
extracted twice 5 with ethyl acetate.-Ibe organic |ayers are conbi ned, and
dried over sodiumsulfate, concentrated to a brown oil and the resulting
residue is flash chromatographed i8,30%c uene/ hexanes to afford 11.5 g
of 2-(thien-2-yl)-4- quoroanlsoIe—%gﬁgg—~gg The protected product from
above (11.0 g, 52.8 mol) is denethylated with 110 grans of pyridine
hydr ochl ori de neat at gr.ee S =T ea n poured into
i ce/wat er and ethylga%%% ggié§a gaog%gggp grgsaéé g%pzr%Tbg and the
organi c | &y8f- gkymadhédBmhihr@BemaéaesuMEDsdteveB 86dgun23ul fanel and
concen traéﬁg {0 38958%0 .- I|d T hs thgg %Iashl?hronatographed wth 1:3
et hyl = acé at%?%exanes R R ale 85 t '8 I) 4- fluorophenol
(77@6y|elm¢th§heshpmkebbne pnsdum1)|$sreaﬁﬂededmfbh (2Sheqlkyci dyfter
3-nitrobenze?esulf§§ate bstantiall dg; bed fo& Epf %de lto
yi el d t heCPPtH8YepoRTd& “BpB%Fde=32 §§o§¥d£1 18?ep BE F1ORF
2- met hoxye&k@5i | niinoplienpbboughie attH amdhzobbméﬁhhhépﬁﬁaethg a procedure
substantialgx s%nil [ %o %hat descri bed L |de 30d Eonide,EB go A
Hixture ofo S AREROxobRoaFdengte C1800 gL o0s. 4T bRy fue £5 purifTe
t osylutet hyifsr)::a@hi dBJr:ﬂéﬂlétBﬁrgplll173oﬂ 81Dk ¢aagdl ﬁ]csillagsa;m’eﬁaﬁﬁ@nate (ﬁO. 14
g, 73.4 mo in nmet hano e at x for 6 hours. The
sol vent Ee¥%ﬂﬁoﬁﬁﬁyﬁnag?t?Eau%Eﬂdb?%EsEiggaﬁa %ﬁélP si due poured into
i ce-water WD 02/ 06276 PCT/ US01/ 16519

Epoxide 23

15 Sodium (1.21 g, 52.6 mmol) is added to 200 ml
methanol to prepare a solution of sodium methoxide. After
addition of guanidine hydrochloride (12.41 g, 129.9 mmol)
and 3- (dimethylamino)-1- (2-hydroxyphenyl)-2-propen-l-one
(5.0 g, 26.15 mmol; J. Heterocyclic Chem., 14:345, 1977) the

20 mixture is heated at reflux over night. The reaction
solvent is removed under reduced pressure, and the residue
treated with water. The resulting precipitate is collected
by filtration and dried in vacuo to give 4.25 g of 2-amino-
4- (2-hydroxyphenyl)pyrimidine (87%). This pyrimidine pre-

25 cursor is reacted with (2S)-glycidyl 3-nitrobenzenesulfonate
substantially as described for Epoxide 1 to give 2.05 g of
the title epoxide (37.5%).

Epoxide 24

30
A mixture of 3-hydroxyacetophenone (20.0 g, 146.9
mmol) and N,N-dimethylformamide dimethyl acetal (26.26 g,
220.4 mmol) is heated over night at 100°C. The excess of

the acetal is removed under reduced pressure and 3-



-29 (800 mM). The precipitate is collected by filtration, washed with
water, and dried in vacuo to give 9.05 g of 5- (2-nethoxyphenyl)oxazole (70
% . Boromwop/2oén de (1M in dichloronethane, 36 m) is bGraddgsd/sbowly to a
cold solution (0C) of the above oxazole (3.0 g, 17.1 mmol) in

di chl oronet hane (215 m). After stirring over night at room tenperature,
ice-water (50 m) is added carefully.-27he aqueous layer is extracted with
di chl oronet hane (50 m ), and the conbined organic |layers are 10 dried over
sodi um sul n§rake d-_ re. e eghpt at e
whi ch T or Ko e T P R e R PR T e e PP Ede e by
filtratiod7%hedsedbtainpddaéheor cheehahegtrabh pn ahdi¢sl getedibhain to
give 3.18. - epol . This_pt i u j react ed
uth (29 ifhEbagneiniRrQuaatoont; (Rh =R rheapaptChohs 22 TPo for
Epoxi de lreacygedewdOD 11gSdfglybedylt Beneporbdazefest fokpbgi de 34 20

2- Met hoxy : QR C i 2 , nd razql e 1 eq. re,cqoupled with
coppe??ll?ggggégﬁéggg a%%sgggggfgﬁésg?Fbg Oﬁﬁa?e%rgﬁeggg% ﬁé?%.83§%2941-44,
1998 and the tptoduepoksdde@8hylated by treatnent with boron tribrom de 25
i n dichloronmethane (see, for exanple, Synth. Commun. 27(20):3581-90, 1997)
to yield 2-(pyrazol-Il-yl)phenol. This phenolic product is reacted with
(2S)-glycidyl 3- nitrobenzenesul f orabeidebgtanti ally as described for
Epoxide 1 to give the title epoxide. 30 Epoxide 35

2- (1 mdazolidin-2-on-1-yl)anisole (Ger. Ofen. 1977, DE 2528079) is
denetlltyl ated wi th baresltitibnost d8-addm¥OnO2606R246-PCTEUSO01/ 16519 - 30

hydroxyphenyl)-2-propen-l-one (2.2 g, 11.5 mmol) and

hydroxylamine hydrochloride (1.17 g, 16.8 mmol) in 45 ml
dioxane/water 1:1 is heated for 2 hours at 60°C. The
reaction is poured into ice-water and the precipitate is

15 collected by filtration, washed with water, and dried in
vacuo to give 1.4 g of 3-(5-isoxazolyl)phenol (75.5%). This
phenolic product is reacted with (2S)-glycidyl 3-
nitrobenzenesulfonate substantially as described for Epoxide
1l to give 1.33 g of the title epoxide (70%).

20

Epoxide 26

2-Amino-4- (3-hydroxyphenyl)pyrimidine, prepared
substantially as described for 2-amino-4-(2-
25 hydroxyphenyl)pyrimidine, is reacted with (2S)-glycidyl 3-
nitrobenzenegulfonate substantially as described for Epoxide

1 to give the title epoxide.

Fpoxide 30

30
To dioxane (113 ml) is added 2-methoxy-5-
fluorophenylboronic acid (4.25 g, 24.9 mmol), 2-
bromothiophene (3.65 g, 22.7 mmol, 0.9 eg.) and potassium
carbonate (2M, 37 ml). Palladium (0)



the resulting 2-(imdazolidin-2-on-1-yl)phenol is reacted wth
(2S)-glycidyl 3-nitrobenzenesul fonate substantially as described for

Epoxi de Woo2gi2eé d the title epoxide. 5 Epoxide 36 PCT/US01/16519

2- (1 mdazol -1-yl)anisole (L.M Sitkina, AAM Sinonov, Khim Geterotsikl
Soedin 1966, 143) is denmethylated with boron tribrom de and the resulting
2 10 (i mdazol -1-yl)phenol is reacted-agth (2S)-glycidyl 3-

ni t robenzenesul fonate substantially as described for Epoxide 1 to give the

title epoxide,ERpext ffedy1plashi 03 th ded and th
3- (Di net hyl an?no? el:gdrr)oxS ﬁ%ﬁyl) 2- %%o%eﬁ?l- %%ea?sepr%naredefrom

4- hydroxyﬁ@évbbh@ﬁomexbub%te&th@@t@dlhO 8heCshor duhpersas That descri bed

105 50" | FEROVABI ) chor b4 DY O OuNPLEMKLYa EaPLOBR. bo0PEa( EROS dendt)

4-(5 20 Iso pheno I'S prepare am no) -
hydr oxyphaagtyte- pndpwﬂtéroneTh@b@qaﬁouallgyen t heesbnectednheicas t hat

descrighedyf o, Beho! agxezoly! ) pRenSLoLEROX) door25) e ThL g phERO! Lgapr oduct

is react gryci nzen fonate su ahtralrly as
descrlbeddfmedEpmgrdeoQSum $@1§a9éd thecehtrete@okode bré&poxote &@hd

2- (3- For l vl.) phen g a 0 triethylamne (17.6
nmol ) arg%%%de§¥F591¥ ug%gﬁg?%n offlﬁy%pg§§ %ﬁ?%%rﬁg%e%cﬁ?o%?ae (1.22 g,
17. 6 mol folnenedherananhydrafifotd. T1nb)gaod 2héthmiahuPeyis-atl owed to stir
over ni ght tognglent ten?ﬁg ture. The mxture is refluxed for 5 hours,
concentra qreE3Pv8d TR°50 n ethanol and WD 02/ 06276 PCT/ USO1/ 16519
-31 SKered for 10 Tha widheSbedl pRotliagueota sndbunxhydmogidez 8After
neutralisatl g %ﬁﬁof édrocglﬁﬁgc aci d, g extraction with
ethylacet%?% tﬁﬁ PYEhTE PRS2 r T R aF FBd9RABS RonéhtFat8d. The residue is
purified hydebehhatrbgeapdyt at 200 degrees for 3 hours. The reaction
is poured into ice/water and ethyl acetate is added. The
layerg are separated and the organic layer is washed with
15 water, dried over sodium sulfate and concentrated to a brown
solid. This is then flash chromatographed with 1:3 ethyl
acetate/hexanes to afford 7.82 g of 2-(thien-2-y1)-4-
fluorophenol (77% yield). This phenolic product is reacted
with (28)-glycidyl 3-nitrobenzenesulfonate substantially as

20 described for Epoxide 1 to vyield the title epoxide.

Epoxide 31

Epoxide 31 is prepared from 2-methoxy-6-
25  flourophenylboronic acid and 2-bromothiophene by a procedure

substantially similar to that described for Epoxide 30.

Epoxide 33

30 A mixture of 2-methoxybenzaldehyde (10.0 g, 73.4
mmol), tosylmethylisocyanide (14.34 g, 73.4 mmol) and
potassium carbonate (10.14 g, 73.4 mmol) in 220 ml methanol
is heated at reflux for 6 hours. The solvent is removed

under reduced pressure and the residue poured into ice-water



5 (toluene/ethanol 9:1) to yield 2-(3-cyano-I|-pyrrolyl)phenol (2.4 g, 92
% . This phenolic product is reacted with (2S)- gl yci dyl

3-ni trobavaenewné f onat e substantially as described for Eporvd&/b5t% yield
the title epoxide. 10 Epoxide 47 To 2-(3-fornyl-I-pyrrolyl)phenol (2.9 g,
15.5 mol) in 50 M dry tetrahydrofuran are added sodi um cyanoborohydri de
(1.94 g, 31 mmol ) and boron trifluorideol5 diethyletherate (5.7 m, 47
mol ). The resulting solution is stirred for 3 hours at anbi ent

tenperatuggooSatyr atede Spdibupybhear Penabe1£4PQant), ksiaddedoand the

resulting mxture is stirred for 1 hour before exiraction with t-
but yl nmet hyeehrér wiThewatguni enflageiefls idr vaduantdo20iven8efbrated and t he

i due i LE ) o(tol /ethanol 9:1) t ield
el | oLt AT agesgy oo ettty ol

reacted with (2S)- BbyendyriBrainidebéhMenresditbharemethsnant Bal ny) ass

d ibed i i el ditles irde, 2 ' 4
2 Br oo 521 8r SLaRbRoF (0. 8518 803 0Gi b §oERaB5 Bhr BERISLBARRES aci o
(2.02 g, 15.8 gnolY).aremdissdvhvddchhordfietibénal (dildxahe. ThAfter

[ ti - | i i fl d with bef )
otr i eOsRRalhaNakEy huSHE M LhoRT 80RBELOME . Se-water 430 Bk of

aqueous 2hkseddath carbbnale. solfhki agquebi2d hape)y aveecaddedtedf wethfl ushi ng
at 1

again with.argon th m X e Ls refluxed for, 15 hours 0C._The

Sotuti on iBhEPBontEsaRt pekh tee] 1 8ad0 R 1500 BRaoPFI=Rusi LegeFBone

t enparcat udeiaddotrbe svAiunesudfatel badedondbattatbdatiades ewdpoedat ed and

the residue is takeﬁ up_in dichl ronﬁth ne and ex%%acte%pm%th ma%er. The

organi ¢ | BY&PSPESdr i eRSWPTRCEBAAestit GleToTHER 8TEGRCBAEFAERR. OFhe

resi due i@&ipHllbkrbrdthsnehi(voeindgr aphyol{ ELREA2LEt Ol gradient h8Qt84to 98: 2)

to yield %i%g 8i8£lgiomethane (15 ml), and filtered again to give
3.16 g of 2-(5-oxazolyl)phenol. This phenolic product is

15 reacted with (2S8)-glycidyl 3-nitrobenzenesulfonate
substantially as described for Epoxide 1 to give 400 mg of

the title epoxide (9.5%).

Epoxide 34
20
2-Methoxyphenylboronic acid (2 eqg.) and pyrazole
(1 eg.) are coupled with copper({II) acetate catalysis as
described in Tetrahedron Lett. 39:2941-44, 1998 and the
product is demethylated by treatment with boron tribromide
25 in dichloromethane (see, for example, Synth. Commun.
27(20) :3581-90, 1997) to yield 2-(pyrazol-1l-yl)phenol. This
phenolic product is reacted with (28)-glycidyl 3-
nitrobenzenesulfonate substantially as described for Epoxide
1 to give the title epoxide.
30
Epoxide 35

2- (Imidazolidin-2-on-l1-yl)anisole (Ger. Offen.
1977, DE 2528079) is demethylated with boron tribromide and



(thien-2-yl)-5-fluorophenol (740). 2-(Thien-2-yl)-5-fluorophenol and
(2S)-glycidyl 3- nitrobenzenesul fonate are reacted as described for the 10
pr epar at ivod 0662Epoxi de 1 to give the title epoxide. EpoxPdpESI6SH

2- Brono- 5-fl uorophenol is coupled with thiophene 15 3-boronic acid;

2- brono-4, 5-di fl uorophenol is coupled with thiophene-2-boronic acid; and
2- brono-4, 5-di fl uorophenol is coupledzgith thiophene-3-boronic acid in
Suzuki reactions substantially as described for Epoxide 48, to yield 2-

(t hi en- 3- - 5- »ophenql: ;- Len-2-yl)-4, . fluqr.o . and
2-(thien-§h$l??%Pg?éﬁglgo?égﬁéﬁ%%?la?gsge%%iée?§?9¥%%§& gﬁe%%%?gggroducts
are react wdthi BS) (a%ycglydi dyhidrobensborzeiésubtenatbssabstianiyabby as

descri bed r..E [ 1 i€l e Litle oXl . xi des 52 and 61
To a so|u9%§ﬁro§8§-??605 g ﬁg%ag-%go eeéglF 89?&@§%Be§%§5%%.n acetic acid
(105 M) is added bromne (6.5 m, 126 mmmol) at such a rate as to not

rai se §he tenperature 30 above 25CE Aftgr gEe addition is conplete, the
. . . oxige . . .
reaction is allowed to stir for 2 re pouring into 1 liter of

ice. The resulting mxture is stirred over night. The precipitate which
formed is filtered gn lLaced.in dryin ven_to praduce 21 g_of
3-bronD-6-fIuorochrgﬁgﬁgﬂggﬁg;_aEV6§Fﬁgf? ePg%f%SOfﬂ%%%f@’ 23¥-The product
from (14 gimbhotmokhiabovetesotdiikIal weedin tpket hyliam ng (100 M) and is
stirred at, ref _lux, for .2 hours. The reaction i s cooled and concentrated,
t aken udeWe%HVEP5F8rWﬂt%a &GRSR G 8T8 ﬁ%&r&@ﬁl &9%¢ird 5 and
wat er10 The igidanbt -hayen phendili e¢ ewvaetsadivithsubkatelyandyaoncentrat ed.
The product, re%idue i S grytallize% from, hgt et hyl acetate. The product

fr om abov&1EOPFHEFBERFOMEREF SR PSERNSEa4 Y3250 dRmet) Pedd ERYdEBRYFLERI ne
hydrochl oni de g4vE€5tBe title epoxide.

Epoxide 37
15
3-(Dimethylamino) -1- (4-hydroxyphenyl) -2-propen-1-
one is prepared from 4-hydroxyacetophenone substantially in
the same manner as that described for 3- (dimethylamino)-1-
(3-hydroxyphenyl)-2-propen-l-one (Epoxide 24). 4-(5-

20 Isoxazolyl)phenol is prepared from 3- (dimethylamino)-1-(4-
hydroxyphenyl) -2-propen-1-one substantially in the same
manner as that described for 3-(5-isoxazolyl)phenol (Epoxide
25). This phenolic product is reacted with (2S)-glycidyl 3-
nitrobenzenesulfonate substantially as described for Epoxide

25 1 to yield the title epoxide.
Epoxide 45

2-(3-Formyl-l-pyrrolyl)phenol (3 g, 16 mmol) and
30 triethylamine (17.6 mmol) are added to a suspension of
hydroxylamine hydrochloride (1.22 g, 17.6 mmol) in acetic
anhydride (7.7 ml) and the mixture is allowed to stir
overnight at ambient temperature. The mixture is refluxed

for 5 hours, concentrated, dissolved in 50 ml ethanol and



10 67.2 mmol ) are dissolved in ethanol (180 ml) and the resulting m xture
is heated to ref lux. The reaction is allowed to stir for 18 hours before
cool i ng amao2eancentrati ng. The residue is is taken up i nPCDUSENBSENd
filtered to give 690 ng of 4-fluoro-2-(isoxazol-5-yl)phenol 15 and fromthe
filtrate 594 ng of 4-fluoro-2-(isoxazol-3- yl)phenol. These phenolic
products are separately reacted w th _(32S) -glycidyl 3-nitrobenzenesul fonate
substantially as described for Epoxide 1 to yield the title epoxides. 20

Epoxi de 5312+ - B LR, 3y I An i d. f -
Fpoxi de She 2 Baar 0l Y enIANsol & G ene e LR Bcice.
t hi ophene2d-Hsar weivd-vedi icsadticorT didrgy teorutevel sgéryeiral cio irco eadid, e sg@iscri bed in

Repr esent ati Loceduyr e . yield: 1.05 94 99.. ,
2- Fl uor o- %t}é(t;i%%r}%%‘ %tg%i&(}%%y%%ée%b tﬁ'ne{:%l rogr%atrﬁé‘g il (Fiedyan4 g
mol ) wi t lFoaremteessdf Bbreonrdsriidhreonisd @uriirf idicc yo roreintanrerByhst i rri ng
over ngght r ngy ,,30 (1..1 is.used for. the next step w thout
furt he? pdﬁo}}i}%&(\é‘%ﬂ%a@%gdfgu%)h ar iy&gl%.zl"é 35 SV ThEY T 60 Yo PREFPH) i s
washed sever.dl oti s %i.t h Texanphanddc producand sadded ded a0l (glghan of
2-f 1l uoro-6~(thien-3-yl.)phenol (0.4 . 2.26 02/06276 PCT/ US01/ 16519 -34
nol ) and%(—L %g)l 4 5ﬁy§i—%l§1tp@%rﬁrf e&ﬁ?ﬁi&%@?@@f SHRSE 3G 1B Yg 2s geseraked) in
dry tetralipdr @poxdde 20 td )i Ald @heSttiitlien@podti deQOM t enper at ure over
night, the mxture is quenched with ice-cold water, diluted with brine,
and extracted with ethyl 5 acetate. The organic layer is dried over sodium
sul fat@, concentrated under reducegoprgssure, to dgive 65 ng (11% of the
title epoxide after chromatography (siTica gel, dichloronethane). 10
Epoxi de 54 A mi xture of 2-brono-I-(2-benzyl oxyphenyl)ethanone

To 2-(3-formyl-l-pyrrolyl)phenol (2.9 g, 15.5

mmol) in 50 ml dry tetrahydrofuran are added sodium
cyanoborohydride (1.94 g, 31 mmol) and boron trifluoride

15 diethyletherate (5.7 ml, 47 mmol). The resulting solution
is stirred for 3 hours at ambient temperature. Saturated
sodium bicarbonate (100 ml) is added and the resulting
mixture is stirred for 1 hour before extraction with t-
butylmethylether. The organic layer is dried and

20 concentrated and the residue is purified by chromatography
(toluene/ethanol 9:1) to yield 2-(3-methyl-1-pyrrolyl)phenol
(300 mg, 11%). This phenolic product is reacted with (28) -
glycidyl 3-nitrobenzenesulfonate substantially aé described
for Epoxide 1 to yield the title epoxide.

25

Epoxide 48

2-Bromo-5-fluoro-phenol (0.87 ml, 7.9 mmol) and 2-
thiopheneboronic acid (2.02 g, 15.8 mmol) are dissolved in
30 100 ml dioxane. The resulting solution is flushed with
argon before tetrakis(triphenylphosphine)palladium (456 mg,
0.395 mmol) and 2 ml of aqueous 2M sodium carbonate solution
(20 mmol) are added. After flushing again with argon the

mixture 1s refluxed for 15 hours at 100°C. The solution is



(10.0 g, 32.77 mol ; prepared according to a procedure from J. Med. Chem,
35: 3045, 1992) and sodiumformate (4.46 g, 15 65.6 mmol) in dry DVF (100
M) is stwepme2aé room tenperature over night. The m xtuPeT/USOIEBEMed i nt o
water (400 m) and extracted with dichloronmethane (2 x 100 m). The

conbi ned extracts are dried over sodiumsulfate and concentrated under
reduced pressure. 20 The residue is digsolved in acetic acid (100 m),
treated with ammoni um acetate (12.62 g, 163.7 mmol ), and the mxture is
heated fo r After _cogling ] r i i i wat er (400
m) and eé%?%@%%déaﬁ %&EdFéh %é@n%? %€£%§£§ %66 §¥€.$#%§9€%L%$ned organic
| ayers 25fateemadhedThet hithtatat ed eyaroustsddand bhearbshdte isol ution (2
x 100 m) ried over .sodiumsulfate, d ancentr at i_nh_vacu

A (2- Bon YR By pBnyT) Sxaner ot cehe A8 o ERRECR L ER Ufpdf oo
chron?to?®EQQW%¢51hyeaggsldrlgdghibho??dﬁame;ulfﬂtéot?iﬁolut;gnnfg t he dded
oxazole from above : : mo i.n. di chl or onet hane i s adde
1096p§1Iaﬁ?ﬂﬁ?nBﬁaEéébonTﬁ§.§§Sb§9eTﬁ§ B¥§fg?ggiEypﬁ?rﬁﬂﬁg?éﬁﬁp%¥nnsphere
of hydrogers,sl)rEedHagraoent enpet at uoe98vel dbghieldheni3fyloered through
Celite. The solvent is renoved under WO 02/06276 PCT/US01/16519 -35
reduced pfeksere2tyl)ebvélporerhenplas{Y£$5phenol (1.15 g, 90%, which is
used for the next shepmik Lhost.{yrkhef PUrihEhSat L98- _LiLl egepoxide
(1.05 g, 729% is prepgr§% $r0n¥ g t he %%oé% pﬁeno% ?1‘%%?g§ %.7 %ﬂb ) and
(2S) - gl ychdlyroBennenesbéhcnabsubfonaeacsadseandeartybad Bescehded for

s s R B B R T

Epoxides 49-51

2-Bromo-5-fluorophenol is coupled with thiophene-

15 3-boronic acid; 2-bromo-4,5-difluorophenol is coupled with
thiophene-2-boronic acid; and 2-bromo-4,5-difluorophenol is
coupled with thiophene-3-boronic acid in Suzuki reactions
substantially as described for Epoxide 48, to yield 2-
(thien-3-vyl)-5-fluorophenol; 2-(thien-2-yl1)-4,5-

20 difluorophenol; and 2-(thien-3-yl)-4,5-difluorophencl,
respectively. These phenolic products are reacted with
(28) ~glycidyl 3-nitrobenzenesulfonate substantially as
described for Epoxide 1 to yield the title epoxides.

25 Epoxides 52 and b6l

To a solution of 6-fluorochroman-4-one (21.0 g,
126 mmol) in acetic acid (105 ml) is added bromine (6.5 ml,
126 mmol) at such a rate as to not raise the temperature
30 above 25°C. After the addition is complete, the reaction is
allowed to stir for 2 hours before pouring into 1 liter of
ice. The resulting mixture is stirred over night. The
precipitate which formed is filtered and placed in drying

oven to produce 21 g of 3-bromo-6-fluorochroman-4-one.



di chl oronet hane (35 m) is added a 1M solution of boron tribromde in

di chl oronethane (18.2 m ). The m xture is 15 kept under argon and stirred
for 4 howa@ozbe2room tenperature. The m xture i s poured | PCDUSOIEHSLY at ed
aqueous sodi um bi carbonate solution and the aqueous | ayer is extracted
with ethyl acetate. The conbined organic |layers are dried over sodium

sul fate and concentrated under reduced320 pressure to give
2-fluoro-6-iodophenol (4.2 g). The title epoxide (4.44 g, 86% is prepared

from the above phepgk gpda(28) rgbycidy! g3- Bt iabenzgpesyl fonat e
substantiallly_ as _described for Epoxide 1 except usin but anone as

sol vent . 95SEPYXPdesn b 60t RBEINERE $6005mL) 5gndsys R BHSEr B pFepARSEd from

2-met hoxysor f huRbEREENYLREr PBLEL 86hd1 8NHod1BH0BRENLORBEAE a8, taken
2- met hoxy- 6- f I uor ophenyl boroni ¢ aci d and 5-chl oro-2 br onot hi ophene;

2- net hoxyphei| BBt eRPECHB} dvanded- wi bho2E- agrgerst Avéppehdoric acid

(3-”E%ﬁoxaﬂar$9t8iY')?HéoakgaﬁﬁbdléggrzisbaQHE hioBhensqs; @Rdsylfate
2- met hoxy-6-fl uorophenyl and 3 WO 02/062/6 PCT/US01/16519 -36
br onot hi ophéneongespeetedel yTheyproguatedapedsabseapryaplyizednfram to t hat

descri bed,for i de.80+Epoxide 62 5 A slurry of 2-cyano phenol (25 g,
209. 87 nnn%?,egﬁgietﬁﬁﬁaﬁ?he hydrochl oride (43.3 g, 314.81 nmmol ), and
sodi um azi de (20.5 ‘ghe3ptoducmbiymi abovkuéheflroomyonen-Aeaned to the

ref fuxt Ea “r§2°g g1 XLy £,and QSH'Eth%ﬁ GLxiyreals gl kgwed to
stir at rggpﬁux for 1 ourgT #ﬁe yn1x§%re 'S cobled and mashé%'mnrﬁ’mater
(200 14L) . 6The magleoase| dyesolvedashedtianhlet hep iD0and) theande acidic
with Coﬂcfgéﬁﬂkfﬂggﬁ%xtéﬁg Egehégﬁgﬁt §96§95h9.'STBQ'LS&EE?oanSf"trat'on-
The solid rs was wce w th water 0

allowed to stir for 18 hours before cooling and

concentrating. The residue is is taken up in toluene and

filtered to give 690 mg of 4-fluoro-2-(isoxazol-5-yl1)phenol

15 and from the filtrate 594 mg of 4-fluoro-2-(isoxazol-3-
v1l)phenol. These phenolic productsg are separately reacted
with (28)-glycidyl 3-nitrobenzenesulfonate substantially as

described for Epoxide 1 to yield the title epoxides.

20 Epoxide 53

2-Fluoro-6-(thien-3-yl)anisole is prepared from 2-
fluoro~6-iodoanisole (1.35 g, 5.36 mmol) by Suzuki coupling
with thiophene-3-boronic acid according to the general

25 procedure described in Representative Procedure 4 (b) below;
yield: 1.05 g (94 %).

2-Fluoro-6-(thien-3-yl)phenol is obtained from the
anisole (1.0 g, 4.8 mmol) with an excess of boron tribromide
in dichloromethane by stirring over night. The crude phenol

30 (1.1 g) is used for the next step without further
purification.

Sodium hydride (0.18 g, 4.5 mmol, 60 % in oil) is
washed several times with hexane under argon and added to a

solution of 2-fluoro-6-{(thien-3-yl)phenol (0.44 g, 2.26



15 nmL) and dried under vacuum at 1002C for 15 hours to give 33.05 g of
2-(tetrazol -3-yl)phenol (97%. 2-(Tetrazol-3-yl)phenol (32.8 g, 202.3
nmol ) i swdsyed2ved i n di net hyl f ormam de (100 ni) and wat epC{/BSowsy19 and
cooled in ice. Sodium hydroxide (8.49 g, 212.3 nmmol) in 20 water (20 ni)
is added and the solution is warned to anbient tenperature. After thirty

m nutes, iodonethane (31.58 g, 222.5-pmwl) is added neat. The solution is
stirred for 15 hours then diluted with ethyl acetate (300 nmL) and water
(500 n). mﬂ{!aq agHgoyss| ay ciayi"a§bﬁ§tEBE@ﬁth@gﬁl%ﬁQtQS(@t Byh gcetate
(300 nL) and the organic layers are conbined, washed three tinesS with

wat er (1 2)260mm@lﬁn@h @rynbetlabydtpfuaaned2©v@l naghégsnnsgarra@g
filtered d u e [ r ol um
chr omat oge apFg L B0 ReraGar 505K 8 - ote: Ee SiGrEd! 5, BEa0En5 IR sRe: S0
ethyl aceiatecasdawabbuend)ltubedi veétR3bsigeof agd extracted with ethyl

(0 %nﬁghy%ggggggo %h% é§8§$y0|g§§é% ﬁftggégﬁgéﬂégb %ona eé§5¥%§88en2|62

, andopoéaSsaUaﬂcanﬁenaredﬁeedSpgessuZQ nuolylve oD 02/ 06226 of

CT/ US01/ d | v h h K h i
Eeat;b Sogﬁg r%% QE%Zﬁ%e?aFﬁ¥eg§%O¥ﬁggglXPh eR g?h%ﬁ fst :|Fgﬁégrfols

stir at réithofomeﬁEaheurs The slurry is cooled, flltered and
concentrated in vacuo. The solid is 5 purified by flash col um

chr omat ogr aphy (80% hexane: 20% ethyl acetate gradient to 50% hexane: 50%
ethylltacetate as an eluent) to gi EpoR7Beng4(75% of the title epoxide.
FDVS me 233 (M++1). 10 Epoxide 63 The title epoxide is prepared from
2- hydr oxy- benzal dehyde and gl yoxal by the nethod described in Eur. J.
Med. Chem, 33:181-A8#ix#998. ofh2sbpbabolli-¢2pbedugl okgphbniyeaetRanvhEh
(29) - egC|9¥I 3- nlgﬁopgnzenfsulfonate

prepared according to a procedure from

J. Med. Chem., 35:3045, 1992) and sodium formate (4.46 g,

15 65.6 mmol) in dry DMF (100 ml) is stirred at room
temperature over night. The mixture is poured into water
(400 ml) and extracted with dichloromethane (2 x 100 ml).
The combined extracts are dried over sodium sulfate and
concentrated under reduced pressure.

20 The residue is dissolved in acetic acid (100 ml),
treated with ammonium acetate (12.62 g, 163.7 mmol), and the
mixture is heated for 3 hours. After cooling, the mixture
ig diluted with water (400 ml) and extracted with
dichloromethane (2 x 100 ml). The combined organic layers

25 are washed with saturated aqueous sodium bicarbonate
solution (2 x 100 ml), dried over sodium sulfate, and
concentrated in vacuo. 4-(2-Benzyloxyphenyl)oxazole (1.99
g, 24%) is obtained after chromatography (silica gel,
dichloromethane) .

30 To a solution of the oxazole from above (1.99 g,
7.92 mmol) in dichloromethane (20 ml) is added 10% palladium
on carbon (1.99 g). The mixture is put under an atmosphere
of hydrogen, stirred at room temperature over night, then

filtered through Celite. The solvent is removed under



substantially as described for Epoxide 1, however, the title epoxide is
used without purification as described therein. Epoxide 64 20

2- Thi enylwo emet2hoxybenzene (10 g, 53 mmol ) is cool ed to PZBCSIWI6EY
tetrahydrofuran (265 m) under nitrogen while stirring. n-Butyl lithiumin
hexanes (1.6M 37 m, 59 mmol, 1.1 eq.) is added slowy and the resulting
25 mxture is stirred cold for an hourzgsChl oronethyl formate (4.1 m, 53
mol, 1.0 equivalent) is added and the reaction is stirred cold for

anot her houp, I pELELULE £ aLLoued | oauBALLG1 BAELESTRE AkUpe befor e

guenching wth sa urate bi carbonat e so fafion a acetate.” 'The | ayers
are 30 seplfat ewhanl theusedaficr phasaeks ﬁagpedlmhphtbﬁumeheurled over
sodiun1sukh E% ;a0d; égncentrated. The residue is purified via flash
chromat ography 1'n 5 et hyl acetate/ hexanes to afford 7.9 g of

2- (5- nethoxycarbonywhhletheybpokidetNdx@ﬁegzeﬁéoQGiQQpr@ﬁﬁ®éﬂ062aﬁ

PCT/ USO1/ 1 -38 _2- car ylthien-2-vl tho egzene 1S
denetﬁgla%gg %FPHébB%S % gé to9 |vehi d &S} nﬁy01é¥9 3
nethoxycanbomybehkeneéuyEbphéeobubﬁhastmhémylae pesdutbetds foregpbaddai t h
(2S)-glycidyl 3-nitrobenzenesul fonate 5 substantially as described for
Epoxide 17to yield the title epoxide. Epoxide 65 10 A sol ution of

5- br onot hi ophene-2-carbonitrile (1.25 g, 6.65 nmol) in 50 mM of dioxane is
degassed with argon, tetrakis-(triggemglpggsphine)-palladiun(O) (768 ny,

0.665 mml ) is added and the m xtu red for 5 mnutes.
2- Methwxybenzene boronic acid (2.02 g, 13.3 nml) 15 and aqueous 2 N sodi um
carbonate (13.3 nl)_are su i e m,xt re i_Ls stirred for

g ssi vel_y %ided and,t
16 hours at 85C. ExCr&cfPvB &BPkOSp (2xEBRP -8 LRPBABAEP &néJHﬁHuEXBOWH
Liebigs, Ann. Chem., 746:134, 1971; 4.31 g, 17.1 mmol) in

dichloromethane (35 ml) is added a 1M solution of boron
tribromide in dichloromethane (18.2 ml). The mixture is

15 kept under argon and stirred for 4 hours at room
temperature. The mixture is poured into a saturated agqueous
sodium bicarbonate solution and the aqueous layer is
extracted with ethyl acetate. The combined organic layers
are dried over sodium sulfate and concentrated under reduced

20 pressure to give 2-fluoro-6-iodophenol (4.2 g}.

The title epoxide (4.44 g, 86%) 1is prepared from
the above phenol and (28)-glycidyl 3-nitrobenzenesulfonate
substantiallly as described for Epoxide 1 except using
butanone as solvent.

25
Epoxides 56-60

Epoxides 56, 57, 58, 59 and 60 are prepared from
2-methoxy-5-fluorophenylboronic acid and 3-bromothiophene;
30 2-methoxy-6-flucrophenylboronic acid and 5-chloro-2-
bromothiophene; 2-methoxyphenylboronic acid and 2-bromo-5-
fluorothiophene; (3-methoxypyrid-2-yl)boronic acid and 2-
bromothiophene; and 2-methoxy-6-fluorophenyl and 3-



water). The organic phase is dried over sodiumsulfate, filtrated and
evaporated. The residue (4.05 g) is purified 20 via flash colum on silica
(el uent : WwO0%d2exane>hexane/ ethyl acetate 96:4 gradi ent POT/gsWe1631937 g of
2- (5-cyanothien-2- yl) anisole (96%. M+ = 215. An intimte m xture of

2- (5-cyanothien-2- yl)anisole (1.2 g, 5.9 mmol) and pyridi ni um
hydrochloride 25 (13.7 g, 119 mmol) iLsegheated for 1 hour to 210C under
argon. The m xture was cooled to anbient tenperature and a 1:1 m xture of

water anduebliylndcehahe. | scafdediiBibr el androtbsaobyenbheagol bigake

formed during t eacti on. en transferred to a separation
funnel andi®®ldichbotbatt Aemneribeddfied BEpokidehalor gani c phase had a

hi gher density than the water phase (organic phase = | ower phase). The
organi ¢ phase contains the desired product and is separated. The remaining
aqueous phase is additionally extEpokgdet@Rce with dichloronethane and the
collected WO 02/ 06276 PCT/US01/ 16519 -39 organic phases are dried over
sodi um sul fate and evaporated. The residue is purified via flash colum on
silica (eluent: 108%hexaneslieRanghavhphenckt 428 §;, 22Qpadienindli o gi ve 973

nmg of 2-(5-¢ of hi en-2-vyl.) phenol . (879 = : To a,sol ution of
e (o cyanERPERY ey Ea Bk BRE I8 18 3 aToarmab - B 3800 % oF y
2- but anoneotisuaddeddé&2%po . gl y¢i dyk . 8inmihodbenznenesubhenabeoo(ALp5ig, 4. 82
mol ) and ot assi um car baonat e (732 . 5.3 | ) .successive|ly. After
CTor )i no PeRCad Rburkearos it rhlRrature 58 BRR AR R En s g thft at
amn;j eﬂz«l r apt gduwet Ji]sZEJngWGGUSoSQdiiumahydﬁmshﬂefo(CZXBOhBh):sandgMﬁt er (1x30

. (M+ =, 257). Epoxides _66-70 15 Epoxides 66-70 ar repare y a
procedureml§EB£Faﬁ i GPPyedi Arfaraghe hﬂftﬁegéFFBeégpgrgﬁgoxi35665. The
starting halhegapolbthkephengssusadwt ehpeepare (Epoxindes fadé0acadecknown from

the liter%&%ﬁeéoﬁggngfgtédJHC%?tng Eﬂgn}ésulting solid is collected
by filtration. The solid is washed twice with water (200
15 mlL) and dried under wvacuum at 100¢C for 15 hours to give
33.05 g of 2-(tetrazol-3-yl)phenol (97%).
2-(Tetrazol-3-yl)phenol (32.8 g, 202.3 mmol) is
dissolved in dimethylformamide (100 mi:) and water (25 mL)
and cooled in ice. Sodium hydroxide (8.49 g, 212.3 mmol) in
20 water (20 mL) is added and the solution is warmed to ambient
temperature. After thirty minutes, iodomethane (31.58 g,
222.5 mmol) is added neat. The solution is stirred for 15
hours then diluted with ethyl acetate (300 ml) and water
(500 mL). The aqueous layer is washed three times with
25 ethyl acetate (300 mL) and the organic layers are combined,
washed three times with water (1 L), once with brine (1.2
L), dried over magnesium sulfate, filtered and concentrated
in vacuo. The solid is purified by flash column
chromatography (80% hexane:20% ethyl acetate gradient to 50%
30 hexane:50% ethyl acetate as an eluent) to give 23.5 g of 2-
. (l-methyltetrazol-3-yl)phenol (66%).
2-(1-Methyltetrazol-3-yl)phenol (0.25 g, 1.54
mmol), (28)-glycidyl 3-nitrobenzenesulfonate (0.42 g, 1.62

mmol), and potassium carbonate (0.45 g, 3.23 mmol) is



5(4), 653-61, 1995; J. Chem Soc., Perkin Trans. 2, 5:625 20 30, 1982;
Chem Scr., 5(5), 217-26, 1974; Bull. Soc. Chim Fr., 11:4115-20, 1967,
Bul | . SoovoChverre Fr., 11:4121-6, 1967; Bull. Inst. Chem P&RES01/16519
52(3):561-5, 1974; J. Med. Chem, 43(16):3168-3185, 2000; Bioorg. Med.
Chem Lett., 10(5):415-418, 2000; and JP 08311060. 25 Epoxide 73 A 25 ni
1- propanol solution of 2-methoxyphenyk3730 boronic acid (1.2 g, 7.5 nmmol)
and 5-bronot hien-2- ylsulfonamde (1.2 g, 5 mol) is stirred under N2 at
room te I [ c (%6 pEy O ;
triphenyraﬁgggﬁyﬁg EQO%EQh?EB%%%y%ngF?%ﬁZN?aqﬁggﬁst%%z%%gk%ge ﬁf, 6 nmol ),
and 7 m gzatadetadab@ ged luke teaperatnge3sintkeumé xitareef udedghengss) for
1 hour. T tian_i 0 6 519~ 4 e diluted
with et hy?géégtggt LB e et ik EEF B8R e a0 ts O e o th
et hyl acetabéedThéidxeradt sndacencenbicabdd waskreduni.t hTagueols dNakICO3,
brine,-dried. -(Na2s5O4), filtered and the fi te s concentrated. The 5
resi due iéugﬁ;§%$e§Yb§lgﬁboﬁg 88Pa6 §O?§?8é%gé§%yﬁSoécéFgFthggéne

gr adi ent ) ethydi wec848engredd¥ntotto5502- heebhexphermyhyl acetate as an

t hi ophene-2-sul fonam de. A.Z0_m RC12 s ension of 5-(.2-

ot hoxy phERUERE s Sanange2 220 FBnATeas PF 618 SEFR SReRifE. 150UR P
under N2 at 3%, 5v€,a§ boron tribromde (1.1 nl, 12 nmol) is syringed into
the reaction m xture. The anber solution is stirred for 30 m nutes at
-75C, then at 0C for 2-3 hours. The reaction is quenched with ice,
extracged wth CH2Cl2. The extrackgoaigewgshed with brine, dried 15
(Na2sO™4), filtered, and the filtrate rs concentrated. The residue is
purified by chromatography (Si 2, ethyl acetate/hexane gradient) to give

720 ng of 5-(2- hydrgxypBenyl LEBL.9RRERE- praphiaRamde 6L8%roxy -
benzaldehyde and glyoxal by the method described in Eur. J.
Med. Chem., 33:181-187, 1998. This phenolic product is
15 reacted with (28)-glycidyl 3-nitrobenzenesulfonate
substantially as described for Epoxide 1, however, the title

epoxide is used without purification as described therein.

Epoxide 64

20
2-Thienyl-l-methoxybenzene (10 g, 53 mmol) is

cooled to -78°C in dry tetrahydrofuran (265 ml) under
nitrogen while stirring. mn-Butyl lithium in hexanes (1.6M,
37 ml, 59 mmol, 1.1 eq.) is added slowly and the resulting

25 mixture is stirred cold for an hour. Chloromethyl formate
(4.1 ml, 53 mmol, 1.0 egquivalent) is added and the reaction
is stirred cold for another hour. The mixture is allowed to
warm to room temperature before quenching with saturated
bicarbonate solution and ethyl acetate. The layers are

30 separated and the organic phase is washed with brine, dried
over sodium sulfate and concentrated. The residue is
purified via flash chromatography in 5% ethyl acetate/
hexanes to afford 7.9 g of 2-(5-methoxycarbonylthien-2-y1)-

l-methoxybenzene (61%).



5- (2- Hydr oxyphenyl ) t hi ophene-2-sul fonic acid amde 20 (1.8 g, 7.1 nmol),
K2CB (1.1 g, 8.5 nmmwl), and (2S)- glycidyl 3-nitrobenzenesul fonate (2.1 g,
7.8 mmol Wwaproe2react ed as described for the preparati on oPCEHpSX/®&191 to
give 1.5 g of the title epoxide (70% . 25 Epoxide 74

(2- Met hoxyphenyl ) acet al dehyde is prepared by oxidation of

2- (2- et hoxyphenyl ) et hanol according t®8the procedure disclosed in J. Og.
Chem, 49:1720, 1999. A 30 m xture of (2-methoxyphenyl)acetal dehyde (3.8 g,
25.3 mol) and d'”@1hXLﬁgEHBﬂyQErQbH§1Bﬂieﬁﬁﬁlﬁh (4. ﬁ@tﬁox?ﬁeﬁzQHQ|) i's
stirred at roomtenperature for 1 hour, Excess of the acetal is renoved
under redh%e@eﬁebbnﬁ@éeﬂoWFéévb0n0%8t61%¥omlde to give 1-(5-

3- di et hy. hen al 0

pCT) Uso1) Te6a8 Y S PR TE S it Lo of - APATRet fy | S Regs (gree pedluce is

met hoxypheagtyedopehhl (23) 681lycidel 83mbtyohadzhydruzifnvataydrate (6.7 m)
in et@@”OEuEQQQnQXA%i§ anégg Ekb ffLPXE%8£1dé01”EBU§§§19T@ﬁeSE#XEQt IS
renoved i n vacuo an hé“resi due chromat ographed” (sil'i ca ge

di chl or onepbahéeéet hanol 95:5) to give 2.69 g of

4- (2- met hoxyphenyl ) pyrazole (68% . To a solution of

4- ( 2- met hoxyphenyl ) pyrazole (300 ng, 1.72 mmol) in dichloronethane (13 nl)
is added a 1M solution of boron tEpbxbdede5(3.8 m) in dichloronethane.

10 The m xture is stirred at roomtenperature over night then concentrated
under reduced pressure. The residue is chromatographed (silica gel,
dichtb&onethane/ethaneblﬁti¢ntof @Fbeoﬁdﬂhﬁgpbéné tpyeakohidrylephenol

(98% zol | . 2 ) ni trohenzenesul f onat e
are react&gy% %es§r¥ ﬁm?g? %ﬁe § 3? ¥l8ﬁ¥8F ESOX|8%STe$ e 180 ny
of the t|akgoﬁpoxedEaki59%¢rlﬁbenympho§pﬁln8)iﬁa12éd1ﬁﬁ{29 388 B8; 41, 43,
46, 71 ang.ggS %801) is added and the mixture is stirred for 5

minutes. 2-Methoxybenzene boronic acid (2.02 g, 13.3 mmol)

15 and aqueous 2 N sodium carbonate (13.3 ml) are successively
added and the mixture is stirred for 16 hours at 85°C.
Extractive work-up (2x50ml dichloromethane and 2x30ml
water). The organic phase is dried over sodium sulfate,
filtrated and evaporated. The residue (4.05 g) is purified

20 wvia flash column on silica (eluent: 100% hexane>hexane/ethyl
acetate 96:4 gradient to give 1.37 g of 2-(5-cyanothien-2-
yvllanisole (96%). M+ = 215,

An intimate mixture of 2-(5-cyanothien-2-

vl)anisole (1.2 g, 5.9 mmol) and pyridinium hydrochloride

25 (13.7 g, 119 mmel) is heated for 1 hour to 210°C under
argon. The mixture was cooled to ambient temperature and a
1:1 mixture of water and ethyl acetate is added to break and
dissolve the solid cake formed during the reaction. The
slurry is then transferred to a separation funnel and

30 dichloromethane ig added until the organic phase had a
higher density than the water phase (organic phase = lower
phase). The organic phase contains the desired product and
is geparated. The remaining agqueous phase is additionally

extracted twice with dichloromethane and the collected



2- (Thi en-2-yl ) phenol (J. Heterocycl. Chem, 22(6):1667-9, 1985);
2-(thiazol -2-yl)phenol (Arnold, et al., WD 94/22846);

2- (5-i sova@aovyd2zyphenol ; 2-(pyrrolidin-2-on-1- yl)phenol (Ferahedson,
26(17):4207-4212, 1970); 2 25 norpholinophenol; 2-piperidi nophenol; 1-(2-
hydr oxyphenyl ) pi per azi ne; 2-(2-hydroxyphenyl)benzoxazol e; 2-

(2- hydr oxyphenyl ) benzot hi azol e; 2-(4, 43dinet hyl - 2-oxazol i n- 2-yl) phenol
(Bioorg. Med. Chem Lett., 6(18):2173-76, 1996); 2-(1-pyrrolidino)phenol;

2-(pyrrol &1z £l8h§H§EeFJaﬁen %8 Sbéglsoéléﬁ?ééﬁ%?té9lﬁé pvgpo F?teﬁenol

2-(1, 3, 4- oxa |azo 94/ 2284 I soxazo
(J. Het. Ehenressdas3lszsmrligéd)Vla tl@@hhpaigmnSOylyphéncl ¢mueﬁhen1 Res.
(

S), 349, 1988: 199 4.
th?adiazo?9é3yﬁ?ﬁ en%FS%§E§g§F5%§L%§%§§F?1g2gégF% L8nE) oFo 498 037 36276
PCT/ USO1/ 16508 2-43-yipphehdkn-2-ydkaheho2. yBYphenot+( MCROAL 22846) ; 4- ( 2-

hydr oxyphenyl ) - 2(5 -furan f 9414 4: (4-
quorﬁyZ hydroxyphenyl? §EEE§ %uraﬁo%i %GEY Egﬁlen %Déﬁéééﬁﬁﬁ};‘97°
2- (furan-8gyl 1pBeaoimbCer inOCkDenl BE28#¢186pbntanbnehiazafidddylz2phenol (WO

34532343?%%¥ﬁ§ﬁ¥h?§a95Frékéﬁ?%ﬁg%aﬂ%gﬁégé’iigﬁﬁééz en8th ™33) 1899187, 1908,

usi ng 4, Spdtaethyini phdboakee |msnemd,OB.Bﬂiﬂmbmbekucce551vely After

2-(3-for rr ol : 83-287, 7 Si

5 5 ai met BERLESRmo a1 490 0PREPary a7 S afpenu skttt 1o Al Tited

éhS-munethenyitabéaaysrahd&aﬁtrac2e63wfehhleaﬁuaaﬁF)BE&im?h?p@fokideELg.
em 984 and 2 - I sgxazol - 5- pheno Pol . J. em,

56: 501, 1é§§;8aWé} 8utt WATRE A %gemgyyC|gyF §-Zg?¥robenzenesulfonate

substantially as described for Epoxide 15 1 to yield the title epoxides.

Ami nes of Formula Il Am nes 1-49 are_prepared for use as described in
Schenmes 1 and 2. These ami nes argﬁﬁﬁéﬁgﬁegéiﬁ—Tables 3-5 20 bel ow.

15 Epoxides 66-70 are prepared by a procedure
substantially similar to that described for Epoxide 65. The
starting halogeno thiophenes used to prepare Epoxides 65-70
are known from the literature, see e.g., J. Mater. Chem.,
5(4), 653-61, 1995; J. Chem. Soc., Perkin Trans. 2, 5:625-

20 30, 1982; Chem. Scr., 5(5), 217-26, 1974; Bull. Soc. Chim.
Fr., 11:4115-20, 1967; Bull. Soc. Chim. Fr., 11:4121-6,
1967; Bull. Inst. Chem. Res., 52(3):561-5, 1974; J. Med.
Chem., 43(16):3168-3185, 2000; Bioorg. Med. Chem. Lett.,
10(5) :415-418, 2000; and JP 08311060.

25

Epoxide 73

A 25 ml l-propanol solution of 2-methoxyphenyl
30 boronic acid (1.2 g, 7.5 mmol) and 5-bromothien-2- |
ylsulfonamide (1.2 g, 5 mmol) is stirred under N, at room
temperature. Palladium(II) acetate (56 mg, 0.25 mmol),
triphenylphosphine (200 mg, 0.75 mmol), 2M aqueous NazCOs; (3
ml, 6 mmol), and 7 ml H,O are added and the resulting

35 mixture is refluxed (~88°C) for 1 hour. The reaction is



Table 3 H2N { \ /X3 X3 = X3 = X3 = X3 =
N NiYIO2MeCN CONH2 CO2Et 7 8 5 6 WO 02/06276 PCT/US01/ 16519 -43 CONH
S02Me C Wo02M27d0 11 CN 9 12 N N- O ~ d dcF 1/ 3 pCcHUBIYyI6sN C
14 15 16 13, CNCONH2 , d CL CR3 xll:;), X®w:?", NO d 19 20 17 18
S&2Me d I cl cl ¢c 1 nNCN21 24 22 23 CO2Et CN CONH2 CF3
—40-
cooled, diluted with ethyl acetate, washed with brine, and
the brine back extracted with ethyl acetate. The extracts
are combined, washed with aqueous NaHCO;, brine, dried
(NazS04), filtered, and the filtrate is concentrated. The
5 residue is purified by chromatography (SiO;, ethyl
acetate/hexane gradient) to give 943 mg (70%) of 5-(2-
methoxyphenyl) thiophene-2-sulfonamide.
A 70 ml CHyCl, suspension of 5-(2-
methoxyphenyl) thiophene-2-gulfonamide (1.0 g, 3.7 mmol) is
10 stirred under N; at -75 °C as boron tribromide (1.1 ml, 12
mmol) is syringed into the reaction mixture. The amber
solution is stirred for 30 minutes at -75°C, then at 0°C for
2-3 hours. The reaction is quenched with ice, extracted
with CHyCl,. The extracts are washed with brine, dried
15 (Na,S04), filtered, and the filtrate is concentrated. The
residue is purified by chromatography (Si0O,, ethyl
acetate/hexane gradient) to give 720 mg of 5-(2-
hydroxyphenyl) thiophene-2-sulfonamide (76%).
5~ (2-Hydroxyphenyl) thiophene-2-sulfonic acid amide
20 (1.8 g, 7.1 mmol), KyCO; (1.1 g, 8.5 mmol), and (28)-
glycidyl 3-nitrobenzenesulfonate (2.1 g, 7.8 mmol) are
reacted as described for the preparation of Epoxide 1 to

give 1.5 g of the title epoxide (70%).

25 Epoxide 74

(2-Methoxyphenyl)acetaldehyde is prepared by ’
oxidation of 2-(2-methoxyphenyl)ethanol according to the
procedure disclosed in J. Org. Chem., 49:1720, 1999. A

30 mixture of (2-methoxyphenyl)acetaldehyde (3.8 g, 25.3 mmol)
and dimethylformamide dimethyl acetal (4.52 g, 37.9 mmol) is
stirrgd at room temperature for 1 hour. Excess of the
acetal is removed under reduced pressure to leave 4.68 g of

3-dimethylamino-2- (2-methoxyphenyl)propenal (90%) .

CN/ CONHZ N ONNNGCN 12 3 4

2
N



FN FF28 2526 27 CONH2 G iNL I ~NNN CONH2 30 31 32 29 CN % C1
G I ~NCNCNCONH2 33 36 34 35 CO2Et F/ 1 SO02 Me F OSO2NH2 H2NOC O
% 39 37.wQ@82dd276\D 02/ 06276 PCT/ USO1/ 16519 -44 ,, p CONHRCT/US01/16519S = N X"
/| S CONH2 ON >',,0" 43 44 45 46 Table 4 H2ZN x3 X3 = X3 = X3 = CN N DCN
41 42 47 5 Table 5 HZN X3 = X3 = N NC q 49
-41-
A solution of 3-dimethylamino-2-(2-
methoxyphenyl)propenal (4.68 g, 22.8 mmol) and hydrazine
hydrate (6.7 ml) in ethanol (100 ml) is heated at reflux for
30 minutes. The solvent is removed in vacuo and the residue
5 is chromatographed (silica gel, dichloromethane/ethanol
95:5) to give 2.69 g of 4-(2-methoxyphenyl)pyrazole (68%).
To a solution of 4-{(2-methoxyphenyl)pyvrazole (300
mg, 1.72 mmol) in dichloromethane (13 ml) is added a 1M
solution of boron tribromide (3.8 ml) in dichloromethane.

10 The mixture is stirred at room temperature over night then
concentrated under reduced pressure. The residue is
chromatographed (silica gel, dichloromethane/ethanol 9:1) to
give 270 mg of 2-(pyrazol-4-yl)phenol (98%).

2- (Pyrazol-4-yl)phenol and (2S)-glycidyl 3-

15 mnitrobenzenesulfonate are reacted as described for the
preparation of Epoxide 1 to give 180 mg of the title epoxide
(50%) .

Epoxides 3-5, 9-18, 21, 27-29, 32, 38-41, 43, 46, 71 and 72

20
2—(ThienL2—yl)phenol (J. Heterocycl. Chemn.,
22(6):1667-9, 1985); 2-(thiazol-2-yl)phenol (Arnold, et al.,
WO 94/22846); 2-(5-isoxazolyl)phenol; 2-(pyrrolidin-2-on-1-
v1l)phenol (Tetrahedron, 26(17):4207-4212, 1970); 2-

25 morpholinophenol; 2-piperidinophenol; 1-(2-
hydroxyphenyl)piperazine; 2-(2-hydroxyphenyl)benzoxazole; 2-
(2-hydroxyphenyl)benzothiazole; 2-(4,4-dimethyl-2-oxazolin-
2-yl)phenol (Bioorg. Med. Chem. Lett., 6(18):2173-76, 1996);
2-(l-pyrrolidino)phenol; 2-(pyrrol-l-yl)phenol (J. Het.

30 Chem., 8:283-287, 1971); 2-(1,3,4-oxadiazol-2-yl)phenol (WO
94/22846); 2-(isoxazol-3-yl)phenol (J. Het. Chem., 8:283-
287, 1971); 2-(isothiazol-5-yl)phenol (J. Chem. Res. (S),
349, 1988; J. Chem. Res. (S), 163, 1992); 2-(1,3,4-
thiadiazol-2-yl)phenol (WO 94/22846); 2-(1,2,3-thiadiazol-4-



48 Am nes 1 and 10 nmay be prepared according to procedures detailed in
U S Serial No. 09/068, 192, the 10 teachings of which are herein

i ncor por av@d2/moe76¢ ef erence. Amines 11, 26 and 33 may be prPROEUSH/ 15§19
procedure substantially simlar to that described for Amne 1. Amnes 2,
3, 8, and 9 may be prepared according to procedures detailed in U S
Patent No. 5,977,154, the teachings of43%5 which are herein incorporated by
ref erence. Am nes 27, 29 WO 02/06276 PCT/ US01/ 16519 -45 and 40 may be
prepared hBh gedgr substapt i ﬁ b (&b 9 29@@% degcribbed for Am ne
9. Amn gi g ?2 nlgg 2- netz b y pheﬁg Z ) 225 mmol),

2- chloro Bydyaﬁmpyenuﬂhe2«55>sfgrazgzenﬁﬁey Oﬁé?asspﬁﬁﬁeaﬂﬁématé «47 7 9,
562 mol re hy ha 9 sooctane (122
m) are 18E88%§| Ey 8§%8 ELtobsg %hgg?éggma?%% f§?%e§ durlng t he
reacti on PE2papdiLéd; aZeéfu@pneakvy phanalDéﬁarStQﬁﬁenraDE29Aﬂﬂéﬁ abdut 1-2
hours 4 he 0 t T r t iltered.
The. 111t o PAaRe 1 & KhSROAioH THONSR! AP SAPhy! Acdtaords (958 1hPEaRY the
conbi ned QW@aBA¢2284EvacﬁkmasSadémemhgémnmdhedlby y@bghﬁneﬂamEUﬂtldh at

Y. ant WaSheRion aar b TR nisbBrnbe e B oL Put LT ABR ARG (2

organlc phﬁseeaasb$d1Mhﬂhzw@é¢r £2506- ﬁbkmylﬁgk@blel 1) bheaddedsto the
organi c phase and the EH 20 _adjusted to 1 _with 12N aquequs hydrochloric
aci d (abo#€t25ChaMy ; FHA pRAse 93?e“§é5§ratéddéﬂﬁtpﬁ§yaéléPEmﬁéueous | ayer

I's wasthedeki-AhgbebEaranet AanReaa2eé ol 5-dbhelhekorethangyGorllahy;added to
the acidic agueous Ehase and the pHis adjusted to 12-13 with 5N aqueous

sodi um hydrdxirBethy ésoﬁﬁzﬁﬁa§e§lépée§@éaﬂdte@rghdcﬁﬁ@ or §8ntélphase is
dried ovefigga); and 2- (4-methylisoxazol-5-y1)phenol (Pol. J. Chem.,

56:501, 1982) are reacted with (28)-glycidyl 3-
nitrobenzenesulfonate substantially as described for Epoxide

15 1 to yield the title epoxides.

Amines of Formula III

Amines 1-49 are prepared for use as described in

Schemes 1 and 2. These aminesg are pictured in Tables 3-5

20 below.
Table 3
3
X
O/
%3 = %3 = x3 = x3 =
Z | = t CN /,I CONH NZ |
Y x> X SN
\N Y N N \
CN
1 2 3
4
N7 NZ @ OMe )/@/CN
\ l \ l \N \“
CONH CO,Et 7 8
5 6




sodiumsul fate. After filtration the solution is concentrated to give 53 g
of the title amne (88%. Amne 6 30 4-(2-Am no-2-nethyl propyl ) phenol
(55.18 gwaazo276 mol ) is added to 5. 05N KOH (97.2 nmol ) . POvESe/s6s19r e i S
warnmed to 50C to give a honbgeneous yell ow solution. Chlorobenzene (1104
m ) and N, N-di net hyl acetam de (10.7 g, WD 02/06276 PCT/US01/ 16519 -46 122
mmol) is added and the m xture is heatég-to reflux (about 100C). The water
is renoved azeotropically via a Dean-Stark trap. At about 125C a solid

began to[form —Wien Thg pot tenperatune reacned 132C[the water has peen 5
removed and t ERELi op mi QMea thit S¢feraljl e sl

(mechani :al\y@/:i ng requi kg The Dean- St trap ijs rempvedyand an
addi tional T00"m of ' ch|orobenzene is |renpbved and di §car det. y

chl orobepzene (%0 m) i$ addedigto thejslurryllfoll owgd by et h
2-chl oronicotinate (50.0 g, 10 269 mmol|{) in chl orobenzene (50 _mM ). The
slurry ig—heated at —retlux until the feaction is conglete (alfout 24
hours). |After cagling to room fenperatjur ezz waterci 385 meﬁdﬁs NaOH (25
m, 0.1 equiv) N s added|to the turefand ti phaseg are_ gephrated.| The
organi ¢ phase. i ﬁshed W th.X ter (285 @, thg sol Gti™®n is
concentrated To & net weight of 700 g|(89% . Anmine 7 |20 16
4- (2- Am po- 2- et hyl propyl ) phend® (3.00|g, 18.25 mmwol),| et hyl
6- chl oropi cotinate (3.2Y g, 19.1 nmmol ), powdered potgsssi um carbonatie
(3.76 g, 27.2 nb®l, 300|mesh), N, N-dinethylacetam de |(60 ml), and tgl uene
(15 M) are copbipgd and heaged. I\ﬁ ref lux. The,watdr fornmed dyring the
25 reactjon i noved azeotfopicalfy via a Pegp-Stark tra(?:@tér gbout 2
hours, the i al tenperakiive reached 154C yand the |reac#t is conplete.
The slurry is cppled to|30C 1
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and filtered. The filter cake is washed with N, N di net hyl acetam de and t he
conbi ned organic fractions 30 concentrated by rotary evaporation at 75C.
The resuw®nyos20é | is dissolved in ethyl acetate (50 m), pe@ntiswashed w t h
water (30 m ). The phases are separated and the aqueous phase is extracted
with ethyl acetate (20 m) after sone saturated aqueous sodi um chloride
solution (10 m) is added WO 02/ 06276-£C1/ US01/ 16519 -47 to facilitate
phase separation. The conbi ned organic fractions are washed with water (2
x 30 m) rand——saturatedTaqueous—sodiumchtoride (30— —and—ttem drigd over
sodium sul fagey After tiltrmafion the sol uti is congentratied to 5 |give
4.60 g (B O%MNtme\}mcmne 12 524 3- dhl oxogyTCeNHhe
(Bremer| et ar CommS 27:1535] 1997;° Kaneda, |et al., Chem F
Bull., 1D 33: 56&3 1985) IS cougled to ﬁ (2 anugo 2- nethylproﬂﬁl)pheno
prepar e the—titte—amne by aprocedure substanttatty i tar—to—that
descri bed above for Amne 4. Amne 24 15 Potassiumtert-butoxide (58.6 m,

58.6 mmol, 1M in tetrahydrofuran) iZkddded to a solution of 3,4-

di chl or ophi-ephenrel—10- G—Qr*55;8%ﬂﬂ¥, Hr—tet+rahyereottran—3066— t 0C
and the

sol ution stirred for SOH 20 Methyl iodide (8.32 g, 58.6
nol ) i sj added dropwi se and the slurry is stirred for 16 hours.
The solv e

bnts are géidue is dissolved in 150 m
each of phases—are sepapatei

har m
| to

o
S

r. | t
renoved i n vacuo and

and

the orga
agueous
filtered
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of materXand saturat
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Amines 1 and 10 may be prepared according to
09/068,192, the

teachings of which are herein incorporated by reference.

procedures detailed in U.S. Serial No.
10
Amines 11, 26 and 33 may be prepared by a procedure
substantially similar to that described for Amine 1. Amines
2, 3, 8,

detailed in U.S. Patent No.

and 9 may be prepared according to procedures
5,977,154,

which are herein incorporated by reference.

the teachings of

15 Amines 27, 29



The sulfide from above is converted to the 30 correspondi ng sul fone as
descri bed below for Am ne 38. The 3,4 dichloronethyl sulfone is coupled to
4- (2- am oo B2/06re¢ hyl propyl ) phenol to prepare the title anP@EURY/®H519
procedure substantially simlar to that described above for Amne 4. WO
02/ 06276 PCT/US01/ 16519 -48 Amne 31 To a 1 gallon autoclave is added 2,5
5 dichloropyridine (123 g, 830 mml),_palladiuml|| acetate (5.6 g, 24.9
mol ), 1, 3-bi s(di phenyl phosphi ne) propane (20.5 g, 49.8 mol),

1,1,1,3,3 - hexanet hyl di si | (70 c LLL] 1 and
dinethylf%%%a%?d@a¥2gé ﬁf%Paﬁégngﬁu%0@?%%%dngp§%§§E%#§£§1é% %gmg%%rmﬁth
car bon nonoxtlet addsddibedt €drt Bm80€ $or 16 hours. The reaction mxture is
filtered and washed with acetonitrile. The m xture is concentrated in
vacuo to 590 g and 1L of water is added. The resulting slurry is cooled to
OC and filtered to give 102.6 g (79%irnef £2- car boxam do-5-chl oropyri di ne
mhichﬁgs 15 used wi thout further purification.

2- Car boxam do-5-chl oropyridine is coupled to 4-(2-

am no- 2- net hyl propyk) phennlinbo?2 phephayeptbpeyl) bhendin neoby 4, prbcedure
substantiall¥ Si”ilﬁi to ghat descrl?ed agg e _for mne_4. 20 Am ne 36
Oxal yl cHfBPTYe ¢18240RP 326¥2RABY TP 8dd38 - 8sPowf g2t Bt het hyl f or mani de

cool ed top02§£éiﬁhecaesa£htag(7257n§xt562 ol Popewdeoed b Qrand

2- car boxanj do-5 chl oropyridine (25 g, 160, nmmol) Is added porti onwi se. The
reaction @%m?F%ﬁl?S?téﬁléﬁnﬁﬁﬁg %ib'p§?ngﬁ8°€€ﬁ?E ﬁ$?§1W ) &Bl) is added.

The rieact ¢@mbshédr 84af BEaBeBObSre2fuxM NUheSwaldri Soppubedurthg 4né L of
water and 1 L of ethyl 30 acetate is added. The phases are separated and
t he aqueoﬁgactlon is” removed azeotropically via a Dean-Stark trap.
After about 1-2 hours the reaction is complete. The slurry
is cooled to 30°C and filtered. The filter cake is washed
with N,N-dimethylacetamide (250 ml) and the combined organic
15 fractions are concentrated by rotary evaporation at 80°C.
The resulting dark green oil ig dissolved in dichloromethane
(580 ml), and washed with water (160 ml). The phases are
separated and the organic phase washed with water (250 ml).
Water (1 L) is added to the organic phase and the pH
20 adjusted to 1 with 12N aqueous hydrochloric acid (about 25
ml). The phases are separated and the acidic aqueous layer
is washed with dichloromethane (250 ml). Dichloromethane (1
L) is added to the acidic agueous phase and the pH is
adjusted to 12-13 with 5N agueous sodium hydroxide. The
25 phases are separated and the organic phase is dried over
sodium sulfate. After filtration the solution is

concentrated to give 53 g of the title amine (88%).

Amine 6
30
4-(2-Amino-2-methylpropyl)phenol (55.18 g, 244.9
mmol) is added to 5.05N KOH (97.2 mmol). The mixture is
warmed to 50°C to give a homogeneous yvellow solution.

Chlorobenzene (1104 ml) and N,N-dimethylacetamide (10.7 g,



| ayer is extracted with 100 ml of ethyl acetate. The conbined organics are
washed with water (850 ml and 350 m), saturated aqueous sodium chloride
(100 m) want/et7©over sodiumsulfate, filtered and concenpP€BUSE/I6RI%vacuo to
gi ve WO 02/ 06276 PCT/US01/16519 -49 19.95 g (92% of

2-cyano-5-chl oropyridine which is used wthout further purification.

2- Cyano-5-chl oropyridine is coupl ed te44~(2-am no- 2-nethyl propyl)phenol to
prepare the title amne by a 5 procedure substantially simlar to that

descr'bedl@@°%ﬁoi9r1SAHH8§d4ané”tH§ ﬁ§x%9rgolg ﬁ@éﬁé&ogoo£e919#tyl lithium
(0.544 nol) in tetrahydrofuran (70 at -78C 1s added a sol ution of

3, 4- dlflubab@ﬂbnﬁﬁéﬁﬁéne Theowgten. 5§SrﬁﬁpyednazegtnbpmtallftVahydrofuran
Af ter LAHL8EarR SOLULT Ol OLuOhiIPiBYbe O 8B kdBeLD, 108 Bl Al

tetrahydr uran I's a 5 resulting reacti mxture is warned to
anblent t@hperaharEotoVempeﬁahunﬁtégacmhé Leatci bhei watenckasrheed i n vacuo

and the FeaUbLANGoaT Lulo DaCLLbh oed beLeen. TR0 K HBLNYLsfapbutyl et her

and 3 0 ases are separated and anifc Tayer is washed
mnth 300 ﬁiunfysémachaadcahuebusrﬂﬂgsndqumreﬁborlﬂhe Deapdsoaek tagpesi um

sul fate, I a [ resulting oil is
purified é £§%§35ﬁ1§ggt§ ?%%géﬁglrgepde 4§fogﬁlor?b§nﬁ g?ffﬁorophenyl
nethylsuIfeﬂeve&baadhﬂmsopedbénzoDryachMotGBeﬁzanelXSDSmhﬁdEd adadsd

portionw a_solutio (43 of

di chl oro é?héﬁ% ﬁ?uﬁfy’ ??§§0%% %u?ggyl ﬁ Cg%%ﬁ%?f%%yﬁ?éFﬁré5§som%rned to

anbi érfx t26pemadli eiandhlstoberdethor (2021 hour The ThEusDY | U8 Begte€nmayed by
sol ution mash of 30 1M sodi um

bi sul 11 t o BTG G nF o5 BRRGEETR £ R WP BP LS AR (AB8BE T L BPHFRL ed aqueous
sodi um chhbtedecodhéngr ganrcohayemnperature, water (385 ml) and 1N
NaOH (25 ml, 0.1 equiv) is added to the mixture and the
phases are separated. The organic phase is washed with
15 water (285 ml) and the solution is concentrated to a net

weight of 700 g (89%).
Amine 7

20 4-(2-Amino-2-methylpropyl)phenol (3.00 g, 18.2
mmol), methyl 6-chloronicotinate (3.27 g, 19.1 mmol),
powdered potasssium carbonate (3.76 g, 27.2 mmol, 300 mesh),
N,N-dimethylacetamide (60 ml), and toluene (15 ml) are
combined and heated to reflux. The water formed during the

25 reaction is removed azeotropically via a Dean-Stark trap.
After about 2 hours, the internal temperature reached 154°C
and the reaction is complete. The slurry is cooled to 30°C
and filtered. The filter cake is washed with N,N-
dimethylacetamide and the combined organic fractions

30 concentrated by rotary evaporation at 75°C. The resulting
oil is dissolved in ethyl acetate (50 ml), and washed with
water (30 ml). The phases are separated and the aqueous
phase is extracted with ethyl acetate (20 ml) after some

saturated aqueous sodium chloride solution (10 ml) is added



is dried over magnesiumsulfate, filtered and concentrated in vacuo to
give 45.17 g (88% of the title amine. WD 02/06276 PCT/US01/ 16519 -50

Am ne 41Woexeedic acid salt of 4-(2-am no-2- nethyl proppCypRenssiy 15 g,
66.5 mml) is dissolved in 90 mMl 5 of hot water. 5N aqueous sodi um
hydroxide (13.98 m, 0.0699 nol) is added and the resulting m xture is
allowed to stir for one hour upon whigh_-a precipitate formed. The reaction
is then placed in the refrigerator to allow nore precipitation. The

precipit g f
4-(2- an]ﬁ%ng%% %ifg d@*? % %$Q¥$Egé%asé@h8 combined organic
4-(2- Antnbraeheohyl@repwa$meén@ithrwetbasé2(ﬁ.EQ mg) #ddg8sameryted

di ssol ved_in_ 100 of aph dro t y f h I

pur ged mn?#u % rog%%l Qh¥oﬁl d?céigo%é eg%%%.§£9%§,§V 9 gé#? I's added
and the 1§u1éauét|ngfseruflbnraslahlbhedsbbusibm byveconghahtrdbed teaction
IS co%pentrateg bhe r ;gu dﬁgsoév g in ethyl acetate, and then washed
with watef*V 8 g%n y%F tred 3Ver€sodiumsulfate, filtered and
concentrated to a clear oil. The oil is taken up in anhydrous
tetrahydrofuran 20 and diisopropylethylampe (7.94 m, 46 mmol) is added
fol | owed by trifIuoronethanesulfoniémgﬂﬁgggide (7.67 mM, 45 mol). The

reaction is all ovvedztoyétlbmi@mcsrbpyf:squuetaﬁ&eﬂem tetvwater, sgxtracted
with ethyl acetate, dried, over sodluntsulfate and concentrate to a clear
sol id. 25CA™ort£4nlep5t e AhovkaRefRd €. 21g; 628MmBR§TRs Bhifked with

3- cyanophenybkebhor 0ogs) ack dobdpDed, £ 6. 8- wnnéﬁlnoagu@@gﬁypgt 1 yphEeasbonat e
(2M 7.1 nm, 14.3 nmmol), Iltn?unt ch] oride (288 ny %? and 60 m of

t et r ahydr BP UPBRPAT§hELPehEE ] BN2TENE| PYed RFPﬁeﬁuﬁ%nﬁ%ﬁ§B?n5hﬂ plirged with

30 n'tr09§ﬂm9§£9r%opéhéﬁdaéﬁégibéétéEBbétbeh§ﬂ¥h@h@5h'ne is added (37.9
ng, 0.34 . The reaction flask is covered with alumnumfoil and the

solution is brought to ref | ux.
Amine 24
15
Potassium tert-butoxide (58.6 ml, 58.6 mmol, 1M in

tetrahydrofuran) is added to a solution of 3,4-
dichlorothiophenol (10.0 g, 55.8 mmol) in tetrahydrofuran
(300 ml) at 0°C and the solution stirred for 30 minutes.

20 Methyl iodide (8.32 g, 58.6 mmol) is added dropwise and the
resulting slurry is stirred for 16 hours. The solvents are
removed in vacuo and the residue is dissolved in 150 ml each

of methyl-t-butyl ether and 1M NaHSO4. The phases are

separated and the organic layer is washed with 150 ml each
25 of water and saturated aqueous sodium chloride. The organic
layer is dried over sodium sulfate, filtered and
concentrated in vacuo to give 9.67 g of 3,4-dichlorophenyl
methylsulfide (90%).
The sulfide from above is converted to the
30 corresponding sulfone as described below for Amine 38. The
3,4 dichloromethyl sulfone is coupled to 4-(2-amino-2-
methylpropyl)phenol to prepare the title amine by a
procedure substantially similar to that described above for

Amine 4.



After 16 hours, the reaction is poured into a separatory funnel. Ethyl
acetate (100 m) is added and the organic WO 02/ 06276 PCT/USO01l/ 16519 -51
| ayer iswashed7evi th water, |IN agueous HCL, water, IN agRreDUSIBBHIIUM
hydroxi de and again with water. The organic I|ayer is dried over sodium
sul fate and concentrated to a brown solid. The crude product is purified
on a silica 5 flash colum eluting w tA820% et hyl acet ate/ 80% hexanes to
give 900 ng of the amine protected title am ne. The protected am ne from
above (1.025 g, 2.9 mol) is placed in a flask and stirred with
trifluoroacetic acid (neat). After 10 nisites, the solution is
concentrated and 10 taken up in 10 thanol. This solution is then
placed on a 10 g SCX colum and washed mﬁth nethanol (2 x 10 m). The
product is eluted with nethanolic ammonia [ 735 ng of the title
amine. 15 Amine 43 €3rdo ygﬁi@ﬁ?dﬁEBPgleﬁg 63 d§8§ %nﬁr is added in one

portian talah§@£@py9md9£e2<9bbogo é39amﬁ@1ythpammga@um(§§ dcBta2dl mol) in
400 M of tetrahydrofuran sulting mxture is allowed to stir for

60 ni nut e$>béf &y e2 a%U@@B%)anﬁnﬁrbﬁﬁH?&PB?PHép@?Bg@lﬁﬁﬁpﬁpyap§ 4dbled in one

portion. Aftep, §thﬁ6&P9 fof, QOBWB”Qteﬁexbﬁétﬁylaﬂé@lh%anéoﬁﬁéﬂtﬁ§§ed in
vacuo and the residue | s dissolved in et gy%acetate (750 m). ThIS organi c

sol uti on PSeRABhEEI WPt h1188 mileand sdarthvhfarvamdds( {1RO5108) m ) THARd t hen

four t'”Eaut$b§QvéQH§0ﬂ§eB¥Q£QEQEoEbC7@Cb91(%Nthlggrﬂbh mEH%xQ&QthS | ayer
is dried over sodiumsulfate, filtered, and concentrated in vacuo, and

dri edbvebanghe &P a@tC|EOVaééohov§Sg|v@hzzreagtépn mixture is

2- chl or o- §1§e&beéaghQO%Qgﬂeaew@th39cg%ahykremgor'@ﬁe(ﬁlgtﬁke 102 nmol) is
added dropw se to a cold solution (-40C) of 2-chl oro-5-

car boxani denhsphehed(18 yacoe. BonhdP) gi Andi kbt AY| Wekmunideadfieso nl).
After thepaddiLbgneh 85CQMRLELC: st BEOREACELOBobSand filtered to give

102.6 g (79%) of 2-carboxamido-5-chloropyridine which is
15 used without further purification.
2-Carboxamido-5-chloropyridine is coupled to 4-(2-
amino-2-methylpropyl)phenol to prepare the title Amine by a
procedure substantially similar to that described above for
Amine 4.
20
Amine 36

Oxalyl chloride (18.1 ml, 207 mmol) is added
glowly to dimethylformamide cooled to -25°C. The resulting
25 mixture is cooled to —-45°C and 2-carboxamido-5-
chloropyridine (25 g, 160 mmol) is added portionwise. The
reaction stirred for 30 minutes and pyridine (14.2 ml, 176
mmol) is added. The reaction stirred for 5 hours, 20
minutes and is poured into 1.5 L of water and 1 L of ethyl
30 acetate is added. The phases are separated and the agueous
layer is extracted with 100 ml of ethyl acetate. The
combined organics are washed with water (850 ml and 350 ml),
saturated aqueous sodium chloride (100 ml), dried over

sodium sulfate, filtered and concentrated in vacuo to give



allowed to stir for 2 hours before it is diluted with ethyl WO 02/ 06276
PCT/ USO1/ 16519 -52 acetate (500 ml). The resulting m xture is washed our
times wi mowao@re (25 nl), dried over sodiumsul fate, and PcoDUS@ntsset ed i n
vacuo to give 12.3 g of 2-chloro-5- cyanot hi ophene. 5

2- Chl or 0- 5- cyanot hi ophene (3.8 g, 26.6 mml) and

4- (2- am no- 2- et hyl propyl ) phenol (4.0-gqp-17.8 mmvol) are dissolved in

di met hyl sul foxide (15 m ). Sodi um hydride (60% dispersion in oil, 1.5 Q)

|5, 3dded b BOrL] eDSHOVEE 2 hours. o TREGLLESL AL LD Labauts hal f of the

total) is room érat ure ronis to 50C and
the remaimichguso@iubhbhydpide fiisa&dded i n portions. After the additions

are conplete, the rga n_\ix heated.t.o nd ig_ablowed to stir
for 44 hours. After§ ?%éﬁnng] %EO%Oégg ﬁ%ﬁgnﬁétﬁnggg%cgol % “PEHPT ut ed
wi th 15 dielkethgiretrbapé) phénmﬂ)tan@rm@aee cae mhﬁleThmlhaybysaare

separat ed_and the_organ IS .vasg ed, w ter (1 m). Water (77
)| B PBUEReEPAPE Ty SR I PRe BHE G PR EdDEg S B EF s

adj ust ed paithewdt h concentrated hydrochloric acid (1.9 ml). The aqueous

| ayer is washed 20 with dichloromethane (14 ml) and then the pH is adjusted
to 13 wth aqueous sodi um hydroxide (5N, 14 m). The aqueous |ayer is
extracted three tines with dichloropmtihaneg(90 mM, 2 x 45 m). The
extracts are conbi ned, dried over sodium sulfate, and concentrated in
vacuo to give 3.5 g of the 25 title amne. Am ne 48 30

2- Methy!l - hydr oxy- phesok £4%5u@ign G£13-Baky 1l thnhhmO(pr@nanﬁoaﬁolﬁ m, 676

o) BOLESSLAMLC UL ox d5ec(8y 17 S0.fel) and fobype (180,m) are
St ar k mater4Laap1u$h@bfeﬁ@beﬁaehé heabed, to.$3écmumblhn3§omah@ro@nd sol vent
began to %gkkgﬁ§dégfhggntrag ter 10 minutes, a solution of dimethyl
disulfide in 100 ml of tetrahydrofuran is added and the
15 resulting reaction mixture is warmed to ambient temperature
over 60 minutes. The reaction is concentrated in vacuo and
the resulting oil is partitioned between 750 ml methyl-t-
butyl ether and 300 ml water. The phases are separated and
the organic layer is washed with 300 ml of saturated agqueous
20 sodium chloride, dried over magnesium sulfate, filtered, and
concentrated in vacuo. The resulting oil is purified by
vacuum distillation to provide 43.08 g of 3,4-difluorophenyl
methylsulfide.
Metachloroperbenzoic acid (60.4 mmol) is added
25 portionwise to a solution of the sulfide (43 g, 26.8 mmol)
in 1L of dichloromethéne at 0°C. After 15 minutes, the
reaction mixture is warmed to ambient temperature and
stirred for 1.25 hours. The solids are removed by |
filtration and the resulting solution washed with 750 ml of
30 1M sodium bisulfite, 2L sodium bicarbonate, 1L water, and
750 ml saturated aqueous sodium chloride. The organic layer
is dried over magnesium sulfate, filtered and concentrated

in vacuo to give 45.17 g (88%) of the title amine.



WO 02/ 06276 PCT/US01/ 16519 -53 reaction is slowy heated to 149C and then
is allowed to cool back down to 130C at which point the reaction is
stirred fwooo3Bod2ours. Reaction is cooled to roomtenperat urer/vaoidiesst er (20
m) is added. After concentrating to about 5 half the volunme, water (100
m) is added and the mxture is extracted wwth ethyl acetate (2 x 100 m).
The organic layer is then washed w thsgaN aqueous hydrochloric acid and
water, dried over sodiumsulfate and concentrated to a brown oil. A

m xture of ethyl acetate and hexaneg,;£30Q9,m, 1:4 10 ethyl

acet at e/ hexanes) is added and product—ts triturated. The product from
above (7.0 g) is taken up in nethanol and acetic acid and 5% pal | adi um on

carbon is added. F%ﬂéogggtg@sﬁgggggg?gt§gchgkg gﬁa reactlon vessel up to

50 p.s.i. The mixture is then en”~ 15 for 16 hours.
The cat al pethi$pfobyvéd pieand t(hE geaéﬁiBnmmsl)cmacdmssaﬂedd Enh9D mtetate

400 preduct is f|| ered t ive 7 -(R-apipo-2
gethylpropylﬁggeno acetgg 8 °s8I ¢ éuTZhX§Fﬁ§l§ ﬁi? Wipyﬁ)gﬁgﬁol
acetic acimdlsals aédednﬂadteﬁetmeBU$t1ﬁQ ﬁiEEubasésfa&mbwéﬁetéreelbase is
reacted m%th di butyI di ca bo ate, and tg rgtectgd ﬁghne IS reacted
with 4- cygﬁoﬁﬁ%n§? borBhrc ™ PoPpPEpRE aF%e PrEf & TSIt SRt al Iy
as describedthbnvpl&oedAmnnehélre251é§r966r5to13128w hbre28, 30, 32, 34,
35, 37, 39, 42 8, 30,_.32, 34, 35, 37
and 39 aneS?BbB?EHOBy p&ggeﬁﬁﬁgépéﬁﬁg?aﬁﬁl§F9§e§F§1F8raFSOFﬁa% 5 9

describedofod-Ari-arido- Amnaeay4arap§1§1§haﬁel pEepar pdsby procedures
substantial ly sinilgr o_t hat ?esc fd for Anl nes 44-46 are
54 H

prepared by procedure ﬁﬂ%?Sn EFﬂ?Y%fmbﬁnPﬁa%rﬁﬁs PPBelof ot Ami ne
43. Am neg4941s8Winb2) 062761 BEb1SA11A6D38 mi54f anhydrous

tetrahydrofuran and the solution is purged with nitrogen.
Di-t-butyl-dicarbonate (10.56 ml, 46 mmol) is added and the

15 resulting solution is allowed to stir overnight. The
reaction is concentrated, the residue dissolved in ethyl
acetate, and then washed with water. The organic layer is
dried over sodium sulfate, filtered and concentrated to a
clear oil. The oil is taken up in anhydrous tetrahydrofuran

20 and diisopropylethylamine (7.94 ml, 46 mmol) is added
followed by trifluoromethanesulfonic anhydride (7.67 ml, 45
mmol). The reaction is allowed to stir for 3 hours,
quenched with water, extracted with ethyl acetate, dried
over sodium sulfate and concentrated to a clear solid.

25 A portion of the above solid (2.7 g, 6.8 mmol) is
mixed with 3-cyanophenyl boronic acid (1.0 g, 6.8 mmol),
aqueous potassium carbonate (2M, 7.1 ml, 14.3 mmol), lithium
chloride (288 mg, 6.8 mmol) and 60 ml of tetrahydrofuran.
The reaction is fitted with a condensor and purged with

30 nitrogen before palladium(0) tetrakistriphenylphoshine is
added (37.9 mg, 0.34 mmol). The reaction flask is covered
with aluminum foil and the solution is brought to reflux.
After 16 hours, the reaction is poured into a separatory

funnel. Ethyl acetate (100 ml) is added and the organic



prepared by procedures substantially simlar to that described for Am ne
48. Aryl Halides of Fornmula V5 Aryl halides 1-14 are prepared for use as
descri beavon2/@henme 2. These aryl halides are pictured brCDWSIIMI6TEDI es 6
and 7. Table 6 | HON Kjaorx3 X3 = X3 = X3 = X3 = CIN1 CNCONH2 2 3 4
S2Me CN H2 %5 10 0 H2 12 11 | N2 ,~ N CN 13 14 10 Table 7 | HOH ~
O-N~ Li Fi 0,X3 X3 =x3 = X3 = X3-51-CNCONH2 7 CN CONH2 6 9 WO

02/ 06276 PCT/ USO1/ 16519 -55 Representative Procedure 1: Preparation of

Aryl Hal'@§%er(2§)wgtsﬁéa' mgﬂhﬁaxégxym2aéueeaéyﬁ&9pawstéﬁp0ﬁqde 22, 8
mol ) or -(2-10do-6-t1 uoropheny oXxy) -
aqueous sodium hydroxide and again w1th water. The organic

layer is dried over sodium sulfate and concentrated to a
brown solid. The crude product is purified on a silica

5 flash column eluting with 20% ethyl acetate/80% hexanes to
give 900 mg of the amine protected title amine.

The protected amine from above (1.025 g, 2.9 mmol)
is placed in a flask and stirred with trifluoroacetic acid
(neat). After 10 minutes, the solution is concentrated and

10 taken up in 10 ml of methanol. This solution is then placed
on a 10 g SCX column and washed with methanol (2 x 10 ml).
The product is eluted with methanolic ammonia (2M) to give

735 mg of the title amine.
15 Amine 43

Carbonyldiimidazole (43.0 g, 265 mmol) is added in °
one portion to a solution of 2-chloro-5-carboxythiophene
(39.2 g, 241 mmol) in 400 ml of tetrahydrofuran. The

20 resulting mixture is allowed to stir for 60 minutes before
aqueous ammonium hydroxide (28%, 125 ml) is added in one
portion. After stirring for 90 minutes, the mixture is
concentrated in vacuo and the residue is dissolved in ethyl
acetate (750 ml). This organic solution is washed with

25 aqueous sodium hydroxide (1N, 100 ml) and then four times
with aqueous hydrobhloric acid (1IN, 100 ml). The organic
layer is dried over sodium sulfate, filtered, and
concentrated in vacuo, and dried overnight at 40°C in vacuo
to give 22.6 g of 2-chloro-5-carboxamidothiophene.

30 Oxalyl chloride (8.9 ml, 102 mmol) is added
dropwise to a cold solution (-40°C) of 2-chloro-5-
carboxamidothiophene (15 g, 92.8 mmol) in dimethylformamide
(150 ml). After the addition is complete, the reaction is

allowed to stir for 2 hours before it is diluted with ethyl



5 epoxypropane (Epoxide 55) is reacted with an equinolar anount of an
amne of formula Il (Amnes 2-5, 9, 10, 12, 31, 36 or 40) in 100 m of
ref | uxi ngvaonyoe@rhanol overni ght. After evaporation of thepChORVMEws19%t he
residue is purified via flash chromatography on silica gel using a

di chl oronet hane 10 di chl or onet hane/ et hanol i ¢ ammoni a gradi ent (100 to
95:5). Boronic Acids The follow ng bospnic acids or cyclic esters are
obt ai ned from comerci al sources for use as described in 15 Schenme 2.

T E R ALl B8 bty By B GRT,  °
PCT/ USO1/ 48849 wils Exhapl €35 ®epr eSehedt over Prodedur sulfapei nadon of

Epoxide 5 A vial_ i harged with a solution of single . amne of formula Il
(0. 2M i n EOAEHOT-eFoT. B BRGIC B0 FrCF onbl ard OAnt GEKBIGITon of a singl e
epoxi de ofydrostiul aphéné€0. 2M in

5 2-Chloro-5-cyanothiophene (3.8 g, 26.6 mmol) and
4- (2-amino-2-methylpropyl)phenol (4.0 g, 17.8 mmol) are
dissolved in dimethylsulfoxide (15 ml). Sodium hydride (60%
dispersion in oil, 1.5 g) is added in portions over 2 hours.
The first addition (about half of the total) is done at room

10 temperature. The reaction is heated to 50°C and the
remaining sodium hydride is added in portions. After the
additions are complete, the reaction mixture is heated to
90°C and is allowed to stir for 44 hours. After allowing
the reaction mixture to cool, it is diluted with

15 dichloromethane (45 ml) and water (90 ml). The layers are
gseparated and the organic layer is washed with water (15
ml). Water (77 ml) is added to the organic layer and the pH
of the aqueous phase is adjusted to 1 with concentrated
hydrochloric acid (1.9 ml). The agueous layer is washed

20 with dichloromethane (14 ml) and then the pH is adjusted to
13 with aqueous sodium hydroxide (5N, 14 ml). The agueous
layer is extracted three times with dichloromethane (90 ml,
2 x 45 ml). The extracts are combined, dried over sodium
sulfate, and concentrated in vacuo to give 3.5 g of the

25 title amine.
Amine 48

30 2-Methyl-hydroxy-phenol (15.0 g, 0.12 mol), 2-
nitro propane (60.8 ml, 676 mmol), potassium t-butoxide
(6.77 g, 60 mmol) and diglyme (150 ml) are mixed together in
a reaction vessel and said vessel is fitted with a Dean-
Stark water trap. The reaction is heated to 134°C until

35 water and solvent began to collect in the trap. The



di met hyl sul foxi de, 80 m cronolar). The vial is sealed and heated to 80C
for 24-48 hours. The solution is cooled to 10 roomtenperature, diluted
wi t h net ve@ot/p62amd passed over a cation exchange col umm, PeT/wsimigstohe basi c
material with IN nethanolic amonia. Representative Procedure 3: Am nation
of Epoxide 15 A stirred m xture of an epoxide of formula Il (1

equi val ent) and an am ne of formula I+b3¢1-2 equivalents) in ethanol,

met hanol , n-butanol or t-butanol is heated at 70- 80C for 2-7,2 hours. The

sol vent i5e§&@ﬂ@ﬁaistl@wﬂyYHéaﬁeEOtbolgbvggﬁmﬁrﬁﬁﬁh(lé diadwe® @ptional |y
diluted with nethang or h@p nq?passed over. a cation exchange col umm
gee E?o&la C\dt

(el uting CPfe Prek HHI e MidHo | fRe SRS 4O bt ore  furt her

purificatienrréd fbe BiRshrpl 0dHELELRPHBPAEEHOYT adRepr es6Mt Bbin¥BraP@EEdUr €
2 or 3 may be further purified gé flash or radial chromatogr ghy Typi cal

chr omat og?BPhY2EBRdI 2P oRs) i hEl adeed- a) AfEPRgCAnGaRFaBF g kP upBOBE 25:5: 1

chlor®fornén3tbﬁeob6§amenlwah3¥dr@6odﬁ1§n§s9aédé@ ShEOEREORILFRI-Bangl ; D) a
vari abl e m xture of 90: 10: CH2012/ethanoI|c NH3 gradient; c)

duchloron%%héﬂérﬁd1@@@hn@thzhoﬁceeams 6235ML 8AMBAI a | BhEi ehYBRbAEt hane

gradi ent ; 1 &)ermeLhyh gne,chhag Q@tw ih éqﬁé@ﬁsg /9&&88131&918 824 geLhanol ; e)
chloroforni OM ammonia I n nethanol, fromO0-10%to 6-20% WD 02/ 06276

PCT/ USO1/1%&529. d5¥eér9ﬁﬁénﬁO@FBF|éﬂlﬁﬁtﬁ)anéo@@ﬁﬁﬁﬁt6389§2mpaﬂnbﬁbwnin
met hanol : ;92 942@&!&&%9&%? Q€H§1 AkLeppat 5%48' YexhhEsT1 PRHoPLPAUSLE MRY be

purified on C18 bonded silica gel using either mass U|ded or W5 gui ded
reveride phbBEl| pgardtenheranegl apiyadfadeandi priflerhater twithrotedys

hydrochl oric acid ogyQ. %f%dEEEfEEBﬁOQBS%EC chd ) y@egaﬂg%;fgciﬁlon of a

conpound of the present Invention results in production ree base,
methanol and acetic acid and 5% palladium on carbon is

added. Hydrogen gas is injected into the reaction vessel up
to 50 p.s.i. The mixture is then heated to 50°C and shaken

15 for 16 hours. The catalyst is filtered and the reaction is
concentrated. Ethyl acetate (400 ml) is added and product
is filtered to give 7.55g of 2-(2-amino-2-
methylpropyl)phénol acetic acid salt. 2-(2-Amino-2-
methylpropyl)phenol acetic acid salt is converted to its

20 free base form, the free base is reacted with di-t-butyl-
dicarbonate, and the protected amine is reacted with 4-
cyanophenyl boronic acid to prepare the title amine

substantially as described above for Amine 41.

25 Amines 5, 13-23, 25, 28, 30, 32, 34, 35, 37, 39, 42, 44-47
and 49

Amines 5, 13-23, 25, 28, 30, 32, 34, 35, 37 and 39
are prepared by procedures substantially similar to that
30 described for Amine 4. Amines 42 and 47 are prepared by
procedures substantially similar to that described for Amine
41. Amines 44-46 are prepared by procedures substantially
similar to that described for Amine 43. Amine 49 is



the free base thus prepared may be salified, e.g., by 10 dissolution of the
free base in CH2C1l2 or diethylether, adding 1M ethanolic HC1L or a solution
of HCLl i wodyet2hyl et her, and evaporating the volatiles, oPCHESUewsr bed in
nore detail below For exanple, a hydrochloride salt nmay be prepared 15 by
di ssolving the free base in dichloronethane, diethylether, or a m xture of
et hyl acetate and nethanol and addi ngs4M ethanolic HCl, a solution of HCl
in diethylether, or 0.5M anmonium chloride. The resulting mxture is

all owed  £0o8hibal By BroB@GhrbhMBubELantibonyl LYA; ThpuLeStrlef ore 20
evaporating the volatiles and optionally tr|¥urat|ng in diethyl ether to
gi ve the Hydcséhedrifas 3aine $Be oxal ate salts may be prepared by
dissolving the free base in a small anount of ethyl acetate, optionally
addi ng nmet hanol for solubitity. The resulting solution is 25 treated with 1
equi val enpryfl HadigmssofuFpomudd ¥xalic acid in ethyl acetate. The
reacticon mxture is,ej.th : centna I C rLfuged,

separéfed, and the Aggﬁigélégggd?igé,gﬁg E?$§§?E§ géglggé é%lt. To prepare
a succi natlessalibedt he frbembade niiebe ad9ldhsdofleedara miskakkdanount of
et hyl acegg%gwonnn@%ﬁﬁggl6angd ghen treated with 1 equival ent of succinic
acid in nethanol e resulting'slurry is dissolved in the m ni nrum anount
of methanol then concentrated in vacuo to give the succinate salt. WO

02/ 06276 PCT/US01/ 16519 -58 For pr ﬂgﬁg éynthesized from Epoxi de 6, the
crude products are treated with 1N-HSH-8oxane for 2 hours at room

t enperat ure and concentrat ed be&ore urifying on C18 bonded silica gel as
describe? above to give a conpojn jﬁi}%&@Efoornula: 2 OHRRDb
3
X
x3 = X3 = X3 = x3 =
cN ~
e /@(‘mﬂ Ng 0
1 N CN CONH,
2 3 4
SO,Me . N CN
/<©/ Y Hz \\ “ /N
0" " NH
5 10 2 12
11
| =
[ 2 2N
\\ =N
' CN
13 14
10
Table 7
I HOH
(:[O\/'\/Nm
3
F oX
X3 = X3 = X3 = X3 =
L7 SS R
\ 7 ' CN ~CONHz
6
8 9




R3xR / X2 X3 N N For products synthesized from Epoxide 20, the title
conpounds are prepared by renoval of the Boc- protecting group fromthe

i m dazol iwe 0206206 by stirring a 10 solution of the crude proT/@stiedsPr oduct
in dichloronmethane/ 2N HC1 10:1. For products synthesized from Epoxi de 24,
the internediate N, N-dinethyl am no-propenones are treated with hydrazine
hydrate in ethanol to give a conpound_gg_-the 15 formula: 2 HN OH R 1 Rlb
/| O3x R4/ X~ X R X The table bel ow sets out representative conbinations
of Am nes and Epoxides that are reacted as described above in
Representative Procedure 2 or 3. 20 Preparation of desired product is
confir medRepacrassatspecPratednakydi:s PhBAYatEmax of Sramdaadiﬁesor Nban
(SEM data, discus e." stra Function” sect i

is al so included fo§§g5|§ ggnﬁ8§§ g gre ZV&I%&SF xyp?ﬁgaﬁﬁa§ VSFﬁ ?

repr esent 22he8awvarayeonf (aB) Féaﬁﬂ 30dun§ Zﬁuexophénaio&yheQmBse i ndi.cat ed.
WO 02/06276 PCT/USOl/l?g E$ d @ ?% e_Ani ne N?A | sol at ed
For m Enax SPOJYPTSRRfte pfxﬁgg 3 rﬂ?lﬁSPS Reel'afB 8B $IUIMRIAZ 5 1 460. 2

TrifluorOaAoehatef43n6am9n¥ o8 fo2m498. I1Fr ¢embBase 216,492 4049823 Free
Base 55. 0311 %6 or 48)500 %Ogr E B%S e??ux1ng gry ethanol overnight.

After evaporation of the solvent the residue is purified via

flash chromatography on silica gel using a dichloromethane-

10 dichloromethane/ethanolic ammonia gradient (100 to 95:5).

Boronic Acids

The following boronic acids or cyclic esters are
obtained from commercial sources for use as described in

15 Scheme 2.

Table 8
0 7 S
B (OH
) , (08)
3
S P Cle S\ _-B(0H)
— 0
4 5 6
; 0 (OH) S\,—B(0H),
som, | U s
0"\ J
8 9
.
S
B (OH)
va
10




6 4 2 501.3 Free Base 58.7 1.8 7 5 2 485.0 Free Base 48.8 2.5 8 6 2
484.1 Free Base 33.7 n =1 9 7 2 533.4 Free Base 23.7 10.0 10 8 2 496.6
Free Basav@b2/0627©0.9 11 9 2 501.4 Free Base 18.0 6.5 12PCL/UR0ULE5192
Hydrochloride 64.8 6.3 13 33 2 485.3 Hydrochloride 54.8 1.7 14 1 3
516.3 Free Base 16.9 n =1 15 2 5 516.3 Free Base 70.9 3.0 16 3 3 518.3
Free Base 67.6 4.7 17 4 3 519.3 FreegBase 62.9 2.2 18 5 3 503.0 Free
Base 49.1 2.9 19 6 3 502.1 Free Base 31.3 n =1 20 7 3 551.5 Free Base
30.4 2.5 21 7 5 551.4 Free Base 4%20 a 0 22 9 3 519.3 Free Base 22.0
5.3 23 10 3 521.4 Di-Hydrochloride .2 24 11 3 519.5

D - Hydrochloride 17.3 3.2 25 12 3 520.4 Trl-FNdrochIorlde 13.7 3.5 26
13 3 553. %}Free B S€, . 27 14 3 56' 3 Fr%§ Base 0.8 8.5 28 15 3
533. 3 Free—=Bs . z 4 5.9 30 18 3
504.5 Free Base 51 7 2 7 31 19 3 538 3 Free Base 12.1 n = i 33232122 5
503. 3 drochl ori de_54., 0 .33 23 3.,529.3 Free Base 26.2

502. 4 Pree Base <107351 ?% %%Gélasrg@fﬂe@’% & s9lgtipn-of simoip smips 3 Free
Base 17.5o0fn farhulld7 1513 (4892 ily iddhéein Asetratrtdhaa, @05m1%§o%@l% 29.3

7 19.2 Oxalate 67.1 O. 7 40 27 3 500.
iifflﬁgfg 2%69a§817§1§n3%f§a %1%g1e epoxide of formula II (0.2M in

dimethylsulfoxide, 80 micromolar). The vial is sealed and

1 4
l-.:.-

“-§

heated to 80°C for 24-48 hours. The solution is cooled to
10 room temperature, diluted with methanol, and passed over a
cation exchange column, eluting the basic material with 1IN

methanolic ammonia.

Representative Procedure 3: Amination of Epoxide

15
A stirred mixture of an epoxide of formula IT (1
equivalent) and an amine of formula III (1-2 equivalents) in
ethanol, methanol, n-butanol or t-butanol is heated at 70-
80°C for 2-72 hours. The solvent is evaporated to dryness
20 to give a crude oil that is optionally diluted with methanol
or ethanol and passed over a cation exchange column (eluting
the free base product with 1N methanolic ammonia) before

further purification.

25 The final products prepared via Representative
Procedure 2 or 3 may be further purified by flash or radial
chromatography. Typical chromatography conditions include:
a) using a variable mixture of 25:5:1
chloroform/methanol/ammonium hydroxide and 9:1

30 chloroform/methanol; b) a variable mixture of 90:10:1
CHyCly/ethanolic NH; gradient; c¢) dichloromethane/6-12%
methanol, 0.15-0.35M ammonia in dichloromethane gradientf d)
methylene chloride with a step gradient to 2-8% methanol; e)

chloroform/2.0M ammonia in methanol, from 0-10% to 6-20%



41 38 3 518.3 Hydrochloride 33.5 4.2 42 28 3 520.2 Oxalate 43.3 2.7 43
40 3 502.4 Hydrochloride 61.9 2.5 44 29 3 520.2 Oxalate 22.1 3.3 W
02/ 06276 WATWZ/08306L/ 16519 -60 45 32 3 503.3 Free Base 66. S5PCBUS01/461933 3
503. 3 Hydrochloride 64.7 1.3 47 34 3 502.4 Hydrochloride 35.5 5.5 48 1
4 498.3 Free Base 14.4 n =1 49 2 2 498.3 Free Base 59.1 n =1 50 3 4
500.3 Free Base 78.9 2.5 51 3 4 499_97Hydrochloride 74.1 3.3 52 4 4
501.3 Free Base 70.1 3.3 53 5 4 485.0 Free Base 74.5 12.5 54 5 4 484.9

Hydr ochl o 5 4 e se,37 = 56 7 4 533.3
Free BasegﬁggiQQE ilgggog § 45@ ﬁ§§F%%E gsg .§ﬁ gEgOHég én4 501. 3 Free
Base 21. Ome8hdnob9 20- 9450dlahEDeemBHhene10 60 21 4 485. 2 FNdrochIoride
70.8 3.1 61 23 4 g%é nF ee ?aset ? n4 3 rg " 4 é85b grlfg

Acetate 24.7 5.2 SHPACEYETY OkATare™82. B _§ 64°%1°% |quoro
Acet at e 36n5C186. Bon85d38i41485g31Hydinghkothde h5s8 ghifBed66r1U8 516. 3 Free
Base 32.6 nd:dl 67 2 3 g16.3 EFree Baﬁe 77,4 =1 68 35 518.3 Free
Base 83.791398d §g§VSrEesphageifEiti 5 FoeaE69F9PRY, 70 4 5 510.3 Froe
Base 73. 8 (abe@onitr4156/448e2 Wydnoohbosi Hedebchlotid a¢2d50b 608%0 Free
Base 67'6tr1f}uorgageglgogcgdvydr ggoéhggfggaéiog'%f a compound of

the present invention results in production of a free base,

the free base thus prepared may be salified, e.g., by

10 dissolution of the free base in CH3Clgy or diethylether,

adding 1M ethanolic HCl or a solution of HCl in
diethylether, and evaporating the volatiles, or as described
in more detail below.

For example, a hydrochloride salt may be prepared

15 Dby dissolving the free base in dichloromethane,
diethylether, or a mixture of ethyl acetate and methanol and
adding 1M ethanolic HCl, a solution of HCl in diethylether,
or 0.5M ammonium chloride. The resulting mixture is allowed
to stir for a short time, e.g., for five minutes, before

20 evaporating the volatiles and optionally triturating in
diethyl ether to give the hydrochloride salt.

The oxalate salts may be prepared by dissolving
the free base in a small amount of ethyl acetate, optionally
adding methanol for solubitity. The resulting solution is

25 treated with 1 equivalent of a 0.5M solution of oxalic acid
in ethyl acetate. The reaction mixture is either
concentrated in vacuo or centrifuged, separated, and the
solids are dried, to give the oxalate salt.

To prepare a succinate salt, the free base may be

30 dissolved in a small amount of ethyl acetate or methanol and
then treated with 1 equivalent of succinic acid in methanol.
The resulting slurry is dissolved in the minimum amount of
methanol then concentrated in vacuo to give the succinate

salt.



74 6 5 502.1 Free Base 36.8 n =1 75 8 3 514.5 Free Base 40.3 3.7 76 8
5 514.3 Free Base 48.8 5.5 77 9 5 519.3 Free Base 22.4 4.6 78 10 5
521. 4 D Wydreehd oride 30.3 5.1 79 11 5 519.3 Di - Hydr ochCDUS@162M. 3 3. 3
80 12 5 520.4 Tri-Hydrochloride 12.3 0.2 81 13 5 553.3 Free Base 60.4
5.1 82 14 5 569.2 Free Base 45.9 10.7 83 15 5 533.3 Hydrochloride 83.5
4.4 84 16 5 505.3 Free Base 72.1 6.25g85 17 5 501.2 Hydrochl oride 69.2
12.1 86 18 5 504.3 Free Base 64.6 3.3 87 19 5 538.1 Free Base 14.2 n =

1 88 20 5 504.3 Fr < 8 5 3 r ide 7 90 23
5 529.5 Free Base §€S§%g§$§u&gi %%@%mgiﬁgéﬂFﬁé%gégégkgéé9§’9&%9 %%ugi 5
502. 4 Fr eerBlsetd4ade prealled\GviZh 0B 716C PCI1 0S¢ 166802 hGdr9dF125r&o503. 3
Free Base_<10 94 37 5 503.3 Free Ba <10 95 39_5.536.3 r.ochl ori de

5% T eShrenterd 8nd o do LR LA Sottire JRulle pidSted (YAIRENEE' (€
98 29 5 5201 Pcéxgbht @s3@elcrib8d &A%030 Ho 536ve xabmpeurd.df thé 100 31 5
536. 2 Triéluq&P Acetate 31.4 5.0 101 33 5 503.3 Hydrochloride 67.4 4.0

102 SE 5 #ydrochloride 46.1 4.5 103 35 5 520.5 Free Base 21.1 0.1
104 36 5 502.4 Hydrochloride 36.0 OE'QZ 105 1 6 545.4 Free Base <10 106 2

1b

6 545.3 Free Base 53.2 2.4 0\/1\/ﬁjxfxl R
=
y)

N-
HN

For products synthesized from Epoxide 20, the
title compounds are prepared by removal of the Boc-
protecting group from the imidazoline ring by stirring a

10 solution of the crude protected product in
dichloromethane/2N HC1l 10:1.

For products synthesgized from Epoxide 24, the
intermediate N,N-dimethylamino-~propenones are treated with
hydrazine hydrate in ethanol to give a compound of the

15 formula:

1b

2
HN oH $ 1
N= o\/l\/ﬂjxfﬁ R )
R R\[ié}xax

The table below sets out representative
combinations of Amines and Epoxides that are reacted as
described above in Representative Procedure 2 or 3.

20 Preparation of desired product is confirmed via mass
gspectral analysis (MSA). Emax * Standard Error Mean (SEM)
data, discussed in the “Demonstration of Function” section
below, is also included for said compounds where available.
The Emax values represent the average of at least 3 runs

25 except as otherwise indicated.



107 3 6 547.3 Free Base 84.3 5.3 108 3 6 547.2 Trifluoro Acetate 87.1

11.9 109 4 6 548.3 Free Base 61.4 4.4 110 5 6 532.0 Free Base 60.3 3.9
111 6 6 aododEree Base 23.6
8.6 113 1 7 531.3 Free Base 20.7
1 115 3 7 533.3 Free Base 61.9 7.0 116 4 7 534.3 Free Base 58.2 7.2
117 5 7 518.0 Free Base 32.2 6.5 11856-7 517.1 Free Base 29.5
38 499.2 Trifluoro Acetate 55.2 3.6 120 4 8 500.2 Trifluoro Acetate 35.8

4.6 121 5 8 484.3 Trifluoro Acetat
Acetate 61.9 5.3 123 3 9 516.2 Tri

n

1

n

&

252

112 5 6 532.2 Tri fl ur€DUACIEKcEL%e 56. 9
=1 114 2 7 531.3 Free Base 56.6

Acetate 73.6 8.2

n

n

1 11

7.1 122 27 8 505.3 Trifluoro

9

124 4 9 518.2

Trifluoro [Bocet.daEpobde | ABnibhe 128BSB 9 S50l ared |IRmmo Ad¢et 8nmex4Q33
27 9 518.2 Triflluoro Adetate 2.2 1.3 127 1 10 550. 3|Freet Bme <1(
10 550.3 Free Base 40.4 n =1 1293 10 552.2 Trifluono Acetate 53.
130 4 10 5b313|Freé Bage 40.5(43542 |14l Z udyrH5:<Xxalra f| 158arlo xAQetéat 6
1.4 132 5 1D 537.6 Frge Base|38062 |18l f1hdd® Adktsdte 1 45ree tBasg 21.
1 134 21 [103537. 41Hydrlocid or |deg84%.]7 6.®redFnde 10 537. 2 Tcid I uord
Acetate 35 22 4.3 2136[39 40 $408Z3Hydr ochl e 18510 136 . D &L 1964 3
Base <10 13852711 364. 3 Fr£e Bage .41 7 Trred Bassy S 11g30Q. 3 1.6 0§
62.2 7.4 IO [4 I} 567. 3 FTE¢5BASE |48 9 ZEG PCH YS
7 5 2 485.0 Free Base 48.8 £ 2.5
8 6 2 484.1 Free Base 33.7 tn =1
9 7 2 533.4 Free Base 23.7 £ 10.0
10 8 2 496.6 Free Base 35.1 £ 0.9
11 9 2 501.4 Free Base 18.0 £ 6.5
12 21 2 485.2 Hydrochloride 64.8 £ 6.3
13 33 2 485.3 Hydrochloride 54.8 £ 1.7
14 1 3 516.3 Free Base 16.9 t n =1
15 2 5 516.3 Free Base 70.9 £ 3.0
16 3 3 518.3 Free Base 67.6 = 4.7
17 4 3 519.3 Free Base 62.9 £ 2.2
18 5 3 503.0 Free Base 49.1 + 2.9
19 6 3 502.1 Free Base 3.3 £t n =1
20 7 3 551.5 Free Base 30.4 £ 2.5
21 7 5 551.4 Free Base 48.0 =+ 2.0
22 9 3 519.3 Free Base 22.0 £ 5.3
23 10 3 521.4 | Di-Hydrochloride [29.9 % 3.2
24 11 3 519.5 | Di-Hydrochloride |17.3 x 3.2
25 12 3 520.4 | Tri-Hydrochloride | 13.7 £ 3.5
26 13 3 553.3 Free Base 41.4 + 6.6
27 14 3 569.3 Free Base 20.8 £ 8.5
28 15 3 533.3 Free Base 83.4 £ 7.2
29 17 3 501.3 Hydrochloride 48.4 = 5.9
30 18 3 504.5 Free Base 51.7 £ 2.7
31 19 3 538.3 Free Base 12.1 + n = 1
32 21 3 503.3 Hydrochloride 54.2 £ 5.0
33 23 3 529.3 Free Base 26.2 £ 4.3
34 24 3 502.4 Free Base <10
35 25 3 503.3 Free Base 28.9 t n =1
36 37 3 503.3 Free Base 17.5 + n = 1
37 5 3 489 .2 | Trifluoro Acetate |41.5 = 0.5
38 26 3 529.3 Free Base 20.5 £+ n =1
39 27 3 519.2 Oxalate 67.1 * 0.7
40 27 3 500.3 | Trifluoro Acetate | 79.5 = 6.7
a1 38 3 518.3 Hydrochloride 33.5 £ 4.2
42 28 3 520.2 Oxalate 43.3 £ 2.7
43 40 3 502.4 Hydrochloride 61.9 £ 2.5
44 29 3 520.2 Oxalate 22.1 £ 3.3

128 2
2 4.8
43.5
4 n

Free

baS €

6519

1.9 126



-62 141 5 11 551.0 Free Base 48.3 9.9 142 6 11 550.1 Free Base 20.2

n

1 143 3 12 500.2 Trifluoro Acetate 67.2 4.8 144 4 12 501.2 Trifluoro
Acet ate 30 92/0627d 145 4 36 501.2 Trifluoro Acetate 44.6 PEI/PS011K46195 12
484.2 Trifluoro Acetate 58.7 2.9 147 27 12 501.2 Trifluoro Acetate 58.9

3.6 148 30 12 536.2 Trifluoro Acetate 51.6 9.7

149 31 12 518.2 Trifluoro

Acetate 26.9 4.0 150 3 13 476.2 Trifkgoro Acetate 69.8 6.0 151 4 13
477.2 Trifluoro Acetate 73.1 3.8 152 5 13 461.2 Trifluoro Acetate 45.3

4.2 153 3 % A2 rf-dprorAcetatie—668—5-5—3154 4144+ Fr+Ff
Acetate 61 £° ¥ 73%es s vy 46303 % ey Ereo Basg . gl 209 & 5100
577.1 Tri f |08 Acotate 848 9 (8033157 Byduwoalyloride ¢ ©d-d A i-dr e
6.6 158 5 £5 £62 3 Trilfl vorol AP2r4tle Fwdrochloride 3|0 &7 F 5 -Prig
Acetate 76.48 7 4 l160(5 16 56298 -Frli |l udicPrEasf e 561342 & M E1 13
533.2 Triflddro Acétate 525 |498.3162 4 Frpei@pse Trif| &&-d Acataté
2.6 163 5 5P $18.2 Tri|/fl Joro|ABEt 3tle 44.Treet.Bmselo4 3| T8 .95% 2.1 f
Acetate 67, 31 8.5 31654 ¥8 55292 .0l f |HotmodAcletmditce 4974.3. & 3166 §
536.2 Trifl Bar¢ Acetate 58 3 |90%.3167 3 F¥eSHERLR Tri f || Jor.d Acét.at e
3.5 168 4| B3 $10.8 Triff | ubro|Aget.atlje 56.Hrect.BEnscl69 5| %A 494 2216 T
Acetate 43[ 34 6.8 517013 20D asq . or|l T I Aceiatd 55]G6 .8 & 6161
Trifluoro AGET &t e 7.9 6.6 14845140 S0k EdJdI0T0 AGEL & & 1
173 3 21 SEZGZ[TriHIUONO ACCT@EG§383.|9 4. real Bhar 21 92802 111 Hi gor
Acetate SO &7 $-2 g 4 |496.4 Free Base 41.8 £ 5.6
58 9 4 501.3 Free Base 21.0 = 3.4
59 20 3 504.3 Free Base <10
60 21 4 485.2 Hydrochloride 70.8 £ 3.1
61 23 4 511.4 Free Base 32.8 + 4.3
62 37 4 485.3 | Trifluoro Acetate |24.7 + 5.2
63 30 4 518.2 Oxalate 52.6 = 2.5
64 31 4 518.2 | Trifluoro Acetate |30.5 % 6.8
65 33 4 485.3 Hydrochloride 55.9 + 5.8
66 1 5 516.3 Free Base 26,6 tn =1
67 2 3 516.3 Free Base 77.4 £t n =1
68 3 5 518.3 Free Base 83.7 £ 3.0
69 3 5 517.9 Hydrochloride 80.7 * 4.4
70 4 5 519.3 Free Base 73.8 = 6.0
71 4 5 518.9 Hydrochloride 65.6 £ 1.3
72 5 5 503.0 Free Base 67.6 £ 7.1
73 5 5 502.9 Hydrochloride 69.5 =+ 0.1
74 6 5 502.1 Free Base 36.8 +n =1
75 8 3 514.5 Free Base 40.3 £ 3.7
76 8 5 514.3 Free Base 48.8 + 5.5
77 9 5 519.3 Free Base 22.4 * 4.6
78 10 5 521.4 | Di-Hydrochloride |30.3 # 5.1
79 11 5 519.3 | Di-Hydrochloride |21.3 £ 3.3
80 12 5 520.4 | Tri-Hydrochloride | 12.3 + 0.2
81 13 5 553.3 Free Base 60.4 £ 5.1
82 14 5 569.2 Free Base 45.9 + 10.7
83 15 5 533.3 Hydrochloride 83.5 + 4.4
84 16 5 505.3 Free Base 72.1 * 6.2
85 17 5 501.2 Hydrochloride 69.2 £ 12.1
86 18 5 504.3 Free Base 64.6 £ 3.3
87 19 5 538.1 Free Base 14.2 + n =1
88 20 5 504.3 Free Base <10
89 21 5 503.3 Hydrochloride 71.8 = 2.5
90 23 5 529.5 Free Base 31.5 £ 2.8
91 26 5 529.3 Free Base 24,9 + 9.3
92 24 5 502.4 Free Base 14.4 + n = 1

| uoro
15
73.3
| uoro
17
36.2
| uoro
18
57.3
| uoro
20 *
8.8



175 3 22 509.2 Trifluoro Acetate 67.4 3.9
Acetate 57.0 7.6 177 5 22 494.2 Trifluoro
509. 2 Triwoome@7dcetate 64.4 5.2 179 4 23
8.6 180 5 23 494.2 Trifluoro Acetate 52.4

176 4 22 510.2 Trifluoro
Acetate 46.0 1.7 178 3 23
510.2 Trifl uorPOT/ASE/&BE® 62. 2
6.9 181 3 24 586.2 Trifluoro

Acetate 66.2 1.6 182 4 24 587.1 Trifluoro Acetate 57.6 7.1 183 5 24
571.2 Trifluoro Acetate 53.7 4.3 18443_25 564.2 Trifluoro Acetate 64.1
3.2 185 4 25 565.2 Trifluoro Acetate 45.1 2.6 186 5 25 549.2 Trifluoro
O (o) 10Q77 N Lo ¥ad o177 N T £l 1y ~ I\nr\+ at o AL 1 1 |y 100

518, 5 Tr1 | ek ard 200a 103 3 oo oeoe Eaas usorlaes1a 062 140 5 26
502.2 Triflulbtd Acdiatd 3501 |203-3 5L Ty i £ llugro #Btate |54. 5
3.3 191 41222836 39 Trilf |l udro |B3& gt ddveroghboride 5 288 sHat D Fri f|l uoro
Acetate 401204 9 29933 2B 5431P Brjfl uor®akatate 73.15/83L 2= 6.9 4 28
544.2 Triflubtq Ac®$atd 5656 |52P.2105 5 x&bgte Triflllt ot Aedtdte |48.1
3.8 196 3| 2B H18.29Triff | upro |Acéx-atle 74.40x318ce197 4 |BP A3 22 T f|l uoro
Acetate 67]7°93.7 3098 |5 29 50335.7r| fl uor@xdcztate 48.|1596. 5 QIO 2A7 29
519.3 Triflaoépg Acktatqg 8350 |43%.2 P0DiB80u@bo SdBRatdei|fiLor ac Acat atle 59.5
3.7 201 311293 (51732 Tr|i fTsor dsAcetal e RpdBocHldridd?2 3 &80. 4752 olrilf | uoro
Acetate 59110249. 0 3203 |4 39 44602 Ir| T Tupdeofeed2i@S7.[816 3 & £Z0A 37
580.2 TriflgoBq AC®tal g 6756 |5 .5205 3 PBheolpade ITI11UDf 0 Aceggate (/0.3
0.3 206 4{3§2519 g TTI{fTUHTO [AGELare bﬁy&ro&ﬂorf&lg 21 34, L2 ofriffl uoro
Acetate 70150549 1 6 |545.4 Free Base <10

106 2 6 545.3 Free Base 53.2 £ 2.4

107 3 ) 547.3 Free Base 84.3 £ 5.3

108 3 6 547 .2 | Trifluoro Acetate | 87.1 % 11.9

109 4 6 548.3 Free Base 6l.4 £ 4.4

110 5 6 532.0 Free Base 60.3 = 3.9

111 6 6 531.1 Free Base 23.6 £t n = 1

112 5 6 532.2 | Trifluoro Acetate [ 56.9 = 8.6

113 1 7 531.3 Free Base 20.7 £ n =1

114 2 7 531.3 Free Base 56.6 £t n =1

115 3 7 533.3 Free Base 61.9 = 7.0

116 4 7 534.3 Free Base 58.2 £ 7.2

117 5 7 518.0 Free Base 32.2 £ 6.5

118 6 7 517.1 Free Base 29.5 + n =1

119 3 8 499.2 | Trifluoro Acetate | 55.2 * 3.6

120 4 8 500.2 | Trifluoro Acetate | 35.8 = 4.6

121 5 8 484 .3 | Trifluoro Acetate | 38.9 = 7.1

122 27 8 505.3 | Trifluoro Acetate | 61.9 * 5.3

123 3 9 516.2 | Trifluoro Acetate | 73.6 + 8.2

124 4 9 518.2 | Trifluoro Acetate | 46.7 £ 3.6

125 5 9 502.2 | Trifluoro Acetate | 40.3 = 7.9

126 27 9 518.2 | Trifluoro Acetate {62.2 = 1.3

127 1 10 550.3 Free Base <10

128 2 10 550.3 Free Base 40.6 + n = 1

129 3 10 552.2 | Trifluoro Acetate |53.2 + 4.8

130 4 10 553.3 Free Base 49.5 £ 3.4

131 4 10 552.9 | Trifluoro Acetate | 43.5 + 1.4

132 5 10 537.0 Free Base 34.6 £ 7.8

133 6 10 536.1 Free Base 2.4 £t n =1

134 21 10 537.4 Hydrochloride 47.7 * 6.5

135 5 10 537.2 | Trifluoro Acetate [35.2 * 4.3

136 39 10 570.2 Hydrochloride <10

137 1 11 564.3 Free Base <10

138 2 11 564.3 Free Base 41.7 + n =1

139 3 11 566.3 Free Base 62.2 £ 7.4

140 4 11 567.3 Free Base 48.9 * 2.5




208 3 32 510.2 Trifluoro Acetate 92.4 7.3 209 4 32 511.2 Trifluoro
Acetate 88.3 8.0 210 5 32 * Trifluoro Acetate 89.1 2.7 211 27 32 511.2
Trifluorov@dero@re 88.5 9.3 212 5 33 484.7 Trifluoro Acepai/®sS@deS19 3. 1
213 27 33 500.2 Trifluoro Acetate 63.0 3.2 214 30 33 517.2 Trifluoro
Acetate 42.4 9.4 215 31 33 535.2 Trifluoro Acetate 28.1 4.5 216 3 34
533.2 Trifluoro Acetate 85.4 4.9 2175534 518.2 Trifluoro Acetate 76.2
8.3 218 3 35 551.2 Trifluoro Acetate 76.5 1.7 219 5 35 536 2 Trifluoro

3—220-3—36—500"3F+Hvero—-Acetate—56-0 221 36

284 5 Tr F?—@%J, PO P ) A AU 7 e T R B g
10.0 223 8143157002 Tili f fdordoR0etk e g 5E€ BaSe 204 4 Hb-E724 ™ =1dilf | uor o
Acetate 3718430 3 3225 (3 48 57509 . | Friblepne Acekate [H7 42 3 bfs 4 39
572.2 Trifl|f8fa Acétatd 3223 |90 .20pFroblugrekcotatef| Jfrd Adetlat d 51. 3
10.8 228 81440 53%. 2 Tri Blouor|®0Acét pfel DPBugro Adetapg |5144.16 468 .2 Odal at e
34.7 4.3 |286|5 42 464. 2 12xal|dd .20 Brifl@or@3Ac8tatBe §0038 27 B iX.luor|o
Acetate 65/9474.2 2232 {5 42 49602 .Pr| TtibDlwAccAiaeadd.[68 20 & X3 J 44
523.2 Trifluaeg Ackbatg 7120 [43%.2230bf hdobdBetatdI|BN 06 Acat at e |44. 0
4.4 235 3[4%9% Tr3il udroiAcet|ata .60l bribloradHcdbddeqd 2 5 14 Iquorjo
Acetate 36{8501. 6 BD 02/ 06376 |HGH U0} 16bITro -Aleldded 0. 90 . oIri|f | uoro
Acetate 57[ 7511 T 2238715 48 49475 DT IPTQACAEard |03 & & 2 41 4
501. 2 Hydrpghgb rldg 749" 1% 5 | 2840 AlTps B o7 5 3-8

153 3 14 476.2 | Trifluoro Acetate | 66.8 £ 5.5

154 4 14 477 .3 | Trifluoro Acetate |61.1 = 7.7

155 5 14 461 .2 | Trifluoro Acetate {46.6 = 4.2

156 3 15 577.1 | Trifluoro Acetate 184.9 z 0.2

157 4 15 578.1 | Trifluoro Acetate |73.3 % 6.6

158 5 15 562.1 | Trifluoro Acetate | 73.0 * 3.0

-159 3 16 577 .2 | Trifluoro Acetate |76.9 = 7.4

160 5 16 562 .2 | Trifluoro Acetate |56.3 = 1.4

161 3 17 533.2 | Trifluoro Acetate {52.5 + 4.7

162 4 17 428 .2 | Trifluoro Acetate |36.2 = 2.6

163 5 17 518.2 | Trifluoro Acetate |44.6 £ 4.3

164 3 18 551.2 | Trifluoro Acetate |67.3 * 3.5

165 4 18 552.2 | Trifluoro Acetate |49.7 = 3.9

166 5 18 536.2 | Trifluoro Acetate [58.3 * 9.5

167 3 19 509.2 | Trifluoro Acetate [57.3 £ 3.5

168 4 19 510.2 | Trifluoro Acetate [ 56.1 £ 4.5

169 5 19 494 .2 | Trifluoro Acetate |43.3 * 6.8

170 3 20 576 .2 | Trifluoro Acetate | 55.0 * 4.8

171 4 20 * Trifluoro Acetate |47.9 %= 6.5

172 5 20 561.2 | Trifluoro Acetate [ 40.4 £ 8.8

173 3 21 543 .2 | Trifluoro Acetate | 87.9 = 4.5

174 5 21 528.2 | Trifluoro Acetate [ 59.3 £ 3.2

175 3 22 509.2 | Trifluoro Acetate [ 67.4 £ 3.9

176 4 22 510.2 | Trifluoro Acetate |57.0 = 7.6

177 5 22 494 .2 | Trifluoro Acetate | 46.0 % 1.7

178 3 23 509.2 | Trifluoro Acetate | 64.4 £ 5.2

179 4 23 510.2 | Trifluoro Acetate |62.2 £ 8.6

180 5 23 494 .2 | Trifluoro Acetate {52.4 * 6.9

181 3 24 586.2 | Trifluoro Acetate |66.2 £ 1.6

182 4 24 587.1 | Trifluoro Acetate |57.6 = 7.1

183 5 24 571.2 | Trifluoro Acetate |53.7 £ 4.3

184 3 25 564.2 | Trifluoro Acetate |64.1 £ 3.2

185 4 25 565.2 | Trifluoro Acetate |45.1 * 2.6

186 5 25 549 .2 | Trifluoro Acetate {41.1 % 8.2

187 3 26 517 .2 | Trifluoro Acetate {45.1 = 1.5

188 4 26 518.2 | Trifluoro Acetate | 38.3 £ 5.7




241 41 12 501.2 Hydrochloride 47.0 2.5 242 41 29 519.2 Hydrochloride 55.9
4.0 243 41 33 500.2 Hydrochloride 47.9 3.5 244 41 40 518.2 Hydrochl ori de
66.6 5. WOoBane624d 34 534.2 Hydrochloride 56.1 2.9 246 4RCBYSGBS®
Hydrochloride 52.1 2.4 247 41 2 501.2 Hydrochloride 45.4 3.4 248 41 3
519. 2 Hydrochloride 47.5 4.8 249 41 10 553.2 Hydrochloride 35.9 2.9
250, 41 38 571.2 Hydrochloride 31.6 3g3- 251 41 39 572.2 Hydrochl oride

33.4 5.7 252 41 27 536 2 FNdrochIorlde 38.4 3.8 253 41 18 552.2
drochl orj PT62 254 ”1 | f5—0=85285 41 22

I;%II.O 2 Hydr ggQ ;ridg A4-14 g%q“ ig%ﬁ ﬁlﬁﬂ##.% %‘Ar u%,‘% %%.3' i5’5."2 .8 257
41 13 477. Z—%%drcc. orilde2do 9533 7 | L Lot Aggtarelnboa s g 18 4
5.6 259 4htdils2a%o wldr @dni 1538, 2d AL ELNGE0 AGELAtGR 400 F 0 a o dhi or i de
38.2 2.0 |.b%4141 A6 548 LMrﬁZﬂhﬁ Frif Ripro Acetated 402 3 163 9o
Di hydr ochl pt?2ié¢ 6336 4 328754543 -2 56 HlugrR fetRtele B3t 3-8 264 17 2
486. 6 Hydrpt®fdridé 39.[a 280 154468 [Trifluwmn AqgrbrNRiGe 4227 [9. 4
266 17 31 Bb356 Hy8rochl oriBde |58872 |¢Tgif heyrd Agstalgs |6 SyidrodhlSor ilde 37. 1
2.5 268 1{7192|48336 Hydr @ohl abil8e 254761 £181ro 2eetiat® |500.%6 HHpdBoch! ori de
41.3 4.2 | 29017 40 5Q00. @9HydbBaéhRdrimdiet G BcStatdy] 455 $526.76
Hydrochl orjde339. 05 0.6 282 4503 .326r46 tyubos lostates 35871 2 &.5273 46 5
529.6 Free| Bage¢ 4B (.529274546.3 [529i Ol ddae AeseasS.|B3.10 4 4205 47 5
514.6 Hydrpghb¢r1dsp 470 2B 4[518.2 | Trifluoro Acetate |[59.5 3.7

201 31 29 517.2 { Trifluoro Acetate | 26.8 £ 4.2

202 3 30 475.2 | Trifluoro Acetate [59.1 = 6.0

203 4 30 476.2 | Trifluoro Acetate {57.8 + 3.1

204 3 37 580.2 | Trifluoxro Acetate | 67.6 = 4.0

205 3 31 518.2 | Trifluoro Acetate | 70.3 * 0.3

206 4 31 519.2 | Trifluoro Acetate |64.2 £ 8.1

207 27 31 519.2 | Trifluoro Acetate [ 70.5 = 4.9

208 3 32 510.2 | Trifluoro Acetate | 92.4 = 7.3

209 4 32 511.2 | Trifluoro Acetate | 88.3 = 8.0

210 5 32 * Trifluoro Acetate [89.1 = 2.7

211 27 32 511.2 | Trifluoro Acetate | 88.5 = 9.3

212 5 33 484 .7 | Trifluoro Acetate | 68.9 £ 3.1

213 27 33 500.2 | Trifluoxo Acetate | 63.0 = 3.2

214 30 33 517.2 | Trifluoro Acetate |42.4 * 9.4

215 31 33 535.2 | Trifluoro Acetate [28.1 = 4.5

216 3 34 533.2 | Trifluoro Acetate | 85.4 £ 4.9

217 5 34 518.2 | Trifluoro Acetate | 76.2 + 8.3

218 3 35 551.2 | Trifluoxro Acetate | 76.5 £ 1.7

219 5 35 '1536.2 | Trifluoro Acetate |50.4 £ 6.3

220 3 36 500.3 | Trifluoxro Acetate [ 56.0 = 2.9

221 5 36 484 .2 | Trifluoro Acetate | 40.8 = 8.3

222 4 37 581.2 | Trifluoro Acetate [59.0 = 10.0

223 3 38 570.2 | Trifluoro Acetate | 63.7 * 3.1

224 4 38 571.2 | Trifluoro Acetate {37.0 £ 0.3

225 3 39 571.2 | Trifluoxo Acetate }159.5 + 4.3

226 4 39 572.2 | Trifluoro Acetate | 37.8 + 9.2

227 30 40 535.2 | Trifluoro Acetate |51.3 + 10.8

228 31 40 535.2 | Trifluoro Acetate |28.9 + 3.4

229 5 41 468.2 Oxalate 34.7 + 4.3

230 5 42 468.2 Oxalate 30.8 = 6.0

231 3 43 505.2 | Trifluoro Acetate | 65.9 + 4.2

232 5 43 490.2 | Trifluoro Acetate {37.4 £ 2.8

233 3 44 523.2 | Trifluoxro Acetate [71.0 * 4.7

234 5 44 508.2 | Trifluoro Acetate |44.0 + 4.4

235 3 45 * Trifluoro Acetate | 60.5 £ 5.6

236 5 45 474 .2 | Trifluoro Acetate |36.8 £ 1.6




276 47 3 514.6 Hydrochloride 53.8 2.0 277 48 3 536.6 Hydrochloride 42.3
11.1 278 48 5 536.6 Hydrochloride 27.5 2.7 279 49 3 536.6 Hydrochl oride
17.0 2. Wo28024® 5 536.6 Hydrochloride 38.4 5.1 281 50PGT/b5¢1/B519
Hydrochloride 15.6 0.1 282 50 5 554.6 Hydrochloride 17.4 2.1 283 51 3
554. 6 Hydrochloride <10 284 51 5 554.6 Hydrochloride 10.8 0.3 WD 02/ 06276
PCT/ USO01/ 16519 -65 285 3 2 500.2 Oxalgae 24.6 3.8 286 3 33 499.1
Trifluoroacetate 72.1 4.5 287 5 30 * Trlfluoroacetate 39.9 4.9 288 5 37

* Trifluor 37-:( a‘_Lc3 29 454 gﬁ% W&%m@éﬁ cf;@ .5{57";771_01 iJG 5 48
468. 2 Hydr “.%,rrﬁg 2217 £§.7 1570 Trl oo, ]%Fijé*sc...c.éllgur§ AN A= 1
292 52 4 5 F-Hdereacetal 3 08 —203- 52 rrf.e rgacetate
50.1 5.6 | 23Al50 4b 543 3 .trl:wsPIn?ra iydroohleride 4 (445853 435507 '3
Trifl uor oa;gg Ao o 7 g P 2081852 M@thq’#}fﬂﬁ 0a¢fOat’e*43-8 4.4 297
21 12 485. 24 drodh orildel?a $506.2 | odivdnochlanbde N d/odntori-8e 54.5
0.8 299 21242 502.44 Hydr o@fl of F&8 -34. 9 Hyzlwpclzbor pde 36 | 48593 H¢dPochl or i de
52.2 5.9 [3H3]21 4D 502. 33Hydb66hPari devdpchldryde 302 439 93453653
Hydrochl orji2#412. 81 n 3 140303546.8 [50Z2dtychbatddei de 66769+ 6.7 304 40
10 536.3 Hy2k®¢hl otl de |[4438 4594.3(05 40/ Prd@4dlI3rHydr o¢hmlear de268. 8| 6.5
306 40 4 4@A4d@|Hydriochljor ede 3254.24. 0 mdliod d2id84. 35y drachlari de 74. 4
1.8 308 32247 $03.41 Hydrochl o 6de . 21. 2 myvadfchloride 45.4 = 3.4

248 41 3 519.2 Hydrochloride 47 .5 = 4.8

249 41 10 553.2 Hydrochloride 35.9 £ 2.9

250 41 38 571.2 Hydrochloride 31.6 = 3.1

251 41 39 572.2 Hydrochloride 33.4 * 5.7

252 41 27 536.2 Hydrochloride 38.4 + 3.8

253 41 18 552.2 Hydrochloride 37.6 £ 2.7

254 41 16 578.2 Hydrochloride 50.5 £ 0.8

255 41 22 510.2 Hydrochloride 41.4 £ 3.9

256 41 14 477.3 Hydrochloride 50.6 = 1.8

257 41 13 477.2 Hydrochloride 49.9 = 3.4

258 41 43 506.2 Hydrochloride 48.4 + 5.6

259 41 44 524.2 Hydrochloride 54.1 £ 3.9

260 a1 45 490.2 Hydrochloride 38.2 + 2.0

261 41 46 508.2 Hydrochloride 52.3 = 6.6

262 43 5 530.2 | Dihydrochloride |63.6 %= 4.3

263 17 4 486.6 Hydrochloride 64.3 = 9.6

264 17 2 486.6 Hydrochloride 39.4 £ 10.1

265 17 10 535.7 Hydrochloride 42.7 £ 9.4

266 17 31 501.6 Hydrochloride 36.7 £ 6.8

267 17 36 486.6 Hydrochloride 37.1 £ 2.5

268 17 12 483.6 Hydrochloride 54.6 = 8.2

269 17 9 500.6 Hydrochloride 41.3 £ 4.2

270 17 40 500.6 Hydrochloride 56.4 + 8.3

271 45 5 526.6 Hydrochloride 39.0 * 0.6

272 45 3 526.6 Hydrochloride 35.7 + 2.8

273 46 5 529.6 Free Base 40.3 £ 0.5

274 46 3 529.6 Free Base 38.8 £ 1.4

275 47 5 514.6 Hydrochloride 47.0 £ 1.4

276 47 3 514.6 Hydrochloride 53.8 + 2.0

277 48 3 536.6 Hydrochloride 42.3 = 11.1

278 48 5 536.6 Hydrochloride 27.5 £ 2.7

279 49 3 536.6 Hydrochloride 17.0 £ 2.7

280 49 5 536.6 Hydrochloride 38.4 £ 5.1

281 50 3 554.6 Hydrochloride 15.6 £+ 0.1

282 50 5 554.6 Hydrochloride 17.4 £ 2.1

283 51 3 554.6 Hydrochloride <10

284 51 5 554.6 Hydrochloride 10.8 + 0.3




309 54 3 503.3 Hydrochloride 67.1 1.2 310 54 5 503.3 Hydrochloride 72.7
3.4 311 54 2 485.2 Trifluoroacetate 51.5 1.7 312 54 4 485.4
Trifluoroe@er/ed2es 59.8 3.1 313 53 5 535.9 Trifluoroacet aPer/P013165¥. 1 314
60 12 518.3 Trifluoroacetate 42.0 2.0 315 60 29 535.9 Trifl uoroacetate
39.9 2.5 316 60 40 535.3 Trifluoroacetate 58.8 3.1 317 56 40 535.2
Trifluoroacetate 56.4 5.0 318 56 33_5d7.2 Trifluoroacetate 41.8 3.8 319
56 12 518.2 Trifluoroacetate 49.9 3.9 320 56 5 536 2 Trifluoroacetate

51.4 2.1 32356 54§22t cetate 42—5 22—of—4 5“2
Trifl uor oa ggit e 27 6 Hgl P 21 EUDz g 570 10 L:!@i?f.m- e N Q%J
57 12 570. P29Pilf | udrcadet afe 2498 14 ¥rifimoxeasetake § 72l £ 4.5,
31.6 7.8 L3%&157 20 5da 30Ty £l for dadxitimoxgagetate [39: 44 803
TrifluoroaceB8tle 58 7 |2 37 398 A 43 Hd f{upropcesetscetdsr-@ 87744 6
4 44 524.2{ 48?1l uobPoacegt attd 60498-3./0 3300z UBLA90, 2 THR/f-14uédr dacet 3
2.8 331 5B2920518. 2 Hydr oéBl o #68 -24. 9 HdockBBrE® 5 532..7 Hydr-dchl
80.6 2.4 VI»0D2/ 06876 RCTADS01AE6529 -HHdB3Ghb8ril2e518.18 .Mydr ackd dr
72.4 3.0 |3324158 83 517. 04 Hydp0B8hBQr rae f11.o0&cadelata3h 439 4 +501.82
Hydr ochl or| 2le366. 52 1. P36 $925.319 12 ilHjdbecblcerkie 68081 2. 46331
501. 2 Hydrpghhari dg2 5218 13. 7| 5838399133 falbrdaldedaeehl ani de+62. 2 ~ 3
63 5 502. 3 FHFTOCTE DI € 48. 55273 [34LiF udrodlctade [HAr OCHl @ i7d€
2.3 341 6PB396302 5, FT8e BASE 48023 [OTsifluoroacetate |47.9 + 4.4
297 21 12 485.3 Hydrochloride 74.5 = 6.7
298 21 31 503.4 Hydrochloride 54.5 = 0.8
299 21 9 502.4 Hydrochloride 45.9 + 3.9
300 21 36 485.3 Hydrochloride 52.2 * 5.9
301 21 40 502.4 Hydrochloride 69.2 + 1.2
302 39 3 536.3 Hydrochloride 12.8 £t n =1
303 40 5 502.4 Hydrochloride 67.9 £ 6.1
304 40 10 536.3 Hydrochloride 44.8 * 4.9
305 40 2 484 .3 Hydrochloride 68.8 £ 6.5
306 40 4 484 .4 Hydrochloride 82.4 £ 4.0
307 40 12 484 .3 Hydrochloride 74.4 + 1.8
308 32 5 503.3 Hydrochloride 71.2 + 5.8
309 54 3 503.3 Hydrochloride 67.1 £ 1.2
310 54 5 503.3 Hydrochloride 72.7 * 3.4
311 54 2 485.2 | Trifluoroacetate |51.5 £ 1.7
312 54 4 485.4 | Trifluorocacetate |[59.8 + 3.1
313 53 5 535.9 ] Trifluorocacetate | 29.3 £ 4.1
314 60 12 518.3 | Trifluoroacetate |42.0 * 2.0
315 60 29 535.9 | Trifluorocacetate |39.9 * 2.5
316 60 40 535.3 | Trifluorocacetate | 58.8 + 3.1
317 56 40 535.2| Trifluoroacetate |56.4 * 5.0
318 56 33 517.2 | Trifluorocacetate |[41.8 * 3.8
319 56 12 518.2| Trifluorcacetate [49.9 * 3.9
320 56 5 536.2| Trifluorocacetate [51.4 = 2.1
321 56 4 518.2] Trifluoroacetate [42.5 * 2.3
322 57 4 552.1| Trifluorocacetate |27.6 * 3.9
323 57 5 570.1 ) Trifluorocacetate [33.8 + 3.8
324 57 12 570.2 | Trifluoroacetate | 38.5 * 6.7
325 57 33 569.2| Trifluorocacetate |31.6 = 7.8
326 57 40 569.2 | Trifluorocacetate |[30.4 + 2.1
327 4 46 508.2 | Trifluorocacetate |56.7 £ 2.1
328 4 43 506.1| Trifluorocacetate |57.4 * 6.5
329 4 44 524 .2 Trifluoroacetate | 60.2 £ 3.0
330 4 45 490.2 | Trifluorocacetate |55.9 = 2.8
331 58 4 518.2 Hydrochloride 72.9 £ 2.0
332 58 5 537.2 Hydrochloride 80.6 £ 2.4

8 324
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2

5 329
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i de

59 12

3.9 339

28.1



342 3 34 533.2 Hydrochloride Not Tested 343 5 34 518.2 Hydrochl ori de Not
Tested 344 27 5 519.2 Hydrochloride Not Tested 345 64 5 576.1 Oxal ate
72.1 4. W0BA66266 29 576.1 Oxalate 57.3 6.3 347 65 5 S54BCBUBydrohl ori de
84.8 3.4 348 66 5 532.3 Trifluoro Acetate 72.6 5.5 349 67 5 543.3
Trifluoro Acetate 57.4 3.3 350 68 5 532.3 Trifluoro Acetate 45.8 1.9
351 69 5 543.3 Trifluoro Acetate 64.3-g4-3 352 70 5 532.0 Trifluoro
Acetate 68.5 2.5 353 73 5 597.3 Hydrochl oride 96.5 9.7 354 74 5 502.4

drochl or s 3525 —355332-31556 ogcetate 6665337 356 54
gy502.4 Trgggi"rogyitatc ig.Z 61%92 J@g%iééﬁtbi;égl :ljz'%géhﬁc% t¢ 65.4
2.6 358 SUS3BI5020 THifPiordatde Qe B IrOGhE T gy @0
Trifluoroabaiade D2 |4 A 3?5“?22 Rﬁycir*mj@r%‘f%avM5 361
32 9 502 4l TPPAl U Dacdtate 700192 1o Hydreghloride 31688 fnls4cetlat e
56.2 2.9 | 38%3|54 3% 445 327y POdorqacefvdroaplaride g | 384 8F 367485, 0
Trifluoroapdd8ile 6892 |2 83 365082240 Fiwdyoghleride ca¢dbate 832 4.6 366
71 3 517.2[ 38P1|l uovdacet at®e 47592.3.|5 BeIrqahloriade 2 TéK|2udr dadet gt e 69.5
4.6 368 7[1320499.83 Tri|f | ubr oab80ag P8 -&ydzoshladg9ddel (£8499.442.3
Trifluoroagetatle 5833 |3. 13 * [Bo@par|ati onFode pBapskict notdecaenfd vndd Qy MSA
Repr esent aj B¢ [Procgedurie 32 Syzgki. 2Qoupydgoctpl Hrddedul endfareAteangound of
formula V (843 [mmok) 19 digsollged .o S8y dfodhiskkiyddl oXane tanéstkar qughl y
flushed wi [Baangom7 PalT &Il UNEd) .0t T aky &k dsh ey PhOSRBENGE sk £a0 |,
0.64 WO 02{9pz {6 FEA/ UIUI/E65197¢ 1 Oxalate 72.1 = 4.2

346 64 29 576.1 Oxalate 57.3 £ 6.3
347 65 5 543.3 Hydrochloride 84.8 + 3.4
348 66 5 532.3 | Trifluoro Acetate | 72.6 * 5.5
349 67 5 543 .3 | Trifluoro Acetate | 57.4 * 3.3
350 68 5 532.3 | Trifluoro Acetate [ 45.8 + 1.9
351 69 5 543 .3 | Trifluoro Acetate | 64.3 £ 1.3
352 70 5 532.0 | Trifluoro Acetate | 68.5 %+ 2.5
353 73 5 597.3 Hydrochloride 96.5 & 9.7
354 74 5 502.4 Hydrochloride 73.5 £ 2.5
355 32 31 503.3| Trifluoroacetate [66.6 + 3.3
356 54 9 502.4| Trifluoroacetate |65.2 * 1.9
357 54 31 503.2| Trifluoroacetate | 65.4 = 2.6
358 54 40 502.1| Trifluorocacetate | 68.4 + 1.5
359 72 3 517.6| Trifluoroacetate [31.2 + 4.4
360 72 5 517.3} Trifluorcacetate [49.9 = 3.5
361 32 9 502.4 | Trifluoroacetate [70.1 = 2.2
362 54 12 485 .3 | Trifluorcacetate |56.2 £ 2.9
363 54 36 485 .3 | Trifluoroacetate | 50.1 = 4.9
364 32 36 485.0| Trifluoroacetate | 69.2 * 2.5
365 32 40 502.0| Trifluoroacetate | 80.2 £ 5.6
366 71 3 517.2 | Trifluoroacetate [47.9 = 3.5
367 71 5 517.2 | Trifluoroacetate [ 69.5 + 4.6
368 71 2 499 .3 | Trifluorocacetate |48.4 + 2.5
369 71 4 |499.4 | Trifluorocacetate |59.3 = 3.1

* Preparation of product not confirmed by MSA

Repregentative Procedure 4: Suzuki Coupling

5 Procedure 4(a)

A compound of formula V (6.4 mmol) is dissolved in
50 ml of dry dioxane and thoroughly flushed with argon.
Palladium(0) tetrakis(triphenylphosphine) (750 mg, 0.64



-67 mmol ) is added under argon and stirred at anbient tenperature until
the m xture beconmes honobgenous. The clear solution is divided into

al i quot s vob 020427¢ and each testing tube is charged with PCRgeIvEbEnt s of
an aryl boronic acid 5 of formula IV and 500 Al of 2M aqueous sodi um
carbonate wunder argon. The testing tubes are sealed and heated in a

m crowave oven (M.S ETHOS 1600) for 35gfiinutes and 100C at 1000W After
conpl ete conversion the sanples are diluted with 2 mM of water and
extract ed i Lch ng,. . acti k epeated with 2 m
of dichIoro%gt%32%@8%%ég%?%%n%géggféﬁgogglﬁ?%&c%ﬁI%@?ggn%nd dried over
sodi um sutémperatTheeonganl cthel miateresbecemesdhombgbnpne-t r Bheedldaber| yst
15 (3 to ach). (Prio 0. use mber|yst 15 i.$ pr she ith.

di chi or onk? ARLEMAt Rl R AE8 s LRHaPbHer hane Lt Fict RECH FPPATES: s

col orl esskub&hts shspgadiwnsha? eeghakehehios 30 annate$ boaraniorbcidl shaker
and filter

d. The. Anberl yst _|s repeatedly rinsed w.th
1 onl &1 onBE nReRatRangl 24d15p] hEBSH T AateRER pekkimearrLorrER: ed i th
di chl or onehflanebeybanol The abe®biaglilbeki aakl yeDetihanterieated fheated with
et hanol i ¢c_amoni a overni gh Th a ine. filtrates are cal d and
evaporateﬂ?cﬁPwégau?geﬂ(g¥£§:ﬁFﬁ?ﬁréggbBaﬁoﬁré% Wé??ﬁ@soﬁngohﬁﬁ%g %3(1.2 25
nol ) ¥ a( h)opowglc lﬁﬁir:]drOﬁpﬁpgﬁbéaggﬂvéﬁfﬂomgéés@ﬁblédi aﬂéO)ié;uted .
tetrakis(tri nyl phosphi ne . mmol ), an aquequs sodi um car bonat e
(1.5 m) Whtgigxé%eogzgaﬁ?f ?gghﬁﬁFﬁacBénglﬁFg%ﬂmgtOgOOC in a seal ed tube.
The moxt ugechSopeMEEHah8t 0 EMBLgetand ext rapbgde8WRithnBSmM bl et hyl
acetate. The i0~conb'ned organi c | ayers are washed mﬁthlgrine, dri,ed over

sodi um suftgReorgRatEdRtent FAtcA EAtEF FRIBELG Pr 2ESurallesheds ARG
products geepar 8de¥i 8oSudmkiuCedpki NgTABY 0BgaRUE £ edrBYenoEMat-cphage

chronatog&ggﬂy (sllica gel, WO 02/06276 PCT/US01/16519 -68,
pre-treatéd Amberlyst 15 (3 to 4 g each). (Prior to use
Amberlyst 15 is prewashed with dichloromethane, ethanol then
15 dichloromethane until the filtrate is colorless). The
suspensions are shaken for 30 minutes on an orbital shaker
and filtered. The Amberlyst is repeatedly rinsed with
dichloromethane/ethanol 1:1 (4 x 3 ml) and then repeatedly
treated with dichloromethane/ethanolic ammonia 1:1. Finally
20 the resin is treated with ethanolic ammonia overnight. The

alkaline filtrates are collected and evaporated.

Procedure 4 (b)

A mixture of an aryl halide of formula V (1.2
25 mmol), a boronic acid of formula IV (2.4 mmol), palladium{(0)
tetrakis (triphenylphosphine) (0.06 mmol), and 2M aqueous
sodium carbonate (1.5 ml) in dioxane (20 ml) is heated over
night at 100°C in a sealed tube. The mixture is poured into
water and extracted twb times with ethyl acetate. The
30 combined organic layers are washed with brine, dried over

sodium sulfate, and concentrated under reduced pressure.

The final products prepared via Suzuki coupling

may be purified by normal phase chromatography (silica gel,



di chl or onet hane/ et hanol i ¢ anmoni a) providing the free bases or by reverse
phase chronmat ography (acetonitrile/0.1% trifluoroacetic acid or 0.01% HCL
i n wat er W@oped2aé ng the trifluoro acetate or hydrochl ori BeTH8d ' ®519The
final 5 products existing as salts may al so be prepared in a separate
salification step by dissolution of the free base in ethanol or

di chl oronet hane and treatnent of the sgghution wth acid, e.g., IN

et hanolic HClL. Renoval of all volatiles under reduced pressure, affords

t he desir |.0 u n i c Lpations
of aryl 8? ggéggﬁégg%ggé%gagngg %bﬁggig? #gégﬁﬁgﬁgs%gesggﬁgeggg %ve.
Prepar ati om by desered phadacthrpma@ogtaphgd gcaetonssrspedOr.ak anal ysis
(MBA) . Emax Standar Errar. .Mean M ta, di sgu sed in_.t
"Dennnst?gflonu8¥°§ %loﬁClge8F|8n§Eelg§ﬁ 8 gﬁso n@FﬁH%glngo%gsald
conpoundstmhéleoauaababhEe Ehehﬁdmmchabméée samtesenmhéhélaaérage of at

| east runs .except astothermﬁse t|nd ca t %O Tabl e % . Aryl Boronic
NEA St BOPARERS ei‘%g Thg) Pl SRACE MEVPL §‘?o pP8B5 T8 80 OBase 403 2. 8
371 3 1 5834p3arkreesBasEid8r9on3sBep3by 4idsbddt3ohr e€ Base fr6e3bade8 373 1
2 495.7 Free 374 2 513. ree Base 4 75 3 2
495.8 Fr eénBﬁgg %8%1‘3‘?7‘5‘%018‘%%%@%*1%11?. %nar EEGEEE'SHES % %%‘e?SOé‘?‘glgnz 547. 2
Di - Hydr ochtieni deid3. .94, 21N3é8hand1300uE1Fr ereBB3$8160£2213. 2013¢2128s3
518.5 Free Base 3%.7 1.6 380 3 3 00..3 Fgee Base g? 4 4.1 381 4 3 518.3
Tri fI uor oURCEFaF8IBESE PEegSUss, 5L308585 5NpydPSLAPOr PA¢t32.3 1.9 383 5

10 156@.1-1 ---Hydroghl eabde H21bw Bets out representative
combinations of aryl halideé and boronic acids that are
reacted as described above. Preparation of desired product
is confirmed via mass spectral analysis (MSA). Emax *
Standard Error Mean (SEM) data, discussed in the

15 “Demonstration of Function” section below, is also included
for said compounds where available. The Emax values

represent the average of at least 3 runs except as otherwise

indicated.
20 Table 10
E.g.| Aryl | Boronic | MSA Salt Form Emax (%)
Halide| Acid + SEM

370 2 1 552.3 Free Base 40.3 + 2.8
371 3 1 534.2 Free Base 38.9 £ 3.9
372 4 1 552.3 Free Base 56.3 = 4.8
373 1 2 495.7 Free Base 29.0 * 6.8
374 2 2 513.5 Free Base 49.3 £ 0.3
375 3 2 495.8 Free Base 35.1 =+ 7.3
376 4 2 513.5 Free Base 48.2 £ 6.7
377 5 2 547 .2 Di-Hydrochloride {33.0 + 4.2
378 1 3 500.5 Free Base 60.2 + 3.2
379 2 3 518.5 Free Base 37.7 £ 1.6
380 3 3 500.3 Free Base 57.4 + 4.1
381 4 3 518.3 | Trifluoro Acetate |58.5 £ 6.9
382 5 3 552.3 Hydrochloride 32.3 £ 1.9
383 5 10 552.1 Hydrochloride 52.1 + 5.4




WD 02/ 06276 PCT/ US01/ 16519

-69 384 1 4 550.6 Free Base 45.4 5.6 385 2 4

568.3 Free Base 43.1 4.3 386 3 4 550.7 Free Base 46.9 6.7 387 4 4 568.2
Trifluorov@oroare 78.7 14.9 388 1 5 495.8 Free Base <10PCB8901216519513. 5
Free Base 20.3 2.0 390 3 5 495.8 Free Base 14.4 1.7 391 4 5 513.5 Free
Base 22.5 1.5 392 5 5 547.4 D -Hydrochloride 17.6 0.4 393 5 6 586.0
Hydrochloride 50.0 3.6 394 5 7 594. 3g4lydrochloride 76.9 5.0 395 5 8
536.3 Hydrochloride 46.6 5.9 396 5 9 566.1 FNdrochIoride 50 5 1 9 397 6

1 18. 4 Hygrachtori 2994439863518 A Hydrochloer 2—=+—1.7
3997 10 bR A b ok 130061 ;- Jnre Badd o o s e 156 0
3.5 401 [838D |51824 Hydr othl ori°dS -44. 3 @188@4%@6% 3 51@341Tr—| - gor qacet at e
31.1 3.3 3803 9 10 H436. 34 Hydri&aAHl.Orli de Sfr&e Hds@ 404 4%.3 336..3
Hydrochl orbgg 190 1 8_ 405 TS¥ DA B THMOENAELdee 07 78 77 14450 |1 ©
. [ Feacetatie—5> >l Hh ui’GCn —ot+ .
408 1 8 4 Zgg Hydr aoc Inrl%p 7 %?5 @ 5 Ad%F%egﬁ- *drorH{HildP 41. 3
3.9 410 2389952.3 Hydr ochl ori|dd376.]0 5.@6@11B_a£2e7 560.29 -Fr iff Pur odcet at e
78.2 9.9 3402 2 8 5(02. 4 Hydrqatisaii|de 74Fdee Bésedl3 3 19 H14 3.7
Hydrochl ofgg [66. § 9.2 &1 ~5§§5g 3 |rF£éém§§@@e[at POl + 4154 (415 3 7
542. 3 Tri fHHprHoacetatie—80—+6 ——446 uu!'n"““ 68—-9—6. 7
5 5 1547.4 Dl ﬁy_c'lroc'ﬁlo% 176 £ 0.4

393 5 6 586.0 Hydrochloride 50.0 £ 3.6

394 5 7 594.3 Hydrochloride 76.9 £ 5.0

395 5 8 536.3 Hydrochloride 46.6 £ 5.9

396 5 9 566.1 Hydrochloride 50.5 £ 1.9

397 6 10 518.4 Hydrochloride 29.9 + 4.4

398 6 3 518.4 Hydrochloride 22.1 £ 1.7

399 7 10 536.3 Hydrochloride 37.3 £ 3.7

400 7 3 536.3 Hydrochloride 26.0 £ 3.5

401 8 10 518.4 Hydrochloride 46.3 £ 6.8

402 8 3 518.4 | Trifluorocacetate |31.1 * 3.3

403 9 10 536.3 Hydrochloride 57.9 £ 11.2

404 9 3 536.3 Hydrochloride 40.4 + 7.8

405 1 9 514.3 Hydrochloride 64.4 = 7.1

406 1 6 534.0| Trifluoroacetate |55.8 * 7.1

407 1 7 542 .2 Hydrochloride 79.7 = 7.6

408 1 8 484.3 Hydrochloride 74.0 £ 6.5

409 2 9 532.2 Hydrochloride 71.3 £ 3.9

410 2 6 552.3 Hydrochloride 76.0 £ 5.0

411 2 7 560.3| Trifluoroacetate {78.2 + 9.9

412 2 8 502.4 Hydrochloride 74.4 = 7.0

413 3 9 514.3 Hydrochloride 66.9 = 9.2

414 3 6 534.3| Trifluoroacetate |65.7 + 11.4

415 3 7 542 .3 | Trifluoroacetate |[80.6 * 5.7

416 3 8 484.3 Hydrochloride 68.9 + 6.7

417 4 9 532.2 Hydrochloride 79.3 £ 2.4

418 4 6 552.4 Hydrochloride 74.4 £ 6.5

419 4 7 560.2| Trifluorocacetate [ 87.5 + 1.8

420 4 8 502.4 Hydrochloride 78.9 £ 2.3

421 10 3 517.3 Hydrochloride 53.4 £ 6.9

422 10 9 531.3 Hydrochloride 60.1 £ 8.2

423 10 6 551.4 Hydrochloride 63.1 = 4.7

424 10 7 559.1 Hydrochloride 71.2 £ 7.9

425 10 8 501.3 Hydrochloride 67.1 = 3.0

426 11 3 517.3 Hydrochloride 61.0 £ 7.1

427 11 9 531.3 Hydrochloxride 72.4 £ 6.9

428 11 6 551.3 Hydrochloride 75.5 £ 6.9

429 11 7 559.3| Trifluoroacetate |84.7 * 12.3




417 4 9 532.2 Hydrochloride 79.3 2.4 418 4 6 552.4 Hydrochloride 74.4
6.5 419 4 7 560.2 Trifluoroacetate 87.5 1.8 420 4 8 502.4 Hydrochl oride
78.9 2. 304206210 3 517.3 Hydrochloride 53.4 6.9 422 10rPOT/5801/18519
Hydrochloride 60.1 8.2 423 10 6 551.4 Hydrochloride 63.1 4.7 424 10 7
559. 1 Hydrochloride 71.2 7.9 425 10 8 501.3 Hydrochloride 67.1 3.0 426
11 3 517.3 Hydrochloride 61.0 7.1 427011 9 531.3 Hydrochloride 72.4 6.9

428 11 6 551.3 FNdrochIorlde 75.5 6.9 429 11 7 559.3 Trifluoroacetate
84.7 12. 043/.&’4‘_’2,4 6276—P IUOj 5?)3

77.4 9.0 Hy-d

o £ T RSP
Hoteorsde e R B Bt e s 10" 4
dr ochl g+ 60 4 33— 5S4 aF o e orde 4 12 7
Hy 1 ;;'Sil. A 35 %Y%f%@\h G dr og¢ I6| nrl 8R£A 6.1
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o fuSt

542. 3 Trilttiddoaddiatle7 .
436 13 3 5483 b odhl or® de 8234-21> dlvdisgchkopldzo i Sﬁvér GcAlad; de 72.0
10.5 438 4344 532 3 |Hydrhchl aPhde3qaTaifiporcagggats ¥ 7863 ¥ 5.1
Trifluordatd®dtel?s 90.% 44484338 sivdreshtectderi délzd & 6414 (441 14
3 500. 3 Hy4soahl d3i dd 64.2 7618442 14hwlridhBordde ochl5ar.ibde 62.9 (3.0

443 14 6 |583%774 HyA8rodhl or9de $632.211. ZHydiddciYo7idd2. 3 7Pr.i0f BudDo&cet at e

83.8 11.[443d45 14 8 [484.8 Hydp6ehBdri deydodhlddide 4464433+518.8

Hydrochl dqr43le 6418 6.0 ‘Exanpbe044(| OHifluoroacetate |[75.0 * 9.6
440 13 8 502.4 Hydrochloride 73.4 £ 4.4
441 14 3 500.3 Hydrochloride 64.2 £ 7.0
442 14 9 514.3 Hydrochloride 61.5 £ 3.0
443 14 6 534.2 Hydrochloride 56.1 + 11.2
444 14 7 542 .3 | Trifluorocacetate |{83.8 + 11.4
445 14 8 484.3 Hydrochloride 74.5 * 14.1
446 4 3 518.5 Hydrochloride 64.0 * 6.0
Example 447
OH
\V/L\/ﬁ
s el
N, N
N— 0]
N=p I
N
5 A solution of Amine 4 (300 mg, 1.130 mmol) and

trimethylsilyl acetamide (TMSA) (210 mg, 1.614 mmol) is
dissolved in acetonitrile (1.5 mL) and stirred for 30
minutes. To this solution is added Epoxide 62 (250 mg,
1.076 mmol) in acetonitrile (3 mL) and ytterbium triflate
10 (13 mg, 0.215 mmol). The solution is heated at 80°C for 24
hours and concentrated in vacuo. The resulting solid is
purified by flash column chromatography (99%
dichloromethane:1% methanol gradient to (95%

dichloromethane:5% methanol as eluent) to give 135 mg of the

15 title compound (25%). FDMS m/e = 500 (M*+1l). Emax (+ SEM) =
74.5 (4.0).



INN~IT N 5 Asolution of Amne 4 (300 ng, 1.130 mol) and
trimethylsilyl acetam de (TMSA) (210 ng, 1.614 nmmol) is dissolved in
acetoni t woe2/627&6 nL) and stirred for 30 mnutes. To thi BCRORUYI66 | S
added Epoxide 62 (250 ng, 1.076 mmol) in acetonitrile (3 nL) and ytterbium
triflate 10 (13 ng, 0.215 mol). The solution is heated at 802C for 24
hours and concentrated in vacuo. The repulting solid is purified by flash
col um chr omat ogr aphy (99% di chl or onet hane: | % net hanol gradient to (95%

di chl or onet hane: 5% net hanol as el to gigve 135 ng of the 15 title
conpound (250). FDM5S mle = 500 ( SEI\/9 74.5 (4.0). WO

02/ 06276 PCT/US01/16519 -71cExanple 448 OHHFH CO-~NSOO OH N OH
F O NH2 The conpound g ’ - hydrol i zed withoH. 0 5 equival ent of
| ithium hydroxide (1 ' an ar= oorp erat ure overni ght,
and then concentrat ed\% h Hiis purifed via HPLC as the
trifluoroacetic acid sal t ri bed above in RepFesentative Procedure 2
and 3. M5 562.2. Emax ( SEM

FF OH

25.C
§9(55). anp|e449 OHHXO,,t,N\

The compound of Exaﬁple 346 is hydrolized with 1.0
5 equivalent of lithium hydroxide (1M), in tetrahydrofuran at
room temperature overnight, and then concentrated to a crude
residue which is purified wvia HPLC as the trifluoroacetic
acid salt as described above in Representative Procedure 2
and 3. MS 562.2. Emax (t SEM) = 79.9 (5.5).

10
Example 449

OH
O\/l\/N7<:\I::1\ — FgrﬁL
O OH
\ S/ o/p i
OH
O v,

The title compound is prepared from the compound

15 of Example 345 as described in Example 448. MS 562.2. Emax
(X SEM) = 74.2 (2.2).

Example 450

H
H
Oj\”NK\@ PN
0 OH
NH, o
NH,

20
The compound of Example 345 in dimethylformamide

is treated with 1.0 equivalent of sodium ethoxide and 4.0



SO0/ 0O\ FOHdon NH2 The title conpound is prepared fromthe conpound 15
of Exanple 345 as described in Exanple 448. Ms 562.2. Emax ( SEM = 74.2
(2.2). Eveoptr/@2460 O HHH S (NHFF OH 0\ F Z on NH2 peDUShelesnpound
of Exanple 345 in dinmethylformamde is treated with 1.0 equival ent of

sodi um et hoxi de and 4.0 WD 02/ 06276 PCT/US01/16519 -72 equival ents of
formam de. The mxture is heated to 109¢ for 4 hours, cooled to room
tenperature then concentrated. The residue is purified via HPLC as the
trifluoroacetic.acid alLt_as descrihed above in, Representati ocedure 2
and 3. 5 WETseg1 85t of rouiiptaey BRE AVPYEEs T RERESE By oSG OORMS
N 0.5HO £+ 04 ABuise coap@@nﬂoofo&Maﬂ@mpeﬁﬁtﬁgégthgﬁ 6@ﬂcé?5raﬁtar

equi val ent.s (29 of fumaric acid e_suspended in nL of _ethanp

Ganat ur e TP RoEUPBNGS AHUEEFEoR TR BEPE RBabes. Chi FURGTPECet fecrora

di ssol ut i @1t Ahketlc8ppibadnabely {h VRephtsuhestitvbers6ttine Deghas3t o

precipitate. The
5 MS 561.2. Emax (X SEM) = 67.4 (2.1).

Example 451

10 The compound of Example 50 (250 mg) and 0.5 molar
equivalents (29 mg) of fumaric acid are suspended in 5 mL of
ethanol denatured with toluene and the mixture is heated
mildly to effect dissolution. After approximately five
minutes, the solution begins to precipitate. The

15 temperature of the crystal slurry is maintained at the
crystallization temperature (56-572C) for about one hour.
The heat source is then turned off and the slurry is allowed
to cool with stirring overnight. Ethanol denatured with
toluene (2 mL) is added and the solids are isolated by

20 vacuum filtration. The filter cake is washed with ethanol
denatured with toluene (5 mL) and air dried to give 230 mg
of the title compound. mp = 147-149°C (measured by
differential scanning calorimetry (DSC) with a scan rate of
10°C/minute) .

25



15 tenperature of the crystal slurry is maintained at the «crystallization
tenperature (56-572C) for about one hour. The heat source is then turned
of f and tWweozbazréy is allowed to cool with stirring overPCTUS01/E51vanol
denatured with toluene (2 nL) is added and the solids are isolated by 20
vacuum filtration. The filter cake is washed with ethanol denatured with
toluene (5 nL) and air dried to give 238-ng of the title conpound. np =
147-149C (measured by differential scanning calorinmetry (DSC) with a scan

rate of 10C/ minute). 25 WO 02/ 06278 PG /16519 -73 Exanple 452 COHH
QIIINSoll N I~ HO/ O The Exanple 50 (57.7 ng) is

dissolved 5 in 2.5 nL of absolutgm@%f nol and the solution is stirred at
roomtenperature. To the stirredys non dged benzoic acid (1
equi val ent, 14.1 ng) dissol ved 200 m crdl o s of nmethanol. The

resulting mxture is stirred at ré6umtenperaturle for 3.5 to 4 hours.
Precipitation occurrs in 10 approxi mat el -60 minutes. The precipitate is
isolated by vacuumfiltration and thé°fit¥er cake is collected and air-
dried overnight. np = 148-150C (neasured by DSC with a scan rate of

5 mnute) . 15 Exanple 453 H OHN

The compound of Example 50 (57.7 mg) is dissolved
5 in 2.5 mL of absolute ethanol and the solution is stirred at
room temperature. To the stirred solution is added benzoic
acid (1 equivalent, 14.1 mg) dissolved in 200 microliters of
methanol. The resulting mixture is stirred at room
temperature for 3.5 to 4 hours. Precipitation occurrs in
10 approximately 30-60 minutes. The precipitate is isolated by
vacuum filtration and the filter cake i1s collected and air-

dried overnight. mp = 148-150°C (measured by DSC with a

scan rate of 5°C/minute).
15 Example 453
H
oo
= (0]
s~/ HO 1l
t N
HO:
T0

The compound of Example 50 (200 mg) is dissolved

in 1 mL of acetone and the solution is stirred at room

20 temperature. To the stirred solution is added R-mandelic
acid (1 equivalent, 61 mg) in acetone (1 ml). The resulting
mixture is stirred at room temperature and the precipitate

is isolated by vacuum filtration. The filter cake is
collected and air dried overnight. mp = 138-140 °C

25 (measured by DSC with a scan rate of 5°C/minute).



I/ 1/ o Y1l -Cs- HO N HO O/ The conpound of Exanple 50 (200 ng) is
dissolved in 1 nL of acetone and the solution is stirred at room 20

t enper at we 02/T627¢ he stirred solution is added R-nmandel i c PaTiUd01(16519

equi valent, 61 ng) in acetone (1 m). The resulting mxture is stirred at
roomtenperature and the precipitate is isolated by vacuumfiltration. The
filter cake is collected and air drieggavernight. np = 138-140 C 25
(measured by DSC with a scan rate of 5C/ mnute). WO 02/ 06276 PCT/ US01/ 16519

-74 Example 454 H",HON HO/ Cﬁgy Fﬂg ound of Exanple 50 (106 np)
acé?ég%—aﬁ%§£

is dissolved 5 in 1 nL of ethyl he solution is stirred at room

tenperature. To the stirred solutiogﬂi added salicylic acid (1
equi val ent, 29 ng) in 150 micrpiN? §¥AE§%2 . The resulting m xture
is stirred at roon1tenperature82%€i>then up to 50C. Hexane is added
to the mixture as 10 an antisol vedt? at e vat edi tenperature until cloud
point (approxiantely 1 m ethyl acetat m df hexane). The slurry is
allowed to slowy cool to roomtenperatiure. The precipitate is isolated by

vacuum filtration and the filter cake is collected and air dried
overnight. nmp = 124 C 15 (peak max) (nmeasured by DSC with a scan rate of

>C/'m nute). Denonskpat Lep,Bl E]U%th R0 TRE g8nesoenaadi ng HHesRYR
(31-adrenergic receptor ?Erie e et apﬁ, Proc? Natﬁqucad. %gl., 34:7920-
5 in 1 mL of ethyl acetate and the solution is stirred at room
temperature. To the stirred solution is added salicylic
acid (1 equivalent, 29 mg) in 150 microliters of methanol.

The resulting mixture is stirred at room temperature and

then heated up to 50°C. Hexane is added to the mixture as
10 an antisolvent at elevated temperature until cloud point

(approxiamtely 1 ml ethyl acetate:1 ml of hexane). The

slurry is allowed to slowly cool to room temperature. The

precipitate is isolated by vacuum filtration and the filter
cake is collected and air dried overnight. mp = 124 °C

15 (peak max) (measured by DSC with a scan rate of 5°C/minute).

Demonstration of Function

The genes encoding the human Bj-adrenergic
receptor (Frielle et al., Proc. Natl. Acad. Sci., 84:7920-
20 7924, 1987), the human B2-adrenergic receptor (Kobika et
al., Proc. Natl. Acad. Sci., 84:46-50, 1987, Emorine et al.,
Proc. Natl. Acad. Sci., 84:6995-6999, 1987) and the human B3
adrenergic receptor (Granneman et al., Molecular
Pharmacology, 44(2):264-70, 1993) are individually subcloned
25 into a phd expression vector (Grinnell et al.,
Bio/Technology, 5:1189-1192, 1987) and transfected into the
DXB-11 Chinese hamster ovary (CHO) cell line by calcium
phosphate precipitation methodology. The stably transfected

cells are grown to 95% confluency in 95% Dulbecco’s modified



20 7924, 1987), the human (32-adrenergic receptor (Kobika et al., Proc.
Nat|. Acad. Sci., 84:46-50, 1987, Enorine et al., Proc. Natl. Acad. Sci.,
84: 6995- 0992/062987) and the human (33 adrenergi c recept oPCT/Gs@mseIvan et

al ., Mol ecular Pharmacol ogy, 44(2):264-70, 1993) are individually

subcl oned 25 into a phd expression vector (Ginnell et al.,

Bi o/ Technol ogy, 5:1189-1192, 1987) andygransfected into the DXB-11 Chinese
hanst er ovary (CHO cell line by calcium phosphate precipitation

met hodol o e |y fegte I ar rown to 95%confluency in
056 dul bolbgrEhmEhalty (i) CE5darty hiving Sbath ‘?‘é‘dEig?Og§ Medi um
(DVEM), 5%rbétak.boMedéasdsumeanded. 6b% theokeids kbdi aashedentzad and t he
cells are Wash

d.with hosphate . .byf.fered (pH 7.4) saline (wthout
nmagnesi urripaﬁﬁpﬁgg c%ﬁﬁ)f.%reé R? aﬁeﬂﬁhéﬁﬁﬁf’% SH*GEPK Qﬁ’g@ﬁ%ﬁf@ PPde cell 5
di ssoci at caficdahit i otel Ipeeiral tthedbdidebavalhet e, eNewmel €raeyreand
pel | et gd centrifugation. ,Cells fro ac f. the aboye cell _|lines are
resusp%ndgésﬁﬂﬁlgha8 (nguﬁ(}@f\/\él%ip)ecﬂg&g:@ S Iaé(f"g?ietégl'l YeYre
i ncubat edJaks38¥L whhpeepeeseniat iceateampodrdsnef 10 the invention for 20

m nutes in buffer (Hatfgl sfbal ance?) sgl t. solution, JIO mV HEPES, 0.1% BSA, 1
mM L- ascor bi ¢ aci d, “6128 LdCHeCRyP 8l £8%i geove fRll lines are

3-i sobut ykekuspthybraahhi BedegH (20, 4Do/Akteny hal ki Bg-t/Be1i peybation with
quench buffer (50 nmM Na Acetate, 0.25% Triton X-100, pH 5.8), the c- AWP
| evel 15 F&laanrifivgubpted ati BI7aEivhtprospresgnibssiye (SPRowsdsnEh

ei gnis S arvRAEABRTERL ePl keBeRE PR BuE Rl (Rl e Rar et d, Pk O "
Chi 0) for sphetkpn, BDgnidi H&EPES0s @ - 1&spSAse lcuivesastorobrithecwtol €.220 cel |
usi g non R RERY1TEEYEQRISRY &) foe i pBoR il st reR e A ReretE ahH dare
responses7at) zer aftendhmdximg téhesénchbasibhewskbpeukbachobudfidrc (6§ t he
ECS0 as mM Na Acetate, 0.25% Triton X-100, pH 5.8), the c-AMP level
15 is quantified by scintillation proximity assay (SPA) using a -
modification of the commercially available c-AMP kit
(Amersham, Arlington Heights, IL) with rabbit anti-cAMP
antibody (ICN Biomedicals, Aurora, Ohio) for the kit.
Sigmoidal dose response curves, from the whole
20 cell receptor coupled c¢-AMP assay are fit to a four
parameter logistic equation using non linear regression:
yv=(a-d) / (1+ (Dose/c)®) +d where a and d are responses at zero
and maximal dose, b is the slope factor and c is the ECs; as
V previously described (DelLean et al., Am. J. Physiol., 235,
25 E97-E102, 1978). ECs; is assessed as the concentration
producing 50% of the maximum response to each agonist.

Isoproterenol is accepted in the art as a non-
selective B3 agonist and is widely used as a comparator in
evaluating the activity of compounds. See Trends in Pharm.

30 Sci., 15:3, 1994. The % intrinsic activity (Epgx) of

representative compounds of the invention is assessed
relative to isoproterenol by the compound’s maximal response

divided by the isoproterenol maximal response times 100.



previ ously described (DeLean et al., Am J. Physiol., 235, 25 E97-E102,
1978). EC50 is assessed as the concentration producing 50% of the maxi num
response wo oze2hé agoni st. | soproterenol is accepted in theT/astl/msi9a non
selective (33 agonist and is widely used as a conparator in evaluating the
activity of conpounds. See Trends in Pharm 30 Sci., 15:3, 1994. The %
intrinsic activity (Emax) O representagive conpounds of the invention is
assessed relative to isoproterenol by the conpound's naxi nal response

di vided by the isoproterenol maxinmal response tines 100. WO 02/ 06276

PCT/ US01/ 16519 -76 In vitro Rat Atrial Tachycardia Male rats (250-350 Q)
(Harl an Spnagiler®arbeyatriadi aadpptasdiandi ana, USA) are killed by cervical

5 dislocation. Hearfs.are re the Jeft and right _atria are

di ssected and nount alﬁjfﬁ£Fﬂ?%§@"?§8tgzs&%a ?ﬂsgpf%&?%i%?% eY0 mis of
nodi fi ed Ki@bsnapsoel it omdiand absayesténgilession t6rdidal. 0 g at the

out set_ of _t he experi nment éhﬁungn-Schnie Aréh. Pharpacol ., 320: 145, 1982).
T seuds 15151ecattohed Fo2bhai 115 AEEOURHr ORANERE| TS50 ARG i t h

Vi gor ous @xygenatéonibebetedexpasHbent 8davCORPORAEaQf it heisinwepitng. To
evaluate the apility ﬁf est conmpounds to ipcrease,heart rate,

r epr esent QAP VRIRUAGoLHIBL B Of MBOPt BLert KraBS| nFehtbbf ar el abera!

cumul ati vebyr DRgecbhgishrial 11at 2. egchedcReSbead¥ L SAt end romePendheVi ous
addi tion. Conpound addition is _continued until no further increase in
atrial rS@uBRUPFBEIEH ARERt BhRBHHREAirat? o b45101982) s rBheHeRS The

i ncrease dRebept swher 81 Byte1{bpM el %?P@ﬁ%&@ei%%@%bn@@e&%f@k@t ration of
test conpound by neans of ‘a BioPac System (Br. J. of Pharnacol.,

126: 1018-1929r0u990¥YIeRpFipn eReP@ragenPeseref te he ¢aBrewr@pebrtha conmpound
of the 2p,ps&esest invention is useful in treating conditions in human

To evaluate the ability of test compounds to
increase heart rate, representative compounds of the present

15 invention are added cumulatively once the atrial rate
reached a steady state from the previous addition. Compound

addition is continued until no further increase in atrial

rate occurred or until a concentration of 10-4M is reached.
The increase in beats per minute (bpm) is measured for each
20 concentration of test compound by means of a BioPac System

(Br. J. of Pharmacol., 126:1018-1024, 1999).

Utilities
As agonists of the B3 receptor, a compound of the
25 present invention is useful in treating conditions in human
and non-human animals in which the B3 receptor has been

demonstrated to play a role. The diseases, disorders or
conditions for which compounds of the present invention are
useful in treating or preventing include, but are not

30 limited to, (1) diabetes mellitus, (2) hyperglycemia, (3)
obesity, (4) hyperlipidemia, (5) hypertriglyceridemia, (6)
hypercholesterolemia, (7) atherosclerosis of coronary,

cerebrovascular and peripheral arteries, (8)



and non-human animals in which the (33 receptor has been denonstrated to
play a role. The diseases, disorders or conditions for which conpounds of
t he presewo or/ovzenti on are wuseful in treating or preventipbPgr/uRel/wd®, but
are not 30 limted to, (1) diabetes nellitus, (2) hyperglycema, (3)
obesity, (4) hyperlipidema, (5) hypertriglyceridema, (6)

hyperchol esterol em a, (7) atherosclerosys of coronary, cerebrovascular and
peripheral arteries, (8) WO 02/06276 PCT/US01/16519 -77 gastrointestina

di sor der sy aMaﬁeasefﬂandd%SEaenfse§§2@ﬂaaiﬁ = $4ThikL§ and duodenitis,

(i ncluding that 1 nduced ori Inte ulceratlons (|nclud|ng
|anannat%$9pﬁ®@ktlﬁrs@agbrlbi%eaaﬂldeO@ﬁmlth, Ciobhudinsg ditkaase and

proctitis rQi 0 ammat i on
b “ai ruay AT ee oo 8! ChEERECD, HhEEERHART a1 b e PERE OPERL b g ST

di seases smﬁhammabenyghowglo@iaegsaypelpeaataye(QQ)itis;t@b@hnbsm?l

syndr qire h e G e ilit 13

dlabe?%c &fgln%%a %?bfgégfégﬁ o%§§ gagg¥éﬁ§§ 9 unc#?%ﬁagi?§ gégvated
|ntraoculmeu;m@ssucelaﬁﬁagmaU£onaoﬁndltﬂ@ys,nnncSwénmélCOmghfr@@amdmgpin?
syndr one ting. non-h ani on_ani h conpounds o

t he presegf(51 ?%%l%?é usg?uPr ?afﬁgﬁ%gg?ﬁgs igaVe?%H?eﬁﬁ?% and/ or
inprovingpt@@téﬁ@dhmpefpiagi@n eii)cientyabhed%OWelnsyﬁdsbm@ &@an body mass

and/ or decr.easi th nort rate_and ingcreasi pos tal survival
rate. For%%?%l@%ﬁoﬁ “The"¢o %%n%e8¥e?%? R m?Elgf ;£$§ f or mul at ed
in alni tdtkseigec f pevipopathy o aﬁM]nmsﬁfapaﬁnlcThea@a@fedysﬁﬁmcaﬂmmher

enbodi nmen lg{ t he %ﬁeaent invention is a harﬁg iutlcal HFL tion

conpri sin cONPEahT ot *F P RGY arlpﬁﬁﬁs%th%P LT IET %% r 25 The

present phatiresedifial di armuéat donsiagesypdepased by known procedures usi ng

wel | - known and readlly . .

n-treating non-human, non-companion animals, the

compounds of the present invention are useful for increasing

15 weight gain and/or improving the feed utilization efficiency
and/or increasing lean body mass and/or decreasing birth

mortality rate and increasing post/natal survival rate.

Formulation

20 The compound of formula I is preferably formulated
in a unit dosage form prior to administration. Therefore,
yet another embodiment of the present invention is a
pharmaceutical formulation comprising a compound of formula
I and a pharmaceutical carrier.

25 The present pharmaceutical formulations are
prepared by known procedures using well-known and readily
available ingredients. In making the formulations of the
present invention, the active ingredient (formula I
compound) will usually be mixed with a carrier, or diluted

30 by a carrier, or enclosed within a carrier which may be in
the form of a capsule, sachet, paper or other container.
When the carrier serves as a diluent, it may be a solid,
semigolid or liquid material which acts as a wvehicle,

excipient or medium for the active ingredient. Thus, the



avai l abl e ingredients. In making the formul ati ons of the present

i nvention, the active ingredient (fornmula I conpound) will usually be m xed
with a caveoses270r diluted 30 by a carrier, or enclosed TR/ BSarri er
which may be in the formof a capsule, sachet, paper or other container.
When the carrier serves as a diluent, it may be a solid, semsolid or
liquid material which acts as a vehiclLeg_ excipient or mediumfor the
active ingredient. Thus, the WO 02/06276 PCT/US01/16519 -78 conpositions
can be in £ lets,. pills r zen sachet.s, cachets,
elixirs, gé@%@ﬁgﬁoﬁg %%ﬁlgg 1n lchso u ?%%g %§$%8§§ §e§8§o|P8g9 5 golid or
in a Ilquﬂdzengdsunpachets andchatd geﬂaknmscapasbesslsuspoamnasue&s 5
sterile inéﬁ ab e sqlutions_and s& pac ggd pomderﬁ" gne exanpl es
of suitabP8-Carriers YEXErpi Bnt8s° aﬁ&sdﬁlﬁg & Phcfidé rHatts dext r ose,
sucr ose, sedbumpl,, sofananhtioharst gethesn ga@saaaelasup@b@uuakmbgsphate,

al gi nat es, _ tragacant.h, atin al ciumsilicat, stal line
ceIIuﬁ%se5t65939lﬁ?PﬁﬁFaghFdﬁﬂ%ugé8PFuP8 Steﬁéﬁ@rpéﬁgéﬁe nﬁgwgﬁréellulose,

met hyl and propyl h\;sdmexyéhampmétseSf takeablegeashierst eakat giandsn neral
oil. The forrr:éfl tions can ag |onaIIy i_.nclude |ubricating agents wetting
agents, effifs gPﬁBtﬁnangag Pﬁ&oéﬁen§§th936re§BFVPﬁ§ ra§8RPE todweet eni ng
agents ormbhaveringsagephss, 'g”am eenpasi,t cansiafh phespnyeati on may be
formul ated_sg as to FEFOVIde gui ck, suystained,or del ayed rel ease of the

active | RYPEBRERE affaF2SaRER sOPARER tSaﬁﬁéuﬂaﬁﬁéhFat?Q For mul ati on
Exampiles mE@E&&E?&tQm1lneT@Eth§oE€9r9@&99&n§@§9&k§¥166§éta@é@&hloé@t'Ve

Ingredient 5 - 500 Cellu]lose, mcrocrystalline 200 - 650 Silicon di oxi de,
funmed 10 Yagsy syrup, methyl cellulose, methyl and
propylhydroxybenzoates, talc, magnesium stearate and mineral
oil. The formulations can additionally include lubricating
agents, wetting agents, emulsifying and suspending agents,
15 preserving agents, sweetening agents of flavoring agents.
The compositions of the invention may be formulated so as to

provide quick, sustained or delayed release of the active

ingredient after administration to the patient.

20 ; Formulation Examples

Formulation 1

Tablets
Ingredient Quantity (mg/tablet)
Active Ingredient 5 - 500
Cellulose, microcrystalline 200 - 650
Silicon dioxide, fumed 10 - 650
Stearate acid 5 - 15

25

The components are blended and compressed to form tablets.



Stearate acid 5 - 15 25 The conponents are bl ended and conpressed to form

t abl et s.

WO 02/ 06276 PCT/ USO01/16519 -79 Fornul ation 2 Suspensions

| ngredi emvoQuedté ty (ng/5 m) Active Ingredient 5 - 500 npCT/BS@i4m19
car boxynet hyl

Fl avor q.v.

cellulose 50 ng Syrup 1.25 ng Benzoic acid solution 0.10 m

Color q.v. Purified water to 5 mM 5 The nedi canent is passed

through a No. 45 nesh U.S. sieve and_ppxed with the sodi um carboxynet hyl
cellul ose and syrup to forma snooth paste. The benzoic acid sol ution,

flavor,

and c

ol or are diluted\Mﬁgkﬁ I¥ cg t?e wat er and added, with
stirring. Sufficient water is theﬁ—aé§g§5¥61ﬁ+oduce the 10 required vol une.
Formul ation 3

25 ny

| sot oni

I ntravenous Sol uti Buspaerggeshent Quantity Active | ngredi ent
c saline 1,000 mM 15 The solution of the above ingredients

is intravenously admnistered to a patient at a rate of about 1 m per

m nute. 20 Dose The mpaadilentdose adm ni ster edohsn et er (mded Wy) the
particul ar—circunstances surrounding each situation  These circunstances

i ncl ude, PREIVBUEBIBEIABRENI stration, WO 02/ 06276 PCHs019 16519

10

15

20

Sodium carboxymethyl cellulose 50 mg
Syrup 1.25 mg
Benzoic acid solution 0.10 ml
Flavor q.v.
Color qg.v.
Purified water to 5 ml

The medicament is passed through a No. 45 mesh U.S. sieve

and mixed with the sodium carboxymethyl cellulose and syrup

to fo
and c
stirr

requi

rm a smooth paste. The benzoic acid solution, flavor,
olor are diluted with some of the water and added, with
ing. Sufficient water is then added to produce the

red volume.

Formulation 3

Intravenous Solution

Ingredient Quantity
Active Ingredient 25 mg
Isotonic saline 1,000 ml
The solution of the above ingredients is intravenously
administered to a patient at a rate of about 1 ml per
minute.
Dose

The specific dose administered is determined by
the particular circumstances surrounding each situation.

These

circumstances include, the route of administration,



-80 the prior nedical history of the recipient, the pathol ogical condition
or synptom being treated, the severity of the condition/synptom being
treat ed, vemd2/0d2e6 age and sex of the recipient. However, PCTAROII165E
understood that the 5. therapeutic dosage admi nistered will be determ ned
by the physician in the light of the relevant circunstances. Cenerally,
an effective mninumdaily dose of a cggpound of formula | is about 5, 10,
15, or 20 ng. Typically, an effective maxi num dose i s about 500, 100, 60,
10 50, or . . Y.ph cal he -d t ny.
The exacttﬁ%sggﬁggb@%dgé?%r%#%éar&i%fagggr%ggggieaﬁfnﬁﬁﬁeﬁgFg%égggcggactice
i n the nedpodlitapnsoof syrpsem betingt tngatefle tbei peerritivhaf kbe initially

adm ni ste - of t d, d,.gra I [ easi t he
docs 15 ugPrr e BeBEhn hel 45, SARREURY A LMD HYR, st BRCRE' Bfle

Admi ni st r aecopi®he . coHpwends, can Wvéladbenustiersdobyl ahearicbey of routes
including, the_oral. rectal, transdernmal , 20.subcutanegus, t.opic
intragénoﬁéérﬁﬁ Pgﬁﬁsgﬁ%ggéo?dmﬂﬁﬁﬁéﬁggglW%%Etgg.d ﬁgpﬁgﬁgoﬁyTﬁg?apy 25 A
conpound ohybarduhaih rhy héghsedfi bheombilpabhoncinkctihsobheesdrugs that are

used in the treatn§nt/?rﬁxention/§ E&ession or aneli,oration of the

di seases or conditi GRS for-—whi &R € ﬁ% nd§ BFHEPRUFEYaF8Seu8Efdl . such

ot her drugbsporny bE admnnilat &r &d, abyua Boulle, 305andri poamganount conmmonly

used therefor, nt enpor aneousl or ,sequentially wt o] nd _of

Formul a1 Baierigl cBRoEaneetRvE rii Ao FE5haes aBRbEBaDaneatel 85 th one

or moUe 6b0hebrdulgsg.a mbaenmagetithlial,, uaht dosageahgem beertahniBgmguch

ot her drugs .i additiog to thg ﬁo ound gf 02/ 06276 PCT/ US01/.16519 -81
i | RGEY

fornula | %P BPefdrr edeAEEEF , MK ePEhaPhEERUPPE 10 accordance

with the standard practice in the medical arts of “dose
titrating” the recipient; that is, initially administering a
low dose of the compound, and gradually increasing the does

15 until the desired therapeutic effect is observed.

Route of Administration

The compounds can be administered by a variety of
routes including the oral, rectal, transdermal,
20 subcutaneous, topical, intravenous, intramuscular or

intranasal routes.

Combination Therapy

25 A compound of formula I may be used in combination
with other drugs that are used in the
treatment/prevention/suppression or amelioration of the
diseases or conditions for which compounds of formula I are
useful. Such other drug(s) may be administered, by a route

30 and in an amount commonly used therefor, contemporaneously
or sequentially with a compound of formula I. When a
compound of formula I is used contemporaneously with one or
more other drugs, a pharmaceutical unit dosage form

containing such other drugs in addition to the compound of



conpositions of the present invention include those that also contain one
or nore other active ingredients, in addition to a conpound of formula I.
Exanpl es vob onod2e¢ 5 active ingredients that may be conbi nedrAmseiealdconpound
of formula I, either adm nistered separately or in the sane

pharmaceutical conpositions, include, but are not limted to: 10 (a)
insulin sensitizers including (i) PPARgiagonists such as the glitazones
(e.g. troglitazone, pioglitazone, englitazone, MCC-555, BRL49653 and the

s oy pa o doERiRAUEdsLoeiasedd n NORLLATASTy, PRC2BhIIpaRELERLAY and

97/ 27847, (ii) biguanides 15 such as netformn an nform n; insulin
or insul i AoMPABLEESNS( O Shef pHgEentasnygehias ftorbutenitbesantdhgti pi zi de;
(d) al pha: cQsi Laki Bt ( a caLb A cholestero

| oweri ng gg%gtgégggﬁﬁaERZOQ?.R%Efi%%%F%eaﬁggg%egﬁﬁﬁﬁgﬁgg%g’( %vastatin,

si nvast at pAdahdopr &vast apinpouhifuedstfarinnla &t or Bastpiles, odndtbeher

tati L ) ol ool &
G al kT anfEEA7 By PG ERaEHE ol ERGLCREY ! BE BBt RLRSliRE oM fnBouna, of
ni cot i nyl farwohal Ini edtheicc admidiekeaedabeparherdyf pri ¥n the same

proliferajqr- Lvator .r L oni st ch s_fengofibric.acid
derivativ§§5f§§%?F§§§%9|?8§§5§ S?ngat}ﬁ §H§ fbpggeagﬁdnBEnéﬁ?%g?gte), V.
i nhi bi torsoof chol esterol absorption for exanple beta-sitosterol and (acyl
CoA: chol esterol acyltransferase) inhibitors for exanple nelinamde, WO

02/ 06276 PCT/US01/ 16519 -82- vi. probucol,
10 (a) insulin sensitizers including (i) PPARy agonists

such as the glitazones (e.g. troglitazone,
pioglitazone, englitazone, MCC-555, BRL49653 and the
like), and compounds disclosed in WO097/27857,
97/28115, 97/28137 and 97/27847; (ii) biguanides
15 such as metformin and phenformih;
(b) insulin or insulin mimetics;
(c) sulfonylureas such as tolbutamide and glipizide;
(d) alpha-glucosidase inhibitors (such as acarbose);
(e) cholesterol lowering agents such as
20 i. HMG-CoA reductase inhibitors (lovastatin,
simvastatin and pravastatin, fluvastatin,
atorvastatin, and other statins),
ii. sequestrants (cholestyramine, colestipol and a
dialkylaminoalkyl derivatives of a cross-linked
25 dextran) ,
iii. nicotinyl alcohol nicotinic acid or a salt
thereof,
iv. proliferator-activator receptor a agonists such
as fenofibric acid derivatives (gemfibrozil,
30 clofibrat, fenofibrate and benzafibrate),
v. inhibitors of cholesterol absorption for example
beta-sitosterol and (acyl CoA:cholesterol
acyltransferase) inhibitors for example

melinamide,



vii. vitamn E, and viii. thyrommetics; 5 (f) PPARy agonists such as
those disclosed in W97/28149; (g) antiobesity conpounds such as

fenf |l uramweeve2adexf enf | uram ne, phenterm ne, sibutram ne, POT/USEIY®E19 and
ot her (33 adrenergic receptor agonists; 10 (h) feeding behavior nodifying
agents such as neuropeptide Y antagonists (e.g. neuropeptide Y5) such as
t hose disclosed in WO 97/19682, WD 97.29820, WD 97/20821, WO 97/20822 and
WO 97/20823; (i) PPARa agonists such as described in WO 97/36579 by 15

A axo; (j) PPARy ant aﬁﬂﬁl ét%fs described in W97/10813; and (k) serotonin
reuptake inhibitors s 'uoxetine and sertraline. WD 02/ 06276
PCT/ US01/ 16519 ~83-. Wl tdmairmE,1.anal corrpound of formulal: 1a 21b R al-

2 3 HNXAXRX2.X3 ( iLn: A2 and A3 are carbon or
ni trogen provi de?glléa't ul 350%%@%?5%{ A2 and A3 can be ni trogen; Het is

an optionally substitut ed optionally benzofused 5 or 6 nmenbered
het eracycl i c ri n%éD %KRl Rla and R b are independent Idy,, H,  hal o, hydroxy,
C1- C6 =l kyl ,¢ 243 &%?nléf%&uﬁa §8 kjesepdisclosed in

WO97/28149;
(g) antiobesity compounds such as fenfluramine,

dexfenfluramine, phentermine, sibutramine, orlistat,

and other B3 adrenergic receptor agonists;

10 (h) feeding behavior modifying agents such as
neuropeptide Y antagonists (e.g. neuropeptide Y5)
such as those disclosed in WO 97/19682, WO 97/20820,
WO 97/20821, WO 97/20822 and WO 97/20823;

(i) PPARa agonists such as described in WO 97/36579 by
15 Glaxo;

() PPARy antagonists as described in W097/10813; and
(k) serotonin reuptake inhibitors such as fluoxetine and

sertraline.



S02(Cl1-C6 alkyl); R is Hor Cl1-C6 alkyl; R3 is Hor C1-C6 alkyl; 15 R4
is Hor Cl1-C6 alkyl; or R3 and R4 conbine with the carbon to which both
are attaohed20a76 orma C3-C6 cyclic ring; or R4 and X1 copOT/meomicstY t he
carbon to which both are attached to forma C3-C8 cyclic ring; 20 or R4
conmbines with X1, the carbon to which both are attached, and the phenyl
group to which X1 is attached to foragz3Rbnl X2 X3 t / mwherein: WO
02/ 06276 PCT/US01/ 16519 -84 n and m are independently 0, 1, 2, or 3

provi ded fhatthg.sumof n + mis < 4 and that R3is H Xis OCH2, SCH2
or a bond; 5 X1 is a bond or a Cl1-C5 dival ent hydrocarbon nmoiety; X2 is O,
S, NH, NHS02, SCO2NHL.CH2Aoeomppend; cdndorX8lésIeptionally substituted
phenyl or an optionally substituted 5 or 6 nenbered heterocyclic ring; 10

or a pharmaceutical salt tkereof. The2?conmpound of Claim 1l wherein: A,
A2 and A3 are carbon; Heta%s\’optio IIyIsubsthtutedRune to three tinmes 15
B X\Qi phenyl, benzyl, Cl1-C4

i ndependent |y with hal qi/h
CgMB%RB, NRSRS,
Qt1-C4 al kyl ),

al kyl , .C1-C4 hal oal kyl
NHCO( C1- C4 al kyl ), N
S02(C1-C4 al kyl),

oxy,

1 e
Mt NHoO(benzyl) |
(I);
5 wherein:
al, A2 and a3 are carbon or nitrogen provided that

only one of al, A2 and A3 can be nitrogen;
Het is an optionally substituted, optionally

benzofused 5 or 6 membered heterocyclic ring;
10 rRl, rla and rlb are independently H, halo,
hydroxy, C1-Cg alkyl, C1-Cg alkoxy, C1-C4 haloalkyl, or
S09 (C1-Cg alkyl);
R? is H or C1-Cg alkyl;
R3 is H or C1-Cg alkyl;
15 RY is H or C1-Cg alkyl;
or R3 and R4 combine with the carbon to which both

are attached to form a C3-Cg cyclic ring;

or R4 and x1 combine with the carbon to which both

are attached to form a C3-Cg cyclic ring;

20 or R4 combines with X1, the carbon to which both
are attached, and the phenyl group to which x! is attached
to form:

1b

X—X

R3 m

wherein:



SO02(NR8R8), OCO(Cl-C4 al kyl), OCO2R8 or OCONRSR8; 20 R1l, Rla and Ri b are

i ndependently H, halo, Cl1-C4 alkyl, Cl-C4 al koxy, Cl-C4 hal oal kyl, or

S02( Cl- CAvabkyd2y¢ R2 is H or CL-C4 alkyl; R3 and R4 are panEperdsmt|y H or
Cl-C4 alkyl; or R3 and R4 conbine with the carbon to which both 25 are
attached to forma C3-C6 cyclic ring; or R4 and X1 conmbine with the carbon
to which both are attached to form a-€3-C8 cyclic ring; W 02/ 06276

PCT/ USO01/ 16519 -85 or R4 conbines with X1, the carbon to which both are

attached, and the phenyl group %ﬂdv\!ﬂll gg X158 @h&%ﬁ@@ ot olf ohbm ol X2 X3

t3co and 5 X3 is optionally su stituted one ree times mdependently
with hal o, hydroxy, oxo, pepah@ednchae, thhesyh, ofbanzyh, 1€1<C4 ahkyl, Cl-C4
hal oal kyl , Cl1-C4 al koxy, COR8, . CO2R8, CONRBR8, NRBR3, NHCOQ(Cl-C4 al kyl ),
NHCO( phenyl ), NHCQ benzgh{t BﬁBlsS@( Cl-C4 al kyl), S02(Cl-c4 al kyl), 10

SO02( NR8R8), OC(( C1- I (o] R8R8; and R8 is independently
8 bk, 8002R, 00 QOO

at each occurrence pharmaceutlcal salt thereof. 3.

The coﬁpound of C ai m} oL ﬁ égfro ”E';Zﬁlvgfe%’ﬁi 3 O%g%bog I x 15 Het

O (1) wher ei n: IS se I'SO
moiety;

X2 is 0, S, NH, NHSOy, SO,NH, CHy, or a bond; and

x3 is optionally substituted phenyl or an
optionally substituted 5 or 6 membered heterocyclic ring;

10 or a pharmaceutical salt thereof.

2. The compound of Claim 1 wherein:

al, A2 and A3 are carbon;
Het is optionally substituted one to three times

15 independently with halo, hydroxy, oxo, cyano, nitro, phenyl,
benzyl, C1-C4 alkyl, C1-C4 haloalkyl, C1-Cg alkoxy, CORS,

cooR8, CONR8BRS, NRSR8, NHCO(C1-C4 alkyl), NHCO (phenyl),
NHCO (benzyl), SR8, S0(C1-Cg alkyl), SOp(C1-Cg alkyl),
SO, (NR8R8), 0CO(C1-C4 alkyl), OCO9R8 or OCONRERS;
20 R1l, R1l2 and RIP are independently H, halo, C1-Cy
alkyl, Cq1-C4 alkoxy, C1-Csg haloalkyl, or S09(C1-Cg alkyl);
R? is H or C1-Cy4 alkyl;
R3 and R? are independently H or C1-Cj4 alkyl;

or R3 and R4 combine with the carbon to which both
25 are attached to form a C3-Cg cyclic ring;

or R4 and X1 combine with the carbon to which both

are attached to form a C3-Cg cyclic ring;



i soxazol e; oxazol e; and thi ophene; wherein said Het noieties 20 are
optionally substituted once with fluorine, nmethyl, cyano, SO02NH2 or COCH3;
R3 and Ravapmodzmelependently H or nethyl; X3 is phenyl, pyrPCTOYB010K6519
pyridazinyl or wherein said X3 noieties are substituted once or twice with
chloro, 25 . cyano, CONH2 or SO2CH3; or a pharmaceutical salt thereof. WO
02/ 06276 PCT/US01/ 16519 -86 4. The cogpound of any one of Cains 1-3
wherein Het is thien-2-yl optionally substituted once wth fluorine,

met hyl , cyano, SO2NH2 or 5 COCH3; R3 and R4 are both nethyl; and X3 is
phenyl or pyridyl whered ncadbined wbtletXes tlae ecsdbet i totwdichckeowht h cyano
or CONH2; or a pharmaceutical salt thereof. 10 5, The conpound of _any one
of O ai n2ue Atreled @ sheyphenyl sebawrt e cdhbeleeXni 15 afbaehed CONH2;
or a pharpgmcgytical salt thereof. 6. The conpound of any one of Cains 1-5
which 15 is selected fromthe group consisting of: HHH SIS, 6-NH 2 and
or a pharmaceutical salt thereof. 20 7.g*he conpound of any one of C ains
1-6 which is: HHN CdYO S faceutical salt thereof. o WO

02/ 06276 PCT/ USO1/ 16519

; and

5 X3 is optionally substituted one to three times

independently with halo, hydroxy, oxo, cyano, nitro, phenyl,

benzyl, C1-Cy4 alkyl, C1-Cg4 haloalkyl, C1-C4 alkoxy, CORS,
CcooR8, CcONR8BR8, NRBR8, NHCO(C1-C4 alkyl), NHCO (phenyl),
NHCO (benzyl), SR8, 80(C1-Cgq alkyl), SO5(C1-Cgq alkyl),

10 S0, (NRSR8), 0CO(C1-Cs alkyl), OCOR8 or OCONRERE; and

R8 is independently at each occurrence H or C1-Cyg

alkyl; or a pharmaceutical salt thereof.

3. The compound of Claim 1 or 2 of the formula:

o H
3 4
OO P90

Het O/X
15

(I);
wherein:
Het is selected from furan; isothiazole;
isoxazole; oxazole; and thiophene; wherein said Het moieties
20 are optionally substituted once with fluorine, methyl,

cyano, SOp9NHp or COCH3;
R3 and R4 are independently H or methyl;
X3 is phenyl, pyridyl or pyridazinyl or wherein

said X3 moieties are substituted once or twice with chloro,

25 cyano, CONHy or SO9CH3; or a pharmaceutical salt thereof.



-87 8. The conpound of any one of Clainms 1-7 which 1is the hydrochloride
salt. 9. The conpound of Caim7 which is the hem 5 fumarate, benzoate,

sal i cyl atveo oz/0®®76randel ate salt. 10. A nethod of agoni zi nBCTAB01(BS19r ecept or
conprising admnistering to a patient in need 10 thereof a conpound of any
one of Clains 1-9. 11. A nethod of treating obesity conprising

adm ni steri ng to a patient in need the%r of a conpound of any one of O ains
1-9. 15 12. A nethod of treating Type Di abetes conprising adm nistering
to a patient in need thereof a conpound of any one of Clains 1-9. 20 13. A
pharmaceutical fornulation conprising a conpound of any one of Clains 1-9

and a pharmaceuti gal czairr{éI ecr(fmgél)o%ndb\cp@rg}g}l%é)fo@wl%oi O phdBe{n9 for
e etes

use 25 in treating Typ obesity or for use in agonizing the
(33 receptor. 15. AcorrpmmdLS)fthmﬂ—afll IOthICalaWrYBSwStht%tOHC@I 30

wherein: WD 02/ 06276 PCT/ 0 @;, ;%_Qg agpon or
ni trogen provided that L&%/]%lneosgjf v and cah %gglﬁfllfrogen i's
an optionally substitut ti @en;gf]%ﬁg r’rgﬁg
het erocyclic ring; 5 Rl%gjrgcfpﬁlaﬁg?'iedé/ndependent Iﬁﬁ%f dkoxy, Cl-
phenyl or pyridyl wherein said X3 moieties
are substituted once with cyano or CONHjy; or

a pharmaceutical salt thereof.

10 5. The compound of any one of Claims 1-4 wherein

X3 is pyridyl substituted once with cyano or

CONHj; or a pharmaceutical salt thereof.

6. The compound of any one of Claims 1-5 which
15 is selected from the group consisting of:
H,
and ;

or a pharmaceutical salt thereof.

20 7. The compound of any one of Claims 1-6 which

H g
mf\Ct

is:

or a pharmaceutical salt thereof.



C6 al kyl, Cl1-C6 al koxy, Cl-C4 hal oal kyl, or S02(Cl-C6 alkyl); or a salt
thereof. 16. The conmpound of Claim 15 of the formula: O 10 alle-t

wher ei n: We02/0@76el ect ed from benzot hi ophene; furan; i sortT/asal/®Bs19

I soxazol e; oxazol e; thiophene; and thiazole; wherein said Het noieties are
optionally substituted once 15 with fluorine, chlorine, nmethyl, cyano,
SO2NH2 or COCH3; or a salt thereof. 1g7-A process for preparing a conpound
of any one of Cains 1-9 which conprises reacting a conpound of formula

09 06276 e Usow/ B610 e fompbiia! b il 858 SRTEOHNMSO! - FMYIF%@ T ihe”

presence of a suitable sbbsvehé.hydrochloride salt.

9. The compound of Claim 7 which is the hemi-
5 fumarate, benzoate, salicylate or R-mandelate
salt.

10. A method of agonizing the B3 receptor

comprising administering to a patient in need

10 thereof a compound of any one of Claims 1-9.

11. A method of treating obesity comprising
administering to a patient in need thereof a

compound of any one of Claims 1-9.

15
12. A method of treating Type II Diabetes
comprising administering to a patient in need
thereof a compound of any one of Claims 1-9.
20 13. A pharmaceutical formulation comprising a
compound of any one of Claims 1-9 and a
pharmaceutical carrier.
14. A compound of any one of Claims 1-9 for use
25 in treating Type II diabetes, obesity or for

use in agonizing the B3 receptor.

15. A compound of formula II:

30 wherein:



WO 02/06276 PCT/US01/16519

-88-

al, A2 and A3 are carbon or nitrogen provided that
only one of Al, A2 and A3 can be nitrogen;
Het is an optionally substituted, optionally
benzofused 5 or 6 membered heterocyclic ring;
5 Rl and rl2 are independently H, halo, hydroxy, Cqi-
Ce alkyl, C1-Cg alkoxy, C1-C4 haloalkyl, or S05(C1-Cg
alkyl); or a salt thereof.

16. The compound of Claim 15 of the formula:

10 | Het
wherein:

Het is selected from benzothiophene; furan;
isothiazole; isoxazole; oxazole; thiophene; and thiazole;
wherein said Het moieties are optionally substituted once

15 with fluorine, chlorine, methyl, cyano, SO9NHy or COCH3; oxr

a salt thereof.

17. A process for preparing a compound of any one
of Claims 1-9 which comprises reacting a compound of formula
20 II:

with a compound of formula III:



WO 02/06276 PCT/US01/16519

-89-
IFz
1b
1 R
N X
Ve
H
R;;><:%4 x2—x3
I11;

in the presence of a suitable solvent.



